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Foreword

'l'hc assembling of thesc r,arious histological mcthods aud special staining tech-
niques lor use by the histopathology tc<rlrnician is an outstanclirg example o{ t}re dedi.
catetl and superior work continually being acconrp)isbed lty the many varied rnembers
of the staff of the Arrnorl Forces Institutc of Pathokrgy.

'l'his uerv eclition rcpresents a drlstic lr:r.isior of thc carlier publication but con-
tinues to incorporatc ct:rttil old and proven techniques vvhich time hru shown to be
invaluable to both beginuer and expcrient:ed technician. ln:rddition, the revised rnan-
url coutrins mrnv nerr lcchnittues and special stains vr.hich have been dcvclr:1;ed and
publishcd sincc llrc I960 edition as r,',cll us many tcchliclucs workcd out ir oLrr own
labolatorics, some of w,hiclr have nevcr bccn published.

'flte observant reviewer will nlso firrd considerably mrlre informatiorr in tho lbrm
oI plrotographs and illustrations. such as thc diagrilrns illustrating ltroblcms in cutting
and thoir possiblc causcs. a slep bl step photogrLrphi< dcnrolstration of tlrc various
facets of ctrtting, and a chaplcr lvhich lrlxrtographicallt illustrates approxinuttely 32
artilacts of Iixatior, procr:ssing and cuttirrg. 'l'hesc, pltrs rrany othcr Ieatures trx) uurner,
ous lo nrcntion, nrtke tlris an invalualtlc trxrl for the histoplt lrr:logy technician.

The rapidity with which each of the prior editions has been exhausted attests to
both uecd and populrrity ol such r collectivo source of histopathologic techniqucs, Hence,
rve arc dceply gmtilietl that the NlcGrarv-Hill Book Oon4rany has once more acccpted
the responsibility of making commercially available the Manwtl of Histologic Stoiring
Methods.

RR I ]']T II. SN,IITH

Captain, Iv1C, USN
The Direckrr {l





Prefoce

The growth of histotechnology is no better demonstrated than by the growth of
this manual which was first compiled by the late Mary Francis Gridley in 1953. The
immediate success of this manual resulted in a number of mimeographed printings
at the Armed Forces Institute of Pathology from 1953 to 1957. The first "published"

edition appeared in 1957 and was a revision of Miss Gridley's numerous mimeographed
notes by her devoted colleagues at the Armed Forces Institutc of Pathology. At the same
time her colleagues established a memorial fund in her name and conceived a plan to
perpetuate her most outstanding contribution to histotechnology, "The Laboratory Man-
ual of Special Staining Technics."

Although this edition has been modified to the point that most techniques contained
bear little resemblance to those published in past editions, it is only proper to give Miss
Cridley credit for the original inception of the manual, especially since it has given his-
totechnology a tremendous boost and has been an excellent aid to many technicians
and pathologists. Credit must be shared also by the late Lawrence P. Ambrogi, Chief,
Histopathology Laboratories, and Miss Evelyn F. Ballou who were primarily respon-

sible for the 1957 and 1960 editions. It was their dedication and foresight that made

the present edition possible.

In response to the great demand for the manual and the many changes in histolog-
ical and special staining techniques it became necessary to revise the 1960 edition.
Our original intentions were to make moderate revisions, but it soon became apparent
that a great deal of revision was necessary if the manual was to reflect all the advances

which have taken place in histotechnology. One need only to leaf through this manual
to find that many techniques presented were developed in our laboratories and have
not been published before. Previously published standard techniques have been given
new "twists" to simplify and/or better demonstrate the normal structure or pathologic

condition.
I am indebted to Dr. Frank Johnson, who was most helpful with his guidance and

suggestions and for review of the entire manuscript; to Miss Evelyn F. Ballou, Mrs.
Bertha D. Landi, Mrs. Lillian K. Washington, Mr. David Lewis, Miss Eliza Buddo, Mr.
Edward Cunningham, and Mr. Peter Emanuele who modified and contributed some

of the techniques. Special thanks are due Mr. Benedicto Manuel, Mrs. Marcella Grab-
ner, and Mrs. Edna Prophet rvho spent many hours abstracting, editing and review-
ing. I express my gratitude also to my secretary, Mrs. Sula Hughes, for the endless
hours she spent in editing and typing the original manuscript, and to the many tech-
nicians who co-operated in various ways in preparing this edition.

Acknowledgement is made to Mrs. Lois O. Runyon, Mrs. Ethel Denis, and Mrs.
Ruby Irwin who typed the printer's copy. I wish also to extend my appreciation to the pub-
lishing companies who have allowed us to make use of material from their publications.

