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PREFACE.

THE methods brought together in the present volume
are, of course, chicfly taken from the literature scattered
through various original papers and text-books. But the
author has always endeavored, so far as possible, to reach
an opinion from his own experience concerning the methods
scribed ; and many of the details and modifications of
previous methods contained in the book are due to his own
investigations.

However, the literature used has been as fully quoted as
possible at all points, in so far as it scems of present value,
Works of merely historical interest are not referred to, since
the book is designed only for practical usc.

I the writer has overlooked many statements of value, it
is to be hoped that it will be understood and pardoned by
those familiar with the immense extent of botanical litera-

ture, especially in recent years.  The author will be grateful
to any one who will call his attention to such omissions.

Regarding the quotation of literature, it may be said that
numerals are placed after authors” names in the text, which
refer to the Yterature list at p. v, the first (Roman) num-
ber indicating the work, and the sccond, the page of the
work cited.  Where the author was not able to consult the
original in the preparation of this book, the abstracts used
are referred to.

In the arrangement of the organic compounds, Beil-tein's

il



iv PREFACE.

Handbuch der organischen Chemice {11, Auflage, Leipzig,
1380-1890) has been substantially followed.
The illustrations, where the contrary is not cxpressly
stated, are prepared from the author’s original drawi 3
The manuscript was practically completed in July, 1891
but I have tried to include the more recent literature, so far

as possible, during the printing.

Tirmsery, March, §3g2,



"TRANSLATOR'S NOTE.

THE need of a good handbook of microscopical methods,
as applied to plants, has for some time been evident.

Such as we have had have only partially covered the
ground, and are now mostly out of date on account of the
rapid advances of the last few years.

The appearance of the original edition of this work very
satisfactorily mcet this growing demand so far as concerned
students familiar with the German language; while its evi-
dent thoroughness and the {familiarity with its subject-mat-
ter shown by the author in the selection of the most uscful
among the innumerable published methods give it especial
value for students of less experience.

The belief that elementary students should have access,
from the first, to the best methods, and the fact that few
such Englishspeaking students rcad German readily, have
led me, with the support of the present publishers, and with
the cordial consent of the author and publishers of the orig-
inal edition, to undertake its transtation.

In preparing this English edition, T have followed quite
closcly the original.  Certain notes and tables have been
added which, it is hoped, will add to its practical uscfulness
to Amerjcan and English students; and certain matters not
included by the author, which seem to demand notice, have
been discussed in their proper places.




vi FRANSIATONS NOTE.

T am especially indebted to Dr. Zimmermann {or prepar-
in;;,x for this cdition, notes on several {mportant results of
very recent studies s and T have added a fow annotations of
the same »ort, thus bringing the present edition as come
pletely as possible up to date. All additions by the trans.

lator are enclosed in square brackets.
i

Wrvaeri i HeloHTs, M
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BOTANICAL MICROTECHNIQUE.

Dart First.
GENERAL METHODS.

I. The Observation of Living Plants and Parts of
Plants.

The direct obscrvation of microscopically small Algae
and Fungi generally offers no difficulties, and is best con-
ducted in the eulture fluid of the organism under observa-
tion.

In case of delicate objects which would suffer from the
pressure of the cover-glass, this may be prevented by the
interposition of paper strips, capillary tubes of glass, or
similar objects. The method proposed by Kirchner (1, viny
and Vosseler (I, 461) is especially adapted to this purpose.
s in providing the coverglass with small © wax

It consi
feet ™ at its corners, for which a mixture of wax and turpen-
tine is best. This js prepared by adding to melted wax
one half or onc third of its bulk of Venetian turpentine,
while stirring constantly.

adheres very closely to plass and poss

This mas
besides 1 certain plasticity, so that one can readily usc im-

mersion lenses and can casily slide or depress the cover-
glass.

2. Where investigations are to be continued through a
onger period of tinie, covering the organisms in a sma
longer y tof t ¢ the organisms in all
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HNIQUE.

drop of fluid with a coverglass in most cases greatly
hinders the access of oxygen.  In such cases the so-called
moisi-chamber is commonly used. This is closed abaove by
from whose lower surface a drop of culture
fluid, containing the micro-nrganisms to be observed, hangs

a coverpt

free (observation in the ha
can be prepared most simply from
card-board about 2 mm. thick. A rectangular picee is cut

Suach a moist-chamby

@ from this, a lictle swmaller
than the glass slide to be

used, and o square open-
ing is then cut in its mid-
dle, with sides about 4
mm. shorter  than the
cover-glass to be  used
(ef. Fig. 1, ai  These
card-board cells are
thrown, before use, into
boiling water, by which
they are at the same

Fron 1 Matstehaomber 000 e ewitace uf w

rgansms, Ctime saturated and steril-

ized.  While still wet they are placed on slides, and then
the coverglasses, with the organisms to be cultivated in
hanging drops on their under ,>1dc>’, are placed upon them.

covers are so placed as to rest upon the card-board on
all sides, as 1s shown in Fig. 1, 2, which represents such a
moist-chamber in longitudinal section.

The culture drop is thus frecly In contact with a large
volnme of air, and is protected from cvaporation by keep-
i the card-board wet by the occasional addition of a few
drops of water

Besides this, vartons other moist-chambers have been
used for the same purpose, as

for cxample, slides with
ground cavitics, or glass blocks with hemispherical or lens-
shaped hollows, These offer, in some cases, cortain advan-
tages: but ire general they are based on the same prineiple,
and their use is casily understood (ef. Strusburger, 1, 413
e, and Behrens, 1, 51 and 162).
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Morcover it is usually nccessary to rencw the culture
fluid in all these moist-chambers from time to timdé, perhaps
twice a day. With some larger objects this can be casily
accomplished by taking up the drop with filter-paper and
replacing it by a fresh one,

3. In many cases one may empley with good results the
methods recently recommended by several writers, which
permit a continuous change of the culture fluid. 1 will de-
scribe in detail only the method of Klercker (11 which
scems to possess cortain positive advantages over those of
Rhumbicr ¢y and Schonfeld (1),

J. af Klercker uses in the first place an English slide
(cf. Fig. 2 to which two glass strips, 7. about .14 mm,
thick, arc cemented with Canada balsam, as shown in the

Outler

Tnlet.

--Shde for culture in running water. After [Laf Kleriker

figure.  In the middle of the chaunel thus formed is placed

the organism to be cultivated, and a large cover-glass is laid
over the whole.  If the capillary space thus formed between
the slide, the two glass slips, and the cover is not wholly filled
with fluid, a sufficient quantity to fill it is added. Then a
strip of linen is pushed under the cover from each side (S,
Fig. 2, and the latter is fastened to the slide with rubber
bands. . The slide thus preparcit is attached to a second
slide with wax, in order to be more easily movable, and
then the whole is fastened to the stage of the micioscope
with two clips, A, in the manner shown in Fig. 3.

The supply of water passes through the siphon, A (Fig.
3), from the larger beaker (), which is protected from dust
by a glass plate, by the aid of the linen strip (S drawn
through it, whose frec end lics upon the linen strip & (Fig.
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The escape is provided for in the same way by a linen
strip (5, Y which communicates with the small beaker (4.
The rate of flow can, obviously, be regulated by changing

the heicht of the water in the beaker Ay, as well as by fili
ing the siphon /7 mmere or less tightly with linen. I af

P, s Part of a muernsepe with apparatus for culture in fowing water,  After
crekur,

Klercker commonly aillows a flow of about 50 cem. in 24
hours,

4. Tv order to protect lomg-continued cultures of Alga
from Bacteria and other fungl, one may, with Klebs (111,
G

chromate (K,CrO0, which docs ne perceptible injury to

add to the culture fuid Los% of neutral potassium

A

or tooscctions of Chigher plants, Padla (1, 3223

added for the same purposc .01 of potassium bichromate

in the living condition, they must, naturally, be always more
than wosingle cobi-layer in thickness, so that they may con-
tain cells in no way injured by cutting. Most cells, how-
ever, die pretty quickly in pure water, when the chromato-
pliores and the nucleus often become completely deformed
b swelling strangly.

Thercfore very various fluids have been ased {or the study
ef Tiving celis, such as solutions of neutral salts, 2 to 10 per
cent solutions of sugar, gum arabic, and fresh egg-albumen,
I the study of nuckear divisions in the cmbryossac, a 1.4%



GENERAL METHODS, 5

solution of potassium nitrate (saltpeter) rendered Treub
(1. o) good service.

The observation of uninjured chromatophores can be
very successfully conducted in many cases, as Bredow (I) has
stated and the author can confirm, by placing the fresh
scetions directly in oil {pretty fresh olive-oil).  The cells
not only remain alive in this for a long time, but the oil
acts as a clearing agent, from its strongly refractive prop-
erty, and usually excludes the air from the intercellular
spaces pretty completely.

When using other fluids for observation, however, one
must commonly usc a filter pump for removing the air; and
sections on the slide can be treated, or larger pieces of
tissue can be filled with fluid before cutting, The pieces
are placed in small crystallizing dishes and are attached by
filter-paper to their bottoms so as to remain wholly covered

with fluid during the pumping.

The same object can be attained by placing the sections
contajning air in boiled water; but in general the pump
will accomplish the desired end sooner.

II. The Investigation of Dried Plants.

6. For the investigation of dried Algewe aind Fungt, Lager-
heim (1 and 1D recommends that they be first softened in
water and then placed in concentrated lactic acid, in which
they are to be heated until they show small bubbles.  The
organisms thus treated, having completely resumed their
original forms, can then be dircetly studied in the lactic acid.

7. Herbariuwm material of the higher plants may often be
made suitable for scctions by simply soaking in water.  In
many cases the dried parts may be treated with dilute am-

monia or caustic-potash solution, which should be washed
out before cutting.  The strength of the solutions and the
time of their action must be governed by the nature of the
objects, and must be determined for cach separate case.
Smadl or friable objects are best cut with the microtome
after being imbedded in paraffine or similar substance (cf.
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$ a1 fi Objects which have become strongly colored in

drying may best be bleached by can de Javelle (cf. § 12, 4).
111. Maceration.

8. In many cases. especially when concerned with the
size, form, or structure of the membrane of the various
celis. it is desirable to separate an organinto its compo-

nent colis. This proceeding, which is commonly known as
seaceration, depends upon the fact that the middie lamella
which s present between adjeining cclls is dissolved by
various reagents, so that the colls separvate from cach other.
The ready solubility of the middle lamella depends, accord-
ing to the rescarches of Mangin (IV and V), in most cases
upon the fact that it consists of various peczic compounds,
Thus one can bring about an isolation of the cells in very

many objects by treating them first with acid alcoholand then

with ammonia {cf. § 2030
Berides these, one may use many other and varied media

for the same purposc. Thus it is sufficient in many cases to
place the tissues for a time in boiling water or dilute acid, to
completely isolate the separate cells. This may be accom-
plishied, according to Soila (D), in juicy fruits by oxalic acid
or tartaric acid, in potatoes and carrots by acctic acid.  The
cndosperm of Phytelephas is, morcover, separated into its
cells by chlorine-water or caustic potash in a few days, or by
hydrochloric acid in two minutes.

In general, however, more energetic reagents are neces-
sary for the isolation of the separate cells, or at least pro-
duce that result more quickly and certainly.

9. The following macerating agents are especially adapted
to more general use.

1. Schulzc's Alaceration Mixture {HNO, ana KClO,).—
This is still most frequently used for maceration, It is best
uscd by putting small picees or slivers of the organ to be
treated into a test-tube containing about 2 cem. of ordinary
concentrated nitric acid, adding some crystals of potassium
chlorate, and then warming the testtube until bubbles are
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frecly evolved. The reagent is then generally allowed to
act for a few minutes until the picees are quite white, when
the whele contents of the test-tube are poured out into a
crystallizing dish filled with water. The pieces of macerated
tissue are then placed directly, or, better, after washing in
pure water, or also in alcohol, upon a glass slide.  Here
they can be readily separated, by ncedles or similar means,
into their separate cells.

Qften the isolation of the cells of large pileces of tissue
which have been treated with the macerating fluid may be
effected by shaking the pieces violently in a glass half full
of water.

It should be remarked that the heating of this macerating
mixture should preferably be carried on under a hood, or at
least not in the ncighborhood of a microscope, on account
af the evolution of injurious gas

2. Chromic Add (CrOQ,).—Chromic acid is especially use-
ful for the iselation of the cells of sections.  These are

placed in a concentrated aqueous solution of the acid, and,
after it has acted for half a minute to five minutes, are
washed in a large quantity of water.  The scctions are usu-
ally then readily separated into their cells.  Chromic acid
attacks the celllmembranes much more strongly, when act-
ing longer, than does Schulze’s mixture, which is in general
preferable, although its manipulation requires somewhat
more care.

3. Canstic Potash.—Caustic potash is useful, especially with
delicate tissues, such as the roots of Taravacon efheinale.
The tissues should be boiled for a few minutes in a solation
containing about 507 of potassium hydrate and then placed
in water.  The cells are then readily isolated by teasing.
Dilute caustic potash is also recommended by Solla (T for
the {solation of cork cells.

4. Glicerine  and  Sulphuric  Acid—According to  the
method proposed by A. Fischer (IV, p. Xevn, it is possi-

ble at the same time to recognize starch in the isolated
cells, This author places isolated vascular bundles or suit-
able scections in a solution of itodine in glycerine under o
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eover-glass, places at the cdge of the latter a drop of sul-

phuric acid, and warms the whole until it stcams, for not
over a minute. By pressure on the coverglass a complete
isolation of the separate cells moy be accomplished, and any
starch present, not being dissolved by the sulphuric acid
dilnted with glycerine, becomes readily visible Dy being
colored by the indine. In the case of soft parts of plants,
I cous stems, this method may do excellent
service,  But for wood and the like I have not found it

aves and herb:

suited.

IV. Swelling.
10. Especially to bring out better certain structural rela-
tions of membrancs and starch-graing, there may sometimes
be used the so-called

Mg media, which produce an
increase of volume depending chiefly on increased water-
content.

The most used mediam s aqueons caustze porask, which
causes a greater or Jess swelling according to its concentra-
tion, It is, morcover, very well adapted for the study of
the swellir

g phenomena of protein erystalloids,
Concentrated  sulpiueric acld s also a strong swelling

medium, and finally uite dissolves membranes consisting

of pure cellulose.  Cuprammonia {cf. § 2460) acts similarly.

As a swelling medium for starchegrains clromic acid has
been frequently recommuended.

Finally, Dippdd (1) used a solution of mercuric iodide in a
potassium jodide solution for making clear certain membrane
structures.  The proper concentration of this solution must
be determined tor each special case.

V. Clearing.

11. In many cases, where enc wishes not so much to study
the entire contents of various colls as to determine their
general arrangement, the courses of vascular bundles, or the
distribution of dess soluble ccll-contents, as, for cxample,
calchn uxadate erystals or similar bodices, it may be desira-
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ble to make considerable masses of tissue as transparent

as possible, Tor this ceariugy of preparations, vegetable
anatomists have heretofore used chicfly strong dissolving

or disorganizing reagents, like caustic potash. chloral hydrate,
cte., which exert a clearing offect chiefly by the solution or

v ohservation.

¢ of substances that hine

swellir

i oall

anoim

Clearing media plag yartant part, cspecially

stained preparations: bat here the abovenamed reagents

ari: not applicable, since they would destroy most stains,
Tn this case one must avadl himsell almost exclusively of the

methods for sonie time cmployad by zodlogists and anato-

mists, which consist in placing the preparations in strongly-
refractive media bke coveoil, Canada balsam, cte. These
clear Jess by destroying than by equalizing the refractive
differences,

We may thus conveniently distinguish between chemical
and physical elearing, even though a perfectly sharp line
cannot be driwn botween the twe processes. Indeed the
reagents that are primarily chomically active often have
buosides o clearing effect due to their higher  refractive

s two essentially different

indices. Yet here there are alway
methods mvolved, and a separate consideration of  them
seems to me Justificd. Towill, however, remark thar the
physical clearing methods are in no way Hmited to stained
preparations, and can be used with the best results, especially

i investigations with polarized light.

AL CHEMICAL CLEARING METHODS,

12, Formerly caustic potash was almost whoily used for

the chemical cle

ring of proparations, More recently vari-
idly phenol, chivral hedrate,

ous other clearing media, espe
and eau de Javelle, have been recommended, and n most
cases decidedly deserve preference. According to o the
object of the investigation, one may use sometimes one and
again another medium with the best results. As to the
manner of using these reagents, the following may be said.

L Potassium Hydrate (KO s used mostly in aqueous
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solution and in various degrecs of concentration.  Besides,
solutions of potassium hydrate in alcohol or in various mix-
tures of alcohol and water are recommended for clearing.
For complete clearing suveral hours are often necessary,
sometimes even several days, though it can often be has-
tened by w

ming.  After the removal of the solution and

¢ with water, the free potassiumi is best
rochloric or acctic acid.  If the

supcrficial washi

neutralized with dilute s
preparations arce then too apague, they can be again treated
with caustic porash or made more tramsparent with ammonia,

The wellwashed preparations can usually be preserved

for a time in glycerine-galatine : but at

ter a fow years they
usually become dark and often cloudy also,
For staining preparations treated with caustic potash

Lri

cra IV} recommends cararin, which is not decomposed

by that reagent.

20 Dhenol (01O 1L—The best for clearing is a solution
of ¢oystallized phenol, which contains only water enough to
keep it fluld at ordinary temperatures, This penetrates cut
parts of plants relatively fast, and usually makes them fully
transparent in a short time. The clearing may be markedly
hastened by heating the objects in the phenol solution 1o

boiling . and at the same time the air is campletedy expelled

from the intercedhdar systoms,
Objects cleared with phenol can, according to my experi-

ence, be well preserved in Viosseler’s turpentine (of. § 250

3. Chloral Tlydrare 1CCHCITOH 1 has heratofore been
vsed connonly for clearing in a concentrated aqueous solu-
tion.  This can be used as well with fresh as with aleoholic
material. To hasten the extraction of chlorophyll one may

AL SHCe

Jully @ concentrated alcobolic solution of chloral
bydrate, The reaction may also be hastened by warming.
ER w de Javddds

(KCIO s known in pharmacy as Eau de Javelle (Javelle

solution of potassium hypochlorite

water. This can at any time be obtained ready for use
from an apothecary s but it may also be prepared by adding
te @ concentrated aqueous solution of chloride of Time a
solution of potassium oxalate, as long as a precipitate is
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formed. The solution, filtered from the precipitate, can-be
diluted with water before use ici. Strasburger, 1, 6321,

Eau de Javelle acts like chloral hydrate, but has the ad-
vantage that it destroys chlorophyll much more quickly,
It may also be used to decolorize dried parts of plants,

B. PIYVSICAL CLEARING METIIODS,

13. Physical clearing will evidently be the more complete
as the refractive index of the enclosing fluid approaches
that of the cell-membrame or of those constituents of the
cell-contents which are concerned. Thus in many cases

ain clearing cffect. since the

glyeorine must exercise a cerd
refractive index of pure glycerine 11,40y is markedly higher
A much more complete clearing

than that of water {1.33%
i3, however, obtained by various cthereal oils, balsams, and
resins,  Among these Canada balsam plays the chicf part
at present, and we will therefore first deseribe in detail the

tramsfer to this medium. This reguires, when one has the

object i watcer, a series of manipulations.

Thus, as Canada balsam i guite insoluble in water, a
complete defirdrazion of the object is fiist necessary. Since
this is commonly accomplished with alcohol with which
Canada balsam doces not mix, the replacement of the aleohol
by a fluid which will mix with Canada balsam, xylol, clove-
oil, or the like, is required. '

In this method, which may be termed the normal or ordi-
nary method of teansfor from water to Canada halsam, three
distinct manipulations are to be distinguished @ dehydration,
replacement of aleohol, and transfer to the enclosing me-
dium. Whenever in the following pages transfer to or
clearing in Canada balsam is mentioned, the use of this
method, which may perhaps scem somcewhat complicated to
beginners, is understood.  After the description of the de-
tails of this method, we shall sec that the same object can be
accomplished by various other methods, whose use is neces-
sary in some cases; for example, when the nature of the
stain forbids the treatment of the preparations with alcohol.
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TFinally, under this head. the use of some other strongly

refvactive media will be deseribed.

1. The Ordinary Method of Transler from Water to Canada Balsam.
(ay Lk ydration,

14. Dehydration by aleohol commonly does not present
the Jeust dififcuity. Incase of microtonie sections it is suffi-
cient to cover tiem with aleohol and then et the aleohol
fow ofl  {rechand sections are bost placed in small dishes

or cups with aleohol, and Yeft for a longer or shorter tine,

cording to their thickness,

But there often results from dircet transicr from water to
atcaliol the shrinking of the ¢oliz or their collapse from the
too rapid withdrawal of their water. Several methods have

b

1 employed to prevent this collipse of the cols whose

tial featare Jies in the very gradual replacenment of the

- by the aleoholl

s can be cffected by placing the preparations in turn
in different mixtures of water and alcohol, cach of which
excewds the previous one in its proportion of aleohol. For
the prepara-

stance, one may prevent collapse by placing

tions first 1 107 aleohol and then inoorder jn 305, 3070,
aodand finally i absolute alcobol. The time between
the transfers must depend upon the thickness of the tissacs.
With deheate objects, as, {for example, unicellular alga,
sufficient.

v the transfer can he much

intervals of a fow minutes cach
In the case of filamentous al

Hficd by binding them together with a thread.

15, Gradual debydration can be accomplished by a method

, which consists in allowing abso-

devised by Joal Klercke

lute aleohol to flow slowly into 104 alcohol through a fine

capillary tube.
16. The debydrating vessdl ® recommended by Ir. B
Sehulze (1) Lrings about the gradual replacement of water

* Thus may be o

shtadued of Warmbruon, Quilitz & Co., Rerlin, T, Rosen-
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by esmotic action and is especially adapted for small objects.
is sbown in the accompanying Fig. 4, in which the bell-
shaped cover that closes the vessel is not
s chicfly of two cyl-
inders. broadened at the top and placed

shown, this consis

one within the other, their lower ends
being closed by a membrane which per-
nits osmotic exchange between water
and alcolol. ~chulze recommends for
thiz purposc a thin writing-paper known

which is ¢lued to the

a- o Tostverdruss,

round Jower edge of the ey linder,

In the inner eylinder are placed the

! Fic, g.—Debydraring ves
uhiects to be dehydrated dn very dilute,  sel After B Schutze.
vl

alcohol: in the outer ¢

abont 10 inder is placed a small

qunntity of stronger, about gu/, atcohol; and in the vessel

contad

v the eytinders §s absolute aleohol, which is kept
water-free by alayer of anhydrous copper sulphate on the
bortem of the vessell For comiplete dehydration a period
of twenty-four hours is always sufficient.  Further, the
rapidity of the osmotic interchange may be largely regu-
tated by changes of the differences in Jevel between the
different fluids. With less sensitive objecets one may find one
evlinder sufficient, and then the dehydration can be accom-
plished in a fow hours,

17. According to the method propesed by Overton (I, 123,
deliydration may be conducted by placing the objects first

ed

in 109 glycerine.  In thisc vbjects which have been fis
ones may first be killed by

never suffer collapse; and living

osmic-cid fumes (ef. § 308% The preparations are then left
exposed to the alr without @ cover-glass, but protected from
dust by a bell-jar. The solution of glyecrine is thus s con-
centrated by the evaporation of the water that finally a

transfer to alcohol is possible without any collapse.

*(The Amer

paper Vand the finer grades of the so-called ** Overland paper

an papers manufactured under the name of © parchimeat-
’serve the pur-
pose well, Bese of wli is true purchment; and chamois-skin has also been
recomuended, |
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& The Replacement of 1lcokol.

sively used
ses very

18, In carlier yoars cloveor/ was almost exch

for the replacement of aleahol, and it is in e

well adapted for that use on account of its complete misci-

hility with alcohol.  For microtome scections fastened on

the slide it is sufficient to place a few drops of clove-oil on
of

the alcohol. Thicker sections,

the shide after the renoval
eapecially free-hand sections, are best placed in a vessel with

)
cloveoi], in which they are left until they are eompletely

transparent and no longer appear white on a dark ground.
RBut
ins. and has been at preseut wholly given up by many

clove-oil has the disadvantaoe of washing out many

st
microscopists, on account of its oxidizing characteristics.
Haow far the other cthereal oils proposed as substitutes for
it——oit of eriganum, oil of lavender, and others—are frec from
these disadvantages remains to be discovered

19. Dut in any event we hay rlol @
very woll replace clove-oil With microtome sections T use

sent which can

in

it now exclusively except where T wish to utilize the differ-
entiating offect of cloveoil, as, for instance, in Gram's
method 1§ 3210

Nlel has only the disadvantage that it mixes with alcohol

less readily and requires a more complete dehydration than

clove-oil. In consequence of this one ewily finds milky
cloudings. and with  thicker scctions would better use,
between the alcohol and the xyloll a mixture of three vol-

amies of xvlol and one volume of alcohol. TFor microtome

sections it is sufficient in most c: on the other hand, to

cover them with the ordinary so-called absolute aleohol (84
and then to add xylol The beginner will do well before

the final coclosure in Canada balsam to always examine the
preparations on a dark ground. If they appear white and
opaque, aleohol should be added again, and then xylol again,
until the preparations have become completely transparent.

T will remark here that in this case, and in gencral when it
s desired to bring somewhat large quantities of fluid upon



GENERAL METHODS. 15

the slide, one may usc with satisfaction the bottle shown in
Fig. 5, whose hollow stopper ¢nds in a glass tube, while the
apper end is closed by a

rubber cap. By compre
ing the rubber cap and then

alfowing it to expand, fluid
is drawn into the stopper,
o
suitable quantities

and may then be pre

out in
by renewed  pressure en
the rubber cap. With re-
agents which are to be used
only in drops, the bottle
figured In F
stopper is drawn out simply

6, whose (. o Glass bet
e with glass rod
on the | stupper
After W Relrens
i1

=

into a glass rod, may be W itrens e
used,

20. In order to prevent the collapse of delicate objects
when brought into clove-oil or xylol we may use the meth-
ods proposed by Overton {1, 127

1. Ifan objec

stobe brought into clove-oil or other cthe-
real oil, it is taken from the alcobol and placed in a small
dish containing a 10% solution of the oil in aleohol.  This
dish is then placed in a somewhat larger one or in a suitable
exsiccator, whose bottom is covered with solid calcium chlo-
ride. The alcolol is then gradually absorbed by the chlo-
ride, and the object becomes at Jast completcly saturated

with ol Teo prevent longer action of the aleohel, one may
transfer the objects from aleohol to water-free chloroform
and thence to a 105 solution of clove-oil in chloroform, from
which, as in the last-deseribed method, the chloroform may
be absorbed by calcium chloride.

11. For transfer to apdo/ the objects are put in a dish with
a4 104 solution of xylol in aleohol and placed in a exsiccator
on whose bottor is pure xylol.  Such an adjustment then
takes place between the two fluids by diffusion, that the
objects finally lie in nearly pure xylol

21. The transfer of very small objects from alcohol to
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xylol may also be accomplished by mcans of the sartling-crl
’ duder® recommended by Fro E. Schulze (J),
which makes possible at the same time the
transfer from xylol into Canada balsam.  In
this vessel, whose construction is ovident from
the accompanying Fig, 7 without further ex-
planation, are placed three different fluids in
Tayers above one another. Below s xylol
Canada balsam, next xylol, and finally alcohol.
In the larter are placed the previously dehy-
. drated objeets. I they are pretty small they
S mo) sink so gradually to the bottom that they come
Fu

Settl

e into the Canada balsam without collapsing.

or Alter ' A ¢ ¢
Feo Eosbuize By means of the coek on the side of the eyline

der the xyvlol and alcohol may be drawn off, and the prepara-

tions may then be removed directly to balsam on the slide.

(o) Transfer into the Luclosing Alednunm.

22, For enclosing zoological or botanical preparations in
Canada balsam one ordinarily uses fluid Canada balsam,
prepared by dissolving this resin in chlorolorm, xylol, or
some similar sohvent. The solution in xylol
ccially to be recommended.  This may

i3 0y
be pourcd into a wide-mouthed glass (cf.
Fig. 81, whose cover fits over the mouth

outside, and is so high that there is room
for a small glass rod in the closed vesselt
No collapse occurs in transferring an ob-
jeet from clove-oil or xylo! to this fluid Can-
ada balsam, as a rule. ¥or very delicate

objects the ordinary xylolbalsam may well
be diluted with xylol, and then the latter Fig b Cinadubel
diowed to gradually evaporate. fat stk

may be ¢
i« may be obtained of Warmbrann, Quilitz & Co., Berlin, C., Rosen-
3.23 (50 cenls),

may be obtained al bo pl. (15 cents) cach of
sche St 12)

*

thaivrsin,, 40, @l the price of Mk

4 Nuch ghass

D, G Gritbler (Leipzig, B

s among othe
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That collapsing may alse be provented by the use of
Schulze's settling-cylinder has already been noticed tef.

2. The Transfer from Water to Canada Balsam Without the Use
of Aicohol.

{ay Iy Drying.

23. A transfer from water to Cunada balsam can be
accomplished without the use of alcohol b

- simply letting
the preparations dry in tie air, then covering them with
xylol, which usoally penetrates quite diy sections rapidly,
and then enclosing them in xylolCanada balsam,  Naturally
this method is applicable only to such preparations as suffer
no collapse from drying, especially to very thin microtome
sections,

{6y Witk dnidine (CHLN)

24. Since about 47 of water is solubic in aniline, the latter
can be used for dehydration. The preparations are brought
directhy from water into aniline, and may then be mounted
in Canada balsam.  The aniline may be dehydrated by solid
potassium hydroxide {KHO which is wholly inseluble in it
tof. Suchanck Iy

(& With Dhenol 2O
25, If sections are transferred from water to phernol which
has been melted by warming in a paraffine oven {ef. § 47 or

by the addition of a little water, they are cleared in a short
time and sufficiently dehydrated (o be transferred divectly
to clove-oll or xylol

To prevent the collapsing of very delicate objects, the
method proposed by Klebabn {1, 4109 may be used. The
fixed and stained objects are first placed in dilute glycerine,
which is allowed to concentrate in the air. Then phenol s
added, and clove-oil or creosote is gradually mixed with it,
when the objects may be directly transferred to Canada
balsam. Klebahn used these methods especially in the
study of the germinating spores of Desmids and carried on
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the various manipulations on slides with hollows ground in

thom.
3. The Use of Other Strongly Refractive Mounting Media.

(@) Dawwiar Lac.

26. Dammar lac is best dissolved in equal parts of benzol
and oit of turpentine. Tts use is the same as that of Canada
balsam. from which it differs nits somewhat lower refrac
fex. Thus differences of structure that depend on

mn

tive
differences in refractive power often become more conspic-
wous.  The glasses described In § 22 may, of course, be used
for this modivm, It appears to have been employed little

in botanical microscopy.
(hy Venetian Turpentine.

27. This mounting medinm proposced by Vosscler (IT) is
jn obtained from the apothecary

prepared by thinning the ro
under this name with an equal volume of alcohol and then
warming it on a water-bath, shaking it encrgetically and
finally filtering.  The filtrate is then somewhat thickened

on the water-bath.
The fluid so obtained has the advantage of mixing with.
out cloudiness with go% alcohol, and thus it makes prelim-

I -0il unncce

inary clearing with clov
plete dehydration, Besides, even with delicate objects, li
Spirogrra. transler from alcohol te Venetian turpentine much
fess often causes collapse than does transfer to clove-oil,
Canada balsam, and the like,  One may avoid the crumpling
of very delicate objects by placing them first in a mixture

sary in cases of incom-

of 10 parts turpentine and 100 parts alcohel, and then per-
mitting a gradual concentration of the turpentine over an-
hydrous calcium chloride, according to the method of
Pfeiffer (1, 301 1f small dishes are used for this purpose,
they may be provided with ridges of paraffine, to prevent the
turpentine from rising on their sides, by simply dipping
them to the proper depth in melted paraffine.

The refructive index of Venetian turpentine lics between
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that of glycerine and that of dammar lac, so that cell-mern-
branes and starch grains stand out pretty sharply in it.

A disadvantage of this medium lies in the fact that it b
comes solid very slowly.  In order to securc a firm attach-

munt of the cover-glass to the slhide, which is often very de-

sirable instudics with immersion lenses, one may apply a

heated metal wire to the edge of the cover-glass,
(L 2071 has done. The sante object may also be attained,
ling the cover with Canada

according to Pleaffer i1y by encire
balsant.

Various stained tissues, especiadly carmine, hematoxylin,
and saffranin preparations, may be excdllently preserved in
Venctian turpentine, according to Vosscler. In my own
experience, however, acid fuchsin scems to be more poorly
preserved in it than in Canada balsam.

V1. Staining of Living Tissues.

28. As has been shown especially by the researches of
Pleffer (Th, it s possible in very many cases to cause living
plants and parts of plants to take up certain coloring mat-
ters. This so-called e starning is not only of great impor-
tance for the study of the transportation of material within

wiism, but has also led to some interesting

the vegetable o
resalts concerning the morphology of the cell, and should
certainly be capable of still wider application.

For the success of live staining it is of primary importance
that the staining solution used should exercise no injurious
cffeer upon the objects concerned. Since the aniline colors
ary to use

generally act as poisons on plant-cells, it is neces:
them in very dilute condition, when they affect the cell very
little or, in general, not injuriously.  An evident staining
can, it is clear, only take place when the stain is stored up
by certain constituents of the coll. This is generally he
case when the osmotic balance between the eddl fluid and
the surrounding staining solution is constantly destroyed by
a chemical metamorphosis of the stain taken up. But to
make possible in this way the storage of large quantities of
ary to furnish the objects

staining material, it is also neces:
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a large quantity of the staining solution.  This staining
should “therefore be carried on, not on the slide, but in
dishes or beakers which will contain at least a half liter of
ined sheuld

fluid : and not too many of the objects to be sta
be placed in each.  Finally, the rapidity of the staining may
be hastened by agitating the fluid.

VI1I. Methods of Fixing and Staining.

igation of the various plasmatic constit.
ely colorless and

2¢. In the inves
uents of the protoplasm, which are la
tinguished only by slight d

commonly d ifferences in refrac-
tive power, it is often impossible in difficult cases to reach
positive results with living material. But there may be
used with the best results the methods of fixing and staining
ists.  These have

devised chiefly by anatomists and zoolc
alrcady led to such important results in the study of the
vegetable organism that not the Jeast doubt remains as to
their applicability in botanical investigations.  Yet, on the
other hand, it cannot at all be maintained that the study of
fiving material should now be wholly given up. On the
contrary, it shoald be used. whenever at all possible, for the
control and explanation of the results obtained from stained

preparations.

30. The purpese of flazeg is to kill the object in such a
way as to preserve its structural relations as completely as
possible after the removal of the fixing medium.

It is the object of staiuing to so color certain particular
cell.constituents of the fixed preparations, which are to be
specially studied, that they shall be sharply differentiated
from their surroundings, so that their confusion with other
cellconstituents may be prevented,

We possess at present an innumerable ot of fixing and
staining methods, and already the most various new or
s have been

long wnoorganic and inorganic compoun
tested with reference to their usefulness as fixing and stain-
ing media.  While most of these experiments have led to
no new conclusions concerning the morphology of the cell,
and many methods warmly recommended by their discov-



GENERAL METHODS. 21

ercrs closely resemble methods Jong known, yet a thorough
trial of all possible salts, acids, and coloring matters should
not be omitted.  In conscquence of the slight insight which
we have been able to obtain into the mechanics of staining,
it is only possible to discover useful methods in a purely
empirical way: and we cannot yet conceive how far newly-
discovered stains or new methods may lead toward f{urther
conclusions concerning the structure of the protoplasmic
constituents of the cell.

31. The result of staining is dependent not only on the
nature of the stain used and of its solvent, but also largely
on the previous treatment of the object, especially on the
fixing medium.  Besides, useful results may be obtained
after staining by treatment with various solutions of salts,
acids, alkalies, and the like. or by the combination of differ-
ent stains.

We shall become acquainted in the third part of this book
with a large number of methods for fixing and staining.
But here only the general technique of fixing and staining
will be described.

A. FIXING.

32. Fixing is generally the more complete the more
rapidly the fixing fluid rcaches the cells to be fixed: there-
fore the best results arc obtained with solutions as concen-
trated as possible, so far as they do not cause precipitates or
exert any destructive action.  Further, small objects are
more quickly penetrated by fixing fluids than larger ones,
and therefore in difficult cases the smallest possible picces,
even to scctions a few cells in thickness, should be placed
in the fixing fluid.

It should be especially observed that cuzicle and cord are
not easily permeable by most fixing fluids and indeed e
quite impermeable by some. One may, therefore, often
greatly aid the penetration of fixing fluids by removing
suburized membranes as {ar as possible, or at least by splitting
them to furnish points of entrance for the fluids.

From the above it follows that, in objects which have not
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been unifarmly acted on by the fixing fluids, theose parts
which lic nearest the cut surfaces deserve, in general, the
greatest confidence in their study.

33 If the objects to be fixed are very light, they can be
- attached by strips of filter-paper to the bottom of the
scl containing the fixing fluid.  Espucially with objects

\
which are with diffienlty wetted, it is often useful to injuct
them with the fixing fluid, which is easily done by the aid

of a filter-pump.
It iz not possible to give general statements as to the
s for complete fixing.  This depends, aside
: of the object, primarily upon the character of
the fixing fluid used, and sufficiently exact statements on
this point will be given in the description of the different

fime nece
irom the

methods.

So, too, the quantity of fluid to be used varics much. In
general, one needs relatively little of the energetic fluids,
like those containing sublimate, for cxample; while, espe-
cially where potassium bichromate is employed, the use of
large quantities of ftuid is recommended.

34. For the fixing of objects which easily turn black
Overton 1, gy recommends alcohol containing sulphurous
acid.  He prepares this by adding to § gram of sodium sul-
phite (Na,80,) a few cem. of 8o% sulphuric acid and con-
ducting the fumes of sulphurous acid which arise, dircctly
into 100 grams of alcohol.  Picric acid dissolved in water or in
30 to 507 alcohol may be combined with sulphurouvs acid in
the same way.  In preparations treated with the fluids named,
the finest protoplasmic differentiations are preserved, and
staining with ha&motoxylin or carmine succeeds finely.

B, REMOVAL OF FIXING FLUS,

35. It is necessary, in gencral, before staining to remove
completely the fixing fluid used. The fluid to be used for
this cwashing of the preparatinn depends upon the character
of the fixing mediom. If this is readily soluble in water, it
is bust to use running water, and {or this purpose the drain-
ing-boxes recommended by Steinach (1) are well adapted, as
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also for other uses. These contain, as Fig. g shows. in sec:
fion, a glass drainer which rests on
three small glass feet and has in jts
hottom many perforations which be.
come wider downward, The outer
box serves to enclose the objucts air.
tight, for other use

If many objects are to be washed at
the same time in runnmﬂ wate

Steindch m

a4 uscs
ful aid is the washing device w hich was set up two years ago
(¥890} in this botanical institute, and which has proved very
satisfactory.

This apparatus, whose construction is readily understood
from the accompanying Fig, 10, consists essentially of

Fig. 165,—Washing apparatus,
brass tube a provided with nine small cocks and the zing
vessel & for the reception of the objects to be washed,  But
since the small eocks cannot sustain the full pressure of the

water-pipes, the complete shutting off and llu .np}uu\m.‘m
regulation of the water pressure may be accomplished by

Mmeans of the I.mm cock &, which, by means of a T-tube, as

* These Loxes can be obiained of K. Siebert, Wien v 1L, Alserstr, 19, and
laverly also of Dr. Grider, The later furnishes the glass dyainess alone at
MK, 1 25 (31 cents) each,
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also for other uses. These contain, as Fig. g shows in see:
tion, a glass drainer which rests on
three small glass feet and has in jts
bottom many perforations which be.
come wider downward.  The outer
box serves to enclose the objects air.
tight, for other yses.® Fit o _Steimachs droning

If many objects are to be washed at g{f,ﬂ:ﬁ:‘ﬂm secnon. Afier

the same time in running water, a usc.
ful aid is the washing device which was Set up two years ago
{1800} in this botanical institute, and which has proved very
satisfactory.

This apparatus, whose construction is readily understand
from the accompanying Fig, 10, consists essentially of a

Fig. 0.~ Washing apparatus,

brass tube « provided with nine small cocks and the zinc
vessel & for the reception of the objects to be washed.,  But
since the small cocks cannat sustain the full pressure of the
water-pipes, the complete shutting off and the approximate
regulation of the water pressure may be accomplished by
eans of the large cock 4, which, by means of a T-tube, as
¥ Thess boees <an be obraimed of R Srebert, Wien VITT, Amcri v o
Yanerly also of Dr. Gravder. The latter furnishey the glass drainers alone at
ME. 1 25 (31 cents) each,
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at o, can casily be fitted laterally to any water-faucct. In
the zine vessel the larger space o serves to hold the glass
drajne If the water is to run rapidly from it, the pinch-
cock g is opened, so that the water runs out through the
tube 7 that communicates with the bottom of the ve
If the water is to run {rom it more siowly, the pinch-cock
¢ Is closed, and the water can then escape only through the
tube ¢, whose mouth is 15 mm. above the bottom of the

scl,

scl, so that the water stands 15 mm, deep on its bottom.

A(E

o

the use of the space 7, see § 30.
Oo STAINING,

36, If large objcets have been fixed, it is usual. after

washing, to cut them into sections and to stain these. In
many cases, however, very good results are obtained by
staining the objects diveetly after washing and then pre-
paring scctions from them.  In case of this so-called stain-
ing in mass (¥ Stackfarbung™, the slight permeubility of the
cuticle must again be noted, und the penetration of the stain
must be aided by its entire removal or by slitting it.
" In many cascs of mass staining it may be useful to obtain
on one and the same section all the different grades of stain-
ing side by side, the parts nearest to the surfaces being most
deeply stained, while the intensity of the stain gradually
decreases as the distance from the surface increases.

If a Jarge number of objects arc to be stained at the same

s drainer described

time, one may conveniently use the ¢
in § 33 Espeeially with smaller parts

or scctions of  plants, one often finds

the glass vessel shown in Figo 11 uscful

{2 S Its cover has a groove corresponding to
the edge of the dish.*

pshwih o 1f concentrated staining solutions are
used in this case, it is often difficult to

recognize the separate objects clearly.  One may then find

* [These so-called  Stemder dishes,” as well as the other jtems of gl
ware described in these pages, may now be ollained of the leading Ame

dealers in microscopical supplies. ]
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convenient a little apparatus to which Ranvier has given (I,
66) the name photophore (light-bearer), but which may better
be called, with Obersteiner (1, 53), section-finder. 1t consists
of a wooden box, about 5 cm. high and 10 to 12 cm. long
and wide, whose front side is wanting, while the top is
replaced by a plate of clear glass,  There is placed in this
box a small mirror so inclined toward the front that it forms
an angle of 257 to 307 with the bottom. If this mirror is
now turned toward a brightly-lighted window, it will, plainly,
reflect the light against the plate of glass forming the top of
the box and against the dish of staining Quid placed upon
it. One can casily prepare such an apparatus.

The apparatus described by Eternod (I, 41), shown in Fig.

Fii. v2—Eternod’s apparatus,

12,is also very convenient. In this the front part of the
glass plate ¢, which is lighted by the mirror 4, serves as a
section-finder, while beneath the hinder part of the glass
plate ded is a strip of paper divided into variously colored
portions,  The outlines, preparcd with a diamond, at g
serve, asis plain without further explanation, for the center-
ing of preparations on the slide, and the small turn-table a,
for preparing cement rings, ete.

37. Microtome scctions which are to be stained after cut-
ting are usually fastened to the slide (sce g8 s0-52) If
it is desired to place a large number of sections in the
same staining fluid at the same time, this may be readily
accomplished with the aid of a number of crystallizing
dishes placed inside of each other, as shown in Fig. 13.
The space between two dishes is then filled with the stain-
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convenient a little apparatus to which Ranvier has given (I,
66) the name photophore (light-bearer), but which may better
be called, with Obersteiner (1, 53), sectionfinder. It consists
of a wooden box, about § ¢cm. high and 10 to 12 cm. long
and wide, whose front side is wanting, while the top is
replaced by a plate of clear glass.  There is placed in this
box u small mirror so inclined toward the front that it forms
an angle of 25° to 307 with the bottom. If this mirror is
now turned toward a brightly-lighted window, it will, plainly,
reflect the light against the plate of glass forming the top of
the box and against the dish of staining fuid placed upon
it.  One can casily prepare such an apparatus.

The apparatus described by Lternod (I, 410 shown in Fig,

Fii, ra.—Eternod’s apparatus.

12, 1% also very convenient. In this the front part of the
glass plate ¢, which is lighted by the mirror 4, scrves as a
section-finder, while bencath the hinder part of the glass
plate d-d is a strip of paper divided into variously colored
portions,  The outlines, preparcd with a diamond, at g
serve, as is plain without further explanation, for the center-
ing of preparations on the slide, and the small turn-table a,
for preparing cement rings, cte.

37. Microtome scctions which are to be stained after cut-
ting are usually fastened to the slide gsee $8 so-52yv  If
it is desired to place a large number of sections in the
same staining fluid at the same time, this may be readily
accomplished with the aid of a number of crystallizing
dishes placed inside of cach other, as shown in Fig. 13,
The space between two dishes is then filled with the stain-
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ing fluid, and the slides are placed in it so that the sides
bearing the sections are turned outward.  Any injury to or
scraping off of the sections is thus prevented. It is best not
m fasten the dishes together, but simply to place them inside
| to load the inner one with shot or other

it their being Aoated by the fluld in the

ach other a
ghto to prey
outer dish. In order to distinguish the different objects in

the apparatus from cach other, we may use crystalliz

Frie 13 —Apparatus tor s aining mictotome sections,

dishes provided with lips for pouring.  1i then the appu-
ratus is always filled in regular sequence in the same direc-
tion from this lip, it is only necessary to note the numerical
positions of the separate preparations,

38. For further details the reader is referred to the de-
scription of individual methods.  Here it may be said that
preparations are rarely to be studivd in the condition in
which they are taken from the staining fluid.  Often very
useful cffects are obtained by first strongly “overstaining
the preparations and then washing them in water, alcohol,
dilute acid, or the like, until only certain parts of the cell
contents appedr colored.  In many cases the treatment of
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ing fluid, and the slides arc placed in it so that the sides
bearing the sections arc turned outward. Any injury to or
scraping off of the sections is thus prevented. Tt is bust not
to fasten the dishes together, but simply to place them fiside
of cach other and to Joad the inner one with shot or other
welght, to prevent their being foated by the fluid in the
outer dish.  1n order to distinguish the different objects in

the apparatus from cach other. we may use crystalliz

Friu 15 oA pparatus 1or » A1Ng WICILOWE SCELIUNS,

dishes provided with lips for pouring.  If then the appa-
ratus is always filled in regular sequence in the same direc-
tion from this lip, it is only necessary to note the numerical
positions of the separate preparations.

38. For further details the reader is referred to the de-
scription of individual methods. Here it may be said that
preparations are rarely to be studied in the condition in
which they are taken {rom the staining fluid.  Often very
useful effcets are obtained by first strongly “overstaining ™
the preparations and then washing them in water, alcohol,
dilute acid, or the like, until only certain parts of the cell
contents appear colored.  In many cases the treatment of
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stained preparations with scveral different fluids is necessary
to obtain well-diffcrentiated images.
39. To wash microtome sections ir
apparatus described and figured in § 35 may be conven-
icntly used by placing the slides in an obligue position in
the space Z of the zinc vessel, so that the sides bearing the
seetions are directed downward., To provide for the con-
stant escape of water from the bottom of this space, the

n running water the

zine strip 7 s perforated like o sieve near its lower cdge,
while the somewhat lower strip, 4, is unperforated, but
serves to prevent the too rapid fall of the fluid in the
space 4.
Do FIXNING AND STAINING MICROSCOPICALLY SMALL
OLJECTS,

49. The fixing and staining of microscopically small

objects offers certain technical difficultics, especially if one
has but a limited quantity of material. These are best
ed by Uverton L 130 which

overcome by the methods do
can be variously modificd to mect the pecaliarities of the
abjects concerned. Thus it seems to me more cenvenient
to carry on the manipulations to be deseribed on the slide
rather than on the cover-glass, as Overton recommends,
unless for special reasons culture in the hanging drop is

In the first place, for fixing the objects in a drop of cul-
tare fluid an casily removable fixing mediom should be
used.  For this purpose the fumes of iodine are well
adapted.  They are poured out upon the preparation from
a heated test-tube, and are casily driven off again by subse.
quent warming (2 to § minutes in the paraffine bath),  For
the same purpose the fumes of osmic acid may be used.
They are applicd by holding the slide, with the obects
downward, over the mouth of a bottle containing a dilute
solution of osmic acid.*

[Where this inversion of the slide cannol be salely risked, the addition to
the culture fluid of a drop of o 1% solution of osmic acid may serve the same
purpost, ]
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After fixing, the objects are transferred to alcohiol.  This
is accomplished by first adding a drop of 10-20% alcuhol,
which causes no collapse, and then placing the preparation
in a close chamber saturated with aleohol vapor, to bring
about a gruadual concentration of the aleohol.  For this

purpose a flat crystallizing dish may be usced, its upper edge
being ground so as to be hermetically sealed by a greased

glass plate. Its bottom is covered with absolute alcohol

and a stwd to hold the preparations is placed in it. The
latter may be made by simply bending down the ends of
some strips of sheet zine, According to Overtun, the cover-
gluss with the objects 15 placed. with its wet side upward,
on a picce of elder pith, about 3 mm. high and of a diameter
less than that of the cover-class, whicly, in its turn, rests on
an ordinary slide.  In this apparatus, which must be pro-
tected from sudden changes of temperature and especially

gl

from dircet insolation, the 2o% alcohol on the cover-glass

becomes almost absolute alcohol in a few hours, by diffusion
through the air. When this is accomplished, a drop of a
dilute solution of celloidin is placed on the coverglass and
cevenly spread over its upper surface by tipping it backward
and forward. It is of advantage to make the celloidin film
as thin as possible, since thicker films both separate more
casily and render the subsequent manipulations much more
difficult.  Therefore pretty thin solutions of celloidin must
be used. A suitable one may be prepared by diluting the
ordinary officinal solution of cclloidin with ten times its bulk
of a mixture of cqual parts of alcohol and cther®

As soon as the cellotdin no longer flows evidently, the
ass (or slideiis placed in 807 alcohol, wet side

whole cove
up. Jlere the edloiding film becomes so hard in a few
minutes that the objects can be placed in suitable staining
fluids without being washed away. A long-continued action
of alcohol of more than ok is to be avoided, as it dissolves

*{The thinnest of the celloidin solutions recommended for use in imbed-
ding ief. § 4ga) may be dilated with twice its own bulk of the alcobol-ether

mixture {or this purpose.]
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the celloidin film, Therefore Overton dehydrates with 8o
to 85 & alcohol and uses for the transfer to Canada balsam,
creosote, which will mix with cven 707 alcohol.  From
the creosote the preparations are cither placed directly in
Canada balsam or are passed first through xylol.  Aniline
may be used for the same purpose by passing the objects
from ¢o% alcohol to aniline, then to a mixture of equal
parts of aniline and xylol, and then to xylolicf. § 240

It should be noted also that many stains, as, ¢.g., Gentian
violet, stain the celloidin film strongly and are, therefore,
not to be used with this method.

VIII. Microtome Technique.

41. While the microtome has been gencrally used for
years by anatomists and zoologists, it has been used by
botanists in a comprehensive way only in recent years,
But since, so far as T know, no one who has recently taken
the trouble to familiarize himself with the technique of the
at value of microtome method

microtome, has denied the

it seems superfivous to discuss here in detail their advantages

and disadvantages.
T will only remark that the methods deseribed in the fol-
lowing sections are not applicable to very hard objects,

especially to woods, while they have given me excellent re-

sults with all soft structures and also with most leaves and

herbaceons stems o roots,

How far the methods proposed by Vinassa (T and IT) for
cutting very hard objects, aided by a firmer microtome,
specially constructed for this purposc, are capable of general
sxperience.

application, 1 cannot judge for want of personal
At all events it would be desirable, where po
modify Vinassa's methods as to presave the protog
elements in the preliminary preparation of objects.®

ssible, to 50

" smic

*[The Proviience microtome, devised and sold by Rev. 1. D. King, Cot-

pecially constructed for cutting hard objects and is said

tage €
adapted to {ts purpose, but I am not able to speak from expe-

rievce of it.]
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42. T refrain from describing here in detail the various
microtomes and their manipulation, and merely remark that
J have obtained the best results with a relatively small
microtome by Schanze, namely, scetions of 1 micron and

even of fractions of a micron in thickness.

In this instrument, as may be seen in Fig. 14, the move.
ment of the knife, as well as the raising of the object, is
accomplished by the aid of serews. To obtain very thin

Fi oy —doctotems by Schanze.

sections, one turns the disk which is connccted with the

sing screw by a system of cogs. This shows di-

objectr.
and permits the estimation of frac-

rectly 1w of thickne
tions of that thickness.
T have also worked for a long time with a mare elaborate

microtome by Aug. Becker iGottingen) which was very

exactly constructed.

{3 have used with great satisfaction for serial scctions of
objects imbedded in paraffine the Minot microtome. This
has the knife fixed, while the object is moved vertically past
its cdge, being pushed forward by an amount equal to the
desired thickness of a scction, at cach descent, by an auto-
matic device.  The operation of the instrument consists in

* This microtome was constructed (rom the specifications of Prof. Altmann
and may be had of the mechanician M. Schanze (Leipzig, Briiderstr. 63.)
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the rotation of the balance-wheel by hand power or by a
water motor, and its work is thus more uniform and more
rapid than that of the sledge
microtomes of the Schanze and
Thoma types. It is not suited
for cutting objects in cclloi-

Fi6. 15.—Microtome knife, After
din ¥] Henkmg,

Of the many microtome knives used I have found most
suitable that recommended by Henking (I) with a very short
edget ef. Fig.

I must plmgumri\ describe the imbedding of objects to
be cut and the manipulation of microtome s

tions, espe-
cially their attachment to the slides.  But it cannot be my

duty to briz
mended by various authors. Tt will be better for me to
confine myscll to the careful description of a few methods
whose trustworthiness I have had opportunity to prove.

iy logclh(’l‘ the very numerous methods recom-

Therefore T will particularly describe, among the various
modes of imbedding, only the parafine method, which is by
far the best adapted to vegetable objects.

1. Imbedding in Paraffine.

tained in m

43. For imbedding in paraffine, object.
unstained objects may be used. I onc is concerned with
protoplasmic structures, these must, of course, be carefully
fixed and the fixing medium must be washed out before
imbedding.

The size of the pieces to be imbedded depends naturally
upon the nature of the object.  In general it is advantageous
to use as small picces as possible, for, on one hand, these
arc more casily penetrated by the various fluids, and, on the

* [This microtome is sold by the Franklin Educativnal Co., Hamilton Pl..
Boston, at §6o, with knife.)

4 These arc to be obtained of W. Walb (Heidelberg, Hauptstr, 5) under
the name of ¢ Henoking’s microtome knife,” at the price of Mk. 4.50 (§1.10)
vach
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other hand, it is the easicr to obtain very thin sections the
smaller the surface to be cut is.

44. 1t is also in no respect unimportant what sort of paraf-
finc is used. T have used in most cases a paraffine recom-
mended by Altmann which melts at 58" to 60" C.F and is
obtained from the drug-store of Franz Wittig (Leipzig). But
when the size of the scctions is more important than their

extreme thinuess, as may be the case where one wishes a
general view, paraffine to which has been added more or Jess
of the supcrheated paraffine recommended by Count Spee is
more uscful.  Objects imbedded in this have the advantage
of volling up much less casily during cutting.

This superheated paraffine may be prepared by heating
ordinary paraffine in an open dish for one te six hours until
it has
. with the evolution of disagreeable white fumes, a slight

assumed a brownish-vellow color like that of vellow
was
reduction of its volume, and the elevation of its melting

point. Recently such superhcated paraffine can be ob-
tained dircetly from Dr. G. Griibler t and others,

45. In all cases a complete dedydration must precede the
transfer to paraffine. This can ordinarily be accomplished
by means of alcohol.  Delicate objects are better not trans-
ferred direetly from water te alcohol, in order to uvoid col-
lapse: but one of the methods for dehydration described in
$£ 14 to 17 may be used.  In general it is sufficient to use
between water and alcohol a mixture of cqual parts of both
fluids, in which the objects are left for an hour or longer.
Afterwards they are left in absolute aleohol from six to
twenty-four hours according to their size: or cven several

dil)‘s, in some cases.
46. From alcohol the objects are passed to a mixture of

*[1f paraffine of just this melting peint canuot be obtained, it may be
veudily prepared by mixing two paraffines of respectively higher and lower
melling points in proper proportiuns, |

1 [Dr. Griibler's stains, mounting media, and other preparations, which
are of stundard excelience, may now be obtained of Eimer & Amend, Third
Avenue, New York, and of the Tranklin Educational Co., Buston.]
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three parts by volume of xylol to one part of aleohol, in
which they remain twclve to twenty-four hours®  From
this they are placed in xylol for twelve to twenty-four hours
more.  Their complete permeation with xylol may be recog-
nized by the preparations becoming transparent.

1 may here remark that chloroform, oil of turpentine, and
telnol have been used instead of xylol in this transfer
from alcohol to paraffine. But 1 think it doubtful whether
these substances offer any advantage over xylol.  How-

ever, the above-mentioned mixture of alcohol and xylol is
decidedly preferable to the clove-oil formerly used between
the alcohol and xylol.

47. From xylol the objects are transferred to melted
paraffine; but to prevent the collapse which almost always
occurs on a direct transfer from xylol to paraffing, it is better
to interpolate a solution of paraffine in xylol. T ordinarily
proceed in the following manncr with the best results. I
place in a so-called &ird's trought a mixture of xylol and
paraffine which is solid, or at least of a thick consistency, at
ordinary temperatures ; an exact statement of proportions is
not important here.  On this cold and solid paraffine-xylot
mixture T place the objects to be cut and pour over them
enough pure xylol to cover them. Then I place the dish
uncovered on the top of the paraffine oven about to be
described, where the mixture melts gradually so that the
objects covered with xylol can sink into it. A further con-
centration of the xylol-paraffine is brought about by the eva-
poration of the xylol.  After six to twenty-four hours I place
the objects in a porcelain dish filled with melted paraffine,
which I place in the paraffine oven, while I allow the dish
with the xylol-paraffine mixture to cool for future use in

the same way.

The objects remain in a dish full of melted paraffi:  from
twelve to twenty-four hours according to their size, but a
longer time is seldom necessary.

* For all these transfers Steinach's glass drainers are very useful.
t [Any small porcelain dish will serve. ]
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For a paraffinc even 1 use in Tibingen with the best results
’ an ordinary double-walled drying-
oven (cf. Fig. 16) with the mantle
filled with liquid paraffine, into which
projects a Desaga thermostat.  This
is so arranged that the temperature
of the fluid paraffine i about 63 C

48. Finally, to enclose the object
quite saturated with paraffine in a
block of paraffine suitable for cutting,
it is convenient to place a drop of
glycerine in a watch-glass of about
6o mm. diameter and to rub it over
e of the glass until the

B

Fio, 6 Parafiine vven

the inner sur

glyeerine can no fonger be seenct

The warch-glass is then somewhat warmed and filled
with melted paraffine. When this has cooled to near its
melting-point, which may be known by its hardening at the
cdges when Hghtly blown upon, the objects to be enclosed
are placed in it and so oriented with a heated needle that
suitable blocks of paraffine can be cut from the mass when
cool.

In order to prevent crystallization in the cooling paraffine
so far as may be, it should be cooled as rapidly as possible.
This is best accomplished by placing the watch-glass, as
soon as the objects are oriented, upon a large vessel of cold
water, where it will readily float if carefully placed upon
the surface.  For the same reason it is desirable to place
the objects near the edge of the watch-glass where the par-
affine is thinnest. . When the paraffine is quite cold it sepa-
rates easily from the watch-glass and is then cut into rect-
angular blocks two or three centimetres long, each of which

* The so-calied * Naples water-bath > recommended by Paul Mayer (1} s
alse very convenient. [This buth in various more or less maodified {orms

may be oblained of American dealers and in its best forms s very useful in
the work of imbedding and mounting. ]
+This serves the purpose of aiding Uhe subsequent separation of (he paraf-

fine from the watch-glass.
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has near one end an object to be cut.  The opposite end is
to be put into the object-carrier of the microtome. But
first the end containing the object is to be so trimmed
Jdown that, while the object is still wholly enclosed in paraf-
fine, the surface to be cut shall be rectangular and as small
as possible.  In cutting, this rectangle should be so placed
that two of its sides are parallel to the edge of the micro-
tome knife, which is placed at right angles to the direction
of its motion.

