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Preface

The reception of the first two editions of this text has far exceeded
my expectations, and I am very grateful that it has found such
a welcome place in the field of histotechnology. The field has
changed, especially in the areas of immunohistochemistry and
instrumentation, since the publication of the second edition, and
there was a need to update the text; therefore I have asked Christa
Hladik, AA, HT(ASCP)“™, QIHC, clinical laboratory manager,
Neuropathology and Immunohistochemistry, UT Southwestern
Clinical Laboratories, University of Texas Southwestern Medical
Center at Dallas, TX, to join me as an author of the third edition.
My experience in these areas has been limited due to my retire-
ment several years ago. All chapters have been carefully reviewed
and most have been updated or expanded. We have attempted to
increase the emphasis on troubleshooting in many areas and have
added numerous illustrations. We are also pleased to add a chapter
on cytopreparatory techniques by Beth Cox, who is certified by
ASCP as both a histotechnician and a specialist in cytology.

It is our hope that this updated edition will continue to serve as
a basic guide for all students of histotechnology, or for practicing
technicians, technologists, residents, and pathologists seeking
to gain a better understanding of the technology utilized in the
histopathology laboratory.

We are especially grateful to Agatha Villegas and Nicci

Duckworth for assisting with the preliminary typing of many
chapters; to Charles White III, MD, Director of the Division of
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Neuropathology and Immunohistochemistry and Histology
Laboratories, UT Southwestern Medical Center at Dallas, TX,
for assistance with photographs, chapter review, and mentoring
for the immunohistochemistry and instrumentation chapters; to
Dennis Burns, MD, Division of Neuropathology, UT Southwestern
Medical Center at Dallas, TX, for photomicrographs; to all the
staff at UT Southwestern Medical Center at Dallas, TX, who work
in the Neuropathology, Immunohistochemistry, and Histology
Laboratories and in the gross room at St Paul University Hospital
for their assistance with tissue preparation and staining. Major
contributions were made by the following: Amy Davis, HTL(ASCP),
Debra Maddox, HT(ASCP)QIHC, Ping Shang, HT(ASCP)QIHC,
Pattie Seward, HT(ASCP), Dawn Bogard, HT(ASCP), Courtney
Andrews, HTL(ASCP), Gwen Beasley, HT(ASCP), Eva Osborn,
PA(ASCP), and Chan Foong, PA(ASCP), and Steve Lee, BS,
HT(ASCP).

Our thanks also go to Maureen Doran, HTL(ASCP), Chair of
the Health and Safety Committee of the National Society for
Histotechnology, for reviewing the Safety chapter and offering
many helpful suggestions, and to Robert Lott, HTL(ASCP), who
was able to provide help with images when needed.

Again, to all of you who are students of histotechnology, who continue
to search for answers in this field of part art and part science, and
who care first and foremost about the quality of your work on the
specimens entrusted to you, we dedicate this third edition.
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On completing this chapter, the student should be able to do the following:

1. Define the purposes of fixation

2. Define:

autolysis

fixation

artifact

pigment

nonaqueous fixative
coagulating fixative
additive fixative — combic 7
hypertonic

isotonic

N N

3. Identify the factors that affect the
quality of fixation and describe the
effect of each factor on tissue (eg,
temperature, size of tissue, time of
fixation, or osmolality of fixative)

4. Identify the properties, functions,

and actions, and determine whether

each action is an advantage or

disadvantage of each of the following

fixative reagents or solutions:

acetic acid

acetone

alcohols

B-5 fixative

Bouin solution

Carnoy and methacarn solutions
formalin (aqueous, buffered,
neutralized, acetate formalin,

w e o g

formalin alcohol, calcium formalin,
and formalin ammonium bromide)

Gendre solution
glutaraldehyde
glyoxal
Helly solution
Hollande solution
. mercuric chloride
Orth solution
osmium tetroxide
paraformaldehyde
potassium dichromate
Zamboni solution
Zenker solution
zinc formalin

menramoRyCFTTE

5. Identify the chemicals in:

a. B-5 fixative
b. Bouin solution
¢. Carnoy and methacarn solutions

10.

12

13.

14.

15.

Gendre solution
Helly solution
Hollande solution
Orth solution
Zamboni solution
Zenker solution

s S X

Identify any special indication for
use of each of the fixatives listed in
objectives 4 and 5

Identify which fixatives require
postfixation washing, and identify
the preferred washing agent

Identify the fixation pigments and
the conditions under which the
pigment may be formed

Identify which of the fixation
pigments can be prevented and
which of the fixation pigments can be
removed

For fixation pigments that can be
removed, state the method(s) of
removal; for fixation pigments that
can be prevented, state the method(s)
of prevention

. Explain the difference between

buffered and neutralized formalin

State how paraformaldehyde differs
from formaldehyde

Describe the difference between the
terms formalin and formaldehyde

Identify the percentage and volume
of formaldehyde in 1,000 mL of a
10% formalin solution

Compare and contrast Zenker and
Helly fixatives

16.

20.

21

22.

23.

24.

List 2 methods of fixation other than
using chemical reagents

. Identify the preferred method of

fixation (or lack of fixation) for

a. enzyme histochemistry

b. immunofluorescence

c. skeletal muscle cross-striations
(nonimmunohistochemical
staining)

pheochromocytomas

electron microscopy

urates

immunohistochemical methods
tissue for trichrome stains

T e A

Identify which fixative reagents are
protein coagulants and which are
noncoagulants

. Identify which fixative reagents are

additive fixatives and which are
nonadditive

If the reagent is an additive
compound, identify the site or group
with which the reagent reacts (if
known)

Describe the effect of acetic acid on
erythrocytes and collagen

Identify any reagents that have
associated safety hazards and
state the hazard and any special
precautions required

Describe the action of zinc in fixation
Give the 2 major problems associated

with fixation, and identify at least 3
corrective actions for each
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Definition

A fixative alters tissue by stabilizing the protein so that it is resis-
tant to further changes. Baker [1958] uses the following example
to explain fixation: When a door is opened, its position can be
changed easily, but if the door is fixed open, it is altered in such a
way that it is stabilized and is resistant to change. A fixative must
change the soluble contents of the cell into insoluble substances so
that those substances are not lost during the subsequent processing
steps. This change occurs by either chemical (fixative solutions) or
physical (heat, desiccation) means in a process called denaturation.
Denaturation causes the protein molecule to unfold and the internal
bonds to become disrupted. In the process known as additive fixa-
tion, this disruption enables the protein to combine chemically
with a fixative molecule. and the protein then becomes insoluble
[Feldman 1980]. With nonadditive fixatives (eg, alcohol, acetone), dena-

turation causes the protein to become les 2 aintainin

an intimate relationship with water and to become more reac-

tive, but the fixative molecule does not combine with the protein.._

The older definition of fixative action states that a fixative kills,
penetrates, and hardens tissue. Killing will be discussed in the
following section. Penetration is extremely important, because
adequate penetration of the fixative ensures fixation of the inte-
rior of the tissue as well as the few exterior cell layers. Hardening
was a very important fixative action in the early days of micro-
techniques, because much of the sectioning was done freehand.
Because of the array of embedding media available today, other
than to make the tissue firm for grossing, the hardening action is
less important.

Functions of Fixatives

One function of a fixative is to kill the tissue so that the postmortem
activities of decay, or putrefaction (bacterial attack), and autolysis
(enzyme-attack) are prevented. Bacterial attack can be prevented in
most fresh tissues by observing very strict antiseptic techniques, but
autolysis cannot be prevented. Autolysis occurs because some of the
enzymes present in tissue continue their metabolic processes, even
after interruption of the blood supply, until something happens
to stop the enzyme action. Some of these metabolic processes
include breaking down cells and their components. Autolysis is a
very common problem, especially if fixation is delayed in tissues
that are rich in enzymes. Severely autolyzed tissue will fail to stain.

Another function of fixatives is to help maintain the proper
relationship between cells and extracellular substances, such as
the connective tissue fibers (collagen, reticulin, and elastin) and
amorphous ground substance. This stabilization is very impor-
tant during the subsequent processing steps which might gther-
wise distort the tissue elements. A fixative also functions to bring
out differences in refractive indexes and to increase the visibility
of, or the contrast between, different tissue elements. Refractive
index may be defined as the ratio of the velocity of light in air to
the velocity of light in a liquid or solid medium. If air and tissue
had the same index of refraction, the tissue would be invisible;
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therefore, enhancing differences in the refractive indexes of
various tissue structures will increase the contrast between those
structures.

Most staining is enhanced by fixation, and frequently tissue that
has not been fixed will stain poorly. Exceptions do exist, as in
the masking of antigenic sites by fixation, thereby decreasing or
completely obscuring antigen sites, resulting in faint or negative
immunohistochemical staining. This effect can be reversed in most
cases by using antigen retrieval techniques. Fixatives also aid in
reédering cell constituents insoluble, with tissue proteins serving as
the primary target for stabilization. Some fixatives will help stabi-
lize or retain lipids and carbohydrates initially, but much of the time
these substances will be lost in the subsequent processing. Fixation
will nake the tissue firmer, so that gross dissection and taking
of the thin sections required for processing become much easier.