LEE G. I-UNA, HT (ASCP)

C hief , Histo pat ho lo gy Laboratorie s
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Chopfer I

Preporotion of Tissue

flxaTtoN
The foundation oI all good histological preparations is adequate and complete

fixation. Fixation is required to (7) preaent post mortem changes such as putrefaction
and autolysis; (2) preserue various cell constitutents in as lifelike manner as possi-

ble, (3) protect by hardening the naturally soft tissue, thereby allowing easy mani-
pulation during subsequent processing; (4\ conoert the normal semi-fluid consistency
of cells to an irreversible semi-solid consistency; (5) ard in the visual differentiation
of structure by application of biological dyes and chemicals. To accomplish these objec-
tives the tissue should be placed in the fixative immediately upon removal lrom the
body or as soon after death as possible.

The choice of fixing agent should be determined by the purpose for which the
tissue is to be stained or preserved.

Blocks should be cut thin enough so that the fixative will penetrate the tissue
within a reasonably short time. To this end the block should not be rnore than 4mm in
t}ickness and should be immersed in at least ten times its volume of Iixative.

Ten percent buffered neutral formalin is the most widely used fixative because
it is compatible with most stains. The length of time {or {ixation depends upon the
size of the block and fixative used. It is well to have a clear understanding of the effects

of fixation, the time requied for complete lixation of speciiic tissues, and the post

fixation handling of tissue specimens.
That many specimens may be ruined, by poor handling subsequent to proper

fixation, has been proven. This generally occurs when one fails to realize that different
fixatives require varied times to effect complete fixation; and the specimen may require
a particular treatment, immediately following fixation, to insure retention of speci- I
fic staining properties.

Additional useful knowledge, is the action of a simple {ixative on different parts

of the tissue specimen. A partial list of the characteristics of certain common simple
fixatives and their various effects follows, while more detailed in{ormation in this regard
can be found inr Baker, J. R.: Principles of Biological Microtechnique, New York, John
Wiley & Sons, inc., 1958.

CHANACTERISTICS OF CERIAIN AGENTS USED AS FIXATIVES

FORMALDEHYDE,. I O% FORMALIN

FORMALDEHYDE, Gos. Formaldehyde is a flammable colorless gas at ordinary
temperatures having a pungent sulfocating odor. It is very soluble in water (up to 55%)
and also is soluble in both alcohol and ether. A very reactive reagent, it combines read-
ily with many substances and polymerizes easily.

FORMALDEHYDE, Solution (Formalin, Formol). A solution r:f abofi 37% by weight,
of formaldehyde gas in water, usually with l0 - L57o methanol added to prevent poly-
merization. This solution is the same strength as that known as Formalin 40%.



PREPARATION OF TISSUE

REFERENCE. The Merck Index, Tth edition, page 460, 1960, Merck & Company
Inc. Rahway, New Jersey.
The formaldehyde solution, approximately ,t0% formaldehyde gas in water, called

formalin,:is tre.rted as a 100? solution in making nther formalin percent solutions
(10 ml forraalin and 90 ml H2O: l0% formalin).

Because it oxidizes to formic acid, it should not have long contact with chromates.

In order to counteract the effect of the formic acid, lormalin should be buffered uith
sodium phosphata, monobasic and dibasic,

Reactions of the formalin with tissue proteins are numerous and complex, but
it is an accepted fact, that it does not precipitate proteins and only lightly precipitates
the other constitutents ol the cell.

Formalin ueither preserves nor destroys fat, and is good for complex lipids, but
has no effect on neutral fats.

Formalin is not a fixative for carbohydrates, it preserves the proteins which in
turn traps glycogen so that it is not easily dissolved.

GLACIAL ACETIC ACID

Acetic acid causes the constitutents of the cells to swell, therefore, it is neaer used
olone but is combined with some other reagent having a shrinking effect.

The penetration is rolxd and good.

The use of ucetic rcid gives lifeJike preservation to nuclei and is used when the
dcsirc for chronrosomes is requested, but it does not aid in staining,

Acetic acid precipitates nucleoproteins, and destroys mitochondria and the Colgi
appnratus

It does not fix lipids or carbohydrates.
It leaves tissue sof ond preoents hordeniag by subsequent usc of alcohols.

AICOHOL, ETHYL 70-IOO PERCENT

Absolute alcohol is used for the preservatior of glycogen.

r It acls as a reducing agent, being oxidized to acetaldehyde then to acetic acid;
E for this reason it cannot be combirred with chromic acid.

It is slow ol penetratian; horclens and shnnks the tissue in proportion to the per-
centage used.

It precipitates soluble nucleic acids. It does not form a compound with protein
but abstracts water from it arrd denotures it, (changes the nature of the protein with-
out afding another atom).

It prr:cipitaies albumin and globulin making both insoluble in water. lt diffuses
into the tissue, shrinking the cytoplasm as it precipitates, which action causes a dis-

tortion on the cells.
It makes nuclear staining dilficult but it does not interfere with cytoplasmic staining.
Tissue so fixed needs no special washing before further processing.

