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SOME COMMON METHODS AND MATSRIALS USED IN PLANT EISTOLOGY.

‘ Histology, in its brozdest semse, is the study of
the structure, chemieal nature and functions of healthy snd diseassed
tissue. The idea which is offten prevalent that histology oohsists
‘merely in the study of micro-anatomy seems to be somewhat too narrow.
The subjects anatomy, physiology and histology are so interrelated
that distinbt boundary lines ere impossible. All tissues are com=
posed of cells and cell derivatives and their study, whether along
physical, chemiezl, or morphologiczl lines, must involve more or
less of histological methods.

Owing to-ﬁhc similarity of the refractive indices of
dell constituents, the study of living cells is very difficult and
often unprofi table. The problem then confronts the student of kill-
ing and preserving the cell without alfering its chemical nature,
ites minute detail, or some times even its gross structure. The kill-
ing, fixing and staining of cells offer their separate problems,
which vary with the kind of tissue under consideration and frequently
involve most complex physical and chemical factors.

The purpose of this paper is to describe some of the
more common materials and mefhods used in histological research.
Part of thiao have been used by the writer. The remainder are added
for the sake of completeness.

Since tissue examined under the ordinary compound
mieroscope is viewed by transmitted light, delicate instruments sre
nesessary for the cutting of thin seoctions of the tissue. It is of-
ten desirable to obtain sections one cell in thickness to avoid the
confusion due to superimposed cells. This necessitates still more

acourate instruments.




' Appearatus.
The following is & list of the apparatus used in the

present study. It includes the necessi ties for any general histo-
logical work: a microscope magnifying about 1200 diameters; a

razor; & hone; a hand microtome; & rotary microtome with knife;

o peraffin bath with thermal regulator; a sealpel; & pair of dis-
’ secting needles; a pﬁir of scissors; a pair of curved forceps;

'a turn tablep petri dishes; test tubes; stender dishes; minots; a
;water basin; & graduate (50 ce.); pipettes; slides; round covers;.
 8quare covers; long covers; cover clamps; bottles.

The microscope should have t'p eyepieces, coarse and

fine adjustments, a double nosepiece, two objectives, 4 mm and

16 mm., and an iris diaphragm and a condenser.
An o0ld style flat sided razor may be used for hand
sectioning. A better blad is hollow ground on one side and flat

_on the other. The ordinary razor hollow ground on both s:des could
not be used satisfactorily.

One of the first advances beyong the simple blade was
made by valentin who used two blades placed close to each other.
L!hen this knife was drawn through a piece of tissue a thin secfion

remained between the blades. Consective Sections however were im-
possible with this instrument.

| According to Mann in 1861, A. B. Stirling at HLdinburgh
gons tructed the first device for cutting consective sections of
Z-pproximately the same thickness. This instrument consists of a
‘brass well with a brass plate flush with its upper surfase. The
;jissue is placed in this well on another plate which can be raised
3' means of a serew from beneéath. The idea is commonly used in

present day hand microtomes. A gauge was added by Rutherford in



1871 for determining the thickness of sectioms. Lewls later intro-
duced a glass plate for the razor to slide upon while making the cut.
Inmerous sliding and rotary microtomes have arisian since
those beginnings were made. In these meschines both the knife and
tissue are held mechanically. The sliding machine may make either
an oblique or & square out while the rotary can make only & square
cut. The letter instrument -ives the most convenient series of
sections from tissue imbedded in paraffin.
: ' The most convenient of the many types of paraffin baths
eonsists essantially of a water jacket, wells for the melted par-

affin and imbedding tubés, thermometer, thermal regulator(when gas

is availablq. There should be two wells for paraffin of different
meltinz peints. :

The remsining miscellaneous articles require no des-
eription and will allow considerable variation to suit individual
|tastes and conditions.

N Aeagents.
| It is useless to atbtempt in this paper anything like a
jeomple te cnumeration of the agente in use for killing, fixing, and

‘ltaining plant tissme. Only those which are in constant use in
fhiatological work will be considered. To give anvidea of the re-
ative amounts of agents desired, the guantities necessary for an
verage stnaenf during a three months' course are given.(Chamberlain).

Killing and rixing;éggpta.
The formulae for the preparation of solutions from the

llowing materials will be given lafer.
Absolute aleohol, 300 ce.; 9556 aleohol, 2 liters;
ther, 50 ee.; chloroform, 50 ee.; formaldehyde, 200 ce.; corrosive

ublimate, 10 g.; chromic seid, 10 g.; pieric aeid, b g.; glacial
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acetic aeid, 2b.ec.; hydrochlorie acid, 50 cec.; osmic acid, 1%
aqueous solution, 25 ee.; nitric aqid; 100 ecc.
Stains.