Actions of Fixatives _
..l'..l.........l..l".I\Q?...D-..I........l...
Although very similar to fixative functions, fixative actions can
be considered a separate topic. Enzymes, which are proteins, are
rendered inactive as a result of the protein-stabilizing action of
fixatives. This is a verv important fixative gharacterisﬁc@ecause

enzymatic action causes tissue autolysis. Tissues that are rich
in enzymes, such as liver, pancreas, and brain, are more subject
to rapid autolysis than those tissues with a predominance of
connective tissue fibers. Fixatives also kill bacteria and molds,
which cause pu»ggiex_ggjgr)\f)Fixatives make tissue more receptive
to dyes and, in_many instances. act as mordants, which serve
to link the dye to the tissue (mordants are discussed in chapter
6, “Nuclear and Cytoplasmic Staining,” p109). Fixatives modify
tissue constituents for the maximum retention of form through
subsequent processing steps, . This is a very important action
because the steps following fixation can induce a dramatic change
in the tissue. The fixative should stabilize the tissue elements so
that the effect of any /sub;:g_q;anpmgg_dur_esM_b_e_mi_@aI&

Proteins can be stabilized using various. physical and chemical
methods. One of the physical methods uses heat. Heat will stabilize
and denature protein, as demonstrated by the cooking of an egg.
Heat fixation generally has not been used in the histopathology
laboratory, but with the advent of the-microwave-oven, it is finding
much more use_Microwaves are a form of nonionizing radiation.
When dipolar (charged) molecules, such as water or the polar side
chains of proteins, are exposed to microwaves, the molecules oscil-
late, or swing back and forth, at the rate of 2.5 billion times per
second. The result is molecular friction or instantaneous heat. The
heat produced is controlled by adjusting the energy levels of the
microwaves and the duration of exposure. Early in the process,
either 1- or 2-stage microwave fixation was used. With 2-stage
fixation, the first step involved fixation by immersion in saline of
large specimens such as the stomach, solid organs, and intestinal
segments to make the tissue sufficiently firm for gross dissection,
and the second step involved the fixation of 2-mm-thick blacks
immersed in saline and heated to a temperature of 50°C to 68°C
[Leong] or 45°C to 55°C: [Hopwood 1993]. These temperature ranges are




critical; if the temperature is allowed to exceed these ranges;-or

a maximum of 68°C, the tissue will show pyknotic, overstained
nuclei. Hopwood [1982] stated that the denaturation of proteins that
occurs with overheating can also cause a loss of enzyme activity
and antigenicity, false localization of nucleic acids, and frequently,
lysis of red cells. If the temperature used is too low, it will result
in poor fixation. Although saline was widely used for microwave
fixation initially, today the aldehydes, especially formaldehyde, are
more commonly used. Microwave ovens are discussed in chapter
2, “Processing,” p39, and chapter 3, “Instrumentation,” pp66-68.

[Disigcaml\ is also a physical method of fixing protein, but is
rarely, if ever, used in routine histopathology. Air-drying of touch
preparations for Wright staining is probably the most frequent use
of this method of fixation.

The primary method of stabilizing pratein in the histopathology
laboratory involves the use of 1 or more chemical reagents. These
reagents can be classified as additive or nonadditive and coagu-
lant or noncoagulant Additive fixatives chemically llnl/g\or add
themselyes on, to the tissue and change it with this action. Whena
fixative molecule adds on to a tissue macromolecule, the electrical
charge at the site of attachment may be changed. If the electrical
charge is changed, and that charge was a force helping to maintain
the conformation, or shape, of the protein, then the tertiary struc-
ture may be significantly altered. The_common additive reagents
are mercuric chloride. chromium trioxide, mamacxdm
hyde. glutaraldehyde, oswd_e and zinc.sulfate or chlo- orchlo-.
tide. Nmm;;u\gs, Qrmomnanﬂwnmmmpgun

such as acetone. and the alcohols, act on tissue without chemi-
calllcomblwg_jn it. For example, methyl and gthy_alcghg]s

primary mechanism by which these fixatives act is J;g/dL,aqg_lg;\

\bgurnd | water_mole les rom tissue protein groups. As a result,
this can cause shrinkage and hardening-if overexposure occurs.
: — —— - e e i

The amino (-NH,) and carboxyl (-COOH) groups on the proteins
are very important in staining. If the fixative adds itself to either
one of these groups, the staining of the tissue will be markedly
affected. At a pH of 7.0, formaldehyde adds on to tissue proteins
primarily at the amino group, with the eventual formation of a
methylene bridge. This results in an excess of negative charges on
the proteins. The heavy metals (chromium, mercury, and osmium)
are cations (positively charged) that combine with anionic (nega-
tively charged) groups of proteins [Sheehan 1980]. This results in an
excess of positive charges. Some of the groups that combine with
cations are sulfhydryl (-SH), carboxyl (-COOH), and phosphoric
acid (-PO - This will be discussed further under each fixative
reagent.

To better understand the coagulant and noncoagulant action of
fixatives, imagine 2 dishes, with 1 dish containing a piece of gelatin
(eg, Jello) and the other dish containing a mesh ball. Which of the
substances in the dishes do you think aqueous or alcoholic solu-
tions would penetrate or enter most freely? An aqueous solution
would easily enter all of the crevices in the mesh, but would have
a difficult time entering, or penetrating, the gelatin. Coagulation
establishes a network in tissue that allows solutions to readily pene-
trate or gain entry into the interior of the tissue. The noncoagulant

fixatives act by creating a gel that makes penetration by the subse-
quent solutions difficult. Because the noncoagulant fixatives do
not allow good penetration by the reagents applied after fixation
(during processing), Baker [1958] considered these fixatives inferior
for paraffin infiltration and embedding. Although the importance
of this phenomenon is really seen at the microscopic level, it can
be demonstrated at the macroscopic level. Wenk demonstrates this
phenomenon with students as follows: take small jars with lids
(50-mL beakers will also work) and put 20 mL of a different fixative
in each jar; label carefully. Use whatever fixatives are readily avail-
able in the laboratory, but be sure to include 10% formalin, aqueous
zinc formalin, acetone, alcohol, and acetic acid. Separate a raw
egg at room temperature, saving only the white, which is protein;
pipette 2 mL of the egg white into each fixative solution. See what
happens by watching the change in consistency of the egg white,
and the time frame for any changes to occur [il.1], [i1.2], [il.3].

The coagulant fixatives are zinc salts, mercuric chloride, cupric
sulfate, ethyl alcohol, methyl alcohol, acetone, and picric acid.
Baker [1958] classified acetic acid as a coagulant of nucleic acids,
but a noncoagulant of cell cytoplasm; however, Wenk [2006] found
that acetic acid acted as a coagulant of egg white. The noncoagu-
lant fixative reagents are formaldehyde, glutaraldehyde, glyoxal,
osmium tetroxide, and potassium dichromate. For use after a
noncoagulant fixative, infiltration or embedding media other than
paraffin (eg, plastics) work best.

A summary of fixatives categorized by composition and properties
is shown in [f1.1, p 4].

Knowledge of fixatives and fixation has evolved over time, begin-
ning with the biologic effects of mercury and its salts dating back
to Hippocrates [Bancroft 1982]. Wine, or alcohol, also has long been
recognized as a preservative. Many fixatives that differed only
slightly were developed in the 19th century. Gray [1954] listed more
than 500 fixatives, with only a few of these being widely accepted.
Baker [1958] introduced the convention of naming the fixative solu-
tion after its first user and disregarding any minor modifications.

[il.1] The egg white hardens and turns white almost immediately in the
100% alcohol and in the acetone, similar to raw egg on a hot skillet. The
photograph was taken 10 minutes after the egg white was placed in these
two solutions, but the change was seen within | minute. Within 2 hours, the
egg white was so hard it was brittle and would break apart when touched
with a wooden stick. (Reprinted with permission from Wenk [200¢])
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[i1.2] In the Bouin solution and the zinc formalin, the egg white hardens a
little slower than it does in pure ethanol or acetone, but the egg white has
a consistency of a soft-boiled egg after 10 minutes of fixation.There is less
hardening in these fixatives than in the pure ethanol or acetone. Hollande
solution, mercuric fixatives, and 100% acetic acid behave similarly. (Reprinted
with permission from Wenk [2006])

[i1.3] The egg white is at the bottom end of the wooden sticks but
cannot be seen. The egg whites have not changed color or hardened in
the first 10 minutes. The egg white in the 10% formalin looks and acts as
if it has been put into room-temperature water; it continues to have the
same consistency as raw egg white. Even by the next morning it is not
visible, has not hardened, and is not dissolved; it remained clear and could
be swirled. Egg white in glutaraldehyde behaves similarly. In the alcoholic
formalin, the egg white remains the same for the first few hours, but
eventually the 70% alcohol causes the egg to slightly turn white in some
areas and harden slightly; however, the alcoholic formalin never hardens
the egg completely, no matter how long it is in this fixative. (Reprinted
with permission from Wenk [2006])

Factors Affecting Fixation
Fixation factors are those elements that affect the quality of fixa-
tion; most of them are easily controlled.

TEMPERATURE

The temperature at which fixation is carried out may affect tissue
morphology. In general, an increase in temperature increases
the rate of fixation but also increases the rate of autolysis and
diffusion of cellular elements. Traditionally, 0°C to 4°C has been
considered the ideal temperature for the fixation of specimens
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FIXATIVES

Additive Non-additive

Alcohols
Acetone
Acetic acid

Noncoa ulant Coagulants /

Formaldehyde Mercuric chloride ~ Alcohols

Glutaraldehyde Chromic acid Acetone

Glyoxal Picric acid Acetic acid (texts differ)

Osmium tetroxide/ Zing salts

osmic acid Cupric salts

Potassium dichromate

[£1.1] A summary of the additive vs nonadditive fixatives, and coagulant vs
noncoagulant fixatives.

for electron microscopy; however, some laboratories have moved
away from the use of cold fixation. Some parts of the cell are
less affected when formaldehyde fixation is performed at room
temperature instead of refrigerator temperature, and we prefer
the ultrastructural preservation yielded by room temperature
fixation [Carson 1972]. Today higher temperatures are being used
for fixation in both tissue processors and microwave ovens; in
general, increasing the temperature of the fixative up to about
45°C is reported to have very little effect on tissue morphology.

SIZE

The thickness of the tissue is especially important because of its
effect on reagent penetration. Size should be considered when
the gross tissue specimens are placed in fixative. If large speci-
mens such as segments of colon or small intestine are held for
any extended period without being surgically opened to expose
all layers, the fixative will have difficulty penetrating through the
entire wall to the inner epithelial surface. The result frequently
is autolysis of the epithelium; therefore, specimens of this type
should be opened before they are placed in fixative solution. A
more common consideration is the size of the sections cut for
processing. For routine processing schedules, sections should be no
more than 3 mm thick. When processing on a short protocol, the
sections must be even thinner or the reagents will not completely
penetrate the section. At no time should a section be so thick that it
touches both the top and bottom of the tissue-processing cassette.