MERCURIC CHLORIDE

This is one of the most uieful of the salts employed in fixing tissue. It is rarely
used alone because of its shrinking action. The size ol tissue is important (not more -
than 4 mm in thickness) for ercessive exposure causes considerable hardcning.

It p€,netrates rapidly without destroying lipids.
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It precipitates all proteins without firmly combining with them. These precipi-
tates become soluble in potassium iodide. Removal of these precipitates (crystals)
is necessary belore staining.

It facilitates staining with most dyes making the colors more brilliant.
It neither fixes nor destroys carbohydrates.

PICRIC ACID

It is not often used in simple solution, because it causes the cells to shrink markedly.
It requires damp storage because of its explosive nature,

It penetrates well and fixes rapidly.
It precipitates all proteins, forming picrates easily soluble in water. It traps glycogen

in protein.
It leaves tissue soft, and, when used in combination, tends to make for easier staining.

POTASSIUM DICHROMATE

It fixes cytoplasm without precipitation.
It is especially valuable in mixtures for the fixation of lipids, particularly phos-

pholipids.
It preserves phosphatides and is used for mitochondria.
Thorough washing is necessary to avoid forming an oxide in alcohol which can.

not be removed later.
For convenience, there are listed here some of the more commonly used fixatives

or fixative mixtures. Ideally, all tissues should be washed in running water after the
use of most fixatives before processing,but this is particularly true followrng the various
formalin fixatives.

FORMALIN SALINE SOLUTION

37 - 40% formalin ...,...... .........,...........100.0ml
Sodium chloride.. ............. 9.0gm
Tap water ....................900.0m1

A tolerant fixative. Long storage does not create excessive hardening or damage.
Whcn not buflered may cause formation of formalin pigment. It fixes nuclear chromatin
in a cliffused homogencous pattem making it impossible to visualize chromatin distinctly.
Therefore, it is not especia y useful for routine use. ldcal for the preservation of muco
subslitnces.

BUFFERED NEUTRAT FORMALIN SOLUTION

37 -10% formaLin ..................... ............100.0 ml
Distilled water ............,..900.0 ml
Sodium phosphate monobasic .................,. 4.0 gm

Sodium phosphate dibasic (anhydrous) ...........................,. 6.5 gm

The best overall fixative, therefore, strongly recommended for routine use.

FORMALIN . SODIUM ACETATE SOTUTION

37 - 4OVo Iormalin ..................... ............100.0 ml'
Sodium acetate .. . ... . . .. . .. 20.0 gm

Tap water .......... ........ 900.0 ml

I



PREPARATION OF TISSUE

Formalin with sodium acetate is an excellent fixative and medium in which to
store gross blocks of tissue.

FORMATIN.AMMONIUM BROMIDE SOLUTION
37 -40% formalin. neutralized ... ..............15.0mI
r\nrmonium bromide . ..... . ........... ...... 2.0 gm

Dir;tillecl water .. ......... .,. 85.0 ml
An cx,:ellent fixative for brain tissue on rvhich the silver aud gold techniclues are

to be perlirrmed.

FORMALIN . ALCOHOL - ACETIC ACID SOTUTION

37 '10% formalin ..........10.0m1
Alcohol.80% ......... ......... 90.0 ml
Clacial acetic acid .. ..... 5.0m1

Not un icleul lixative Ior tissue storage and routine use, howc\cr, 11 good ugent
Ior rapid fixation ol tissuc. Prevents solutiot of carlrchydrates before fixation ol the
protein corDponell is conlrlele. Addition of acetic acid insures fixation of nucleopro-
tein providirrg an inrprovecl histologicrrl picture. Small pieces (2 mm in thickness) usually
rtrc lomlrletcll lircrl irr,1 tj hour'.

FORMOL.CALCI UM SOLUTION

C:LIcium chloride, anhydrous ..... .. 1.0 gm

37 40? formalin . .10.0 ml
Distilled water . ..90.0 ml

This fixati'ue is especially useful when studics on Iipids are to be performed.

ZEN K ER,S SOLUTION

Distilled water .1000.0 ml
Mercuric chloride . . 50.0 gm

p Potassium dichromate ..... ........... ., . 25.0gm

Add 5 ml of glacial acetic acid to 95 nil of Zenker's solution beforc use.(The solu.
tion does not kecp well aftcr the addition of the acetic acid).

This mixture has been used since 189,1 rvhen Zenker sugplested the addition of
rnercuric r:hloride to Muller's fluid kr improvc the fixation of nuclei. Tissues preserved
by this method stain well with many technics, but it is suggested that they be post

fixcd, or placed, in 2.5ci irqueous solution of pota:;sium dichronratc tbr 2 hours lol-
lowing Zenker's fixation. ('l'his is eslrccially necessar)'if thick specimcns rre to bc fixed).
Then wash in running watcr for l2 hours. (Small picces (4 mm in thickness) usually are
fixed completell in 6-8 hoursl.