49. It may be observed here that small blocks of paraffine
can be casily attached to rectangular blocks of cork, which
may then be fixed in the object-carrier of the microtome.
It is only necessary to place a few drops of melted paraffine
an one face of the cork and then to quickly put the paraffine

black upon it and, by running arcund its cdges a heated
metal instrument, to cause it to be completely attached to
the block.  This proceeding is especially convenient if one
wishes to change abruptly the direction of sections, as from
transverse to longitudinal.  If it is desirable to cut off the
paraffine block for this purpose, it may be done with a knife
heated over a flame, as in this way the crumbling of the
paraffine is prevented.

For preserving blocks of paraffine, the boxes used for the
so-called Swedish matches are convenient; {or any small
pasteboard boxes.]

1a, Imbedding in Celloidin.

T49a. While the above-described imbedding method and
medium are unquestionably of the first value in both animal
and vegetable histology, the use of celloidin as an imbedding
medium has recently become so extended, and the service
it renders in many cases where paraffine does not do well,
15 80 good that some account of the manner of its employ-
ment should be given here. It has the advantage that no
heat is required in the process of imbedding, and that very
large sections may be cut; and the disadvantage that the
knife must be kept wet while cutting, and that the thinnest
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scctions which can be cut from it are relatively thick as
compared with those which may be cut from paraffine.
Objects to ke imbedded in eclloidin must first be thor-

oughly dehydrated, preferably in Schultze’s apparatus (cf.
£60 0 They arve placed in o misture of cqual parts of abso-
lute alvohol and sulphuric cther, and then, after a fow hours,
in a solution of celloidin in the above mixture. which should
ahit of ccl

contain, aceording to Busse i1, one part by we
foidin te 13 parts of the solvent. After it is thoroughly
penctrated by this solution, which will require from a few
hours to a foew days, according o its size and nature, the

¢ one part of

ubject passes to a stronger solution containi
celloidin in 11 parts®of the solvent: and finally, after well
penctrated by this to a still stronger one with the propor-
tion of one to cight parts. After remaining for a suitable
tinie in the last solution, the object 1s ready for imbed-
ding.  For this purpose, a paper strip may be wound
tightly about the end of a small block of saitable size and
material, preferably of  bassawood or of vuleanized fibre,
se as to form the sides of @ box whose bottom s the
end of the block, This box is now flled with the thick-
estosolution of celloiding and in it the object is placed

and oriented carcfully by means of needles wet with the
ctheraleohol mixture. As soon as the solvent has cvap-
orated sulficiently to form a firm film over the surface of
the mass, the whole may be immersed in aleohol, where it
becomes quite hard in o few hours.  Since very strong
aleohol dissolves celloiding it cannot be used o and statements
vary widely as to the best strength for this purpose. Busse
(11} has found, however, that 834 alcohol gives the best
results, both as regards the transparency of the celloidin
and the thinness of the sections which may be cut from it
The paper is removed from about the celloidin mass,
after it has hardened, leaving it attached to the bloc
The mass is now trimmed to present a rectangular upper
face, and the block clamped upen the microtome so that the

object may be cut in the desired planc.
To cut successful scetions from a cdlloidin block, it is
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nccessary to set the knife very slightly oblique, and as
rearly as possible parallel, to the direction of its motion, so
that the celloidin shall be cut with a long drawing stroke.
The knife and the top of the block should also be kept wet,
during cutting, with alcohol of the strength of that in which
the block was hardened.  With these precautions excellent
sections may be obtained.

Busse (1) recommends the use of photoxylin instead of
celloidin, as it gives a more completely transparent imbed-
The details of its manipulation are precisely
the same as for celloidin, More detailed accounts of the
use of celloidin may be found in papers by Eyclesheimer
(Ivand Koch (11.]

ding mass

2. The Attachment of Sections.

50. For the purpose of dissolving out the paraffine from
microtome sections filled with it, these are commonly at.
tached to the slide.  Although recently a large number of
methods for accomplishing this have been proposed, T will
restrict myself to desc

ribing somewhat in detail four of
them, cach of which seems to posscss certain advantages
for some casus.

Ao ATTACHMENT WITH COLLODION,

In the first of these a solution of about 5¢ of officinal
collodion®

is used for attachment. It is conveniently kept
in a bottle having a soft brush inscrted through its cork. A
drop of this solution is first allowed to flow under the sec-
tions arranged as desired on a slide, a picee of filter-paper

is then laid upon them, and the sections are pressed down
upon the slide with the finger or with a paper-kuife or simi-

lar instrument.  Then the sections are painted over with

the collodion solution and it is allowed to dry in the air,
When this is done, the slide is warmed over a small flame

* [Ora mixture of equal parts of a thin solution of colledion and clove-oil.]
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until the paraffine melts, and then plunged in xylol to dis-
solve the paraffine.

After this the sections, if from objects stained in mass,
can be at once enclosed in xylolCanada balsam. But if
they are to be stained, they must first be brought into water
or alcohol according to the nature of the stain to be uscd.
Since the separation of the sections from the slide has often
oceurred during this transfer, T now perform it by carrying
the preparations from xylol successively into a mixture of
three parts xylol and one part alcohol, go# alcohol and 505
alcohol, leaving them in cach fluid two minutes, or as much
longer as is necessary.

s with parallel sides, on the

1 use for this purpose ves
bottom of cach of which, at one of the short sides, a piceeof
cork about 1 cm. high has been fastencd.  The slides are
then so placed in these that one end rests on the piece of
cork and the side bearing the scctions is turned downward,

From s0% alcohol the preparations can be transferred to
water or any suitable staining fluid, without fear of the
scparation of the sections. At Jeast, T have experienced
such a result very rarely even in the use of the most com-
plicated staining processes when the above precautions have
been observed; and T have not been troubled by any seri-
ous staining of the delicate collodion film by any of the
more important methods.

[50a. Cellotdin scctions, when arranged on the slide, may
be attached to it by placing the whole in a close chamber
over cther. The ether vapor quickly dissolves the celloidin
sufficiently to cause the sections to adhere firmly to the
slide on removal from the chamber.  Should any difficulty
be experienced, the sections may be arranged on a thin
collodion or celloidin film on the slide and then treated as
above,  After they are attached, they may be stained and
mounted as described for paraffine scctions (§ 50).  Objects
stained in mass may be imbedded in cellodin as well as in
paraffine,

For mounting in Canada balsam, cclloidin sections may
be cleared with a mixture of three parts xylol and one part
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phenol, or with equal parts of phenol and oil of bergamot,
or with ofl of bergamot alone. The last two are especially
recommended. When objects are stained before imbedding,
the whole block may be cleared before cutting.]

Lo ATPACIIMENT WITID ACAR-AGAR,

5I. Agar-agar is recommended by Gravis (I} for the

attachment of microtome se
tion of this substance is warmed for some time after the
mixture of the ingredients until quite homogencous, then
filtered through a fine cloth or throagh glass wool, and finally
protected {rom spoiling by the addition of some pieces of

ctions. A 4% aqueous solu-

camphor.

A drop of this solution is placed on the carefully cleaned
slide. the sections are laid upon this drop, and the whole is
warmed until the paraffine becomes soft without wholly

melting. Crumpled sections then spread out completely.

After the cooling of the slide the superfluous agaragar is
taken up with filter-paper and the rest s allowed to dry com-
pletely. After this the paraffine may be removed by xylol,
as in the previous method, and the slide may be transferred
to alcohol.

This method, which T have recently tried many times,
has the advantage that it admits of the use of rolled see-
tions; and even crumpling due to the imbedding may be
wholly or largely overcome. T have seen a troublesome
staining of the agar-agar only with haematoxylin,

A disadvantage of the method, however, consists in the
fact that in pure water the solution of agar-agar, and there-
fore the scparation of the scetions, often occurs. But one
can always treat sections attached with agar-agar with solu-
alcohol, and can usually, with come

tions in strong ar 5of
care, stain them with aqueous solutions.

C. COMBINED AGAR-AGAR-COLLODION METHOD.

tions attached with agar-

The separation in water of
agur can be prevented by painting over sections attached by
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the method just described, after they have fully dried, with
the above-mentioned collodion solution (¢f. § 30) and letting
them dry in the air. T have used this method often recentls,
It nuites

ases

and can recommend it heartily for difficult ¢
the advantages of both methods in that it makes possible
the recovery of eollapsed scetions and permits the use of
agueons stains without fear of separation of the sections.

T ATTACHMENT WITID ALBUMEN.

52, According to 1. Mayer's(I, IT) mcthods, a solution of
albumen is used tor attaching scctions. This is prepared
by mixing 30 cc. of the albumen of hens’ eggs with 50 ce.
of glycerine and 1 gram of sodium salicylate, and filtering
the mixture after hard shaking. A small drop of this solu-
to Vosscler 1T, 4570 becomes uscless
s placed on a carcfully cleanced slide

tiom, which, according

in about six montls,
and is rubbed with the finger or a soft cloth until a barely
visible film remains upon the shide, The seetions are placed
upon this and pressed down upon the slide, a dry brush
being held between the finger and the scetions. If the
slide is now heated over a small flame until the paraffine
melts, the sections become so firmly attached by the coagu-
Iation of the albumen that the paraffine can be dissolved
out with xylol or other solvent without fear of their being
washed away.  Nor does this occur when they are trans-
fereed directly from xylol to alcohol or from alcohol to
water.  Neither have 1 observed the staining of the albu-
men film by any coloring matter; so that this method may

be most conveniently used for most cases.

IX. Making Permanent Preparations.

53. One may use very various methods for preserving
preparations as long as possible. In nearly all cases prepa-
rations enclosed in Canada balsamy or some other resin or
balsam possess the greatest permanence.  But, on account
of their high refractive index, which ncarly corresponds
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with those of cellulose and of most of the contents of the
vegetable cell, these substances are hardly to be used except
for stained preparations or such as are intended for observa-
tion by polarized light,  Besides, the transfer of casily col-
lapsible objects to balsam is so complicated that other
mounting media are preferable for them. It depends
whoily on the nature of the cbje to be mounted what
mounting medium is best to be used . and it will be neces-
sary, in the sccond and third parts of this book, to re-

peatedly indicate what method of preservation is best
adapted to the case in hand.

Sinee the methods of mounting in Canada balsam, Dam-
mar lac and turpentine have been already described in

$5 14 to 27, only the remaining metheds. in which glycer-
inc especially plays an important part, need be here brought
together.

54. Glyeerine.—Ture glycerine in various degrees of dilu-
tion, or a mixture of this with an acid, was formerly a much
esteenied and almost universally vsed medium,  In its use,
however, especial care must be taken that the glycerine used
is not diluted by too long exposure to the air, since in that
case a gradual drying up of the preparation takes place, if
the subscquently applicd coment ring (cf. § 621 is not air-
tight.  Concentrated glycerine often cannot be used, how-
ever, on account of its strong clearing and  dehydrating
a dilute solution of glycerine with a
great advantages, but must,

power. In such cases

few drops of acetic acid offe

carcfully protected against

as alrcady remarked, be very
evaporation,  (CfL especially Dipped, T toron

55. Glycerine and Chrone
tions of Sckizopliycca and Floridew in their natural colors,

iz For preserving prepara-

Kirchner uses (1, p. vin ditute glycerine, to which is added
enough chromium-potassivin sulphate (chrome alumiio give
the flutd a clear bluish color.

56, Glycerinegelaiine.—~This is of late most used and
offers undeniable advantages, in most cases, over the fluid
glycerine mixtures. It is conveniently prepared from the
recipe recommended by Kaiser, as follows : One part by
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weight of gelatine is soaked in six parts of water; seven
parts of pure glycerine are then added, and fnally a gram of
phevol to cach 100 grams of the mixture. The whole is
then warmed for 1o to 15 minutes with constant stirring,
until the fluid is quite clear, and is finally Gltered through
glass wool or filterpaper. This may evidently be best done
with the aid of @ hotwater filtering apparatus,

57 Loss delicate objects, like sections of wood and the
likeo may boe transferred dircetly from water to glyeerine-
gelatine t more delicate preparations should first be brought

into glycerine.  This may be accomplished, in case of

objects which collapse very casily, by placing them in a 107
solution of giyecrine, wihich is then allowed to concentrate
gradually by standing in the air,

58, nince the ghycerine-gelatine (glveerine jellyiis solid at
ordinan tempueratures, 3t must be warmuoed before use until
it becomes fluid; and for this purpose the paraffine bath
may be used g 470 Or one may prepare small picees of the
Jelly, cach of suitable size for one preparation. and melt
them upon the shides, Such pic
by allowing a quantity of the jelly to harden upon a plate

s may be readily prepared

in a thin layer, whichi is then cut into blocks.

59, 1 annoving air-bubbles cccur in the preparation en-
closed in glycerine gelatine, they can be casily removed from
objects not too delicate by heating the jelly to boiling.
rink
pretty strongly when kept for a lTong time, it is generally
advisable to seal them with a cement ring @ but it is best,

Since preparations in glycerine-gelatine usually

especially with thick scctions, to apply this ring after some
time, as otherwise the cover-glass Is casily broken by the
subscquent concentration of the jelly, and it is casier to
remove by warming, any air-bubbles that may appear.  For
demonstration preparations T apply the cement only after a
year,

50a. (lloral-liydrate gelatine is recommended by Geoffroy
olving 3

(1ias a mounting medium. Tt is prepared by dis
to 4 grams of good gelatine in 100 cem. of a 10% aqueous
solution of chloral hydrate, at as Jow a temperature as pos-
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sible.  The sections are placed directly in this fluid, and,
since a thin layer of gelatine is soon formed at the edge of
the cover-glass by the evaporation of water, the preparation
may be scaled after a short time with maskenlack or an
alcoholic solution of sealing-wax

Many stains, such as
those with jodine green or carming, are well preserved in
this medium.

60. Enclosure in Air—Ash skeletons, crystals casily solu-
ble in water, and the like may be often best preserved sim-
ply dry. To protect them {rom dust it is alse ne
such ¢

$8ary in
This
may be attached to the slide by wax or paraffine around its

to cover the objects with a cover-glas

edges or even with gummed paper.

61. The obscrvation of crystalline precipitates and the
like is best conducted in the air by ordinary light; while in
poelarized light the interference colors appear most pure on
enclosure in a strongly refractive medium like Canada bal-
sam. Instructive preparations of both kinds may be pre-
pared by placing on the slide a drop of Canada balsam so
smadl that it occupics only a part of the space bencath
the coverglass, feaving a part of the crystals in air. To
exclude destructive agencies so far as possible. the edge of
the cover-gla
wax.

may then be surrounded with paraffine or

62, Scaling Media—Of the numerous scaling media pro-
posed by varicus authors may be mentioned here first the
so-called “gold-size,” which is well adapted for glycerine
and glycerine-gelatine preparations.  Since the method of
preparing it is quite claborate, it is best to obtain it ready
prepared {e.g., from Dr. G. Gribler, Leipzigh.

TFor glycerine-gelatine preparations Canada balsam, asphalt
varnish, and maskenlack N, Il are also well adapted.  The
cover-glass cement containing amber, recommeded by Hey-
denreicly, affords a very trustworthy medium; but it should
not be colored with cosin, as was the case with a prepara.
tion formerly furnished by Dr. G. Gribler, because this
gradually goes over into the glycerine-gelatine and may
cause an unpleasant staining of the preparation.



Part Second.
MICROCHEMISTRY.

A. Inorganic Compounds.
1. Oxygen, O..

the

63. For the micrechemical recognition of oxy
i linann (1) may often

method with Zacteria de

e
be wsed with suceess, This depends upon the fact that

moving Bacteria at once cease the

maotien if oxygen is

withdvawn frone them, and inmedistdy resume it on the

subscguent renewal of the oxygen supply.  Oxygen also

affcets the direetion of motion of Bacteria, since they move
torvard the (Tuid which s richest in oxygen.

1L s casy to satisfy ond's sadf of this by placing a drop of
gt
with @ jarge coverghiss, The oxygen of the fluid s soon

fluid contad

nung moving Bacteria on a slides and coveri

cxhausted and the motion continues oniy at the vdges of
the cover, or around inciwlad airbubbles, which are espe-
RIS

strective, Tt wise sceni be seen that the Bacteria

group theniscives i Deaps at these plaees,
e sensitiveness of this reaction. which shows very small

auantities of axygen, s niatural

“dependent in some degree

upom the choice of Bactoria, Those which are obtained by
fetting St peas deeay in water are very usefull After a
few days innumierable Bacteria appear, which are commonly

cudledd Dacterium torwe,

It may be wddeds with reference to the management of
the tion, that s wsually desbrable to use doree covers
i <o hose Lo with cacan-hutter, wax,

i
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or paraffine to prevent the evaporation of the fluid and the

access b oxygen.

z. Peroxide of Hydrogen, H.Q..

64. For testing Living Spregrre Tor the presence of perox-
idde of hydrogen, Bokorny oty used the two {followmg
methods,

The first is based on the fact that peroxide of hydrogen
in the presence of iron suiphate at once sets jodine free from
potassium lodide, so that any starch or starch-paste present

v cells con-

15 colored blue. e therctore piaced Sprrog;

taining starch in a very dilute solution of ferrous sulphate

fuim udide, and deduced the absonce of peroxide

and pota
of hydrogen from the failure of the siarch grains to become
colored biue. This was cnphasized by the intense bluing
of the starch in threads which had previously been saturated
with the peroxide

Tn the sccond method, Bokorny acted upon the fact that
tannin which gives a blue reaction with ferric salts is at
cnce turned Diue by ferrous sudphate in the presence of
peroxide of hydrogen, while the blue color otherwise appears

only after some timie in consequence of the gradual oxida-

tion of the ferrous salt in the aire He observed, in agree-
ment with the above, that Sprrogrra threads containing o
tannin that reacts with ferric =alts became blue only many
hours after being placed o a solution of ferrous suiphate,
while the blue color appeared at once in threads saturated
with the peraxide.

Pleffer has 11V, 4461 questioned the conclusiveness of
these experiments and especially doubted whether the ditute
reagents used by Bokorny were readly taken up by the tiving
cellse But Bokorny has (T and 11 vecenthy made abserva-
dons which show that the furreus sulphate is really taken up
by the living cells, and the conclusiveness of the sccond reac-
tion cannot, thercfore, be doubted.

65. Pleffer (IViwas led by more extended observations
to the conclusion that peroxide of hydrogen does not occur
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within the Hving cell. e showed first that the peroxide
iy be taken up by Jiving cells without harm and that it
when in very small quantity,

otten produces in them, e
plainly visibie reactions, \\h]@h Jdoonet otherwise occur in
Pleffer usod first for these researches plants whose coler-

lizing cffect of the peroxide,

wcelored by the o
o opnidermal eells of the stem and root of seedlings

i lo b or the roothairs of Frraea pogotensis. 1n
these the peroxide produces 2 browning of the cellsap which

ix usaally foilowed by the separation of red-brown or almost

vack granolar masses, as s shown in Figo
Here is fgured a part of an epidermal eoll from
the stem of T 70a Feda, which has lain five bours
in o solution of peres »1(]& of hydrogen, prepared
lv,\' mixing ten parts of pure water with one part
acommercial peroside solution already six

months old.

66. Plcffor also worked with cclls which have
naturally « cotored celi-zap, ke the stamen-hairs
of Tradescantio virgindca. In this case the blue

\'EL[) is wheily bleached by the peroxide or

ellow-brown or vinonsayelow color,

g by the peroxide taken up may also
L‘ be observed in cells whose protoplasm hias been
L previously colored blue by eyvanin, The root-
hairs of Zrianca bogotensis are well adapted for

a0 fments, In thelr protoplasm, when in o2 very
dilute solution of cvanin, prepared by warming that dye
ident in

with water, various blue differential stains were

from three to fifteen minutes, and were destroyed by perox-
e of hydvogen in less than a minate,

67. 1t may be remarked that Pleffor worked with solu-
tions of from 014 to 17 of the peroxide,  Since the com-

wiercial peroxide always contains sonie free hydrochloric

achl vo increase its keeping quality, it must be neutralized

with sosdium bicarbonate; and Pleffer adds this in slight
CeNCUns,
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3. Sulphur, S

68. The sulphur which eceurs in various Bacteria in the
form of strongly refractive spheres (ef. Figo 18,1, a=c) is,
according to Coln L 178, insoluble in water and hydro-
chloric acid, but soluble in an excess of absolute aleohol, in
hot potash, or in sedium sulphite. Nitric acid and potassium
clilorate dissolve them at ordinacy temperatures, as does car-
bon bisulphide: but the entrance of the latter into the eclls
of the Bacteria must be aided by previously killing them
with sulphuric acid or by drying.  According to Wino-
cradsky (1, 5215, this solubility in carbon bisulphide s not
complete, although the inseluble residue in this reagent is
always small. According to Biitschili (1, 6), the granules of
sulphur arc soluble fn twenty-four hours in artificial gastric
Juice, or in a 105 soda selution.

69. Various obscrvations of Winogradsky (I, 51%) ex-
plain the accumulation of the sulphur granules.  Accord-
ing to this author, they arce
always quite spherical in 2.
the living cell and run to-
gether on the death of the
cells, for example, on heat-
ing to 7o C., into large
drops  which  change  into
beauatiful erystals  of sul-
phur.  This crystallization

takes place best when Beged- 00

atoe threads rich in sulphur it sulgtsur ¢
tore in sprin

wtme hreads. a. veey rich
after oy, ¢ afier 48 hours eyl
. wter; s, granules of sulphur,
are place - © A min. 5 The same o hours ‘afier treatment Wi
wre placed for about amin. = Th S o o e veris e o
Pliur lubiics ito crystale, Atter Winoo
wradsky.

ute in a concentrated aque-
ous solution of picric acid
of water. On <uch
tals were found after

and then washed in a large quantit
threads beautifully formed sulphur cry
twenty-lour hours, partly monoclinic prisms and partly rhom-
bic octahedrn (of. Fig. 18, 21, It is therefore to be presumed
that these sulphur grains consist of the modificd form of
sulphur which is semi-fluid or oillike at ordinary tempera-
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tures.  In fact, the precipitate of sulphur which is formed
when dilute hydrochioric actd s added to a solution of
aamie relations, oa micro-

Cilciom pentasulphide shows the
cxamination, as the suiphur granules of the Aggre-
s to Winogradsky, that these,
cipitated suiphur, gradually
into the solid condid and that, especially in
swing threads, ali the stages from the fluid to the

zoas. 1tas possible, accordin

the grasules of the pr

saddition occur,
rved here that Jonsson (13 has seen
on dilute sulphuric

70. It \]muul be obs

m o omyechum of 77 rowin

acid, sl\m!“l refraciive bodies which correspond in many
of their reactions with the suipliur granules of the Aoggra-

zoas, and consist. according to Jonsson, of a mixture of sul-

pliur and an oil-like substanc

4. Hydrochloric Acid, HC}, and its Salts.

71, Yor the recognition of hyvdrochloric acid Schimper
L0212y found the fvo following methods especially usefull
o The addition of sieor mtraze causcs the formation of
amorphous ~ilver chloride, but this may be obtained in crys
g from the

talline form by dissolving the precipitate :
addition of silver nitrate in as little ammonia as possible and

allowing the fluid to evaporate. Regular crystals of silver

chloride are thus formed, consisting chicfly of hexahedra,

abedra, and rhombic dodecabedra, as well as combina-

tioms of these o Figo 19i. These

crystals oradually become  violet-col-
ored in the lightt but in the presence
of reducing plant-juices they often be-
come very rapidiv colored. TFormed

silver chieride may also be recognized

ve by dts ready solubility in potassium

v Crysta’s s
miazide,  After Hausd

cyanide, in sodium hyposulphite, and
i a concentrated solution of mercuric nitrate. Tt is also
somewhat soluble in enncentrated solutions of the wkaline
'

mctals wnd in conecntrated hyvdrochloric acid: and, accord
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ing to Borodin's method, ™ silver chioride may be tested with
a concentrated solution of silver chloride in conedntrated
hydrechloric acid or sult solution (sudium chloride).

V. Zhalliune sulphnte causes at once, or at least on evap-
oration, the formation of regular octahedra or variously

shaped skeletons of thallium chloride, which may be tested,
according to Borodin's method, with

tion of thallium chioride,

concentrated solu-

5. Sulphuric Acid, H.80,. and its Salts,

72. For the recognition of sulphuvc acid we still lack a
completely trustworthy method.

“he following methods
have been used by Schimper (11, 2163

1. Barinm chloride always causes a precipitate of barjum
salphate, but this is rarely crystalline and its positive deter-

mination is thercfore rarely possible.

Strotiune pitrate causes the formation of small, thick
crystals of a mostly roundish-rhombic {form, though some-
times

sharp and with straight outlines, whicht are insoluble

i water

3. Dotassinnr sulplate often erystallizes out of a solution
of ash v water in the form of hex
into colorless

gonal plates, which fall
granules on the addition of barium chloride,

* According to Borodin's method (110 802) & given precipitate soluble in

water s tosted with 4 completely saturated solution of the substance that is
suspected du it U the s

solved, while

spicion is corvect, the precip

s will not be di

ny other substance, ual

seme reaction oeeurs, will be solu-

ble. If, for instance, we have to do with a musture of asparagin and saltpeter
, 8 P

(potassium nitrate) the asparagin cry

yatals wili, of course, be insolubie in a con-
centrated sofution of asparagiz, but the
On the subsequent aldition ot water, asparagin erystals will be dissoived also.
Se, as i the abn R

saftpeter erysuds will be dissoived,

e mentioned case, silver ehioride will be insolvble in a4 con-

centrated solution o sitver chioride in strong hyidroc)

i acid {or NaChy,
on of mere acid tor NaCl solution), Tn
cuse of substances not too casily soluble, this metaod renders gonl service in

while it mwst dissolve an the ad

microchemistry 5 but great care must be taken in cach cuse toat the solution
employved is really completely saturaied, and ihat it does not become capable,
h changes of temperature, of d

ssoiving more of the substance concerned
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or into leaps of red granules on the addition of platinum
chiloride.

A Sedinm and potassiue sulplates m
mized i the living tissues by means of nickel sulphate,

often be recog

stallized double salts of the

\With this they Jorm well cry
cotmposition NiSQ, — Nu,S0, -+ 61,0 tor the correspond-
iy K osaltrs these occur nosthy i the form of the mono-
‘.x pri=m combined with the basal plane, but are pretty

silv selubde inowater.

6. Nitric Acid. HNO,. Nitrous Acid, HNO.. and their Salts.

73 Dipicnyiomin was first recommended by Moliseh (T)
sition of the nitrates, and he used for {resh

g to Sy oof agram of it in 10

for the recog

sections asolution of from

. of pure concentrated salphuric acid, or for dricd sce-

tions 2 concentrated solution of jt in concentrated sulphuric

of

acid. I the prescnee es there vecurs immediately

after the addition of this re

which, after o time, disappea

ent & deep-blue coloring
or passes into brownish

1
yellow,

“his reaction eccurs in the same way in the presence of

nit cand it can therefore be used for the recognition of
nitrates only when the absence of nitrous salts is proved.
gations on the subject herctofore

t

Buat in fuct all inves
have led to the conclusion that nitrous salts do not occur
within the living plant 1 and therefore this objection to the
applicability of diphenylamine as a reagent for njtrates falls,
so far as the microchemical study of the plant is concerned.

It should beremarked that other compounds than nitrates

amd nitrites

sive the same reaction, as, for cxample, man-
ganese peroxide, potassium chromate and chlorate, hydro-
gen peroxide, ferric oxide and its salts (ef. Frank T and 11,
and Kreusler T But these substances appear to be as

rare in the plant as nitrites : at all events, plants freed from

nitrates never give a blue color with diphenylamine, accord-
ing to the confirmatory researches of Frank and Schim-
per (IT, 217)
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It is more important to note that the reaction may
entirely fail, cven with large quantitics of nitrates, in pres-
ence of various substances, as, for example, lignified cell-
membranes (cf. Schimper 11, 217 It follows, therefore,

that the absence of nitrates can never be deduced from a
negative result of this test

74. Dracin gives a bright red or reddishy-ellow color with
nitrates and nitrites, but this gradually disappears.  Molisch
(VI 132) wses for microchemical purposes a solution con-

taining .2 gram of brucin in 10 cem. of concentrated sul-
phuric acid, but rema

ks that this reaction is infcrior in
clearness to the diphenylaminereaction,

75 According to Armaud and Padd (I the alkaloid
cinchonamin «C N O, obtained from the bark of Remijia
pirdicana, may be used for the microchamical recognition
of nitrates. Tts nitrate is almost absolately insoluble in
acidified water and forms beauntiful, readily recognizable
crystals whose form is, unfortunately, not described by
these authors, They immerse fresh scetions of the parts to
be tested direetly in a .47 solution of the chloride of cin-
chonamin which is slightly acidified with hydrochloric acid.
The crystals of nitrate of cinchonamin will then be formed
within the cells enntaining nitrates.

76. Dotasstum witrate (KNQ,) may also be recognized by
covering the scctions with a coverglass, adding alcohol,
andd then allowing them to dry,  The saltpeter then usually
crystallizes, chiefly in the form of rhombic plates (cf. Fig.
27. % 130), which stand out sharply, especially

in polarized
light. Asparagin also forms similar crvstals. but these may

be casily distinguished from saltpeter crystals by measuring
latter are, of course,

their angles (ef. § 1300 Besides, the
easily soluble in a concentrated aquecus solution of aspar-
agin, and arce not destroyed by heating. They can alse be
readily tested with a solution of diphenylamine.  Borodin's
method (cf. § 71, note) is inapplicable, on the other hand,
on account of the ready solubility of potassium nitrate.
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v+ Phospheric Acid, H:PO, . and its Salts

The {ollowing reactions are adapted for the micro-
chemival recognition of phosphoric acic
A wctd aund aviinizon ol

This reagent,
by Hansen (1, o6y,

fimt introducad into chumistry by
he formation of regular crystals which represent

smbination of the octahedron and the cube, and

are colored an intense vedlow. There is commonly no

dunger of confusing these with the Isomorphic compounds

the =tud

of vegetable objects is

of arsenic acid, so for

concerned,
It is convenient to usc as the reagent a solution which

comtains 12 cenn. of officinal nitric acid of apecific gravity
ram of aaimenium molybdate, In the pres-

IS, to one
f 3 quantities of acid the pnulnmu is formed
(.1, and then often

mee of osm

<»111 alter

sht warming ito 4o

onhy after some time.
sted are best burned before the
sent, since otherwise the reaction may

anic substances,

The scctions

addition of the
! by the presence of certain org
vinple, potassiwvm tartrate. Besides, the phosphoric

be hinder

as, forex
acids combined with the nuclein or otherwise mq(xmuul\'

united, as, for instance, the phaosphoric acids contained in
the globoids. are not direetly shown by this reagent, but
only in the ash vef. Schimper 11 2150 This reagent may
d by heating upon the

be appiicd dircetly to the ash prepare
cover-glass.,  Thus is ohtained ar once with the ashes of
sections of not too youny stems of Stapelic pacta a strong
ton, which occurs only after some hours in sections

reac
prepared from alcohelic material which contain spharites
of calciun phosphate ref. § ofn

The addition of wagnesinm siulphate and ammoniim
ciloriele produces with salts of phosphorie acid a crystalline
precipitate of animonio-magnesium phosphate, which iz
practically inseluble in ammonia and ammonium chloride
als, some of the mest characteristic

slutions, These ery
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of which are ilustrated after Haushofer (1, 925 in Fig.

belong to the rhombic system. A similar salt is also formed
Ty arsenic acid,

A suitable reagent may be obtained by mixing 25 vol-
umes of a concentrated  aqueous
solution of magnesium sulphate, 2
volumes of  concentrated agueous
solution of ammonium chloride, and
13 volumes of water.  If there be
placed in this solution sections from

alcobolic material of the stem of
Stapedta prera, which have previ

usly Fio. = — Crestals of ammonin-
© Altet

been soaked for a time in water to
prevent the formation of & precipitate by the alcohol, there
appear after a time in the fmmediate vicinity of the spha-
rites of calchmm phosphate, in consequence of their gradual
solution, well formed erystals of ammonio-magnesium phos-
phate, among which the Neshaped skeleton-crystals appear
to be especially characteristic,. This reaction may be
hastened by warming, but the crystals are then less regu-
Tarly formed,

For the recognition of phosphoric acid within the tissues,
this reaction is, according to Schimper (11, 216), preferable
to the previously described one, since it s not interfered
with by the presence of organic compounds and is very
delicate.

8. Silicic Acid. Si0;, and the Silicates.

78. Silicic acid occurs in the vegetable kingdom partly in
incrustations of cell-membranes and partly in the form of
variously-shaped silica masses in the interiors of cells (¢f.
Kohl's compilation, 11, 107

For the microchemical recognition of silicic acid, one may

utilize its peculiarity of not being changed by heating, Its
maolubility in all acids except hydrofluoric acid serves to

nic substances.  In case of
ible by the combined

distinguish it from other inorg
some strongly silicificd organs it is po
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r

action of acids and heat to obtain completely coherent

il

ica skeletons, From

siliceous membranes, the so-cailed

the membrines of the diatoms, which are peculiarly rich in
silicic acid, or from the epidermis of the Grawdnee ar Egii-
selevca ™, ceous skeletons may be obtained by

treating thera as preposced by Sachs. Tlas mcthod consists

tismoenoa cover-gliss. oron a

Bir ool midcn e provent the residue from adhering, with a

«dsulphuric acid until the ash remaising

Ty Ceonte
drop sl condentys

scaporation of the acld bas become quite white.

¢ of objects poorer in silicie acid, satisfactory

cefetons cannot usually be obtained by thissimple

siliceoun

method, Ttis then commonly better to remove the soluble

ances fram the picces before burning by
Lo In this way
v be much more casily obtained
by renewed

inerganic s

treatment with hydrochloric or nitric ac

pure white skeletons m

and may e freed from fordgn admixtur
treatm

79. Besides,
wiholly in the wet way by the method proposed by Mil-
iurakis (b The objeet 1= first treated 1 a beaker with con-
Uountil it §s quite black and then a
{ chromic acid is added. In this

mixture subcrized membrancs are also wholly destroyed,

¢ with Tudrochioric acid.

iliccous skeletons may be very well prepared

centrated suiphuric acic
o

s solution

207 aque

amd only the siliceous skeletons remain behind, They may
then be casily isolated, after the addition of water, by de-
canting, and may be completdd deancd by repeated wash-

ing with water and aleohol. The siliceous skeletons of

diatoms obtained in this way show, especially when exam-
ined in air, the finest stroctural features of their membranes.

According to Kohl (11, 2261 this method is applicable
only where conziderable quantities of silicic acid are present.
This author obtains very delicate eletons by
ung from parts of plants with a small proportion of

iccous

wid, which would he completely dissolved by
o . .

1

1oullicr casa
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presence of silicic acid can only be recognized In the ash by
the sodivm silico-luoride reaction icf. § 81 ’

80, To test the skeletons obtained by oither of these
ic acid, Avdrop

may be wsed, in which pure silica-skeletons should dissolve

re actd

nicthods for the presence of

completely.
Kiis

aguecus solution of hydrofluoric acid, which, s it attacks

ner (f, 2023 recommends for this purpose a dilute

glass, must be kept in acbottie of rubber or lead, and must
be placed upon the objects to he tested with a platinum
wire or a rubber yod. - The slide which supports the object
must, of course, be protected from the action of the acid,
and for this purpuse covering with Canada balsam, glue,
vazcline, or giveerine has been recommended.  But, accord-
ing to Kirner (I, 262), it s most convenient to cover the
slide with a plece of transparent shect-wax, which must be
first somewhat warmed and smoothed by rubbing between
the hands. Instead of a cover-glass this author recommends
tha use of gelatine paper, Tle also fastens a bit of the same
ctive with Canada balsam, to protect it
from the vapor of hydroflueric acid.

When Kirner (I, 266) allowed hydrofluoric acid to act
upon membranes not previously treated with some acid o
the like, he usually found only a partial solution of the
silicic acid.  Whether this was due to the physical action of
other constituents of the membrane or to a chemical union,
perhaps of silichwm with cellulose, is not yet certain,

81. Besides its solubility in hydrofluorie acid, vne may
use for the recogpition of silicic acid the formation of crys-
tals of soduem silico-fluoride, which arc with great difficulty
soluble in water,  To obtain these crystals hydrofluoric acid
and some sodium chloride are added to the ash and allowed
to slowly evaporate.  The crystals of sodium silico-fluc: de
which then form if silicium is present belong to the hes
s and represent chicfly combinations of prisms
ted plate o. In
arc also ob-

paper to the obje

agonal s

al

ard Py , or of these with

stars and rosett

stronger solutions six-raye
served as tkeleton forms (Haushofer, 1, g8
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9. Potassinm, K.

moninm cannot occur in the ash, platinnn:

erve for the yecognition of potassium,

The potassinm-platinum chloride thus formed erystaliizes in

far octahiedra amd cubess Aceording to schimper (I,

deb ds dissolvad Inoa drop o of acidified water, is

rvsand the reagent s added before or after

‘
cieli But the reagent used must first be tested with

orich care to show thet v is raally free frome potassiom.

1

This mny be done by letting adrop of the reagent stowly

“

PR
iporate on e sirde.

10. Sodium. Na.

acctale recommended by

83. The wranylmagu

Strong Iy serves exeddie

for the recognition of very
Tt forms with sodium a double
To

compaound,

s
3
[
P

saft of the composition CHLCO NG - CHL.CO
(CHLCOO M g - CHLCOO LU O - gH 00 This
1aodinm and therefore formad in the presence
or

poor

vall quantitics of sodium, forms small colorles

of very

pate wish rhombobedral ervstalss which are little

sotuble in water and ahuost insolable i alechol

sodium

Since the solution of the uraninm salt extracts
from g¢lass vessels on Jong standing. Streng J1T recom-
mends the divect addition of the solid magnesium-uranyl
salt,

Schimper 111, 2153 used wrangpd acctate for the recagni-

tion of sodiun as §

canses the formation, on cvaporatin
of sharply developed tetrahedra of sodiumurany! acetate

CCHLCOONa = CHL.COO, U O of which the jarger ones

appear faindy vwish,  In the preseoce of very smali
Quantities of sodinne simaltancou with oy um thore

Ve O o TN o e e TR er ] U 0N i N L

[N

FINEISEN R 3 SN
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11. Ammonium, NH,.

84. The so-called Ness/er's reagzens may be used for the
Ggnition of ammonium, according to Strasburger 1L 740

Thanner: 2 grams of potias-

It s propared in the foflowi

stum dodide are dissolved in 3 cem. of water, and then

micrcuric jodide s added to the solution while warm, until

a part remains undissolved. After the fluid caoled 1t s

diluted with 20 cem. of water, allowed to stand for a time,
filtered, and 20 cem. of the filtrate are diluted with 30 com,

of a concentrated caustic potash solution. 11 the uid then

beeomes tarbals i1 most be fltered ¢

In the presence of ammonium this solution takes a yol
Tow colornd with more ammonia a brown precipitate is
1

forme arious organic compounds give the sune

reaction ¢

12 Calcium, Ca,

85. Caicium occurs very often within the living plant in
cryvatiiline form, and these crystals, which are met with
sumetimes i the collsap, somcetimes within the membrine,
ystads of
calcium carbenate, gyvpsum, and calcium tartrate are Jess

late s or

Consist most commenty of calcium os

often observed. Besides, caleium carbonate often incrusts

celi-membrancs in greater quantities; and finally, calcium

phosphate has been recognized in the vegetabic organism.

We will deseribe fivst the methods {or recognizing the
nizing

various calcium salts, and then the methods of rec

the presence of caleiun in the ashiand in the ecllsap.

a. Calcium Oxatate, CaiCOO .

86, Nearly all crvstabs which occur within the plant-cell

wxatate, They are found purtly in the

Cut contenis, atnl are partly within or apon the wail. - They
1

‘m Um tetragon m nv\mlmv

belnng
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m Fig. -1 shows a wetragonal pyramid, Figs.
1 Y

¢
A monosvonctric rhombohedron, Figo Voa rhombic plate,

21
1T combinations of pyramid and prism, F

NI oprobably a combmation of positive and b

raniids with the basa combination

rhombic plate o F 1opinacoid, Fig,

7

—Crystals of chicwm oxalae, 110 fn ¢ parenchyma of Tra
vior - IV from Creas cirvinagic, V. Musa paradisiaca s VI, Citrus val-
VILuna IX. 9 aie, VI, Ci IV, V, VL IX afeer
Ty Vlater Phite

Jm the g

VI @ combination of the rhombehedron (Fig. I\ with
a hemipyramid, Figo IN a twin crystal whose angle aps
measures 14107 3, according to Holzner (I, 340 Calcium

oxalate i alzo cspedially common in the form of fine

weedles (“raphides” al sand ™) on
which no crystallographically determinable faces or angles

poor tny shivers (ers

can be recognized; and sphierocrystals have been scen

i Kohl's compilation, 1L

esednide o water and aoetic acid s but

oh the solution of the
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in concentrated hydrochloric acid and to follow the solution

with a polarizing microscope. The action of the acid can

be very much hastened by warming,

\With sierde acid calcium oxalate bebaves essentially as
with hydrochloric acid. Tt is readily soluble in the former,
especiadly on warming.

87. Ly sulphuric acid calcium oxalate is changed into
calcium sulphate tgypsumy, which is httle soluble in water
or sulphuric acid, and scparates chielly in the form of
needles, An immediate transformation of  the culcium
oxalate into gvpsum aecurs if the sections containing it are
placed dircetly in concentrated suiphuric acid or in a mix-
ture of cqual parts of water and concentrated salphuric

d, and beated nearly or quite 1o boiling. The gypsum
i

is

wn formed within the same cefls which formerly con-
tained the caleium oxalate crystals; and ecach more or less
opague mass of sometimes plainly necdic-shaped, sometimes
more granular, particles of gypsum usually posscsses exactly
the same form as the original erystal. These crystalline
conglomerutes glisten brightly under the polarizing micro-

scope,

For distinguishing calcium oxalate from calcium sulphate,
Kohl has recently (11, 194) proposced a solution of darium
clloride, which leaves the oxalate unchanged, while gypsum
crystals become covered by a finely
sulphate.  In a mixture of bariunm ¢

aranular layer of bartum
hloride and hydrochloric
acid, gypsum is rapidly converted into barium suiphate,
while calcium oxalate crystals disappear in the same mix
ture without forming any precipitate.

On treatment with cawstic porask solution, calcium oxalate
at first remains unchanged: but, as Sanio (I, 234) first
observed, its erystals are suddenly dissolved after some time,
u

nally after several hours, and new crystals are formed in
the fluid, which have the form of six-sided plates whose
chemical compesition iz not yot determined.

88, On buruing calcium oxalate crystals, which can pest
he done on a cover.glaze laid on platinum foil, the ovalate

sclicioud frst into caddiei carbonate and than futo cal-
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cium oxide. The ervstals preserve their original form, but
¢ and therefore appear black by transmitted

bucoine opa
. but pure white by reflected Haht vor dark-netd iltumi-
als disselve, after the burning, in dilute

1
nationt 1 3
ar concentrated hydradhiorie acid, without the

whubbles, this shows that an oxalate has

solves in

beeit chanoed to the oxide o while the carbonate di

Uaith the Hheration of carbonic acid.

of caldium oxalate crystals can be made
pro by examination by pelarized Hight. They are
Dy the
greater in those of the monociinic

rong double ction,

s howeve

muc

system than in those of the tetragonal systeny, The latter,

spe with

naturally, cannot glisten in the polarizing nicrose

crossud nice when their optical axes stand vertical.

make visibie cry=tals of calclum oxalate within

for example whole leaves, without cutting

them into scctions, the
surpuse adoral Zydrate, which docs not attack

e may he made goite transparent.

s been used ©oand phora/ can also be em-

ployede I the picces are heated to bofling in one of those
fluids, they usualiy become wholly cleared ina short time,
The alent “id used by Wehmer

wholic tphurous o
L2y for decolo

I

wion of

ing leaves will certainly be of much

My cuscs.
ioof such prepa

Canada balsam

atio

proscrtali
5 bost adapted. They may be transterred diveetly from

Pand sylobCanadua babsam. The study of

phoial 1oyl
these cleared preparations 1s best conducted by polarized

licht,

b Caicium Carbonate, CaCO,.

oceurs i the interior of

90. Calciem carbonate rare
celis, hot is usually deposited i or upon the collawall ref.

LG CAr-

aciiiion of oo o]
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bubbles, as can be directly ebserved under the microscope.
1t has been peinted out by Melnikoff 11, 301 that a concen-
trated acid ® should be used for the recognition of small
quantitics of carbonic adid, and that care shonld be taken
that it reaches the bodies to be tested as quickly as possible.
Ivid

oceurs, the more readily will it be absorbed by the surround-

ntly, the more slowly the evolution of carbonic acid

by diffusion without being given

=

ine water aud carried aw
my owater QG carrred ay
off in Lubbles.

91, For the recogni

inn of calcium a solution of ammo-
reme ovadote acklificd with acetic acid may he used.

The manner in which this solution reacts with calcium
h.
I obtained, in scetions of the leal of Zcus clastica, abundant

salts §s largely dependent upon its streng

miasses of crystals grown together in sland-lke masses within

and 1

the cystolith celis, by placing them in a solution

camtaining .37 of ammonium oxalate and 17 of acetic acid.

This re
the

action took place at once on placing the scctions in

Aution, which had previously been heated to boiling.
The eryvstads thos formed are strongly doubly refractive.
But when asolution containing 107 of ammonium oxalate
and o of averic acid was used, the oxalate was precipitated
divectly in the cystoliths, which appeared quite unchanged
LIT MICTOSCOPIC CXaminatic
were placed in the boilin

It was only whon the seetions
olution that the cystoliths
shiowed a more or less granular structure on their surfaces
The presence of a crust of caleium oxalate on the eystoliths
can be easily shown by placing the scections in pure 107

acetic acid, after washing out the ammoniom oxalate. The
still unchanged calcium carbonate tncrasting the nucleus of
the eystolith Is then dissoived with the formation of abun-
dant bubbles of gas. while the er

wtoof calcium oxalate re-
ouains windissolved. By the subscguent addition of hyd -

chicric acid the latter is alse dissolved, so that the pure

£l

vatolith alone remains.

i vest. Conventiated acelic acid cannet be used,

Cves Calliamt cui botate IOTS SIoWiT Thut Gikile A,
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An aqueons 17 solution of evalic acdd reacts in the same
way as a concentred solution of ammonium oxalate.
92, ate, is

changed by swdpluerie acid iﬂ‘u\ gvpsum, 1t is best in this

as calddum o

leium cubonate, #s

FFor instance, if

Case Lo use @ Profiy sirong fate .
w are placed in 1¢ acid,

sectivns of the leaf of /7
Jarg
vichity

sare formed I the iinmediate

Cformerly Incrusted with caleium

M

carbonuta
tcrum carbonate is not changed at first by buruing, but

is finally transformed into caleium oxide,

. Caicium Suiphate, CaSO,

93. Calcium sulphate has been recognized jo many Des-
mids by A, Fischer b and occurs in them chicfly in the

form of tiny prisms and plates. whiclt are sometimes en-

vles, as, for instance, in the

closed in sharpiy-defined vac
cods of the cells of loszeriun spoict. Fig
tributed throughout those parts of the ce

22, ), or are dis-
1I which contain

.22, 01 For the microscopical recognition

cellsap ef. T
of gypsum, A, Fischer uses the follnwing reactions

Concentrated sulphuric aced leaves
olved when cold s dararm chiloride transforms it into

vpsum unchanged and

undi
barinm sulphate. which is insoluble in hivdrochloric and nitric

s in the apical
he gYpsum Crystals are ad coi-

tum lun
4 median Jobe 6 s rasterdas 1o
k After AL FI:L“QY

acid; fureing leaves the gypsum crystals unchanged.  They

ave abso insoiabic in acetic aond but dissoive slowiy in cold

or at

w-h solution, hyideochiorie or ntrie

once on heating.

94 H

rous

Lo hie obaer
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pnal plates, which, according to the reac

wrattiacoe hexa
tions curicd out by him, must consist of gypsum with an

wre of magnesium suiphate. The correctness of these

admix

ws has, however, been disputed by Monteverde (11,

according to whom the crystals in question consist mercly
of caleium oxaiate. Gypsum occurs abundantly, however,
according to Monteverde, dissoived in the cellsap, and s

tals after lying for

depusited in the form of sphiero
months in aicohol,  In the sume w At\', a deposit of sphiero-

roof gypsum Is produced in Mebecliinm

crystals consistit
sacropliplinm by alcohol, especiaily in the young wood-ccils,
according to Hansen (I, 1181

d. Calc

Tastrate, CaC,H, OH.,.COO0 .

95. In the yellowed ]("I\'C\‘ and petioles of 74 and
simper {11, 2383 found rhombic crystals of

dinpeiopsis, S¢
caicium tartrite, which sometimes reacl considerable size,
especially in the parenchyma of the bark and pith of the
petiole of 179s Labrusca. They represent largely a combi.
nation of the pr'sm and dome, but the most various fusions
also ocour 235 These crystals

are very slightly soluble in water, but !3
ery casily soluble in caustic potash solu- E
tion, almost instantly so in a 107 solution,
lum oxalate. po L calewm e
heir bebavior with acefiv aend is also 1”'"”)m‘,‘,‘l?“;f’ﬂ“‘“‘“:
characteristic.  Caleium tartrate crystals  Bids of oo Lo
Iy soluble in dilute solutions con-

taining about 2% of glacial acetic acid, while in the pure
glacial acid, or even in a 307 solution of it, they are insoluble.

=

which does not attack c:

are e

In consequence of this, it may be obscrved, in sections to
which concentrated acctic acid has been very gradua’.y
applicd, that a recrystaliization of previously dissolved crys-

Tain ocours,

Caiun tartrate crystas are doubly refractive, but this

bower seems to me much less than that of the monoclinic

@il ONGLGte. they are converted
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¢s which dissolve in 10% acetic acid wi

into globular me
the formation of bubbles.
¢. Calcium Maiate, CaCOO1,.CH, CHOH.
95a. Calcium malate is thrown down in large quantity by
of the fronds ol dugiopteris ¢
and Poirault (1. Jt often forms
iche belong to the rhombic

adcohel o the cola,

ording te

prisies of consnderable size,
system. and are with ditficsity soluble in water, but readily
; s, With wdplur
cvpum. On deating on platinum {oil they are first black-

¢ aid they form needles of

cued, then show a siriking increase in volume, and are
finally converted into pure white dime. On being heated
in the reducing flame they give off the characteristic oder

of suceinic acid. By the aid of Borodin's method jt may be

slinuwn that they are completely insoluble ma saturated solu-

i of neutral cafcium maiat
f, Calcium: Phosphate, 'CaO, PO, >

96. Caicium phosphate has been observed only in solu-
xcept in case of globolds (ef. § 3881 and of

tian in the ccdl,

a single instance which requires confirmation {cf. Nobbe

feinand Councler L It separates in the form of beau-

Hi
wfuily formed spharoeryatals in the interior of many parts
of piants, after they have been placed in absolute alcohol ;
for instance. in the stems of Euplorbia caput-meduse and
ik of the frond of Angr-

Stapeire picta. as well as in the st
iy cvecfar These sphacrites are usually formed only

5

<5 or monthsi

after a considerable time fwe
They have usually a veliowish or brownish color and are
very siowly soluble in cold water. In hot water, too, they

Pafter a long time: at least, the solution of
everal minutes, when

are only dissolv

large sphierites was not complete after
they had been heated to boiting in water on the slide,

With @i they bohiay with waters they are only

ngoat e

Hoa species of
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owly soluble in acezic acdd, but readily so in wizrie and
Jrvdrockioric actds. of course without any evolution of gas.
In swiphurie actd they <y dissolved with the for-
gyvpsum needles.  If sections are quickly heated
on the slide in a mixture of two parts concentrated sul-
phuric acid to one part water, the masses of gypsum needies

are quic

muation of

then foermed show the same outline as the sphrrocrystals
previeusly present. They may be distinguished from the
Tatter by being wholly epaque and thercfore black by trans-
mitted light, and white by reflected light, But i the sec-

tivns are placed in dilates c.g., 19, sulphuric acid, the gyp-

sum needles are gradually formed in the vicinity of the
s.

sphrori

Qo burwing, the calcium phosphate
become biack in consequence of the organic admixture to

splierites at first

bu mentioned in the next scction, but on further heating
thiey yield a pure white ash.

With nitric acid and ammonium molybdate, as well as
with magnesivm sulphate and ammonium chloride, they
the reactions {or phosphoric acid ief. § 7

When  examined with a polarizing  microscope  thes
spleerocrystals show the well-known dark cross, with crossed

"

nicols. By the interposition of a gyvpsum plate it can be
determined that the orientation of the optical axis is the
same in them as in starch-grains and in the spharocrystals
of inulin.

In

“anada balsam these sphaerites may be preserved for
as long as onc wishes. and in glycerine gelatine at least for
a considerable time.

97. The varicus spharocrystals do not represent an even

approximatcly chemically pure compound, but always con-
tain a considerable quantity of organic substance, which
often forms an amorphous nucleus at the centre of cava,
but is also often contained in the separate layers. It is to

il te this cirenmstance that cadduium phospliate

simariies take up pretry frecly various coloring matters

methylene blue and borax-carmine ¢f. Leitgeb TTI

The chemical composition of these organic substances is
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still as uncertain as the molecular formnla of the calcium

phosphate contained in the spharocrystals

£ Recognition of Caicium in the A

98. For this purpase Sclumper 1, 2110 recommends

esped

sy the suéphorie cead reaction, which may be con-
ducted Dy dissolving the ash divectdy in about 27 sulphuric
actd and then letting ot dry slowly.
of the drop, erystals of gyp-
sum which belong to the mono-
stem. Awong  these,

There are thus pro-

ducad, capee

rystalss whose obtuse
. 231 measures 127°
317, according to Haushofer 1y 333,
are espectally characteristic,. Beo

sides, twin crvstals g

very nu-
merous, whose acdges form an angle
of tag” or of 130 with cach other
f. Fig. 24 Butthe most various
ions arce also found, on whose

fu
projecting ends pretty accurate

determinations of the angles may be made.

The erystuls of gypsum are also distinguished by the fact
that they are transformed instantly into smaldl needles on
heating in concentrated sulphuric acid. The masses of

needles preserve the form of the original crystal. but appear
quite opaque if of much thickness.

probably represcut the anhydrite of gypsum.

These pneedles may

I calcium is present in the ash as calcium sulphate, it
will. of course, form its characteristic crystals if the aqueous
solution of the ash is allowed to slowly cvaporate.

h. Kecopnition of Calcium it “sap

e o the

Hesnp, Schime

per empioved chiefly the two following reactions:

the addition of gazmearen ovalotes calcinm oxalate
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tetragonal pyramids at ordinary temperatures, but in th.
monoclinic form in a boiling solution.

2. Fresh scctions arc placed dircetly in a solution of am-
moninn carbonate ;i calcium s present, small, strongly
doubly refractive rhombohiedra of calcium carbonate are
formed within the cells. 1f the cellsap is strongly acid, it
should first be neutralized with annnonia,

13. Magnesium, Mg
100. Schimper recommends (LI, 2149 the addition to the
sections or to the ash, for the recognition of magnesium,
dinie phosphate or of nrcrecosmic salt
duced with o little ammanium chioride.

ol a solation of so
ONaNTLHDPO ) re
There are then formed rhombic erystals of ammonio-mag-
nestum phosphate t NlgNTI PO,y which have in scctions the
form of coflindids, but in the ash are chiefly the Nshaped

20,8 77

skeletons gef. Fie

Cranyl acctate ¢
ten of s
already referred to (of, 8 830

101, Mugnesium  oxalate, MgiCOOQ).  Monteverd
found, in the epidernis of fresh leaves of Sctaria viridis

auses, if sodium is also present, the forma-

erystals of magnesinm-sodivmoauranyl acctate,

48]

and

in dried leaves of numerous Panicew, radially striped sphae-
rocrystals or irregular aggregates, which probably consist
of magnesium oxalate.  These were, according to his state-
ments, with difficulty soluble in water, insoluble in acctic
acid, and soluble in Zydrochloric, nitric, and sulpluric acids,
in the latter without formation of gypsum ncedles.  After
the addition of an ammoniacal solution of sodium phosphate
and ammenium chloride, crystals of ammonio-magnesium
phosphate were formed; after heating, these dissolved with.
out evolution of gas; gypsum-water causcd the formation of
calcium oxalate crystals; and after treatment with caustic
porash solution the spharocrystals lost their striping and
Cuubic refraction and became soluble in accetic acid.

iagnesium phosphate (Mg0)/POY,?  According to Han-
n L1135y, crvstals of magnesium phosphate are precip-
itated in the stem of the sugar-cane by alcohol.  These
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have partly the glandular form and are partly more or less
regularly formed spheerocrystals,  They are soluble in cold
water with difficulty, but more casily so in hot water.  They
are also hardly soluble in acetic acid, but recadily so in
mincral acids, in sulphuric acid without the formation of
gypsuim needles. Ammonium carbonate gave no precipitate
with them, but the ammoniacal solution of ammonium

chloride and sadium phosphate produced a crystalline pre-
hie phosphoric acid was recognized with ammo.

cipitate. T
nium molybdate icf. § 77, 10

14. lron, Fe.

102, Weiss and Wicsner (I} have shown microchemically
that iron incrusts cspecially the thickdr cell-membranes of
the higher plants in the form of insoluble ferric and ferrous
compounds, and that it also occurs in the contents of the
cells. The authors mentioned used as a reagent an alco-
holic solution of pozassiume sulphocranide added directly to
sections cut with a silver or platinur knife.  If a red color
it shows the presence of a soluble ferric
only after the addition of hy-
c compound insoluble

appears at once

compound ; but if it appear
drochloric acid, the presence of a fer
in water is shown.,  In the samce way sections were treated

with potassium sulphocyanide and chlorine-water or nitric
acid to demonstrate soluble or insoluble ferrous compounds.

Large quantities of iron compounds also occur as incrus-
tations of the membrance in various Sedisomyectes (Clado-
thrixv, Crewothriv, cte) and in Closteriwm. It also forms
thick crusts, in the form of ferric hydroxide, on the mem-
brancs of many Cenfervacee (cf. Hanstein 1). For the
microchemical recognition of iron, a 107 solution of potas-
sium ferrocyanide, to which a litde hydrochloric acid is
added, may be used in these cases. The reagent causes
the immediate formation of Berlin blue in the presence of
ferric oxide. The presence of ferrous oxide may be recog-
nized in the same way by the use of potassium ferricyanide.®
%A method for the recognition of organi
called ** masked iron,” has been given by Molisch (VII).' But the same
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For Leptothrix ockiracea Winogradsky (11, 268) has shown
ations that the iron is first deposited in

by recent inve
soluble form in the gelatinous envelopes, most probably as
a neutral ferric salt of an organic acid.  This then gradually
passes over into a basie salt insoluble in water, and finally
into almost pure ferric hydroxide, which is transformed by
long submergence in water into a modification somewhat
less seJuble in hydrochloric acid,
B. Organic Compounds.
I FATTY SERIES
1. Alcohols.
Duleite (Melampyritey (CHIOH),.

103. Dulcite has been recognized by Borodin (1) by
adding one or a few drops of alokol to sections of the plant
under investigation, covering with a coverglass, and allow-
ing them to dry slowly. Dulcite then crystallizes in the
form of large prismatic or frregular flattened crystals which
may be distinguished from saltpeter and asparagin crystals
by being insoluble in a concentrated solution of dulcite and
by being transformed on heating to 190" C. into frothy dark
brown masses, with complete decomposition,  Dulcite
crystals also differ from the very similar saltpeter crystals
in dissolving without color in diphenylaminc-sulphuric acid
(cf. § 73)-

Suitable objects for study are furnished by one-year-old
stems of Livonymus japonicus.

author has recently shown (VIII) that the iron observed by him came from
the caustic potash used for the reaction, and that therefore the results ob-
tained by his method are untrustworthy. [Carl Miilter (I) has still more
recently concluded, not only that Molisch’s proposed method is untrust-
worthy, but that his explanation of the source of the iron he fourd is
equally so. Miler finds that the commercial hydroxide in stick form con-
12ins no iron, and that the iron found in solutions of caustic potash comes
from the glass of the vessels in which they are contained. He believes aiso
that the ‘“masked ” iron of Molisch is accumulated by plant specimens from
the glass vessels in which they are kept, and rejects Molisch’s view that most
of the iron in the plant is organically combined.}
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2. Acids.
a. Oxalic Acid (COOH),

104. For the recognition of oxalic acid and its soluble
salts Schimper recommends (I, 2135):

The addition of a solution of calcinm witrate, when
crystals of calcium oxalate are formed (cf. § 99, 1).

2. The addition of wranyl acetatc causes the formation
of rhombic crystals of mostly rectangular form, which, when
large, are plainly yellow and strongly doubly refractive, but
whose composition is still unknown.

3. cAerd potassiuon oxalaie, when present in considerable
quantity. is often directly recognizable in dried preparations
by its crystalline form and strong double refraction on com-
parison with a dried solution of the same salt, as well as by
the aid of Borodin's method.

b. Tartaric Acid, CH{OR), COOH),.