VOLUME RATIO

The ratio of the tissue volume to the fixative volume is one of the
fixation criteria over which there may be limited control. The fixa-
tive volume should be at least 15 to 20 times greater than the tissue
volume. Effects of many fixatives are additive; fixative molecules
are bound chemically to the tissue, and the solution is gradually
depleted of these molecules. Tissue also contains soluble salts that
are dissolved by the fixative solution. The “2-way exchange” does
not greatly alter the characteristics of the fixative if a large volume
ratio is used [f1.2a]; however, if the volume of the tissue is greater
than that of the solution [f1.2b], the fixative composition can be
altered; therefore, the volume ratio is a very important consider-
ation. Frequently, staining problems are really the result of poor
fixation because of the use of an inadequate volume of fixative.
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[£1.2] Soluble salts “s” are dissolved out of the tissue into solution in

the fixative, whose molecules “f” attach to the tissue, decreasing fixative
concentration. This is of little consequence if the fixative-to-tissue ratio is large a,
but the fixative’s composition can be markedly altered if the ratio is small b.

TIME

Time is important in 2 respects. The first consideration is the
interval between interruption of the blood supply and place-
ment of the tissue in fixative. Ideally, the tissue should be placed
in fixative immediately after surgical removal, and autopsies
should be performed immediately after death. The more time that
elapses between interruption of the blood supply and fixation,
the more postmortem changes that can be demonstrated micro-
scopically. [f1.3] and [il.4] illustrate well-preserved tissue, and
[i1.5] illustrates postmortem changes in the same type of tissue.

The cellular detail that can be seen in a well-preserved section of
small intestine is illustrated in [f1.3]. The outer, relatively monoto-
nous layer of cells is the epithelium, which is defined as a membrane
that covers or lines. Notice that the section shows 2 fingerlike
projections of the small intestine. These fingerlike projections
are called villi, and they are a very distinctive feature of the small
intestine. When you see them, you can confidently identify the
tissue as small intestine. Intestinal epithelium is composed of a row
of simple columnar cells and an occasional goblet cell, 1 of which is
identified. Between the fingerlike projections are crypts with cells
containing an abundance of secretory granules that usually stain
a deep red with eosin; these are Paneth cells. The tissue underlying
the epithelium is called the lamina propria. It contains connective
tissue cells and fibers, very small blood vessels, and nerve twigs.
Although none is illustrated, an aggregate of lymphocytes called a
lymph nodule will be present occasionally. Underlying the lamina
propria is a layer of smooth muscle, the muscularis mucosa. The
epithelium, the lamina propria, and the muscularis mucosa form
the mucosa, the first of 4 layers common to the gastrointestinal
tract. Because autolytic changes and bacterial decomposition are
most pronounced on the mucosa, only this layer is described.

A section of small intestine in which all of the structures identi-
fied thus far are well preserved is shown in [il.4]. This section was
taken from a surgical specimen that was opened and placed in
fixative solution immediately after removal. Therefore, the fixative
had early contact with the epithelium and was able to penetrate
from both the epithelial and the serosal (outermost) surfaces. This
rapidly halted the postmortem changes of autolysis and putrefac-
tion. Notice the well-preserved epithelium and compare this illus-
tration with [i1.5] in which the epithelium is entirely gone except
in a few deep glands. The lamina propria is completely denuded, a
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[£1.3] A section of small intestine.

[i1.4] The mucosa is excellently preserved in this section of small intestine.
Note that autolysis is absent and the epithelium is intact.

e/

[i1.5] Fixation of this section of small intestine taken at autopsy was delayed.
Marked autolysis has occurred, and except for a few glands, or in the crypts,
the epithelium is gone. Most of the goblet cells and the argentaffin cells have
disappeared. Only the denuded lamina propria of the villi can be seen.

common finding in autopsy sections of the gastrointestinal tract.
This section is autolyzed; autolysis will cause desquamation of the
epithelium and separation from the basement membrane [Leong
1994). Because of the bacterial content of the gastrointestinal tract,
some of the changes seen in this section are probably the result
of putrefaction. When selecting control tissue, one must be very
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careful about using autopsy tissue. For example, the tissue shown
in [i1.5] would not be a good control for mucin stains, because
the mucin-containing goblet cells have not been preserved.

The duration of fixation is also important. The current trend of
decreasing the time allowed for fixation is resulting in many prob-
lems. Adequate fixation is needed so that the tissue will not be
distorted by the subsequent processing steps. [i1.6] shows a tissue
specimen that is difficult to identify. It is a section of lung that was
not well fixed, and proper relationships of tissue structures have
not been maintained during the subsequent processing steps. [i1.7]
shows a well-fixed section of lung. Tissue that is not well fixed does
not process well, and subsequently will not stain well, so adequate
fixation time is of primary importance in quality assurance. [i1.8]
also contrasts poorly fixed, undifferentiated tumor tissue with a
well-fixed tissue section from the same tumor [il.9]. The latter
section shows nuclear bubbling that is commonly attributed to
fixation with formalin alone [Banks 1985]; however, Dapson [1993]
attributes it to the specimen not being completely fixed before dehy-
dration is begun. Formalin should have at least 6 to 8 hours to act
before the remainder of the processing schedule is begun. Dapson
[2004] reported that in a carefully controlled study in his laboratory,
artifact-free sections could be produced only after a minimum of
30 to 40 hours of fixation with neutral-buffered formalin, and
marked artifacts were present after only 7 hours formalin expo-
sure. Much of the processing occurring today takes place in the
dehydrating alcohols, because not enough time is allowed for fixa-
tion to occur in the fixative solution. Dapson also stated that with
proper fixation, the tissue is almost immune to artifacts; whereas,
with incomplete fixation, the specimen is vulnerable to the effects
of any subsequent denaturing agent, be it chemical or physical.

The importance of time in fixation was stressed, when in 2007,
the American Society of Clinical Oncology and the College of
American Pathologists released guidelines to improve the accuracy
of testing for human epidermal growth factor receptor 2 (HER2)
in invasive breast cancer [Wolff 2007]. The guidelines recommend
that the incisional and excisional biopsy specimens used for HER2
testing be fixed in 10% neutral-buffered formalin for a minimum
of 6 hours and a maximum of 48 hours, stating that prolonged
fixation may show false-negative results.

shows poor stabilization of the tissue structures, and proper relationships are
not maintained.
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[i1.7] A section of lung that was well-fixed before processing shows the
proper relationships of tissue structures.The interalveolar septa are well
preserved and the alveolar sacs are clearly seen.A bronchiole with well-

preserved epithelium is seen in the upper left corner.

[i1.8] A section of an undifferentiated tumor that has not been well
fixed shows that the proper relationship of cellular elements has not been
maintained. The staining is poor, with a lack of contrast between the cell
nucleus and cytoplasm.

[i1.9] A section from the same tumor as seen in [i1.8] that has been well
fixed in 10% neutral-buffered formalin. The nuclei show the “bubbling artifact”
frequently associated with formalin fixation. Note that the contrast between
the cell nucleus and cytoplasm is much better, and crisp nuclear membranes
are demonstrated.



While tissue must be left in most fixatives for an adequate length
of time to achieve good fixation, tissue cannot remain indefinitely
in many fixatives. Tissue must be removed from fixatives such
as glutaraldehyde, Helly solution, Zenker solution, and Bouin
solution; washed if indicated; and then stored in an appropriate
storage solution. If allowed to remain in these fixatives too long,
the tissue becomes overhardened and staining may be impaired.

CHOICE OF FIXATIVE

The broad range of fixative choices requires the technician to stop
and think, on receipt of the specimen in the laboratory, about
which fixative is appropriate. If tissue is improperly fixed for a given
technique, frequently no corrective action is possible. Therefore,
immediately upon presentation of the specimen, the method
of fixation must be chosen. Sometimes no fixation is desired; if
an immunofluorescence study or an enzyme profile is needed,
the specimen must be frozen without fixation. Although some
enzymes can be demonstrated on frozen sections that have been
fixed, other enzymes are rapidly inactivated by even brief contact
with a fixative. Some antibodies used in immunohistochemical
procedures require that tissue be frozen, sectioned, and then
left unfixed or briefly fixed in acetone. A more comprehensive
discussion of tissue fixation for immunohistochemical studies is
found in chapter 12, “Immunohistochemistry,” p279.

Often, a particular fixative must be chosen to ensure optimal
demonstration of a particular tissue element, such as the choice
of Zenker solution when muscle cross-striations are to be stained
with phosphotungstic acid-hematoxylin (PTAH) or Bouin solu-
tion when the tissues are to be stained with a trichrome technique.
To increase the staining reaction, a microscopic section of tissue
that has been fixed with 1 reagent frequently can be treated with
another fixative reagent. This process is called postfixation or
mordanting, and is used in the Masson trichrome technique, in
which a microscopic section of formalin-fixed tissue is mordanted
with Bouin solution before staining. Although postfixation gives
very good results with the Masson technique, superior staining
can be achieved with some techniques only when the tissue is
fixed appropriately at the outset. Some tissue elements cannot be
demonstrated if the original fixation is incorrect. For example, the
demonstration of chromaffin granules, found in cells of the adrenal
gland, is helpful in the identification of pheochromocytomas, but
these granules cannot be demonstrated after formalin fixation.
For the subsequent demonstration of chromaffin granules, tissue
must be fixed in a primary dichromate fixative such as Orth solu-
tion. Urate crystals are water-soluble and require a nonaqueous
fixative such as absolute alcohol. The proper fixative also must be
used if electron microscopy or ultrastructural studies are required.