Nore, When staining, a longer time may be required for Zenker-fixed tissues to
"take" the hematoxylin stain, while the counterstain may have to bc diluted and the
staining time decreased.

,],

ZENKER - FORMALIN (HELLY'S) SOLUTION

Zenker-formalin or Helly's solution is a modification of Zenker's solution by the
addition of formalin instead of glacial acetic acid (to 95 ml of Zenker's solution add
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5 ml of 37 - 40% formalin just before use). Especially good for demonstrating mito-
chondria. It Iires well for rouline processing.

BOUIN'S SOLUTION

Picric acid, saturated aqueous solution .............................. 750.0mI
37 - 40% fotmalin ...............,..,.. .......... 250.0 ml
Glacial acetic acid .... . ... . . 50.0 ml

Fix blocks from 4 to 12 hours depending on the size. It is important to wash in
several changes of 50% alcohol for 4-6 hours, agitating constantly, to insure proper
removal of the picric acid. Store in 7O% alcrl.lrrl.l. Note. The removal of picric acid from
tissues is most essential in order to insure proper staining of the tissue sections. It has
been demonstrated in our laboratories, that tissues undergo deleterious effects, as

evidenced in the staining, when the picric acid has not been properly removed and
remains in the tissue throughout the entire processing.

This harmful reaction continues in effect, within the embedded specimen for
a number of years. An excellent stained section is secured several days after fixation
and conversely, a very poorly stained section is demonstrated several months later
upon recutting the same paraffin block. Therefore, the necessity of removing picric
acid from tissues cannot be over emphasized.

H EL LY'S SO tU TIO N

See Zenker-Formalin, page 4.

CARNOY,S SOTUTION
Absolute alcohol.......... .........................60.0mI
Chloroform ................... 30.0 ml
Glacial acetic acid........ ....................I0.0 ml

One of the best penetrating and quickly octrag fixatives known. Generally, 3 hours
is adequate for normal size tissue. No washing is necessary, and the tissue may be trans-
ferred immediately to absolute alcohol. It gives excellent nuclear {ixation with preserva.
tion of Nissl subslances, plasma cells, and glycogen, bul, it hemolyzes red blood cells.

CLARKE'S SOTUTION
Absolute alcohol ..................... 75.0 ml
Clacialaceticacid.........-........ ......................25.0ml

This penetrates rapidly, resulting in good nuclear fixation and reasonably good
preservation of cytoplasmic elements. It is an excellent fixative for smears or cover-

slip preparations of cell cultures. Small pieces (2 mm in thickness) usually are fixed com-
pletely in 3 hours. Material so fixed, and not entirely used in processing, may be stored
indefinitely in 80% alcohol. Coverslip preparations of cell cultures are fixed in I0-20
minutes. Tissue specimens should be washed it707c alcollc,l for I hour to remove acetic
acid whereas only a five minute wash is necessary for smears and coverslip preparations.

NEWCOMER'S SOLUTION
Isopropanol .........., - -.......60.0 ml
Propionic acid .................30.0m1



PREPARATION OF TISSUE

Petr,:leum-Ether ....................... 10.0 ml
Acetone ..................... .................10.0 ml
Dioxane ... ... .. .. . ... . . . . .... . 10.0 ml

Primarily used for chromosome studies, this fixative preserves the chromatin
better than Carnoy's and gives an improved Feulgen reaction. Fixation usually is com-
plete in 12-18 hours; small pieces (2mm in thickness) in 2-3 hours. Following the
use of Newcomer's solution, place in 60% alcohol for 4 hours.

ORTH'S SOTUTION

Potassium dichromate ............. ...., , ...............2.5gm
Sodium sulfate .. 1.0 gm

Distilled water ............. 100.0 ml
Mix and add: formalin,ST-40% ................ l0.0ml

Place in this fixative for 24 hours. Transfer to a 2.5% aqueous solution of potas-

sium dichromate for 48 hours. Wash in running water overnight. Addition of 5 ml of
acetic acid improves this fixative for the demonstration of chromaffin cell granules.
This fixative does nol keep and must be prepared just before use. Nore. It penetralet
lairly rapidlv and evenly, but has a tendency to harden tissues. It is recommendcd for
the demonstration of chromaffin cells and glycogen.

GLUTARALDEHYDE

Limited studies in the use of glutaraldehyde as a fixative for electron microscopy

and also as a fixative for routine paraffin sections have been conducted. Studies in
this area will continue and more precise information, methods, and technics w'ill be
evolved. At the present time onl,v limited information concerning glutaraldehyde

and its use as a fixative can be obtained. For this reason no specific instructions lor fixa-
tion are given in this manual. The following references on this reagent are recommendedr

l. Sabatini, D. D., Bensch, K., and Barrnett, R.: Cytochemistry and electron

microscopy: and preservation of cellular ultrastructure of enzymes by aldehyde fixa-

tior,. l. Cell.8r:ol. 17r19 -58, 1968

2. Yarroff, M,, Zimmerman, L. E., and Fine, B. S,: Glutaraldehyde fixative of
whole eyes. Amer. I. Clin. Path. 44:167 - 17I, 1965.