105. Streng (1I1) has recommended for the recognition
of tartaric acid the addition of a solution of barinm chloride
and awntinmoiic oxide in hydrochloric acid.  This causes the
formation of rhombic plates of antimonylbarium tartrate
whose obtuse angles measure 128°,

Schimper (11, 220) recommends the use of the two follow-
ing reactions:

1, The addition of petassium acetatic produces rhombic-
hemihedric crystals of the hardly soluble acid potassium
tartrate.

2, Neutral solutions are treated with caleium chloride.
There are then formed rhombic crystals of calcium tartrate
which represent chiefly a combination of an elongated prism
with the dome. Concerning their reactions see § 93.

e. Betuloretic Aetd, C,H,0,.

106. This acid is secreted by the trichome-glands on the
leaves of Brtula alba. 1t is insoluble in water, but soluble
in alcohol, ether, alkalies, alkaline carbonates, and concen-
trated sulphuric acid, in the latter with a red coloration (cf.
Behrens 111, 379).
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3. Fats and Fatty Oils.

107. Under the names fats and fatty oils are included, ac-
cording to their cousistencies, the glycerine cthers of various
organic acids of high molecular weights, cspecially these of
palmitic acid, C,11,,COOH, stearic acid, C,,11,,COOH, und
oleic acid, C,H,,COOH.

But beside th till partly but
little studied have been isolated from the various oils of
vegetable origin (cf. Beilstein 1, 427).  An exact microchem-
ical separation of these compounds is not yet possible.
Even those reactions which should show whether doubtful
substances belong to the group of fats still leave much to
be desired in the matter of exactness, since they nearly all

se, @ whole series of acids

occur in the presence of other substances.

108. In general, however, the fatty oils show the following
reactions :

They are insoluble in cold and hot water and slightly
soluble in aleokol; but castor-oil forms an exception in
being pretty readily soluble in alcohol,

They are casily soluble in carden bisulplide, cther, chiloro.
Sform, petrolewm cther® phenol, cthereal oils (as, eg., clove-
oil), acctone, and wood-siprit {methyl alcohol).

According to A. Mcyer (11), most fatty oils are insoluble
in glacial acctic acid, if the quantity of acid is not too great,
as, for instance, when the reaction is conducted under a
cover-glass.

An aqueous solution of chloral Zydrate acts in the same
way as glacial acetic acid, according to A, Meyer (I1).

109. Alcannin, the coloring matter contained in the roots
of Alcanna tinctoria, colors the fats deep red.  The solution
used for this reaction may be prepared by dissolving the
commercial alcannin in absolute alcohol, adding the same
volume of water, and filtering.  In this solution the sections
to be tested are left for onc or two, or better, six to twenty-
four, hours. All oil-drops then appear deeply colored;
but, on the other hand, ethercal oils and resins show he

*[This is the benzinum of the U, S. Pharmacopaeia,]
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same rcaction. The staining with alcarnin may be much
hastened by warming, This is especially to be recommended
when one has to deal with fats which are solid at ordinary
temperatures, as in the cocoa-bean, If cross-scctions of
this sced are heated to the boiling point in a considerable
quantity of the above solution, the crystals of cocoa-butter
miclt and fuse into drops, which become colored deep red at
oney.

110. Ranvier has used (I, g7} ¢ramn (identical with
chinolin blue, blew de guinoléing) for the recognition of
fats. This coloring matter is pretty easily soluble in alco-
hol, but practicaily insoluble in water, especially in cold
water,  On the dilution of alecholic solutions with water,
precipitates are readily formed, and T have found it most
convenient to dissolve the dye in 507 alcohol and to use
this solution dircctly for staining,  Iresh material or such
xing fluid (an aqueous

as has been fixed in any aqueous fi
solution of corrosive sublimate or of picric acid, for exam-
pley may be used. It is usually sufficient for the staining
to leave the objects in the above solution about half an
hour.  Over-stained scctions may be washed out with gly-
cerine or concentrated caustic potash solution.  The per-
manent preservation of these preparations in glycerine-
gelatine does not appear to be possible; at least, after a few
months such a preparation was completely decolorized.

1 can recommend as suitable objects for study old leaves
of Agave americana, which contain large oil-drops (cf. § 364)
in the leucoplasts of their epidermal cells.  These are
deeply colored in preparations made in the way above
described, while the nuclei and chromatophores remain
unstained, The only disadvantage of the method consists
in the fact that the lignified and suberized membranes are
also pretty deeply stained by it.

111, Oswic acid, commaonly used in a 17 aqueous solution,
colors most fats deep brown or quite black,  But this reac-
tion, which depends on a reduction, may always be checked
in a short time by means of hydrogen peroxide,  According
to Flemming (IT), the same thing may be accomplished with
oil of turpentine, xylol, ether, or creosote, but it requires
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usually several hours and a gentle warming for complete
decolorization.

It has been shown by the researches of Altmann (I, 106)
that this reaction is by no means characteristic of all fats,
It is, on the contrary, suppressed in palmitic acid, stearic
in the mono- and triglycerides
of butyrin, in lecithin, jecorin, and soap. But a strong

acid, and their triglycerides

biackening occurs with free oleic acid and olein, These
two compounds are distinguishied from cach other by the
fact that, when it is blackened by osmic acid, oleic acid is
still soluble in alcohol, while olcin is not.

If tannins be present in the cells to be tested for fatty
oils, they should be extracted by boiling with water before
the addition of the osmic acid, since the
it.  Ethercal oils can be removed by heating to 130° C.
(of. § 1450

112. The saponification of fats under the microscope was
first carricd out by Molisch (I, 10, note). For this purpose

Uso blacken with

he places the sections to be studied in a drop of a mixture
of equal parts of a concentrated solution of potassium
hydrate and a concentrated solution of ammonia.  After
half an hour or an hour or an even longer time, the oil-
drops, “constantly losing their strong refractive power,
harden into myelin-like or botryoidal bodies or into irregu-
lur masses (soaps) often consisting wholly of small crystal-
needles.”

Different objects seem to behave very differently in this
respect.  Thus, 1T obtained very delicate crystal-needles
(cf. Fig, 23) on placing sections from
the endosperm of the coffee-bean in the
above-mentioned mixture of alkalies.
These formed, after a few hours, around
the oil-drops, which in twenty-four hours
were wholly converted into crystals. T
obscrved in places, \vit!ﬁn ic crystal- Fr, Sl Srops, from
aggregates, a strongly refractive rounded ‘<flﬂe$e-shfpl(?mh§;:on ° v‘vl:trg
body, which, as examination by polar- cawstic potash and ammo-
ized light «shows, was a spharocrystal,
and showed the familiar dark cross, with crossed nicols.
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In various other objects, as, for instance, in sections from
the endosperm of Bertholletia excelsa or from the cotyledons
of Heltanthus annnus, 1 obtained much larger sphaerocrystals
or groups of them, which were often not to be distinguished
from oil-drops by ordinary illumination, but behaved quite
like sphacrites in polarized light.

Whether these differences are to be attributed to chemical
differences between the various fats, or whether all fatty
oils yicld ervstalline formations under the treatment de-
scribed, must be determined by further researches. Tt is
also still to be shown whether other compounds, cspecially

many cthercal oils, do not show the same relations,

4. Wax.
113. The name wax is commonly given to the substance
which covers those parts of many plants which are above
i them a characteristic bright blue-green

ground and giv
color,

Morphologically, three distinct kinds of wax coverings
may be distinguished.  In the first, the wax forms a com-
plete coherent crust over the cpidermis; in the second, it
occurs in the form of rounded granuless in the third, in the
form of small rods.

“Concerning their chemical relations it may be remarked
that, according to Weisner's investigations (I and 1I), these
wax coverings contain true fats, frec fatty acids, and a
number of other substances. But in general the study of
their chemical constitution has to de with little known
compounds.

114. The wax coverings are characterized microchemi-
cally, as DeBary (I, 132) first showed, by being always
insoluble in water, though they melt together into drops in
boiling water, since their melting points are all below 100°
C. They are also insoluble or hardly soluble in cold alco-
hol, but are always completely dissolved by boiling alcohol.
In ether some of them are readily soluble; others are not
soluble or very slightly so. On heating in a solution of
alcannin in so# alcohol, they run together into r¢d drops.
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Since wax is not wetted by water, the study of the various
rods, granules, cte., is better conducted in cold alcohol
which wets the wax without dissolving it at once, to say the
least.

115. The waxy incrustations of suberized membranes,
observed especially on various epidermal cells, as, for ex-
ample, those of Aled cerrucosa, become at ouce visible,
according to DeBary (1), if the sections are warmed under
a cover-glass to near the boiling point of water.  They then
separate from the membrane in the form of drops.  These
drops are soluble in boiling aleohol and behave chemically
like the wax coverings described. Wax may also be ex-
tracted from the incrusted membranes by boiling alcohol
The membrancs always suffer in consequence a correspond-
ing reduction of volume, which cannot be made good by
subsequent immersion in water.

5. Carbohydrates.

116. The carbohydrates are characterized, as is well
known, by the fact that they contain, besides carbon, hy-
drogen and oxygen in the same proportion as in water, s0
that their general formula may be written CxH2yOy.

{ course not all organic compounds which show this
empirical formula are included in the carbohydrates, and
already various substances which were formerly included
here have been transferred to other places in the natural
system of organic compounds, after their constitution has
become more exactly known. And the recent investiga-
tions of Emil Fischer (I} have introduced a more rational
classification of the carbohydrates.

But these investigations have at present no significance
for microchemical methods, since the certain microscopical
separation of the compounds of this group is as yet possible
only in very rare cases, [ will therefore restrict myself
here to the description of microchemical methods for rezog-
nizing some soluble carbohydrates. The solid carbohy-
drates, cellulose and its derivatives, as well as starch and
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the related compounds, will be discussed i Part 11T of this
book (cf. §% 242- 297 and §§ 400-413).

117. But before we enter upon the special reactions of the
soluble carbohydrates, two reactions common to many car-
bohydrates may be described. These were introduced into
try by Molisch (V), and at first especially for
r. The reagents used are

microchemi
the recegnition of species of suge

a.naphtol and thymol.

Molisch uses a-naphtel by treating sections not too thin,
on the slide, with a drop of a 13-207 alcoholic solution of
the compound and then adding two or three drops of con-
centrated sulphuric acid, so that the scctions are wholly
covered.  Inthe presence of cancsugar, nilk-sugar, glucose,
Tevuolose, maltose, or inulin, the section becomes colored a
beautiful violet in a shert time (about two minutes), while
this reaction does not occur with inosite, mannite, melam-
pyrite, and querdite.

I 22iymol be used in the same way intead of «-naphtol, a
carmine-red color is produced.

Concerning this reaction it should be said that the con-
centrated sulphuric acid contained in the r nt may split
starch, cellulose, and various

off sugars from glucoside
other substances, and these may then give the reaction in-
directly.  But in the absence of soluble carbohydrates the
reaction occurs much later, often only after a quarter to a
half of an hour. Then, too, according to Molisch, one may
reach a definite conclusion as to the presence of soluble car-
bohydrates by treating in the same way a fresh section and
one extracted with boiling water.  Jf the reaction occurs
markedly sooner in the former, it js proved that it depends
upon the presence of soluble substances.

But it has been shown by Nickel (I, 31) that, besides the
compounds mentioned, a number of bodies of wholly differ-
ent constitution give the same reaction, especially proteids,
kreatin, and vanillin,  According to Nickel, it is very prob-
able that these reactions depend upon the fact that the sul-
phuric acid splits off furfurol from the compounds named.
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a. Glueose, CH 0,
118 In botanical literature the name glucose commonly

includes all those kinds of sugar which precipitate cuprous

oxide from an alkaline solution of copper. In most cases
we have undoubtedly to dowith the compound known to

chemists as glucose (grape-sugar or dextrosey @ but there are

many other substances, as, for instance, Levalose, lactose,
and many glucosides, which give the same reaction ; and
great care should be exercised as to the significance of the
copper-reaction, where such other compounds are not ex-
cluded.

The reaction named is best conducted, according to Al
Meyer (1V), by first placing scctions, from two to four cells
in thickness, of the object to be studied, in a concentrated
aqueous solution of cupric sulphate for a short time, then
washing them in distilled water and finally placing them in
a boiling solution of 10 grams of Kockelle salf and 1o grams
of potassiwm lydrate in 10 grams of water.  There are then
precipitated in the cells containing glucose, vermilion gran-
ules of cuprous oxide, whose color may best be scen by dark
ground illumination,” as they often appear almost wholly
black by transmitted light, especially with a narrow cone of
rays. Cuprous oxide remains at first unchanged in glycer-
ine, even on boiling ; but, according to A. Fischer (V, 74), it
is dissolved after some wecks by glycerine, as well as by
Canada balsam.

119. The reaction may also be conducted on the slide in
the manner recommended by Schimper (cf. Strasburger I,
73) by warming the scctions, which should not be too thin,
under a cover-glass in a drop of Felding's solution® until
little bubbles begin to be formed.  Stronger heating usually
causes marked changes in the cell contents.

# Fehling's solution may be prepared, according to Dragendorit (1, 70),
by making three different solutions containing respectively, in a liter of
water, 35 grams of cupric sulphate, 173 grams of Rochelle salt (sodium-
potassium tarirate, NaK(COO 1,{OH); +4H,0), and 120 grams of
caustic soda. Just before use, a mixture of one volume of eah of chese
solutions is added to two volumes of water. This mixture becomes changed
in Lime, whilg the separate solutions may be kept indefinitely.
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120. To recognize glucose in vessels, A. Fischer (V, 74)
placed suitable picces from branches split through the
middle in a concentrated aqueous solution of cupric sul-
phate for five minutes, then rinsed thentin water and placed
them in a boiling solution of Rochelle salt and caustic soda,
in which he let them boil for from two to five minutes.
The cuprous oxide is then precipitated in the cells which
formerly contained sugar, and the wood way be readily cut.
Dricd wood and aleololic material in large picces, whose
old surfaces have been previously removed, may serve for

the reaction.
b Canesugar, Saccharose, C,\H,,0,..

121. Cancsugar is widely distributed among plants, and
suitable material for study is afforded by picces of a sugar-
beut. Fwven on gentle ooiling it cannot precipitate cuprous
oxide from [Fehling's solution: bt on longer boiling in this
solution, the cane-sugar becomes converted, in consequence
of the strongly alkaline reaction of the solution, into the
so-called invert-sugar, a mixture of glucose and levulose,
which reduces Fehling's solution.

For the microchemical recognition of cane-sugar, sections
not too thick are placed, according to Sachs (I, 187), for a
short time in a concentrated aqueous solution of cupric sul-
phate, vapidly rinsed in water, and then transferred to a
solution of one part potassinme Lydrate in one part water,
heated to boiling.  If cane-sugar is present, there appears
in the cells containing it a sky-blue color which gradually
diffuses into the potash. A careful microscopic control of

this reaction is recommended, since, as Sachs states, the
voung cell-membranes  often become colored deep blue
under the same treatment.

Fehling's solution may also be used for the recognition of
cane-sugar, which gives a blue solution with it also. For
the method of using it, see § 119.

¢ Tuulin, C,H,0O,.
122. Inulin is pretty readily soluble in water and occurs
dissolved in the cellsap of many plants. But, since it is
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insoluble in alcohol and glycerine, it is precipitated in the
form of well developed sphacrocrystals which often fill large
cell-masses, when parts of plants containing inulin are pre-
served for a time in one of these fluids,  Such sphivrocrys-
tals may be observed on examining larger parts of plants,
as, for instance, halved Z%kd7a roots, which have lain several
weeks, or longer, in alcohol or concentrated glycerine.
After being kept for years in alcohol these are with diffi-
cilty soluble in cold water; as Luitgeb (1, 136) has shown
while those in alcoholic material a fuw weeks old dissolve
pretty readily in it.  But in hot water ¢ven old inulin sphe-
rites are casily soluble, so that they are readily distinguished
from the otherwise similar spharites of calcium phosphate
(cf. § ¢O) If sections from alcoholic material of Daklia

rcots, which always contain calcium phosphate sphearites
with those of inulin, especially near the cut surfaces of the
roots, be heated on the slide in water to the boiling point,
the inulin spharites dissolve almost instantly, provided the
sections are not too thick, while the spharocrystals of cal-
cium phosphate remain for a time quite unchanged.

The inulin sphierites arce also soluble easily and without
residuc in concentrated sudpiuric acrd, while those of calcium
phosphate are transformed by it into gypsum (cf. § ¢6).

Fehling’s solution is not directly reduced by inulin.

123. For the rapid recognition of inulin, the reagents for
sugar recommended by Molisch (V, 918) may be used (cf.
§ 117). Thus the spharocrystals of inulin dissolve with a
very deep violet color, if the sections containing them are
treated with a 104 alcoholic solution of a-rapitol, then with
a few drops of concentrated sulphuric acid, and are then
slightly warmed under a cover-glass.

But if z/ymol is added in the same way, a red color ap-
pears, according to Molisch.

.+ Green has recommended (1) orcin as a reagent for inulin.
The sections to be studied are saturated with an alcoholic
solution of orcin and boiled in hydrochloric acid. A Jeep
orange-red color then appears if inulin is present. Any
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spharocrystals of inulin are, naturally, dissolved, and the
spaces occupicd by them appear red,
< U pliloroglucin is used instead of orcin, the color produced
is browner.

d. Glycogen, C,H O,.

124. Glyeogen, which, accordivg to Errera's investiga-
tions, is very widely distributed in the colls of fungi, is char-
acterized, as he has shown, by forming a colorless and
strongly refractive substance within the living cells, and by
becoming colored a deep red-brown with a solution of
20dine and potassivm iodide.  This color disappears on warm-
" and reappears on cooling.  The gly-

g to 50" ar 60°
cogen dissolves in water if the preparation s crushed
(Errera 1)

Since the intensity of the cojw produced by iodine de-
pends on the amount of glycogen present, by the use of
iodine solutions of a given strength one may obtain some
quantitative estimate of the glycogen from the color. For
this purpose Errera (IT) places the objects to be studied
directly in a solution containing 43 grams of water, .3 gram
of potassium iodide, and .1 gram of jodine,  If the glycogen
is present in extremely small quantity, the color will be
orange rather thap brown. Then a somcewhat more con-
centrated solution (1:3100) may be used; but it must be

used very carefally.
¢. Dextrine, C,H, C L

125. Dextrine is the name given to the transition product
between starch and maltose. It is distinguished from the
latter by being insoluble in 84/% alcohol.  Therefore Sachs
(I, 187) proposed, for the microchemical recognition of
dextrine, that sections of plants which showcd the presence
of copper-reducing substances with Fchling’s solution should
be placed in g5% alcohol for 30 to 24 hours to completely
dissolve out the glucose. If the copper-reaction then stilf
took place, he deduced the presence of dextrine. But,
according to more recent investigations, pure dextrine can-
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not reduce  Fehlir solution, and it is also doubtful
whether this substance occurs in recognizable  quantity
within the plant «of. Beilstein, 1L 8830,

6. Sulphur Compounds.

126. Of sulphur compounds of the fat group only oil of
garlic and oil of mustard have been studicd with reference
to their microchemical recognition.

\

a. Garlic Oil, (Nl Sulplide, «CH LS.

Gartic oil, which occurs in almost all parts of the various
specivs of Adbon, gives the following reactions:

\Vith platinum chloride, a characteristic yclow precipitate ;

With mercary salts, a white precipitate ;

With palladons nitrate, a kermes-brown precipitate;

With a 1-240 solution of st/eer witrate, a fincly granuiar
precipitate of silver sulphide;

\With concentrated sulphuric acid, o beautiful red color

With gold ciloride, a yellow precipitate.

For microchemical purposes the palladous nitrate and
silver nitrate scrve best, a

cording to Voigt (1), and it is
convenient to plice large portions of the plants in the
solution and to hasten its penctration by the aid of the air-
pump. After hardening in alcohol, sections may be cut.

b, AMustard-oils, Alkylthiocarbimides, SC: N-R.

127. The mustard-oils include a group of homologous
compounds which contain the atom group SC:N and an
alkyl radical. The best known of them is allylic mustard-
oil (allyl sulphocvanate, C,H,CNS), which is scparated by
the ferment meyrosin from potassium myronate, which be-
longs to the glucosides and occurs especially in the sceds of
black mustard. The reactions proposed by Solla (I1) for
the microchemical recognition of allyl mustard-oil have
proved useless on being tested by Bachmann (VI) and
Molisch (I, 33), so that we have at present no special re.
action for those bodiex which is microchemically applicable.
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7. Amido-compounds.

128.. The amido-compounds (amido-acids and acid amides)
are characterized by the fact that they contain the uni-
valent radical NH,  They are therefore nitrogenous, and
very probably play a most important role in the formation
and transterence of the albuminous materials.  We have,
Lowever, trustworthy microchemical methods for recogniz-
ing only two of the amido-compounds of the fat group,
fewcen and asparaee ; while of the aromatic amido-com-
pounds frresiz may be mentioned here (ef. § 1340

a. Lewctn, Apido-caprore Acid, CH NH,.COQOH.

129. Loucin was microchemically recognized by Borodin
(IVYin the leaves of ctiolated specimens of Paspalum clegans
and Dalra cariabilis.  He made use for this purpose of its
property of subliming without decomposition when care-
fully heated to 170° €. Dried sections were covered on the
slide with a clean cover-glass and carefully heated.  When
feucin was present, tiny, crystalline, doubly refractive scales
of this compound were deposited on the under side of the
cover-glass, under this treatment. These could then be
tested with a saturated aqueous solution of leucin (cf. §
71, note).

Leucin is also deposited in crystalline form, as are aspara-
gin and tyrosin, if sections containing it are treated with
alcohiol and allowed to dry slowly under a cover-glass.*

b, Llsparagin, Awdde of Aspartic {Amidesuccinic) Acid,
C,H,NH,.CONH,COOH.

130. Asparagin is soluble in water and occurs only in
solution, in vegetable cells. For the recognition of aspar-
agin according to the method first used by Borodin (II), the
sections are trcated with absolute alcohol under a cover-

* Leucin has recently been recognized by Belzung (I[) in the seedlings of
Zaupinus albus, It is bere precipitated in the tissues preserved in glycerine
in the form of beart-shaped lamelle, which are often aggregated into
sphaerocrystals,
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glass and then the preparation is allowed to dry slowly.
The asparagin then separates out in crystals, among which
rhombic plates with an obtuse angle of 12
cially characteristic.  This angle measures in the otherwise
als of potassivm nitrate 99” 44".% A positive

& =

Fig, 26.—Crystals of asparag,

“ 38 are espe-

similar crys

Crystals of saitpeter.

decision between asparagin and saltpeter is therefore usually
nossible without the actual measurement of angles, after
some practice (cf. Figs. 26 and 271 The obscrvation of the
crystals is much aided by polarized light.

According to the method already employed by C. Q.
Miiller (I}, a solution of diphenylanine may be used to dis-
tinguish between asparagin and saltpeter, since the former
is dissolved without color, while saltpeter erystals produce a
deep blue color with it (cf. § 73).  The behavior of asparagin
crystals on heating is also characteristic. At about yo0” C.
they are dissolved by their water of crystallization, while at
about 200° C. transformation into brown drops of {roth takes
place.  Finally, doubtful erystals may be tested, after Boro-
din’s method (cf. § 71, note), with a saturated aqueous solu-
tion of asparagin.

According to Leitgeb (II, 222), the crystallization of
asparagin is hindered by the presence of inulin, as well as
of gum, sugar, glycerine, and other viscous fluids. This
author was, however, able to recognize asparagin in Dakilia
roots, which are rich in inulin, after placing transverse slices
of them a centimeter thick in go% alcohol.  After a few days
he saw on the cut surfaces well formed crystals, which, after
being as completely freed from inulin as possible, showed
the above described asparagin reactions.

* But angles of 109° 56' and 118° 50" are also possible (cf. C, O. Miiller
1, 15); I have, ‘however, never observed these angles, even after a very
slow crystallization of pure potassium nitrate.
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II. AROMATIC SERIES.
1. Phenols.

a. Fugenol, C 1, OH.OCH,.C H,

131, Molisch i1, 40 and 440 rccommends caustic potaskh for
recognizing cugenol, which occurs in the oils of pimente and
clove; and he places the scctions in a completely saturated
solution of potassium hydroxide.  There are then formed in
a short time tabout five minutes), from each oil-drop, numer-
ous, often very long, columnar or needleshaped, colorless

crystals of potassium caryophyllate.  Sections of cloves are
especially recommended as suitable objects for their study.

The reactions with concentrated sulpluric or witric acid
are less trustworthy,  The former first colors cugenol yellow-
ish and then at once deep blue, with a tint of violet after a
time, and finally brown.  The latter colors it brilliant orange
ofr brown-red.

b. Phloroglucin, CJII,{OH),.

132. Phloroglucin occurs in the living cell only in solu-
tion in the cell-sap. It is best recognized by means of the
mixture of vanillin and lydrockioric acid proposed by Lindt
(I} This is prepared by dissolving .005 gram of vanillin in
.5 gram of alcohol and then adding .5 gram of water and 3
grams of concentrated hydrochloric acid. It is best to apply
this reagent to previously dried sections; when, if phloro-
glucin be present, a light red color is produced, which later
becomes somewhat violet-red.  Oredn gives a bright blue
color with a red shading ; and many other related substances
give no color.

Very small quantities of phloroglucin are not recognizable,
on account of the red color of lignified membranes pro-
duced by the addition of hydrochloric acid (cf. §§ 255 and
257)-

According to Waage (I, 253), phloroglucin in the living
cell takes up methylene blue as do the tannins. -
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¢ Asaren, CILLOCHNLC

8

¥33. Asaron occurs especially in the rhizome and the
root of dsarum curopeum and is here dissolved in what is
very probably an ethereal oil, which almost entirely fills many
parenchymatous cells of the bark. It is distilled over with
water vapor and forms colorless crystals which are insoluble
in water, but readily soluble in alcohol, ether, chloroform,
and acctic acid.

For its microchemical recognition Borscow (I, 18) recom-
mends especially concentrated sulplueric acid, which colors it
first yellow, and Jater orange.  The oil-drops containing
asaren, which are found in fresh sections, give the same
reaction,

2. Acids.

a. Tayrosin, p-Oxyphenyi-c-anudopropionic Acid,
C,HOH.CH,.CHNH,.COOH.

134. Tyrosin has been microchemically recognized in vari-
ous parts of plants, especially by Boredin (11, 816 and 111,
501). He procecded by treating scctions of the objects to
be tested with alcohol and then allowing them to dry slowly.
Tyrosin then crystallizes out in dendritic or tufted groups
of strongly refractive needles.

These are rather slightly soluble in water (in 24354 parts at
20° C., in 154 parts at 100° C., according to Beilstein, II,
1006); and they are of course insoluble in a concentrated
aqueous solution of tyrosin; but Borodin's method (5 71,
note) is difficult to use with precision in this case, on account
of the slight solubility of tyrosin. It is, however, character-
istic of tyrosin crystals that they are colored deep red by
Millow's reagent. They also leave a yellow residue when
they are carefully evaporated with witric acid.  From this
arises a decp red-yellow fluid, on the addition of caustic
soda; and, after it dries, a red-brown crystalline deposit
remains (Leitgeb 11, 229).

135. According to Leitgeb (IT) the crystallization of tyro-
sin is more’or less completely prevented by the presence of
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inulin, in proportion to its abundance. But this author suc-
ceeded in obtaining from Daklia roots large crystal-aggre-
gates of tyrosin by placing a transve s halved root in a
cylindrical vessel with the cut surface upward, and then fill-
ing the vessel with alcohol until about a third of the root
projected above the fluid. The tyrosin then usually crys-
tallized on the cut surface in a few days.

b, Ellagic Acid, C,H,0,+2H,0.

136. G. Gibelli (I found in the stem and root of chestnut-
trees attacked by the “malattia dell’ inchiostro” [ink-dis«
casc], spharocrystals of cllagic acid.  These were soluble
in water and alkalies, and dissolved in potassiwmn cardonate
with a yellow color, in concentrated natric acid with a gar-
net-red color.  Ferric chloride produced a greenish-black
color, and silver nitrate a red-brown one,

3. Aldehydes.
Vanillin, CH, OH.OCH,CHO.

137. Vanillin occurs often on the surface of dried Vanilla
pods in the crystalline form ; but in their interior it is found
only dissolved or in the amorphous condition. It is readily
soluble in ether and alcohol, hardly soluble in cold water,
and more readily so in hot water. It is colored blue by
ferric chloride, but this reaction cannot be used microchem-
ically, according to Molisch (I, 47).  Besides, vanillin gives
characteristic color-rcactions with numerous organic com-
pounds. It gives a brick-red color with pllorogiucin or
resorcen and sulphuric acid, a red-violet with plloroglucin
and hydrochloric acid, yellow with aniline sulphare, ved with
orcin and hydrochloric acid, yellow with metadiantidobenzol,
carmine-red with 24yl hydrochloric acid and potassium
chlorate (cf. § 254).

Of these reagents the best adapted to microchemical use
are, according to Molisch, orcin and phloroglucin. The
first may be used conveniently in a 4% solution, the sections
to be tested being wet with it on the slide and then treated
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with alarge drop of concentrated gulphuric acid.  If vanillin
be present, the section at once becomes colored deep car-
mine-red throughout its whole extent. If phloroglucin is
used in the same way, a brick-red color is instantly ob.
tained with sulphuric acid; but the color produced by orcin
is even more striking.

4. Quinones.

135. The quinones are characterized by the fact that the
two para-atoms of hydrogen in the benzol molecule are re-
placed by two atoms of oxygen which are either united
together by their second valence, or to the carbon atoms
concerned by both valences.  They are mostly colored deep
yeliow. It is not very probable, from the investigations
already made, that they play a very important role in the
chemistry of the plant. Nucin, emodin, and chrysophanic
acid have been recognized microchemically.

a. Juglon, Nucin, Oxynaphtoquinone, C H,0,.OH.

139. Nucin has been recognized in the cellsap of the
parenchyma of the outer husk (pericarp) of the fruit of Jug-
lans regia by O. Herrmann (I, 183).  He used for this pur-
pose a solution of ammonia, or better, the fumes of ammo-
nia, which at first color the nucin a brilliant purple; but
this color gradually passes into brown.

b. Ewmodin, Trioxymethylanthraguinone, C, H,0,.CH,.(OH),

140. Bachmann (I) observed in the lichen Nephroma lusi-
tanica that small yellow crystalline granules adhere to the
exterior of the hypha of the pith, which agree in their
microchemical reactions with the emodin previously pro-
duced macrochemically only from the rhubarb root and
the fruits of Rhamnus frangula. They are dissolved, like
chrysophanic acid, by caustic potask and soda solutions with
a red color. Lime and baryta waters color them dark rcd
but do not dissolve them. But they are distinguished from
chrysophahic acid by being readily soluble in a/cokol, glacial
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acctic acid, and amyl alco/iol, and in dissolving in concentrated
sulpluric acid with a saffron-yellow coler: while chryso-
phanic acid is very slightly soluble in the first three reagents
and dissolves in sulphuric acid with a roscred color.  Ac-
cording to Fr. Schwarz 11, 251), emodin is also distinguished
from chrysophanic acid by dissolving in ammonium carbonate
with a red color, while the latter remains unchanged in this
reagent.

c. Chryvsophanic Acid, C ,H,0,.CH,(OH),.

141. Chrysophanic acid has been observed especially in
the lichen F%yscia parictina and in the roots of various Foly-
genacew.  In the latter it occurs, according to Borscow (1),
in the form of yellow granules imbedded in the cytoplasm.
But in /Y ypscia it is in the form of crystalline granules ad-
hering to the membrane, as Fr. Schwarz (11, 262) has shown,
in opposition to Borscow (I). These arc very small and can
be plainly recognized only by strong magnification. In
polarized light they glisten brightly with crossed nicols.
They are characterized by the deep crimson color which
they take with caustic potash or ammonia,; while lme and
baryta waters color them dark red, without dissolving them
(sce also § 140).

5. Hydrocarbons, (C,oH)s)x.

142. A large group of various vegetable substances is
included by Beilstein (111, 27g) under this title.  They repre-
sent either terpenes of the composition C,H,; or polymeri-
zation products of these, or at least are very nearly related
to them. Beside the truc terpenes there are included here
especially the cthereal oils, caoutchouc and gutta percha,
the resins and balsams.  The chemical constitution of some
of these compounds has been very little studied, and doubt-
less many of the substances placed here will in time be
transferred to other parts of the natural system, especially
many of the so-called ethereal oils. Thus, the chicf constit-
uent of the so-called ethereal oil of the species of Alium,
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garlic-oil, is a relatively simple compound, allyl sulphide (cf.
§ 126).

Since we have no microchemically applicable reactions for
most of these compounds, one must be content in most
cases to recognize them as members of this group, which
may conveniently be called the group of the terpene-like
compounds, except where miacroscopic studies of the sub-
stances contained in the plant concerned afford points of
vantage which may be turned to account microchemically.
In many cases cven this recognition cannot be made with
certainty, for lack of a completely trustworthy reaction for
the group.

143. If we omit caoutchouc and gutta percha, most of
these compounds are characterized by being strongly refrac-
tive and quite or almoest insoluble in water.  They are, how-
ever, soluble in the solvents of fars, like cther, chloroform,
carbon bisulphide, benzol, and ethereal oils.  They are also
mostly readily soluble in cold elecokol.  Like the fats, they
are deeply colored by alcanuin, and the process is just the
same as for the fatty oils (£ 109).

Besides these, the following special reactions may be
described :

@. Ethereal Oils.

144. The ethereal oils are characterized microchemically
by the fact that they may be obtained from the plants by
distillation with water vapor, and that they leave on paper
a greasy spot which disappears after a time; and for their
microchemical recognition their tolatifizy may be utilized.
To test this, sections of the parts concerned may be boiled
in water for a time and examined with the microscope before
and after the boiling.

According to A. Mayer (IT), it is sufficient for the removal
of all ethereal oils to heat the uncovered scctions for ten
minutes in a drying oven up to 130" C, since the fatty oi’s
remain unchanged under this treatment. Otherwise the
ethereal qils agree with the fatty oils in being browned or




(8,04 BOTANICAL MICROTECHNIQUE.

blackened by osmic acid and deeply stained by alcannin or
eyanin icf. §§ 109-111).

Most cthereal oils are also readily soluble in glacial acetic
actd and in an aqueous solution of chloral kydrate.

[Mesnard (I) has used the following method for distin-
guishing the cthereal from the fatty oils. He cemented two
alass rings of different sizes concentrically to a slide, the
inner ring being also lower than the outer.  The space be-
rween the two rings was filled with strong hydrochloric acid,
and the scctions to be examined were placed on the under
surface of a cover-glass resting on the outer ring, in a hang-
ing drop of glycerine containing a large proportion of sugar.
Other sections may be placed, for longer exposure, on a
small cover that rests on the inner ring:  In this apparatus
the HCH is taken up with water by the glycerine, and, after
a time, the ethereal oils present exude in golden-yellow
drops, which later disappear. This exudation in drops never
occurs with fatty oils.]

It may be observed here that J. Behrens (I) has seen on
the glandular hairs of Ononis spinosa a strongly refractive
secretion which became colored deep red, even in very
dilute agueaus solutions of fuchsin, Nothing definite can
be said as to the chemical composition of this secretion, but
it is probable that it belongs in the category of ethereal

oils.

b. Resius and Terpenes.

145. The Unverdorben-Franchimont reaction with copper
acetate may be used as a special reagent for resins and ter-
penes. Large pieces of the parts of plants to be examined
may be placed in a concentrated aqueous solution of the salt
named, and studied after not less than about six days. The
resins then appear colored a beautiful emerald-green. The
copper acetate may be removed before cutting by washing
with running water. Pieces so treated may be preserved in
50% alcohol; and microscopic preparations retain their beau-
tiful color in glycerine-gelatine. ,
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Alcannin has also been much used (cf. § 109} in the study
of the resins. Preparations treated with this stain do not
appear, however, according to the author’'s experiments, to
be capable of preservation in glycerine-gelatine.

In connection with the resins may be mentioned the
following compounds not yet well studicd macrochemically.

a Fungus-gamboge.

146. Zopf (V, 53} denominates as fungus-gamboge a
yellow resinous substance which corresponds in all its deter-
mined characters with the gamboge-ycllow which is the
chief constituent of gamboge. It occurs especially in the
sporophore of lolyporus hispidus, chiefly deposited in the
membranes, but also as an excretion outside of the mem-
branes and in the cell.contents.  For its microchemical recog-
nition Zop{ uses a solution of ferric chloride, which colors
fungus-gamboge, as well as membranes containing it, olive-
green or blackish brown. Tt is also insoluble in water, but
readily soluble in alcohol and ether: it is dissolved with a
red color by concentrated nitric or sulphuric acid, and is
precipitated from these solutions in yellow flocks on the
addition of water.

f. Retinic Acid from Zhelephorasp.

147. Zopf has prepared (V, 77) a retinic acid from various
species of Thelephora, which occurs partly in the cell-con-
tents and is partly deposited in or on the walls. It is insol-
uble in cold or hot water, soluble in alcohol, ether, methyl
alcohol, petroleum-ether, chloroform, benzol, carbon bisul-
phide, and turpentine. It is dissolved with a bluish-red
color by concentrated sulphuric acid, and thrown down
again with 2 greenish-yellow color on the addition of much
water,

¥. Retinic Acid from Trametescinnabarina.
148. The retinic acid prepared by Zopf (V, 88) from ti-.
above-named fungus agrees fully with the previous one in
its behaviar with solvents; but is distinguished from it by
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being dissolved by concentrated su/pluric acid with a yellow-
ish or reddish brown color, It differs from fungus-gamboge
in taking no olive-brown color with ferric chloride.

8. Retinic Acid from Zensifes sepiaria.

149. According to Bachmann (11, 7), opaque globules or
granules of a retinic acid are found on the membranes of
Lenzites sepiaria in many places. These are quickly dissolved
by a watery or aleoholic solution of caustic potash or soda
with a dark olive-green color.

6. Glucosides.

" 150. The name clucosides s given. to a group of sub-
stances resembling compound ethers, widely distributed in
the vegetable kingdom, which are characterized by being
decomposed by various reagents, especially acids, alkalies,
or ferments, into a specics of sugar and one or several other
compounds.  Usually this species of sugar is glucose. But
there are commonly included in the glucosides compounds
which do not yicld a truc sugar, like, ¢.g., phloretin, which
forms phloroglucin instcad of glucose (cf. Beilstein, 111, 322.)

The ¢ h yield glucose on decomposition
may be microchemically rec d by the aid of Fehling's
solution (cf. § 119) under some circumstances, even when
they do not directly reduce a copper solution, but only after
the glucose has been separated from them, as by warming
with dilute sulphuric acid.  There are also many glucosides
which directly reduce Fehling's solution.

In their other relations the glucosides show great differ-
¢hces, and no reactions common to the entire group are yet
known, We must therefore confine oursclves here to the
special description of some glicosides for which special reac-
tions, microchemically applicable, have been suggested.

Tncosides wh

INiz

a. Coniferin, C,;H,,0,.

151. Coniferin has been macrochemically produced from
the cambial juices of various Conifere. But, although
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coniferin presents a considerable number of color-reactions,
it has not yet been successfully recognized within the cells
by microchemical means.  Yet the various reactions for
coniferin succeed easily with all lignified cell-membranes,
and it is usually assumed that they contain coniferin
tef. $§ 254-236).

b. Datiscen, C 11,0 ..

152. Dotiscin has been recognized microchemically by O.
Hermann (1, g), especially in the ccllsap of the bark-paren-
chyma and as'a deposit in the cell-walls of the thick-walled
cells of the wood and bark of Datisca cannabina.  This
author uscd principally Zwe and baryta waters which give a
pure yellow solution with datiscin, and cause a deep yellow
coloring of all cells containing it; while the addition of
acctic acid or dilute hydrochloric acid instantly causes the
color to disappear.  Besides, datiscin gives yellow precipi-
tates with lead acetate or sine chloride, a greenish one with cu-
pric salts, or a dark brownish-green one with ferric chloride.

e Frangulin, C, 1,0,

153. Frangulin forms a yellow crystalline mass, which is
insoluble in water, but dissolves in alkalics with a cherry-red
color.  According to Borscow {1, 33), it occurs inside the
parenchymatous elements of the stem of KRhamnus frangula,
united with small starch-granules, which are colored blue by
a solution of {odine, and blood-red by caustic potash or

d. Hesperidin, C,H,,0,(or C,H,0, %.

154. Hesperidin is dissolved in the cellsap within the
living plant ; but it is deposited, like inulin, in tissues which
have lain for some time in alcohol or glycerine, in the form
of spharocrystals.  According to Pfeffer (I11), unrips
oranges are especially favorable objects for study.

The sphgrocrystals of hesperidin are distinguished from
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those of inulin by having usually a much less rounded form
than the latter, and by showing their com-

“ position from separate acicular crystals
much more clearly.  The latter is the case

;T especially in the smaller spharites (cf.
M ¢ 28, @ and /); the larger ones com-

monly contain in the middle a more ho-
mogeneous nucleus, as Fig. 28, ¢ shows in

optical median scction.

The hesperidin crystals readily dissolve
‘“'X(:;"{J;:‘;;;‘;U}'r;‘:ﬂ;: in an alcoholic or aqueous solution of

Citrus duwrantivn. paustic potash, forming a yellow fluid, but
arc not noticeably soluble in cold or hot water or in dilute
acids; while inulin is ar once completely dissolved by boil-
ing watcr.

The spharocrystals of hesperidin are also soluble in boil-
ing concentrated acetic acid, ammonia, and soda solution, but
are insoluble in ether, benzol, chloreform, carbon bisulphide,
and acetone.  They are completely destroyed on heating to
a red heat.

The observation and prescervation of these crystals in
Canada balsam may be readily accomplished after clearing
in oil of cloves. Canada balsam preparations are especially
adapted to their study by polarized light, with which they
give the same appearance as inulin spherites.

e. Coffeetannin, C, H O,

155. Coffee-tannin, according to Molisch (I, g), shows the
following reactions, which may easily be followed under the
microscope on sections of the endosperm of the coffee-bean.
With ferric chloride it is colored dark green, with ammonia
and caustic potash deep yeilow. 1f sections are allowed to
dry with a drop of ammonia, they finally take a green color,
which at once changes to red on moistening with concen-
trated sulphuric acid. An abundant precipitate is formed
with lead acetaze,
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S Dotassium Myronate, KC, H, NS0,

156. Potassium myronate, which occurs in the seeds of
many Cructyerae, is split up by the ferment myrosin into the
allylene mustard-oil, glucese, and potassium sulphate.  For
its microchemical recognition Guignard (11) first treats sec-
tions with alcohol, which dissolves out any fatty oil and
makes the myrosin inactive, while potassium myronate is
almost insoluble in it. If the sections are then placed in an
aqueous extract of white mustard-sced, which is very rich in
myrosin, there is formed in the cells containing myronic
acid the allylene oil of mustard, which Guignard recognizes
by the aid of tincture of Alcanna (cf. § 109).

& Dhloridsin. C,H, O,

157. O. Herrmann (I, 21) uses for the microchemical
recognition of phloridzin, solutions of ferric chloride and
Jerrous sulphate.  The former produces a dark red-brown
solution, the latter a yellow-brown precipitate.  These
reactions have led to trustworthy results only with Prrus
AMalus ; in case of the pear, cherry, and plum, they are too
much masked by the presence of large quantities of tannin
which gives a green color with iron salts.

h. Ruberythric Aeid, C,H,0,..

158. Ruberythric acid forms the chicf constituent of the
so-called madder dye in the roots of Rubia tinctorum, and is
decomposed, on boiling with hydrochloric acid, into glucose
and alizarine (cf. Husemann I, 1387). It has a yellow color
and, as Naegeli and Schwendener (I, 502) have shown, is
exclusively dissolved in the cellsap in young roots, while
the membrancs are still quite colorless.  In older roots the
membranes are, however, colored, even in such as are still
living, as Naegeli and Schwendener showed by plasmolysis
of the cells.

Caustic potash solution colors the mixture of coloring
matters in Kubia tinctorum purple-red, acids color it orange,
Serric chloride, orange to brown-red. When the roots dry,
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it is decomposed with the formation of red masses, proba-
bly through the agency of a ferment.

i Rutin, C ,H,0,,.

150. Rutin always occurs in the cell-contents, according
to O. Herrmann (1, 30 He recommends for its micro-
chemical recognition ammonia or lime-water, which form
deep-blue solutions with rutin, becoming brown on expos-
ure to the air,

b Sagronyellow, Crocin, C H,,0,,.

160. The crocin contained in saffron s readily soluble in
water, less so in alcohol, and very slightly so in ether. It
dissolves in concentrated sulphnric acid with a blue color
svhich soon becomes violet and finally brown; in concen-
trated witric acid with a deep blue color, quickly becoming
brown (Beilstein 111, 357).  According to Molisch (I, 57),
the last two reactions may well be used microchemically.

l. Salicin, C, ,H 0.

160a. Salicin occurs especially in the bark of willows and
poplars. It is colored a beautiful red by concentrated szl
phuric acid (Rosoll 1, 8).

m. Saponin, C,H,0,.

161. Saponin is dissolved in the cellsap within the living
plant, according to Rosoll (I, 11), but is precipitated, on
drying, in the form of amorphous lumps within the cells,
which may be readily observed in oil or glycerine. They
are dissolved in water or very dilute alcohol, but may be
precipitated from the selution by alcohol or ether.

With concentrated sulphuric acid saponin gives at first a
yellow, then a bright red, and finally a bluc-violet color. To
prevent confusion with Raspail’s protein reaction (cf. § 227),
which also differs in the colors produced, control sections
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may be beiled in water to extract the saponin, and then
treated in the same way with concentrated sulphuric acid.

n. Solanin, C.H,,NO,,.

162. According to Wothtschall (I}, who has tested a great
number of reactions as to their applicability, only the three
following are suited for the microchemical fecognition of
solanin,

1. dandclin's Reaction—The reagent for this test should
be freshly prepared by dissolving one part of ammonium
anadate in 1000 parts of a mixture of g8 parts of concen-
trated sulphuric acid with 36 parts of water. This is added

"directly to the sections to be studied. In the presence of
solanin the following colors appear in order : ycllow, orange,
purple-red, brownish-red, carmine, raspberry-red, violet, blue-
violet, pale greenish blue: finally all color disappears. The
time in which this scale of color is gone through is chiefly
dependent on the concentration of the solutions present,
but is always several hours,  If any fatty oils are present in
the preparation, which would also give color reactions with
concentrated sulphuric acid, they may be removed by pre.
liminary submersion of the scctions in ether, in which
solanin is practically insoluble.

2. Brandr's Reaction—.3 of a gram of sodium selenate is
dissolved in a mixture of 8 cem. of water and 6 cem. of
concentrated sulphuric acid. After the addition of this
reagent to the sections to be studied, the preparation is
gently warmed by moving it over a small flame. As soon
as the color appears the warming must be stopped. In the
presence of solanin there appears first a raspberry-red color,
which gradually passes into a currant-red, which soon be-
comes paler and more brownish yellow, and finally quite
disappears.

3. Sulphuric Acid—On the addition of concentrated sul-
phuric acid, solanin gives at first a bright yellow color, whi h
gradually becomes redder, then takes a violet shade, gradu-
ally pales, passes into greenish, and finally quite disappears.
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TFor the preservation of plants containing solanin, Wotht-
schall (I, 186) recommends simply drying them.

o. Syringin, C,,H,,0, + H,0.

163. Syringin occurs, according to Borscow (I, 36), in
branches of Srringa wulgaris within the thickwalled ele-
ments of the phloem and of the xylem, as well as in the
medullary rays, but only in the cellaval For its micro-
chemical recognition this author uses a mixture of one part
concentrated sulphuric acid and two parts water, This is
added to dclicate longitudinal or transverse sections and
colors the walls containing syringin first yellowish green,
after a few minutes blue, and finally violet-red.

po Glucoside () from the Stimulus—onducting Tissue of
Mimosa pudica.

164. Haberlandt (I, 17) has observed that when the stem
or petiole of Mimosa pudica is cut, the drops of fluid which
cscape leave, on drying, a considerable quantity of a crys-
tallized substance whose composition has not yet been made
out, but which should be for the present included among
the glucosides, on account of its reactions,

The crystals of this substance are always colored pale
brownish and show very various forms, They sometimes
form large prisms or cross-shaped twins, sometimes gland-
like masses or dendritic bodies; and spheritic formations
have been seen. The material identity of these different
formations is shown by the fact that they all dissolve with a
red-violet color in ferric chloride. They are also soluble in
water, but very slightly so in alcohol, and quite or almost
quite insoluble in ether. They are dissolved by concen-
trated sulphuric actd with a yellow.green color, which be-
comes red-brown on warming. Dilute sulphuric and hydro-
chloric acids throw down from the aqueous solution a finely
granular white precipitate, which is soluble in alcohol.
Ferrous sulphate causes a deep rust-red color.  Lead-acctate
produces a heavy yellow precipitate in the aquecus solution,
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which is soluble in acetic acid. The substance does not
directly reduce Fehling's solution, but docs so after heating
with dilute sulphuric acid.

Since the isolation of this questionable substance has not
yet been accomplished, it must remain doubtful, in case of
several of the reactions described, how far they are influenced
by other substances also contained in the drops of fluid.

7. Bitter Principles and Indifferent Substances.
a. Calycin, C,,H,,0,.

165. Calycin occurs in the form of small yellow crystals
deposited on the membranes of Calycium clrysoccphalum
and various other lichens. For its microchemical recog-
nition it is best, according to Bachmann, to treat with g/a-
ctal acetic acid a bit of the lichen under examination, which
has been rubbed as fine as possible, then to bring the whole
together into a drop and let it evaporate, The calycin crys-
tallizes out in long, acicular, strongly doubly refractive
crystals.

It is also characteristic of calycin that it is not dissolved
by caustic potash solution and suffers no change of color
by it.

b. Spergulin, (C,H,0,)x.

166. Harz (IT) has isolated from the seed-coats of Sper-
gula vulgaris and S. maxima a strongly fluorescent sub-
stance which he calls spergulin. It is readily soluble in
absolute and dilute aleoko/ and appears colorless or faintly
greenish or olive-brown in this solution, showing an in-
tense, dark-blue fluorescence, while a beautiful emerald-
green fluorescence appears after the addition of a small
quantity of alkali. It cannot be obtained in crystalline
form from this solution.

It is also characteristic of spergulin that it dissolves in
concentrated sulphuric acid with a beautiful dark blue color
It is readily soluble in methy! alcohol, less so in amyl alco.
hol, and hagdly so in petroleum and ether.
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1t is insoluble in fatty and cthereal oils, in benzine, carbon
bisulphide, chloroform, phenol, cold and hot water, and
dilute organic and inorganic acids.

Since the membranes of the strongly thickened outermost
celldayer of the sced-coat dissolve in concentrated sulphuric
acid with a deep-blue color, Harz concludes that spergulin
is contained in the membrances themselves,

8. Coloring Matters.

head do ot form
. but there are in-
cluded here all colored substances whose chemical constitu-
tion is still too Tittle kpown to cnable them to be placed in
their proper position in the natural scries.  Concerning
most of them, then, our knowledge i+ extremely incomplete,
and an actual isolation and quantitative analysis has been

167. The compounds united under this
a group of chemically related substanc

carried out with any exactness upon very few of them.

It cannot be my duty to enumerate all the coloring mat-
ters herctofore extracted from various parts of plants. Tt
scems rather that 1 should restrict myself to those concern-
ing whose chemical relations we have some trustworthy
pecially, are microchemically

information, and which, ¢
recognizable with some certainty.

1 have grouped the coloring matters according to the
place in the living plant where they occur.

a. The Pigments of the Chromatophores.

168. The different colorings of the chromatophores, ac-
cording to our present knowledge, if we omit for the
moment the algas which are not green, are to be referred to
a relatively small number of coloring matters.  But these
are still too little studied to make a completely certain
limitation possible. TFour colering matters may be distin-
cuished with some certainty, and I will here confine my-
self to their brief description. A special discussion of the
very abundant literature of chlorophyll does not seem de-
sirable here, since it contains almost exclusively the results
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of macroscopic investigations and has hitherto produced
very few results of physiological valuc.

After the discussion of these four pigments, the coloring
matters of the chromatophores of the alga: which are not
green will be taken up.

@ Chlorophyll-green.

169. The chloroplasts or chlorophyll-grains seem to owe
their color in all cases to one and the
to which is commonly given the name chlorophyll-grecn, or
chlorophyil. It is macrochemically distinguished by its
strong red fluor
which may be distinguished four bands, besides the end
absorption beginning in the blue.  Of these the strong band
in the red is especially characteristic. Since no other green
coloring matter has yet been observed inthe chromatophores,
it is only in case of feebly colored chloroplasts that any
doubt can arise as to the presence of chlorophyll in micro-
scopical observation.  In such cases the so-called Lypacklorin
or chloropliyilon reaction has been used for the recognition
of chlorophyll-green.  According to A. Meyer (I1), this
reaction is best conducted by treating the sections under a
cover-glass with glacial acctic acid.  There are then ex-
truded on the surfaces of the chromatophores, somctimes
crystalline, sometimes amorphous masses which contain
decomposition-products of chlorophyll.  For further reac-
tions of hypochlorin, see A. Meyer, 11,

same coloring matter,

ence and by its absorption spectrum, in

f. Carotin, Chlarophyll-yeliow.

170. Carotin was first prepared from the roots of Daucus
Carota, where it occurs in the form of rhombic plates or
variously shaped crystalline formations (cf. § 336). The
same substance also occurs in the orange or red chromat.
ophores of many flowers and fruits. But, according to the
researches of Arnaud (II), it is constantly to be met with
within the chloroplasts, which, according to Immendorff (",
contain no yellow or yellowish-red colrring matter except
carotin. €arotin would thus be identical with the coloring
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matters called chlorophyll-yellow, xanthophyll, erythrophyll,
chrysophyll, ete.  According to Immendorff (I, 516), carotin
also occurs in the chromatophores of etiolated parts of
plants and is the cause of the autumnal yellowing of leaves

171. The clementary composition of carotin corresponds
to the formula C, H,,, according to Arnaud (I); it would
therefore clearly constitute an hydrocarbon.  According to
Immendorff (I, 5107, it is precipitated in shining, deep-red
crystals by aleohol, Jrom its solution in carbon bisulphide,
whicly it colors deep blood-red.  These crystals show, when
undecomposed, a strong dichroism (cf. § 356, notcj; but on
Iving in the air they take up oxygen and pass over gradually
inte a colorless compound readily soluble in alcohol. On
warming they first take a brick-red color, and above 160 C.

they melt.

Courchet has prepared very variously shaped crystals of
carotin from various parts of plants which showed, like
those observed naturally, sometimes a red, sometimes a
more yellow color, Tt is still unknown to what these differ-
ences In color, which are to be seen in one and the same
cell in the carrot, are to be referred. Tt is also yet to be
determined whether all the coloring matters called carotin
arc identical; for it scems probable that we have to do here
at Jeast with a group of nearly related coloring matters.

172, The following reactions may scrve for the micro-
chemijcal recognition of carotin: With a solution of fodine
te.g., aqueous solution of iodine and iodide of potassium), it
is colored greenish or greenish bluc; with concentrated su/-
phuric acid, first violet and then indigo-bluc; from its deep
blue solution in concentrated sulphuric acid it is precipitated
in green non-crystalline flakes, on the addition of water, ac-
cording to Immendorff (1, zog).

Carotin is also, according to Arnaud (1), insoluble in
water, almost so in alcohol, very slightly soluble in cther,
more readily so in benzine, and most so in ¢kloroform and
carbon biswlplide.

Thesc solutions, even when from carmine-red crystals, are
colored yellow or orange-yellow, according to their concen-




MICROCHEMISTRY. ic3

tration, while the solution of carotin in carbon bisulphide,
as already stated, is always blood-red.

The absorption spectrum of carotin shows, according to
Immendorff (I, 510), two bands in the blue and absorption
of the violet.

y. Xaathin.

173. Xanthin occurs in the yellow chromoplasts, always
in amorphous form, and especially in small granules (grana)
(cf. § 357). Its alcoholic solution leaves, on evaporation,
according to Courchet (1, 349), a wholly amorphous, resin-
like mass. It is insoluble in water, little soluble in ether,
chloroform, and benzine, but more so in alo/ol.  With con-
ceatrated sulphuric acid, the isolated pigment, as well as the
chromoplast, takes first a greenish, then a blue color; with
zodine, best used in the form of the solution with potassium
iodide, it becomes green.

5. Coloring Matter of A/0é Flowers.

174. A coloring matter whose reactions differ essentially
from those of xanthin and carotin has been rccognized by
Courchet (I) in the chromoplasts of the flowers of Alos.
It is insoluble in ether and chloroform, but readily so in
alcofiol, with a currant.red color. On dilution its solution
becomes rose-red; benzine takes up but little of it; and it
has not yet been obtained in crystalline form. It becomes
yellowish green with sulphuric acid, and about the same with
hydrociloric acid ; nitric acid first turns it yellow and then
decomposes it.  Caustic potash colors the granules of the
coloring matter orange and makes them run together;
fodine colors them dirty yellow.

This substance has not yet been observed in other plants.
‘€ Coloring Matters of the Chromatophores of the

Floridea.
175. In the chromatophores of the Floridew there occur a
red pigment soluble in water and a green pigment soluble
in alcohol.s The latter is almost certainly identical with
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chlorophyll.  The pigment soluble in water is at present
commonly called phycoerythrin.

Pliyeocrythrin is, according to Schitt (II and 1V), in-
soluble in alcohol, cther, benzole, benzine, carbon bisul-
phide, glacial acctic acid, and fatty oils. Its saturated
aqueous solution appears by transmitted light dark bluish
red, by reflected light more or less vellow, on account of its
decp orange-yellow fluorescence.  Its absorption-spectrum
is distinguished from that of chlorophyll, according to
Schiitt’s investigations (111 especially by the fact that its
maximum of brillianc at the point in the red where the
strongest absorption-band of chlorophyll occurs,

S Cotoring Matiers of the Zhwapirvice.

176. Millardet has recognized three pigments in the chro-
matophores of the Z%wopliyeew: chlorophyllin, phycoxan-
thin, and phycophain.  The first two of these are, accord-
ing to Hansen (II), identical with chlorophyll-green and
chlorophyllyellow: that is, with chlorophyll and carotin.

Plycophain is readily soluble in water, especially in hot
water; its saturated solution has a deep red-brown color
and shows with the microspectroscope a regular increase of
absorption from the red to the blue end of the spectrum
without any absorption-bands. It is also little soluble in
dilute, and insoluble in absolute, alcohol, as also in ether,
carbon bisulphide, benzol, benzine, and fatty oils. It is
more or less completely precipitated by acids from its
aqucous solution, incompletely so by caustic soda, and not
at all by ammonia and salts of the alkalies. Salts of the
alkaline earths precipitate it (Schitt I11),

7. Cajoring Matters of the Crameplpcea.

177. Three different pigments have been isolated by
Reinke (11, 403) from an Osrillatoria, which he calls chloro-
phyll, phycoxanthin, and phycocyanin, Of these the first
must certainly be identical with ordinary chlorophyll, but
whether the phycoxanthin is to be identified witk carotin is
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not yet certain, since, according to Reinke's statements,
this is not very probable.

Plycocyanin is soluble in water, and in this solution has a
bright blue color with a red fuorescence.  Its absorption.
spectrum shows four bands, according to Reinke.

®. Coloring Matters of the Diatomacea.

178. The chromatophores of the /iafomacee, which are
colored vellowish brown in the living state, are colored
greenish by alkalies and dilute acids, and by concentrated
sulphuric acid a beautiful verdigy
shown. They contain at least twe
is surcly identical with chlorephyll, while the other is often
caliecd phycoxanthin, but more appropriately dratomin.

Deatomin is characterized by being soluble in dilute
alcoliol with a brownish-yvellow color. It is not probable,
from the investigations already made, that it is identical
with carotin {c¢f. Askenasy I, 236 and Nebelung 1, 304)

green, as Naegeli has

pigments, one of which

2, Coloring Matters of the Peridinea.

179. The Peridinee, which have recently been commonly
included among the Algw, are distinguished, as Klebs (V,
732) has shown, by the possession of true chromatophores.
These contain, according to Schiitt (I), three pigments,
which he calls Peridine-chlorophyllin, peridinin, and phyco-
pyrrin, - Of these, Peridine-chlorophyllin is cither identical
with, or very closely refated to, chlorophyll.

v Peridindn is insoluble in water, but readily dissolves in
aleokol, giving a fluid of the color of red wine. it is also
readily soluble in cther, chloroform, benzol, carbon bi-
sulphide, and glacial acetic acid. Its absorption-spectrum
shows, according to Schiitt (1), the Band I of chlorophyll
between B and C, and is also marked by a strong absorp-
tion in the green-yellow.

2. Phycopyrrin (from mwuvppos, red-brown) is soluble 'n
water, giving a dark brownred fluid. It is also easily
soluble in alcohol, ether, bisulphide of carbon, and benzol.
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The absorption-spectrum of the aqueous solution has, ac-
cording to Schiitt, a certain similarity to the chlorophyil
spectrum, in that it shows Band I

b Patty Pigments or Lipockromes.