PENETRATION

Fixative solutions penetrate at vastly different rates. According to
Baker [1958), the factors that determine the minimum length of
time that a fixative should act are the rate of penetration and the
mode of action. Most coagulant fixatives achieve their full effect
on tissue at any particular depth as soon as they have penetrated
to that depth at a concentration sufficient to cause coagulation.
Formaldehyde, a noncoagulant fixative, penetrates fast, but

continues to cross-link proteins for a long time after the penetra-
tion is complete. In fact, according to Baker [1958], formaldehyde
penetrates faster than any of the common fixative ingredients.
Fixatives in order of decreasing speed of penetration are as follows:
formaldehyde, acetic acid, mercuric chloride, methyl alcohol,
osmium tetroxide, and picric acid. Although the information is
not available, ethyl alcohol probably penetrates at a rate similar
to methyl alcohol. The rate of penetration is affected by heat, but
not by the concentration of the fixative. Because fixation begins
at the periphery of the tissue and proceeds inward, most of the
interior fixation of larger specimens may be due primarily to only
1 chemical in a compound fixative.

TISSUE STORAGE

The method of wet tissue storage is very important because the wet
tissue often will be needed for additional studies. If the tissue has not
been fixed and stored properly, additional studies may be impossible.
Storage is not usually a problem with tissue fixed in neutral-buffered
formalin because the tissue may remain in this solution indefi-
nitely; this is not true of many other fixatives. However, if immuno-
histochemical stains are anticipated at a future time, tissue should
be transferred from formalin to 70% alcohol to stop cross-linking.
Appropriate storage is described in the individual sections on each of
the more common fixative solutions.

pH

The pH of the fixative is not very important in light microscopy
and many fixatives are quite acidic. Varying the pH from 4 to 9
apparently makes little difference in the fine structure produced
by formalin fixation; however, a pigment is produced at a lower
pH. The pH of the fixative solution is very important in elec-
tron microscopy. When ultrastructural preservation is the main
purpose of fixation, the solution should be buffered to a pH of 7.2
to 7.4. This is a physiological pH, that is, approximately the pH of
tissue fluid.

OSMOLALITY

Osmolality refers to the number of particles in solution and is not
as important in light microscopic studies as in ultrastructural
studies. Body fluids have an osmolality of about 340 mOsm or
0.3 Osm. A 1-Osm solution may be defined as 1 formula weight
of a nondissociating compound (eg, sucrose) per 1,000 g of solu-
tion. 1 formula weight of a dissociating compound (eg, sodium
chloride) per 1,000 g of solution is equal to a 2-Osm or 2,000-
mOsm solution. The terms isotonic, hypotonic, and hypertonic
are used frequently; normal (isotonic, physiological) saline solu-
tion is sometimes used in histopathology as a holding solution
for tissue. What does this mean and why is it important? [f1.4a]
shows a cell in a solution that is more concentrated or contains
more particles than the cell cytosol; this solution is hypertonic
to the cell. The cell membrane (plasma membrane) is a semiper-
meable membrane that allows water molecules to pass through it
very readily. Water passes through the cell membrane toward the
most concentrated solution in an effort to equalize the concen-
trations on both sides of the membrane. When surrounded
by a hypertonic solution, the water leaves the cell and the cell
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[£1.4] The effect of hypertonic solution on cells. a A cell in a hypertonic
solution; b The cell showing shrinkage because water was drawn from the cell
into the surrounding solution.

[£1.5] The effect of hypotonic solution on cells. a A cell in a hypotonic
solution; b The cell showing swelling because water was drawn from the
surrounding solution into the cell.

shrinks [f1.4b]. If the cell is placed in a hypotonic solution or
one that contains fewer dissolved particles than the cell cytosol
[f1.5a], the cell swells, possible rupturing its membrane [f1.5b].

Often it is the osmolality of the fixative vehicle, or the solution
exclusive of the fixative ingredient, that is critical. Water is the most
rapidly penetrating component of an aqueous fixative, so the central
parts of a specimen are probably in contact with a hypotonic solution
before fixation occurs. Unreactive salts with small rapidly diffusing
ions (eg, sodium sulfate or sodium chloride) frequently are added to
fixative mixtures to prevent the damage caused by these hypotonic
solutions [Kiernan 1999]. Formaldehyde is not osmotically active, so
although 10% neutral-buffered formaldehyde solutions appear to be
very hypertonic (approximately 1,800 mOsm), most of the tonicity is
related to the osmotically inactive formaldehyde molecules.

As mentioned before, physiological saline solution can be used as
a holding solution, and other isotonic solutions with a salt compo-
sition more closely approximating that found in body fluid also
may be used. However, even though they are isotonic, these solu-
tions are not without effect on the tissue and should not be used
for prolonged holding of tissue. For biopsy specimens that cannot
be placed in fixative immediately, it is probably a better practice
to dampen a piece of gauze with saline solution, squeeze out the
excess, and place the tissue on the dampened gauze. Tissue treated
in this way can be sealed in a plastic container and placed on ice
for short-term holding. Kidney biopsy specimens for immunofluo-
rescence frequently are held, or even mailed, in Michel transport
solution. The formula and directions for use are given on p23,.

The factors that influence fixation are very important in quality
assurance because improper fixation cannot be corrected in subse-
quent processing steps; instead, these subsequent steps further
differentiate the products of fixation.
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Reactions of the Cell with Fixatives

THE NUCLEUS

Deoxyribonucleic acid (DNA), ribonucleic acid (RNA), and
attached protein are found in the nucleus. Much more is known
about the effect of fixatives on proteins than on nucleic acids.
Although several fixatives are used for nucleic acids, most fixa-
tives do not appear to react chemically with them. Acetic alcohol
and Carnoy solution are the preferred fixatives for nucleic acids;
formaldehyde does not react with DNA and RNA in their native
states until the temperature reaches about 45°C for RNA and
65°C for DNA [Hopwood 1993]. Much of nuclear fixation is probably
entrapment of RNA and DNA molecules by the fixed or stabilized
nuclear proteins. Banks states that the coagulating or precipitating
fixatives render tissue more resilient to the disruptive effects of
sectioning, deparaffinization, and staining. This results in shaper,
more intact-appearing nuclei. Following formalin fixation, the
nuclei often show coalescence of the chromatin into strands with
intervening clear spaces. This has been called nuclear bubbling
[i1.9, p6]; Banks states that nuclear bubbling is introduced in the
deparaffinization step on formalin-fixed tissue, because the nuclei
are only delicately fixed.

PROTEINS

Most nonnuclear staining occurs because of the proteins present
and the particular chemical group or groups with which a fixa-
tive reacts. Proteins have a primary, secondary, and tertiary struc-
ture. The primary structure is determined by the arrangement
of covalent bonds in the amino acid sequence. The secondary
structure is determined by hydrogen bonding between various
components of the peptide chain, and the tertiary structure is
defined as the total 3-dimensional structure. Hydrogen bonds,
ionic (electrostatic) bonds, hydrophobic bonds, and disulfide
bonds are responsible for the tertiary structure of a protein
[Pearse 1980]; these folded conformations are generally very
fragile. Additive fixatives can alter the 3-dimensional shape of
proteins by changing electrical charges at the site of attachment.

The nonadditive, coagulant fixatives cause proteins to become
insoluble by altering their tertiary structure. Pearse [1980] states
that methanol and ethanol preserve the secondary structure of
proteins while markedly affecting their tertiary structure. The
isoelectric point of the proteins may be shifted by the reaction.
If they are known, the sites of fixative attachment will be pointed
out as each fixative is described. The effects of the attachment on
hematoxylin and eosin (H&E) staining are also be discussed in
chapter 6, “Nuclear and Cytoplasmic Staining,” p114.

LIPIDS

While several of the fixatives will preserve lipids, only 2 chemicals
will fix lipids so that they are not lost in the subsequent processing
steps. These are osmium tetroxide and chromic acid. The chemical
reactivity of lipids is altered by both of these reagents.



CARBOHYDRATES

Some carbohydrates are lost during fixation, and with manv
fixatives, the retention of glycogen, the storage form of glucose
(blood sugar), is thought to result from entrapment by the fixed
proteins.

Simple Aqueous Fixatives or Fixative Ingredients

"To understand the compound fixatives that constitute the majority
of fixatives, we must understand the properties, functions, and
actions of each of the individual ingredients. The following are the
water-based, or aqueous, fixatives ingredients that are discussed
in this text.

1. Acetic acid

[3%)

Formaldehyde (formalin alcohol is included)
3. Glutaraldehyde

4. Glyoxal

5. Mercuric chloride

6. Osmium tetroxide

Picric acid

~

8. Potassium dichromate
9. 7Zinc salts

10. Others

H

\
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Acetic acid, in a dilute form, is a common household chemical.
Vinegar contains about 3% acetic acid and has been used in pick-
ling for many years; however, its use in microtechnique dates back
only about 100 vears. Concentrated acetic acid is called glacial
acetic acid because of its freezing point of 16.6°C. Acetic acid
does not fix or destroy carbohvdrates, and it does not fix lipids. It
penetrates very rapidly and leaves tissue very soft. The major use
of acetic acid in fixatives is the precipitation and preservation of
nucleoproteins; it is added to many fixative mixtures because of its
ability to fix nuclei. Acetic acid also precipitates DNA. Baker clas-
sified acetic acid as a noncoagulant, stating that its precipitating
action on nucleoproteins is ditferent from that on the nonnuclear
proteins, It increases protein swelling more than any other fixative.
‘This is a decided disadvantage, but acetic acid is sometimes added
to other fixatives to counteract the shrinking effect of another
reagent. Swelling is characteristic of acid fixation as long as the
solution ptlis below 4.0, Collagen swells dramatically near a pH

of 2.5 because links in the proteins are broken and any hydrophilic
(water-loving) groups present are exposed. As a result, water is
gt

absorbed and the collagen swells. Other short-chain acids such as
formic, propionic, and butyric acid behave in much the same way
as acetic acid; however, these other acids have found little use in
fixatives. Red blood cells are lysed by acetic acid, and thus their
preservation is poor in any fixative containing acetic acid.

Acetic acid should be stored at room temperature and away from
strong oxidizers, nitric acid, and strong caustics. Acetic acid can
cause severe burns and has a permissible exposure limit of 10
ppm; therefore it should be transported in an acid carrier and
used under a hood. As with all acid dilutions, acetic acid should
be added to water, and never the other way around.