3. Yarroff, M., and Fine, B. S.: Glutaraldehyde fixative of routine surgical eye

tissue. Amer. I. Ophthal.0S:137-140, 1967.

PARAFORMALDEHYDE

Paraformaldehyde also has been used recently for the fixation of electron micros-
copy sections as well as for routine surgical and autopsy material. For lurther infor-
mation regarding this fixative see the following reference:

1 Lynn, J. A,, Martin, H. H., and Race, C. H.r Recent improvement of histo-

logic technics for the combined light and electron microscopic examination of surgi-
cal specimens Amer, l. Clin. Path. 45:704-713,1966.

DECALCIFICATION
Calcilication is the term applied to organic tissues which have been infiltrated

with calcium salts. These salts provide hardness and igidity to bone and must be removed

6
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to assure that the specimen is solt enough to allow cutting with the equipment avail-able. The necessity for decalcification makes it impossibii to perform many critical
studies on bone. In some cases, onll when special microtomes are available for sec-
tioning undecalcified specimens couid the complete histologic picture be made possible.

Bone and other calcified material should be cut into small pieces (approximately
Smm) with a fine saw before lixation. After adequate fixation, place i., u ir.g" quan.
tity of decalcifying solution, at Ieast a quart, for blocks of average size. Stirring, agi
tation, and the use of vacuum hastens decalcification and should be e-ployed-whJn
possible Tissues suspended in the upper third of the fluid during decalcification w I
allow the calcium salts to sink to the bottom of the container as they are dissolved. Suspen-
sion of tissue can be accomplished in a number of ways: (l) place tissue in a gauze
bag suspended with dental floss or string which has been dipped in hot paraffii; or(2) place in a perforated porcelain dish on the bottom of the container. since decal-
cification acids mntinue to act on tissue specimens during any subsequent tissue han-
dling (i4cluding paraffin storage) it is important that eveiy trace of decalcifying soru-tion be removed by washing the specimens in running *ui". fo, severar hours beforeprocessing can take place. For determining the decalcification end point methods seepage 10. Various methods of decalcification followr

PERENYI'S METHOD
1. Place calcified specimen in large quantities of perenyi,s fluid until decal_

cification is complete.

PERENY I'S FLU ID
10% Nitric acid, aqueous..... ....,.,..............40.0mI
Absolute almhol _..... ... .... 30.0 ml
0.5% chromic acid, aqueous ..,.................S0.0mI

- - The various ingredients may be kept in stock, and shourd be mixed immediately
before use. This solution may acquire a blue violet tinge after a short while but this
will have no effect on its decalcifying properties.

2. Wash in running water for 2 hours. Store in 95% alcohol if processing cannot
conthrue following this step.

3. Dehydrate, clear and impregnate with paraffin or process as desired,
REMARKS. Perenyi's fluid is slow for decalciflng hard bone, but is an excellent

fluid for small deposits of calcium, e.g. calcified arteries, coin resions, and carcified
glands. It may also be an excellent decalcifying fluid for avian eye globes which con-
tain bone normally, at the corneal-scleral junction and for human globes which con-
tain calcium due to pathologic conditions. Little hardening effect of tissue takes place,
and excellent morphologic detail is preserved with this teJhnique.

NITRIC ACID METHOD r
I. Place calcified specimen in large quantities of nitric acid solution until decal_

cification is complete. (Change solution daily for best results).

5% NITRIC ACID SOLUTION
Nitric acid, concentrated (68-70% Sp. gr. l.4l) ................,.... 8.0 ml
Dstilled water 

. ....... ... .....9S.0 ml
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2. Wash in running water for 30 minutes.
3, Neutralize for a minimum of 5 hours in 10% formalin to which an excess

of calcium or magnesium carbonate has been added.
4, WrLsh in running water oyernight.
5. Dchydrate, clear and impregnate with paraffin or process as desired.

REMARKS. This is a fairly rapid methocl. Care must be exercised, however, to

remove specimel from decalcifying solution shortly after decalcification is complete,
since ovcrexposure to nitric acid impairs or destroys nuclear staining. Nitric acid is

the acid of choice for decalcifying temporal bones. For this procedure see page 48.

NITRIC ACID METHOD II
1. Placc calcified specimen in large quantities of nitric acid-alcohol solution

until decalcilication is complete. (Change solutions daily for best results).

Alcohol. 80% .. .. .. .... ........95.0 ml
Nitric acid, concentrated (68 - 7O7< Syt. gr. 1.4f ) . . . . . . . . . . . . . 5.0 ml

2. After specimens are completely decalcified transfer directly to a 4% aqueous
sodiunr sulp,hate solution for 3 hours.

3. Wa.sh specimens in running r.r'ater for 2 hours to rcmove sodium sulphate,
Whcn time permits. overnight washing is preferred.