The following are some of the most reliable and
widely known stains:

Haematoxylin-Delafield's; To 100 ce. of saturated
solution of ammonia alum add drop by drop s solution of 1 gram
of haematoxylin dissolved in 6 cc. of absolute aleohol. Lxpose
to air and light for 1 week then filter. Allow to stand until
suffici ently dark then filter and place in a tightly stoppered
bottle. The solution should go through & ripening which consists
essentiall& in the oxidatioa of haematoxylin into haematin. This
requires asbout two months' time naturally, but may be accomplished
in a few minutes by the use of hydrogen peroxide.

Losin. 1 gram Rissolved in 100 oé. of water or
95% alcohol.

Safranin. Dissolve 1 gram of safranin in 100 eec.
distilled water and 1 gram in 100 ce. 96% aleohol, then pour the
two together.

Orange Gentian. One gram dissolved in 100 cc. of
aistilled water. ‘

Cyanin, Erythrosin, Gentian Violet. Meke a 3% so-

lution of analin 0il in distilled water; shake thoroughly and fre-

quently for a day; add alcohol to make the solution 20% aleohol.
Add 1 pgram of the dye to 100 ce. of the solution.

Pianeze's Solution (IIIb) for Differential Staining
of Fungus and Host Tissue. Malachite green, .6 gram; acid fuch-
sin, <1 gram; martius gelb, .01 gram; distilled water, 150 cc.; 95%
&leohol, 650 cc. The latter combined stain is not in general use

but in tests made by the wrifter it promised well as & rapid, practi-

cal differentizsl stain.



Alcohols.

Alecohol of any desired strength can be obtained from a

more concentrated sleohol in the following way: Sulract the percent

‘of the required aloohol from the percent of the alcohol to be di-
luted.  The difference is the number of cubic centimeters of water
50 be added to a quantity of the higher alecohol equivalent to the
ieuqr percent. Lxample: Given 95% alcohol and recuired 15% slcohol.
95 - 15 = 80 = cc. of water to be added to 15 ec. of 956% alecohol
to make 95 ce. of 15% aleohol. When the dilution has onece been
made the bottle can be marked to measure 15 ce. and 95 ce. Then
the alecohol and water can bhe poured in to fill up to their respect-
ive marks.

» Xylol is the most common gnd widely known clearing agent.
Other useful ones are csarbric aseid, turpentine, clove oil, cedar

0il, and bergamot oil.

Jethods.

While most of the technigue involved in histologiecal
work pertains to permanent mounts, simple $emporary mounfs may
often be used fto almost if not gquite as good advantage. For find-
I$ns fungus mycelium in plant tissue a pair of dissecting needles
;lgw be used to tease up the tissue in a drop of water on & slide.

When & cover is added to this the observing eye can of ten note more

fatls than are possible in & series of carefully prepared sections.
ter materisls msy simply be pladed without any treatment in such
p and will often thus appear to as good advantage as any ofther

A convenient me thod for preserving fresh tissue such as

‘pidermis of a leaf is the glycerine method.
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M;ﬁj A ring of bals#m is put on the slide by means of the
turning table and 10% glycerine in water is put inmside the ring.

The tissue is8 put into the éolution and the glycerine allowed to
concentrate. Vhen it has become gquite thick it should just f£ill
the ring. A cover is then added. An additional ring may be put
around the sover to insure sealling.

Usually, however, for one reason or another, it is des-
irable to preserve sections of tissue under consideration in a
still more permanent form. To do this requires & more or less

1
elaborate procedure. This will be followed through in some detail.

EKilling and Fixing.

Although it is customary to use the same reagent for
both these processes they are notwithsfanding separate and distinet
processes. The purpose of the killing sgent is $o bring the life
processes fto &8 sudden & termination ec possible, while fixation
comprises those processes, physical or chemical, by which we pre-

serve the tissue in a state approaching that of the living tissue
Materisl to be fixed showld be cut into small cubes or strips 8o
that the agent will not have to pemnetrate more than one-sixteenth

to ono;oighth of an inch. The solution should be greatly in excess;
from ten to fiftybtilns the volume of the tissue. The tire required
for the aetion varies with the tissue and agent used. In genersl,
twenty four to forty eight hours will be necessary.

A few of the principal agents in use for killing and fix-
ing should be noted here.

Formalin. Although less widely known, formalin is
repldly becoming one of the few reliadle agents. It is slightly
acid in reaction and should be neutralized to get best results.