180. At present, all those yellow or red pigments which
are colored bluc by sulphuric or nitric acid, and green by
solutions of fodine with potassium iodide, are called fatty
pigments or lipochromes. They are mostly dissolved in
fatty substances within the living cell,

Zopl {IV) has recently investigated the relations of the
lipachromes, especially toward sulphuric  acid, and has
proved that, in this reactior, deep-bluce crystals often occur,
which he calls Zipocyanin crystals.  These are formed espe-
cially when rather dilute sulphuric acid is added to the
residue from an evaporated solution of a lipochrome upon
the slide. Zopf also succeeded in obtaining lipocyanin
crystals directly from varjous organs by letting the sections
dry before treating them with sulphuric acid.

181. According to their chemical relations, the already
described pigments, carorzn and xanthin, belong to the lipo-
chromes (cf. §§ 170 and 1731 There also belongs here the
red pigment prepared by Cohn from the cells of /wmaro-
cocens, which he calls Jamatocirome,  The pigment called
chlororufin by Rostafinski (I) is also to be included here.
Zopf and Bachmann have prepared various lipochromes
from different fungi {cf. Zopf 11, 414). Finally, the bacterio.
purpurin prepared by Lankaster from various red Bacteria
is to be placed among the lipochromes, according to Bit-
schli (I, 9), whose studies indicate that it is identical with
Cohn’s hazmatochrome.

Whether all these pigments are nearly related chemically,
and how far they are identical with ecach other, or, on the
contrary, consist of groups of more or less different pig-
ments, must be determined by further investigations.
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¢. Other Coloring Matters dissolved in Fats or Ethereal Oils.

182. Of the other pigments which from their chemical
rcactions do not belong to the lipochromes, but occur dis-
solved in fats or ethercal oils in the living plant, only curcu-
min has been microchemically investigated.

Curcumin, CoiilliO0

Curcumin occurs, according to O. Herrmann’s investiga-
tions (I, 24), in the fresh rhizome of Curcuma amata within
the parenchymatous cells of the fundamental tissue, dis-
solved in an ethercal oil.  This author uses, for its micro-
chemical recognition, lead acetate, which forms a brick-red
precipitate with the curcumin, and sufpluric acid, which
colors it crimson.

d. Coloring Matters dissolved in the Cell-sap.

183. The pigments dissolved in the cellsap have been
little studied. There are usually distinguished only two
different pigments or groups of closely-related compounds:
namely, anthocyanin or cyanin, and antlocklorin or xanthein,
The first of these produces red, blue, or blue.green colors,
and the latter the yellow and yellow-brown tones.

@ Anthocyanin,

184. Anthocyanin is readily soluble in water, and has in
this solution, according as its reaction is more or less acid
or alkaline, a red, violet, blue, blue-green, green, or yellow- .
green color. It is wholly decolorized by strong alkalies. It
is also soluble in alcohol and ether.

Whether all the pigments called anthocyanin are chemi-
cally identical must be determined by future studies. Han-
sen (III) believes in the identity of the red and blue pig-
ments prepared from various organs, on the ground of his
spectroscopic investigations. !

But N. J. C. Miiller (I} has recently endeavored to shcw
that a considerable number of very different compounds
have heretefore been called anthocyanin. But, as this



108 HOTANICYL WICROTECHNIQUE.

author gives no account of the mode of preparation of his
solutions, which were studied only as to their behavior with
caustic potash and sulphuric acid, and with the spectroscope,
mains uncertain how far their different behavior is to be

attributed to forvign admixtures
T may remark here that sccretions of pigment of a blue
orviolet color and of a granular
or crystalline  structure have
been observed in various plants,
These consist most probably of
a compound of anthocyanin
with another substance not yet
rccognizch perhaps a tannin.
Tt theepidamis of apewt 1 DCS€ seeretions may be finely
L rlphinis for o seen in the epidermis of the

petals of various species of Delphiiaium.  In the cell from
the epidermis of the petal of 0. formoeswm, shown in Fig,
2¢, the beautifully blue seeretions, which consist plainly of
delicate needles, lic in the violet cellsap.  But in this place
the pigment deposits may present the most various forms.

Ao Anthochlorin,

185. The yellow pigments dissolved in the cellsap are
distinguisbed from xanthin, which occurs in the chromato-
phores, by never being colored blue by concentrated sul-
phuric acid, according to Courchet (I, 361-2). In other
respects, the yellow pigments contained in the cellsap of
various plants show very different relations to chemical
reagents, as Courchet has shown. But our knowledge of
them is still too fragmentary to permit their classification,

¢. Coloring Matters which are first contained in the Cell-con-
tents, but later penctrate the Wall,

186. According to Sanio (11, 202), Naegeli and Schwen-
dener (I, sor), and Praél (I, 67), all or nearly all the pig-
ments of the dyewoods belong in this category. This
follows with greater probability from the study of dried
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woods, which usually contain in the cavities of the cells of
the medullary rays and of the wood-parenchyma, granules
of the same character as the pigments which incrust their
walls.

Nacgeli and Schwendener have studied from this point of
view the madder pigments and berberin, which have, how-
cver, recently been placed in other parts of the system of
organic compounds (cf. §§ 138 and 212).

187. According to the investigations of AL Rosoll (I, 137),
the yellow pigment contained in the bracts of the involucre
of various species of Helickhrysun, which he calls Aelichrysin,
belongs to this group.  According to Rosoll, it is associated
with the protoplasm in the young bracts, and only pene-
trates the membrane in old celfs.  Helichrysin has not yet
been studied macrochemically, but it is characterized micro-
chemically by being soluble with difficulty in cold water,
but rcadily so in hot water, alcohol, cther, and organic
acids. It is insoluble in benzol, chloroform, and carbon
bisulphide. Mincral acids, as well as «alkalics, color it a
beautiful purple-red.  Zead acetate precipitates the pigment
from its solution with a red color,

188. It seems also probable, from the rescarches of Naegeli
and Schwendener (1, 504), that antkocyanin can incrust the
cellwalls under some circumstances. At least, the pigment
extracted from the seed-coat of Abrus precatorius showed a
relation to acids and alkalies quite corresponding to that of
anthocyanin; while, on t])e other hand, membranes com-
pletely washed out were deeply stained by the cell-sap
pressed from red petals of flowers,

S Coloring Matters which only occur deposited in the Cell
wwall.

189. Coloring matters with the above characteristic are
widely distributed among the lower plants. Thus two pig-
ments are found among the Cyangphycee, according to Na -
geli and Schwendener (I, 5035), gleeocapsin and scytonemin,
which are completely restricted in their occurrence to the
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cell-wall, and never occur in the cell-contents; so that it
must be supposed that they are formed directly in the wall.

Glaocapsin is red or blue, and becomes red with Jydro-
chloric acid {rose-red, reddish orange, or bluish red), and blue
or blue-violet with caustic potash. It occurs chiefly in Glao-
capsa.

Seytoncmen gives a yellow to dark-brown color to the
membranes of Scytonema and various other alge,  We have
recent studies of its characteristics by Correns (I, 30).
According to these, it is especially distinguished by taking
a blue-violet color, greatly resembling that which appears in
the cellulose reaction, with chloroiodide of sinc, or with todine
and sulphuric acld. Scytonemin is destroyed by cax de
Sawvclle (¢ §12, 4), and threads so treated no longer give
the above-mentioned reactions with iedine.

With acids scytonemin takes a green color which s
restored to the original color on the neutralization of the
acid. Even swlphurous acid acts in this way and does not
destroy the pigment.

Alkalies color it more red-brown. .Sheaths which had
been treated with caustic potash, although the pigment
appeared unchanged after the potash was washed out, no
longer took the violet color with chloroiodide of zinc, accord-
ing to Correns. No macrochemical studies of the compo-
sition of these substances have been made.

190. Very numerous and various pigments occur in the
membranes of the fungi, according to the investigations of
Bachmann (11) and Zopf (V). But, since thesc have hitherto
been studied almost exclusively in their macroscopic rela-
tions, and very little has been established as to their chemi-
cal composition, the student may be referred to Zopf's
account of them (II, 418).

191. The pigments deposited in the membranes of the
lichens have lately been studied by Bachmann (IV). He
distinguishes by their microchemical behavior sixteen differ-
ent pigments, whose chief reactions are shown upon the
table on the next page.
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11z BOTANTCAL MICROTECHNTQUE.

Coloring Matters whick are deposited upon the Cellawall.

192. In many lichens colored compounds occur which are
attached externally to the membranes. They are mostly
crystalline, more rarely amorphous.

Amorphous cxcretions of pigment were found by Bachmann
IV yonly in two lichens, and he has named them, from
the lichens in which they occur, Arthonia-violet and Urceo-

lariared.  Adrthonia-vinict occurs in all parts of drthonia

gregaria and is especially distinguished by being somewhat
9«)]11])1& in cold, but readily so in hot, water. It is also solu-
ble in alcchol with a winered color. It is dissolved by a
solution of caustic potash with a viclet color, but is insoluble
in lime and baryta waters. 1t dissolves in sulpluric acid
with an iodigo-blue color, passing later into mallow-red;
and in witric acid with a red color.

Urceolaria-red occurs in the thallus of Urceolaria occllata.
It is characterized microchemically by not being changed by
alcohol, lime-water, or ammonium carbonate. It is dissolved
with a greenish-brown color by ceustrc potasi solution and
barytazeater, as well as by concentrated witric and sulphuric
acrds. A solution of caletum ehloride decolorizes it.

193. The substances already described clsewhere, emodin,
chrysophanic acid, and calycin (cf. §8 140, 141, and 163),
belong to the crystalline excretions of the lichen-fungi, as
also a series of other so-called lichen acids, which have here-
tofore been studied almost exclusively macroscopically (cf.
Schwarz 11 and Zopf 11, 401\

But I will discuss somewhat more in detail certain recently
described fungus-pigments,

a. Thelephoric Acid.

194. Zopf (V, 81) designates as thelephoric acid a pigment
extracted from various species of Zhclphora, whose solu-
tions are of a beautiful red color, while the solid crystalline
pigment has a violet-blue or indigo-blue color. This partly
forms an incrustation of the membrane, partly a crystalline
deposit upon it. .
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Its behavior with ammonia, which gives it a splendid blue
color, is especially characteristic of thelephoric acid; while
caunstic porask and soda produce a more bluish-green color,
Thelephoric acid is also, according to Zopf, insoluble in
water, cther, chloroform, petroleum-ctlier, carbon bisul-
phide, and benzol, but is pretty readily dissolved by warm
alcehol. Concentrated sulphuric or hydrochloric acid ncither
changes the color nor dissolves the solid pigment ; but con-
centrated acezic aczd dissolves it with a rose-red or wine-red
color, wtric actd with a yellow color, and dilute chromic acid
with a dark chrome-yellow color,

S Xanthotrametin,

195. Zopf calls by the name xanthotrametin a red pig-
ment which is deposited on the membranes of Trametes
cinnabarina in the form of granular brick-red incrustations.
This dissolves in concentrated nrtric acid with a deep orange-
red color, in Zydrockloric acid with an orange-yellow, and
then more reddish, shade, in sulpluric actd with a rosered
color, and in glacial acetic actd with a yellow color.  Dilute
sulphuric acid dissolves it with an at first orange-yellow
color which then becomes redder.

Xanthotrametin is dissolved by ammonia and sodium car
bonate with a yellow color, by dilute canstic soda and lime-
water with a yellow color, becoming paler, and by dilute
caustic potash with a yellow color which quickly passes into
reddish.  In ferric chloride it is inscluble.

¥. Pigment of Agaricus armillatus,

196. This forms, according to Bachmann (11, 7), crystal-
line cinnabar-red slivers or lamellae which are insoluble in
alcohol and ether, but dissolve in an aqueous or alcoholic
solution of caustic potash with a red.violet color which soon
goes over into dark yellow.

8. Pigment of Paxillus atrotomentosus,

197. Thérner (1) has extracted a pigment from the above-
named fumgus which is deposited in crystalline form uvpon
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the hypha. These crystals are colored brown only at the
surface of the fungus, those in its interjor being at most
pale gray or yellowish. In the air the colorless crystals
gradually assume a brown color.  According to Thorner,
they represent a hydroquinonelike body which gradually
passes over into the corresponding quinone.  For the recog-
nition of the quinone, Bachmann (I, 7) recommends strongly
dilute caustic potash or soda, which instantly dissolves it with

a greenish-brown color.

9. Tannins.

198. All those substances which give a blue-black or green
color with jron salts are commonly designated as tannic
acids or tannins, There belong here, of the better known
compounds, especially :

Pyrocatechin, C.HOH),;

Pyrogallic acid, C,II(OH),;

Protocatechuic acid, C,H (OH),.COOH ;

Gallic acid, C H,(OH).COOH;

Gallo-tannic acid, C,\H,,0, (= digallic acid ?); and besides
these there are many other compounds whose constitution
is not yet certainly determined (cf. Beilstein, 111, 431 ff.).
We have no trustworthy methods for the certain micro-
chemical distinction of these substances, although this is
the more to be desired since we have certainly to do with
very different substances and, as Reinitzer (I) has lately
shown, it is very hazardous to assume a common physio-
logical function for this whole group of compounds.

But a detailed account of the methods used for the recog-
nition of the whole group of tannins seems to be demanded
by their wide distribution in plants. The following reac-
tions have been made use of in their study :

a, Iron Salts,
199. Of the iron salts, an aqueous solution of ferric chlo-
ride was formerly chiefly used; but it has the disadvantage
that it has nearly always an acid reaction, and when used in
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excess with the tannins which give a green color with iron,
it very quickly stops the reaction. H. Mocller (I, LXIX)
used, however, a solution of anhydrous ferric chloride in
water-free ether as a reagent for tannin. This is especially
adapted to the study of large parts of plants, such as whole
leaves or pieces of them.

Loew and Bokorny (I, 370, note) have recently used for
the recognition of tannin in alg® a concentrated aqueous
solution of ferrous sulphate, in which the algae were allowed
to be exposed to the air for from twelve to twenty-four
hours. I have obtained in this way a very intense reaction
in Spirogyra and Zygnema. This may be hastened by warm-
ing to 60° C.

A very rapid reaction is produced by ferric acctare, accord-
ing to Moeller (I, LXIX), in the form of the concentration of
the officinal finctura jerri aceticd, which contains about §%
of iron or about 20% of Fe,(C,H,0,),.

B. Cupric Acetate,

200. Cupric acetate, which was introduced into micro.
chemistry by Moll (1), has the advantage that it forms an
insoluble precipitate with tannins. This is brownish in
color, but takes, on subsequent treatment with iron salts, a
blue or a green color according to the kind of tannin con-
cerned, Mol places the tissues to be studied in a concen-
trated aqueous solution of cupric acetate and leaves them in
it from eight to ten days, or as much longer as may be de-
sired.  Sections prepared from this material are treated for
a few minutes with a §% solution of ferric acetate, and, after
it is washed out, may be preserved in glycerine or glycerine-
gelatine.

If it is desired at the same time to fix the cell-contents,
one may use, according to Klercker (I, 8), a concentrated
alcoholic solntion of cupric acetate® instead of the aqueous
solution. The pieces of tissue should be left several davs,
at least, in it.

* * This solution must be kept in the dark.
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. Potassium Bichromate and Chromic Acid.

201. Most tannins form with petassium bicliromate a volu-
minous precipitate which Is bright brown or blackish brown
according to the quantity of tannin prescat, and which is
insoluble in water or in an excess of the salt, and, according
to Moeller (I, LXIX), probably consists of purpurogallin.

Potassium bichromate is most conveniently used by placing
large picees of the tissue to be examined for one or several
days in a concentrated aqueous solution of this salt, and
then preparing sections after washing out the bichromate.

These sections generally show the precipitate in the places
where the tannin was formerly present. They may be pre-
served unchanged in glycerine or glycerine-gelatine, Thicker
sections or larger fragments may also be transferred to Can-
ada balsam. But of course they must first be dehydrated
with alcohol and cleared with clove-oil or the like (cf. §§ 14-22).

The precipitate produced by potassium bichromate doces
not change its color with iron salts, or, as Overton (II, 3)
has shown, with sulphurous acid. Even hydrogen peroxide
does not attack it.

To obtain a rapid reaction J. af Klercker (I, 8) recom.
mends for many cases that the objects be plunged in a boil-
ing solution of potassium bichromate. TIn fact an immediate
reaction may thus be obtained with algae and sections of

higher plants.

According to Moelier (I, LXX], the diffusion of the bichro-
mate is much hastened by the addition of a few drops of
acetic acid,

202. Dilute chromic acid of about 1¢ appears to give a
reaction similar to that of potassium bicarbonate, and may
be used, as well as mixtures of chromic and osmic acids, for
the recognition of tannins. These have the advantage of
fixing the cell-contents well at the samec time.

But it should be noted that, according to Nickel (L, 74),
various compounds not related to the tannins give similar
precipitates with potassium bichromate,
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8. Osmic Acid,

203. Osmic acid is rapidly reduced by tannic acids and
very soon forms with them a solution sometimes bluish and
sometimes brownish, and finally a black precipitate. For
the reaction a 1% solution shouid be used. The osmic acid
is regenerated and the preparation wholly decolorized by
peroxide of hydrogen.

If hydrochloric acid be first added to the preparation and
then 17 osmic acid, there appears, according to Dufour
(I, 3 of separata), in a few minutes a blue color, and soon, if
much tannic acid be present, a blue precipitate.

As Overton (11, 3) has shown, albuminoids saturated with
tannins are browned; thus he obtained a beautiful brown
coloring of protein crystalloids on leaving sections from the
endosperm of Ricinus, from which the fat had been removed,
for about ten minutes in a dilute solution of tannin, and
transferring them, after careful washing, to 2 osmic acid,

€, Ammonium Molybdate.

204. Gardiner (111) used for the recognition of tannins a
concentrated solution of ammonium molybdate in a saturated
ammonium chloride solution. This gives with most tannins
a yellow precipitate, with digallic acid a red one, and with
gallic acid a compound soluble in ammonium chloride solu-
tion.

{. Sodium Tungstate.

205. Brimer lately recommends (1) for the recognition of
tannin a solution of 1 gram of sodium tungstate and 2 grams
of sodium acetate in 10 ccm. of water.  This should give a
brown precipitate with gallic acid, and a reddish-yellow one
with gallotannic acid. But the presence of tartaric or citric
acid hinders the reaction,

7. Alkaline Carbonates.

206, Alkaline carbonates cause the precipitation, in cclls
containing tannin, of globular or rodshaped bodies which,
when freshly precipitated, may be redissolved on washing
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out the carbonate.  But after a time they lose this capacity
and are gradually transformed into solid and brittle bodies.
The same precipitates are formed when tannin and ammo-
nium carbonate are brought together in a test-tube; but if
the carbonate solution be very dilute, it only occurs when a
gradual accumulation of this salt is made possible; which
Klercker (1, 42) accomplished by placing the tannin solution
in a capillary tube scaled at one end, and then putting the
whole in a large vessel filled with the carbonate solution.
Since, according to Klercker's rescarches, these precipitates
have been seen only in cells containing tannin and always
give the tannin reactions with potassium bichromate and
other reagents, it would appear that the alkaline carbonates
may well be used as reagents for tannin,

But not all tannins are precipitated by them; for instance,
gallic acid is not.

207. In order to carry out the reaction described, sections
of the plants to be studied are placed on the slide in a drop
of a 1-5% solution of an alkaline carbonate or the plants
are cultivated for some time in a very dilute, about .02%,
solution. The carbonates of potassium, sodium, and ammo-
nium seem to be equally active, but the ammonium salt has
been most used,  Awmmonium chloride seems also to act in
the same way: but the bicarbonates produce no precipitate.

A very suitable object for study is found in the stem or
petiole of Ricinus communis,
which contain red pigment-cells
in the pith and bark. If longi-
tudinal sections of these are
placed in a 1% ammonium car-
P g, bonate seion, ganiae pre

had Jain an hour in a 1% solution of Cipitates appear in a short time,

ammonium carbonate. which gradually collect together
and, after about an hour, have drawn almost the entire pig-
ment to themselves (cf. Fig. 30). Spirogyra cells which
contain tannin also form excellent objects for study, since a
precipitate is almost immediately formed in them by ammo-
nium carbonate,
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B, Live-staining with Methylene Blue.

208. As was shown by Pfeffer (I, 186), methylene blue is
accumulated by tannin-bearing cells. In a solution of this
pigment the cell-sap which contains tannin first takes an
evidently blue color, and then there usually occur within
these cells deep-blue precipitates of different forms, which
consist of a compound of tannin and methylene blue and
may finally remove all pigment {rom the cell-sap. )

This reaction seems to take place in all tannin-bearing
cells, and is especially valuable because it can be conducted
on the living cells, and without the diminution of their
vitality. For its application a solution should be used
which contains one part of methylene blue in 300,000 parts
ot filtered rain-water.  In this the tissues are left for from
one to twenty-four hours. Of course a large quantity of
fluid must be used to allow an abundant accumulation of
coloring matter.

But methylene blue is accumulated by other substances
than tannins; according to Waage (I, 253), by phloroglucin.

10. Alkaloids,

209. Under the name alkaloids is included a large group
of natural basic compounds which contain nitrogen and
show a certain agreement in many chemical reactions.

They are all precipitated ‘by phospho-molybdic acid, which
may conveniently be used in a 10% aqueous solution. But
this reaction cannot be generally used in microchemistry,
since this acid precipitates many other compounds, e.g. the
proteids. But, according to Errera (V), these may be dis-
tinguished from the alkaloids by extracting the alkaloids
from a part of the sections to be studied before treatment
with phospho-molybdic acid, while the proteids are com-
pletely precipitated. Errera found especially adapted for
this use alcohol which contains in each 20 ccm. a gram of
crystallized tartaric acid, He allows this to act upon _he
sections from half an hour to twenty-four hours, when a
complete Solution of the alkaloids is effected, with the
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simultancous precipitation of the proteids. 1If no precipi-
tation takes place in the sections so treated on the addition
of phospho-molybdic acid, while it does occur in the untreated
scctions, one may deduce the presence of alkaloids in the
objects concerned, provided that these were the only sub-
stances soluble in tartaric-acid-alcohol which are precipitated
by phoespho-molybdic acid.  But this is by no means the
case (cf. Molisch, I, 1353, and the above reactions can give
reliable results only in very

The same is true for the other group-reactions for the
allaloids ;. but the value of the special reactions for the
is so much the

special cases.

different alkaloids, to which we now pa

greater.
a. Aconitine, C,H NO,,.

210. According to Lrrera, Maistriau and Clautrian (T) a
solution of zodine and potassinm iodide is best adapted for
the microchemical recognition of aconitine, with which it
forms a red-brown precipitate. These authors also obtajned
a carmine-red color in presence of aconitine with sulpluric
actd diluted with § or 1 of its volume of water, especially
after the moistening of the preparations with a solution of
cane-sugar.

b, Atropine, C, H,NO,.

211. De Wevre (I) used a solution of zodine and iodide of
potassinne for the microchemical recognition of atropine, in
cells containing which a brown precipitate is produced.
After some time star-shaped crystallizations with a metallic
lustre appeared. Phospho-molybdic acid, which gives a
yellow precipitate, is also applicable in many cases.

¢. Berberin, C,H, NO, 4+ 4}H,0.

212. Berberin occurs, according to the consonant state-
ments of Naegeli and Schwendener (1, 503), O. Herrmann
(1, 14), and Rosoll (I, 20), in the young cells of Berberis
wulgaris as a golden-yellow fluid in the cell-cavity ; while in
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the older parts it incrusts especially the cell-walls of the
xylem.

For itc microchemical recognition O. Herrmann treats
the sections first with alcohel and then adds dilute nézric
aczd tone part of acid to about fifty parts of water). The
golden-yellow color passes over at once into brownish yellow,
aud soon golden - yellow
star-shaped crystals are de-
posited, while the cellsap
becomes gradually color-
iess.  The same crystals of

berberin nitrate may be 6b- rio. 4 _Groups of erystals of berberin ot
sained by placing the sec. i GUEED oy it Tongtuaiml'se
tions dircctly in dilute nitric  $oution of auric acid

acid. T use 2z parts of the officinal nitric acid in 100 parts
of water. The berberin nitrate separates out in the form
of clustered crystals (cf. Fig. 31) in the interior of the ber-
berin-bearing cells.  These crystals are strongly doubly
refractive and so far pleochroic (¥ 356, note) that they
appear quite colorless in a certain position of the nicols,
while after rotation through go® they appear deep golden
yellow.

Herrmann also used ammonium sulphide, which gives a
brownish color with it, for the recognition of berberin.

Rosoll used a solution of jedine and potassium todide for
the same purpose. This is added to the sections in small
quantity after preliminary treatment with alcohol. There
arc then formed very characteristic hair-like crystals, ar-
ranged in tufts, which are green or, in the presence of large
quantities of the reagent, yellowish or reddish brown, and
are soluble in sodium hyposulphite. The crystals thus
obtained cannot be preserved in Canada balsam, according
to my experiments,

If hypdrockloric acid be added to the yellow agueous ex-
tract of the dried bark, there are formed, according to
Naegeli and Schwendener (I, 504), numerous yellow and
often radially grouped needle-like crystals of berberin chlo-
ride.
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d. Brucine, C,H, N, O, 4 4H,0.

213. For the recognition of brucine, which accompanies
strychnine in the seeds of Stryeknos nux-vomica, Lindt (11,
239) ased a mixture of five drops of selente acid, of specific
gravity 1.4, and one or two drops of nitric acid, of specific
cravity 1.2, He allowed this to run under the coverglass
to thin sections whose fat had been extracted by petroleum-
cther. The stratified cellwalls then quickly became bright.
red, but gradually changed to orange and yellow, while the
cell-contents remained colorless.  Lindt concluded from this
that only the walls contain brucine {(ci. also § 219).

e. Colchicine, C,H, NO,.

214. Colchicine occurs, according to Q. Herrmann (I, 18),
in the corm of Celelidcum antumnale | in the contents of two
or three rows of ceils which immediately surround the
vascular bundie and are distinguished from the neighboring
parenchyma-cells by being free of starch.  For the recogni-
tion of colchicine this author used ammonia, which turns it
a deep yellow.

Errera, Maistriau and Clautriau (I) have lately character-
ized it as giving a yellow color with sulphuric acid diluted
with two or three volumes of water, a brown-violet with sw/-
pluric and nitric acids, a brown with zodine, and a yellowish
precipitate with pozassic-mercuric dodide and Jydrociloric
acid.

S Corydalin, C ,H NO,.

215. According to Zopf (VI, 1i13), corydalin shows the
following reactions: It is precipitated from aqueous solu-
tions of its salts by caustic aléalics and alkaline carbonates,
but is redissolved in an excess of the former. A brown
precipitate is produced in solutions of its salts by solutions
of sodine or of jodine and potassium iodide, a yellow one by
potassium chromate, a white one by mercuric clloride, a
yellow one by gold and platinum chlorides and by sodium
metatungstate, a yellowish-white one by potassic-mercuric
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cliloride, a white one by potassium sulpho cyanide. The
solution in spirit is precipitated by strong alcohol,

For its microchemical recognition Zopf used especially
agmmonia, which produces a dark gray, granular precipitate
in the cclis containing corydalin, and jodine with iodide of
potassinm, which causes a deep red-brown precipitate. Pierie
acid also causes, according to Zopf, a readily recognizable
precipitate in corydalin-bearing cclls.

g. Crtisine, C,H, N,O.

216. Cytisine occurs, according to Rosoll (1, 24), in all the
organs of Cytisus Leburnum, but most abundantly in the
contents of the cells of the ripe seed.  This author uses the
foliowing reactions for its recognition :

Jodine and fodide of potassium give, even when very dilute,
a brownish ecolor and then a dark red-brown precipitate,
soluble in sodium hyposulphite.

Pieric acrd, added to thin sections, produces in a short
time scale-like crystal-groups of a reddish-yeliow color.

Concentrated sulpiuric actd dissolves cytisine with a bright
reddish-yellow color; if very small bits of solid peorassinm
bickromate be added to this solution, it becomes first yellow,
then brown, and finally green.

Phospho-molybdic actd produces immediately a yellow tur-
bidity in the sections.

fe. Opium Alkaloids.

217. According to the investigations of Ciautriau (F),
several of the so-called opium alkaloids occur in the latex
of the living plant in Fapaver somuiferum.

1. Morphine, CisHyNOs,

The presence of morphine is recognized by this author
by the fact that the latex gives precipitates with zodine a~d
potassium iodide, potassium=-bismully todide, potassium-calctum
todide, potassic-mercuric jodide, and phospho-molybdic acid;
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that it reduces fodic acid, and that it is colored red-brown
by a 2% solution of fitanic acid in sulphuric acid, or deep
violet by a solution containing five drops of methylal
(CH,(OCH,},) to a cem. of concentrated sulphuric acid.

2. Narcotine, CasllsNOs,

Clautriau deduces the presence of narcotine in the latex
from its becoming colarced reddish orange with a solution of
sodium sclenate in sulphuric acid, as also happens with mixt-
vres of morphine and narcotine.  Besides, it gives a precipi-
tate with patledens chiloride and with draaous chloride, while
morphine and codeine give no precipitate with the former,
and but a slight one with the latter reagent.

3. Narceine, CasHyNOs,
According to Clautriau, a yellow color following the addi-
tion of the solution of met/ylal, mentioned under * Mor-
phine,” indicates the presence of narceine in the latex.

7. Diperine, C,H,\NO,.
217a. Piperine, which has been recognized in the fruits of
various [peracee, is slightly soluble in boiling water, more
sily soluble in alcohol than in cther, readily soluble in

i
benzol, insoluble in dilute acids.

For its microchemical recognition concentrated swlplhuric
actd may be used.  This dissolves piperine with a yellow
cofor which Iater becomes dark brown, and, after 20 hours,
greenish brown (Tusemann 1, 491). But, since various other
substances give the same rcaction, it can only be of value as
negative cvidence through its failure to appear.

We owe to Molisch (1, 27) a very useful method of recog-
nizing piperine microchemically, A drop of aleohol is first
placed on the sections on the slide and dissolves the piperine.
Then the sections are covered with a cover.glass, and the
alcohol is allowed to cvaporate until it occupies only abouta
quarter of the space under the cover. Then water is added
and causes at once a strongly milky turbidity, if sections of
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the pepper-fruit are used. This turbidity is due chiefly to
the yellow resin which is alse dissolved in the alcohol.
After a time {about a quarter of an hour) there are seen
characteristic colorless crystals, especially abundant at the
edge of the cover-glass, which have very commonly an ap-
proximately sabre.shaped outline, but are not seldom grown
together in most various ways,

as is shown in Fig. 32, which rep- 4
resents crystals obtained by the

method described.  All these '
crystals give the piperine reac- —~ <
tions above described and un-

doubtedly consist of that sub- k’%\ N
stance. [

Similar piperine crystals are
formed, according to Molisch
(1, 28), within or in the vicinity of the piperine-cells of pep-
per, if thin sections are placed under a cover-glass in water
or glycerine and kept in a moist chamber for several hours,
“ Sections which are pressed and rubbed under a coverglass
in water show piperine crystals within the first quarter of an
hour.”

Fi6, 32.~Crystis of piperive,

k. Sinapine, C,,H,NO,.

218. This occurs in the seeds of white mustard as sinapine
sulphocyanide (C,,H,NO,HCNS).

According to Molisch (I, 31), it is best recognized with a
concentrated solution of caustic potask. Sections of white
mustard seeds placed in this become at once yellow, and, on
warming, deep orange. But this reaction has a very limited
value, since the glucoside sinalbine, also found in white
mustard-seeds, becomes yellow with caustic potash.

L Strychnine, C,,H,N,0,.

219. Strychnine is dissolved without color by a concen-
trated sulphuric actd; but if solid potassium bichromate ve
added to the solution, a beautiful violet color appears at
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once.  This reaction has been used by Rosoll (I, 17) for the
microchemical recognition of strychnine. He placed thin
sections from the seeds of Strychuos una-vomica first in con-
centrated sulphuric acid, and observed that the contents of
the endosperm-cells become plainly rose-red from the pres-
ence of proteids and sugar (cf. § 227), except the oil-drops,
which remained uncolored.  If now a small fragment of
potassivm bichromate be added, the previously colorless oil-
drops take a beautiful violet color.  Rosoll concludes from
this that the strychnine is dissolved in the oil-drops.

Lindt (11) used a solution of an excess of coric sulphate in
concentrated sulphuric acid for the recognition of strych-
nine. In spite of the gradual reddening of the ceric oxide,
this reagent remains fit for use a long time. Before its
use the sections should be treated with petroleum-ether
and alcohol for the removal of fatty oils, grape-sugar, and
brucine. If the solution be then added to the sections, all
the cell-walls become at once colored more or less strongly
violet-blue, while the contents of the cells at first remain
colorless.  But after some time the reaction is disturbed by
varions circumstances.  Lindt concludes from this observa-
tion that the strychuine is contained in the cell-walls.  But
Rosoll (I, 18) expresses the opinion that, during the extrac-
tion with petroleum-ether, the strychnine, formerly dissolved
in the fatty oil, is removed with it and becomes partly
diffused into the cell-walls.

. Theobromine, Dimethyl-zanthin, C,HN,O,.

220. The alkaloid contained in the cocoa-bean, theobro-
mine, is best recognized, according to Molisch (I, 23), by
means of gold chloride, by adding to sections upon a slide,
first a drop of concentrated hydrochloric acid and then,
after about a minute, a drop of a 3% solution of gold chlo-
ride. Assoon as a part of the fluid has evaporated, long
yellow needles are formed at the edge of the drop, and
finally unite into feathery or tufted groups. The crystals
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consist of the double chloride of gold and theobromine,
C,H, N0, HCLAuCI,.

u. Caffeine, Theine, Methyl-theobromine, Trimetlyl xanthin,
CH,N,0, 4 H,0.

221. Molisch recommends {1, 7} gold cliloride for the micro-
chemical recognition of caffeine. It is used in the same
way &s for theobromine, and there are formed tufted ra-
diating needles of the composition C,H,,N 0, HCLAuCI,,
which cannot certainly be distinguished from those of the
corresponding theobromine compound.

Hanausek (I) has lately called attention to the fact that,
especially when the gold chloride solution contains more
than 34 of the salt, a drop of it with concentrated hydro-
chloric acid will, in any event, form yellow crystals on evap-
oration.  But these are distinguished from the caffeine-
gold chloride crystals by the fact that they never form
sharp-pointed or tulted necdles, like those of the caffcine-
gold compound, but cousist partly of very short crystals
arranged in zigzag, and partly of very long, delicate, yellow,
rod-like prisms and of plates with rectangular projections.

Molisch gives also another method for recognizing caf-
feine.  According to this, sections are warmed on the slide
in a drop of distilled water until it bubbles, then allowed to
dry at the ordinary temperature, and the residue is taken
up with a drop of denzol.  On the evaporation of the benzol,
the caffeine is deposited at the edge of the drop in the form
of numerous colorless needles, .

o. Veratrine, C,H,NO,,.

222. Veratrine occurs, according to Borscow (I, 38), in
the subterranean parts of Verarrum album, especially in the
walls of the cells of the epidermis and of the bundle-sheath
(endodermis). This author used for the recognition of ver -
trine a mixture of one part of concentrated sulphuric acid
with two parts of water, in which the sections to be exam-
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ined are directly placed. The parts containing veratrine
then become first yellow, then reddish orange, and finally
red-violet.

p. Xantivine, CH N O,

222a. Xanthine has becen recognized by Belzung (I1, 49)
in considerable quantity in the scedlings of Cieer arictinum.
It crystallizes out in the interior of the cells of plants placed
in glycerine.

11. Nitrogenous Bases.
Niycotine, C,, 1T, N,

223. The following reactions have been recommended for
the recognition of nicotine by Errera, Maistriau and Clau-
triau (1): Dhosplo-tungstic actd gives a heavy precipitate, at
first yellow, then yellowish green s mercuric chloride, a white
one, soluble in an excess of ammonium chloride with heat ;
potassic-mercuric todide, an abundant white one; platinum
chloride, a yellowish-white one, soluble at 70° C.; fodine and
potassium todide, a brownish-yellow one which disappears
later.

12, The Proteids and Related Componnds.

224. Although the albuminoid substances or proteids
undoubtedly belong to the most important constituents of
the plasma-body of the cell, we still know very little of their
chemical constitution. But, at all events, we have here to
do with a group of dissimilar compounds, and alrcady various
investigators have distinguished a large number of different
proteids. But since no classification of the proteids has yet
found general acceptance, and especially since the exact
microchemical distinction of the proteids which are recog-
nized macrochemically is not yet possible, it scems best not
to discuss these researches here: and so much the more so
since they have not led to any morphologically or physio-
logically interesting results, so far as concerns the vegetable
organism. But it seems important to briefly collate the
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methods heretofore used for the microscopical recognition
of the proteids in general, and then to describe a few related
substances which have been microscopically recognized in
the protoplasm,

a. Reactions of the Proteids.

a. Solutions of Todine.

224a. With iodine the proteids take a yellow or brown
color, according to the strength of the solution, and this
reaction has been much used for their recognition, although
many other substances give the same reaction. But in
many cases the behavior of a doubtful body with iodine
muy give a clew to its nature, It is best to use a selution
of iodine and potassium jodide containing more iodine than
is used for the recognition of starch, since iodine is taken up
much less freely by proteids than by starch.

. Nitric Acid.

225, Ordinary concentrated nitric acid gives a yellow
color with proteids by the formation of the so-called xant/o-
proteic acid,  This reaction may be hastencd by gentle warm-
ing. The color becomes considerably deceper by the addition
of caustic potash or ammonia, since the xanthoproteic salts
of potassium and ammonium are more decply colored than
the free acid. But this reaction is not entirely trustworthy,
since not only do tyrosin and various oxy-aromatic com-
pounds give the same reaction, but also certain oils, resins,
and alkaleids (cf. Nickel I, 17). :

». Millon’s Reagent.

226. The so-called Millon's reagent is a mixture of mer-
curic and mercurous nitrates and nitrous acid. It is best pre-
pared, according to Plugge (I), by dissolving one part by
weight of mercury in two parts of nitric acid of specific
gravity 1.42, and then diluting it with twice its volume of
water. According to Nickel (I, 7), it may be prepared by
dissolving r*ccm. of mercury in g cem, of concentrated nitric
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acid of specific gravity 1.52 and diluting the solution with
an equal volume of water. The reagent’so obtained becomes
decomposed in time, and may then be restored, according to
Krasser (1, 1400, by the addition of a few drops of a solution
of potassium nitrite,

Millon's reagent gives with proteids a brick-red, or more
rosc-red, color, which appears usually after some time in the
cold, but much more quickly on gentle warming, without
any solution of the proteids. The protcin crystalloids in
the endosperm of Kieinys, for example, retain their form
unchanged even on heating nearly to the boiling point.
This reaction is also very delicate, but it has the disadvan-
tage that it takes place also with a large number of other
compounds, in the same way; according to Plugge (1), with
all those that contain an OH-group on the benzol nuclecus.

22%. Reactions similar to that of Millon’s reagent are
given by Hofmann's reagent, which is a solution of mercuric
nitrate with traces of nitrous acid, and by the so-called
Plugge's reagent, which consists of meicurous nitrate with
traces of nitrous acid (cf. Nickel I, 12 and 13).

5. Raspail’s Reagent.

227a. The so-called Raspail's reagent consists of a con-
centrated aqueous solution of cane-sugar and concentrated
sulphuric acid, which are added to the objects to be tested
at the same time, Proteids are colored by this rosy-red or
somewhat violet. But the reaction does not succeed with
all proteids and does occur with various other substances.
Many glucosides and alkaloids are colored red by suiphuric
acid alone (cf. Nickel I, 37 ff.).

¢. Copper Sulphate and Caustic Poiash,

228, Most proteids give a violet reaction on treatment
with copper sulphate and caustic potash; but the reaction
is neither always very sharp nor, when it succeeds, positive
proof of the presence of proteids. The reaction may be
conducted in the same way as for cane sugar (cf. § 121).
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This reaction was used on Spirogyra by Loew and Bokorny
(I, 194) by first placing the plant in a .2% caustic potash
solution for half an hour to an hour, then, after washing, in
a 10% solution of copper sulphate for an hour, and finally,
after repeated washing on the slide, moistening with a2z ¢
caustic potash solution,

I Alloxan. Mesoxalylurea, CH.N,O

229. Alloxan has lately been proposed by Krasser (I, 18)
as a reagent for proteids. It is added, preferably to pre-
viously dried sections, in concentrated aqueous or alcoholic
solution. It then colors most proteids purple-red, and, ac-
cording to Krasser, this coloris not changed by concentrated
caustic soda. But the reaction is hindered by free acids.
Of the other organic substances which Krasser has treated
in the same way, unfortunately without enumerating them
in his publication, only tyrosin, asparagin, and aspartic
acid gave the same rcaction; and it therefore seems to be
caused by the molecular group common to these substances,
CH,CHNH,COOH. |

But, as Klebs has shown (IV, 6gg), the value of this reac-
tion is very slight; for various incrganic compounds like
phosphates and bicarbonates of the alkalies give a very deep
red color with alloxan, and alloxan itself turns red on evap-
oration in the air; and this color, as well as that produced
with proteids, is changed to violet by caustic soda, according
to Klebs.

7. Aldehydes.

229a. Various aldehydes, especially salicylic aldehyde,
C,H,OH.CHO, anisic aldekyde, C,H,.OCH,CHO, wvanillin,
C,H,.OH.OCH,CHO, and cinnamic aldehyde, C,H,.CH :
CH.CHO, have lately been recommended for the micro-
chemical recognition of albuminoids by Reichl and Mikosch
(I, 34). The objects to be tested are first left for 24 hours
in a $-1% alcoholic solution of the aldehyde used, andtl :n
placed on the slide in a mixture of equal volumes of water
and sulphurjc acid, to which a few drops of ferric sulphate
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(Fe,(S0,),) have been added. Most proteids then show,
cither at once or after some time, a coloration depending not
only on the nature of the aldehyde uscd, but also varying
with the different albuminoids, and not appearing at all, with
many. The colors with the salicylic and anisic aldchydes
and vanillin vary between red, violet, and blue; while the
cinnamic aldehyde produces yellow or orange-yellow colors
with proteids.

Salicylic aldehiyde has, according to the statements of the
authors mentioned, the advantage of more completely fixing
the proteids and of making them more resistent to the dis-

id,

salving power of sulphuric

d. Yellow prussiate and ferric chloride..

230. Zacharias (I, 211) has lately reintroduced into micro-
chemistry a method of recognizing proteids first used by Th,
Hartig, which may be here referred to, although it is more
a staining process than a chemical reaction.  This test was
carried out by Zacharias by placing the tissues to be tested
for an hour in a mixture of one part of 2 10% aqueous solu~
tion of potassium ferre
part of acetic acid of specific gravity 1.063.  This mixture,
which must always be freshly prepared, on account of its
ready decomposition, is now washed out with 6o% alcohiol
until the washing fluid no longer gives an acid reaction or a
blue color with ferric chlovide. Then a dilute solution of
Jerric chloride is added, which causes a deep blue coloring of
the albuminoids (Berlin bluc) in consequence of the ferrocy-
anide retained by them.

231. To recognize albumen in the cytoplasm of Spiregyra,
Loew and Bokorny (I) first left the plants an hour in a .1%
solution of ammonia, then placed them for 12 hours in a
10% solution of ferrocyanide containing 5% of acetic acid, then
washed in cold water, and finally let them remain for 12
Liours in a not too dilute solution of ferric chloride. Certain
differentiations of the cytoplasm then showed an evident
blue color, .

anide, one part of water and one
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1. Pepsin and Pancreatin,

232. Recently, the ferments secreted by the stomach and
pancreas, which have the power of converting proteids into
soluble compounds (peptones), have been used for their mi-
crochemical recognition.  Both ferments can now be obtained
in very stable form, as pepsin-glycerine and pancreatin-gly-
cerine, of Dr. G. Gribler, Leipzig.

233. Digestion with pepsin may be accomplished by keep-
ing the objects in a mixture of one part pepsin-glycerine
and three parts water, acidified with .27 of its weight of
chemically pure hydrochloric acid, for an hour, at a temper-
ature of 40 C.  The cffect of hydrochloric acid may be ob-
served in control-experiments containing the acid alone.

234. Pancreatin-glycerine may be diluted with three times
its volume of water and then used in the same way.

The previous treatment of the objects has an important
influence upon the reaction. The solution of the prateids takes
place most easily in sections taken directly from the living
plant,  But, in general, alcoholic material is to be preferred,
since the digestibility of the substances soluble in water may
thus be determined, and clearer images are usually obtained.
But the alcohol should act for as short a time as possible (24
hours), since it may influence the digestibility by its longer
action.

b. Nucleins.

235. Nucleins have been prepared especially from yeast,
from the thymus gland of the calf, from the yolk of eggs,
and from salmon-sperm. These are distinguished from pro-
teids especially by the fact that they contain phosphorus,
In other respects the analyses of nucleins from differ-
ent sources show considerable differences. Altmann (II) has
lately isolated from these nucleins bodies of uniform compn.
sition which he calls nucleic acids.  These contain about 9
of phosphorus and are quite free from sulphur when pure.
They are precipitated by albumen, and Altmann regards the
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nuclein preparations of various authors as compounds of
nucleic acids with various amounts of albumen.

[Malfatti (1I) has prepared an artificial nuclein from syn.
tonin and metaphosphoric acid, which yields nucleic acids
when treated by Altmann’s method. ]

236. Zacharias has recently (I and 1) attempted to recog-
ize microchemically the general distribution of nucleins,
especially in cell-nuclei. He gives as a characteristic reac-
tion for them, their insolubility in pepsin and hydrochloric
acid (el § 233% in whieh, as well as in .2-.3% hydrochloric
acid, they take a sharply defined and peculiarly glistening
appearance,  But the nucleins are, according to Zacharias,
soluble in a 104 solution of comemon salt, in a concentrated
solution of sed7um carbonate, in dilute caustic potash solution,
in concentrated kydrockloric acid, and in a mixture of four
parts concentrated hydrochloric acid with three parts water.
Further investigations must show hew far the macrochemi-

cally prepared nucleins and those recognized by the above
reactions correspond with cach other,

[According to Malfatii (I) and Zacharias (V), the nucleins
seem to constitute the so-called chromatin-bodies of the
nucleus (cf. §239).]

¢ Plastin

237. Reinke (I) prepared a nitrogenous compound from
the plasmodia of AEtkalium septicum, which he calls plas-
tin. According to Zacharias (I and II), this compound rep-
resents the fundamental substance of the cytoplasm and
agrees in its microchemical behavior with nuclein, in not
being attacked by pepsin with hydrochloric acid and in being
soluble in concentrated hydrochloric acid.  But plastin differs
from nuclein in not swelling in a 1o# solution of salt after
treatment with pepsin, and in being less readily soluble in
alkalies and insoluble in a mixture of four parts of pure con-
centrated hydrochloric acid and three parts water.

It remains to be learned whether plastin is really a single
compound or includes a group of related compounds.  Ac-
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cording to Loew (I), the plastin prepared macrochemically
by Reinke is to be regarded simply as an impure albuminoid
preparation.  This author also showed that the cytoplasm
regarded by other authors as free from albumen gives the
protein-reaction after being first treated for a time with caustic
potash (cf. § 228 and Loew, II).

d. Cyptoplastin, Chioroplastin, Metaxin, Pyrenin, Amphi.
pyrewin, Chromatin, Lintn, and Paralinin,

238. According to the investigations of Schwarz (1), the
protoplasmic body is made up of cight different proteids
which are limited in their distribution to very special differ-
ertiations of the protoplasm, and which should be compara-
tively easy to distinguish microchemically according to the
tables of their reactions prepared by this author. But if one
examines the separate results of his observations, as described
in detail, it is found that the most of the reagents used have
given very different results even with the fow objects ex-
amined, and that the author’s own observations do not at all
always correspond with the special statements of his tables.
There can no longer be any doubt that the substances distin-
guished by Fr. Schwarz do not represent uniform, chemically
definable substances. Further studies must show whether
the reagents used by him are capable of rendering good
service in the study of the morphological elements of the
protoplasm. This scems most probable in case of the
“pretty concentrated” solution of copper sulphate used by
Schwarz (I, 116), which dissolves only the chromatin * fn tite
nucleus and fixes all its other constituents well. A mixture
of one volume of a 10% aqueous solution of potassium jferro-
cyanide, two volumes of water, and half a volume of glacial
acetic acid also dissolves only chromatin; but this reagent
is not adapted to fixing, since it causes swelling.

239. But, since the nomenclature introduced by Fr.

* [ Malfatti (1) states that copper sulphate does not dissolve chromatin, but
{orms an unstamable precipitate with it,]
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Schwarz has been used elsewhere in the literature, at least
the names of his eight compounds may be given here.

Two of them occur in the chlorophyil granules, chloro-
plastin and metaxin,  The first of these represents the green
iin the chloroplasts, and between them is the

fibrilie wi
water-soluble metaxin,

In the nucleus Schwarz distinguished five substances,
amphipyrenin, which forms the nuclear membrane: pyrenin,
the substance of the nucleoli; chromatin, the strongly stain-
ing material of the nuclear framework; and linin and para-
Iinin, the former of which forms a fibrillar network in the
nucleus, while the Jatter filis the meshes of this net.

In the cytoplasm Schwarz finds only one proteid, which
he calls cytoplastin.

13. Ferments.

240. Tt was stated by Wiesner (IV) that pepsin, diastase,
and the gum-ferment described by him give characteristic
color-reactions with orein and hydrochloric acid, which are
microchemically applicable.  But Reinitzer {I1) showed that
these reactions occur with various carbohydrates, and most
probably depend upon the fact that the reagent splits off
from them furfurol or related compounds.

But Guignard has recently tried to determine the location
of emulsin and myrosin, partly by the use of orcin.

a. Ewmnlsin.

240a. Emulsin splits the glucoside amygdalin, contained
in bitter almonds, into prussic acid, oil of bitter almonds,
and sugar. It occurs, according to Guignard (I11), in the
leaves of Prunus Lawro-corasus, exclusively in a parenchyma-
tous sheath surrounding the vascular bundles, This author
reaches this conclusion from the fact that only these cells
form prussic acid with a solution of amygdalin ; while the
spongy and palisade parenchyma, which, on the other hand,
forms prussic acid with a solution of emulsin, is plainly to
be regarded as the seat of amygdalin. .
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The contents of the cells containing emulsin become red
with Millon's reagent, and violet with cepper sulphate and
caustic potask. It seems probable that these reactions are
due to the emulsin, since the corresponding cells of the
emulsin-free leaves of Cerasus lusitanica do not give them.

b, Alyrosin.

241. For the microchemical recoguition of myrosin, which
is contained in many Crucifere, Guignard recommends (IT)
concentrated Apdrockloric acid which contains a drop of a
10% aqueous solution of orein in cacl cem.  If the sections
are leated in this solution to near 100° C., a violet color
appears in the cells containing myrosin.

In the seeds of black mustard and in other parts of various
Cruciferee, this reaction occurs in specialized cells rich in
proteids, which alone, as Guigndrd has experimentally shown,
arc able to decompose potassium myronate (cf. § 156).

[Spatzicr () finds myrosin also in the Rescdacew and in the
sceds of the Folacew and Tropaolacee. Where it occurs in
vegetative organs he finds it in a dissolved condition; but
in dry seeds it is in the form of solid homogeneous granules
of about the size of aleurone grains.]



Part Third.

METHODS FOR THE INVESTIGATION OF THE
CELL-WALL AND OF THE VARIOUS CELL-
CONTENTS.

A. The Cell-wall.

242. SINCE vegetable cell-membranes belong to the class
of absorbent bodies and, as their osmotic relations show,
can readily give passage to the most various substances
which are soluble in water, it may be assumed that they
never consist simply of cellulose and water, in the living
plant. Rather, they are always incrusted, within the plant,
with a greater or less amount of foreign substances, accord-
ing to their age and position. How far the varying chemi-
cal and physical relations of vegetable cell.membranes are
to be attributed to such incrustations of organic or inorganic
nature cannot at present be certainly determined.

But it is well established by modern researches that pure
cellulose is much less than the other constituents in many
membranes or parts of membranes. Indeed it is very
probable that cellulose is entirely wanting in many parts of
membranes.

Positive conclusions concerning these questions can only
be reached when we have obtained, by macroscopic re-
searches, a sure means of distinguishing the different con-
stituents of the cellwall. But our knowledge'in this re-
spect is still too fragmentary to make possible any uniform

133
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system of the constituents of the cellwall, aithough the
macrochemical study of the cell-wall has been taken up
in various aspects in recent years.

243. 1 prefer, then, to discuss first in the following pages
the kinds of membranes which may primarily be distin-
guished by their microchemical relations, For some time
there have been pretty generally distinguished the pure
cellulose wall, the lignified wall, the cuticularized or su-
berized wall, the gelatinized wall, and fungus-cellulose. In
connection with the gelatinized wall may be discussed the
remaining plant mucilages and gums and the jelly-formation
of the Conjugate. As related to these various modifications
of the membrane may be mentioned the paragalactan-like
substances which serve as reserve-materials, callose, and the
pectins. Finally, this chapter may describe the preparation
of ash and siliceous skeletons, and some methods which
have been used in the investigation of the development and
finer structure of the cell-walls,

1. The Cellulose Wall.

244. Cellulose is a carbohydrate whose empirical compo-
sition corresponds to the formula C,;H,,0,. It is especially
characterized by its solubility in cuprammonia and in con-
centrated swipluric acid, by its blue or violet calor with
todine and sulphuric acid or with clloroivdide of zinc, and by
the fact that from its hydrolytic splitting with sulphuric
acid there finally results a fermentable sugar {glucose).

245. But it should be remarked that there are very prob-
ably different substances which give the same reactions, and
which perhaps represent nearly related isomeric compounds.
Thus, according to W. Hoffmeister (I and II), cellulose
shows very varying relations, especially toward a 1-5%
canstic soda solution, in which it is partly soluble, partly
insoluble, But an exact microchemical distinction of the
kinds of cellulose has not yet been possible, and it'is there-
fore best for the present to call all membranes or parts of
membranes which show the above reactions pure cellulose
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membranes, any ash constituents being, of course, quite
disregarded,

246. For the microchemical recognition of the cellulose
membranes the following reactions are used :

1. Solubility in concentrated su/phuric acid.  This begins
with a strong swelling, which finally passes into complete
solution.

2, Solubility in eupramnonia. This reagent, which is also
known as Schwcizer's reagent, may be prepared by precipi-
tating cupric oxyhydrate from a
with a dilute solution of caustic soda, then washing the pre-
cipitate with water by repeated decantation and filtering,
and finally dissolving it in the most concentrated ammonia-

solution of cupric sulphate

water.

A very good reagent may be more simply prepared by
pouring 13-164 ammonia-water over copper turnings and
letting the whole stand in an open bottle (cf. Behrens 11,
55)-

Cuprammonia can be preserved for only a limited time.
To test its fitness for use, one may use cotton, which it
should completely dissolve at once.

3. The biuc color with zodine and sulphuric acid. Ac-
cording to Russow, this reaction may be best conducted by
treating the scctions first with an aqueous solution of %
iodine and 134 potassium iodide, and then adding a mixt-
ure of two parts concentrated sulphuric acid and one part
water.

4. The violet color with chloroiodide of zinc. This re-
agent is usually prepared by dissolving an excess of zinc in
pure hydrochloric acid and then evaporating the selution to
the density of sulphuric acid in the presence of an excess of
metallic zinc; the solution is then saturated with potassium
iodide and finally with jodine. The chloroiodide may be
more simply prepared by dissolving 23 parts of zinc chloride
and § parts of potassium iodide in 8.3 parts of water, and
then adding as much iodine as will dissolve (Behrens I, 34).
[T have used with excellent results a preparation obtained
by dissolving solid commercial chloroiodide of zinc, a moist
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white salt, in somewhat less than its own weight of water,
and then adding sufficient metallic iodine to give the solu.
tion a deep sherry-brown color. I prefer Gritbler's prepara-
tion of the chlorciodide.] These solutions remain for along
time unchanged, especially when kept in the dark. The
reaction succeeds best when the sections are placed directly
in the concentrated reagent.

5. Recently a number of reagents containing iodine have
been recommended by Mangin (VII), which act in the same
manner as chloroiodide of zinc and seem to be, in part,
more delicate than it,

Of these reagents I have used with good results a caledum-
chloride-todine solution, and, instead of following Mangin's
somewhat more elaborate method, have prepared it by
adding about .5 gram of potassium iodide and .1 gram of
jodine to 10 cem. of a concentrated solution of calcium
chloride and then, after gentle warming, separating the
solution from the excess of iodine by fitering through

glass-wool.

This solution, in which the sections should be placed
directly, colors lignified membranes yellow to yellow.brown,
but pure cellulose walls become first rose-red and, after a
time, violet. According to Mangin, it should be kept in
the dark.

By the aid of zodine-phosplioric acid rvecommended by
Mangin, one obtains a very deep violet coloring of cellulose
walls, while lignificd and suberized walls are colored ycllow
or brown. This reagent is prepared by adding a small
quantity of potassium jodide (about .5 gram to 25 cem.) and
a few crystals of iodine to a concentrated aqueous solution
of phosphoric acid, and gently warming the whole. The
sections should be freed of all water adhering to their sur-
faces, by means of filter-paper, before being placed in this
solution.

Mangin also recommends mixtures of aluminium chloride
or stannic chloride with iodine and potassium iodide. %or
the manner of preparing and using these solutions, Mangin's
work may be consulted.
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[Mangin states (VIII) that the most important and most
characteristic reaction of cellulose is its conversion ianto
hydrocellulose or amyloid. This conversion is not certainly
accomplished by acids, but the best results are obtained by
treating the cellulose with a saturated alcoholic solution of
sodium or potassium hydroxide and then transferring it to
absolute alcohol.  Cuprammonia also produces the same
result,  The above-described reagents for cellulose act
promptly with hydrocellulose.]

247. Their behavior with staining media can also be used
for the recognition of purc ccliulose membranes. These 4
also serve in delicate sections, microtome sections or the
like, to bring out better the network of cell-walls,

Hamatoxylin is especially adapted to this purpose, Giltay,‘
(1) having first observed the fact that it stains deeply only
the unlignified and unsuberized membranes. It may be
used in very various solutions (e.g. in the so-called Bohmef's
{cI. § 315) or in Delafield’s {cf. § 314) solution). These stain
pure cellulose walls deep violet, while lignified and suberized
membranes remain at first uncolored, or are stained yellow
or brown. In most sections an e¢xposure of a few minutes
is sufficient for a deep staining of the membranes.

248. The writer has used h@matoxylin with the best
results for the recognition of the closing membrane of bor-
dered pits (Zimmermann IV). With the wood of Conifera
it is sufficient to leave the sections for filteen minutes in
Bohmer's haematoxylin solution (cf. § 315) to obtain a deep
staining of the “tori” of the bordered pits, which, naturally,
come out most sharply after clearing in Canada balsam (cf.
§§ 14-22).

249. Antline blue and methyl blue may also be used for
staining cellulose walls. These produce an intense stain in
an hour with microtome sections, which is not affected by
alcohol, clove-oil, or xylol, so that the preparations may be
mounted in Canada balsam. A solution of Berfin blue acts
in the same way. This is prepared by allowing 1 gram of
soluble Berlin blue and .25 gram of oxalic acid to stand sev-
eral hours with a little distilled water, then adding 100 cem.



SPECIAL METHODS. 143

of water and filtering (cf. Strasburger I, 622}, To obtain a
sufficiently deep stain, the solution must usually be allowed
to act for several hours. It is not washed out by alcohol,
{According to Mangin (VIII), pure cellulose is readily
stained by many of the azo-colors, as by orseillin BB,
crocein and naphtol black in an acid solution, or by Congo-
red and benzo purpurin in an alkaline solution.  Scveral of
the dyes recommended heretofore for cellulose walls really
stain only the pectic constituents of ccll-membrancs (cf.
3§ 292). Such are methylene blue, aniline brown, and chino-
lin blue.]

250. A very deep and permanent staining of the wall is
obtained, according to Van Tieghem and Douliot (1), by
placing sections, after all cell-contents have been removed
by ean de Javelle and caustic potash, and after thorough
washing, first in a dilute solution of tanuin for onc to two
minutes and then, as quickly as possible, in a very dilute
solution of ferric chloride. They are at once removed from
the latter solution and enclosed in glycerine or Canada bal-
sam. All the membranes are then stained a deep black.

For staining the younger membranes of microtome sec-
tions, 1 have lately found Congo-red well adapted. 1 allow it
to act in concentrated aqueous solution, for z4 hours, upon
the sections, and then wash them in alcohol and mount in
Canada balsam.