2
FORMALDEHYDE | CH,C
18]

Formaldehyde was introduced in 1893, later than any of the other
important fixatives used in microtechnique [Baker 19587, While using
formaldehvde as an antiseptic, Blum accidentally discovered its
fixative properties. Formaldehyde is a colorless gas commonly
obtained in the histopathology laboratory as a 37% to 40% solu-
tion in water. The terms formaldehyde and formalin have been
used rather loosely in some of the literature, resulting in a gray
area in terminology. Baker 1938] refers to the 37% to 40% solution
as “formalin,” but bottles obtained from manufacturers are labeled
“formaldehyde.” Tt would appear that in the United States today,
when the term formaldehyde is used, the actual formaldehyde
content is considered. Commercial solutions, or stock solutions,
are 37% to 40% formaldehyde but are considered to be 100% form-
alin. To prepare a 10% formalin solution, we dilute 1 part of the
stock solution with 9 parts of water. The resulting solution is 10%
formalin or 3.7% to 4.0% formaldehyde. “Formol” and “formal”
have also been used in naming some solutions found in older
reports, but these terms are not used today except when referring
to some of these older solutions, such as calcium-formol.

Ten percent formalin is the most commonly used fixative and is
probably one of the most valuable, even though it is not considered
the best fixative for subsequent parafiin infiltration [Baker 1938, and
there are some safetv concerns with its use. In aqueous solution,
formaldehyde combines chemically with water to form methylene
hydrate (HO-CH -OH). 'This compound has the same reactivity
as formaldehydes it has a strong tendency to polymerize to dimers
and trimers. Only a small percentage of the formaldehyde or meth-
vlene hydrate, is present as a monomer in 37% to 40% solutions, but
the monomer predominates in 10% solutions. Paraformaldehyde,
a highly polymeric form of formaldehyde, may be deposited as a
white powder in concentrated solutions. Commercial 37% to 40%
formalin contains 10% to 14% methanol added by the manutac-
turer to help prevent this polymerization.

Paratormaldehyde is used in many electron microcopy labora-
tories for the preparation of fixative solutions because it vields a
pure formaldehyde solutions the methanol added to commercial
formaldehyvde solutions is a coagulant and has been considered
undesirable for ultrastructural studies. For depolymerization to
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[i1.10] This section of gastrointestinal tract was fixed in formalin. It was
stained at the same time as the section shown in [il.19, p 21], which was
fixed in Zenker solution. Note the difference in cytoplasmic staining due to
the attachment of fixative groups to different cytoplasmic groups; formalin
decreases the affinity for eosin by attaching predominantly to the amino
group, while Zenker solution increases the affinity for eosin by binding at
more acidic sites.

pure formaldehyde, paraformaldehyde must be heated and made
slightly alkaline; therefore, it is very difficult to prepare large quan-
tities of solution.

Formaldehyde is both a noncoagulant and an additive fixative. It
reacts with tissue groups, primarily groups found in amino acids
that contain a reactive hydrogen. A major site of reaction is the
amino group on the side chains of amino acids, with the formation
of methylene bridges that link protein chains together. The amino
(NH,) group is a positively charged group that is very important in
attracting the eosin dye during routine H&E staining. By binding
the amino group, formaldehyde alters the ability of certain posi-
tively charged tissue elements (cytoplasmic proteins) to bind eosin
[i1.10]. Because binding of hematoxylin by negatively charged
groups is unaffected, the tissue reaction is more basophilic. The
greatest binding for formaldehyde occurs between pH values of
7.5 and 8.0. Formalin also reacts with the sulthydryl groups of the
amino acid cysteine to form cross-links.

Lipids are preserved by formaldehyde but they are not made insol-
uble, and prolonged storage in formalin leads to a gradual loss of
lipids. When tissue is subsequently processed for embedding in
paraffin, the lipids are dissolved by alcohol and xylene. A frozen
section can be made of formalin-fixed tissue, and special stains
used to demonstrate the lipid. Formaldehyde does not fix carbo-
hydrates, but it stabilizes and fixes the proteins in such a way that
much of the glycogen is trapped in the tissue.

Formaldehyde penetrates and adds very quickly, but it fixes very
slowly because it takes a long time to cross-link the tissue proteins.
Pearse states that although fixation is not complete for at least 7
days, about one half of the formaldehyde is taken up, or added on
to the proteins, in about 8 hours. Any loosely bound formalde-
hyde can be removed easily by washing in water. In more recent
studies, Helander [1994], using “C-formaldehyde, found that at
a pH of 7.0 and temperature of 25°C, formaldehyde bonding to
tissue increased up to approximately 25 hours. Half-maximal
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[i1.11] Formalin pigment is seen in a blood-rich area of the section of
kidney. Formalin pigment is a brown microcrystalline pigment that tends to
form in tissues when the pH of the formalin solution drops below 6. It is
caused by a reaction between the heme part of hemoglobin and the formic
acid present in acidic formalin solutions; the pigment is also called black
acid hematin. In some sections, formalin pigment may be confused with
anthracotic pigment, malarial pigment, and rarely melanin.

[i1.12] A section of spleen containing formalin pigment examined by
polarization, which provides a good screening method for the presence of
formalin pigment.

binding was reached in approximately 80 minutes. Using a gelatin/
albumin gel, Baker [1958] found that formaldehyde penetrated 3.6
mm in 1 hour, and 7.2 mm in 4 hours; however, the rate-limiting
step is apparently not the uptake but the binding of the formalde-
hyde to the tissue. Werner [2000] considers cross-linking complete
in 24 to 48 hours, with the possibility of excessive cross-linking
(overfixation) occurring after that. When the tissue is well-fixed
in formaldehyde, the many cross-links prevent alteration during
processing and staining; however, tissue that is poorly fixed in
formaldehyde can be redenatured by alcohol and heat, leading to
artifact formation.

Formaldehyde causes less shrinkage than any of the other fixatives.
Because much of the shrinkage resulting from fixation occurs in
the subsequent processing steps, it really should be stated that
formaldehyde allows less shrinkage in the subsequent processing
steps than many of the other fixatives. Formaldehyde hardens
tissue more than any other fixative except ethanol and acetone.



[i1.13] Top, eosinophil fixed with neutralized 10% formalin (formalin
neutralized with calcium or magnesium carbonate). Bottom, eosinophil fixed
with 10% modified Millonig formalin. Note the effects of the different buffer
ions on the cell cytoplasm and granules.

It is a relatively cheap and stable fixative and allows more special
staining techniques than any of the other fixative reagents. The
morphologic criteria used for diagnosis have been established
primarily on formalin-fixed tissues.

Formaldehyde can be used in a simple aqueous solution, or with
the addition of sodium chloride to achieve the correct osmolality,
but these solutions become acidic by reacting with atmospheric
oxygen and forming formic acid. Black acid hematin, or formalin
pigment, is frequently the result. This, the first of 3 possible fixation
pigments, is a microcrystalline dark brown pigment that is formed
when the acid aqueous solution of formaldehyde acts on tissues
rich in blood [i1.11]. Black acid hematin, or formalin pigment,
tends to form when the pH of the solution drops below 6.0, and the
pigment can occur with fixation in any acidic solution containing
formaldehyde. Rarely, it may be seen when tissues containing large
amounts of blood have been fixed in the more neutral formalin
solutions. Formalin pigment can be prevented and it can be
removed. The pigment is prevented by maintaining a solution
PH near neutrality and using the appropriate volume ratio of

[il.14] Top, eosinophil fixed with neutral-buffered 10% formalin. Bottom,
eosinophil fixed with acetate formalin. Note the effects of the different buffer
ions on the cell cytoplasm and granules.

fixative solution. It can be removed by treating tissue sections with
alcoholic picric acid or alkaline alcohol. The pigment is undesirable
because it may react during the staining procedure to mask or
simulate microorganisms and pathologically relevant pigments.
Formalin pigment will reduce silver solutions used in procedures
for staining melanin, fungi, reticulin, and spirochetes. The pigment
is birefringent and can be monitored by polarization [il.12] before
silver staining or it can be bleached or removed if necessary.

As previously mentioned, formaldehyde solutions are very hyper-
tonic, but the formaldehyde molecule is not osmotically active
[Maunsbach 1966]. Therefore, the buffer vehicle is very important, and
the tonicity and composition of the buffer ions exert a marked
influence on the morphology [il.13], [il.14].

Although some laboratories use formaldehyde solutions neutral-
ized with calcium or magnesium carbonate to prevent pigment
formation, it is preferable to buffer the solution so that the pH is
relatively stable. Some of the more common formalin solutions
used in the laboratory are listed below.
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10% Aqueous Formalin

Formaldehyde, 37% to 40% 100 mL
Distilled water 900 mL

Because formaldehyde is not osmotically active, this solution is
very hypotonic and may also produce formalin pigment.

10% Formalin Saline

is probably one of the better formaldehyde solutions if one does
not wish to prepare the buffered reagent. Lillie and Fullmer [1976]
recommend a 2% solution of calcium acetate instead of sodium
acetate and prefer it to the traditional calcium formalin for phos-
pholipids fixation; however, a pseudocalcification in the tissue can
be caused with the use of calcium acetate. This may be difficult to
distinguish from true calcification in some tissues [Luna 1983].

10% Neutralized Formalin

Formaldehyde, 37% to 40% 100 mL

Formaldehyde, 37% to 40% 100 mL
Sodium chloride 9g
Distilled water 900 mL

Distilled water

Calcium or magnesium carbonate

900 mL
To excess
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This solution is isotonic exclusive of the formaldehyde, but may
produce formalin pigment.

Calcium Formalin

Formaldehyde, 37% to 40% 100 mL
Calcium chloride 10g
Distilled water 900 mL

This solution is reccommended especially for the fixation and pres-
ervation of phospholipids in tissues. According to Baker, phospho-
lipids tend to take up water and extend their surface by growing
outward in wormlike myelin forms. Calcium ions have a dramatic
effect in preventing the gradual solution and distortion caused by
these outgrowths.