When this is done, formalin produces a compaiatively smooth, homo-
geneous mixture of the cell protein. The action of formalin is

slower than that of corrosive sublimate, hence it should be allowed
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to act at least three &ays. For preparations to be sectioned at
once & 70% 8olution is recommended. When it is desired to presefve
soft tissue for some time it may be plsced in & solution of 2% to
4% formalin in water. ©The formalin may be washed out with water
when the tissue is to be used.

Picric Acid. This acid may be used as a safurated
solution in water or 704 alecohol. One gram of the acid will sat-
urate 76 ce. of water or slcohol. Pieric acid 1% and 35012 2.5%
make a powerful combination. The aeid increases the alresdy vig-
orous action of the sublimate. This combination precipitates prac-
tically all the cell solutes but in cosarse form. When it is nec-
essary to obtain finer details formalin may be added. When forma-
1lin is used fixing should not extend over more than 48 hours.
Otherwise the pieric aecid overcomes the formslin or the formalin
breaks up the coasgulum. Pioric scid slone should aet 1 to 24 hours
if oold, or if hot omly & few minutes will be necessary. Alcohol
should be used in removinz the agent.

Chromiec Acid. Chromiec and its combinations are univer-
sslly used im dotanical work. While effective in s 1% aqueous so-
lution it is gemerally used to best advantage with other agents,
as sublimate, acetic acid; oaiio acid. !he'proportions and time of
action of this combination should be variedi to suit individual
cases. A standard solution is 1/2% each of chromic and acetic
aeids in water. It is believed that the most delicate tissue should
be fixed for at least 24 hours and that in most cases 2 or 3 days
will give better results. This agent tends to harden tissue and
should be replaced by pieric acid or other agents which tand to

soften material when more obstinate {issue is to be sectioned.
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The following formulae for Flemming's Fluid zive

good results in most cases:

(1% Chromic Acid, 25 cece

A (1% Acetic Acid, 10 ce.
(water, 56 ce.
ki) 1% Osmie aseid, 10 ce.

Mix A and B just before using.

Ethyl alecohol. This aleohol in varying concentrations

has been long and widely used as a fixative. Like formol it kills,
fixes and preserves at cnoa; whieh triple action makes its use
simple and convenient. A 40§ or 50% solution will probably give
best results. The tissue may then be run up to the higher alco-
hols. If weaker aleohol is used, coagulation will not be nniform
while on the other hand if strong alecohol is used coarse flocculi
are formed and the protoplasm shrinks more or less invariably.
Absolute alcohol, however, doces not cause serious shrinkage and
when spheed is desired this agent givoa satisfaction.

The following mixture, known as Carnoy's Fluid
 has excellent power of pemetration and requires only a few hours
for fixing. The materis]l may be washed for two hours in absolute
aloohol snd imbedded without delay:

Absolute aleohol, 6 parts.
Chloroform, $ . "
Glacial acetic aecid,l s
Corrosive Sublimsate. !hil material may be used

slone in a 2 to 6 percent solution in water or 70% alcohol.. One
to ten hours will usually be found sufficient for complete fixa-
tion. In watery solution the agent is dissociated into HgO and



) ; -5 | [
2HEL. When chlorides are present the demand for chlorine ions
will be satisfied and the HgCl, will not be dissociated and hence
the mercury cannot bombine with t he albumin which action is nec-
easary for fixation. If NaCl be to lgclg- as 3:7 the formation of
albumates is pre_anatm!. When tissue is fixed too long in sublimate
the chlg is hydrolysed to form Hel which nﬁy cause the precipitate
of albumin to be dissolved. Materisl fixed in sublimate and removed
to aleohol soon becomes brittle and hence should be imbedded promptly.
The coagulating power of subbimate is increased by the addition of
1% of glacial acetic acid. The following combined formula has been

used by the writer almost exclusively:

Gilson's Alcoholic-mercuro-nitric Pixing Fluid.

Corrosi ve sublimate, 5 gm.
Nitric aecid, (80% approx.) 4 ce.
Glacial scetic acid, 1 ce.
Aleohol (70%), 25 ca.
water, (distilhd') 220 ce.

Care should be taken not to undo the work accomplished
by the fixative is—workins. Aqueous fixing solutions with subli-
mate or chromie acid as their primeipal ingredient msy be washed
in water. OSublinate may be removed in &leohol. Solutions contain-
ing aleohols or pieric acid must be removed by slcohol.

Dehydrating.
The next important step after washing is dehydrating.

This is acoomplished almost exclusively by aleohol which at the
same time ¢causes a hardening that is generally desirable and often
necessary.