2. Lignified Membranes.

251. Lignified membranes are distinguished from those
of pure cellulose by being insoluble in cuprammonia and by
being colored yellow or brown by iodine and sulpluric acid
or chloroiodide of zinc. It was formerly generally believed
that this difference in chemical relations of lignified walls
is due to the incrustation of the cellulose with a substance
richer in carbou, lignin. Aund in fact lignified membranes
give the reactions of pure cellulose after treatment with
Schulze's macerating mixture (cf. § 9). According to Man.
gin (VII), the same thing occurs after treatment with cax de
Javelle.
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Recently the attempt has been made in séveral
s to reach more accurate conclusions concerning the
chemical composition of lignified membranes, and especially
as to the constitution of lignin,

Wholly trustworthy results can, of course, only be reached
by macrochemical investigations with exact quantitative an-
alysis.  In this connection should be mentioned the recent
vesearches of Lange (I and 1I), who has isolated from the
woods of the beech, oak, and fir, two compounds of an
acid character, **/ignic acids,” which may, however, possibly

come from a single substance.  Lange also obtained various
significance nothing is yet

by.products concerning whose
known.

253. There is also widely distributed in lignified mem-
branes a gum-like substance which Thomsen has called zwood-
gum, It may be extracted with a 57 solution of caustic soda
and then precipitated from this solution with go% alcohol.
On hydrolysis wood-gum yields either arabinose, C,H,O,,
or xylose, CH O,

Wood-gum and both of its derivatives above mentioned
take a cherry-red color on warming with phioroglucin and
hydrochloric acid.  But Allen (I, 39) has shown that the
pbloroglucin reaction about to be described is not to be
referred to the wood-gum ; for, on one hand, the reaction
takes place with lignified membranes in the cold, and, on
the other, the colors which appear in the different reactions
show very different spectroscopic relations.

254. Attempts have also been made to determine the
chemical constitution of liguificd membranes by microchem-
ical studies. Especially Singer (I} and, more recently, Heg-
ler (I) have tried to prove that coniferin and vaniliin always
occur in lignified walls., This view is based chicefly on a
series of colorreactions which lignified walls give with vari-
ous aromatic compounds. I give a compilation of the chief
of these reactions with remarks on their application, which
should reccive notice here because the reactions may be used
with good results for the microchemical recognition of lig-
nification.
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255. According to Hegler (I, 40), all of these compounds
that have been tested give the same color-reactions with co-
niferin or vanillin or with a mixture of both substances ; and
this author therefore considers it demonstrated that both
compounds occur constantly in lignificd membranes, and that
they are the cause of the above described color-reactions,

Of the above enumerated reagents thallin and phenol de-
serve especial attention, since, according to Hegler (I), the
former gives the described color-reaction only with vanillin,
the latter only with coniferin.™  Since thallin colors vanillin
yellow, but phenol colors coniferin blue, by the use of a mix-
ture of the two reagents one may draw certain conclusions
as to the relative abundance of the two substauces, accord-
ing as the color produced is yellower or bluer. Hegler (1, 38)
has used for the same purpose a solution prepared by mixing
.5 gram of thallin sulphate, 1.3 grams of thymol, 2 ccm. of
water, 26.5 com. of aleohol, and .5 gram of potassium chlorate,
and diluted for use with its own volume of hydrochloric acid
of specific gravity 1.124. Thisauthor draws from his studies
carricd on with this reagent, the conclusion thatthe younger
xylem.cells contain more coniferin than vanillin, but that
the older ones are rich in vanillin and less so in coniferin.

256. On the other hand, it is to be noticed that, besides
vanillin and coniferin, other substances containing the alde-
hyde group give with the compounds mentioned identical or
similar color-reactions to those of lignified cell-walls ; accord=
ing to bl (I), cinnamic aldehyde, and, according to Nickel,
salicylic aldchyde. It may therefore be considered as good
as proven that the colorreactions of lignified membranes
depend upon the presence of one or of various compounds
belonging to the aldehyde group.  Scliwanoff’s observations
also support this view. According to these, lignified walls
are, on one hand, colored red by a solution of fuchsin decol-
orized with sulphurous acid, and, on the other hand, no
longer give the reactions of lignified membranes with phloro-

* The correctness of Hegler’s siatement that thymol also gives no color
_with vanillin has lately been disputed by Molisch (I, 48, Note 3).
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glucin etc. after treatment with hydroxylamine, which
chemically unites with aldehydes, destroying the aldehyde
group (cf. Nickel 11, 7535).

In what relation these aldehyde-like compounds stand to
the so-called lignin cannot at present be stated.

257. For the microchemical recognition of lignification,
besides the behavior with cuprammonia and with iodine solu-
tion already described (§ 231), the color-reactions given in the
foregoing table may be used. Of these reagents, aniline
sulphate and phloroglucin are especially good. The colors
produced by these substances lust but a short time, while
thallin gives permanent colors and is therefore adapted to
the meking of permanent preparations, which may be
mounted in glycerine-gelatine or in Canada balsam.

258. Various pigments may also render good service in
the study of lignified walls.  These behave quite differently
from unlignified walls with staining media and therefore cer-
tain staining solutions may be well used for the distinction of
the different sorts of membranes.

259. For the staining of lignified membranes fucksin has
shown itself especially useful, and has already been recom-
mended by Van Tieghem and Berthold for this purpose. 1
obtained very beautiful permanent preparations, in which
only the lignified walls were stained deep red, by leaving the
microtome sections first fora quarter of an hour orlonger in
an aqueous solution of fuchsin, and then washing them for a
short time in a solution of picric acid, such as Altmann’s,
which contains one part of a concentrated alcoholic solution
of picric acid to two parts of water (cf. § 345). This makes
them dark-colored, and much of the color is then washed
out with alcohol; finally they are passed into xylol and
xylol-Canada balsam.

If a double staining is desired, it may be obtained by plac-
ing the sections, after the washing in alcohol, for an hour in
a suitable solution of hamatoxylin, such as Bshmer’s (cf. §
315), aniline blue, methyl blue, or Berlin blue.  After wash-
ing again .in alcohol and mounting in Canada balsam, one
obtains pregarations in which the lignified membranes are
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stained deep red and pure cellulose membranes violet or
blue, ‘

260. Acid fuckhsin® gave me similar preparations, which
were washed either with running water or with Altmann’s
picric acid solution (cf. §§ 345-0). Aniline-water-safranin
also gave me preparatious in which only the lignificd and
suberized walls were stained after being washed out with
acid alcobol {cf. § 268), after acting for at least an hour.
Gentian violet acted in the same way when used according
to Gram’s method (§321)  All these preparations may be
well preserved in Canada balsam, and the dyes may be used
for double staining in the way above described.

261. The staining methods named may be very well used
for the demonstration of the course of the vascular bundles
in whole parts of plants, such as leaves or thin stems. I
obtained very instructive preparations with a concentrated
aqueous solution of fuchsin under which 1 cut off the part
to be stained, so that the vascular bundles were mostly
deeply stained in a relatively short time. When this was
accomplished, I placed pieces of the objects in alcohol until
the chlorophyll was completely removed, cleared them in
clove-oil, and .transferred to Canada balsam. Especially
favorable objects for study are found in the leaves of Secale
cereale and of Tmpaticns parviffora. 1In the latter only the
tracheal elements were colored red, and could be very
clearly seen even in the thicker parts.

3. The Cuticle and Suberized Membranes.

262. Until recently it has been generally assumed that
suberization is due to the incrustation of the cellulose wall
with a fatlike substance commonly called suberin. This
assumption has been based especially on the observation
of Fr. von Hohnel that suberized membranes are colored
red-violet with chloroiodide of zinc after treatment with
an aqueous solution of caustic potash. But the recent

* This dye is also called ** Fuchsin S,” and by Dr. Griibler,”** Fuchsia §
after Weigert.”
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researches of Gilson (I) have made it at lcast very question-
able if there is any cellulose present in suberized walls.
This author isolated from the cork of various piants an acid,
phellonic acid, which, as well as its potassium salt, becomes
rose- or copper-red with chloroiodide of zinc. Gilson be-
lieves that the cause of the violet or rather reddish color
which these membranes treated with canstic potash assume
with chloroiodide of zine is to be sought in the presence of
potassium phellonate,  In fact, the staining described does
not appear if the walls are extracted with boiling alcohol
after treatment with caustic potash, and before the addition
of the chloroiodide. The color which appears after prelimi-
nary treatment with chromic acid is probably due, according
tu Gilson, to the formation of free phellonic acid. The
absence of color after treatment with cuprammonia is due,
not to the solution of cellulose, but to the conversion of
potassium phellonate into the copper salt, which takes a
yellowish-brown, very slightly characteristic color with chio-
rojodide of zinc, Finally, the presence of cellulose in the
suberized wall is rendered improbable by the fact that the
whole suberin lamella may be made to disappear, according
to Gilson, by long continued treatment with a 3% boiling
alcoholic solution of potassium hydrate, which does not
recognizably attack cellulose.

263. Besides phcllonic acid, already described, to which
Gilson assigns the formula C,,H,,0,, two other acids have
been isolated from the cork of Quercus Suber by the same
author, suberic acid (C,,H,,0,) and phloionic acid (C, H,,O).
It still remains undetermined in what form these acids are
contained in suberized membranes. But it is not probable
that they occur as true glycerine ethers, since the suberin
lamella is insoluble in all solvents for fats and could not be
melted by Gilson when heated up to 2g0° C.  The view sug-
gested by Kiigeler (I, 44) that suberin is so difficult of solu-
tion because the suberin molecules are enciosed -between
cellulose molecules is untenable, since it is shown that the
suberin lamella contains, at most, only traces of cellulose,
Therefore, %t present, Gilson’s view that suberin consists
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of compound ethers or of condensation- or polymerization-
products of various acids seems to have most in its favor,

[Van Wissclingh has lately (I) found that most of the con-
stituents of suberin melt at a temperature below 100° C,,
but are deposited in a substance that does nct melt and
must first be removed.  He finds that the suberin constitu-
ents are mostly soluble in chloraform, and belicves that they
consist of various fatty substances with glyceril or other
compound cthers.]

264. In this connection the optical relations of suberized
walls are worthy of attention, since they enable us to draw
some conclusions as to the form in which the substances in
question occur in the membranes. The suberized mem-
brancs, as well as the cuticle, show a pretty strong double
refraction, and their optical axes are usually placed in the
reverse position to those of the pure ceflulose wall. But
this double refraction disappears completely, as Ambronn
has shown (I), on heating to 100° C., reappearing as before
on cooling, This may be easily seen by heating cross-
sections of the leaf of Agawve americana in glycerine until
the fluid boils and then examining them with a polarizing
microscope.

The optical relations of cork clearly compel the view that
its double refraction is due to the presence of rezularly
arranged particles of crystalline form, which melt on heating
and, on subsequent cooling, recrystallize in the same regular
arrangement,

265. It remains to be determined by further studies
whether all suberized membranes have the same composi-
tion, and to what extent the external layers of the epider-
mal cells, the cuticle and the cuticular layers, agree in
material constitution with the suberin lamella of cork cells.

266. As has been long known, suberized membranes, as
well as cuticularized ones, show the following relations to
chemical reagents :

They are insoluble in cuprammonia, are never colored
blue or violet by iodine and sulphuric acid or by chloro-
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fodide of zinc, but always yellow or brown; and are in-
soluble in concentrated sulphuric acid.

But, according to Fr. von Hohnel’s researches (1), the fol-
lowing reactions are especially characteristic :

Concentrated caustic potask solution causes in the cold a
yellow coloring of suberized membranes, which increases in
intensity when they are warmed in this fluid. The suberized
membranes take, at the same time, a lineate or granular
structure which becomes plainer on further warming. On
boiling in the same solution, the lurge yellow drops which
are formed often escape entirely from the membrane.

Schulse's macerating mizture (cf. § g, 1)is resisted longest
by suberized walls, of all the modifications of cellulose; but
they finally run together, on long boiling in the fluid, into
oil-like drops whose substance is termed ceric acid and is sol-
uble in hot alcohol, ether, chloroform, benzol, and a dilute
solution of caustic potash, but insoluble in carbon bisul-
phide.

Concentrated chromic acid either does not dissolve the
suberized membranes at all, or only after acting for a day;
while all the other modifications of cellulose, except fungus.
cellulose, are dissolved by this acid in a short time.

267. For distinguishing between suberized and lignified
cell-membranes, chlorophyll and alcannin may be used.

Correns (11, 658, note) first recognized the fact that chlo-
rophyll stains the cuticle and suberized membranes deep
green, while the lignified and pure cellulose walls are not
colored. For this purpose, a freshly prepared alcoholic
solution of chlorophyll, as concentrated as possible, should
be allowed to act on the sections in darkness for a quar-
ter of an hour or longer. The sections may then be ex-
amined in water. They cannot be preserved by ordinary
methods.

For staining with alcannin, a solution of this substance in
50% alcohol is used, in which the sections are left f8r several
hours or longer. All suberized membranes and the cuticle
take a red color which is not so deep as with any fats which
may be present, but is always clearly visible.
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Both of these stains are of interest as indicating anew
that fat-likc substances are deposited in the cuticle and cork.

267a. 1 have recently found that, besides alcannin, which
gives a very decp staining of the cuticle after long action,
osmic acid and cyanin may be also used for the recognition
of suberized membranes.  For this purpose, T dissolve cya-
nin in 504 alcohol and add an cqual volume of glycerine.
Preliminary treatment of sections with cau de Javelle is gen-
erally to be recommended, as it destroys the tannins which
hinder the staining. Tt also causes the lignified walls to lose
their power of staining, while suberized ones are as deeply
stained as in the fresh condition, even after being exposed
for a day to its action (cf. Zimmermann VII).

268. In their behavior with staining media, the cuticular-
ized and subcrized membranes show in many respects an
agreement with lignified ones.  This is especially true of the
so-called subcrin Jamella of cork-cells; but the true cuticle
is often less easily stainable.  But it js usually easy to stain
the cuticular layers differeatially, especially in thick-walled
epidermal cells ; and double stainings, in which these layers
are different)y colored from the cellulose layers lying be-
neath, may be obtained. But it must be remarked that these
stains do pot always act with the same precision, in all cases,
as with lignified walls; and different plants do not appear to
behave in the same way in this respect. I recommend as
suitable objects for study, the leaves of Clivia nobilis or Agate
americana.  On these the following stainings and double
stainings may be readily carried out.  The statements s to
time refer to microtome sections.

a. Safranin.

269. The best staining medium for suberized walls is ani-
line-water-safranin, prepared by mixing cqual volumes of ani-
line-water and a concentrated alcoholic solution of safranin.
1 allow this to act for half an hour or Jonger on the sections,
then cover them with acid alcohol,* which is quickly replaced

* That is, alcohol to which is added about .5% of the ordinary ‘chemically
pure HCL
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by alcohol.  They are washed with the latter until no more
color is given off, and then transferred to Canada balsam in
the usual way. Especially if the washing with acid alcohol
is just right, only the lignificd and suberized cell-walls are
stained in these preparations, in which the former show a
bluish, the latter a rather yellowish, color.

1f it is desired to stain the cellulose walls also, this may be
done by one of the following methods :

a. Methy!l Blue.

The sections, stained with safranin and washed with alco-
hol, are placed in aconcentrated aqueous solution of methyl
blue, in which they remain a quarter of an hour or longer.
They are then washed in alcohol and mounted in Canada
balsam. The cellulose walls are then stained blue, the su-
berized and lignified ones, red.

M. Anitine Blue

This must be used in aqueous solution which must be
first washed off with water after the staining, since turbidity
readily results from the direct addition of alcohol. Other-
wisc it is used like methyl blue.

¥. Hematoxylin.

Bohmer's hematoxylin (§ 315) may well be used for double
staining with safranin,  This is allowed to act for a few min-
utes on sections stained with safranin and washed, is then
washed off with water, and the sections are mounted in
Canada balsam. Scctions thus treated show the lignified
and suberized walls red, and the cellulose walls violet.

b. Gentian Violet and Eosin.

270. In the so-called Gram’s staining process (§ 321) with
gentian violet, only the lignified and subcrized walls remain
stained after thorough washing with clove-oil; but a fine
double staining may be obtained by proceeding according to
Gram's meghod and adding to the clove-oil used in washing
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a little eosin, which dissolves readily in it. The eosin at
once stains the cellulose walls a beautiful red, while not
changing the staining of the other walls,

¢. Ammonia-fuchsin.

271. As was first recognized by Van Tieghem, ammonia-
fuchsin is well adapted to staining suberized and lignified
membranes. It is prepared by adding ammonia to a not
too concentrated alcoholic solution of fuchsin, until the solu-
tion becomes straw-yellow after a little shaking, The solu.
tion should be filtered after a few days, but can be kept only
a few weeks, even in well closed bottles.

A double staining may be had by placing the sections
first in the above described ammonia-fuchsin solution for a
few minutes, and then passing them directly to an aqueous
solution of methyl blue, in which they are left a quarter of
an hour or longer, then washing with alcohol and mounting
in Canada balsam.

d. Cyanin and Eosin,

272, If sections are placed for several hours in a freshly
prepared, very dilute aqueous solution of cyanin, which may
be prepared by adding 20 drops of a concentrated alcoholic
solution to 100 cem. of water, the lignified and suberized
membranes appear beautifully blue after washing in alcohol.
1f clove-oil containing eosin be used in transferring to Can-
ada balsam, a fine double staining is obtained. The modified
walls are blue, the cellulose walls red.

1 obtained also a deep staining of the cuticle by leaving
sections for a considerable time in a solution of cyanin in
50% alcohol and then washing out the stain with glycerine,

4. Gelatinized Cell-walls, Plant-mucilages, and Gums.

273. The so-called gelatinized membranes are distin-
guished from cellulose walls chiefly by their different physi-
cal character, their strong power of swelling; and indeed
there occur all stages between pure cellulose, which takes up
little water, and the gums which are wholly soluble in water,
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like gum arabic. Part of these substances are formed from
cellulese, but most of them are formed by the plant directly
as mucilages. It should be observed that the occurrence of
vegetable mucilages and gums within the plant is not at all
restricted to the cell-wall, but they may also be formed
within the protoplasm. But it has seemed to me best to
discuss all these bodies together here, in view of their un-
doubted relationships, which may lead one, with Beilstein
{1, 8;7), to group them under the designation gums.

274. So far as the chemical relations of the gums are con-
cernced, it should first be observed that most of them, so far
as they have been analyzed, agree in their percentage com-
position with cellulose and thus correspond to the formula
CH, 0. But, on the other hand, they differ considerably
from cellulose in their chemical relations, and also show
great differences among themselves,

Thus some of them are colored blue by iodine alone,
others only by iodine and sulphuric acid or ciloroivdide of
zine, and still others are colored only yellow or not at all by
iodine preparations.’

A part of the gums are soluble, a part quite insoluble, in
cuprammonia.

On oxidation with nitric acid, a part of them give oxalic
acid, (COOH),, a part, mucic acid, (CHOH),(COOH),, a
part, both acids.

Unfortunately the chemical characters of the varjous
gums are not determined with sufficient exactness to make
possible a strictly scientific grouping of them. But in the
following account some remarks on the general methods of
recognizing the gums may be in place, and then the chief
chemical characters, and especially the microchemically
applicable reactions, of the gums which have been studied
in detail may be brought together.

275. For the microchemical recognition of the gums their
strong power of swelling in water may first be wsed. To
follow the process of swelling exactly with the microscope,
one may first place the objects in absolute alcohol, in which
all the gums are insoluble and do not swell, and then
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gradually allow water to enter from the edge of the cover-
glass.

The dissimilar behavior of the gums with iodine solutions
and with cuprammonia has already been mentioned. Be-
sides these, coradlzn may be used in many cases in the study
of gelatinized cell-walls and gums, since many of them are
deeply stained by it. Since it is practically insoluble in
water, it may be dissolved in a concentrated solution of
soda. This solution gradually decomposes, but preserves
its staining power for a long time (cf. also § 28g).

Characteristic stainings of plant-mucilages are often ob-
tained with Hanstein's aniline mixture®

a. Amyloid.

276. The substance known by the name amyloid occurs
in the seeds of various plants (7rop@olum majus, fimpaticns
Balsamina, Peonta oficinalis, many Primulacee, and others)
and constitutes a reserve material which goes into solution
on the germination of the seed.

Amyloid is characterized by being colored blue by éodine
solutions, the best adapted for this reaction being, according
to Nadelmann (I, 616), a dilute solution of iodine and
potassium iadide, since a concentrated solution of the same
substances colors it brownish orange, and fresh tincture of
iodine does not generally color it at all at first,

In cuprammonia amyloid is insoluble.

Its behavior with nitric acid is also characteristic.

In an acid which contains 30% of HNO, (spec. gravity
1.285), amyloid at once swells strongly, and after a time
becomes entirely dissolved (cf. Reiss 1, 735, 737, 7309).

The amyloid contained in the seeds named is not identical
with the compound prepared from cellulose by treatment
with acids (§ 246), which has often been termed amyloid
(cf. Beilstein 1, 863, 882), Amyloid is distinguished from
reserve-cellulose (cf. § 286) by the reactions already de-

*[This consists of an alcobolic solution of equal parts of fuchsin and

methv! violet.
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scribed and by the fact that its hydrolytic splitting with
sulphuric acid yields no seminose, but most probably glu-
cose (cf. Reiss 1, 761).

[Wintersteins (I) recent researches give results which
differ in several respects from those of Reiss. He finds
amyloid soluble in emprammonia after a day. From this
solution it is not precipitated by acids, but is thrown down
by alcohol. Its composition seems to corrcspond to the
formula C,11,,0,,, and it appears to belong to Tollens” group
of Sacchara-colloids, though it is not certain that it is a single
compound. In spite of its bluing with iodine, it cannot be
regarded as very nearly related to starch.)

b. Wound-gum,

277. The name wound-gum is commonly given to a
substance which, according to Temme's researches (1), is
very abundantly secreted in the vessels by the surround-
ing starch-cells, in natural and artificial wounds, and, like
tyloses, closes their cavities. This wound.gum agrees, ac-
cording to Temme, with many sorts of gums in that it
yields oxalic and mucic acid on oxidation with nitric acid.
But it differs essentially from all gums in not swelling in
water and in being insoluble even in caustic potash and sul-
phuric acid.  As has becn recognized by Temme, wound-
gum is stained deep red by phlorogiucin and hydrochloric
acid. Molisch showed later (IV, 290) that it behaves just
like lignified membranes with awiline sulphate, metadiansido-
bensol, orcin, and thymol,; and he belicves that wound-gum
contains vanillin in solution (cf. § 234).

c. The Gelatinous Sheaths of the Conjugata.

278, In many Zygnemacew the whole surface of the cell-
filaments is surrounded by a colorless covering, a “ gelatin-
ous sheath,” while in the Desmidiacew the excretion of jelly
is often limited to distinct regions on the membrane (cf.
Klebs IT, and Hauptfleisch I). ’

Since the refractive index of these jelly-sheaths differs
but little {yom that of water, they can be well recognized,
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when unstained, only by the aid of strong objectives. But
with lower powers they stand out clearly when the algae
are placed in very finely rubbed India ink, according to
the method proposed by Errera (III). For this purpose,
enough of the genuine Chinese ““India ink” may be rubbed
up directly on the slide to give the drop a dark-gray appear.
ance, and then the alga to be studied is piaced in it.

No trustworthy statements can yet be made as to the
chemical composition of these jelly-masses; and it need
only be said that they give no cellulose reactions either
with jodine and sulphuric acid or with chloroiodide of zinc,
and that they arc always sharply defined against the cellu-
lose wall and are not in genetic connection with it.

A number of observations, made especially by Klebs (IT)
on the gelatinous sheaths of the Zygnemacew, deserve more
detailed notice, as they show that these must possess a very
complicated organization.

279. Klebs first established the fact that the gelatinous
sheaths always consist of two different substances, one of
which can be extracted with hot water and is pretty deeply
stained by certain dyes, like methylene blue, methyl violet,
and vesuvin ; while the substance which is insoluble in hot
water remains quite colorless with these stains. After
staining with one of the colors above named, delicate rods
are seen in the sheaths, which often appear united into a
fine network at the ends which are directed toward the
cell-lumen (cf. Fig. 33, /). The same structure can also be
made visible by other means, especially by alcohol, It is
evidently due to the fact that the different substances are
unequally distributed in the jelly-sheath.

280, A further remarkable character of the jelly-sheaths
consists in the fact that, after the deposition in them of
certain precipitates, for instance, of Berlin blue, these are
thrown out, together with a greater or less part of the
water-soluble substances of the sheath, with swelling of the
latter (cf. Fig. 33, /7 and J//). This “throwing off of the
gelatinous sheath™ begins with an accumulation of the pre-
viously evenly scattered particles into evident granules (cf.
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Fig. 33, /77), which are held together by the mucilage sepa-
rated with them and finally thrown off with them.

This expulsion may be caused by various precipitates.
A very suitable one is chrome yellow (PbCrO,), which is
precipitated in the membranes by placing the alge, held
together by a thread, in a .25% solution of potassium chro-
mate (K,CrO)), then rinsing quickly in water, and finally
transferring them to a .25% solution of lead acetate. To
obtain a heavy precipitate, this proceeding may be several

3.—7, membrane and gelatinous sheath of Zygnena sp, (X 580%. 77, two Zygnema-
Ge1f after Geposit of Chromme yellow (X 24s). 717 membrane and gelatinous sheath of
Zygnema after deposit of chrome yellow (X 245). /1 the same of /Yeuratanism Tra-
becula, after staining with fuchsin (X g_,o) V, the same of Stawrastrum bicorne, after
staining with gentian violet (X g3o). = cell-membrane; g, gelatinous- sheath, /to 77/
after Klebs; /}”and 7 after Hauptfleisch,

times repeated. But the expulsion takes place the more
rapidly the less chrome yellow is deposited, and may not be
completed for several days if the deposit be large.

Finally, it may be remarked that this expulsion is not
directly dependent on the life of the protoplasm, and may
occur in dead individuals, under some circumstances.

281. Klebs has also established the remarkable fact that
the gelatineus sheaths increase markedly in density in a
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solution of glucose and peptone by the deposit of a sub-
stance whose composition is not yet known.

This “thickening ” of the gelatinous sheaths occurs, how-
ever, only when soluble albuminoids and a sugar are simul-
taneously present in the surrounding fluid, and, like the
expulsion described, is independent of the life of the proto-
plasm,

282, According to the investigations of Hauptfleisch (I),
the gelatinous formations of the Deswidiacee consist, on the
other hand, of single prisms or caps, each of which covers a
pore in the cell-wall.  These pores are occupied by threads
of protoplasm which commonly terminate externally in
globular swellings which penetrate to a greater or less dis.
tance into the gelatinous covering, in different species (cf.
Fig. 33, /17and 7).

For the observation of these structural relations, this
author recommends that at first dilute, and then gradually
more concentrated solutions of safranin, fuchsin, gentian
violet, methylene blue, or methyl violet, be allowed to run
from the edge to the living alg® under a cover-glass, and
that the changes in the jelly during the action of the stain
be followed. Then the changes may be followed backward
by careful washing of the specimens.

The presence of two different substances in the gelat-
inous covering has been disputed by Hauptfleisch for the
Desmids.

5. Fungus-cellulose.

283. The membranes of the fungi show very varying
relations. In a number of species they give the normal
cellulose reactions, and this is especially the case in young
stages (cf. de Bary 11, ¢). But in most fungi they differ
from pure celiulose membranes in being insoluble in cupram-
monia and in being colored only yellow or brown by iodine
and sulphuric acid or by chlorotodide of zinc. They also
show great powers of resistance to alkalies and acids in
general. But since, on the other hand, they do not show the
reactions for lignification or suberization, we are compelled
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at present to regard them as a special modification of cellu-
lose, which is commonly termed fungus-cellulose.

It should be remarked that, according to the researches of
K. Richter (I}, the membranes of a large number of fungi
give the reactions for pure cellulose after being first treated
for a long time with caustic potash. But in many cases the
caustic potash must act for a week.

On the other hand, W. Hoffmeister (I, 254) has lately ob-
tained from the fructification of Boletus edulis, by the use of
methods always successful with the higher plants, no com-
pounds giving the reactions of ccllulose. The membranes of
this fungus are, according to his researches, characterized by
being completely soluble in concentrated hydrochloric acid
and caustic potash.

284. The Membranes of the Bacteria—There can now be
no doubt that the Bacteria possess a solid membrane. In
most cases its presence may be readily demonstrated by
plasmolyzing the organisms (cf. §§ 431 and 463).

No rcliable statements can be made at present as to the
chemical constitution of these membranes. They seem,
moreover, to consist in part of cellulose; at least, W. Hoff-
meister (I, 253) has isolated a substance reacting like cellu-
lose from a species of Bacillus not exactly determined.

6. Paragalactan-like Substances (Hemicelluloses).

285. Reiss and E. Schulze have shown that, especially
in the cell-walls of sceds with considerable thickenings of
the walls, carbohydrates occur which differ essentially from
cellulose and are dissolved at germination, like the other
reserve materials of the seed. One of these substances is
called by Reiss reserve-cellulose, another, by Schulze, para-
galactan. But it is probable that various related com-
pounds exist. All these substances can at present best be
grouped under the name proposed by E. Schulze, ** Paraga-
lactan-like compounds.”

[Schulze’s later studies (II) afford ground for distinguish-
ing this gtoup of substances from cellulose as kemicellnloses.
He finds titat they become soluble, with the formation of
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glucose, through the action of hot dilute mineral acids, by
which true celluloses are not aflécted. They are dissolved
by dijute alkalies and by cuprammonia after brief treatment
with hot dilute hydrochloric acid, too short to cause their

solution.}

a. Reiss' Resecve-celiulose.

286. The so-called reserve-cellulosc has been prepared by
Reiss (1) from the endosperm of Phanix dactylifcra, Phyr-
clephas, and various other seeds with strongly thickened
cell-walls, Tt differs from the ordinary ccliulose especially
in the preducts resulting from hydrolysis with sulphuric
acid.  There is first formed a compound corresponding to
dextrine, but levo-rotary (semenii), and then a dextro-rotary
sugar which reduces Fehling’s solution and is fermentable
(seminose) and especially characterized by the fact that
it forms with phenylhydrazin acetate (C,H,NH.NH,) an
hydrazon, which may be obtained in crystalline form, of the
composition C H,,N,O,, probably according to the reaction:
C,J1,0, + CH,N, = C ,H,ON, 4 H,0. Reserve-cellulose
cannot be distinguished microchemically from ordinary cel-
lulose and behaves quite like pure cellulose with fodine solu-
tions and cuprammonia.

An exception is shown only by the cell- walls of the endo-
sperm of Paris quadrifelie and Fenicuban officinale, which
are insoluble in cuprammonia, although they give seminose
on hydrolysis and must therclore be regarded as reserve
cellulose.

[Schulze finds (11} that this substance shows the characters
of other hemicclluloses (cf. § 285) and should be placed
among them, with the name mannose.|

b. Paragalactan,

287. The name paragalactan has been given by E. Schulze
(cf. Schulze 1, and Schulee, Steiger, and Maxwell, I) to a
compound recognized in the thickenings of the walls of the
cells of the cotyledons of Lupinus luteus, with true cellulose,
and which very probably occurs in other Leguminose. . It
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yields, on oxidation with nitric acid, mucic acid; on heating
with dilute sulphuric acid, galactose (C,H,,0,) and a penta-
glicose. It is also characterized by giving a cherry-red
fluid on heating with phloroglucin and hydrochloric acid,
while no color is produced in the cold.  On heating, para-
galactan is transformed by 14 hydrochloric acid or 1% sul-
phuric acid into sugar, while cellulose is attacked only by .
pretty concentrated solutions.

It is an important fact for the microchemical recognition
of paragalactan that it is insoluble in cuprammonia and
prevents the solution of the ccllulose which occurs in the
same membranes, while the latter is readily dissolved by
cuprammonia after the removal of the paragalactan by
boiling 2.5% hydrochloric acid. Paragalactan does not seem
to be colored by chloroiodide of zinc; at least, membranes
treated with this reagent showed only a slight bluing, while
the remains of the membrane are deeply colored after the
solution of the paragalactan.

[This substance also shows the characteristics of the
hemicelluloses (cf. § 285).  The pentaglucose which it yields
besides galactose is probably arabinose, and it may there-
fore be called paragalacto-araban. It is very possible that it
is a mixture of two substances, galactan and araban.]

c. Arabanoxylan.

[287a. Schulze finds (II) a hemicellulose in wheat and
rye bran which yields, on hydrolysis, an arabinose and a
xylose, and may therefore receive the above name.]

7. Callose, the Callus of the Sieve-tubes.

288. Until recently the name callus was generally given
to a pretty strongly refractive substance which causes a
more or less complete closing of the sieve-poles in old sieve-
tubes, and finally covers the whole sieve-plate with a thick
mass. Mangin has lately recognized (I-I1T) the mbre gen-
eral distribution of this substance, especially in the mem-
branes of various pollen-grains and pollen-tubes and in
many fungs. It is, for instance, widely distributed in the
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mycclium of the Peronosporacew, where it partly incrusts the
cellulose wails and partly occurs it more or less pure condi-
tion in the interiors of the hypha and of the haustoria {cf.
Mangin 1I1). [The same author has also shown (JX) the
presence of this substance in various cell-walls of Phanero-
gams which arc incrusted with carbonate of lime, especially
those of the cystoliths of the Usticales and of the calea-
reous hairs and pericarps of several Borraginacee. In the
achenes of Lithosperimnon, Cynoglossum, ete., where it occurs
without a deposit of lime, its occurrence seems to be related
to the disappearance of the cell.contents and the gradual
destruction of the parenchyma. He has also observed it in
the walls of cells bordering tissues which have become
suberized in conscquence of injuries.]

This author cails this substance caflese, a term which
deserves preference, since the word “callus” is used, as is
well known, in quite another sense.

288a. Callose gives the following reactions, according to
Mangin (IT): It is insoluble in water, alcohol, and cupram-
monia, in the latter even after previous treatment with
acids. - But it is readily soluble in a cold 1% solution of
caustic soda or potash, and is also soluble in the cold in
concentrated su/pliuric acid, as well as in concentrated solu-
tions of calcium chioride and stannic chloride. Cold solu-
tious of alkaline carbonates and of ammonia make it swell
and give it a gelatinous consistency, but without dissolv-
ing it.

Callose also differs from cellulose in its behavior with
various coloring matters. Mangin gives (V} a number of
azo-colors which deeply stain ccllulose in a neutral or feebly
acid solution, but leave callose uncolored; they are espe-
cially orseillin BB, asorubin, naphtol black, and the croceius.
On the other hand, callose is distinguished by its strong
staining capacity with corallin and aniline blue and certain
dyes belonging to the benzidines and tolidines.

289. Corallin or rosolic acid is best dissolved in a 4% or
concentrated aqueous solution of soda (Na,CO,): The sec-
tions are placed for a short time in this solution and then
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examined in glycerine, when, if the staining has taken place
properly, the deep-red pads of callose stand out sharply in
the sieve-tubes. I have found it very uscful to first over-
stain the sections with corallin solution and then to wash
them out with 4% soda solution, which quickly decolorizes
all parts except the callose. This method has given es-
pecially good results with the fungi. Preparations stained
with corallin cannot be long preserved.

200. Aniline blue has been recommended by Russow (I)
for staining sieve-tube callose. It may be used in a dilute
aqueons solution, which is allowed to act half an hour or
longer on the sections.  Overstained sections may be washed
out with glycerine. They are properly stained when only
the callose masses appear deeply colored. The * Schlauch-
kopfe” of young sieve-tubes (§ 435) arc also pretty deeply
colored by aniline blue. To distinguish these from the
callose, the preparations may be subsequently stained with
an aquecous solution of eosin, in which they are left for a
few minutes, After a brief washing in glycerine the entire
contents of the sieve-cells, including the protoplasmic threads
which penetrate the sieve-plates, are colored violet or red,
while the callose pads remain deep blue. These prepara-
tions, as well as those with aniline blue alone, can be well
preserved in glycerine-gelatine; or they may be transferred
to Canada balsam in the usual way.

Since it often stains the protoplasm pretty deeply, aniline
blue has usually given me much less instructive preparations

_than rosolic acid with fungi.

[2g90a. Mangin recommends (IX), for staining the callose
of calcified membranes, a mixture of soluble blue extra 6B
and weswwin, or of the same blue and orseillin BB. These
mixtures stain callose blue in a short time, the protoplasm
and lignified elements being brown or violet, according to
the mixture used. Where incrustations are not numerous,
as on many leaves, large pieces of tissue may be freed from
air by boiling alcohol, then placed in cold nitric acid until
frothing ceases, then in cold water, in boiling alcohol, and
finally in celd ammonia, to remove xanthoprotein and its
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derivatives, When the tissue is transparent enough, the
ammonia may be neutralized with acetic acid, and the tissue
placed in the staining fluid.]

291. The behavior of callose with fodine reagents, which
has becn exactly determined only for the callose pads of
sieve-tubes, s also characteristic, and, according to Lecomte
(I, 268), best brings out their intimate structure. Chloro-
iodide of zinc stains callose brick-red or red-brown according
to the proportion of iodine it contains, calcium chloride and
iodine solution {cf. § 246, 5) stains it rose-red, or wine-red
after previous staining with aniline blue, while the sieve-
plates are colored violet.

8. Pectic Substances.

292. Mangin (IV-VI) has lately shown microchemically
that pectic substances (pectin, pectose, pectic acids) are very
widely distributed in the cell.walls of the most different
plants, and that they form especially the so-called intercel-
lular substance of unlignified and unsuberized membranes.

293. For the microchemical recognition of pectic sub-
stances ‘Mangin uses (IV and VI) chiefly various coloring
matters, phenosafranin, methylene blue, Bismarck brown,
JSuchsin, Victoria blue, violet de Paris methyl violet B),
and rosolan (= mauvcin), and others. These do not color
pure cellulose, but do stain pectic substances, as well in
neutral solution as after slight acidification with acetic acid.
But lignified and suberized membranes are also stained by
these dyes. However, there remains a distinction between
them and pectic substances in that the latter are quickly
decolorized by alcohol, glycerine, and acids, while the for-
mer retain their color in these fluids.  Mangin also gives a
number of dyes which Jeave pectic substances uncolored in
a neutral solution, while they deeply color lignified and
subcrized walls.  Such colors are: acid green, acid brown,
nigrosin, indulin, the croceins, and the ponceaux. Mangin
obtained instructive double stainings by mixing one of these
dyes with one of the previous group.

On the other hand, Mangin (V) has lately named a num-
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ber of dyes which leave pectic substances uncolored, but
stain cellulose or both cellulose and callose. To the former
belong orscille red A, naphtol black, and the croceins; while
Congo-red, azo-blue, and benzopurpurin stain cellulose and
callose.

204. In order to show that the first described stainings
really depend upon the presence of pectic substances, Man-
gin treated thin sections for 24 hours with cuprammonia
and then washed them in water and in 24 acetic acid. On
this treatment the cellulose is removed from the membranes
and fills the intercellular spaces and the cell-cavitics as a
gelatinous mass. In consequence of it the membranes are
colored not at all or but slightly yellow on the addition of
chloroiodide of zinc, while a deep blue color appears in the
interiors of the cells, The membranes, which now consist
of pure pectic acid, are, however, deeply stained by safranin
or methylene blue. It is sufficient to add a few drops of
a solution of ammonium oxalate to cause the solution of
the pectic acid membranes.

295. In order to show that the middle lamella of the
so-called cellulose membranes comsists of pectic acid or an
insoluble salt of it, Mangin (V1) lets a mixture of one part
hydrochloric acid and 4 to 5 parts alcohol act for 24 hours
on thin sections, then washes them with water, and treats
them with a weak (about 10%) solution of ammonia. After
this has acted a short time, the sections may be separated
into their constituent cells by gentle pressure. Mangin
explains this by the supposition that the pectic acid is set
free from its originally insoluble compounds by the action
of the acid-alcohol, and is then dissolved by the ammonia
solution. In fact, a gelatinous mass is precipitated from the
ammoniacal solution on the addition of acid, which has all
the characters of pectic acid. On the other hand, sections
which were placed in lime- or baryta-water after the action
of the acid-alcohol, showed no separation into their ce"s on
subsequent treatment with ammonia, because the pectic
acid had recombined into an insoluble salt with the alkaline
€arth.
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296. Mangin ( VI) obtained a deep staining of the middle
lamelia on placing thin sections of adult plant-organs in
phenosafranin or methylene blue after treatment with the
above mentioned acid-alcohol mixture. The middle lamella
of pectic acid stains much more deeply than the pectic com-
pounds mixed with ccllulose of the thickenings of the cell-
wall,

9. Ash- and Silica-skeletons of the Cell-wall.

297. The inorganic salts which incrust all vegetable cell-
walls are in many cascs present in such quantity that, after
the destruction of all organic substances by burning, they
still preserve the form of the original membranes.

Such ash-skeletons may casily be obtained by burning
cross-sections of the stem of Cururbita Pepo on the cover-
glass.  But they must be examined in the air, as they are at
Icast partly soluble in water. These ash.skeletons consist
chicfly of potassiuvm and calcium salts.  In other cases silicic
acid also occurs deposited in great quantity in the mem-
branes. For methods of recognizing this, sce §§ 78-81.

10. On the Developmental History of the Cell-wall.

297a. In the study of the growth of ccll-walls it is often
important to stain the membranes without affecting the
vitality of the cells. If the objects thus treated are then
allowed to develop further in pure water, it would secem pos-
sible to distinguish the newly formed membranes or parts
of membrancs from those previously formed, with certainty.

Noll (T) proceeded, with this object, with Caunlerpa and
some other marine algae by producing a precipitate of Ber~
lin blue or Turnbull’s blue in the membranes of the plants
under investigation without injuring their vitality, and then
allowing them to grow more, under favorable conditions.
The newly-formed membranes must then, plainly, be color-
less; and those which have grown, perhaps by intussuscep-
tion, must show a lighter color. .

297b. To produce a precipitate of Berlin blue in the
membranes, Noll (I, 111) placed the alga first, ‘for one or a
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few seconds, in a mixture of one part sea.water and two
parts {resh water to which was added enough potassium
Jerrocyanide to give the solution the specific gravity of sea-
water.  Then the alg® were rapidly passed through a vessel
of pure sea-water and placed for one half to two seconds in
a mixture of two parts sea-water, one part fresh water, and a
few drops of ferric chiloride® The depth of the coloring is
increased markedly by repeating the proceeding several
times.

For producing Turnbull's blue, which Noll thinks less
suitable, he used the corresponding solutions of potassium
fervicyanide and ferrous lactate.

2¢7¢c. But it should be remarked concerning these stain-
ings that they are gradually destroyed, probably by the
excretion of allkali,  But they can be renewed at any time
by placing the alge in a solution of potassium ferro- (or
ferri-) cyanide acidified with pure hydrochloric acid.

Finally it may be observed that, according to Noll's
researches, the vitality of the alga is not destroyed by
these manipulation$ and the precipitate is in this way very
uniformly deposited in the membranes, provided they pre-
sent no cliemical differences, so that they show the same
depth of color in all the layers.

207d. Zacharias (IV, 488) has lately used Congo red in the
same manner as Berlin blue.  ITe worked with root-hairs of
Lepidium, which he placed for 15-30 minutes in a solution
of Congo red in water from the public supply and then
allowed to grow further in moist air, But, since a decom-
position of Congo red takes place in light, the seedlings
must be cultivated in the dark,

297e. Congo red was earlier used by Klebs (II1, 502) in
the investigation of the growth of the membranes of various
algee. This author found that Congo red has the remark-
able property of leaving membranes already formed color-
less or almost so, while it gives a red color to frrming

* This solution must be freshly prepared each time it is used, as it de-
composes in § short time.
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membranes. Klebs used in these studies a .01% solution of
Congo red or a suitable culture fluid to which the same pro-
portion of the dye (1 : 10,000) was added. But it should be
observed that the Congo red deposited in the membranes
strongly hindered their superficial growth in Klebs’ experi-
ments, while their growth in thickness was so much the
more increased, and the vitality of the cells was in no wise

destroyed.

11. The Finer Structure of Cell-walls.

2g7f. Many cell-membranes, especially those of consider-
able thickness, are well known to be made up of various
lamellae or layers parallel to their surfaces (stzatification).
In many there occur bandlike differentiations within the
same layer, which, according to Correns (111, 324), always
have a spiral course (s¢riation). Finally, one finds not
uncommonly radially arranged lamelle of varying optical
properties (¢ransverse lamellation).

The observation of these differentiations may in many
cases be conducted on the unchanged membranes. But in
general they come out much more plainly if the membranes
are treated with swelling media; and, besides those men-
tioned in § 10, chloroiodide of zinc is in many cases very
useful

297g. Three factors may enter into the problem of the
cause of the optical appearances described, which have been
thoroughly discussed by Correns (ITI): I. Sculpturing of
the wall; II. Differentiation of the wall into strips or layers
of unequal water-content with similar chemical constitution;
and III. Differentiations of the wall which possess, with
similar water-content, unequal refractive power, and there-
fore depend upon material differences,  Besides these, only
combinations of these three factors are possible.

297h. Sculpturing of the wall may produce especially stri-
ation. This then falls into the category of partial thicken-
ings of the membrane, and descrves to be considered here
only because, when very delicate, it cannot be distinguished .
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from true differentiations of the membrane without much
difficulty, and often accompanies these.

Striation due to sculpturing of the membrane is, plainly,
only visible when the membrane and the mounting fluid
have different refractive indices. And it becomes the
plainer as this difference is the greater, disappearing en-
tirely as the refractive indices become equal. For example,
Carada balsam has almost the same optical density as cell-
walls; on the other hand, Correns used wmeriiyl-alcoliol with
good results, on account of its low refractive index. This
is only 1.321 and therefore less than that of water (1.336).

297i. Further, it is evident that it is unimportant in case
of differentiations depending wholly on sculpturing of the
wall, in opposition to those which are to be referred exclu-
sively to unequal water-content, whether the membranes
are placed in a mounting fluid of similar refractive index in
a dry or swollen state. But the use of this criterion en-
counters difficuities, as Correns has shown (I11, 260), if rifts
or canals in the interior of the membranc are involved, as ir
the bast-cells of Nerzum, where the different layers have
different systems of striation. In this case it does not scem
practicable to fill these capillary spaces with ethereal oils or
with balsam without the removal of imbibed water. But
even in this case, the behavior of the dried membranes on
being imbedded in Canada balsam or the like may permit
positive conclusions as to the nature of the differentiations
in question, since only a slow expulsion of the enclosed air
from capillary spaces in the interiors of membranes can take
place,

For distinguishing water-bearing clefts from substances
rich in water, chloroiodide of zinc and various dyes may be
used. Clearly, the capillary spaces must always stand out as
colorless streaks on suitable sections, while the parts richer
in water may show a more or less deep stain.

297k. Differentiations due to unequal warer-comtent must,
plainly, disappear on drying, as a rule. The presence of
such différentiations may therefore be recognized by exam.
ining the objects in the same anhydrous mounting fluid (such
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as Canada balsam), a part dry and a part moist. But it
should be observed that the complete removal of water can
only be accomplished by drying at a temperature of 50° to
100° C., according to the nature of the object. The dehy-
drating media used by various authors for the same purpose,
especially absolute alcohol, do not give demonstrative results
(cf. Zimmermann I, 87).

2971 It is also to be noticed that, where the water-content
is unequal, changes in form must occcur on drying, and
thierefore, as Correns (11, 262) has specially observed, a cer-
tain distinction between differentiations due to sculpturing
of the wall and those due to unequal water-content cannot
always be drawn from the comparison of dried and moist
membranes.  Concerning the possibilities in this respect,
Correns’ work (111} may be consuited.

297m. The presence of differences in water-content was
demonstrated by Correns (III, 294) by impregnating the
membranes with a salt-solution (NaCl), which is not recog-
nizably accumulated. The conclusion is then justified that
where the salt occurs in greater quantity this is in conse-
quence of greater water-content, Correns used for this
purpose potassium ferrocyanide and silver nitrate, and made
the salt contained in the walls visible by conversion into

a colored precipitate.

Concerning the method of using the potassium ferrocy-
anide, it may be observed that Correns placed the mem-
branes, previously washed in water and then dried by
warming to 50° to 100° C., for a few minutes in a 10%
solution of the substance and then placed them, after super-
ficial drying on filter-paper, but without washing, in a dilute
solution of ferric chloride, in which the formation of Berlin
blue at once takes place. In the bast.cells of Nerium or
Vinca, which are especially suited to these experiments, the
striation becomes clearly visible with this treatment, even
after drying and mounting in cedar-oil and Canada balsam.

Correns (I11, 295) was able to show that the potassium
ferrocyanide is merely absorbed, but not accumulated, by
placing dry starch-grains in a solution of this salt; and testing
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its concentration before and after. It was thus shown that
no marked changes in concentration were produced by the
absorption of the starch. It had previously been shown
by Sachs that potassium ferrocyanide rises with the same
rapidity as the water in a strip of filter-paper.

207n. For v silvering,” Correns used essentially the meth-
ods which have been cmployed for a long time in animal
anatomy. ITe placed the previously well-dried objects first
in a 2-3% solution of sioer wmitrate, and then, after super-
ficial drying, but without washing them, in a.;5% solution of
salt (NaClj. The silver chloride thus precipitated in the
membranes is best reduced by light, for which a few hours
in direct sunlight arc sufficient.  The objects are then dried
and mounted in Canada balsam. There may then be ob-
served in the parts rich in water a strong blackening due to
the reduced silver, which also forms, in part, small opaque
granules. Here again the bast-cells of Nerdum and Vinca
are to be recommended, but they should first be washed
some time with water for the removal of silver-reducing
substances. ’

According to Correns (I11, 296), silver nitrate is accumu-
lated to a slight extent. A slight change in the concentra-
tion of the solution is produced by starch, and the silver salt
remains somewhat (about Jj behind the water in filter-
paper.

2970. Differentiations of the membrane due to chemical
differences are especially recognizable by the fact that they
arc to be seen in the membranes whether dry or full of
water. Suitable objects for the study of this group of differ-
entiations are furnished by the large pith-cells of Podocarpus
clongatus and other species (cf. Zimmermann 1, 149).

The so-called transverse lamellation of the bast-cells is
due partly to chemical differences and partly to unequal
water-content, according to Correns (I, 298). The chemical
difference is shown by the fact that the radial, more strongly
refractive lamellze remain unstained in a pretty concentrated
solution’of methiylesie blue, while the rest of the substance of
the wall i% deeply stained by it. The stronger refractive
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power is partly destroyed by Schulze’s macerating mixture,
evidently by the solution of the substance which causes the
stronger refraction; and correspondingly, the membranes so
treated are evenly stained throughout by methylene blue.

297p. Finally, the cardonization or pulverization methods
introduced by Wiesner (V) into botanical microscopy may
be here described. By these the vegetable cell-wall is
broken up into filamentous and then into spherical bodies,
whicl are called by this author dermatosomes, but whose
significance cannot be discussed here.

Linen fibres may scrve as suitable objects for the trial of
pulverization methods. These are laid, according to Wies-
ner (II1, 14), for 24 hours in a 1% solution of hydrochloric
acid, then freed from adhering fluid and warmed to 30° or
6o0° C., until the substance is completely dry, which can be
accomplished in 30 to 30 minutes if small quantities of fibre
are used.  The fibre may then be broken into an extremcly
fine powder by gentle pressure,

With other objects a Jonger stay in hydrochloric acid, or
the usc of higher temperatures for drying, is necessary.
Wiesner accomplished the pulverization of endosperm-cells
of Phytelcphas only after the action of hydrochloric acid for
months.

Pfeffer (IX) has lately shown that the carbonization

nethods lead to the same results with artificially prepared
collodion membranes.

B. The Protoplasm and Cell-sap.

208. Conclusions concerning the morphological characters
of the protoplasm have been sought for not only by direct
observation of living material, but also by mecans of micro-
chemical reactions and staining methods.  Although it would
seem probable a priord that microchemistry would prove
an aid of the first importance, it has not yet justified these
expectations; which is due largely to the fact that macro-
chemical studies of the structures in question have been
carried through with any exactness in very few cases, since
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they have to overcome great difficulties in the small size
and ready decomposition of the bodies concerned. There.
fore it is not yet certain whether the various organs of the
plasma-mass, like the nucleoli or the leucoplasts, consist
always of the same or only of related chemical compounds;
although their behavior with certain staining agents makcs
the former supposition seem probable for many cases. For
we possess certain staining methods which act with such
precision as to render them worthy of places with the best
microchemical reactions, and to assure the first place in
the investigation of protoplasmic structures to staining
methods. But it cannot be doubted that in the immediate
future microchemical reactions may be of the greatest
importance in the study of the plasma-body.

In the following pages we will first discuss the methods of
recognizing the various inclusions and differentiations of
the protoplasm, and then describe some methods which
have been used in the study of various general character-
istics of the plasma-mass and the cell-sap, and of certain
physiological processes.

1. The Nucleus and its Constituents.

299. The advances which our knowledge of the morpho-

logical characters of the nucleus have made in recent dec-
ades are almost exclusively due to staining methods, which
makes explicable the fact that the most various natural and
artificial dye-stuffs have been tested as to their applicability
in this respect, and that innumerable staining methods have
been most warmly recommended by their discoverers,
It cannot be necessary for me to enumerate all these
methods here, but rather to limit mysclf to the best of them,
which are capable of general application and do not fail in
difficult cases. I begin with the enumeration of the most
important fixing and staining mcthods, and add some gen-
eral remarks as to the staining of the nucleus’in various
cells and on the recognition of its various constituents,
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1. The various Methods, in general.
a Fixing Methods.
@, Alcohol, C,HsOH.

300. Exposure for 24 hours is usually sufficient for fixing
nuclei, but a longer action does no harm.

1f one desires to prepare sections free-hand from alcoholic
material, it is often useful to pluce the material for 24 hours
previously in a mixture of equal volumes of alcohol and
glycerine, or of alcohol, glycerine, and water, which makes
them much better adapted to cutting.

Concerning the addition of sulphurous acid to such prep-
arations as blacken in pure alcohol, see § 34.

/. lodin=.

301. Todine has been chiefly used for fixing in an aqueous
solution of iodine and potassium iodide, Berthold (II, 704,
note) recommends for marine alga a concentrated solution
of iodine in sea-water, which may be prepared by the addi-
tion of a few drops of alcoholic iodine solution to purc sea-
water. According to Berthold, it is sufficient to move the
alga about in this fluid from half a minute to a minute.
They are then transferred directly to j0% alcohol and, if
this fluid be changed a few times, can be placed in the
staining fluid in a few minutes.

Overton (I, 530) has used the vapor of iodine, which may
easily be obtained by warming iodine-crystals in a narrow
test-tube, for fixing, with the advantage that they may be
entirely expelled by gentle warming (to 30° or 40° C.) and
require no washing out of the fixing medium. Their use is
especially to be recommended for small objects (cf. § 40).

». Bromine and Chlorine.

302. The vapor of bromine is recommended by Stras-
burger (I, 399) for fixing Fucus. [Zimmermann (VIII)
recommends chlorine gas for fixing such alga as Cladophora
and Zygnema without contraction of the protoplasm.]



SPECIAL METHODS. 177

8. Picric Acid, CsHqs (NOu): OH.

303. Picric acid is used mostly in a concentrated aqueous
or alcoholic solution. TIts action for 24 hours is generally
sufficient. Before staining it must be carefully washed out,
for which purpose running water is especially useful (cf.
§ 35). But in many cases it is better to wash with alcohol,
in which picric acid is more readily soluble than in water.

€ Picro-sulphuric Acid.

304. Picro-sulphuric acid may be prepared, according to
the recipe proposed by Mayer, by mixing 100 volumes of
water and two of concentrated sulphuric acid, then shaking
up with it as much picric acid as will dissolve, and finally
diluting the whole with three times its volume of water.
Picro-sulphuric acid has the advantage over pure picric acid
that it is more easily washed out. It has been much used
with the lower organisms.

L Chromic Acid, HaCrOs.

305. Chromic acid has been used with the best results for
fixing algz, especially in a 14 aqueous solution. Its action
for a few hours is always sufficient for these plants; but
with larger tissues it is better to allow the medium to act
for 24 hours. Bcfore staining, the chromic acid must always
be well washed out, for which running water is best (§ 35).
Overton recommends (I, 10) for this purpose a weak aqueous
solution of swiplurons acid. This makes objects fixed in
chromic acid fit for staining with hamatoxylin and carmine
in a few minutes.

Chromic acid has the disadvantage of often causing, espe-
cially in tissues rich in tannin, the formation of precipitates
which hinder observation.

306. Finally, it may be observed that, according to Vir-
chow (I), objects fixed with chromic acid should be:brought
in contact with alcohol only in the dark, before the com-
plete removal of the acid, since their power of staining is
lessened by the formation of a precipitate in the light. In
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the alcohol used for washing, a precipitate is also formed in
the light; but when this is removed by filtering the fluid
can again be used for washing.

». Chrom-formic Acid,

307. Rabl recommends (I, 215) a mixturs of 200 grams
of 1% chromic acid with four or five drops of concentrated
formic acid for fixing nuclear figures. It must be freshly
prepared before use, cach time, and should act for 12-2
hours. It must be well washed out with water before
staining.

®. Osmic Acid, 0s0,.

308. To fix sections or small objects, the vapor of osmic
acid may best be used by placing the objects in a drop of
water on a cover-glass or slide and bringing the drop over
the mouth of a bottle containing a 1% or 2% solution of
osmic acid. Killing and fixing take place almost instantly.
For fixing larger pieces of tissue 1% osmic acid may be used
and may act for several hours without harm.

Osmic acid, which is indisputably one of our best fixing
media, has the disadvantage of producing brown or black
precipitates with very various substances. But in most
cascs these precipitates may be removed subsequently with-
out injury to the protoplasmic structure, and for this use
Jeydragen perozide is best adapted.  Overton (I, 11) recom-
mends for this purpose a mixturc of one part of commercial
peroxide with 10-25 parts of 70-80% alcohol. I have also
observed that, even after the use of the concentrated com-
mercial solution of peroxide, which decolorizes at once,
especially on gentle warming, the karyokinetic figures re-
main quite sharp and unchanged in microtome sections.

t. Chrom-osmic-acetic Acid.

309. Mixtures of chromic acid, osmic acid, and acetic
acid have been used with the best results in the study of
the karyokinetic figures, especially by Flemming. This
author has used solutions of very different strengths; but
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the following, which have both proved very good with
plant.cells, may be mentioned here. The first, dilute mixt-
ure contains .25% of chromic acid, .1% of osmic acid, and .1%
of acetic acid. The more concentrated mixture is preparcd
from 15 volumes of 1% chromic acid, 4 volumes of 2% osmic
acid, and one volume (or less) of glacial acetic acid.

Both mixtures must be carefully washed out with water.
Blackening duc to the osmic acid may be removed with
hydrogen peroxide (cf. § 308).

For preserving objects fixed with the above mixture,
Flemming (III, 687, notc) recommends a mixture of water,
alcohol, and glycerine, in about equal parts. This affects
their staining capacity less than pure alcohol.

k. Corrosive Sublimate, HgCl,.

310. Corrosive sublimate is usually best used in concen-
trated alcoholic solution, though the concentrated agqueous
solution often does well.  Action for a few hours is always
sufficient for complete fixing, but it may be left on the
objects without hdrm for 24 hours. Alchohol to which
enough 7odine has been added to give a dark brown solution
may be used for washing out the sublimate. If it is not
wholly washed out, needle-shaped or spherite-like crystals
of sublimate may be seen in the preparation and may easily
deceive beginners. But where the sublimate has not been
wholly removed before imbedding in paraffine, it may subse-
quently be washced out, even from microtome sections, with
the iodine-alcohol.

If it is desirable to avoid alcohol in washing out sublimate,
the mixture, proposed by Haug (I, 13), of two parts tinc-
ture of iodine, one part potassium iodide, 30 parts glycerine,
and 50 parts water may be used. It should be renewed
until no further decolorization occurs.

I will remark that objects fixed with sublimate must not
be touched with iron forceps or the like before it is - /holly
washed out, since globules of mercury are thus easily pro-
duced within the objects. In this case forceps with platinum
or horn potnts may be used.
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A. Platinum chloride, PtCl,.

311. A 3% aqueous solution of platinic chloride has been
recommended by Rabl (I, 216) for fixing nuclear figures.
1is use brings out especially the longitudinal splitting of the
segments of the nuclear thread and the chromatin spheres.
It should act, in general, for 24 hours.

#. Chromic-acid-Platinum-chloride, .
312. Merkel used the following combination: 100 volumes
of 1% chromic acid, 100 valumes of 14 platinic chloride, and
600 volumes of water. This medium renders good scrvice
also with vegetable objects. It should act for 24 hours.

7, Platinum-chloride-Osmic-acetic acid.

313. F. Hermann (I, 59) has recommended the following
mixture: 15 volumes of a 14 platinic chloride solution, one
volume of glacial acetic acid, and two or four volumes of
2¢ osmic acid. Hermann allows this mixture to act from
one to two days. To show the achromatic nuclear figure,
he washes the fluid out in running water, hardens in alcohols
of increasing strength, and then lays the objects in crude
pyroligneous acid for 12 to 18 hours (cf. Hermann, II, 571).

b. Staining Methods.
@ Hamatoxylin.