Formalin Ammonium Bromide

Formaldehyde, 37% to 40% 150 mL
Ammonium bromide 20¢g
Distilled water 850 mL

This solution is recommended for tissue specimens of the central
nervous system, especially when the Cajal astrocyte procedure is
to be performed. This solution is very acidic, lyses red blood cells,
and causes nuclei to give a direct positive Schiff reaction due to
Feulgen hydrolysis during fixation.

Acetate Formalin

Formaldehyde, 37% to 40% 100 mL
Sodium acetate 20g
Distilled water 900 mL

The literature does not specify the sodium acetate to be used; the
anhydrous compound yields a solution pH of approximately 7.3,
and the trihydrate yields a solution pH of approximately 7.0. This
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Although this has been used widely as a fixative, it is not recom-
mended because the solution becomes acidic after withdrawal
from the storage bottle.

10% Neutral-Buffered Formalin

Formaldehyde, 37% to 40% 100 mL
Distilled water 900 mL
Sodium phosphate, monobasic (NaH,PO,+H,0) 4g

Sodium phosphate, dibasic (Na,HPO,) 6.5¢g

This solution is the most widely used solution for routine formalin
fixation. It has a pH of approximately 6.8 and it is hypotonic in the
buffer ions present (approximately 165 mOsm).

Modified Millonig Formalin

Formaldehyde, 37% to 40% 100 mL
Distilled water 900 mL
Sodium phosphate, monobasic (NaH,PO,H,0) 186¢
Sodium hydroxide 42¢g

Be sure the solution is well mixed. This solution is isotonic in
buffer ions (310 mOsm) and has a pH of approximately 7.2 to
7.4 [Carson 1973]. This solution can be used as a dual-purpose
fixative, allowing electron microscopy on stored tissue. Because
less extraction of cellular elements occurs with this fixative,
sectioning of the paraffin-embedded tissues may be slightly
more difficult. When placed in solution, the sodium phosphate
monobasic and sodium hydroxide immediately form an
equilibrium between sodium phosphate monobasic and sodium
phosphate dibasic. According to Pease [1964], if one begins with
an isotonic solution of sodium phosphate monobasic, the amount
of alkali can be varied so that the pH can be adjusted between 5.4
and 8.0 without changing the tonicity of the medium. A method
for easily preparing large volumes of this fixative is given in
chapter 14, “Electron Microscopy,” p336.



Alcoholic Formalin

Formaldehyde, 37% to 40% 100 mL
Ethyl alcohol, absolute 650 mL
Distilled water 250 mL

This solution is a compound fixative, but is categorized with the
other formalin solutions. It is useful as a fixative on the tissue
processors, because in addition to fixation, the dehydration process
is also begun. Alcoholic formalin solution should be prepared by
measuring each component separately and pouring it into a flask
for mixing. If the water and alcohol are measured by pouring one
on top of the other in a cylinder, the volume of the last reagent
added will be greater than intended, because these 2 substances
react with each other in such a way that the volume is decreased.
For example, if 65 mL of alcohol and 25 mL of water are measured
separately, and mixed in a flask, and remeasured, the total volume
is approximately 87 mL. Because phosphates may precipitate in
the tissue if the alcohol content is too high, it is critical that the
alcohol concentration be no greater than 70% (65% is preferred)
when this solution is used in the tissue processor after exposure
to 10% neutral-buffered formalin. Tissue may be stored indefi-
nitely in this solution. This is a good fixative solution when the
time for fixation in formalin alone is inadequate, because fixa-
tion can be speeded up by using 3 stations of formalin alcohol on
the processor in place of separate containers of formalin and 70%
alcohol. When combined with formalin, the shrinking effect of
alcohol is minimized.

Safety is a primary concern in the use of formaldehyde; therefore,
many laboratories prefer to use one of the many commercial solu-
tions available. Formaldehyde is considered a carcinogen; however,
most research has been on rats, and how those results translate
to human exposure has not been determined. An act related to
formaldehyde was passed in 1987 (Occupational Safety and Health
Administration [0SHA}, and for the first time histopathology labo-
ratories were subjected to federal regulation of the use of this
chemical. The exposure of employees to formaldehyde must be
monitored for an 8-hour period with the permissible exposure limit
(PEL) currently set at 0.75 ppm. There is also a short-term exposure
limit (STEL) of 2 ppm over a 15-minute period. The third concen-
tration that must be considered is an action level. If an action level
of 0.5 ppm averaged over an 8-hour period can be achieved in 2
separate samples taken at least 7 days apart and the STEL is also
within limits, then no further monitoring is necessary unless there
are changes in the procedure or process. If the action level exceeds
0.5 ppm, remonitoring must be done at the end of 6 months, and
if the STEL exceeds the limit, remonitoring must be repeated at
the end of a year. Employees must be notified of the results of
monitoring within 15 calendar days of the receipt of monitoring
results; if the permissible exposure limit has been exceeded, the
affected employees must be provided with a written description of
the corrective action to be taken. Records for each employee must
be kept for the duration of employment plus 30 years.

The act also mandates that a physical monitoring or medical
surveillance program be in place if the laboratory action level is above

0.5 ppm. Emergency procedures, including personnel designated and
trained to handle an emergency such as a major spill, must also be
defined. The hazards must be communicated to anyone who might be
handling a container of formaldehyde; all containers must be labeled
with an appropriate hazard warning. The act also states that all eye
and skin contact with liquids containing greater than 1% formaldehyde
shall be prevented by chemical protective clothing impervious to
formaldehyde and other personal protective equipment such as goggles
and face shields as appropriate to the operation. Protective clothing
is certainly appropriate when working in the gross dissection area.
Body substance isolation procedures also require protective clothing
and, in general, the same protective measures are also effective for
formaldehyde. Employee education is one of the most important parts
of the total program and the education must be documented. Although
the Environmental Protection Agency does not currently regulate
the disposal of formaldehyde, many municipalities do require that
formaldehyde be collected and disposed of as hazardous waste.
O 0
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GLUTARALDEHYDE H H
Glutaraldehyde is also an aldehyde, but it differs from formalde-
hyde in that it is a dialdehyde, with an aldehyde group on each
end of the molecule. It acts very much like formaldehyde in cross-
linking proteins; however, the extra aldehyde group is not involved
in most cross-linking reactions. It is left free to react in any method
using Schiff reagent for the detection of aldehydes. Therefore, tech-
niques using Schiff reagent, such as the periodic acid-Schiff (PAS)
stain, cannot be used on glutaraldehyde-fixed tissue because false-
positive results will be obtained. Glutaraldehyde fixes at the rate
at which it penetrates, but it penetrates slowly and poorly. Because
it fixes as it penetrates, the penetration into the deeper part of the

tissue is probably impeded; therefore, gross tissue sections must
be thin.

Glutaraldehyde is most frequently used for the fixation of speci-
mens for electron microscopy because it preserves ultrastructure
the best of any of the aldehydes. It tends to overharden tissue,
so fixation should not be prolonged. Usually 2 hours or less in
glutaraldehyde is recommended for fixation, and then the tissue
should be transferred into a buffer solution for holding. Tissue
should remain in the buffer solution until processing is begun. The
concentration of the glutaraldehyde solutions employed may vary
from 2% to 4%, and various buffer systems may be used. Because of
its poor penetration and overhardening properties, glutaraldehyde
has not found wide acceptance as a fixative for light microscopy.

Glutaraldehyde is an unstable substance that breaks down
on exposure to oxygen, with a resultant drop in pH. For the
preparation of fixative solution for use in electron microscopy,
small vials of glutaraldehyde that were sealed under inert nitrogen
should be used, and the reagent should be prepared just before
use. Any solutions used for light microscopy must be stored in
the refrigerator, and after 2 to 4 hours of exposure to the fixative
solution, any remaining wet tissue must be stored in buffer
solution.
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For electron microscopy, glutaraldehyde is commonly used in
cacodylate- or phosphate-buffered solutions. The phosphate-buff-
ered solution may be prepared as follows:

Phosphate-Buffered Glutaraldehyde (NaH,PO «H,0)

(NaH,PO,«H,0) 19¢g
Sodium hydroxide 043 g
Distilled water 100 mL
Mix well and add:

Glutaraldehyde, 25% solution 18 mL

The solution should be made just before use. The buffer can be
prepared as a stock solution, and the glutaraldehyde added as
needed for use. The pH should be 7.2 to 7.3; adjust if necessary.

Glutaraldehyde is not yet considered a hazard that should be regu-
lated by OSHA, but it is not totally without associated hazards.
Because it reacts very much like formaldehyde, it should be
handled the same way. Glutaraldehyde is a sensitizer, and can
cause irritation to the respiratory tract, digestive tract, and skin.
The Threshold Limit Value (TLV) is 0.05 ppm according to the
American Conference of Industrial Hygienists (ACGIH). OSHA
currently does not have a required exposure limit. Glutaraldehyde is
incompatible with oxidizers and alkalis. Dapson and Dapson [1995]
consider glutaraldehyde more toxic than formaldehyde, and recom-
mend using the same protective measures for each. Cacodylate-
buffered solutions are very toxic because ofi the arsenic content.