The schedule of dehydreting usually employed by the
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Eriter is as follows:

16% aleohol : 2 hours.
35% " ‘ 2-4 "
50% " 6 =12 "

70%, 86%, 95%, 100%, 24 " each.
3 parte aleohol: 1 part xyloel, 24 hours.

> z w " : g " w 24 L
1l part » pg . - M =
Pure xylol, 24 i

The xylol is added primarily to remove the alsohol but
it asots also to naia the tissue transparent. Hence it is called &
cleaming agent. Benzene may be used in the same way. The agent
must be a solvent of both aleohol and paraeffin. (In the celloidin
method the process diflfers after the absolute alsohol).

Imbedding in Paraffin.

Paraffin should be added very gradually. A small
block may be added to the fissue while 8611l in the clearing agent.
This will dissolve 8lowly and make the infiltration gradual. When
the clearing agent has been salmos t saturated with added paraffin
the seluiion should be poured off and pure melted paraffin should
be added. This is kept on a paraffin bath &t a temperature about
1%. sbove the melting point of the paraffin. Changing of the par-
affin may be necessary to remove all the clearer. Failure to do
this may result in granular paraffin difffeult to cut. It is best
to have one grade of paraffin melting at about 45°c. for the first
half of infiltration and another melting from 50° to 54° C. for the
second half. OQOpinions vary widely a8 (o the time necessary for in-
filtration. The minimum will probably be one hour. The writer has
used 24 hours for eszch grade of paraffin with good results. The :
tissue may be imbedded in any container which allows of rapid codling.
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Small paper trays are very good. A little paraffin should be poured
t in and allowed to begin hardening. When it is firm enough to sup-
port the tissue it is added with just enough paraffin %o completely

L cover it. The tray should be placed in a basin of water and immer-
‘ sed completely &s soon &8 the paraffin is sufficiently firm to al-
low it. This rapid cooling is necessary to prevent erystallization
of the paraffin.

For imbedding in collodion the process is the same
through the absolute aleohol as that for the paraffin method. The

tissue is then placed through the following:
12 to 24 hours in equal parts of alcohol and sulphurous ether.
12 to 24 hours in sulphurous ether.
24 hours in dilute collodion (1%).
24 to - hours in thick colledion (5%).

The material is then imbedded in thick collodion
and a8 soon &8 the surface glages it is transferred to chloroform
vapor or liguid chloroform for 12 to 24 hours. It is then transfer-
red to equal parts of glycerine and aloohol where it is kept until
- needed. (Colloidion is pure gun coftton made by a speecial process.
Goliodion is a solution of gun cotton in a mixture of aleohol and
; ether.

The collodion method is of value becsuse material
- can be sectioned whieh counld not be cut in peraffin. It has many

- objections, however. A series of sections cannot be obtained from
gollodion imbedding. The process is slower, and the sections are
diffioult to fiy to the slide. Sections in celloidin cannot be
stained in bssic dyes since the celloidin being scid stains deeply.
Paraffin on the other hand cemses hardening of some tissue and may

gause shrinkage when heated above 45°c.
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Cutting Sections.

The oldest and simplest method of obtaining sections con-
sigte in grasping the objeect to be sectioned between the thumb and
forefinger and drawing the ragor freehand across the fore finger.
Cradually n;atariala such &s pith, wax, and carrots were brought into
use to hold unstable bits of tissue in position to be sectioned.
Various microtomes were devised for holding the tissue and operat;ingt
the knife. The ordinary hand microtome, although one of the simp-
lest and oldest, is 8till one of the most useful. Where a little
more care and time are to be put into the operation fthe sliding
microtome, in which both tissue and blade are held mechanically,
gives excellent results. The complex rotary microtome gives best
results when very delicate paraffin sections are desired. The
principal disadvantage of this machine is that an obligue cut can-
not be made and hé:oo only very so:tt' tissue can be sectioned in
this way. The paraffin is cut into blocks with at least two sides
parallel. The other two are best trirmed in slight wedge shape.

The base of the wedge and the supporting block are then warmed and
the two brought guiekly together. The joint can be s trengthened
by running & hot needle around the base of the paraffin block. The
sections will come in serial order from the knife in a very delicate
ribbon. The knife is hollow ground on one side and should be honed
on that side oizly.

: Cleaning Slides and Covers.

Before using slides and covers they should be passed
through 10% hydrochloric aecid and 95% alcohol for several hours each,
rinsing between the solutions. Just before using they should be
removed and dried with a linen cloth free from lint.



! , v—13- !