314. Besides carmine, hamatoxylin has been most used
for staining nuclei, and we have a great number of recipes
for the preparation of specially active hamatoxylin solu-
tions. Among these the so-called Delaficld’s lwmatoxylin
solution, also often erroncously called Grenacier's hama-
toxylin, seems to deserve preference in most cases, It is
prepared as follows: 4 grams of hematoxylin are dissolved
in 25 ccm. of alcohol, then 400 ccm. of a concentrated
aqueous solution of ammonia alum are added, and the mix-
turc is allowed to stand in the light for 3 or 4 days and is
filtered ; 100 ccm. of glycerine and 100 cem. of methyl alco-
hol are added, the whole is allowed to stand again for-a
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few days and is filtered again. Since the method of pre-
paring it is somewhat complicated, many will prefer to
obtain it ready prepared from a chemist {e.g., from Dr. G.
Griibler, Lcipzig).

315. The so-called Bikmer's hamatoxylin is also very useful.
It is prepared from a concentrated alcoholic solution of
hematoxylin which contains .35 gram of hamatoxylin to 10
geams of alcohol and will keep indefinitely. A few drops of
thiz are added to a solution of .10 gram of alum in 30 ccm.
of water. This mixture is allowed to stand for a few days
and is filtered before use,

P. Mayer (IIT) obtained an hematoxylin solution that may
be used at once by dissolving I gram of kamatcin or luematein.
ammonta in 50 ccm. of gog alcohol by warming, and then
adding the whole to a solution of 50 grams of alum in a litre
of water. This solution may be diluted with distilled water
for staining, as desired.

Concerning the other solutions of ha&matoxylin which may
be valuable in special cases, and may in part be obtained
ready for use from’various chemists, reference may be had
to the compilation of Gierke (I, 32-35).

316. If it is desired to stain sections with hematoxylin,
they are best placed in a very dilute solution and left in it
for a considerable time (1 to 24 hours). With alcoholic
material it is advisable to place it in water for a short time
before staiping it, as otherwise precipitates are readily
formed. ‘

Beautifully differentiated stainings may usually be ob-
tained by staining sections too deeply (“overstaining™) and
then washing them out with a suitable fluid. With an
haematoxylin stain, a solution of afum (about 2%) is com-
monly best; but it must be thorough'y washed out before
the transfer to alcohol or to Canada balsam, as otherwise
alum crystals will be formed in the preparation,

Acid alcohol has also been recommended for wash’ (g out
hamatoxylin; but the acid must be completely removed
with pufe alcohol before the final mounting.

Very g8od nuclear staining may often be obtained by
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placing objects stained with hamatoxylin for a short time
in a 1% solution of potassium bickromatc or a concentrated
aquecous solution of piric acid.  Both fluids must, of course,
be carcfully washed out before the transfer to Canada bal-
sam or glycerine-gelatine.

317. In dealing with objects to be scctioned with the
microtome, very pure nucicar stains may usually be obtained
by staining the objects 7n dofo (“staining in mass”) before
imbedding in paraffine. Since hzmatoxylin cannot pene-
trate the cuticle and therefore only penetrates from cut
surfaces, very diffcrent depths of staining are obtained, and,
at some distance from the original surface, only a nuclear
stain. Large objects must sometimes be left in the staining
fluid, which in this case should be used pretty dilute, for
some time (often several days), in order to be sufficiently
staining may be obtained by first

stained. Very good ma
staining large pieces of tissue deeply with haematoxylin and
then placing them for a considerable time in a 1% solution of
potassium bichromate,

A. Carmine.

318. Only a few of the numbetless different carmine
solutions can be described in detail here. These, as well as
various other staining media containing carmine, can be
obtained ready for use from chemists,

1. Grenacher's borax-caritine can be prepared by dissolv-
ing 4 grams of borax and 2 to 3 grams of carmine in 93 ccm.
of water, then adding 100 ccm. of 70% alcohol, shaking and
filtering. This solution is used for staining in mass as well
as for sections. For washing, acid alcohol and a solution of
borax or oxalic acid in spirit are recommended,

2. Beale's Carmine.—.6 gram of carmine is shaken up with
3.75 grams of Jiguor amuionii caust. [aqua ammoniz, U. 5. P.],
then boiled for a few minutes; after an hour, 6o grams of
glycerine, 60 grams of water, and 15 grams of alcohol are
added, and the whole is finally filtered.

3. Awomonium carminate is best prepared by dissolving in
water to which a little (about .54) ammonium carbonate has
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been added, the commercial dry ammonium carminate (the
so-called Hoyer’'s ammonium carminate).  Alcohol or acid
alcohol is best used for washing.

4. Sodiumn carminate can be obtained in solid form, and
may be dissolved in an aqueous .5% solution of ammonium
carbonate,

5. . Maper's carmine solution is prepared by rubbing up
4 grams of carmine in 15 cem. of water, then adding 30 drops
of hydrochloric acid while warming, and finally adding 95
cem. of 85% alcohol, boiling, neutralizing with ammonia, and
filtering when cold.  Is used both for staining sections and
for staining in mass.

6. Carminic Acetate~—~Ammonium carminate is decom-
posed with acetic acid added drop by drop in the least
possible excess until the cherry-red fluid has become brick-
red, when it is filtered. For washing, a mixture of one part
hydrochloric acid in 200 parts glycerine or one of one part
{ormic acid in 100 parts glycerine is recommended.

7. DPicrocarmine is the term applied to variously prepared
mixtures of picric acid and carmine. Only the simplest
recipe (Hoyer's) need be given here. According to this,
pulverized carmine is dissolved in a concentrated solution
of neutral ammonium picrate.

P. Mayer (II1) now uses pure carminic acid for the prep-
aration of carmine solutions, of which he especially recom-
mends the following:

8. Carmalum is prepared by dissolving 1 gram of carminic
acid and 10 grams of alum in 200 ccm. of distilled water,
with heat. The solution may be decanted off or filtered.
To protect it against decomposition, this author finally adds
a few crystals of thymol, or .15 of salicylic acid or .5% of
sodium salicylate. On washing with water the protoplasm
remains somewhat colored. To obtain a purely nuclear
stain, the washing must be carcfully done with z solution of
alum or a weak acid.

9. Paracarmine is prepared according to the following
recipe:'x gram of carminic acid, $ gram of aluminium chlo-
ride, and®4 grams of calcium chloride are dissolved in 100
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cem. of 7oy alcohol with or without heat, the whole is
allowed to stand and then filtered. Washing with acid
alcohol is usually unnecessary, but a weak solution of alu-
minium chloride in alcohol, or alcohol containing 24% of
¢lacial acetic acid, is sufficient for all cases.

According to P. Mayer's statements, only Grenacher’s
borax-carmine, of the numberless solutions heretofore rec-
ommended, presents any advantages over carmalum and
paracarmine.

A. Meyer (V) recommends especially for staining the
nuclei of pollen-grains:

0. Clileral Carmine.~—This is prepared by heating for 30
minutes on the water-bath .3 gram of carmine, 20 ccm. of
alcohol, and 30 drops of officinal hydrochloric acid,* and
then adding 25 grams of chloral hydrate. After cooling, the
solution is filtered. It stains the nuclei of pollen-grains
deep red in ten minutes. In many cases I have obtained
good nuclear stains with this medium by washing the sec-
tions in boiling water on removing them from it. Such
preparations may be mounted in glycerine or may be trans-
ferred in the usual way to Canada balsam.

[11. Csokor's Ahon cockineal has proved so good as a
nuclear stain for many vegetable tissues that it should have
a place here, Itis prepared as follows: 7 grums of crude
pulverized cochineal (the dried inscets) is boiled in a solu-
tion of 7 grams of burnt alum in 700 cem. of water until the
whole is reduced to 400 cem.  The solution is then carefully
filtered and a few crystals of carbolic acid (phenol) are
added as a preservative.]

319. All thesc solutions of carmine arc adapted as well
for staining in mass as for staining scctions.  But they gen-
erally penetrate pretty slowly and require to act for a rather
long time.  They are inferior in the sharpness of their stain-
ing to many other dyes, in most cases; but usually give a
very purely nuclear stain. The cell-wall is especially seldom
stained by carmine.

[* This has a specific gravity of r.13or 17° B.] °
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y. Safranin.

320. The aniline-water-safranin recommended by Zwaar-
demaker (I) is best used for staining with this dye. It may
be prepared by mixing equal volumes of a concentrated
alcoholic solution of safranin and aniline-water *; and
should be allowed to act for an hour or longer. Prepara-
tions may be washed with alcohol or acid alcohol, i.e.,
alcohol containing about .5% of hydrochloric acid.

8. Gentian Violet (Gram’'s Method).

321. The method originally proposed by Gram for staining
isolated bacteria (cf. § 470) is in many cases well adapted for
staining nuclei, especially in material which has been fixed
with one of the acid mixtures recommended in §§ 309, 312,
and 313. It is well to use here as a staining fluid, a mixture
of 3 grams of aniline, 1 gram of gentian violet, 15 grams of
alcohol, and 100 grams of water. The sections remain in
this one or a few minutes, the stain is washed off with
alcohol, and a solution of 1 part of jodine and 2 parts of
potassium iodide in 300 parts of water is at once added.
This gives the sections a dark color and is then washed off
with alcohol; clove.oil is added, which extracts more color-
ing matter from the sections, and usually first brings out the
characteristic differential staining; finally the sections are
mounted in Canada balsam.

It may be especially remarked here that in this process
the action of the clove-oil is in no way merely a clearing
one, as has often been said. 1f it be replaced by xylol, even
after thorough washing with alcohol, not nearly so good
nuclear stains will be obtained, in many cases, as where clove-
oil is used.

Finally, a very good double stain may be obtained by
dissolving eosin in the clove-oil used for washing. The walls
and the achromatic nuclear figure appear pure red, and the
chromatic figure violet.

* This is prepared by shaking water with an excess of aniline, and contains
about 3.5%  aniline.
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€. Safranin and Gentian Violet.

322. According to the methods recommended by Her-
mann (I, 60), the sections are first placed for 24-48 hours in
a solution of safranin which contains 1 gram of the dye to
10 cem. of aleohol and go cem. of aniline-water. They are
then treated successively with water, acid alcohol, and alco-
hol, but so that they remain still too decply stained for
direct observation. From the alcohol, the sections are then
transferred for 3 to 5 minutes to a solution of gentian violet
containing 1 gram of that dye to 10 ccm. of alcohol and go
cem. of aniline-water.  The sections are then quickly rinsed
off in alcohol and placed in a solation of iodine and potas-
sium iodide prepared as for Gram's method (§ 321), in which
they remain for one to three hours until they arc quite

.black. Then they are differertiated in alecohol, cleared in
xylol, and mounted in Canada balsam.

In successful preparations the nucleoli of resting nuclei
are vivid red, the nuclear framework blue-violet.  Of the
karyokinetic figures the spirem and dispirem are blue, while
the intermediate stages arc red. The achromatic figure is
lightly stained yellow-brown by the iodine.

{ Safranin-Gentian-violet-Orange.

323. According to Flemming (III, 685, notc), objects
fixed with chrom.osmic-acetic acid (cf. § 309) or with Her-
mann’'s platinum-chloridc-osmic-acetic acid (cf. § 313) may
best be placed for 2 or 3 days in a concentrated alcoholic so-
lution of safranin which is diluted with about an equal volume
of water and a little aniline-water. They are then washed in
water and then extracted with alcohol containing at most .1%
of hydrochloric acid, or with pure alcohol. After a brief
washing in water, the objects arc placed for 1 to 3 hours in a
concentrated aqueous solution of gentian violet, and then,
after another short washing in water, in a concentrated aque-
ous solution of orange,® in which its dark color is gradually
dissolved out. After a few minutes, while blue clouds of

* This may be obtained from Dr. G. Griibler under the name ' Orange G.”
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color are still rising, the objects are placed in neutral absolute
alcohol, and, after the repeated renewal ot this, in clove-oil
or bergamot-oil, whichstill extracts light clouds of color,
and finally mounted in balsam. The difficulty of this
method consists in determining the right minute when the
objects in alcohol and in oil are neither too much nor too
little washed out.

In successful preparations the chromatin will be purple-
red, the threads of the achromatic spindle gray-brown, gray,
or violet, the centrosomes (cf. § 348a) the same or light
reddish, .

324. 1 have tested the last two methods upon the root-
tips of Vicia Faba and on various other vegetable objects
and can most heartily recommend them for staining vege-
table nuclei. I obtained the most instructive preparations
by leaving the sections (I worked with microtome sections)
from § to 2 bours in Hermann's anilinc-water-safranin, 1
then washed them successively in acid alcohol and in alcohol,
added aniline-water-gentian-violet, which 1 left on the sec-
tions for 2 to 4 mindtes at most, washed off the dye with
water, immersed them for 5 minutes or longer in Gram’s
iodine solution, and then washed either with alcolol or suc-
cessively with alcohol and clove-oil, and mounted in Canada
balsam ; or I also subsequently stained with orange. In the
latter case I washed the sections, after they came from gen-
tian violet, but a very short time in alcohol and then placed
them in a concentrated aqueous solution of orange, which
was allowed to act a few minutes, then washed them in
alcohol and transferred, in the usual way, to Canada balsam.

In good preparations where orange was used, the nucleoli
and the karyokinetic figures from aster to dyaster were deep
red, the nuclear framework of resting nuclei and the spirem
and dispirem wcre violet or blue, the achromatic nuclear
figure and the cytoplasm were yellow-brown.

[Gjurasin has used these methods with much success. 2fter
many others had failed, for bringing out the karyokinetic
figures in- the asci of Pesiza, after the material had been
fixed for twe days in Flemming’s chrom-osmic-acetic acid.]
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% Fuchsin.

325. The sections are first placed for 15 minutes or longer
in a concentrated aqueous solution of fuchsin, then covered
with a concentrated solution of picric acid in 2 parts water
and 1 part alcohol, in which the stain becomes dark violet,
then washed with go% alcohol as long as any color is given
off, then quickly rinsed in absolute alcohol, transferred to
xylol and finally to balsam. A very deep nuclear stain is
thus obtained.

This stain may be combined with wethyl biue by placing
the sections for about a quarter of an hour in an aqueous
solution of methy! blue, after washing out the picric acid
with alcohol. The methyl blue is then washed off and the
sections are mounted, as usual, in balsam.

9. Fuchsin-Methyl-green.

326. Guignard (I, 19) recommends for nuclear staining an
aqueous solution of fuchsin and methyl green which con-
tains enough of the two dyes to make it appear deep violet.
The solution may be very feebly acidified with acetic acid.
It very quickly stains the nucleus blue-green and the proto-
plasm bright red. In case of overstaining, it may be washed

out with water.

z. Fuchsin-Todine-green.

327. According to Strasburger (I, 573), a mixture of fuch-
sin and iodine green, proposed by Babes, is very useful for
vegetable objects. It is prepared by pouring a solution of
iodine green in 30% alcohol into an open dish and adding
fuchsin, also dissolved in 50% alcohol, until the fluid takes a
markedly violet color. The sections to be stained remain
about a minute in this solution and are then transferred to
glycerine.

c. Bi Fixing and Stainin,

a. Methyl-green-Acetic-acid,

328. To obtain a rapid staining of the nuclei with living
objects, the solution of methyl green in 1g acetic acid, re-
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commended especially by Strasburger, may often be used
with good results, But very weak solutions of the dye must
generally be used. Examination may be made in the stain
itself or in glycerine. The preservation of preparations
stained with methyl green is not possible.

. Picro-nigrosin.

329. The solution of nigrosin in a concentrated aqueous
solution of picric acid, recommended by Pfitzer (I), may be
used with good results for simultaneous fixing and staining,
especially with alge. In order to remove the chlorophyl!
at the same time, a solution of nigrosin and picric acid
in gb% alcohol may be used. At least 24 hours’ time is
usually necessary for good staining. The preparations are
then washed in glycerin and may be preserved in glycerine-
gelatine. But the stain comes out much more finely in
balsam or the like, It is preserved well in either medium.

d. Staining intra vitam.

330. The staining of living nuclei was first accomplished
in the higher plants by Campbell (I) by means of daliia,
methyl violet, and mawnvern. The author mentioned placed
pieces of the objects to be studied in a .001% to .002% solu-
tion of oune of these dyes, and usually left them there for
several hours. The stamen-hairs of Tradescantia virginica
are recommended as especially adapted for these studies,
and Campbell succeeded in staining their nuclei while in
process of division. But these stainings are usually pretty
faint and always much less diffcrentiated than good stain.
ings of fixed nuclei. This staining inzre vitam has not led
to any important results concerning the morphology of the
nucleus,
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11. The Resting Nucleus and its Constituents.

a. Recognition of the Resting Nucleus,

331. If onc is concerned simply with the recognition of
resting nuclei in an organ or a tissue system, this should no
longer present serious difficulties in the Phanerogams, the
Pteridophytes, or the Mosses. Especially by fixing with
chrom-osmic-acetic acid (§ 309) or with chromic-acid-plati-
num-chloride (§ 312), and staining according to one of the
methods described in §§ 320 to 3235, this object may always
be realized certainly and without great trouble. By stain-
ing in mass with hamatoxylin (§ 314) I have also always ob-
tained very sharp nuclear staining at a little distance from
the surface. Very instructive preparations may also be usu-
ally obtained from algm and fungi by the use of the same
methods.  For most alga 14 chromic acid (§ 303) is an ex-
cellent fixing medium, and good stainings may also be ob-
tained by the picro-nigrosin method (5 329).

332. To stain the nucleus in the starch-filled odspheres of
Nitella, Overton (11, 35) used a mixture of potassium ferro-
cyantde and hydrochloric acid, diluted with 8-10 times its
bulk of water., The starch was then converted into sugar
by the hydrochloric acid and, at the same time, the Berlin
blue produced by the decomposition of the ferrocyanide
stained the nucleus. This author recommends chloral hy-
drate for-clearing.

333. Special difficulties are sometimes due to the cuticu-
larized or slightly pervious membranes which often invest
reproductive organs. In such cases the subsequent staining
of microtome sections will give the best results.

334. If one wishes, in especially difficult cases, as in fol-
lowing the development of spermatozoids, to obtain a very
sharp differentiation of nucleus and cytoplasm, double stain-
ing may be used with good results. Guignard (I) used for
this purpose, with material fixed with osmic acid or with
alcohol, the staining method with fuchsin and methyl green
described in § 326.
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b. The Constituents of the Resting Nucleus,

335. 1f we examine more closely the various constituents of
the nucleus, the mucleolus presents the part which stains most
deeply with most staining methods. In many objects, after
the use of the above-described methods and very thorough
washing, only the nucleoli appear very deeply stained in the
resting nuclel.  On the other hand, the so-called clhromatin
spheres of the nuclear framework are distinguished by
marked staining power, and great differences in this respect
occur in different plants and tissues, as well as in similar cells
of different ages; so that it often happens that only the
nucleoli are stained in the younger parts, and only the
nuclear framework in the older ones, by the same method.
The cause of these differences cannot yet be stated; but it
is not improbable that bodies of various sorts are contained
in the so-called nuclear framework.

336. The most certain distinction between chromatin-
globules and nucleoli may be reached by means of the Her-
mann-Flemming safranin-gentian-violet methods (cf. §§ 322-
324), which give a beautiful red color to the nucleoli and a
violet blue to the chromatin-globules, especially with material
fixed with chrom-osmic-acetic acid (§ 309) or with platinum-
chloride-osmic-acetic acid (§ 313). Whether these methods
give as clear results in all cases must be determined by
further studies,

336a. The general distribution of erptirophilous and cy-
anoplilous constituents of the nucleus was first recognized
by Auerbach in animal cells. These studies have lately
been extended to plants by Rosen (I), who recommends the
following methods :

1. Acid Fuchsin-Methylene Blue.—The sccfons are first
stained with Altmann’s acid fuchsin (cf. § 345), then washed
successively with picric-acid-alcohol and with water, then
stained with methylene blue, soaked in alcohol, and mourted
in balsam.

2, Fuchsin and Methylene Blue.—First stain with an aque-
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ous .1% solution of fuchsin, then wash with water, stain
azain with .2¢ agueous solution of methylene blue, and
finally wash with alcohol or with a mixture of three parts
xylol and onc part alcohol.

3. Adid Fuchsin and Mcthylene Blue—The microtome sec-
tions fastened to the slide are stained for half an hour in a
.1% aqueous solution of acid fuchsin, then quickly rinsed
with water and treated for -1 minute with a .24 aqueous
solution of methylene blue. The superfluous stain is then
removed with alcohal and the preparation, as soon as it is
air-dry, is extracted with clove-oil, in which it may be left
from 6 to 24 hours. The clove-oil is then washed out with
alcohol or xylol-alcohol, and the preparation finally mounted
in balsam. This method has also been used by Schott-
linder (I). He states, however, that the time of cxposure
to the methylene blue must be much varied (between a few
seconds and two minutes).

337. In many cases digestive fluids may be used for the
recognition of the chromatin-globules. These are not at-
tacked by pepsin, but are quickly dissolved by frypsin (cf.
§§ 232-4).

338. I will remark here that Altmann (IIT) has observed
a granula-structure in the resting nucleus, which cannot
be further discussed here, since he has not published the
methods used by him,

339. The wnuclear membranc is also slightly capable of
staining, According to Fr. Schwarz (I, 123), it is best made
visible by a 20% solution of common salt or of mono-potas-
sium sulphate, or by a concentrated solution of potassium
bichromate or the mixture of potassium ferrocyanide and
acetic acid mentioned in § 238.

.

III. The Karyokinetic Figures.

340. In nuclei in process of indirect or karyokinetic divis-
ion there may be distinguished a chromatic and an achro-
matic figure. The former generally consists of a nuclear
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thread composed of globules or disks arranged in series
(chromatin-globules), which first falls into segments, each of
which is then split lengthwise. The half-segments thus
produced then separate so that one of each pair goes to
each daughter-nucleus. The achromatic figure consists, on
the other hand, of a number of very delicate threads which
are usually arranged in the form of a spindle, so that they
are called the nuclear spindle (cf. Fig. 36).

347. The chromatic figure has, as the name indicates, a
high staining capacity, and is also usually much more deeply
stained than the nuclear framework of the resting nucleus.
It agrees more with the nucleoli in its behavior with stain-
ing media, although it does not in any case originate from
them. -

In most cases, a very deep staining of the chromatic
nuclear figure is obtained by fixing with the concentrated
Flemming's chrom-osmic-acetic acid mixture (cf. § 300) and
staining with aniline-water-safranin (§ 320). In consequence
of their deeper staining, the dividing nuclei are easily dis-
tinguished from the- resting nuclei, even with pretty low
powers. Besides the above, chromic-acid-platinum-chloride
(3 312) and chrom-formic acid (§ 307) are especially useful
for fixing, and Gram’s method (§ 321) and the fuchsin-picric-
acid method (§ 325), for staining the chromatic figure. In
most cases very good preparations of the karyokinetic fig-
ures are obtained by fixing with alcohol (§ 300) or alcoholic
corrosive sublimate (§ 310) or picric acid (§ 303) and staining
according to one of the methods mentioned, or with one of
the numerous h@matoxylin (§§ 314-317) or catmine solu-
tions (§§ 318, 319).

I will remark here that often the karyokinetic figures may
be made clearly visible without previous fixing by placing
sections of living tissues directly in a concentrated aqueous
solution of chloral hydrate, in which usually only the nucleus
is left, of all the cell-contents, and the chromatic firures
of dividing nuclei come out with especial sharpness. In
this way I.have obtained very instructive preparations from
young fern-fyonds.
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342. On the other hand, it is in most cases difficult to
make the so-called ackromatic figure clearly visible, It is,
to be sure, capable of staining to a certain degree, especially
when hamatoxylin is used, or on double staining with
fuchsin and methyl blue (§ 325), when the chromatic figure
is colored red, the achromatic, blue. But, even in these
preparations, it is difficult to clearly distinguish the separate
threads of which the achromatic spindle is made up; and in
difficult cases, as in many fungi, it is usually impossible to
bring out this figure in this way. A preliminary treatment
with reagents will better produce this result.

[Strasburger recommends fuming hydrochloric acid for
bringing out the structure of the “kinoplasm,” which in-
cludes the achrumatic figure.]

How far the methods latcly recommended by Flemming
and Hermann for animal objects (cf. §§ 322-324) will prove
of value in these cases must be determined by further re-
searches (compare also § 348 a—e).

IN. The Inclusions of the Nucleus (Protcin Crystalloids).

343. As recent investigations have shown, protein crystal-
loids are pretty widely distributed in the nuclei of the Pteri
dophytes and Angiosperms (cf. Zimmermann 1I, 54, and
111, 112); but they do not belong to their constant con-
stituents, and it therefore seems to me better to treat them
as inclusions of the nucleus, like the starch-grains and
crystalloids contained in the chromatophores. No other
heterogeneous inclusions have yet been recognized in the
nucleus.

344- In the recognition of protein crystalloids their regu-
lar crystailine form is in many cases an ajd. Thus the crys.
talline structure of the crystalloids from the leaves of Melam-
pyvrum arvense and Candollea adnata, shown in Fig. 34, 2 and
4, can hardly be questioned. Besides, one very often finds
also needle-like or rod-like crystalloids, as in the ovules of
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Mimulus Tillings (Fig. 34, 6), or variously curved forms, as

in the wall of the ovary of . . ,
Campanula  trachelium (Fig. @Fg‘
)
- ~

34, 1). Finally, bodies of the

%@

widely distributed, which vary
little or none from the globular
form, as for example in the leaf
34, 3). In such cases the certain
proof of their crystalloid nature, pig 5, . nuelei from the epicermis of
and especially the distinction gy ol Cqan e racke:
between them and the nucleoli, L0000 U nidleus reme
is not possible by the simple fgz‘g:-;n;s“i,‘\r\v;‘czlzff;;an"’:gfﬁﬁL:':i:

same chemical relations are

of Lophospermum scandens (Fig. W
parenchyma of the leaf of Meltni-
parenchyma’ of the leaf of Chrdoilea

examination of living material.  agrara. s, nucle: from the wal of an
But this distinction may be mum b nncie o e enbies

! . Mimulus Tillingi. ny nucleclus.
easily and certainly made by the  protein crystalicids. ’
aid of suitable staining methods, These leave any doubt only
as to whether all thosc bodies which correspond with the
undoubted crystalloids are really to be regarded as identical
with them in substance; but it may be considered as certain
that these are not identical with any other Anowen inclusions
of the nucleus,

For the recognition of crystalloids one may best fix the
material with a concentrated alcoholic solution of corrosive
sublimate (§ 310)and stain with acid fuchsin, or use a double
staining of acid fuchsin and hamatoxylin.  As to the stain-
ing with acid fuchsin, which is also known as * Fuchsin §
after Weigert,” this may be conducted in various ways; but
the three following methods have proved best heretofore
(cf. Zimmermann 11, 12 and 53, and IT], 113).

a. Altmann’s Acid Fuchsin Staining.
345. This is chiefly useful for microtome sections. These
are fastened to the slide and, after the removal of the par-

affine, are covered with a solution of 20 grams of acid fuch-
sin in 100,ccm. of aniline-water,* and then warmed until the

* This solatign keeps well and o‘n\y needs o be filtered oceasionally.
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under side of the slide is very hot to the touch. Boiling the
solution is to be avoided, though its complete drying up
does not injure the staining. When the solution has acted
from two to five minutes, or longer, it is rinsed off with a
mixture of one part alcoholic picric acid solution and twe
parts water, and the washing with this solution is, in general,
continued until the sections no longer give off any visible
color.  But in many cases various degrees of staining may
be obtained by stopping the washing earlier or later, The
picric acid is finally removed with alcohol, and the prepara-
tion monnted in Canada balsam in the usual way.

It may be observed that, according to Altmann’s direc-
tions, the sections should be gently warmed again in picric
acid solution after being washed with it, in order to obtain
good differentiation.  But with vegetable objects I have in
most cases obtained no good results from this warming with
picric acid, while otherwise this method has repeatedly done
me good service.

With this method a very deep staining of the nuclear crys-
talloids is always obtained 5 but it is inferior to the two fol.
lowing methods in that, especially in young cclls, at least
when fixed with sublimate, the nucleolus is also pretty deep-
ly stained,

b. Acid Fuchsin Method B.

346. The second method, which I bave called “acid fuch-
sin method B” (cf. Zimmermann 11, 14), is adapted as well
for free-hand sections as for those from the microtome. The
well-washed scctions are placed first in a .2% solution of acid
fuchsin in distilled water, to which a little camphoris added
to make it keep better, They remain in this solution at
least several hours, best 24 hours or longer.* They are then
washed as quickly as possibic in running water {cf. § 39).
The time necessary for this differs much in different cases,
and varies between a few minutes and several hours, But it

*1f many sectious are (o be stained at the same time in this way, the ves-
sel described in § 57 may be used. .
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may be determined easily by a couple of trials, After wash.
ing, the preparations are transferred in the usual way to
Canada balsam.

By the use of this method I have obtained a very good
staining of the nuclear crystalloids in both free hand and
microtome sections, They are always deeply stained, even
if all the other constituents of the nuclei, even the nucleoli,
have been decolorized long before.

c. The Acid-fuchsin-Potassium-bichromate Method.

347. The third method, which may perhaps be briefly
called the ““acid fuchsin method C,”" agrees almost complete-
ly with Altmann’s method (§ 345) in that here also the
microtome sections are warmed with a concentrated solution
of acid fuchsin. But for washing a warmed solution of
potassium bichromate is used instead of picric acid, and the
result depends neither on the concentration of the solution
nor on the maintenance of a definite temperature. I used
mostly a concentrated aqueous solution of the salt heated in
the paraffine oven to 50° or 60° C., but even a boiling solution
may be used. When the preparations are sufficiently washed,
which can usually be readily recognized after a little practice,
but may be determined by a few trials, the potassium bichro-
mate is quickly washed with water and then the preparation
is transferred to balsam in the usual way.

By the use of this method I obtained always very clear
staining of the nuclear crystalloids. These remained still
deeply stained when the color had long been washed out of
the nucleolus.

d. Doubie Staining with Acid Fuchsin and Hamatoxylin,

348. This method may be used in very different ways.
But I have generally found it best to first stain the objects
in mass with Delafield’s hamatoxylin (§ 314), and then to
stain microtome sections cut from them with acid fuchs.n by
the method B (§ 346). Then, in one and the same nucleus
may be scen the deep red-colored crystalloids beside the
deep blue-vislet nucleolus, within the violet nuclear frame-
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work. This method has also proven good for following the
fate of the crystalloids during karyokinesis (Zimmermann,
I11, 119).

2, The Centrospheres.

348a. After the presence of the so-called centrospheres*
or attractive spheres had been recognized in animal cells by
various authors (cf. Flemming I and 111), Guignard (IV) suc-
ceeded in observing them in various plant-cells also, and it
is now to be regarded as not improbable that these bodies
are constant constituents of the cell.

The centrospheres, which have also been called by Guig-
nard *sphéres directrices,” consist of a generally globuiar
central portion (the “centrosome” of Guignard) which is
surrounded by an unstainabiz envelope, and occur usually
a pair in each cell {cf. Fig. 35 and 36, a).
They appuar to play an important part,
especially in karyokinesis. At least,
they form, after their separation, the
centres of the radiating structures ob-
served in the cytoplasm (cf. Fig. 36,
II); and the threads of the achromatic
spindle (cf. § 342) run together at both
Fis, 3s~Embryesac of Ls- ends_at the attractive spheres (cf. Fig.

G ey U 36, 11T and 1V). At the same time

oy ompheres: ANCOWE Lith the splitting of the segments of the
nuclear threads, a division of the centrospheres occurs, so
that each daughter-nucleus has again two attractive spheres
(cf. Fig. 36, IV), which at first remain together, and separate
only at the beginning of another nuclear division,

In the sexual act of the Angiosperms, according to Gui-
gnard’s observations, the attractive spheres of the male
nucleus enter the egg-cell at the same time with it, and the
spheres of male and female origin fuse in pairs (cf. Fig. 37).

*[This English equivalent of the term lately proposed by Strasburger for
these structures seems, on the whole, the most available name for them.
The non-staining envelope of 1he centrosome may be termed, with Stras-
burger, the astrosphere.] :
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348b. Guignard recommends (IV, 166), for bringing out
the centrospheres, firing with alcohol, a 20-30% alcoholic
solution of corrosive sublimate or picric acid, a 1% aqueous
solution of corrosive sublimate, a saturated aqueous solution
of picric acid, or a .5% solution of chromic acid. He hag

1 11 m v

n

Wil

STt

P16, 36, Lilium Martagon, 1, tip of the embryosac; II, the same, later stage: II
and 1V, older karyokinetic figures from the same source; a, centrospheres. After

Guignard,
also used the vapor of osmic acid, but allows it to act only
a short time, in order not to lessen the staining capacity of
the objects, and then places them in Flemming's solution
(§ 309) for half an hour to an hour, and
then in alcohol.

For staining the attractive spheres
Guignard uses especially haematoxylin;
but he first treats the sections hardened
with alcohol with a 10% solution of zinc
sulphate or ammonia alum. He has g . xuget from the fer-

: tiiized egg-cell of Lilium
also treated the preparations success- i CEE St M i T

. N N . sion. o, male, & femal
ively with a dilute aqueous solution of ofusy Mehcrospheres.

. . N L, cen
orseillin and eosin-hzmatoxylin*  The After Guignar

* This probably means the in-h toxylin mixture rv ded by
Renault. It is prepared, accordiag te Gierke (I, 86), by mixiry equal
parts of glycerine, containing common salt and saturated with eosin, and a
saturated solution of potash alum in glycerine. This mixture is filtered
and then an alcoholic solution of h@matoxylin or Delafieid’s hmatoxylin
§ 314) is addell,
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interior of the centrosphere is stained decp red by this
treatment,

For wwounting such preparations, Guignard recommends
especially glycerine-gelatine and a 10% solution of chloral
hydrate thickened with gelatine. The latter has the advan-
tage of clearing the preparations, but gradually destroys
most dyes.

348¢. Guignard has succeeded in bringing out the attrac-
tive spheres cspecially in various sexual cells.  In the grow-
ing stamen-hairs of Zradescantia he also succeeded by
treating them successively with osmic acid vapor, Flem-
ming's chrom-osmicacetic acid mixture, and alcohol, and
then staining with a mixture of fuchsin and methyl green.
If this mixture is rightly prepared, the centrospheres are
colored bright red in the pale red protoplasm,

348d. Hermann (IT, 583) has recently used the following
method for making visible the centrospheres and the radi-
ating structures around them, in animal cells. The ob-
jects, fixed with platinum-chloride-osmic-acetic acid and then
reduced with wood-spirit in the manner described in § 313,
arc placed whole in the dark in a hamatoxylin solution con-
taining onc part hamatoxylin, 70 parts alcohol, and 30 parts
water. They remain in this solution 12 to 18 hours, are
then treated for the same time, also in the dark, with ;o4
alcohol, and arc then imbedded and sectioncd with the
microtome. The sections are then extracted with a solu-
tion of potassium permanganate so dilute that it has a bright
rose color, until they have an ochre.colored appearance.
After rapid rinsing in water, the manganese peroxide is dis-
solved out with a solution of one part oxalic acid and one
part potassium sulphate to 1000 to 2000 patts of water, and
the sections are then stained for three to five minutes with
safranin. The attractive spheres and the structures sur-
rounding them appear deeply blackened, while the nuclear
elements have a bright red color.

How far this method can be used with success for plant-
cells rewmains to be shown. But I will remark that the
methods used by Flemming on animal cells with the best



SPECIAL METHODS. 201

results (cf. § 323) are poorly suited to plant.cells, according
to Guignard (IV, 167). T have obtained, also, in some not
very extended experiments with Hermann's methods, no
staining of the centrospheres, while the spindle-threads of
such preparations stood out very sharply, especially after
staining with gentian violet.

3. The Chromatophores and their Inclusions.

349. Under the name chromatophores are commonly in-
cluded at present three different kinds of bodies; the green
chlorophyll-bodies, ckloroplasts, and the corresponding bod-
ies in the alga which are not green, the mostly yellow or
red bodies which carry coloring matters, clromoplasts, oc-
curring especially in the bright-colored parts of flowers and
fruits, and the colorless Jeucoplasts, which are found chiefly
in subterranean and young parts of plants, The grouping
of these different bodies together is justified, aside from
their chemical similarity, by the fact, recognized especially
by Schimper, that they stand in genetic relations with each
other, and may pass over into each other in the most vari-
ous ways

1. Methods of Investigation.

350. The study of chromatophores has been conducted
chicfly in the living cell.  Of course this is only possible in
sections which are at least several cell-layers in thickness;
and the most rapid preparation possible is necessary, since
chromatophores are very sensitive to the most varied harm.
ful influences. Since most cells also die very quickly in
pure water, and the chromatophores especially suffer pro-
found structural changes in this medium, it is advantageous
to use a dilute solution of salt or sugar as a medium for
their study. I have used with good results a 57 solution of
sugar, with which T injected the tissues to remove the air
from the interccllular spaces, which may usually be easily
done by means of a filter pump (cf. also § 5).

3s51. In difficult cases one must have recourse to staining
methods.s I have found a concentrated alcoholic solution of
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corrosive sublimate well adapted for fixing (cf. § 310); and
a concentrated alcoholic picric acid solution often does
well.

According to my own most recent experiments, a saturated
solution of picric acid and corrosive sublimate in absolute
alcohol seems to be best for fixing chromatophores, I allow
it to act about 24 hours on the objects to be fixed and wash
it out with running water. The use of an iodine solution
for the removal of the sublimate seems unnecessary here,
as I have seen none of the well-known sublimate needles in
my preparations.

Krasser (I1, 4) recommends the use of a 1% alcoholic so-
lution of salicylic aldelyde for fixing chromatophores. He
lets it act for 24 to 48 hours on small pieces of tissue. After
hardening in alcohol, the sections may be mounted in gly-
cerine, glycerine-gelatine, or balsam. If in the latter, the
clearing in clove-oil must be made as brief as possible,

352. Schimper used haematoxylin and gentian violet for
staining chromatophores; but I have found jodine green,
fuchsin, and acid fuchsin better (cf. Zimmermann V, 6).

Staining with acid fucksin is best accomplished by one of
the three methods described in §§ 345 to 347. It is easy to
make clearly visible the relatively small leucoplasts on each
starch-grain in the outer layers of a ripe potato, by the aid
of method B (cf. Fig. 38, /).

353. Jodine green is used in
concentrated aqueous solution
and is either allowed to act
for only a short time (3 to a
few minutes) on microtome
sections, which are then
washed with water and exam-
ined in glycerine; or it is al-
Fic. 38.—Cell-contents from a parenchyma- lowed to act longer and the
:e}f\gfl:yte‘::‘ ittt f{,’:’cf,",i’f"'.,\m’, sections are then placed in a

fixing with sublimate-alcohol and staining I .

with acid fuchsin (Method Bi. Z lence solution prepared by mixing

plasts ; s, starch-grains ; z, nucleus; 4,

crysailoid. two parts of common ammo-
nia with 98 parts of water. In this the sections.were left
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from a few minutes to several hours, according to the depth
of the staining and the character of the preparation. The
examination may be made in glycerine. Such preparations
keep only a very short time, while very permanent prepara-
tions may be made by transferring to Canada balsam even
sections stained with iodine green. In this transfer alcohol
must be wholly avoided, since it decolorizes the chromato-
phores.  Phenol and aniline also are not suited for this use.
Thercfore 1 simply allowed the sections to dry, after wash-
ing them with water, and then treated them with xylol, and
finally added xylol-balsam,

354. For staining with fucksin, T have used the ammonia
fuchsin mentioned in § 271. T let it act only a short time
on the sections, until they begin to become red. Then I
wash it out with water, and examine the sections in glycer-
ine or transfer them in the above described manner, by dry-
ing, to balsam. Alcohol decolorizes the chmmatophores in
this case, also.

I1. The Finer Structure of the Chromatophores.

355. Opinions are at present divided as to the intimate
structure of the chromatophores (cf. Zimmermann I, 56 and
Bredow 1, 380, for the early literature). It is only as to the

G

AP A
'
Fic. 39.—1, chromoplasts from the flower of Neottia widus-avis: #, proteia erystatioids

2\ <}
QP 1
/- pigm ment-~ crystals. I, the same, from the root of Dascus Cayota, 111, the same,

Trom the fruit of Sorbus aucuparia. s, starch-grains.—After Schimper,

chromoplasts that it may be regarded as settled that the
pigment occurs partly in crystalline, partly in amorphous
form. = -

356. Insthe former case, it forms more or less regular
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rhombic plates or peculiar cylindrically curved bodies, as,
for example, in the parenchyma of the carrot (cf. Fig. 39,
1iy; or it occurs in the form of delicate needles which are
imbedded in the colorless stroma in small numbers, as in
Neottia nidus-aris (Fig. 39, 1), or in large quantity, as in the
pericarp of Serbus awucuparia (Fig. 39, 11T}, All these pig-
ment-crystals, which consist of carotin, according to the
prevailing nomenclature, are characterized by strong pleo-
chirolsm ¥), and this peculiarity has been used by Schimper
(111, 04) in difficult cascs for the recognition of the crystal-
line structure of the fine pigment.needles.

357. The amorphous pigment occurs within strongly re-
fractive globules (" grana”) which arc imbedded in the
. usually quite colorless stroma. The flesh-
% colored fertile stems of Aguisetum arvense con-

&/ tain chromatophores with especially large

grana (Fig. 40).
4 The study of the crystalline and amorphous

chrome. PIEMeENts can, of course, be carried on with

s from the enti crtainty Seni .
Dvenchyma g entire certainty only \.\lthm the living .c‘ells‘
the stemi of Zgni- and| on account of their ready decomposition,
setum  arvonse.

(X1400.) the precautions described in § 350 should be

very strictly adhered to.

II1. The Inclusions of the Clromatophsres.

358. The most widely distributed of the inclusions of the
chromatophores, the starch-grains, will be treated in connec-
tion with various rclated bodies in § 400 and following ones.
Besides these, there have been recognized in the chromato-
phores protein crystalloids, leucosomes, pyrenoids, and oil-
drops, which will now be discussed in order.

* This js determined by observing the body with one nicol prism, prefer-
ably the polarizer, and turning either the nicol or the crystal. Pleochroic
objects then appear quite colorless in one position, or at least very light
colored, and, after rotation through go®, more deeply colored than without
the use of the nicol. B
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a. Protein Crystalloids,

359. The protein crystalloids observed in the chromato-
phores, especially by Schimper (I11)and A. Meyer (11), often
form elongated prisms (cf. Fig. 41, 2) or needles (Fig. 41, 1
and Fig. 39, 1, #); but they are not rarely more octahedral
or more or less irregular (cf. Fig. 41, 1, 3, and 4).

With the exception of those of
. ) 4 2 3
Cunna, they are soluble in water, . N -
but arc fixed by fixing media for B ®k
proteids. T have found the same psiOx @
methods used for the study of the [y 5 . 1
nuclear crystalloids (cf. §§ 345 to k's y
347) well suited to their investi- i@ Fy
gation.  Fixing with an alcoholic
solution of corrosive sublimate - Jencoprasts £

. 16, 4101, leucoplasts
and staining with acid fuchsin by = shot of Citmnt Warsigmicss) with
© Crystalline needles and octahedral
method C has proved the best eryswls; = chioroplasts from the

A 777" epidermis of the petiole of Hederasp.;
treatment. In this way it is 3.chloroplasts from te palisade-pa:
o renchyma of the leaf of Conrolvulus

- sy Obtain prepara-  friceler: 4, chloroplasts from the
pr ett)f casy to obtain prepara- el b o e o the leaf of
tions in which the stroma of the Ackyranthes Verschagetti ; &, pro-
tein crystalloid: starch-grains,

chromatophores is quite colorless, . after Schimper.
while the crystalloids are colored deep red

b, Leucosomes.

360. Within the leucoplasts of the epidermis of various
species of Tradescantia, and in various other plants, T have
found globular inclusions which I have provisionally termed
leucosomes (cf. Zimmermann II, 3 and III, 147). These
consist, at least chiefly, of protcin-like substance and are
probably closely related chemically to the protein crystal-
loids already described, with which they also correspond in
their behavior with acid fuchsin.

In favorable cases, as, for instance, in the epidermis of the
leaves of Zradescantia discolor, the leucosomes may be well
observed within the living cell, and tangential sections are
especially adapted to this study. They occur here mostly
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singly or in twos or threes in each leucoplast (cf. Fig. 42, /).
But, since the leucosomes are soluble in water
@_ and very sensitive to the most various reagents,
‘_/Z it is better to use, as a rule, fixed and stained

@ % material.,
_— The best method is to fix sections from the
3;‘,3‘:,5,:‘;“‘ !l:)e living objects in a concentrated alcoholic solu-
ihe upper sur, tion of corrosive sublimate, and, after washing
o 4[,:2'.53?”" (cf. § 310), to stain by the acid fuchsin method

leucosomes. B, If the washing is stopped at the right
moment, the leucosomes alone are deeply stained.

¢. Pyrenoids,

361, The starch-centres or pyrenoids observed in the
chromatophores of various A/g@ and of Aunithoceros consist
of a central portion of proteid and a starch-envelope sur-
rounding it.

The most essential part of the pyrenoid, the proteid nu-
cleus, appears often to possessa more or less regular crystalline
form (cf. Fig. 43, 2), according to Schimper's observations
(IT1, 74). On the other hand, it is certain that non-crystal-
line pyrenoids also occur, as in case of the one shown in
Fig. 43, 3, which probably represents a stage in fission (cf.
Zimmermann I, 48). Similar forms have lately been ob-
served by Klebahn (I, 426) in Cosmarium.

362. In the presence of large quantities of starch, the

Fio, o pareof sp of Clad

3, constricted pyrencid of 7¢g~{ma Y atier ﬁxmg with picric acid aud stainiog

Wil Zcid Tuchain ;| 4, pyrenoid ; 4 starch-graing ; %, nucleus , #, nucleohus. 2, after
Schimper.

proteid nucleus of the pyrenoid is only with difficulty ornot

at all to be recognized within the living cell. Then the use

of suitable staining media is to be recommended. The py-
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renoids behave with these in about the same way as do the
crystalloids of the nuclei and the chromatophores. Very
deep staining of them may be obtained by fixing alge with
picro-sulphuric acid (§ 304) or an alcoholic solution of cor-
rosive sublimate (§ 310), washing well, and then leaving them
at least 24 hours in a .2g solution of acid fucksin. After
washing in water for a quarter of an hour and dehydrating
in Schulze's apparatus (§ 16), the objects should be trans-
fcired to Canada balsam by the aid of Schulze's settling
cylinder (§ 21). In good preparations only the pyrenoids
are deep red, and even the nucleoli are quite colorless.

363. A simultancous fixing. and staining of chromato-
phores and pyrencids may be obtained more simply by
placing the algz in a concentrated solution of picric acid in
s0% alcohol, to which a little acid fuchsin is added (about
five drops of Altmann’s solution, described in § 345, to a
watch-glass full of the picric acid solution). In this they re-
main for two hours or longer, and are then washed for a
quarter of an hour in alcohol (not previously in water) and
then transferred ds quickly as possible to balsam by the aid
of Schulze’s settling cylinder (§ 21).  Preparations thus ob-
tained appear to keep well, while a gradual fading occurs in
those mounted in Vosseler’s turpentine (§ 27).

363a. According to the researches of Hieronymus (1, 358),
the pyrenoids of Dicranochete reniformis appear to have a
more complicated constitution. This author states that
they consist of a protein crystalloid and a proteid-like en-
velope, while the starch-grains are formed quite independ-
ently of the pyrenoids, at any part of the chromatophore,

The crystalloids are soluble, according to Hieronymus,
in boiling water (), dilute and concentrated caustic potash
solution, common salt solution, acetic acid, and hydrochloric
acid. After previous treatment with alcohol, its solubility
becomes less. After lying for several days in a mixture of
one volume of pepsin.glycerine and three volumes of .2%
hydrochloric acid, the crystalloids become very transparent.
Hieronymus recommends safrarin for staining them.

The enwelope is also soluble in concentrated and dilute
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caustic potash solution, as well as in hydrochloric acid of
various strengths. But it is not attacked by the above.
mentioned digesting fluid, even after lying in it for days.
Hamatoxylin and Congo red are specially adapted to
staining the envelope. By the combination of safranin and
haematoxylin, Hieronymus obtained preparations in which
the covelope was stained violet and the crystalloid deep
red.
d. Oil-drops.

364. Drops of an oillike substance are pretty widely
distributed within chromatophores, as has been shown
especially by A, Meyer (11, and Schimper (I11, 106). Ac-
cording to A. Meyer's rescarches (11. 17), however, these do
not fully correspond in their chemical relations either with
the truc fatty oils or with the ethereal oils, Tt js especially
noteworthy that they are soluble even in dilute aicohol, but
insoluble in acetic acid. They are, further, only very grad-
ually browned by osmic acid, and are always insoluble in
water, but readily soluble in ether. They behave variously
with chloral hydrate. According to all these rcactions, the
bodies- in question must surcly be nearly related to the
fatty oils, so much the more that they stain deeply with
alcannin and cyanin by the usc of the methods previously
described (§§ 109, 110). At all events, it seems to me best
to designate these bodies as oil-drops, as has usually been
done in the literature, so long as no exact investigations of
them exist.

I can recommend as a suitable object for the study of the

reactions of these oil-drops, the epidermis of

- the leaf of Agawve americana.  This contains

@ leucoplasts which always enclose pretty large

y oil-drops, especially in old leaves (cf. Fig. 44).

¢ In yellowed leaves these have usually run

Fio, sl euco together into a single Iarg(? drop_, bcside‘which

Ylasts trom, e the rest of the leucoplast is so inconspicuous

aduly - deal of that it cannot usually be directly made out
na. o oil-drops. with certainty, by direct observation.

The oil-drops observed in the chromatophores of older
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leaves especially are usually pretty dcep yellow., This is
due to a pigment belonging to the group of lipochromes,
which is perhaps identical with xanthin (c¢f. Zimmermann
IIT 102).

4. The Eye-spot.

365. The name eye-spot or stigma is given to the red or
brownish body obscrved in various motile Algz and swarm-
spores, which usually occur singly at the forward end of the
organism. These bodics correspond with the chromato-
phores in po ing a protoplasmic stroma filled with pig-
ment. This pigment appears, according to the investiga-
tions which have been made, to be identical with carotin
(§ 170) in the green alga which have an eye.spot ; at least,
it shows, according to Klebs (I, 30), the characteristic blue
color with sulphuric acid, in Zuglena,

The study of the eye-spot has heretofore been carried on
almost exclusively on living material.

5. The Elaioplasts and Oil-bodies.

366. Wakker gives (I, 473) the name elaioplasts or oil-
formers to bodics contained in the
protoplasts, which he has observed
in the epidermis of young leaves
and in the superficial parts of young
stems and roots of Vanilla planifolia
(cf. Fig. 45, ¢). They consist of a
protoplasmic stroma and imbedded
oil. The latter is deeply stained by
alcannin (§ 104) or cyanin (§ 110),
and escapes in drops from the elaio-
plasts when they are treated with an
aqueous solution of picric acid, )
with glacial acetic acid, or with con- F‘y°au‘igl’i?zdfeb'filzifiﬁni}zﬁz

s e, elajoplast ; ./, leucoplasts ; 3,
centrated sulphuric acid ; it is solu. nucleus. After' Wakker.
ble in alcohol and in caustic potash solution,

I have.fately recognized elaioplasts in various other plant.

tissues, especially in the epidermis of different parts of the
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flower of Funkia, Ornithogalum, Agave, Dracana, and others
(cf. Zimmermann VI, 18s).

367. For firing the elaioplasts Wakker recommends es-
pecially a concentrated aqueous solution of picric acid. He
obtained a beautiful double stazning of sections fixed with
this fluid by using aniline blue and alcannin in the fol-
lowing way. He added alcanna tincture in drops to a dark
blue solution of aniline blue in water, until the fluid had
taken a dark purple-red color, like that of haematoxylin.
He left the sections 20 hours in this mixture and then ex-
amined them in glycerine. The protoplasm was then light
blue, the nucleus and chromatophores dark blue, the oil a
fine red, and the elaioplast dark purple. These colors keep
for a long time in neutral glycerine-gelatine.

368. Wakker (I, 482) includes among the elaioplasts also
the oil-bodies of the Hepatice, first described by Pfeffer
(VI). He was able to show by abnormal plasmolysis with
a 20% solution of saltpeter (cf. §§ 432 and 436) that these
always lie in the protoplasm. To render the protoplasmic
wall of the oil-bodies visible, Wakker recommends, besides
the dilute alcohol used for the purpose by Pfeffer, a concen-
trated aqueous solution of picric acid. In this case the
access of the acid must be followed with the microscope,
since a flattening of the protoplas-
nric wall of the oil-body usually re-
sults from its long action.

369. The fat-bodies and oil-bodies
described by Radlkofer (I and II),
Monteverde (I), and Solereder (I)
are perhaps related to the oil-bodies
of the Liverworts. They have been
observed by these authors in the
palisade and spongy parenchyma of
various members of the Cordiacee,
,,,‘m Coméretacew, Cinchonew, Sapolacee,
o ! fenfof heemn %lr]xs;’}algo? Sapindacee, Graminee, Gaertneracee,
ff”,lrr‘g;h.m' @ omdessi o nd Rubiace. They usually occur

~gly in each cell, and have always about the same size in
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the same individual. In the mesophyll of Avena oricntalis
they are of about the same size as the chloroplasts (cf. Fig.
46, o).

According to Monteverde, they lie in the protoplasm and
are mostly isotropic, but in many plants are also doubly re-
fractive, especially in dried tissues. In the grasses this
double refraction disappears, according to Monteverde, when
sections are warmed to 50°-335° C. in water, but reappears
aiter a few minutes.

These oil-bodies generally behave with reagents like true
fats. 1 have found them, especially in Oplisinenus imbecillus
and Elymus giganteus, insoluble in cold or hot water or al-
cohol, but soluble in ether, petroleum-ether, chloroform,
xylol, and clove-oil. They are colored brown or black by
osmic acid. They are deeply stained by cyanin (§ 110) and
alcannin (§ 109). Ou the other hand, they remain completely
unchanged in form after 24 hours in a mixture of one vol-
ume of concentrated caustic potash solution and one volume
of ammonia solution, and seem not to be capable of saponifi-
cation in this way(cf. § 112).

370. Besides these, Monteverde {ound in grasses contain-
ing crystals and in those free from them, drops of an oil-like
appearance, but of wholly unknown composition. They in-
crease in size in water, glycerine, and dilute acids only by
the formation of vacuoles, but gradually dissolve in alcohol.
Afrer a long stay in water, they become insoluble also in al-
cohol. They dissolve with swelling in strong mineral acids and
acetic acid, and instantly in caustic potash, ammonia, ether,
chloroform, and chloral hydrate. They are not stained by
alcanna tincture, but easily so by aniline dyes. They be-
come brown with iodine. Monteverde considers it probable
that they consist chiefly of resin.

1 will mention here the structures observed by Lundstrém
(I) in the epidermal cells of various Potamogeton species,
which he regards as oil-drops, although, according to his
statements, they are soluble in very dilute alcohol.

.
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6. The Iridescent Plates of various Marine Algz.

371. As was first described in detail by Berthold (11, 685),
there occur in the superficial cefls of some marine alge char-
acteristic iridescent protoplasmic plates, which are very prob.
ably to be considered as organs for protection from too
strong illumination. In the Chrlocdadie they consist of a
strongly refractive mass in which small granules of somewhat
varying size are imbedded (cf. Fig. 47, @, #). In profile view
they show a striation parallel to the
surface of the plates and suggest-
ing their composition of separate
lamelle  {(cf. Fig. 47, 4). These
plates are always very sharply dif-
fercutiated from the cytoplasm.

In distilled water vacuoles occur
in them, most probably in conse-
quence of the swelling of the glob-
ules imbedded in its mass; and
finally, the plates show a completely
47. = Superficial cell of the gpongy structure.

hatne of Chylociadia refleza. a,
insurfoce view; & inprofile view: 373 For firing the protoplasmic

£, widescent pVaLc; ¢, chromatos
phores (x zs0). After Berihold.  plates Berthold recommends chiefly
a concentrated solution of iodine in sea-water (cf. § 301) or
osmic acid (§ 308). Neither of these, however, completely

preserves the structure.
Whether these bodies are to be included with elaioplasts,
as has lately been held to be probable by Wakker (I, 488),

must be determined by further researches.

7. Microsomes and Granula,

373 Under the term microsomes are usually included all
those small and mostly globular bodies which are distin-
guishable by their different refractive power from the main
mass of the cytoplasm. But it can no longer be doubted
that these include bodies of very different composition, and
it is not possible to speak of special reactions of the micro-
somes. -
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On the other hand, it has becn shown by Altmann (I) that
bodies of definite reactions may be quite generally recog-
nized in the cytoplasm of animal cells, which this author
terms granula and regards as the elementarygprganisms of
the cell.  Altmann used, for the demonstration of these
granula, chiefly a fixing mixture of osmic acid and potassium
bichromate and the acid fuchsin staining method 4, de-
scribed in § 345.

374. How far the cytoplasm of plant-cells possesses a sim-
ilar granula-structure cannot at present be said. The writ-
er's investigations on this point have not yet reached any
conclusive resuits.  But, by the aid of Altmann's methods,
it can be shown that certain bodies are widely distributed in
the cytoplasm of the cells of the assimilating tissue, which
correspond in many respects with Altmann’s granula and
have been termed at first simply granula (cf. Zimmermann,
11, 38). .

These are always colorless and are mostly little spheres,
which have, at most, about the size of the nucleoli, in adult
cells (cf. Fig. 48, g} Their chemical relations indicate that
they consist of protein-like substances.

375. For fixing the granula a concentrated alcoholic solu-
tion of corrosive sublimate
or of picric acid may be
used (cf. §§ 310 and 303).
Very good - results have
been obtained also with
dilute " nitric acid, and I
used in this case a solution
containing, in g7 volumes Fi (2 —A cell from the lowest mesophyll layer

of Tradescantia albiflora, from a prepira-
of water, three volumes of uon fixed with alcoholic ' picric acid  and

stained by Altmann’s acid fuchsin method, c.

chemically pure nitric acid cbloroplasis: 4, ucleus; ¢ granula.
of specific gravity 1.3, which therefore contained about 1.5%
of HNO,. I allowed this solution to act for 24 hours, and

then washed the objects in running water for 24 hours.
For staining the granula I formerly used almost exclusively
Altmann’s acid fuchsin method (§ 345), but have lately con-
vinced myself that the other acid fuchsin methods (§§ 346
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and 347) give very good results. Especially after fixing
with nitric acid, preparations may be pretty easily obtained
in which the granula are still deeply colored, while the much
larger chromatophores are wholly decolorized. T can recom.
mend the leaves of Tradescantia albifore as suitable objects
for study, as they contain comparatively large granula,
especially in the spongy parenchyma (cf. Fig. 48, £).

[Crato (I) has lately observed, in Chatopteris and other
plants, certain structures, hitherto included under the gen.
eral term microsomes, which he regards as special organs
of the cell and calls piysodes. For further details, his
account of them may be consulted.]

8. The Cilia.

376. The cilia, which occur on most of the freely motile
lower organisms andesare always directly connected with the
protoplasm, are often so fine that during their active motion
they can be recognized with difficulty or not at all, even with
the best objectives.

377. In many cases the cilla may be made better visible
by bringing the organisms to rest by quickly &ing them.
For this purpose, the vapor of osmic acid or 1% osmic acid,
1¢ chromic acid, or the solution of iodine and potassium
jodide may be used. The cilia often appear sharply, also,
if a drop containing the organisms be allowed to dry upon
the slide.

378. 1f the position of the cilia is to be determined while
in motion, fine granules of carmine, or the like, may be
added to the fluid containing the organisms, according to
the method proposed by Biitschli (I, 7). The movements
of these granules will show the cilia-bearing end.

379. Recently szaining methods have also been used for
the recognition of cilia.

Migula (I, 76) obtained a fine staining of the cilia of
Gonium pectorale by using the following method: A very
small drop of a concentrated alcoholic solution of cyanin
was added to the living specimens, and, after a time, enough
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water was added to precipitate the cyanin not taken up by
the organisms, in granular form. The cilia, as well as the
rest of the protoplasm, are colored at first pale blue, but
after the addition of water, deep violet. These methods
have given me no favorable results, when used on various
algee.

380. But I have obtained a very deep staining of the cilia
in Chlamydomonas, Pandorina, and C/lrnma/)/zym;u by the
{ollowing method, which is essentially similar to methods
used for staining the cilia of Bacteria (cf. § 476). The
objects were first fixed in the hanging drop on the slide
by the fumes of osmic acid (cf. § 308), and then allowed to
dry: then a drop of a 204 aqueous tannin solution is added,
and washed off with water in five minutes or later. The
slide is then plunged in a concentrated aqueous solution of
fuchsin,* in which it remains a quarter of an hour or longer.
The fuchsin solution is now washed off with water, the
preparation is again allowed to dry, and finally a drop of
balsam and a cover-glass are placed upon it. I have ob-
tained in this way very beautiful permanent preparations in
which the cilia were stained bright red.