GLYOXAL (C,H,0)

Glyoxal is the smallest dialdehyde and is typically supplied as a
40% aqueous solution. According to Dapson [2007], it has largely
replaced formaldehyde in the textile industry for imparting wrinkle
resistance and permanent press creases, and it is widely used for
other industrial applications. Most of the industrial applications
rely on the ability of glyoxal to cross-link. It has replaced formal-
dehyde in some histopathology laboratories because it is much less
toxic than formaldehyde; glyoxal fixatives also are extremely rapid.
According to Dapson [2004] surgical specimens are fixed after only
4 to 6 hours exposure, and biopsy specimens can be processed after
only 45 minutes of fixation. Glyoxal fixative solutions are supplied
commercially as either alcohol- or water-based solutions. Dapson
[2007] states that whereas formaldehyde forms adducts with proteins
and carbohydrates indiscriminately and subsequently cross-links
them, glyoxal reacts with oxygen-containing end groups (carbo-
hydrates) at one pH range and amines (proteins) over a different
pH range. Cross-linking occurs only under specific conditions
and can be slowed so that it will not occur during normal fixation
times. Some of the artifacts seen with formaldehyde fixation, such
as smudgy nuclei and distorted staining, are not seen with glyoxal
fixation. With prolonged storage of tissue in glyoxal fixatives there
is a slight reduction of staining, but this can usually be compen-
sated for with prolonged staining times. Most special stains are
satisfactory after glyoxal fixation. Dapson [2007] states that although
glyoxal has 2 aldehyde groups with 1 probably left free during fixa-
tion, no problems are encountered with the PAS reaction. Some
iron may be leached by the acidity of the fixative. The staining of
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Helicobacter pylori is unsatisfactory. Erythrocytes are lysed and
granules of eosinophils are dissolved. Umlas and Tulecke [2004]
reported that although H&E morphology of glyoxal-fixed tissues
was equivalent, detection of microcalcifications in glyoxal-fixed
breast biopsy specimens was hampered by loss of basophilia, and
the diminished estrogen receptor detection in glyoxal-fixed breast
tissue made antigen retrieval necessary.

Glyoxal does not give off fumes, but it has a serious health hazard
rating (See a description of ratings in chapter 4, “Safety,” p89). It
can cause skin irritation and has a threshold limit value (TLV)
0f:0.1 mg/m* (ACGIH); OSHA currently has no requirements for
exposure limits. It can be disposed of in the regular sink drain in
most localities.

MERCURIC CHLORIDE (HgCl,)

Currently few laboratories are using this chemical in fixative solu-
tions because of its extreme toxicity, but it is included here because
of its history, because a few laboratories cling to the morphologic
characteristics produced by mercury fixation, and because some of
the modifications of the compound fixatives are based on a substi-
tution for this component.

In the older literature, mercuric chloride is referred to as corro-
sive sublimate or occasionally as bichloride of mercury. It is a very
corrosive chemical and all contact with metallic objects must be
avoided if possible. Immediately after use with mercury-fixed
tissue, instruments should be washed thoroughly. Mercury is not
used alone, but is used in compound fixatives because it is a very
powerful protein coagulant and enhances staining by leaving
the tissue very receptive to dyes. Its presence in tissue prevents
freezing, so frozen sections are difficult to prepare [Culling 1985].
Mercuric salts penetrate poorly, will produce shrinkage or will
allow shrinkage in the subsequent processing steps, and can
harden excessively with prolonged exposure. It is an additive fixa-
tive, reacting in acidic solutions with the sulthydryl groups of the
amino acid cysteine to form cross-links between protein chains,
and it will react with amino groups in some of the more acidic
solutions.

A fixation pigment produced by mercury is one that cannot be
prevented but can be removed. Unless the pigment is removed,
it appears as either a crystalline or amorphous brown precipitate
lying on top of the stained section [il1.15]. Like formalin pigment,
mercury pigment will also polarize light [i1.16]. This extrinsic arti-
fact can be removed by treating the microscopic section with iodine
followed by sodium thiosulfate. The iodine oxidizes mercury to
mercuric iodide, which is soluble, and sodium thiosulfate removes
the excess iodide from the section.

Mercury is a very toxic compound capable of affecting the central
nervous system, and may cause acute nephritis when taken into the
body in small amounts. Systemic mercury poisoning is possible by
skin absorption. Mercury is considered a hazardous substance by
the federal government; fixative solutions containing this chemical
may not be disposed of in the sanitary sewer system (eg, sink) but
must be collected for appropriate disposal. What is frequently
forgotten is that many reagents following mercury solutions, or




[i1.15] Mercury pigment has been deposited in, but not removed from, this
Zenker-fixed, H&E-stained section. Note that the nuclei are not well stained,
a phenomenon that frequently occurs with Zenker fixation. Treatment with
iodine, omitted in this section, may increase nuclear staining, but the slides
also may require additional time in hematoxylin.

[il.16] A Zenker-fixed section of spleen examined by polarized light. The

pigment has not been removed on this section. Both mercury and formalin
pigments rotate the plane of polarized light and cannot be separated using
this method of examination.

those used to remove mercury pigment, are also contaminated
and should be collected. Careful records must be maintained of
the use and disposal of solutions containing mercury. Hazardous
substances must be tracked from “cradle to grave.” The amount of
chemical remaining in the laboratory plus the amount discarded
must equal the amount received. Because of the hazards associated
with the use of mercuric fixatives, other metals have been tried as
substitutes, but only zinc has found any acceptance.

OSMIUM TETROXIDE (0s0,)

Osmium tetroxide is not used frequently for fixation in the
histopathology laboratory. Its primary use is in the fixation of
specimens for electron microscopy. Even though specimens for
electron microscopy are fixed primarily in an aldehyde solution,
they are postfixed in osmium tetroxide to ensure preservation of
the lipids. Osmium tetroxide chemically combines with lipids,
making them insoluble, 93% of the lipids can be extracted after

formaldehyde fixation, but only 7% can be extracted after fixation
with osmium tetroxide [Ashworth 1966). Cell membranes have
phospholipids as a major component and will become electron-
dense after fixation in osmium tetroxide.

Osmium also may be used to fix small amounts of fat so that the
fat will be maintained in sections during paraffin processing.
Osmium solutions penetrate only a few cell layers, so the sections
must be extremely thin. Osmium tetroxide is a noncoagulant fixa-
tive and it is also additive fixative, but the reactions involved with
proteins are not yet understood; it is also a noncoagulant fixative.
After fixation with osmium tetroxide, the cell cytoplasm has little
affinity for the anionic (acid) dyes but will readily accept cationic
(basic) dyes.

Osmium tetroxide is a very expensive reagent that is very hazardous
because it vaporizes readily; the vapor itself readily fixes the nasal
mucosa or the conjunctiva of the eye. The OSHA time-weighted
average (TWA) is 0.002 ppm osmium, so contact with the vapor
must be avoided. It must be used in a hood, and extreme care must
be exercised in electron microscopy if the tissue specimen is to be
minced after being in an osmium solution.

OH
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Picric acid is unique in that it is the only substance used in histo-
technology both as a fixative ingredient and as a stain. The name
is derived from the Greek word for bitter. Picric acid is a coagulant
fixative, and it is a very strong coagulant of nucleoprotein but leaves
DNA soluble. It is a sufficiently strong acid to hydrolyze nucleic
acid. If stains for DNA and RNA are anticipated, any fixative
containing picric acid should be avoided. It probably is an additive
fixative, but the way in which picric acid reacts with proteins is not
totally understood. It is not a fixative of lipids or carbohydrates,
but Lison [1958] recommends picric acid as a constituent of fixa-
tives for glycogen. Picric acid will decalcify tissue containing small
calcium deposits, such as breast tissue. This reagent leaves tissue
very receptive to acid (anionic) dyes (eg, eosin) and gives tissue
a very good soft consistency; however, it either causes extreme
shrinkage or allows extreme shrinkage to occur in the subsequent
processing steps. The only fixative reagent allowing greater final
shrinkage than picric acid is ethanol.

Picric acid must be washed out of tissue before processing. In the
past, it was thought that protein coagulants formed by picric acid
were water-soluble and so washing was traditionally carried out
with 50% alcohol. Protein coagulants do not appear to be soluble
[Baker 1958], but because there does not appear to be any advantage to
washing with water and excess picric acid is more readily removed
by ethanol, washing with 50% alcohol is still recommended. Picric
acid is a fairly acidic solution, therefore it is sometimes washed
out with alcohol to which lithium carbonate has been added as
a neutralizer. Neutralization of the excess picric acid is an excel-
lent step, because if picric acid remains in the tissue when it is
embedded, the staining characteristics of the tissue will change
over time. Eventually the staining results will be extremely poor.
Luna [1992] states that if the picric acid is not completely removed
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from the tissue, the result will be the eventual distortion or oblit-
eration of almost all cellular structures.

The major safety consideration with picric acid is its hazard as an
explosive compound. Until displaced by trinitrotoluene (TNT), a
related compound, it was used by the military as an explosive; its
potassium, sodium, and ammonium salts are still used as explo-
sives. Picric acid, as purchased, may appear to be a dry compound,
but it is not. It contains about 10% moisture and is safe as long as
it stays moist; for this reason the jar should be tightly capped at
all times. In fact, all reagents should be tightly capped, because
many of them will absorb water or lose water through evapora-
tion; neither of these phenomena is desirable. If for any reason you
suspect that the moisture content of the picric acid has dropped
below 10%, open the bottle and add distilled water so that the
reagent looks like damp sand. It is not critical how much water is
added, because most reagents and staining techniques use a satu-
rated solution of picric acid and the extra water is not important.

POTASSIUM DICHROMATE (KZCrzO7

Potassium dichromate is rarely used alone for fixation. It is a
noncoagulant unless used in an acid solution; then it will act like
chromic acid, which is a coagulant. This changeover occurs at a
pH of approximately 3.4 to 3.8. Chromium will attach to some
lipids, rendering them insoluble, but it does not preserve lipids to
the degree that osmium tetroxide does. It preserves mitochondria
by rendering the lipid component of the membranes insoluble in
alcohol, but it readily dissolves DNA. Potassium dichromate-fixed
tissue is soft, but shrinks more after processing for paraffin embed-
ding than tissue fixed in most of the other fixatives. Chromium
reacts with both carboxyl (-COOH) and hydroxyl (-OH) groups,
and breaks some internal protein links. It increases the number
of reactive basic groups (-NH,) that are present, resulting in an
increased tissue affinity for eosin.