Pixing Sections to the Slide.

For conveniense in staining it is necessary to fix the sec-
tions firmly to the slide. A convenient and effective sgent for
this purpose is prepared from 50 ec. each of gzlycerine and white of
ezz. The glycerine serves only to prevent too rapid drying. One
gram of salyeilate of soda is added as a preservative. A smsall drop
of this mixture is added to the slide and spread very thinly. The
slide is then flooded with water and the sections are floated on the
water. The water is heated gently until the paraffin becomes smooth.
The water is then drained off. There is danger of coagulating the
albumen if the preparation is heated sufficiently to melt the para#-
fin. The writer has obtained good results with & 1% solution of gum
arsbic which will stand higher heating. In this case a very weak
solution of potassium bichromate is used to flood the slide. It is
not necessary to spread the drop of fixative. :

Staining.

The paraffin is removed from sections by dissolving in xylol.
This process is accelerated by gently warminz the slide before pas-
sinz to xylol. The xylol im return is removed by 956% aleohol. The

prepaéation is then resdy for the stain if alcoholic stain is to be

used. If aqueous Stains are used it will be desirable with thick

| sections to run the slide down thromugh the alechols to the 36% strengh.

All the colored substances made from coal tar are derivatives

of benzene. The principal compounds involved in dyeing, besides ben-
gene, are its homologues toluene, xylene, gquinone, naéhthalene.
anthracene. Color is produced by substituting a radical called &
chromophome for a hydrogen of the benzene ring. Chromophores may be
basie due to the presence of nitrogen, or acid when they contain oxy-
gen compounds or compounds derived from them by substituting divalent

sulphur or trivalent nitrogem. The entrance of & stain into tissue
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may be physical only 6f it may resct chemicslly with the tissue. A
possible ezplﬁnltion of differentisl staining is that stains diffuse
into different parts of tissue at different rates, possibly due to
physical structure.

No specification, however general, can be laid‘down as to
the time required for & stain to sct. Sach individusl csse must be
left to the judgment of the worker. The stain can be intensified by
dipping in water oontaihing a fow d;Opé of ammonia. If it is too
intense it may be reduced by dipping in 96% alcohol containing 3%
of hydrochloric acid. The stain is reﬁoved in 95% aleohol as & rule.
This is followed by elove o0il, carbol turpentine or some ofher clear-
ing agent. Xylol is then added to remove the clearer and to prepare—
for the balsam. The final elearer must be a solvent of bslsam. Xylol
may be used alone &e the clearer. A drop of balsam is then added and
a cover guickly placed over it. The sections should not be allowed ™
to dry after the paraffin has been dissolved out.

A few of the commonmest steining procedures should be meation-
ed.

: Sosin. For staining fungus mycelium in woody tissue no
stain or combination of stains hés given better results for the writer
then pledn eosin in 1% alcohol#e solution.

Fleming's friple. ,!hia is a widely used differential
stain. Zemove the paraffin in xylol and wash in 95% alcohol; stain
over night ia safranin; reduce in aleohol if necessary and.rinse
with water; stain in gentian violet 3 to 10 minutes; rinse gquickly
in water; stain in orange gentian 1/2 to 1 minute; run through 96%
aleohol and xylol and mount in balsam. '

In & modification of this method the material is passed

through safranin 30 seconds, gentian violet 1 minute, and orange gen-
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tian 10 seconds or less. This permits a great saving of time and
gives good results.
and Losin Special (Durand). Stain deeply

in haematoxylin; wash in 95% alcohol and counterstain with eosin 5
to 10 minutes; remove the surplus stain with a cloth and elear in
oérbol turpentine; wash in xylol and mount in balsam.
This is an excellent combination for interdellular mgeelinm.
The heematoxylin stains the cell wall, éytoplasm and nuclei. The
eosin stains the fungus mycelium. The prepsration should not be
washed between the eosin and clearer. The clearer is composed of 3
parts of turpentine and 2 paits of melted carbolic acid crystals.
Planeze's III b. Wash in water &nd stain in this solution

15 to 45 minutes; wash in water and deeolorize in acid sleohol; clear
in carbol turpentine and mount in balsanm.

This is a good differential stain for fungus and host
tissue end hnn@to recommend it that &ll the stains are combined in
2 balanced mixture, thus simplifying the application. This is s
comparstively new stain and the extent of its use remains td be de-

termined.

All labels should be placed in the ssme position on
the slide both for the sake of order and for convenience in reading.
The label should contain the followins data: Name of btissue; plane
of the section as transverse, fangential, or radial; stain used;

date; name of vorhpr.
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