[T have obtained very satisfactory stainings of the cilia of
the zodspores of various alga and fungi by adding to the
water containing them a drop or two of a 1% solution of
osmic acid, and then the same amount of a strong solution
in alcohol of equal parts fuchsin and methyl violet. This
stains the cilia deep red almost at once; and the osmic acid
need not be removed before adding the stain.]

9. Protein Grains,

381. The investigation of the aleurone or protein grains
which occur in the seeds of all the higher plants is best con-
ducted, in oily seeds, after the removal of the oil, which is
often a great hindrance to their study. This mz, be ac-

* Carbol-fuchsin (§ 468) is especially useful, as it stains deeply in a few
minutes.
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complished in many cascs, as in Ricinus, by placing the
sections to be studied, for five minutes orlonger, in absolute
alcohol. Less soluble fats may be extracted with ether or
with a mixture of equal parts ether and alcohol.  Further
methods of study will depend upon the constituent of the
protein grain which it is chiefly desired to make visible;
for there may be distinguished in them a proteid funda-
mental mass and various inclusions, protein crystalloids,
globoids, and crystals of calcium oxalate. These separate
constituents, which are not found simultancously in all
protein grains, but yet are widely distributed, will be dis-
cussed in order.

[But it may be well to give first two general methods
recommended by Krasser (111) for making permanent prep-
arations to show the grains and their inclusions in general.

1. The sections are fixed with an alcoholic solution of
picric acid, rinsed with alcohol, stained in an alcoholic
eosin solution, “toned " with alcohol, cleared with clove-oil,
and mounted in balsam. The fundamental mass is stained
dark red, the crystalleid is yellow, and the globoid is colorless
or reddish.

2. The sections are simultaneously fixed and stained in a
concentrated solution of nigrosin in an alcoholic picric-acid
solution. When the fundamental substance appears blue,
which may be determined by examining a section in abso-
lute alcohol with the microscope, the sections are washed in
alcohol, cleared quickly in clove-oil, and mounted in balsam.
This treatment stains the fundamental mass blue, the
crystalloid yellowish green, and leaves the globoid color-
less.]

a. The Fundamental Mass,

382. The fundamental mass of the protein grains, which
sometimes forms the bulk of the whole grain and some-
times only a thin envelope about the various inclusions,
consists of proteid substances and is well suited-for the
study of the reactions of protein, detailed in §§ 224 to 234.
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It is also always readily soluble in dilute caustic potask or
ammonia solution and in sodium phosphate.  The last-
named reagent in concentrated aqueous solution is especially
recommended by Liidtke (I, 73).

The fundamental mass of the protein granules behaves
very differently in different plants. In many, as in Peonia,
it is soluble in water; in others it is insoluble in it. It shows
similar relations with a 10% solution of common salt and a
1% sodium carbonate solution, differing with the species of
plant. The protein grains which are soluble in water are
best examined in alcohol or glycerine; and, by the gradual
addition of water, their solution may be observed under the
microscope.

383. But the protein grains may be made insoluble by
fixing media, for instance by an alcoholic solution of corro-
sive sublimate or of picric acid.  Objects fixed in the latter
fluid may be directly preserved in balsam. But it is also
easy to stain the protein grains after washing out the fixing
fluid, and for this purpose an aqucous solution of eosin is
very useful.

384. The fundamecntal mass of the protein grains is
bounded extcrnally, as well as against the inclusions, by a
delicate pellicle which is distinguished from the remaining
substance of the protein grain by its insolubility in dilute
alkalies and acids, but, as has been shown by Pfeffer (I, 449),
also consists of albuminoid materials. According to Pfeffer,
it may be well observed by gradually dissolving the funda-
mental mass or the inclusions by the addition of very dilute
caustic potash, acetic acid, or hydrochlori¢ acid. Lidtke
has lately recommended lime-water for the same purpose,
as it first dissolves the fundamental mass of the grain, while
the membrane becomes sharply visible and then dissolves
after a preliminary swelling.

b, The Protein Crystalloids.

385. .The crystalloids observed in the protein grains of
many segds consist always, like the fundamental mass, of
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protelds, as may easily be shown by the aid of the reactions
described in §§ 224 to 234. When examined in alcohol or
glycerine, they are usually hardly or not at all distinguish-
able from the fundamental mass, since they have about the
same refractive index as it (Fig. 49, I1, 4). But after being
placed in water, in which the crystalloids are always insoluble,
they show clearly in consequence
of their greater density (Fig. 49,
1L, ). To distinguish them from
the globoids and calcium oxalate
crystals, one may make use of their
ready solubility in very dilute caus.
tic potash and their power of be-
coming yellow or brown in a solu-
tion of iodine and potassium iodide,
according to its strength.

Fio. 49.~1 Protetn grains of Fe- . .
n A from the aater, . from  Liidtke (I, 77) has lately recom-

the middle, ¢, from the inner

layers, Drawn from picricacca mended a concentrated aqueous
materfal. . ;
11. Proteln grains from the endo- SOlution of sedium phosphate for

sperm of Ricinus communis, . . .
5 alcohol, 4, on the agdiion  the recognition of crystalloids, since

E’,{"'."‘i}‘fér"?ﬁé‘ifm'{"ﬂ‘.‘?ﬁ ;ﬂg they are insoluble in it, while all
hol. "4, crystalloid; g, globoid. ; i
other constituents of the protein
grain are dissolved by it, though sometimes only after
several hours,

The crystalloids with distinet faces belong, according to
Schimper (I), partly to the isometric and partly to the hex-
agonal crystal-system (cf. Figs. 49, I1, 4 and 50, 1T and IIT);
and those of the latter system have a feeble doubly refractive
power.

386. Eosin is very well adapted for staining the fixed
crystalloids. Acid fuchsin may also be used for the same
purpose according to one of the methods given in §§ 345-
347. These dyes give a very pure and deep staining of the
crystalloids, especially after fixing with corrosive sublimate.

387. Recently Overton (11, 5) and Poulsen (I1I) have given
methods for staining crystalloids. Overton places sections
of the endosperm of Ricinus, hardened with alcohol, first in
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a dilute aqueous solution of tannin for ten minutes, and
then, after careful washing, in 2% osmic acid. The crystal-
loids are stained a beautiful brown by these rcagents. After
washing out the osmic acid, the preparations may be pre-
served in glycerine.

Poulsen (II, 548) places the sections first in alcohol for
24 hours, then for an hour in a 25% aqueous solution of
tannin, and finally, after washing this out with watcr, in an
agqueous solution of potassium bichromate, in which he
Ieaves them until they are brown or yellowish. For the
preservation of these preparations, in which the aleurone
grains should be quite transparent, Poulsen recommends
glycerine.

According to another method also recommended by
Poulsen, the sections, treated in the same way with alcohol
and tanunin, are placed, after washing, for an hour in a 10~
20% aqueous solution of ferrous sulphate. The preparations
are then washed and transferred to balsam in the usual way.
The crystalloids then appear deep blue, almost black.

c. The Globoids,

388. The globoids consist, according to Pfeffer’s researches
(I, 472), of the calcium and magnesium salt of an organically
combined phosphoric acid. They do not occur in all protein
grains but, according to Pfeffer’s investigations, are not
wholly absent from any seed. They are sometimes more
or less precisely globular in form, as in Peonia and Ricinus
(cf. Fig. 49, I and II, g), sometimes irregular, biscuit-shaped,
or clustered, as in Bertholletia excelsa (Fig. 50,1). The rela-
tive and absolute size may vary very greatly in the same
seed. For example, the protein grains in the innermost
layers of the endosperm of Peonia are quite free of glo-
boids, while their size increases regularly toward the outside
(cf. Fig. 49, I, a—<).

389. In oil or Canada balsam the globoids have the



220 BOTANICAL MICROTECHNIQUE.

appearance of vacuoles (Fig. 49, I1, @), because they have a
lower refractive index than these

z )i media. They may be best ob-
served by dissolving the funda-
mental mass of the protein-grain
and the crystalloids contained in it

V4 with dilute, about 1%, caustic potash
8] solution, from sections previously
™ deprived of their fat by alcoliol or

ether-alcohol.  There remain then
. in the space formerly occupied by
the protein-grain only the globoids
and any calcium oxalate crystals
that may be present. To distin-
guish between these two constituents, polarized light may
be used. The globoids are amorphous and therefore iso-
tropie, while the oxalate crystals (cf. § 392) are strongly
doubly refractive.

For the same purpose, a dilute, about 1%, accfic acid
may be used, in which the crystals are insoluble, while the
globoids are quickly dissolved by it. In concentrated acetic
acid the globoids are soluble with much greater difficulty,

In a concentrated aqueous solution of sodium phosphate
the globoids are completely soluble, according to Liidtke
(I, 79), even after treatment with corrosive sublimate. But
this solution requires several hours, and the larger globoids,
like those from the seed of Vitis vinifera, show during solu-
tion an evident stratification which gradually pcenetrates from
without inwards. Ludtke also observed similar stratifica-
tions when he allowed dilute caustic potash or lime-water to
act for a long time on the globoids.

It may be remarked herc that the globoids are also dis-
solved by picric acid. The protein-grains, however, preserve
their original form completely in this fluid, and cavities may
be seen in them which have exactly the forms of the dis-
solved globoids.

390. Pleffer (I, 472) used the following reactions for the
recognition of the chemical composition of the globoids.

Fio, so—1. globoids, 11, crystai-
5, Berthotietia excelsa

middle,
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The presence of organic substance in them is shown by the
fact that isolated globoids blacken strongly on /Jeating.
They may be casily obtained by moving about on the cover-
glass sections which have been freced from fats and proteids
by successive treatment with ether-alcohol, 18 caustic pot-
ash, and water. To obtain a pure white ash from the
globoids, very strong heating is necessary.

If the residue left after strong heating be treated with an
ammoniacal solution of ammonium cliloride, the character-
istic crystals of ammonio-magnesium phosphate are formed,
This shows at once the presence of phosphoric acid and
magnesium in the globoids,

But if the globoids be treated with the ammoniacal am-
monium chloride solution before being heated, no formation
of ammonio-magnesium phosphate crystals occurs, evidently
because the organicaily combined phosphoric acid behaves
differently from the phosphoric acid set free by heating.
But the formation of large quantities of crystals of the double
salt mentioned takes place when sections, freed as above
from fats and proteids, are trecated with a mixture of an
ammoniacal solution of ammonium chloride and sodium
phosphate. 1 have used in this case, with good results, a
reagent containing 10 parts of the two salts named and 10
parts of the officinal ammonia solution® to 100 parts of
water,

391. The presence of caleiuwm was shown by Pfeffer (1,
473) by the addition of an ammoniacal solution of ammonium
chloride and ammonium oxalate to the unchanged globoids,
There are then gradually formed the characteristic crystals
of calcium oxalate. By the addition of sulphuric acid,
the formation of the characteristic gypsum needles can be
brought about,

d. Crystals.

392. The crystals observed within the protein-grains con-
sists, like nearly all crystals observed within the vegetable

* [This is of 16° Baum¢, spec. gravity .g60.]
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organism, of calcium oxalate. For their reactions §§ 85 to
88 may be consulted. It may be observed here that calcium
oxalate crystals can occur even in the interiors of the glo-
boids, as, for example, inside of the large protein-grains of
the seed of Vitis vinifera (cf. Fig. 50, IV, g).

10. Protein Crystalloids.

393. The protein crystalioids contained in the cytoplasm
or in the cell-sap agree essentially with the crystalloids
contained within the nucleus, the chromatophores, and the
protein-grains (cf. §8 343, 359, and 385). Besides very
regular forms, like those from the tubers of Solanum tube-
rosum (Fig. 38, &) or from the epidermis of the leaf of
Polypodium irreoides (Fig. 51,1, %), one finds also spindle-

Fig, 51T, epidermal cel of the lnwer face of the leaf of folypodium irrevides: & crys.
talloid ; 7, nucleus; e, chloroplasts. 1, crystalioids from the wall of the ovary of
Gratiola afteinatis. ‘1L crystallod (B, chioroplasts (v and granula (g) from a
spongy-parenchyma cell of Passifiora carulea. 1V, erystalloids from she subepidermal
parenchyma of the leaf of Vunda Farva

shaped or needle-like forms, or such as are variously bent

(Fig. 51, II-IV). Molisch (II) observed completely ring-

shaped crystalloids in the leaves of various species of £pi.

phyllum,

For the recognition of these crystalloids the staining
methods detailed in §§ 345 to 347 may best supplement the
study of living material.

304. As has been recognized especially by J: Klein (I),



SPECIAL METHODS. 223

true protein crystalloids occur in many marine algze. These
must not be confused with the so-called rhodospermin-crys.
talloids which are formed after the algz have been killed in
a solution of common salt or in spirit.

395. Rhodospermin consists chicfly of hexagonal prisms or
plates which are colored deep red (Fig. 52). They are
insoluble in water, alcohol, glycerine, sulphuric, nitric, hydro-
chloric, and acetic acids, and in alkalies. They become
gradually destroyed and invisible on boiling in sulphuric
acid, hydrochloric acid, or potash. Jodine colors them at
first golden yellow and later deep brown-yellow. They
are not colored by concen-
trated nitric acid, but on z é
the subsequent addition
of ammonia become most DO
clearly yellow. Rhodo- OD O
spermin often swells mark-
edly in a potask solution, e ; —Rhodospermin crystals from Cora-
but contracts again to its s fdeperis imed in the cortical ts-
original bulk on the addj. At ) Klee
tion of acids, while, at the same time, the color which has
disappeared in the potash reappears (cf. J. Klein I, 55).

Whether we are justified by these reactions in including
rhodospermin among the proteids, as is commonly done,
seems to me at least doubtful. But, at any rate, the rhodo-
spermin crystalloids do not belong in the same category
with other crystalloids, for they represent, as has already
been remarked, an artificial product arising through the
action of reagents. )

11. Rhabdoids (Plastoids).

396. Gardiner observed (I) in most of the epidermal cells
of Drosera dickotoma, as well as in those of Dionwa, spindle-
shaped or needle-shaped bodies which he first termed plas-
toids and later, rhabdoids.* These usually occur ¢ ngly in
the cells, which they cross diagonally. They are fixed by

* From 7 pd 805, the rod.
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alcohol, chromic acid, and picric acid.  After fixing with the
last-named acid, they may be decply stained with Hof-
mann’s blue; but in dilute alcohol they swell and finally
disappear wholly. They are also disorganized by fodine and
take a spherical form.

After stimulation of the leaves the rhabdoids contract and
become rounded or fall into several pieces, which become at
first lens-shaped, but later always more spherical.

After longer stimulation the rhabdoids decrease markedly
in size ; they are therefore regarded by Gardiner as reserve

materials.

Whether these structures should be simply included with
the crystalloids cannot be determined from our present
knowledge.

12. The Acanthospheres of the Characea.

397. The acanthospheres,* or ciliate bodies, observed in
the cells of various species of A77¢//a, have already received
various e¢xplanations (c¢f. Zimmermann I, 73). According to
Overton’s recent researches (I1), they consist of albuminoid
substances which most probably possess a crystalline struc-
ture and are partly united with tannins.

308. For recognizing the presence of zanuin in the acan-
thospheres, Overton used potassium bichromate, osmic acid,
and staining zntra vitam with methylene blae {cf. §§ 201, 203,
and 208). He deduced their prorcid nature from their be.
havior with iodine and potassium iodide solution, Raspail's
reagent, and Hartig’s potassium ferrocyanide-ferric-chloride
reagent (cf. §§ 224, 227, and 230). He also stained objects
fixed with an alcobolic sublimate-solution with borax-carmine
and an aqueous solution of fuchsin. The crystalline struc-
ture of the acanthospheres is best shown by the use of the
former stain and mounting in balsam Tolu.

The difficult solubility of the acanthospheres in acids and

*[As ] am not aware that any English name has been applied to these
bodies, I propose this Greek equivalent of the German name, Stachel-

kiigeln.}
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alkalies is especially remarkable. These bodies remain
almost unchanged in concentrated sulphuric, hydrochloric,
and nitric acids, and in glacial acetic acid, according to
Overton (11, 4).  Cold caustic soda also fails to attack them,
but on boiling in this solution, the spiny envelope gradually
disappears and the interior assumes a spongy structure,
399. It may also be remarked that Overton has found in
the cells of Nitella syncarpa, besides these acanthospheres,
vesicles as clear as water which show the same chemical re-
lations as they ; and intermediate stages between the two
bodies were to be found. In the species of Clara that he
studied, Overton found only such spineless bodies; these
are very probably identical with the strongly staining bodies
recognized by the writer in the cells of a species of Chara
not definitely determined, after fixing with nitric acid and
staining with acid fuchsin (cf. Zimmermann 11, 51).

13. Starch-grains and Related Bodies
a. Starch.

400. The chemical composition of starch corresponds to
the formula C,H,,O,; but it is not yet determined whether
we have to do with a completely uniform compound in the
starch-grains or not.

The form of starch-grains shows the greatest diversity in
different plants. But in a given organ of the same species
of plant, only slight variations are observed, except such
as are due to the different stages of development of the
grains, Some of the characteristic forms of starch-grains
are shown in Fig. 53. Figures I, III, and V represent
simple grains from Canna, Lathrea, and Euphoréia. The
last two sorts are especially distinguished by their charac-
teristic form. Figure IV shows a cell from the horny part
of the endosperm of corn, in which the starch-grains lie
almost in contact. Figures 11 and VI, finally, show the so-
called compound grains of Befa and Swilax. The former
consist of an immense number of component grains,

4o1. The larger starch-grains show usually a more or less
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distinct stratification, which is certainly due to varying water-
content. This may be shown by examining moist and dry
starch-grains in Canada balsam or the like (cf. § 297k and
Zimmermann I, 87). The silvering described in § 297n may
also be carried out on starch-grains, as Correns (II1, 331)
has shown. It is best done by drying at 50° C. starch-grains

V4

AN 4
m”@

Fi1G. 53.—1, starch-grain from the rhizome of Cauna indica (X 300): 11, the same, from
the seed of Heta rulgaris (X soo); 111 the same, from the scale-leaves of Lathraa
squamayria (X 150) : 1V, endosperm-cell of Zew Mays: V, starch-grains from the latex

Of Euphorbia splendens (% 150}; V1, the same, from the Sarsaparilia root (X 250).

obtained by scraping and cleaned by washing and decanting.
When dry, the grains are covered with a few drops of a 5%
solution of silver nitrate, then a large quanity of a 104 solu-
tion of common salt is added, and the whole is exposed to
bright light until the reduction is completed. The grains
are finally dried again on the slide and mounted in Canada
balsam. There are then seen many granules of silver de-
posited in the more strongly swelling layers of most of the
larger grains.

402. In polarized lght starch-grains give a characteristic
figure, like that of sphaerocrystals; but the orientation of
the optical axesis opposite to that of the spherites of inulin,
for example. In excentrically formed starch-grains, the
middle of the black cross is also excentric and always corre-
sponds with the organic centre of the grain.
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403. Concerning the microchemical relations of starch, it
may be first remarked that it is entirely insoluble in cold
water; but in hot water it suffers first strong swelling, and
on longer boiling it passes completely into solution (paste).
Caustic potash also causes a marked swelling and finally
complete solution of the starch.grains.

But its becoming blue with zdine is especially character-
istic of starch. This does not take place indiscriminately
with jodine solutions, for all solutions containing hydriodic
acid or potassium iodide give it rather violet-brown tones.
A pure blue coloring of starch-grains is obtained by prepar-
ing an agueous solution of iodinc immediately beforeit is to
be used, by adding a few drops of an alcholic solution, which
keeps indefinitely, to afew ccm. of distilled water. The use
of dilute solutions is always to be recommended for coloring
starch-grains, as they often become almost black in concen-
trated solutions. Swollen grains, and even paste, have the
same power as unchanged ones of becoming blue with jodine.
This color disappears on heating, but reappears on subse-
quent cooling, without further addition of iodine. Caustic
potash always at once destroys the color by the decomposi-
tion of the fodine.

404. For the recognitionof very small quantities of starch
various methods have been given, which consist essentially
in swelling the starch-grains before the addition of jodine
and destroying the rest of the cell-contents. But in most
cases it is as well to place thin sections in a concentrated
solution of iodine and potassium iodide; the deep black
starch-grains then come out sharply with high powers and
strong illuminations.

405. In many cases, the sections may well be treated
according to the method of A. Meyer (II). After treatment
with a pretty dilute solution of iodine and potassium iodide,
and the removal of this reagent, a concentrated aqueous solu-
tion of chloral fydrate is added to the sections. which
destroys the other cell-contents and causes the starcn-grains
to swell so that they appear brighter and usually of a
beautiful b.lue color, But it should be observed that starch
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is also finally decomposed by chloral hydrate, and that very
small amounts of starch, which are naturally first attacked,
may be casily overlooked, if the sections are not examined
soon after the addition of chlorate hydrate.

The action of chloral hydrate may be hastened by heating,
but the color of the starch, due to iodine, thercupon disap-
pears, to reappear on cooling again.

Eau de Javelle (§ 12,4), recommended by Heinricher (1) for
the recognition of starch, acts in the same way as chloral
hydrate. But, according to this author's statements, it
is better to treat the objects with it before the addition
of iodine, since otherwise the iodine hinders the destruction
of the protoplasm,

Both media, cljoral hydrate and ean de Jawvelle, may be
used with advantage when it is desired to demonstrate the
distribution of starch in large organs, like whole leaves. It
is best, in this case, to place the objects in a concentrated
solution of chloral hydrate containing iodine, and to heat
them to boiling in it. In this way leaves at all delicate may
be cleared and saturated with iodine in a few minutes.

406. The recognition of starch may be accomplished with
greater certainty in microtome sections. Tor this purpose,
it is best to use a very concentrated solution of jodine and
jiodide of potassium, which stains the smallest starch-grains
dark violet or quite black. These then stand out sharply,
even in cells rich in protoplasm, from the brown proteids. In
doubtful cases, a concentrated chloral hydrate solution may
be afterwards added, in which the starch-grains swell and
become of a beautiful blue color, while the rest of the cell-
contents suffer a wide-reaching destruction.

407. 1T will remark here that not all starch-grains are
colored blue by iodine. But there are some which are
colored wholly or in part red by iodine, or which take
intermediate colors between red and blue. It is probable,
according to the researches of Shimoyama (I} and A. Meyer
(1), that the varying behavior of these starch-grains is due
to the fact that they contain greater or less quantities of
amylodextrine and dextrine besides true starch.
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Amylodextrine is almost insoluble in cold water, but is
easily dissolved by water at 60° C,, and is not thrown down
from such a sajution on cooling. But, on evaporation or
freezing, amylodextrine separates from its solution in the
form of characteristic crystalline disks, the so-called “disco-
crystals " (cf. W, Naegeli 1, and Nacgeli and Schwendener
1, 359).

408. Amylodextrine also arises as an intermediate prod-
uct in the transformation of starch into dextrine and malt-
ose. If starch-grains are heated for some time at 50° C. in
the salivary ferment, they lose, usually after a few hours,
the power to become blue with jodine, and take at first a
violet, then a wine-red, and finally a pure yellow color, ac-
cording to the length of time the ferment has acted. Nev-
ertheless the grains which remain, the so-called “starch-
skeletons,” still have the original form of the starch-grains
and often show distinct stratification. These starch-skele-
tons, consisting of amylodextrine, may alsc be obtained by
the action of diluge hydrochloric or sulphuric acid for years
upon unchanged starch-grains.

409. But the solution of starch within the living plant
takes place in another way. As has lately been described
in detail by Krabbe (I), either there occurs a regular solu-
tion from without inwards, or local corrosions are formed in
the shape of pit- or crater-shaped depressions. In small
grains pore-canals are often formed, which may penectrate
to the interior of the grain and lead to the formation of a
central cavity. -

Diastase acts in a similar manner. It may be prepared
by the solution of malt extract in water, A very useful fer-
ment-containing fliid may be prepared by adding to the
aqueous solution of commercial diastase about .03% of citric
acid (cf. Detmer I, 197).

410, Finally there may be mentioned here a substance
commonly termed soluble or amorphous starch, whicu agrees
with true starch in being colored blue or violet to red by
iodine solutions. But it is soluble in water and occurs only
in the cell%ap of the epidermal cells of a few plants; for ex.
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ample, Saponaria officinalis. No certain statements can be
made as to its chemical composition (cf, J. Dufour 1I).

b. Floridean Starch.

411. Colorless granules have been observed in the cells of
the Flortdea, which correspond, as Van Tieghem (I, 804)
recognized, in most of their chemical characters, especially
in their behavior with caustic potash and hot water, with
ordinary starch, and which show, under the polarizing mi-
croscope, a similarly oriented cross to that of the latter
With jodine these granules, which are commonly termed
Floridean or Rhodophycean starch, usually take, however,
only a yellowish-brown to a brownish-red color. According
to more recent investigations of Belzung (1, 224), in many
Florideww the younger starch-grains, especially, are colored
blue by iedine. We have at present no more exact chem-
ical studies of the substance of Floridean starch.

c. Phzophycean Starch,
412. Schmitz (I, 134 and 1I, 60) has observed in the cyto-
plasm of the Plheopliycee coloriess bodies quite insoluble in
water, but which are not colored at all by iodine. Berthold
has disputed (I, 57) the occurrence of such bodies.

d. Paramylum.
413. The paramylum-grains, recognized 1a the cytoplasm
of the Euglene and by Zopf (I, 17) in
x

! ’ the ameeba and cysts of Leptophrps

— .
— @ @ wvorax, have mostly a disk-shaped or
e 5 . rod-shaped form {cf. Fig. 54, I); but

S ring-shaped grains have also been seen
(Fig. 54, 11 and 11I).

Klebs (I, 271) observed an evident
stratification in the large paramylum-
Frc. o —Paramylum grains. 1, §7210S Of Euglena Ehrenh'rgf'i, Yvhif:h

of Buglena acus; 1L of Pha- jo  however, very characteristic in its

cus paroula ; 111, of Euglena

Spiroryze: IV o< of £ arrangement and differs markedly from

three aides (<ol Aler ¢hat of the starch-grains, These para-
mylum-grains consist, as is shown in Fig. 54, IV, a—, which
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represents such a grain in three different views, of plates
placed close together and themselves composed of concen-
tric rings. The whole grain therefore lacks a common cen-
tre of stratification. In other paramylum-grains Klebs was
able to bring out the stratification only by swelling media.
The paramylum-grains differ ckemically from the starch-
grains in not being colored by iodine solutions and in not
being stainable, in general. Klebs (I, 270) also gives it as
characteristic of them that they remain quite unchanged in
5% caustic potash and do not swell, while in even a 6% solu-
tion-of the same they at once dissolve with strong swelling.
‘We have no more exact chemical analysis of these grains.

¢. Cellutin-grains.

414. The cellulin-grains discovered by Pringsheim (I) in
the hypha of various Saeproligniace@ have sometimes the
form of round or polyhedral plates and are sometimes more
globular, and often show evident stratification {cf. Fig. 55).
They are not colored by iodine solutions, and
are even insoluble in concentrated caustic pot- Q Q
ash solution, but soluble in concentrated sul- @8
phuric acid and in a solution of sine chloride. Q
Nothing is known of their chemical constitu. Fic. s5s—Cellulin-

) grajns of Leplo-
tion, i [;rrltri;;:

Weber van Bosse (I) discovered globular bod.  beim.
ies which agree completely with cellulose in their reactions,
in one of the Phyllosiphonacew, Phytophysa Treubii. They
are not colored by a solution of jodine and'iodide of potas-
sium, but are colored blue by iodine and sulphuric acid, and
violet by chloroiodide of zinc.

f. Fibrosin-bodies,

415. Zopf (I11) found, in the conidia of Podosphrra Oxy-
acanthe and of other Erysiphee, characteristic bodies which
he call fibrosin-bodies. They are always imbedded in the
cytoplasm and are sometimes cup-shaped, sometimes in the
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form of a hollow cone or a hollow cylinder (cf. Fig. 56).

Their largest diameter varies from 2 to

O»-ﬂ 9@ 8 u. No stratification can be observed

in them, even after treatment with caus-

@ @@ ﬂ@ tic potash or chromic acid, For the

. examination of the fibrosin bodies Zopf

e Comanr ot P recommends that they be isolated by
sthara orvacartha, party

in Iifierent views dh indi pressure on the cover-glass, or that t_he

(X 1000).  After Zopf. spores be made more transparent with
nitric acid or caustic potash. Zopf has determined the
following points as to their chemical relations: They
swell in hot water into roundish bodies; they are colored
neither by jodine-potassium-icdide solution nor by chloro-
iodide of zinc; neither are they dissolved by the latter re-
agent. In concentrated sulphuric acid they are soluble with
difficulty ; they are not dissolved by nitric acid, even after
48 hours' exposure. In caustic potask they are insoluble
in the cold, but, on warming in it, they swell up into irregu-
lar, strongly refractive bodies. They are insoluble in cu-
prammonia, alcohol, ether, and chloroform, are not browned
by osmic acid, and take up no aniline dye.

The fibrosin-bodies therefore agree most closely in their
reactions with fungus-cellulose, and are distinguished from
the cellulin-grains especially by their insolubility in chloro-
iodide of zinc and their difficult solubility in concentrated
sulphuric acid. A macrochemical analysis has not yet been
carried out, for obvious reasons.

14. The Mucus-globules of the Cyanophycea.

416. Several authors have observed globular structures in
the cells of the Cyanophycee, which always lie in the periph-
eral part of the protoplasm (Fig 57, s) and are often cs-
pecially abundant on both sides of the transverse walls.
These may be here termed, with Schmitz, mucus-globules,
although no conclusion as to their chemical composition
is at present possible.

417. According to the recent investigations of Zacharias

o
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(I11, p. 12 of separata), these mucus-globules give the follow-
ing reactions: They are insoluble
in alcohol and in ether, and are un-
changed either by boiling in distilled
water or by the additi'on of a 1% solu-
tion of soda (N2,CO,).  In .3% Aydro-
chioric acid they swell up and become

invisible, and the same result is pro- nWith acetic carmine
duced by a mixture of two volumes of Sachussan Floboles. - Afuer
concentrated sulphuric acid and three volumes of water;
while they swell even in a mixture of one volume of sul-
phuric acid and 100 volumes of water, but remain visible,
3-5% caustic potash solution causes swelling of the mucus-
globules, but in a 1% sclution they are unchanged. In a
solution of potassium ferrocyanide acidulated with acetic
acid they stand out sharply and take a vacuolar structure.
In Millon's reagent they remain colorless, and also in iodine-
glycerine or in chloroiodide of zinc. Jodine and potassium
dodide solution and the above-mentioned dilute sulphuric
acid cause, on the other hand, a deep brown coloring of the
mucus-globules.  Acctic carmine colors them deep red, and
a deep stain is produced by alum-carpiine and by Delafield’s
hematoxylin, after treatment with alcohol.

Their capacity for staining with hematoxylin has been
disputed by Biitschli (I, 17).  According to his statements,
cosin is especially uscful for staining them. The mucus-
globules may be made visible, even in hamatexylin prepa-
rations, by subsequent staining with this agent. [Hierony-
mus (I1) has studied bodies found in the cells of Cyanophycee,
which he terms cyanoplhycin-grains and regards as identical
with the mucus-globules of Schmitz. According to his
statements, the bodies studied by him agree in their reac-
tions with those above described, and he gives the following
additional facts concerning them: They give no proteid
reaction, They are quickly dissolved by nitric : :id, by a
solution of salt, by eau de Javelle, chloral lydrate, and
caustic potask solution ; but are insoluble in an artificial
gastric juice, in carbon bisulphide, in acetic acid, and in a

—1 hwng cell of Seyto-
Nostoc, diter
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cold solution of di-sodium phosphate (Na,HPO,); but ina
boiling conecntrated solution of the last they slowly dis-
solve. This author states that these bodies are formed of a
knot of thread, and he regards them as probably related to
nuclein (cf. § 236).]

15. Tannin-vesicles.

418. In the cells of many Zygnemacea are found strongly
refractive globular structurds, which, as
Pringsheim (I, 354) recognized, contain
large quantities of tannin and arc com-
monly termed tannin-vesicles.  Such tan-
nin-vesicles have also been observed in
various Phanerogams (cf. af Klercker 1, 15).
But, while they are
usually present in
the Alge men-
tioned in large
numbers, and are
of small size (cf.

Fig. 58, &), in the ‘
Phanerogams they
are usually single
or only a few in a
mi g o cell and are of a SRR i e
veadesi s, pyrenoid; relatively large e & i esiclei %, nu
# nucleus. size, as in the bases

of the petioles of Desmanthus plenus (cf. Fig. 59, g).

419. These tannin-vesicles always arise, as Klercker (I,
22) has shown, in the protoplasm, from which they are
most probably separated by a true precipitation membrane
of albumen tannate. Whether they contain other sub-
stances than tannins cannot at present be certainly stated;
but, at all events, they cannot contain dissolved proteids, as
Klercker (I, 36) has shown,

420. In the investigation of the tannin.veicles, all the
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tannin reactions described in §§ 190-208 may, of course, be
used. Especially useful is Pfefler’s staining éntra vitam
with methylene blue (§ 208), which may be used with
particular advantage in developmental investigations. As
suitable objects for study may be suggested the cells of
Zygnema and Mesocarpus (cf. Fig. §8), as well as those from
the root-cap of Pistia Stratiotes or from the base of the
petiole of Desmanthus plenus (cf. Fig. 59).

421. A good fixation of this coloring may be obtained
by placing the stained objects in a concentrated aqueous
solution of picric acid for 2-z4 hours. They are then
repeatedly rinsed in pure water, then placed in 10-20%
alcohol, which is gradually replaced by absolute alcohol by
means of Schulze’s dehydrating vessel (§ 16), then trans-
ferred to a mixture of three parts xylol and one part
alcohol, finally to xylol, and then mounted in balsam.* In
this way I have obtained beautiful permanent preparations
of Zygnema, in which, after six months, the tannin-vesicles
alone are stained deep blue; while threads preserved for
the same time in glycerine-gelatine have almost entirely lost
their color.

I have not experimented as to whether a solution of
ammonium picrate, recommended by Dogiel (I) for fixing
methylene blue stains in animal objects, is to be preferred
to the watery solution of picric acid for vegetable prepara-
tions also.

To obtain permanent preparations of the tannin-vacuoles,
af Klercker (IIT) fixes the objects either with Flemming's
chrom-osmic acid, or with a mixture of one volume of
Kleinenberg's picro-sulphuric acid and one volume of a 5%
solution of potassium bichromate, or with a mixture of
equal parts picro-sulphuric acid and cupric acetate solution.
After washing, the objects are imbedded in paraffine in the
usual way. Finally, a much darker staining of the tannin

* Clové-oil, phenol, or aniline must not be used in the transfer to balsam,
as they at qace wash out the methylene blue stain,
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precipitates may be obtained, by means of a feebly alkaline
silver solution, in thin microtome sections.

16. The Reactions of the Various Cell-constituents.

422. In many investigations it is of interest to determine
what reaction the various constituents of the cell, especially
the cytoplasm and the cell-sap, have in the living cell.  The
reactions of the sap pressed from large pieces of tissue
give very uncertain resuits in this respect, in view of the
extensive division of labor within the ccll-organism; and I
therefore refrain from discussing further obscrvations made
in this way.

423. So far as the collsap is concerned, its reaction may
be directly determined in (hose cases in which it contains
a coloring matter in solution which changes its color with
the reaction. Such a coloring matter is the so-called ant/io-

" cpanin (§ 184), which appears red when the reaction is acid,
blue when feebly alkaline, and green to yellow when strongly
alkaline. The cellsap is generally alkaline or neutral in
blue parts of flowers, but must be acid in red parts. In the
same cell, in the course of its development, a change inreac.
tion may occur, as in the flowers of Zwlmonaria offictnalis,
which are first red, and then blue. In the lastnamed plant,
as Pfeffer has shown (V, 140), a blue color of the red parts
may be produced at any time by traces of ammonia.

424. In cells with colorless cell-sap, one may reach conclu-
sions as to its reaction by the method, proposed by Pfeffer,
of introducing into it an artificial coloring matter which
gives different colors, according to thereaction. According
to Pleffer (11, 266), methy! orange is especially suited to this
purpose, as its orange-yellow color is not changed by dilute
alkalies. Pfeffer used in his experiments a .01% solution.
Pfeffer has (I1, 259 and 267) also experimented with cyanin,
tropzolin and corallin ; but these dyes proved less useful.

425. It is, in most cases, more difficult to determine the

"
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reactions of the protoplasm, which never contains coloring
matters that show the reaction directly.

In the large plasmodia of «&Ezkalium septicum Reinke (1,
8) was able to determine the alkaline reaction macroscopical-
ly: and he deduced the presence of a volatile alkali from the
observation that a bluing of litmus-paper occurred when it
was not in direct contact with the plasmodium. But this
observation does not in any way exclude the presence of
other alkaline substances in the plasmodium ; and it has been
shown to be probable, by Schwarz (I, 33), that the alkaline
reaction of the protoplasm in the higher plants probably
does not depend on the presence of ammonia or ammonium
compounds.

426. In these plants Schwarz (I, 2¢) attempted to deter-
mine the reaction of the protoplasm by killing cells that
naturally have a colored cellsap by alcohol, heat, crushing,
or electricity, and then noting the color assumed by the dead
protoplasm. Again, he treated colorless cells in the same
way in a feebly acidified extract of dorecole leaves which is
yellow-red, purplered, or redwviolet in an acid solution,
violet when neutral, and blue, blue-green, grass-green, yellow,
or yellowish orange when feebly alkaline. Schwarz found
that, after killing by electricity, the protoplasm of a few
cells was blue-green; but in most, it was blue-violet, or red-
violet, and he therefore concluded that the reaction of the
protoplasm is alkaline.

On the other hand, Arthur Meyer (III) observed that the
coloring matter of kale is not violet, but blue, when the re-
action is neutral, and that, when tin-foil electrodes are used
in conducting the current, a violet tin compound of the col-
oring matter isformed and taken up by the dead protoplasm,
and that various colorations of the extract may be caused
near the electrodes by the decomposition of the salts con-
tained in it. There cantherefore be no doubt that Schwarz’s
method cannot give trustworthy results.

427. The most certain conclusions may be reached by
Pleffer's methods of introducing artificially certain colored
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indicators into the living cell. In fact, Pleffer has (II, 259
and 266) already shown the alkaline reaction of the cytoplasm
in various cells by the aid of ¢yanin and methyl orange.

Pl i

17. P ysis (Plasma- b ).

428. If living plant-cells are placed in a solution of salt or
the like, the protoplasm withdraws from the wall in the ferm
of a continuous sac, if the solution be above a certain
degree of concentration, in consequence of its power of
taking up water. This proceeding, now generally known as
plasmolysis, offers the best means of showing the continuity
of the protoplasmic body in cells poor in protoplasm, and it
also plays an important part in various morphological and
physiological researches.

429. Concerning the media used in plasmolysis, it is
especially important that they shall exert no unfavorable
influence on the cells in the degree of concentration in which
they are employed. They should also have neither a
markedly acid nor an alkaline reaction. It is best, then, to
use neutral salts like saltpeter (KNO,) or salt (NaCl), or
ofganic compounds like cane-sugar or glycerine. The latter
has the advantage, in some cases, of exerting a clearing
effect in consequence of its higher refractive index. No
general directions can be given as to the concentration of
the solutions to be used, and in the choice of the proper
concentration the Zsofonic cocficient * of the compound used
should be especially regarded. But, in general, clearly visi-
ble plasmolysis may be obtained by using a 4% solution of
saltpeter or a 15% solution of cane-sugar.

430. If the objects to be plasmolyzed are not prescribed
by the nature of the investigation, it is best to choose such
objects as are most adapted to the observation of plasmoly-
sis, and as have the greatest power of resisting the injurious
influences connected with their preparation. Thus the cells
of Spirogyra furnish very suitable material for the demon-
stration of plasmolysis. Such cells as naturally contain a

* [Ct. Zimmermann I, 1g9-201 : also below, p. 263.]
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colored cellsap are also very useful, as, for example, the
epidermal cells of the red lower surface of the leaf of 77a-
descantia discolor. The earliest beginnings of plasmolysis
are easily observed in such cells.

431. In many cases the plasmolysis may be made plainer
by an artificial coloring of the cellsap. In cells containing
tannic acid this may be accomplished by exposing the ob-
jects on the slide, in a drop of the plasmolyzing solution, to
the vapor of oswmic actd for a time, according to the method
described in § 308. The protoplasts are then completely
fixed in their original position and are much easier to ob-
serve on account of the browning or blackening of the cell-
sap. Plasmolysis may also often be made plainer by pre-
liminary staining intra vitan:.

Finally, by adding an indifferent pigment, like eosin, to
the plasmolyzing fluid, a difference in color between it and
the cellsap may be produced.

To test for the presence of a living plasma-body within
the wessels, Th, Lange (I, 404) injected large pieces of tissue
with a 5% solution of saltpeter under the air-pump, and
then added a dilute solution of picric acid to fix the tissues.
After washing in water and dehydrating in alcohol, he
placed them in clove-oil. Very good thin sections were
prepared from the material so treated, and in these the pro-
toplasm was stained with borax-carmine or eosin.

Abnormal Plasmolysis.

432. As was shown by H. de Vries (I} many solutions
cause the complete killing of the protoplasm and its inclu.
sions, with the exception of the inner plasma-membrane
bordering on the cell-sap, which is not changed in its
osmotic relations, so that it still completely excludes the
cell-sap (cf. Fig. 60). 1f this proceeding, which de Vries
calls abnormal plasmolysis, does not justify such far-reaching
conclusions as he has drawn from it {cf. on this pount Pfeffer
VIII, 240), yet abnormal plasmolysis may do good service
in many investigations.
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433 To produce it, one may use a 10% solution of sa/-
peter to which a little eosin has
been added. This pigment has
the double advantage of at once
staining the killed part of the pro-
toplasm and of causing a sharper

definition of the uncolored cell-
F‘Sg,&;ﬁ;ﬁiﬁﬁgf{ﬁﬁ‘;{ o easaw sap.  Pretty large Spirogyra-cells
53‘.C[hf":33”',‘5012}?35‘"i{,‘jﬂf}",,ﬁg’i"}; furnish excellent objects for study
resbatns of e dead chloroplast. (o Toier 60).

434. For fixing the isolated vacuolar membranes Went
recommends (J, 314) 4-1% chromic acid, which he allows
to act one or two days. He then washes the objects in
running water six hours and transfers them, in the usual
way, to paraffine, for the preparation of microtome sections.

18. Methods of determining whether certain Bodies lie in the Cyto-
plasm or in the Cell-sap.

435. This question often cannot be answered by direct
microscopical examination, and already various methods
have been devised which make a certain decision possible
even in difficult cases. Wakker (I) observed, with micro-
scope tipped down, what motions the bodies in question un.
derwent with the slide in a vertical position. If they simply
fall downward in the cells in a vertical line in consequence
of their greater specific gravity, it is very probable that the
bodies lie in the cellsap. But, since the starch-bearing chro-
matophores of the starch-sheath, which undoubtedly lie in
the cytoplasm, sink down rather rapidly in the cells, as was
recognized by Dehnecke (I, g) and Heine (I, 190), it has
seemed useful to me to modify this method by reducing the
ready displaceableness of the protoplasm by killing the
cells, which may be easily done with an iodine and potas.
sium-iodide solution. The movement of the chromato-
phores in the starch.sheath was at once stopped by iodine
solution, while the protein crystalloids in the epidermis of the
leaf of Polypodium irreoides, which undoubtedly lie in the
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cell-sap, continued the motions due to their weight after the
same treatment (cf. Zimmermann 11, 68).

436. Walkker (I) has also used abnormal plasmolysis with
a 10% solution of saltpeter, containing eosin {cf. §§ 432 and
433), for the same purpose. It is often to be determined
with certainty by direct observation whether the bodies in
question le in the vacuoles isolated by this method. Be-
sides, a further confirmation of the conclusions reached by
direct observation may be obtained from the movements
taking place in such preparations when the slide is placed
vertically.

19. Aggregation.

437. Complicated changes of arrangement take place
within the cells of the glandular hairs of Drosera rotundi-
Jolta in consequence of chemical stiumulation, which consist
essentially in the origin of rapid circulation-currents in the
protoplasm and the breaking up of the large central vacuole
into a large number of small vacuoles which gradually con-
tract more and more. This process, discovered by Darwin
and studied in detail especially by H. de Vries (II), will be
termed exclusively, in the following account, aggregation,
in agreement with de Vries, though Darwin and various
other authors use the same term also for the artificial pre-
cipitation which accompanies the process, but also occurs in
very many plants.

438. The tentacles of Drosera are especially adapted to
the observation of aggregation, since their vacuoles stand
out very sharply on account of their red cell-sap. Aggre.
gation may be produced in them by bringing a leaf of the
plant in contact with an insect, a bit of cooked albumen, or
the like, It may also be observed in isolated tentacles
which have been placed in a 14 solution of ammonium car-
bonate. Aggregation then begins at the bases and at the
tips of the tentacles, and may be especially well followed in
its separpte stages at their middles {(cf. Fig. 61).

439. According to recent investigations of Bokorny (IV),
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who observed aggregation in other plants also, it is produced

1 Ir It

Fio. 61, —Cel. frum u margual tea-
tacle of the leaf of Drosera vo-
tundifolin in three different
stages of aggregation, caused
by a .1 solution of ammonium
carbonate. The interval be-
tween 1 and 11 is six minutes,
and that between (I and 111,
two minutes. After H. de
Vries

by themost various basicsubstances;.
but if they have highly poisonous
propertics, as caustic potash or am-
monia, they must be used in very
dilute form. This author observed
a very farreaching aggregation on
leaving superficial sections from peri-
anth-leaves of Tulipa suavcolens for
two or three days in a .1% coffein so-
lation.

440. A somewhat different appear-
ance, which is certainly very closely
related to aggregation, was observed
by Bokorny (IV, 431) on placing sec-
tions of the margin of the stigma of
Crocus wernus in a 1% solution of

coffein. The vacuolar wall did not draw together as in
normal aggregation, but the whole protoplasmic mass con-
tracted, so that there arose between it and the cellmem-
brane a space filled with water.

20. Artificial Precipitates.

441. Artificial precipitates may be produced in the cyto-
plasin and in the cell-sap without injury to the vitality of
the cell, by the most various reagents. Such excretions may
often arise in the cell-sap duringd plasmolysis. The chemical
composition of these bodies has as yet been determined in
but few cases; but it may be regarded as very probable that
protein-like compounds, especially, are widely distributed in
these precipitates with zanains and related substances.

442. Precipitates which consist of relatively pure fammic
acid are produced in a great varicty of cells by alkaline car-
bonates (cf. § 206). That these usually globular bodies con-
tain no important amount of proteid substances was recog-
nized by Klercker (I).

Similar precipitates were produced by Bokorny (V and
1V) in various plant-cells by the most various basic com-

!
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pounds, as, for example, by a .1% solution of coffein. These

“may lic partly in the cytoplasm and partly in the cell-sap,

and, since they also occur in cells free from tannin, cannot
consist of tannin in all cases, at least, But to what cxtent
proteid substances or ‘“active albumen” (cf. § 443), which
forms their chief constituent, according to Ilokorny, occur
in them cannot be certainly determined from our present
knowledge. It is not impossible that we have here to do
with very various bodies.

443. Precipitates occurring in plasmolysis were first
observed by Pfeffer (11, 245) in the root-hairs of Azola, and
they occurred in the same manner whether the plasmolysis
was accomplished by means of sugar, saltpeter, or calcium
chloride. These precipitates agree essentially with those
produced by ammonium carbonate, and consist chiefly
of tannin, in most cases. But, as af Klercker (I, 29) has
shown, other substances must be present in the cell-sap
which remain dissolved in the vacuolar fluid during the
excretion, and prevent the partial re-solution of the tannin.,
It isalso noteworthy that Klercker (I, 43) has observed similar
precipitates in arfificial cells of tannate of glue, on plasmo-
lvzing them with a solution of saltpeter, while plasmolysis
with sugar contracted the whole cell into a glassy mass.

444. Plasmolytic precipitates which are not due to the
presence of tannins may be very easily ob-
served in the epidermal cells of the red under
surface of the leaves of Tradescantia discolor.
If tangential sections of these cells be placed in
a small dish with a 10% solution of saltpeter, it
may be seen in ten minutes that strong plasmo-
lysis has taken place in all the cells, and pretty
strongly refractive, deeply colored spheres (¢f. ric. 6. — Epider-

Fig. 62) occur in most cells, while the cell-sap ), 5 from
. the -

has in some cases become markedly clearer. et o Tre
If wateris afterwards added, these precipitates £ e
solution, show-

are redissolved. No precipitates are produced ing  plasmolytic
. . precipitates.

in thesescells by ammonium carbonate, and no

blackening occurs with osmic acid.
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21. The Loew-Bokorny Reagent for “'Active Albumen.”

445. Loew and Bokorny {cf. I and II) have, in various
papers, maintained the view that living and dead proto.
plasm differ from each other in that only the former has
the power to precipitate silver from an aelkaline silver-
solution. These authors conclude from this that living
albumen contains aldehyde groups which at once undergo
a breaking up, at its death. [They have observed a pre~
cipitation, in living cells treated with a- .14 solution of
coffein, of abundant small granules which they believe to
consist of “ active albumen,” and term * proteosomes.”]

446. 1t has, however, been. shown by various authors (cf.
especially Pleffer VII) that the observations of Loew and
Bokorny are partly incorrect and that the bodies called by
them “active albumen” certainly consist in part of tannin
and similar substances. But, since the Loew-Bokorny
« Life-reagent” has already been used by other investigators
for the recognition of living albumen, and may perhaps be
capable of furnishing a basis for some conclusions concern-
ing the contents of the cell, when more critically employed,
the methods used by these investigators may be briefly out-
lined here.

447. The silver reagent called by Locw and Bokorny
“ Solution A" is prepared by mixing 13 ccm. of caustic
potash solution of specific gravity 1.33 {containing 334% of
KOH) and 10 ccm. of aquaammonia of specific gravity .96
(containing g% of NH,) and diluting the mixture to 100
ccm.  For use, 1 ccm. of this solution is mixed with 1 ccm.
of a 1% silver nitrate solution, and the mixture is diluted
to one liter (1000 ccm.).

448. The “ Solution B is prepared by adding 5 to 10 ccm,
of a saturated solution of lime to a liter of a ¢yyy% solution
of silver nitrate.

Both solutions must be used in large quantities on account
of their extreme dilution, and but a small number of the
objects used should be placed in them. The deposition of
silver usually begins only after some hours, and.it is gen-
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erally necessary to leave the objects from § to 24 hours
in the solutions,

A more rapid reaction is obtained with a more concen-
trated solution containing 1 gram AgNO, and .3 gram NH,
to a liter of water. This can be used, however, only with
resistant objects and with such as contain neither sugar nor
tanain (¢f. Bokorny VI, 195).

22. Protoplasmic Connections.

449. Proof has been furnished by the investigations of
Tangl, Gardiner, Russow, and others that, besides the ele-
ments of the sieve-tubes, the protoplasts of the separate
cells of various other tissue-systems are in direct connection
with each other through perforations of their cell-walls.
Kienitz-Gerloff (I, 22) has recently concluded from his re-
searches that all the living elements of the entire body of
the higher plants are united by protoplasmic threads, The
threads which accomplish this union, the so-called proto-
plasmic connections, are, however, in most cases so fine that
nothing can be seen of them within the living cell; and
rather complicated preparation-methods are necessary to
their recognition.

450. If one has to do with relatively z4zck protoplasmic
connections, like those of many sieve-tubes, they may be
made visible, in many cases, simply by treatment with
chloroiedide of zinc or with iodine and sulphuric acid.
Gardiner (11, 55, note 4) recommended for this purpose a
solution of Hofmann's violet in concentrated sulphuric acid.
This solution has a brownish color and does not stain strongly
sections placed in it. But if the acid is washed out with a
large quantity of water, after acting for about half a minute,
the sections take at first a green, then a bluish, and finally a
violet color, and the protoplasts are almost exclusively
colored. T have obtained in this way very instructive
preparations of alcoholic material, adding to pretty thin
sections on the slide, after drying them externally with filter-
paper, a sirop of the sulphuric acid containing the staining
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material, and at once dropping on a cover-glass to prevent
too great warping of the sections. After a short time the
whole slide is plunged into a large vessel of water in which
it remains until the sections have become clear violet. Al
though the cover-glass usually separates from the slide, some
sections gencrally remain attached to it, and these can,
naturally, best be used for study.

45I. A very deep staining of the protoplasmic connections
contained in the sieve-pores may be obtained in microtome
sections of stems of Cucurbditacee by the use of Altmann’s
acid fuchsin method {cf. § 345). This brings out the proto-
plasmic threads without the previous use of any swelling
media.

In many cases the double staining, described in § 290,
with aquwiline blue and eosin gives very fine preparations of
the sieve-plates with the protoplasmic connections passing
through them.

452. Delicate protoplasmic connections, on the other hand,
have as yet been made visible only by the successive action
of swelling and staining media.

.For swelling, chloroiodide of zinc and sulphuric acid have
been chicfly used.

Chloroiodide of zinc was recommended especially by
Gardiner (II). He treated sections of fresh material first
with a solution of iodine and potassium iodide, then added
chloroiodide of zinc and let it act a longer or shorter time,
according to the capacity of the membranes for swelling,
commonly about 12 hours. Before staining, the chloroiodide
was washed out with water or, where the membranes were
much swollen, with alcohol,

453. When sulphuric acid is used, the sections are also
usually first fixed with iodine and potassium jodide solution.
Kienitz-Gerloff (I, 8) used for this purpose a solution con-
taining .05 gram of iodine and .20 gram of potassium jodide
in 15 grams of water. He recommends, especially for juicy
tissues, the method used by A. Fischer (IIT) with the best
results in the study of the contents of the sieve-tubes (cf. §
455). This author scalded large plants or large. parts of
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plants in boiling water as quickly as possible and hardened
them, before cutting, in absolute alcohol.

Concerning the strength of the sulphuric acid used for
swelling it may be remarked that it has been used partly in
concentrated form, partly after dilution with one fourth its
volume of water. With membranes which swell strongly,
the dilute acid is, of course, to be preferred. The timc for
it to act depends chiefly on the character of the membranes.
But usually a few seconds is sufficient for concentrated acid.
The acid must, of course, be removed by careful washing in
watet, before staining.

453. The following dyes have been used for staining sec-
tions treated in this way. .

t. Hofmann's bluc (same as aniline blue). Gardiner (II)
recommends a solution of this dye in 50% alcohol saturated
with picric acid. The solution is washed out with water,
and the preparation is then either mounted in glycerine, or
is gradually transferred through dilute to strong alcohol,
cleared with clove-oil, and mounted in Canada balsam. In
this way very permanent preparations of the protoplasmic
connections may be obtained.

Gardiner also used a solution of Hofmann’s blue in 50%
alcohol acidified with a few drops of acetic acid. The sub-
sequent treatmeat is the same as in the previous case.

Terletzki (I, 455) stains cimply with a strong aqueous
solution of aniline blue and examines the preparation in
water, after washing.

2. Hofmann's wiolet is used by Gardiner, simply in an
aqueous solution. This at first stains wall and protoplasm
about equally ; but, after lying for a long time in glycerine,
in many cases several days, the color is removed from the
walls, while the protoplasts and protoplasmic connections
remain strongly stained.

3. Methyl violet is recommended by Kienitz-Gerloff (I, o)
for such cells, like those of hairs, etc,, as do not | .crmit the
penetration of Hofmann’s. blue, on account of cuticulariza-
tion of the walls, He uses it in a concentrated aqueous
solutiona
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It may be observed that Gardiner finds it useful to brush
over the sections with a camel's-hair brush after swelling
and staining.

454. A method differing essentially from previous ones has
lately been used by Kohl (I, 12) for demonstrating the proto-
plasmic connections. It agrees in essence with Loeffler's
method for staining cilia (§ 476). After preliminary mor-
danting with tannin, Kohl stained with wethylene blue or
Bismarck brown; and if the staining of cell-walls or gelatin-
ous sheaths, due to the presence of pectic substances, inter-
fered with abservation, these substances were removed by
an acid. This author has not given more exact details of
his method.

23. Contents of Sieve-tubes.

455. Since the contents of the sieve-tubes, which com-
municate by relatively large openings, are partly pressed
out on cutting the tissues, and undergo the most various
changes, A. Fischer (III) has devised a method of fixing the

2

)

F ek - s ded s waimored “omarmon T ooyt Kietien scatdeds
contents of the sieve-tubes in the uninjured tissues. For
this purpose he plunges carefully unpotted plants or pieces
of an uninjured plant, such as branch-tips, into boiling water
and leaves them in it until the contents of the sieve-tubes
are coagulated, for which two to five minutes’ exposure is
usually quite sufficient. He was able to show that the
accumulations of strongly refractive and readily staining
substance observed at one side of the sieve.platein Cucur-
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b7tz and many other plants when the ordinary methods are
employed, the so-called * Schlauchkopfe” (Fig. 63, a, s),
represent artificial products and originate only when the
sieve-tube system is cut. They were entirely wanting in
material scalded as above (Fig. 63, ), but were not changed
by boiling water in tissues where they had arisen from cut-
ting before the scalding.

456. According to investigations of this scalded material
by A. Fischer (VI), we may distinguish three sorts of sieve-
tubes, according to the organization of their contents, as
follows :

1. Sieve-tubes with coagulable contents (in the Cucurbi-
tacew) have a thin protoplasmic wall-layer and a clear sap
coagulable by heat.

2. Sieve-tubes with mucus (as in Hwmulus) contain a
delicate wall-layer filled with large and small slime-masses
and a clear, non-coagulable, watery fluid.

3. Sieve-tubes with starch-grains (as in Coleus) contain a
delicate wall-layer carrying small masses of mucus and
a clear, non-coagulable fluid with small starch-grains,



Hppendiy.
METHODS OF INVESTIGATION FOR BACTERIA.

457. Since the methods employed in Bacteriology differ
in many respects from those used in the study of other
plants, I have preferred to collect the former into a special
chapter. In the following pages I have not attempted to
give an even approximately exhaustive compilation of bac-
teriological methods. I have rather chosen to bring together
a number of trustworthy methods of preparation which
should be quite sufficient for most cases in the study of
Bacteria. I must refer persons who wish to devote them-
selves especially to Bacteria to the special works on the
subject, particularly those of Ginther (I} and Hueppe (I).

I. The Observation of Living Bacteria.

458. The observation of living Bacteria may be generally
conducted like that of other lower organisms. If it is to be
continued for a long time, the Bacteria may best be placed
in a hanging drop (cf. § 2). Under some circumstances, a
frequent renewal of the culture-fluid is necessary.

In case of rapidly motile Bacteria, they may be brought
to rest by proper fixing media, like the fumes of iodine or
of osmic acid.

Finally, I may remark that, in some cases, the dark-field
illumination of the Abbé condenser may be used with suc-
cess in the examination of Bacteria,

450
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II. Fixing Methods.

1. Cover-glass Preparations.
a. Fixing by Dry Heat.

459. For fixing Bacteria from fluids con.aining them,
from gelatine cultures, or the like, dry heat is almost
exclusively used at present, and commonly, according to
R. Koch's method, as follows :

A small drop of fluid containing Bacteria is transferred,
by means of a platinum wire sterilized by heat, to a carefully
cleaned cover.glass,* and spread out over it as evenly as
possible. If the Bacteria are taken from a solid substratum,
a drop of water is first placed upon the cover and a very
small particle of the material is rubbed up in it as completely
as possible with a platinum wire.

The fluid is now allowed to evaporate from the cover-
glasses thus smeared with Bacteria, at the ordinary tempera-
ture, until the preparation is *“air-dry.”

The Bacteria are then fixed by passing the cover-glasses,
with their Bactcria-sides upward, three times through the
non-luminous flame of a Bunsen burner.t Johne’s rule may
give an idea of the rapidity with which this should be done.
According to this, the hand should describe an horizontal
circle a foct in diameter in a second, moving at an equal
rate throughout the course, and passing through the flame
at one part of it.

460. In this way the Bacteria are so fastened to the cover-
glass that they may be treated with staining-fluids and other
media without fear of separation. It is thus possible to
stain or restain, at any time, preparations which have been
mounted for a long time in Canada balsam. For this pur-

*The cleaning of cover-glasses may be accomplished by the method pro-
posed by Giinther (I, 40, note), which consists in heating the p' .sses, after
cleaning with alcohol, in the non-luminous flame of a Bunsea burner.

+1In these and the following manipulations the so-called Kuehne forceps
are very convenient. Their arms are bent at about 14 cm. from their tips,
and end in proad surfaces.
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pose one need only gently warm the preparation until the
balsam becomes fluid, remove the balsam from the raised
cover-glass with xylol, and finally wash off the xylol with
alcohol.