,1. I)ehydrate, clear and impregnate with paraffin or process as desired.
REMAFIKS. The decalcification effected with this method is considerably faster

than that oi method I, since readily solublc fats are dissolved somewhat by the alco-
hol thereby accelerating the decalcifying process.

FORMIC ACID - SODIUIA CITNATE METHOD

I. Place calcified specimen in large quantities of formic acid-sodium citrate
solution until decalcification is complete. (Change solutions daily for best results).

SOTUTION A
Soclium citrate ...................... 50.0 gm

Distillcd water..,. . . 250.0 ml

SOLUTION B

Formic acid. 90% . .. .. .......125.0 ml
Di:;tilled water .. . .. 125.0 mI

Mix solutions A and B in equal portions for use.

2. Warsh in running ia'ater from 4 -8 hours,
3. Dehydrate. clear and impregnate with paraffin or process as desired.

REMARKS. This technic gives better staining results than the nitric acid method
since formic acid-sodium citrate is less harsh on the cellular properties. Therefbre,
overexposure of tissue to this solution, after decalcification has been completed is
possible with little loss of staining qualities, This method has become the one of choice
for all orbital decalcification including the globes (see page 53).

COMM ERC IAI. DECA[CIFYING METHODS

There are several commercial decalcifying solutions available, each of which
can be useil satisfactorily by following these general directions.
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1 Place in "decal" solution until decalcification is complete. (Change solution
drily lbr bcst results.)

2. Wash in running water for a minimum of 16 hours, 24 hours preferred.
3. Dchydrate, clear and impregnate with paraffin or process as desired.

REMARKS. These methods have proven very useful in our laboratories since by
use of any on€ of them the compounding of solutions is eliminated. Cellular destruc.
tion is very rapid, however, when bone specimens are allowed to remain in these solu-

tions for several hours after complete decalcilication has been achieved. Therefore,
it bccomes necessary to dctermine the decalcification end point precisely.

EI.ECTROTYTIC METHOD

The elcctrolytic apparatus is composed of both positive and negative carbon plates

for electrodes r*'hich are immersed in the solution. The labeled specimen is attached
with dental floss to the pr:sitive carbon plate.

PROCEDURE

t. Decalcify with electrolytic apparatus in the following solution until decalcifi-
cation is complete.

DECALCIFYING SOTUTION

Hydrochloric acid, concentrated.... . .. ....80.0ml
Formic acid,90%, ........,.100.0 ml
Distilled water ............1000.0 ml

2. Wash in running water for a minimum of 16 hours, 24 hours preferred.

3. Dehydrale, clear and impregnate with paraffin or process as desired.

CHETATE'S AS DECATCIFYING AGENTS

Organic chelating agents have been recommended for the decalcification of bone

specimen. When used, excellent preservation of histologic detail is observed with
subsequent demonstration of various tissue components possible. The slow speed at

which these agents work dictates that the size ol the specimen for decalcification must

not exceed 4mm in thickness.

There is presented below one method which is the most useful in routine histology.

For other procedures, howevcr, sec the: following refereuces:

1. Freiman, D. G.: Organic chelating agent in demineralization of bone for his-

tochemical study of alkaline phosphatase. Amer. J, Clin, Path. 241227 -231,1954
2. Trott, J. R.: The presence of glycogen in the rat liver following in vitro pro-

cessing in decalcifying agents.,L Histochem. Cytochem. 9 : 699 - 702, 1961.

3. Balogh, K.; Decalcification with versene for histochemical sludy of oxida-

tive enzyme systems. -f. Histochern. Clltochem. 101232-233, 1902.

VERSENATE METHOD

1. Fix in 10% buffered neutral formalin.
2. Place in saturated solution of Versenate* until decalcification is complete.

"Versenate (Versene) is a proprietary term for ethylenediaminetetraacetate.
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VERSENATE SOLUTION

Versenate ....................10.0 gm

Distilled water (pH5.5 to6.5). .................100.0mI

3. Place in 70% alcohol. Washing is unnecessary.

4. Dehydrate, clear and impregnate with paraffin or process as desired.

REMARKS. Most bone specimens (8mm thick) are decalcified in 2-4 days but
specimens may be left in Versenate solution for as long as 14 days without noticeable
effects on the staining quality of the cell. This is especially true if the solution is be-

tween 5.5 and 6.5 pH. Versenate may be used for decalcification of dense calciiied
materials. This however, may require considerable time; in that event, the Versenate
decalcifying solution should be changed at intervals of 3 or 4 days. The advantage of
the Versenate method lies in the preservation of the staining aifinity of the cells.

REFERENCE. Birge, E, A., and lmhoff, C. E.: Versenate as a decalcifying agent

for bone. Aruer. I. Clin. Path 22:192-I93, 1952.

PROCEDURES FON DETER'YIINING END POINT OF DECATCIFICATION

One of the greatest problems encountered in decalcification is the failure of techni-
cians to realize that the selection of a decalcifying fluid is not the most important con-

sideration. lv{ost important to be considered, and the one point receiving the least atten-
tion, is the removal of calcified specimens from fluids immediatelg after complete
decalcification is accomplished. If this is nol done, the chances of subsequent good

staining reactions are reduced 10% for every 2 hours the tissue remains in the decal-

cifying solution. lt must be recognized lhat g0% of the poor staining qualities demon-

strated in decalcified tissues, is due to this one factor. For this reason, one of the following
methods should always be employed in all laboratories, to determine the decalcification
end point.

CHEMICAI METHOD

Draw approximately 5 ml of decalcifying fluid (from bottom of container) which
has been in contact with tissue for 6 - 12 hours. Add 5 ml each ol5% ammonium hydrox-
ide and 5% ammonium oxalate. Mir, and let stand 15 to 30 minutes. A cloudy solu-
tion caused by calcium oxalate indicates that the specimen is not thoroughly decal-

cified. Such a result indicates the necessity of changing the decalcilying solution and
performing the test at a later time or date. When a milky solution is no longer obtained
lrom such a mixture, the specimen is completely decalcified. This test can be performed
as frequently as necessary,

X.RAY METHOD

Undoubtedly the best method for determining complete decalcilication is by X-
ralng the specimen.

SPECIMEN FI.EXIBITITY METHOD

This method should be used only after considerable experience with decalcification.
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Berd specimen gently; if it bends vu'ith little resistance it is well decalcified. One
ntay also press the specimen geltly with fingernail: areas containing calcium will not
give (bend inu'ard) and considerable resistance will be noticed.

KERATIN AND CHITIN SOFTENING PROCEDURES

There are no highly satisfactory procedures for softening keratin and/or chitin
which rvould result in both rapid softenilg and subsequent good section staining. By
use of concentratcd sulfuric acid nith the aid of hcat, keratin can be complctely dis-
solved from the tissue sectiolr, However, much tissue destruction also will occur.

For the softening ol chitin the following proccdure is fbund to give a satisfactory
resuli.

l. Fix specinrens in a fixative of choice.
2. Place specimens in the {ollowing solution until completcly de-chitinized.

Change solution every 2 days lor best results.

N,lercuric chloride ......4.0 gm
(lhromic acid .. .......0.5 gm

Nitric aci<I. concentrated .........10.0 ml
Ethll alcohol,95% .........50.0 ml
Distilled water.... ........... 200.0 ml

3. Wash in running water 1br 3 hours.
4. l)ehydrate, clcar and impregnate with paraffin or process as desired.

'll



Chopl'er 2

Processing of Tissue

DEHIIDRATING, CIEARING, TNAPREGNATING, AND EMBEDDING

A specimen brought to the laboratory is usually marked with an identifying num-
ber or name. Keep this identification rvith the specimen throughout processing. All
identifling mlrks shoultl be made nith a soft lead peucil. Do not use ink or wax pen-
cils.

The stu:face from which sections are to be cut may be indicated by notching the
opposite surface, or by marking it with India ink. An indelible Iead pencil may also

be used for this purpose. When the tissue is embedded in paraffin, the marked sur-
face of the block is uppermost.

Fixed tissues must be maintained in position by a firm medium so that thin, uni-
form sectiorLs, can be cut. Media suitable for this purpose are paraffin, celloidin, and
carbowax.

l'rocessirrg b1,the paraffin tecllric is accomplished most rapidly and gives the
bcst rcsults when thin scctiotrs of soft tissue are dcsired. Since paraffin is not miscible
rl,ith \,r,atcr, thc tissue rnust be clehldrated und then cleared iu solutions miscible with
paraffin belore inpregnation,

Well processed tissue is achicved by a step by step infiltration of the required
rergeDts ca,-h prcparing thc tissue for the one to follon,, so that the end result will
be a section closcll- resembling the living stalc of the specimcn. Everv cell should be
recugnizablc xs t<l type, enabling the pttlrologist to focus all his attcntion on the cell
puttern u'hich cletermincs the diagnosis. Properly fixed tissue is essential, as the fol-
lowing stepi; of processing build upon it.

It is llrr,ats advisable to remove fixatives before processing. For various methods
note remarks urrder each fixative in (llupter 1.

Dehydration is the removal of all extractable n ater by a dehydrant diffusirrg through
the tissue, and in the process diluting itsell 2 - 1%. Some dehydrants used are tetra-
hydrofuran, acetone, dioxane, isopropyl alcohol, and ethanol.