It may be remarked, finally, that Bacteria fixed in the
above manner may be preserved in this condition for an
indefinite time without harm, if they are protected from
dust and moisture by being wrapped, for example, in filter-
paper.

461. To remove the strongly staining substance from the
red blood-corpuscles, in preparations from the blood, Gin-
ther (I, 63) recommends rinsing the objects, fixed in the
usual way, in 1-3% acetic acid. The stainable hemoglo-
bin is thus extracted from the red corpuscles, and a large
part of the blood-plasma is washed out of the preparations,
leaving the Bacteria unchanged. Preparations which give
no satisfactory results with this method, on account of hav-
ing been kept dry for a long time, have been treated by
Giinther with a 2-3% solution of pepsin, with the best re-
sults.

b. Other Fixing Methods.

462. Since certain inequalities can hardly be avoided with
the fixing methods described above, H. Moeller (11, 274)
has proposed fixing the air-dry preparations with absolute
alcolwl, instead of heating them ; he leaves them in this fluid
two minutes.

463. A. Fischer (II) demonstrated the noteworthy fact
that artificial appearances often arise, especially when prepa-
rations are allowed to dry, which are chiefly the result of
plasmolysis of the bacterial cells (cf. § 428). As Fischer has
shown, the Bacteria are plasmolyzed by solutions of pretty
slight concentration. In general a 1% salt solution is suffi-
cient to produce plasmolysis in most Bacteria. Fischer (II,
73) recommends the use of a 104 solution of lactic acid for
fixing Bacteria, which does not prevent subsequent staining
with alcobolic solutions of aniline dyes.

464. Besides, the fixing methods used for highér plants
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may certainly be used with some success in the investiga.
tion of the minute structure of the bacterial cell. Their
use may generally be successfully carried out by Overton’s
method. But it should be noted that the membranes of the
Bacteria are characterized by relatively great impermeabil-
ity. Tt has been shown by A. Fischer (II, 72) that 1¢ osmic
acid and a 1% solution of corrosive sublimate, in particular,
cause only an incomplete fixation of bacterial cells.

2. Sections.

465. Absolute alcohol is commonly used for fixing Bac-
teria within infected organisms, pieces of the tissue being
placed directly in it. The microtome should be used for
cutting sections from these, after imbedding in paraffine
(§ 43) or celloidin (§ 49a).

I11. Staining Methods.

466. Under this head a number of methods will be de-
scribed which can be successfully used, in most cases, for
recognizing the presence of Bacteria in a fluid or in a dis-
eased organism. Then follows a special description of stain.
ing methods for tubercle Bacilli, the spores, and the cilia of
Bacteria.

1. Staining with Loeffler's Methylene Blue.

467. Loeffler’s methylene blue consists of 30 ccm. of a
concentrated alcoholic solution of methylene blue and 100
ccm. of an aqueous .01% solution of caustic potash. It keeps
indefinitely.

With cover-glass preparations, it may be used by care-
fully warming the preparation with a few drops of the stain
until steam is seen to rise, then washing off the stain with
water and drying in the air, without heat. A dre > of Cana.
da balsam is then placed on a slide, and the cover-glass is
placed on it. This method does not give a very deep stain,
but oftgn brings out delicate differentiations sharply.
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For staining sections which would be injured by warming,
the methylene blue may be allowed to act for a longer
time. The staining fluid is then washed off with water, and
the preparation is transferred to balsam, either by being first
allowed to dry (§ 23), or by the use of aniline between water
and xylo! (§ 24). Many Bacteria, such as the anthrax Sa-
cillus, endure treatment with alcohol very well, and may
therefore be transferred to balsam in the ordinary way.

2. Ziel's Carbol-fuchsin,

468. Ziel's solution of carbol-fuchsin is prepared by rub-
bing up one gram of fuchsin with 100 ccm. of a §% aqueous
solution of carbolic acid, with the gradual addition of 10
cem. of alcohol. It is very stable.

With cover-glass preparations, it is allowed to act only
about a minute. Under some circumstances its action may
be hastened by warming. The preparations may be washed
in water and mounted, after drying, in Canada balsam. But
strongly stained objects will endure longer washing with
aleohol, and may be transferred to xylol, and then to
Canada balsam.

Carbolfuchsin seems less adapted to use with sections.

3. Ehrlich’s Aniline-water Solutions.

469. These solutions are prepared by adding 11 cem. of a
concentrated alcoholic solution of fuchsin, gentian violet, or
methyl violet to 100 cem. of aniline-water.  Turbidity arises
at first in this mixture, which prevents its immediate use.
But it may be used for staining in 24 hours, after previous
filtering. It remains fit for use but a few weeks.

It is sufficient to let these solutions act for a minute,
while heated, on cover-glass preparations. The dye is then
washed off with water, and the preparation is dried and
mounted in balsam.

Better staining of the Bacteria contained in sections is
obtained by Gram's method, described in the next paragraph.



BACTERIA. 255

4. Gram’s Method.

470. The so-called Gram's method is adapted especially
for sections, because it stains the Bacteria in them deeply
without staining the nuclef at the same time. But it may
also be used with cover-glass preparations, especially if they
contain many other stainable bodies besides Bacteria.

According to Gram’s original account, this method con-
sisted in placing the sections first for several minutes in
Eirlich’s aniline-water-gentian.violet solution (§ 46¢), and
then transferring them to a solution containing one part of
iodine and two parts of potassium iodide in 300 parts of
water, After a few minutes in this, they are washed with
alcohol until no more color comes off, then transferred to
clove-oil, which removes more of the dye, and finally mounted
in balsam.

471. But, according to Giinther (I, 8¢), it is better, in
most cases, to treat the sections, after removal from the
iodine solution, for half a minute with alcohol, then susz ten
seconds* with 3% hydrochloric acid-alcohol, and then at
once with pure alcohol until they are completely decolor-
ized. For transferring them from alcohol to balsam, this
author recommends xylol, instead of clove-oil.

According to the method described by Weigert, aniline
is gradually dropped upon the sections, differentiating and
dehydrating them, and they are then passed through xylol
into balsam. :

472, A sharp double staining, by which. the nuclei are
differently stained from the Bacteria, may be obtained by
preliminary staining with picro.carmine (§ 318). This solu-
tion is allowed to act one or two minutes on the sections,
which are then carefully washed with water, placed in
alcohol, and finally stained again according to the Gram or
the Gram-Giinther method.

* For pretty thin paraffine sections this time is certainly too long.
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5. Staining Tubercle-Bacilli.

473. The Bacilli of tuberculosis and of leprosy are char-
acterized by a peculiar behavior with staining media which
makes possible the staining of them alone in a mixture of
Bacteria, and therefore their certain distinction from other
species of Bacteria. Of the numerous methods recom-
mended for staining tubercle Bacilli, only the following,
due to Czaplewski (I), need be here referred to; and I have
obtained excellent results with it.

Couver-glass preparations are treated, after fixing, first for
a minute with carbol-fuchsin (§ 468) heated to boiling. They
are then washed with the so-called Ebner's fluid * until
hardly a trace of color can be seen, are then repeatedly
rinsed with pure alcohol, and stained again with a mixture
of three parts water and one part concentrated alcoholic
solution of methylene blue. This is then rinsed off with
water, and the preparation is dried and mounted, in the
usual way, in balsam.

1f a mixture of tubercle Baci/ii and other Bacteria, for
example, which can easily be prepared by mixing pure cul-
tures, be treated in this way, it will be found that, with the
exception of the very rare lepra-Bacil/i, only the tubercle-
Bacilli are colored red, while all other Bacteria are blue.

474. The staining of tubercle Bacilli in sections can be
accomplished by essentially the same methods. If one has
paraffine sections attached to the slide with albumen (§ 52),
they may be heated in carbol-fuchsin, whose action for a
few minutes is sufficient. But if the sections will not endure
lieating, the fuchsin solution must be allowed to act fora
longer time (zbout 24 hours). It is also better to wash the
methylene blue from sections with alcohol, and to transfer
them to balsam through xylol.

In preparations treated in this way, only any tubercle
Bacilli that may be present are stained red; all other Bac-
teria, and the nuclei of the tissue, are blue,

* This consists of 20 parts water, 100 parts alcohol, .5 part hydrochloric
acid, and .5 part sodium chloride, -
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6. Staining the Spores of Bacteria,

475. A well-differentiated staining of the spores of Bac-
teria may be obtained, according to the method proposed by
H. Moeller (II), by plunging cover-glass preparations fixed
by heat or by alcohol in 3% chromic acid * for from five
seconds to ten minutes, then thoroughly rinsing in water,
adding carbol-fuchsin in drops, and warming the whole in
the flame for 60 seconds, allowing it to boil up once. The
carbol-fuchsin is then poured off, the cover-glass is plunged
in 5% sulphuric acid until it is decolorized, and again thor-
oughly washed with water. An aqueous solution of methyl-
ene blue or malachite green is then allowed to act for 30
seconds, and is rinsed off with water. The preparation is
allowed to dry and mounted in balsam. In good prepara-
tions, the spores are to be seen as bright red spots within
the blue or green bodies of the Bacteria.

Zinc chloride or chloroiodide may be used as a mordant,
instead of chromic acid, but these commonly require a longer
time of action than the latter.

7. Staining the Cilia of Bacteria.

476. For staining the cilia of Bacteria, Trenkmann (I} and
Loeffler (I} have proposed different methods, According to
Loeffler's latest publication, the following method is best
adapted for the purpose. The Bacteria are first spread
upon the carefully cleaned coverglass (§ 459, note), and
fixed by being passed three times through the flame, too
strong heating being carefully avoided. The mordant is
then placed on the warm coverglass. This is best prepared

* In general, the action of chromic acid for about 3o seconds is sufficient;
but different species of Bacteria show great differences in this respect.  Ac-
cording to Moeller, the most favorable duration of its action is: for the
brown potato-Racillus, 30 sec.; for the yellow one, 2 minl; fr the white
one, 10 min.; for Bacillus cyanogenns, 30 sec.; for the anthrax Bacillus, 2
min. ; for the letanus Hacifius, 2 min, 1 obtained beautiful staining of the
spores ofs Bacillus sudtilis on allowing the chromic acid to act 30 sec. on
cover prepgrations fixed by heat,
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by mixing 10 ccm. of a 20% aqueous tannin solution, § ccm.
of a cold saturated solution of ferrous sulphate, and 1 ccm.
of an aqueous solution of fuchsin. According to the char-
acter of the Bacteria, a few drops of sulphuric acid or of
caustic soda* must be added to this mixture. The cover-
glass holding it is now warmed over the flame until steam is
formed and, after half a minute to a minute, the mordant is
rinsed off with distilled water, and the cover-glass is dried
as usual.  Then the staining fluid is dropped on until the
cover-glass is wholly covered by it, the whole is again
warmed for a minute until steam forms, and is finally rinsed
in a stream of water, dried, and mounted in balsam in the
usual way. Loeffler recommends as a staining-fluid, a solu-
tion of fuchsin in aniline-water, or a mixture of 100 ccm. of
aniline-water, I ccm. of a 1% soda solution, and solid fuchsin

in excess.

* For staining 1he cilia of typhus Baci//Z, 22 drops of a 1§ aqueouns solu-
tion of sodium hydrate should be added to 16 ccm. of the above mordant ;
for Bacillus subtilis, 28 to 30 drops. On the other hand, the cholera Bacilli
require the addition of 4 to 1 drop of a sulpburic acid that will just neutral-
ize the same volume of 1% caustic soda ; Baci//us pyocyancus, the addition of
5 to 6 drops of the above acid; Spirillum rubrum, g drops of the same.
But the above mordant has just the right reaction for Spirillum concentri-
cum. According to the writer's experiments, it is also well suited to Spiri/
lum Undula without further addition,



TABLES FOR REFERENCE.

Weights, Measures, and Temperature.

THE metric system is based on the meter, which was in-
tended to be one ten-millionth of a meridian quadrant of
the earth in length.

The unit of capacity is the /izer, whose volume is that of
one cubic decimeter or 1000 ccm.

The unit of weight is the gram, which is the weight of one
cubic centimeter of water at 4° C.

The centigrade or Celsius’ thermometer has for its zero the
freezing-point of water, and for its 100° point the boiling-
point of water. One degree of the scale is y}4 of this in-
terval.

Comparison of Measures of Length.

English and U. S, Metric.
1 foot = .3048 meter = 30.48 cm.
1 inch = L0254 ““ = 25.4 mm.
3 “ = 3.175 mm
e = 254 ' = 254. 4
o0 = 0254 = 25.4 &
30.37 in. = 1 meter
.3937 in. = 1 cm,
.0394 in. ES I mm
Comparison of Measures of Capacity.
English. u.s. Metric.
1 quart, Imp, = 1.2 qt., wine = L1335 liter,
833 qt, = 1qu, = .g463
I fluid ounce = 28.38 ccm.
I “ dram = 3.55 *¢
.+ .B81r quari, Imp. = 1.0567 qt., wine = 1 liter
;o352 . oz., or .2817 fl. dr, = I cem.

259
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Comparison of Weights.

Avoirdupois. Apothec, Metric,
T grain = 0648 gram.
1 dram = gsz8dr. = 15718
2.194 dr. = I dram = 3.888 ¢
1 ounce = .GI15 0Z. = 28.3405 ¢
1.0971 0z. = 1 ounce = 311035 “
1lb. = 1.275 1b. = 453.59 “
.822g ib. = 1 ib, = 373.292
5643 dr. = 1%.432 gr. = 1 gram,

Comparison of Thermometer Scales.
#C =§(r—32)°F.

(2B}
20
3l
-7
Q.
1
-3
.8
<

Specific Gravity and Percentage Composition of
Solutions.

The {ollowing tables are based on Bawmds hydrometers,
a set (two) of which is assumed to be available.

The scale of the hydrometer for liguids ltighter than water
has its zero-point at the bottom. This is the point to which
the instrument sinks in a 10% solution of common salt. The
10° point is that to which it sinks in pure water. One de-
gree of the scale at any part is one tenth of this interval.

The hydromecter for liguids heavier than water has its zero
point at the top of the scale. This is the point to which it
sinks in pure water; and the 10° point is that to which it
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sinks in a 10% salt solution. One degree of the scale is one
tenth of this interval,

A solution of a given percentage strength is prepared by
adding to a number of parts of the substance to be dissolved
equal to the required percentage, a sufficient quantity of the
solvent to make 100 parts in all. Thus, a 108 salt solution
consists of 10 parts of salt in ¢o parts of water,

For practical purposes, one cabic centimeter of water or
alcohol may be considered as one gram.

The figures in the following tables refer to parts by volusme
at about 60° F. Intermediate values may be obtained from
those given above with sufficient accuracy by interpolation.

< ‘ Heavier than Water, ! Lighter than Water.

£ S

s | ] : ] :

& ! Specific | % i #HCL | % J 11 £

¢ [ Graviy. | KOH. | 22° B, | Hy80,. \HN(), \Gramy Alcohal. | NH,.

\ _ _'A
! - w Italics

3 . 1.022 2.6 12.6 3.8 4.0 2 ‘ =%

501037 | o4 | o204 5.8 | 6.3 = 2 NH, OH

8 \ 1.060 7.4 23.6 8.8 10.2 B

10 | 1075 9.2 42.0 10.8 12.7 | 1.000 | 0. o.

¢ s

12 ’ L.og1 10.9 50.7 13.0 15.3 986 ! 10 3.3
280

15 1.116 13.8 64.7 16.2 19.4 967 28. 8.0
599

17 1.134 15.7 74.5 18.5 22.2 .953 38, I1.4
580

20 1.162 8.6 89.6 22.2 26.3 936 49- -16.6
773

22 | 1180 20.5 100.0 24.5 29.2 924 . 55. 20.4
92.0

25 r.zio | 23.3 11g.0 28.4 33.8 .07 62. 26.3

27 1.231 25.1 31.0 37.0 896 67. 30.7

30 | 1.263 28.0 34.7 41.5 879 74

32 1.285 29.8 37. 45.0 | .B6g 78.

35 1.320 32.7 4L 5C.7 854 83.

37 | 1.345 | 34.9 43.4 | 53.01 .Ba3 87.

40 | 1.383 37.8 48.3 o1 7 .829 91

42 1.410 | 39.9 51.2 67.5 .820 94

45 | 1.453 | 43.4 55.4 | 78.3 | .8oy 97-

47 | 1.483 [ 45.8 58.3 { 87.1| .798 99-

50 1.530 49.4 62.5 | 100.0 .

66 | 1.842 100.0
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Table for Acetic Acid.

The difference between the specific gravities of water and
of glacial acetic acid is small. The mixture of the two sub-
stances has the peculiarity that its specific gravity increases
up to a certain point with the addition of acid, and then
decreases to that of the pure acid.  If the spedific gravity is
above 1.055, and is increased by the addition of water, the
acid is above 78%; if it is decrcased by the addition of
water, the acid is below 78%.

- R, l Sp. er. f £HC,HO, || B Sp.gr. | WHCH,0,
1 1.0068 “ 5.0 — }J 6 1.0426 [ 31.2 —
2 1.0138 9.7 ~— ‘ 7 1.0501 37.9—
3 | 1.0208 ‘ 14.6 - 1 8 1.0576 ‘ 45.6 o 9Q.1
4 1.0280 19.7 — | 9 1.0653 55.0 Of Q5.4
5 1.0353 25,2 (I 10 roy3r | 6g.5 or 87.0
” - 1.0738 [ 77 10 80

Table for Diluting Alcohol.

1 100 volumes of alcohol of &

Desired ! T y
SUCIER | g0 | 85 | 80 ‘75\70‘65;60“5]50

of
Alcohol. | -

278.3 |252,6 |227.0 |201.4 {176,0 ]150,6
402.8 {268.8 (334.9

436.9
652.2 1601.6 [551.1

702.9

15 505.3 | 471.0
10 804.5 | 753.7

T i |
8 | 667 ‘ J
80 | 138 6.8 ! [
75 2ug ) a3} 72 !
70 31.1 23.1 | 154 7.6
65 41.5 | 33.01 24.7{ 164 | Bz
60 53.7 | 44.5 | 354 | 265 17.6 | 8.8
55 67.9 1 5701 481 383|286 | 1901 9.5
50 847 | 73.9| 630 52.4 | 47 313|205} 10,4
45 105.3 93.3; 81.4 | 69.5 | 57.8 l 46.1 | 34.5 | 22.9 | IT.4
40 130.8 | 117.3 | 104.0 { go0.8 I 77.6 | 645 { 51.4 | 38.5 | 25.6
35 163.3 | 148.0 ; 132.9 | 117.8 102.8 i 87.9 | 73.1 | 58.3 | 43.6
30 206.2 | 188.6 | 171.1 ] 153.6 ‘136.4 i118.9 |101.7 | B4.5 | 67.5
25 260.1 | 245.2 224.3'203.5 182.8 {162.2 |141.7 121.2 {100.7

|

|
|
20 355.8 | 320.8 } 304.0

500.6 [450.2 {399.9
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Crystal Systems.

Principal Axes.
Name of
System. '
No. | Rel Length. | Rel. Positions.,
i i
H i
Cubic or 3 | all equal. at right-angles.
monometric, —_ J—
- !
Tetragonal 3 two equal, 'I at right angles.
or dimetric. — J‘ third variable. -_—
i
Hexagona\ \ ! three equal, | three at 60° with each other;
i | fourth variable. fourth at go° with these.
—
Rhombic or ! 3 ¢ of different at right-angles.
trimetric. — i lengths, !
Monoclinic of different | two at right-angles,
or oblique. lengths, ‘ third oblique.
|
Triclinic or | of different ‘\ all oblique to each other,
asymmetric. ] lengths. ‘ —_

Isotonic Coefficient.

Two solutions of equal power to take up water are said by
De Vries to be in isotonic concentration. He terms a num-
ber showing the water-absorbing power of a given solution,
as compared with that of a solution of saltpeter of equal
strength taken as a standard, its isotonic coefficient. For con-
venience, the coefficient assigned to saltpeter is 3.

De Vries finds that compounds fall into six groups whose
coefficients are approximately whole numbers, as follows

I. Organic compounds not containing metals, and free

acids; e.g., Cane-sugar, tartaric acid, citric acid,
etc. 2,
II. Salts of alkaline earths with one acid group in the
molecule ; e.g., Magnesium sulphate and malate. 2.
II1. Salts of alkaline earths with two acid groups in the
molecule; e.g., Magnesium chloride and citrate, cal-
cum chloride. 4.
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IV. Saits of alkali-metals with one atom of alkali in the
molecule ; e.g., Potassium or sodium nitrate, chloride,
acetate, etc. 3.

V. Salts of alkali-metals with two atoms of alkali in the
molecule; e.g., Potassium sulphate, oxalate, tartrate,
malate, etc. 4.

VI. Salts of alkali-metals with three atoms of alkali in the
molecule; e.g., Potassium citrate. 5.

Thus a solution of cane-sugar has § the water-attracting
power of one of saltpeter of the same strength; and a solu-
tion of sugar must be § as strong as one of saltpeter to pro-
duce the same osmotic effects.
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INDEX.

Abnormal plasmolysis, 239, 241.

Abrus precatorius, 109.

Absorption spectrum, lot, 103, 104,
105, 106,

Acanthospheres, 224.

Acetic acid, as reagent, fo, 03, 7
90, 94, 99, 113, 188, 220, 252.

-—— for maceration, 6,

Specific gravity, z62,

Achromatic figures, 1g4.

Achyranthes Verschaffelti, 208,

Acids, 70, 8s5.

Acid aleohol, 181.

for maceration, 6.

Acid fuchsin, 148, 191, 192, 195, 196,
197, 202, 205, 207, 213, 218, 246.

Aconitine, 120,

Active albumen, 243, 244.

AFthalium septicun, 133, 237,

Agar-agar for attachment, 3g.

Agaricus armillatus, Pigment of, 113.

Agaze, 210,

Agazve americana, 72, 150, 152, 208,

Aggregation, 241,

Albumen for attachment, jo.

Alanna tincloria, 71.

Alcannin, as reagent, 71, 74, 89, 90,
91, g5, 209, 210, 211,

Alcchol, as reagent, 51, 69, 82, 124,
125,

~—— for dehydrating, 12, 32.

~—— for fixing. 176, 252, 253

~— Specific gravity, 261,

~— Table for diluting, 262.

Alcohofy, 69,

| Aldehydes, 86.

—— as reagents, 131.

Aleurone, 215,

Alge, Study of, 1, 5.

Alkaloids, 119.

Alky! thiocarbimides, 81.

Allium, 81, 88.

Alloxan, as reagent, 131.

Allyl sulphide, 81.

Allyl sulphocyanate, 81.

Aloé, Pigment of flowers, 103.

Alof vevrucosa, 75.

Altmann’s acid-fuchsin staining, 195.

Alum, 181,

Alum carmine, 233.

Alum cochineal, 184.

Amido-caproic acid, 82.

Amido-compounds, 82.

Ammonia, as reagent, 87, 94, 96,
113, 122, 123.

Ammonia-fuchsin, 153.

Ammonia, Specific gravity, 261.

Ammonio-magnesium phosphate, 53.

Ammonium, §7.

——- carbonate, as reagent, by, 88,
117,

—— carminate, 182,

chloride, as reagent, 52, 65, 115,
221,

—— molybdate, #s reagent, 52, 65,
117,

—— oxalate, 61,

as reagent, 66, 167,

sulphide. as reagent, 121,

—— vanadate, as reagent, 97.

285
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Amorphous starch, 22q.
Ampelopsis, 63.

Amphipyrenin, 135, 136,
Amygdalin, 136.
Amylodexirine, 229,

Amvloid, 136.

Angiopteris evecta, 64,
Anhydrite, 66.

Aniline for dehydrating, 17, 29.

Auiline blue, 142, 153, 165, 270, 246, |

237.

chloride, as reagent, 145,

- sulphate, as reagent, 86, 145,
147, 157,

«— water, 185.

solutions, 234.

Anisic aldehyde, as reagent, 131.

Anthoceros, 200. -

Anthochlorin, 107, 108.

Anthocyanin, 107, fog, 236,

Antimonic oxide, as reagent, 70,

Araban, 163,

Arabanoxylan, 163.

Arthonia gregaria, 112,

Arthonia-violet, 112,

Artificial cells, Precipitates in, 243.

Artificial precipilates, 242.

Asaron, 83,

Asarum euvopaum, 85

Ash-skeletons, 168,

Asparagin, 51, 82,

Astrosphere, 198

Atropine, 120,

Attaching sections to slide, 37.

Attractive spheres, 1¢8.

Awvena orientalis, 211,

Azolla, 243.

Bacteria, Fixing Methods for, 251.
——— —— by alcohol, 252.

= ——— by heat, 251,

~—— —— by lactic acid, 252.

—— Membranes of. 161.

—— Observation of living, 250.
-—- Staining, 253.

o —— SPOTES, 257,

—— — cilia, 257.

|

INDEX,

Bacteria, reagent for oxygen, 44.

Bacterio-purpurin, 106.

Bacterium tzrmo, 44.

Balsam glass, 16,

Balsam Tolu, for mounting, 224.

Barium chloride, as reagent, 49, 59,
62, 70.

Baryta-water, as reagent, 87, 88, g3,
112,

Beale’s carmine, 182,

Beggiatoa, 47.

Benzol, as reagent, 124, 127.

Berberin, 120

Berberis vulgaris, 120,

Berlin blue, as reagent, 132, 168,
172, 190.

as stain, 132.

Bertholletia excelsa, 74, 219

Beta, 225.

Betula alba, 70.

Betuloretic acid, y0.

Biuer principles, gg.

Rohmer’s hamatoxylin, 181.

Boletus edulis, 161,

Borecole, 237,

Borodin's method, 4q.

Borvaginacea, 164,

Bottles for reagents, 15,

Brandt's reaction, g7.

Bromine for fixing, 176.

Brucine, 122,

—— as reagent, ST.

Caffeine (see Coffein), 127,
Calcium, 37, 66.

«— carbonate, 60.

—— chloride, r12.

as reagent, 70.
malate, 64.

~—— nitrate, as reagent, 70.
—— oxalate, 57, 61, 222.
—— phosphate, 64.

— sulphate, 62.

w—— tartrate, 63,

Gallose, 163, 164.

~—— Stain for, 165.

Callus, 163. ¢




INDEX.

Calycin, 99.

Calycium ¢ hrysocephalum, 99,

Campanula trackelium, 195,

Canada balsam, for mounticg, 11,
16, go.

—— for sealing, 43.

Canarin for staining, to.

Candollea adnata, 194.

Cane-sugar, 78.

~—— as reagent, 130,

Canna, 225,

Canna Warssewicsii, 205.

Carbazol, as reagent, 145.

Carbohydrates, 75,

Carbol-fuchsin, 215, 254, 256, 257.

Carbon bisulphide, as reagent, 71,
102.

Carbonization, 174.

Carmalum, 183.

Carmine, 182,

Beale's, 182.

P. Mayer's, 183.

Carminic acid, 183.

Carotin, 101, 1006, 204, 209.

Caustic potash for clearing, g.

~— for maceration, 7.

Caustic potash, for reagent, 59, 63,
73, 77, 78, 84, 87, 88, 92, 94, 03,
103, 110, 112, 113, 114, 125, 130,
137, 151, 209, 217, 233.

—— —— for swelling, 8,

w— - Specific gravity, 261.

~— soda, as reagent, 139, 141, 164.

Caulerpa, 168.

Celloidin blocks, Attaching, 36

e e Cutting, 36.

-~ —— Hardening, 37.
—-— for attachment, 28, 38.
—— for imbedding, 36.
Cell-sap, Bodies in, 240.
Reactions of, 236.

Cellulin grains, 231.

Cellulose, 138, 139, 49,

—— bodies, 231,

~ Stains for, 142. -
. Celi-wall, 138.

=— ~e Development, 168,
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Cell-wall, Minute Structure, 170,

Centrosome, 198,

Centrospberes, 198.

Stain for, 199.

Cerasus lusitanica, 137

Ceric acid, 151,

salphate, 126,

Chatopteris, 214,

Chare, 225.

Characea, 224.

Chemical differences in walls, 173,

Chlamydomonas, 215,

Chloral carmine, 184.

Chloral hydrate, for clearing, g, 10,
6o.

e —— for reagent, 71, 90, 193,
227, 233

gelatine} 42,

Chlorine for fixing, 176,

Chloroform, as reagent, 71, 102, 150,
151

Chlorclodide of zinc, as reagent,
110, 139, 140, 143, 155, 160, 245,
246.

Chlorophyll, as reagent, 151.

Chlorophylli-grains, 136,

~—— -green, 101.

— -yellow, yor,

Chloroplastin, 135, 136.

Chloroplasts, 201.

Chlororufin, 106.

Chromatic figures, 193.

Chromatin, 134, 136,

—— spheres, 19T.

Chromatophores, 201.

e Inclusions of, zo4.

—— Minute Structure, 203.

— Methods of study, s, 201,

—— Pigments of, 100,

Chrome-yellow, 159,

Chrom-formic acid, 178,

Chromic acid for figing, 177, 240.

o —— for maceratic , 7.

——— w for reagent, 54, 113, 116,
125, 257,

— — for swelling, 8.

Chromic-acid-platinum-chloride. 180.
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Chromoplasts, 201.
Chrom-osmic-acetic acid, 178"
Chrom-osmic acid, 235.
Chrysophanic acid, 85.
Chylocladia, 212.

Cicer arictlinum, 128,

Cilia, Stains for, 214.

of Bacteria, Stains for, 257
Cinchonacea, 210,
Ciosdirmvansiing, S TeRgR,, S
Cinnamic aldehyde, 146,

as reagent, I3I.
Citrus Aurantium, 94
wiedica, 58.

—— vulparis, §8.

Cladephora, 176.

Cladothrix, 68.

Clearing media, Chemical ¢
Physical, 11.
Clearing sections in celloidin’ 38.
Clivia nobilis, 152,

Clasteriam, 62, 63,

Clove-oil for clearing, 14, 13/ 33
Cloves, 84.

Cochineal, Czokor’s, 184,
Cocoa-bean, 72, 126,
Coffee-bean, 73, 94.
Coffee-tannin, g4.

Coffein, as reagent, 242, 243+
Colchicine, 122,

Colchicum officinale, 122.

Colens, 249.

Collodion, for attachment, 37+ 39

Coloring matters, 100,

Comvraacee, 210.

Comparison of thern.ometers’

—— of weights and measure$r 259

Concentration of alcohol, 13, 28

Confervacea, 68.

Congo red, 143, 16g.

Conifere, g2, 142.

Coniferin, 92, 144 146.

Conjugata, Sheaths of, 157.

Constitution of resting nuclev$ I91. §

Convolvuius tricolor, 205, )

Copper sulphate, as reagent 130 j
137.

260.

INDEX.

Corallin, as reagent, 155, 164.

Cordiacea, 210,

Cork, 149, 152,

Corrosive sublimate for fixing,
213, 218,

Corydalin, 122.

Cosmarium, 206,

Cover-glass preparatious, 251,

Creosote for clearing, 29.

Crocin, 06,

Crocues veruus, 242.

Crucifera, 95, 137.

Crystalloids, Staining, 195,

Crystals, Observation of, 43.

Crystals of
phosphate, 33.

asparagin, 51, by, 83

berberin, 121.

caleium oxalate, 58, 60,

sulphate, 66,

tartrate, 03, 7

dulcite, 6g.

—— gypsum, 62.

—— hesperidin, 94.

—— piperine, 125.

——— protein-grains, 22%.

—— saltpeter, 51, 69, 83.

—— silver chloride, 48,

sulphur, 47.

Preparation of, 43.

Crystal Systems, 263.

Cucurbitacea, 246, 249.

Cucurbita Pepo, 168, 248.

Culuwre slide for Alge, 3.

CEIPrANTIYITa, "ds TPERTON, TSy, T4,
155, 157, 162,

Cuprammonia for swelling, 8.

Cupric acetate, as reagent, 9o, 115,

sulphate, as reagent, 77, 78.

Curcuma amata, 107.

Curcumin, 107,

Cuticle, 148, 150, 152.

Cyanin, 46, 72, 9o, 152, 154, 20G,
211, 214, 238.

Cyanophilous nuclei, 19I.

Cyanophycea, 109, 232.

—— Pigments of, 104.

ammonio - magnesium




INDEX,

Cyanophycin-grains, 233.
Cycas circinalis, 58,
Cynoglossum, 164,

. Cystoliths, 01,

“Cytisine, 123.

“ Cytisus Laburnum, 123.
Cytoplasm, Bodies in, 240.
Cytoplastin, 135, 136.
Czaplewski’s stain for tubercle-Ba-

cilli, 256.

Dablia, stain,. 189,

Dallia variabilis, 79, 82, 83, 86.

Dammar lac for mounting, 18

Datisca cannabina, g3

Datiscin, 93.

Daucus Carotu, 101, 203.

Dehydrating vessel, Schulze’s, 12,

Dehydration, 11.

~—— by alcohol, 12,

- by drying, 17.

— Klercker’s method, 12.

Overton’s method, 13.

Delafield’s hematoxylin, 180.

Delicate objects, To mount, 15, 18,

Dermatosomes, 174.

Desmanthus plenus, 234.

Desmidiacea, 17, 157, 160,

Development of cell-wall, 168.

Dextrine, 8o.

Dextrose, 77.

Diastase, 22q.

Diatomacee, Pigments of, 105,

Diatomin, 105,

Dicranochete reniformis, 207,

Digestive fluids for chromatin, rg2.

Dioneza, 223.

Diphenylamine as reagent, 50, 69,
83.

Discocrystals, 229,

Dishes for staining, 24.

Double staining, 147.

Dracena, 210.

Draining boxes for washing, 22.

Drosera dichotoma, 223.

e potundifolia, 241.

Dulciteg 6.
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Eau de Javelle, for bleaching, 6.

—— —— for clearing, 10.

—— ——— — for reagent, 110, 143,
152, 228 233.

Ehrlich’s solutions, 254."

Elajoplasts, 209.

Ellagic acid, 86,

Flymus giganteus, 211.

Emodin, 87.

Emulsin, 136,

Eosin, 133, 154, 165, 185, 199, 215,
218, 233, 246,

Eosin-hematoxylin, 199.

Epiphyllum, 222,

Egquisetum arvense, 204,

kiemale, 54.

Erysiphea, 231,

Erythrophilous nuclei, 191.

Eternod’s apparatus, 25.

Ecthereal oils, 8g.

Eugenol, 84.

Euglena acus, 230.

—— Ehrenbergii, 230,

— Spirogyra, 230.

Euphorbia, 225.

caput-nedusa, 64.

Evonymus japonicus, 63. 3

Exclusion of Bacteria from enlt-
ure, 4.

Eye-spot, 209.

Fats and fauty oils, 71.

Fehling's solution, 77, 78, g2.

Ferments, 136,

Ferric acetate, as reagent, 115,

—— chloride, as reagent, g1, 93, 94,
95, 98, 115, 132, 143.

Ferrous sulphate, as reagent, 45, 95,
98, 115, 219.

Fibrosin-bodies, 231.

Ficus elastica, 61, 62,

Fixing-fluids, Removal of, 22.

Fixing, Methods for, 2-, 21, 27.

Fixing-methods for cell-contents,
176.

Flemming’s fixing-fluid, 178.

Floridex, 230
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Flovideaz, Pigments of, 103.

Floridean starch, 230.

Fluids for study of living cells, 4.

Fawiculum oficinal, 162,

Frangulin, ¢3.

Fuchsin, 147, 188, 191, 203, 204, 258.

Fucus, 176,

Fundamental mass of protein-grains,
216,

Fungus-cellulose, 160, 232.

Fungus-gamboge, gI.

Fungi, Swdy of, 1, 5.

Funkia, 210

Gaertneracea, 210,

Galactose, 163.

Garlic eil, 81. -

Gelatinized walls, 154,

Gelatinous sheaths of Conjugata, 157.

Gentian violet, 148, 153, 185, 186,
255,

Globoids, 219.

Gleocapsa, 110.

Gleeocapsin, 110.

Glucose, 77.

Glucosides, g2.

Gilycerine for clearing, 11.

—— for dehydrating, 13.

—— for mounting, 47,

Glycerine and chrome alum
mounting, 41.

Glycerine-gelatine for mounting, 41,
42.

Glycogen, Bo.

Gold-chloride, as reagent, 81, 122,
126, 127.

for

Gonium peclorale 214,
Graminez, 54, 210.

INDEX,

Guiacum officinale, 58.
!} Gums, 154,
Gypsum, 59, 62, 63, 64, 65, 66.

Hematein, 181.

Hwmatochrome, 106,

Hamatococcus, 106,

Hamatoxylin, 142,
208,

Hanging drop culture, 2.

Hebeclinium macrophyitum, 63,

Hedera, 205.

Helianthus annuus, 74.

Helichrysin, 109.

Helichrysum, 109.

Hemicelluloses, 161,

Hepatica, 210.

Hesperidin, 93.

Higher plants, Study of, 5.

Hoffmann’s reagent, 130,

Hofmann’s blue, 223, 247.

~—— violet, 245, 247.

Humulus, 249,

Hydrocarbens, 88,

Hydrocellulose, 142,

Hydrochloric acid, 48,

as reagent, 58, 65, 67, 84,
86, 9o, 110, 113, 121, 126, 127, 137,
194.

~em w— Specific gravity, 261.

Hydrofluoric acid, as reagent, 53, 55.

Hydrogen peroxide, 4z, 117, 178,

Hydrolysis, 139, 162, 163,

Hydroxylamine, as reagent, 147.

153, 180, 197,

Imbedded objects, Attach to
Gold-size for sealing, 43. carrier, 35,
Imbedding in celloidin, 35.
— paraffine, 3r.
Gram-Giinther method, 255, Impatiens Balsamina, 156,
Gram's method for staining, 185, 255, | ~—— parviflera, 148,
€s, 204. Inclusi of chro! ph 204.

Grana of
Granula, 213,

Gratiola officinalis, 222,
Grenacher’s Borax-carmine, 182,
— hematoxylin, 180,

Growth of cell-wall, 168.

—— of nucleus, 194.
India-ink, Use of, 158,
Indol, as reagent, 145,
Inorganic Compounds, 44.
Intercellular substance. 16§
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Inulin, 78.

Iavert-sugar, 78,

Iodine, as reagent, 155, 227,

—— for fixing, 27, 176,

for removing sublimate, 179.

lodine in sea-water for fixing, 212,

Todine and potassium jodide for fix-
ing, 214, 224.

—— —— ———— as reagent, 8o, 1
102, 103, 106, 120, 122, 123, 128,
129, 185, 186, 233.

and sulphuric acid, as reagem, i
110, 139, 140, 143,

Todine-calcium-chloride, as reagent,
1471,

Todine-green, 188, 202.

Todine-phosphoric acid, as reagent,
I41.

Iridescent plates of Alge, 212.

Iridous chloride, as reagent, 124.

Iron, 68.

Isotonic coefficient, 238, 263

Javelle water, see Eau de Javelle.
Juglans regia, 87."
Juglon, 87.

Karyokinetic figures, 185, 187, 192.
Kinoplasm, 194.

Lactic acid for dried plants, 5.

for fixing, 252,

Lamellation of wall, 170.

Lathrea squamaria, 225,

Lead acetate as reagent, 93, 94, 98,
107, 10g.

Leguminose, 162.

Lenzites sepiaria, 92.

Lepidium, 169,

Lepra-Bacillus, 256.

Lepiomitus lactens, 231,

Leptophrys vorax, 230,

Leptothrix ochracea, 6q.

Leucin, 82.

Leucoplasts, 201,

Leucosomes, 205,

Lichén-pigments, 110, 111,
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Life reagent, 244.

Lignic acids, 144.

Lignified walls, 143.

—— Reactions of, 145.

Lignin, 133.

Liliem Martagon, 198, 199.

Lime water, as reagent, 87, 88, g3,
96, 133,

Linin, 133, 136.

; Lipochromes, 106.
i Lipocyanin, 106.

Lithospermeuns, 164

i Live-staining, 119, 189, 224, 235.
! Living Bacteria, Study of, 230,

Living tissues, Staining, 19, 119,
Loeffler's blue stain, 253,
Leew-Bokorny reagent, 244.
Lophospermum scandens, 195.
Lupinws luteus, 162.

Maceration, 6.

Madder dye, gs.

Magnesium, 67.

oxalate, 67.

—— phosphate, 67.

sulphate, 32, 65.

Mandelin’s reacdon, 97.

Mannose, 162.

Marattiacea, 63.

Masked iron, 68.

Maskenlack for sealing, 43.

Mass-staining, 182,

Measures of capacity, 259.

—~— ~— length, 259.

Melampyrite, 6g.

Melampyrunt arvense, 104.

Membranes of Bacteria, 161.

Mercuric chloride, as reagent, 122,
128,

—— iodide, §7.

—— —— for swelling, 8.

nitrate, as reagent, !29.

Mesocarpus, :.'34;’

Metadiamidobenzol ¢ + tengent. 86,
157.

Metaxin, 133, 136.

Methylal, as reagent, 124,
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Methyt alchol, 171,

—— biue, as stain, 142, 153, 188,
190,

——— as reagent, 11g,

Metbylene blue, 166, 168, y73, 1o1,
192, 224, 235, 243, 256,

Loeffler’s, 253,

Methy! green, 186, 1go.

—— orange, as reagent, 236, 238,

Rleviyr visker, 18y, 257 259,

Micrasterias rotata, 62.

Microcosmic salt, as reageny, 67,

Microsomes, 212.

Microtome knife, 31.

Microtomes, 2g, 30.

Microtome technique, 29.

Middle lamelia, 6, 107

Millon’s reagent, 83, 129, 137,

Mimosa pudica, Glucoside fror,
98.

Mimulus Tillingi, 195.

Minute structore of cell-wall, 70,

Moist chamber, 2.

Mordant for cilia of Bacteriy, 228,

spores of Bacteria, 257,

Morphine, 123.

Mounting delicate objects, Is,

in air, 43.

in balsam, 16,

with alcohol, ra,

aniline, 15.

—— — —— ———drying, 17,
—— «— —— —— phenol, 1y,
Mucus-globules, 232.

Misa paradisisca, 58.

Mastard oils, B1.

Myrosin, 81, 137.

«-Naphtol, as reagent, 76, 7y, 145,
Narceine, 124.

Narcotine, 124.

Neortia nidus-avis, 204.

Nephroma Jusitanica, 87.

Nerum, 171, 172, 173,

Nessler's reagent, 57.

Nickel] sulphate, as reageat, go,
Nicotine, 128.

INDEX,

Nigrosin, 18g.

Nitella, 190, 224, 225.

Nitric acid, 30.

~— — for fixing, 213.

—- —— for maceration,6.

for reagent, 52, 54, 65, 85,
86, g6, 103, 112, 113, 121, 122, 129,

’ 156.

{ —=—m- —— Specific gravity, 261,

Rascoc, 233,

Nucin, 87.

Nuclear divisions, Fluid for, 4.

Nuclear membrane, 1g2.

Nucleic acids, 133,

Nuclein, 234.

—— Artificial, 134.

Nucleins, 133.

Nuclealus, 191.

Nucteus, Constituents of, 175.

——.Inclesions of, 194.

Oil-bodies, z10.

Oil.drops, 208.

Oilformers, 209,

Oil of bergamot for clearing, 39.
Oils, Ethereal, 8.

To distinguish, go.
—— Fauy, 71,

—~— for clearing, 14.

Ononis spinesa, go.

Opium alkaloids, 123.

Oplismenus imbecillus, 211.

Orange, stain, 186,

Orcin, as reagent, 79, 84, BGu136,
137. 145, 157

Organic compounds, 6g.

Ornithogalum, 210,

Orseillin, 199.

Oscillatoria, 104.

Osmic acid, as reagent, 27, 72, 90,
117, 152, 178, 211, 212, 213, 214,
215, 219, 239.

Overstaining, 26,

Oxalic acid, 62, 70.

Oxalic acid for maceration, 6.

Oxygen, 44.

Oxynaphthoquinone, 87.
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Paonia, 156, 217, 219.

Palladous chloride, as reagent, 124.

nitrate, as reagent, 81.

Pancreatin, as reagent, I33.

Pandorina, 215,

Parnicea, 67,

Papaver somniferum, 123.

Paracarmine, 183.

Paraffine blocks, To attach, 35,

To preserve, 38,

for imbedding, 32.

—— -oven, 34.

Paragalactan, 162,

Paragalactan-like substances, 161.

Paralinin, 135, 136.

Paramylum, 230.

Paris quadrifolia, 162.

Paspalum clegans, 82.

Fassiflora carulea, 222,

Paxillus atrotomentosus, Pigment of,
115

Pectic acid, 167,

substances, 166,

Pellicle of proteir grains, 217.

Penicillium, 48.

Pepsin, as reagent, 133, 134, 252

Peridinee, Pigment of, 105.

Peridinin, 105.

Permanent preparations, 40,

Peronosporee, 104.

Poziza, 187,

Phacus parvula, 230,

Phaophycea, 230,

—— Pigments of, 104.

Phzophycean starch, 230.

Phellenic acid, 149.

Phenol, for clearing, 10, 60,

—— for dehydrating, 17.

——— for reagent, 71, 145, 146,

Phenols, 84.

Phenosafranin, 166, 168,

Phloicnic acid, 149

Phloridzin, g5.

Phloroglucin, 84, 119,

-~ a8 teagent, 8o, 86, 144, 145, 147,

158
Prenex dactylifera, 162.
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Phosphoric acid, g2.

Phospho-molybdic acid, as reagent,
119, 120, 123,

—— -tungstic acid, as reagent, 128,

Photophore, 2s.

Photoxylin for imbedding, 37.

Phycocyanin, 305.

Phycoerythrin, 104.

Phycophain, 104,

Phycopyrrin, 103.

Phyllosipionacee, 231,

Physcia parictina, 88,

Physodes, 214,

Phytelephas, 162, 174.

Phytophysa Treubii, 231,

Picric acid, for differentiating, 182,
188,

-— — for fixing, 177, 189, 207,
210, 216, 235.

—— —— for reagent, 123,

Picrocarmine, 183, 255.

Picro-nigrosin, 189, 216.

Picro-sulphuric acid, 177, 238

Pigments, 100.

—— dissolved in cell-sap, 107,

— in oils, 107,

Fauy, 106,

in the cell-wall, 108, 109.

of 4lé Rowers, 103.

—— Chromatophores, 100,

—— Cranophycem, 104.

—— Diatomacea, 105.

w—— Floridea, 103.

—— lichens, 110, IIL.

Peridinez, 105,

— Plurophycea, 104.

on the cell-wall, 112,

Piperacea, 124.

Piperine, 124.

Prrus Malus, 95.

Pistia Stratiotes, 235,

Piant-mucilages, #54.

Plasma-membranes, 275,

Plasmolysis, 238, 243.

Plastin, 134.

Plastoids, 223.

Platinum chloride, for fixing, 180,

NERRARRRERN
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Platinum chloride, for reagent, 56,
81, 128,
—— -osmic-acetic acid, for fix~

ing, 180.
Pleochroism, 204.
Plesrotanium Trabecula, 159.
Plugge's reagent, 130.
Podocarpus elongatus, 173.
Lodosphara Oxyacanthe, 231,
Polarized light, 60,63, 73, 83, 220, 226.
Polygonacea, $8.
LPolypodinm irrecides, 222, 240.
Polyporus kispidus, gr.
Fotamogrton, 211.

Potassic-mercuric  chloride, as re-
agent, y22.

—— —— jodide, as ieagent, 122,
123, 128,

Potassium, 56.
acelate, as reagent, 70
—— bichromate for antiseptic, 4.
for differentiating,

182, 192, 197.
—— — for reagent, 116, 123, 219.
—— -bismuth iodide, asreagent,123.
calcium iodide, as reagent, 123.
— carbonate, as reageunt, 86.

caryophyliate, 84,

—— chlorate for maceration, 6.

- chromate, 4, 122.

—— ferrocyanide, as reagent 068,
132, 135, 172, 190, 192,

—— hydrate, See Caustic potash.

—— jodide, 45, 57.

—— myronate, 81, g5,

—— nitrate, 5I.

reagent. See Salt-

— we—— a5
peter.

—— oxalate, Acid, as reagent, 70.

—— permanganate for differentiat-
ing, zoo.

—— platinum chioride, 56.

— gulphate, 49, £0.

—— sulphocyanide, as reagent, 68,
123.

Primuloces, 156,

Protelds, 128,

INDEX.

Protelds, Reactions of, 129,

Protein crystalloids, 194, 203,
222,

—— grains, 215,

Proteosomes, 244.

217,

i Protoplasm and cell-sap, 174.

Protoplasm, Reactions of, 237,
Protoplasmic Connections, 245.
Prunus Laure-cerasus, 136,
Pulmonaria afficinalis, 236.
Pulverization methods, 174,
Pyrenin, 135, 136.

Pyrenoids, 206.

Pyroligneous acid, 180.

Quercus Suber, 149,
Quinones, 87

Raphides, 58, 60,
Raspail’s reagent, 158, 224.
Reactions of cell-sap, 236.

of protoplasm, 237
Reagent-bottles, 15.

Remijia purdicana, 51.

Removing air from tissues, §.
Replacement of alcohol, 14.
Resedacea, 137,

Reserve-cellulose, 162,

Resin, 211,

Resins, go.

Resorcin, as reagent, 86, 145,
Resting nucleus, Recognition of, 190,
Retinic acids, g1, 92

Rhabdoids, 223.
Rhamnus_frangula, 87, 93.
Rhodospermin, 223.

Ricinus, 117, 118, 130, 216, 218, 21g.
Rochelle salt, as reagent, 77.
Ruberythric acid, 95.

KNubiacex, 210,

Rubia tincorum, 95.

Rutin, g6.

Saccharose, 78,

Saffron-yellow, g6,

Safranin, 148, 152, 185, 186, 207.
Salicin, g6. .
Salicylic uldehyde, 146, .
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Salicylic aldehyde for fixing, 202,

—— —— for reagent, 131, I32.

Salt, 238.

Saltpeter, 5, 240, 263.

Sapindace, 210,

Saponaria officinalis, 230.

Sapenification of fats, 73.

Saponin, g6.

Sapotacee, 210.

Saprolegniacea, 231.

Schulze’s dehydrating vessel, 12,

—— macerating mixture, 6, 151.

settling cylinder, 16,

Schweizer's reagent, 140.

Sculpturing of wall, 170.

Seytonema, 110, 233,

Scytonemin, 110,

Sealing media, 43.

Secale cereale, 148.

Seclion-finder, 25,

Selenic acid, as reagent, 122,

Seminin, 162.

Seminose, 162.

Setaria viridis, 67.

Settling cylinder, Schulze’s, 16.

Sieve-plates, 246, 248.

Sieve-tubes, Callus of, 163, 165,

wesem —— Contents of, 248,

Silica skeletons, 54, 168.

Silicic acid, 53.

Silvering, 173, 226.

Silver nitrate, as reagent, 48, 81, 85,
173

Silver-solution, 244.

Sinapine, 125,

Skatol, as reagent, 145,

Smali objects, Fixing and Staining,27.

Smilax, 225.

Soda solution, 165.

Sodium, 56.

——— carbonate, as reagent, 113.

—— carminate, 183,

-—-— hydrate, see Caustic soda.

-——— metatungstate, as reagent, 122.

~—- phosphate, as reagent, 67, 217,
218, 0,

— gelgnate, as reagent, 97, 124.

295

Sodium silico-fluoride, 55.

tungstate, as reagent, 117,

-urany! acetate, 56.

Solanin, 97. .

Solanwum tuberosum, 202, 222,

Soluble blue extra 6B, 165.

Soluble starch, 229.

Solutiens, Percentage Composition,
260.

Preparation of, 261.

Sclvents for fats, 71.

Sorbus awucuparia, 204.

Specific gravity of solutions, 260.

Spergula vulgaris, 9g.

Spergulin, 9g.

Spharocrystals, 63, 64, 65, 73, 74,
79, 82, 85, 93.

Spirogyra, 18, 45, 115. 118, 131, 132,
206, 238, 240.

Spores of Bacteria, Staining, 257.

Staining attached sections, 38.

—— in mass, 24, 182,

intra vitam, 119, 189, 224, 235.

—— living tissues, 19.

—— Methods for, 20, 24, 27.

methods for cell-contents, 180.

—— sections, 25.

Stains for cellulose, .42, 143.

—— —— cuticle and cork, 152, 154.

lignified walls, 147, 148.

Stapelia picta, 52, 53, 64.

Starch-grains, 225,

- —— Medium for, 1g.

Starch, Recognition of, 227.

Starch skeletons, 229.

Staurastrum bicorne, 159. .

Stender dishes, 24.

Stratification of cell-wall, 170.

«— of starch-grains, 226.

Striation of cell-wall, 170,

Strontium nitrate, as reagent, 49.

Strychnine, 125,

Strycknos nux-vomica, 12 126,

Suberic acid, 149.

Suberin, 148, 150.

Suberized membranes, 75, 148, 150,
152
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Sulphor, 47, AR

—— compounds, 31,

Sulphuric acid, 490

—~— —— for maceratidy, . ?

—— ~— for reagent, 54, 59, 63, 63,
65, 66, 67, 68, 70, 75, 8x, B4, BG,
88, 91, 92, 96, 97, 98, 99, to2, 103,
105, 106, 107, 113, 313, 120, 122,
124, 127, 130, 140, 104, 236,

—— — for swelling, B.

—— —— Specific gravity, 261.

Sulpburous acid for washing, 22, 177.

Swelling, 8.

Syringa vulgaris, 98.

Syringin, g8.

-

)

Tables for reference, 25g.

Tannic acid, 242.

Tannin, as reagent, 45, 143.

Tannins, 114, 242.

Tannin-vesicles, 234.

Tartaric acid, as reagent, 70, 119,

Terpenes, go.

Thallin sulphate, as reagent, 49, 145,
146.

Theine, 127.

Thelephora, g1, 112,

Thelephoric acid, 112,

Theabromine, 126,

Thermemeter scales, 260.

Tholuidendiamine, as reagent, 145.

Thymo), as reagent, 76, 79, 86, 145,
157.

Titanic acid, as reagent, 124,

Tradescantia, 200,

alfifiora, 214.

v discolor, 58, 205, 206, 239, 243.

~—— virginica, 46, 18¢.

Trameles cinnabarira, 91, 113.

Trianea bogotensis, 46,

Trepaolacea, 137

T paralum majus, 156,

Trypsin, 193.

Tubercle-bacilli, Staining, 256.

Tulipa suaveolerts, 243,

‘Tuarnbull’s blue 16g.

Tyrosin, 8.

!
1

INDEX,

Unequal water-content of cell-walls,
171,

UnvigdoYben - Franchimont
dion, go.

Uranyl:acetate, as reagent, 56, 67, 70.

.Uranyl-magaesium acetate, -as re
agent, §6.

Urceolaria ocellaia, 112,

Urceolaria-red, r1z.

Urticales, 164.

reac

. Vands furva, 222. .

Vanilja, 86. 4

——teplari folia, 20,

Vanillin, 86, 144, 146.

—— as reagént, 84, 131.

Venetian turpenting for mounting,
18,

Veratrine, 127,

Verutrum album, 127

Vessel for staining sections, 26,

Vesuvin, 165, &

Ficia Faba, 46, 187.

Visea, 172, 173,

Violacea, 137.

Vitis Labrusca, 63.

—— winifera, 220, 222,

Washing, 22,27.

+—— apparatus, 23, 27.
JWax, 74,

Wax feet for cqver-glass, I,
Weights, Table of, 260,
Willows, g6,

Wood-gum, 144.
Wound-gum, 157.
Xanthein, 107.

Xanthin, 103, 100, 209,
Xanthipe, 128,
Xantho-proteic acid, 129,
Xanthotrametin, 113,
Xylo! for clearing, 14,
—— for imbedding. 33.

Zinc chlorine, as reagent, 231,
sulphate, as mordant, 199,
Zygnema, 115, 176, 200, 237,
Zygnemacea, 157, 158, 234,




	00001.tif
	00002.tif
	00003.tif
	00004.tif
	00005.tif
	00006.tif
	00007.tif
	00008.tif
	00009.tif
	00010.tif
	00011.tif
	00012.tif
	00013.tif
	00014.tif
	00015.tif
	00016.tif
	00017.tif
	00018.tif
	00019.tif
	00020.tif
	00021.tif
	00022.tif
	00023.tif
	00024.tif
	00025.tif
	00026.tif
	00027.tif
	00028.tif
	00029.tif
	00030.tif
	00031.tif
	00032.tif
	00033.tif
	00034.jpg
	00034.tif
	00035.tif
	00036.jpg
	00036.tif
	00037.jpg
	00037.tif
	00038.tif
	00039.tif
	00040.tif
	00041.tif
	00042.tif
	00043.tif
	00044.tif
	00045.tif
	00046.tif
	00047.tif
	00048.tif
	00049.tif
	00050.tif
	00051.tif
	00052.tif
	00053.tif
	00054.tif
	00055.tif
	00056.tif
	00057.tif
	00058.tif
	00059.tif
	00060.tif
	00061.tif
	00062.tif
	00063.tif
	00064.tif
	00065.tif
	00066.tif
	00067.tif
	00068.tif
	00069.tif
	00070.tif
	00071.tif
	00072.tif
	00073.tif
	00074.tif
	00075.tif
	00076.tif
	00077.tif
	00078.tif
	00079.tif
	00080.tif
	00081.tif
	00082.tif
	00083.tif
	00084.tif
	00085.tif
	00086.tif
	00087.tif
	00088.tif
	00089.tif
	00090.tif
	00091.tif
	00092.tif
	00093.tif
	00094.tif
	00095.tif
	00096.tif
	00097.tif
	00098.tif
	00099.tif
	00100.tif
	00101.tif
	00102.tif
	00103.tif
	00104.tif
	00105.tif
	00106.tif
	00107.tif
	00108.tif
	00109.tif
	00110.tif
	00111.tif
	00112.tif
	00113.tif
	00114.tif
	00115.tif
	00116.tif
	00117.tif
	00118.tif
	00119.tif
	00120.tif
	00121.tif
	00122.tif
	00123.tif
	00124.tif
	00125.tif
	00126.tif
	00127.tif
	00128.tif
	00129.tif
	00130.tif
	00131.tif
	00132.tif
	00133.tif
	00134.tif
	00135.tif
	00136.tif
	00137.tif
	00138.tif
	00139.tif
	00140.tif
	00141.tif
	00142.tif
	00143.tif
	00144.tif
	00145.tif
	00146.tif
	00147.tif
	00148.tif
	00149.tif
	00150.tif
	00151.tif
	00152.tif
	00153.tif
	00154.tif
	00155.tif
	00156.tif
	00157.tif
	00158.tif
	00159.tif
	00160.tif
	00161.tif
	00162.tif
	00163.tif
	00164.tif
	00165.tif
	00166.tif
	00167.tif
	00168.tif
	00169.tif
	00170.tif
	00171.tif
	00172.tif
	00173.tif
	00174.tif
	00175.tif
	00176.tif
	00177.tif
	00178.tif
	00179.tif
	00180.tif
	00181.tif
	00182.tif
	00183.tif
	00184.tif
	00185.tif
	00186.tif
	00187.tif
	00188.tif
	00189.tif
	00190.tif
	00191.tif
	00192.tif
	00193.tif
	00194.tif
	00195.tif
	00196.tif
	00197.tif
	00198.tif
	00199.tif
	00200.tif
	00201.tif
	00202.tif
	00203.tif
	00204.tif
	00205.tif
	00206.tif
	00207.tif
	00208.tif
	00209.tif
	00210.tif
	00211.tif
	00212.tif
	00213.tif
	00214.tif
	00215.tif
	00216.tif
	00217.tif
	00218.tif
	00219.tif
	00220.tif
	00221.tif
	00222.tif
	00223.tif
	00224.tif
	00225.tif
	00226.tif
	00227.tif
	00228.tif
	00229.tif
	00230.tif
	00231.tif
	00232.tif
	00233.tif
	00234.tif
	00235.tif
	00236.tif
	00237.tif
	00238.tif
	00239.tif
	00240.tif
	00241.tif
	00242.tif
	00243.tif
	00244.tif
	00245.tif
	00246.tif
	00247.tif
	00248.tif
	00249.tif
	00250.tif
	00251.tif
	00252.tif
	00253.tif
	00254.tif
	00255.tif
	00256.tif
	00257.tif
	00258.tif
	00259.tif
	00260.tif
	00261.tif
	00262.tif
	00263.tif
	00264.tif
	00265.tif
	00266.tif
	00267.tif
	00268.tif
	00269.tif
	00270.tif
	00271.tif
	00272.tif
	00273.tif
	00274.tif
	00275.tif
	00276.tif
	00277.tif
	00278.tif
	00279.tif
	00280.tif
	00281.tif
	00282.tif
	00283.tif
	00284.tif
	00285.tif
	00286.tif
	00287.tif
	00288.tif
	00289.tif
	00290.tif
	00291.tif
	00292.tif
	00293.tif
	00294.tif
	00295.tif
	00296.tif
	00297.tif
	00298.tif
	00299.tif
	00300.tif
	00301.tif
	00302.tif
	00303.tif
	00304.tif
	00305.tif
	00306.tif
	00307.tif