Alcohol is the most commonly used dehydrant usually tarting with 80%, Exceptions
to this are when processing tissue with cavities, cysts, and embryos, *-hich will have
less shrinkage ond distortion uhen started in 60%. Compact or fibrous tissue, such
as muscle, lrain, lymph nodes, and glands infiltrate more rapidly and completely in
the 60%, etipecidll! u;hen cacuum is empktuecl. Allow suflicient time in the starting
alcohol for conrplete infiltrLrtion of the tissue, The dehydration process continues by
upgrading the alcohols to al:solutc alcohol. Isopropyl alcohol can be used as a substi-
tute for ab:olute alcohol if nccessar!, but altsolute alcohol is alrval's preferred, Nofe.
Isopropyl alcohol should not be used to dissolve d1-cs and reagents until it has been
tested Ior each use against absolute alcohol,

Acelone provirles & rapid method. used sonetimes in hospital laboratories, and
when requirccl as a "stat" method. The low cost is an asset, but shrinkage and distor-
tion phrs a subsequcnt dryness and hardness which causes cutting problems, are dis-
advantages to its use.

12
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Diotunc is a rapid dehydralt, but the lumes are highly krxic and its use requires
careful control ir ir rvell ventilatccl urea. Clearing is tot a reccssary step in dioxane
processing and wlren used the tissue will rotain u softer tcxturc than whr:n acetone
is usecl. It is recommended n'hcn it is ncccssary to expose tissues to a dehydrant clear-
ing agent up to 18 hours.
Exantple: Lrrgc lticccs rcqui ng Iongcr cxposure firl conrplctc clearing and dchydrltiorr.

1'e lrahgclrofuron possesses essenti:rlly the same dehydrating and clenring prop
erties as dioxane.

(.lerrrirrg rcagents must be nriscible rvith thc dchydrlnt and the ltaraffin. As the
clehydrant is removed, the tissug clears, hecoming translucent signi{yilg the complction
of thc pro<ess. The orre cxcclltion is chlorofolm, sirc.e llie tissues do not l)ecome trtns
Iucerrt irr it.

Xylene is the most widely used clcrrring reagent, but it hardens tissue more than
chlorofornr unless the clearing time is controlled, Xylenc, tolucne, and benzene are
difficult to remove during the paraffin impregnation. All clear well, however. Cloro-
form is the clearing agent of choice in our laboratories.

Intpregruttion is tlre cornltlote renrovrr] oI thc clerring reilgents, by substitution,
ts thc parrffin penetl irtcs thc tissue r,r,ith use ol lo less thln trvo, aud prcferably, three
paraffin baths, Mosl laboratories use parrftins with a melting point of 56 -58.C. A
frequent check of the tempcrature of the paraffin baths is a nust, since more than 5 oC

abotc nc,ltiug point of the paraffin will cause cxccssive tissuc shrinliagc rnd harden-
iug. \'lcuum, rvhcrr applied <luring emltcdrling. rvill rcmove itir, gases, ilnd rny rcmain-
ing clearirrg agent, ald at the sanre timc:dd in drarring the ltrrraffin into all arcas of
thc specinren, espccially thosc iucas le{t void hy thc evlcultion ol air.

Rccommendccl paraffins fnr use in errrbedding are:
Poropktst is pcrhaps the best cnrbedding medium fbr uso in conventional histolog-

ical processing. It should not be used, howevcr, whcn thin-waltetl circular spccimcns
ure lo be ( ut, because it prelollts complctc expansiol o{ the spccimens, such ts <r.oss
re, liurrs oi c1es. Lr ch,'r. ( )sts. \oiI|\. r.tc.

Biobkl is a good embedding medium in rthich thin-t'alled slructurcs can be sec-
tionecl satisfactorily. Its elasticity pcrmits its use to givc particularly satisfactory results
rvith circular specinrens.

Tissuernat possesscs somc$,hat the same propcrties as Bioloid. Note. Paralfins
have a tendency to crystallize if exposed lbr long periods at temperatures 10" above
thc melting point. This crystallized paraffin makes sectioning difficult and thcrcfore
shoulcl be avoidecl. Pnraffins nray pick up some ntoisture rld small amoults of the
clcirring agent during processing. Flou,evcr. thesc can be cvaporatcd by rcheating
the paraffin for a short time, not morc than 30 minutes at 20 o above the melting poinl.
Ideally, paraffin should not be ro-used but instead, be replaced and changed lrequently.

Straight paraflin is not recommended because the cutting consistency of the pro-
duct is not firm enorrgh. Thc sections compress nnd r,vrinkles arc difficult, if not impos-
sible, to rcnrove. It Ircks the elasticity that aids in obtaining I rinkle-free ribbons, But
it can be used il \0 - 20% beeswax is adcled to overcome these deficiencies.

EMBEDDING IN PARAFFIN

Embeclding is the orientation of tissue in melted para{fin, which when solidified,
provides a firm medium for keepiug intact all parts of the tissue when sections are
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