Chromate solutions can yield another of the fixation pigments.
This pigment’s formation is very easily prevented; however, once
it has formed it is considered insoluble by most authors [Baker 1958;
Sheehan 1980]. Culling et al state that the pigment may be removed
by treating the sections with 1% hydrochloric acid in 70% alcohol
for 30 minutes; [Bancroft 1982] state that while the pigment cannot
be removed completely, it is reduced by treating with an acidic
alcohol solution. I have tried unsuccessfully to obtain the pigment;
therefore, the method of removal remains untested. The pigment
may be formed when tissue is taken from a chromate-containing
solution directly into an alcoholic solution. Alcohol reduces the
chromic compounds to insoluble chromium suboxides; therefore,
excess chromates should be removed from the tissue by prolonged
washing with running water before processing.

Chromium is a highly toxic chemical substance, both by inhala-
tion of the dust and by ingestion. It is considered a carcinogen and
is corrosive to skin and mucous membranes. Chromium must be
tracked and collected for disposal in the same way as mercury.

ZINC SALTS (ZnSO,)

In the last decade or so, zinc sulfate has found acceptance as a
replacement for mercury because it does not have the associ-
ated hazards and preserves tissue antigenicity, often making
retrieval procedures unnecessary. In 1947, Russell proposed that
an equimolar amount of zinc chloride could be substituted for
mercuric chloride in Zenker solution, but this did not find wide-
spread favor at that time. Most laboratorians wished to get away
from the hazards associated with mercury or find a fixative that
would not decrease antigenicity; therefore, other metals were tried
as substitutes, with zinc holding the most promise. Zinc sulfate,
in combination with formaldehyde, has been used for postfixation
on the open-type tissue processors by the Mayo Clinic [Banks 1985].
Lynn et al described the use of unbuffered alcoholic zinc formalin
prepared with zinc chloride. Dapson and Dapson (1995, state that
zinc chloride is more corrosive than zinc sulfate, so care must be
taken when using zinc chloride formalin on automatic processors:
its use is disallowed by most equipment manufacturers because it
will damage metal valves and other parts of the instrument.

According to Dapson [1995], many things may cause the precipita-
tion of zinc, such as carbonates present in tap water; phosphates
from buffered formalin; pH-altering influences from the tissue;
heat, pressure, and vacuum from the processor; and alcohol. This
can be a problem, especially with some formulations that tend to
precipitate zinc in the first dehydrating alcohol step of processing;
such precipitation will occur in alcohol concentrations as low as
70%. In such cases, a precipitate also forms in the tissue, making
microtomy difficult, and the precipitate can clog processor lines.
Any precipitate in the processor can be removed by rinsing with a
dilute acetic acid solution (5%-20%).

Today, zinc salts have found use not only in combination with
formaldehyde for routine fixation, but as a substitute for mercury
in the B-5 solution commonly used for the fixation of lymph node
and bone marrow tissues. Bonds et al reported that acetic acid-
zinc formalin was a safe alternative to B-5 and gave staining and
morphologic detail comparable to B-5. Tissues fixed in the acetic
acid-zinc formalin also achieved equivalent or superior antigen
preservation for immunohistochemical studies.

Wester et al reported that immunoreactivity in paraffin-embedded
tissue was superior in tissues fixed in buffered zinc formalin
compared with that seen in tissue fixed in neutral-buffered form-
alin. Citing the detrimental effect on DNA and RNA quality as
a major drawback to fixation with neutral buffered formalin,
they found a significantly higher DNA vyield in the tissue fixed
in zinc formalin; this significantly impacts analysis of genes and
transcripts in complex tissues. The preservation of protein immu-
noreactivity was improved; 7 of 9 antibodies did not require
pretreatment with the tissue fixed in buffered zinc formalin. They
also noted that zinc formalin induced more shrinkage in tissues
than neutral-buffered formalin.

According to Dapson [1993], it appears that zinc ions hold macro-
molecules in their native conformation via coordinate bonds. This
prevents the damaging cross-linkages that formaldehyde alone
creates. The result is enhanced preservation of antigenicity, rare
need for antigen retrieval, and the possibility of greater dilution



of antibodies. Dapson [2004] states that zinc formalin fixes more
rapidly than formaldehyde alone; specimens fixed in zinc formalin
for a few hours are comparable with those fixed in formaldehyde
for 30 hours. According to Dapson [2004], zinc ions can also undo
some of the deleterious effects of prior formaldehyde fixation, at
least with some antigens some of the time; how this is accom-
plished is not totally understood. Some antigen activity also can
be recovered by backing up tissue that has been formalin-fixed
and embedded in paraffin, refixing with zinc formalin, and repro-
cessing; or by simply treating the deparaffinized and hydrated
formalin-fixed slide with a solution of aqueous or alcoholic zinc
formalin.

Zinc sulfate carries only a moderate health risk. Inhalation can
cause irritation to the respiratory tract and the salts may hydro-
lyze into acid if swallowed. Ingestion of 10 g has been reported to
cause a fatality. It is a skin and eye irritant. No airborne exposure
limits have been established; however, when it is combined with
formaldehyde, all safety regulations regarding formalin solutions
must be followed. Zinc chloride is much more of a hazard, rated
as a severe health risk. It is corrosive and will cause burns to any
area of contact. It is harmful if swallowed, inhaled, or comes into
contact with the skin or eyes. The PEL established by OSHA is
1 mg/m? (TWA) as fume.

Other Fixative Ingredients

Many other reagents have been investigated over the past few
years, whether to improve fixation for some special technique or to
decrease the hazards involved in handling many of the older fixa-
tives. Some other reagents that have been investigated for use in
fixative solutions are the carbodiimides, diisocyanates, diazonium
compounds, tannic acid, cationic surfactants (detergents), diazo-
lidinyl urea, bronopol, and bis-carbonyl compounds. Caution must
be used when changing to some of the newer proprietary fixatives,
with special caution regarding their claims of greater safety. While
some of these reagents form cross-links with certain tissue groups,
some are preservatives and not true fixatives. Dapson and Dapson
[1995] warn that if a fixative works, it cannot be completely safe,
because if it fixes specimens it will also fix your skin and corneas.
They further state that if the solution does not endanger your skin
and eyes, then it is not a true fixative; it is simply stabilizing the
tissue against decomposition. Baker says that in addition to acting
like a preservative, a fixative modifies various tissue constituents
in such a way that they will retain their form as much as possible
if subjected to treatment that would damage them in their natural
state. He further states that fixation is a forward-looking process,
existing only in relation to subsequent events. Many of the fixa-
tives marketed today are proprietary, so that we do not know
their composition, and there are no data on long-term toxicity or
preservation of tissue either in wet tissue storage or in the block.
When changing fixatives, one must remember that each fixative
will create its own set of artifacts in the tissue specimen to which
the pathologist must adapt, and frequently the processing and
staining procedures also must be adjusted. [t1.1] summarizes the
major characteristics of various fixative ingredients.

Compound or Combined Fixatives

Other than with formaldehyde, glutaraldehyde, and glyoxal,
most of the fixative solutions are combined in such a way that
the disadvantage of one component will be counterbalanced by
an advantage (or even a disadvantage) of another. For example,
the swelling caused by acetic acid is a disadvantage that can be
counteracted by the shrinking effect of picric acid, a disadvan-
tage if picric acid is used alone.

As stated earlier, each fixative creates its own set of artifacts
in tissue. We do not see in fixed tissue what we would see if
the tissue were still living. Morphologic preservation by
formaldehyde and osmium tetroxide is probably the most
lifelike. We become accustomed to looking at the artifacts
created by one fixative, thus changing to a very different fixative
can be momentarily confusing, or at least frustrating, to the
pathologist. Different fixatives also present different sectioning
and staining problems to histopathology laboratory personnel.
The following more commonly used compound fixatives will be
discussed:

1. B-5

2. Bouin

3. Gendre

4. Hollande

5. Zenker and Helly
6. Orth

7. Zamboni

8. Zinc formalin

B-5 FIXATIVE

Stock Solution
Mercuric chloride i12g
Sodium acetate (anhydrous) 25¢g
Distilled water 200 mL
Working Solution
B-5 stock solution 20 mL
Formaldehyde 2mL

Prepare immediately before use
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[t1.1] Characteristics of the Various Fixative Ingredients [Kiernan 1999, Baker 1958, Dapson 2008

Characteristics

Reaction with proteins

Reaction with

nucleic acids

Reaction with lipids

Reaction with
carbohydrates

Rate of penetration

Enzyme activity

Electron microscopy
(ultrastructural

preservation)

Special uses

Special comments

Ethanol,
Methanol
Acetone

coagulant,
nonadditive

nil

some extraction

nil, glvcon is
insoluble

rapid

preserves some

if cold

poor

used when
urates are to be
demonstrated,
also good

for glycogen,
cytology fixative

overhardens
tissue, shrinks
tissue markedly,
usually used
alone

Acetic Acid

nil

coagulant of
nucieoprotein
and DNA

nil

nil

rapid

unknown

poor

used in
mixtures for
fixation and
preservation
of
nucleoprotein

swells tissue
markedly, not
used alone

Formaldehyde,
Paraformaldehyde

noncoagulant
additive

nil below 45°C

preserves, but with
gradual loss

nil

rapid, but slow
cross-linking

preserves some if
cold and brief

good with

Millonig or
paraformaldehyde,
usually postfixed
with osmium
electron microscopy
(Millonig and
paraformaldehyde),
some enzyme
histochemistry

permits more
special stains than
any other fixative,

frequently used
alone

Glyoxal

additive; forms
N-hydroxymethyl
adducts with 2
carbon atoms
additive; forms
N-hydroxymethyl
adducts with 2
carbon atoms

nil

nil

rapid, little cross-
linking

inferior to
formaldehyde

unknown

antigen retrieval
not needed
except if arginine
is in epitope

chromatin and
membranes
preserved

with excellent
clarity, stains
for Helicobacter
pylori
unsatisfactory

Glutaraldehyde

coagulant
additive

coagulant

preserves, but
with gradual
loss

nil

slow, but cross-
linking rapidly

more inhibition
than with
formaldehyde

excellent,
usually
postfixed with

osmium

electron
microscopy

may give
false-positive
Schiff reactions,
usually used
alone

Mercuric
Chloride

coagulant

additive

coagulant

“unmasks”
some lipids

nil

rapid

inhibits

organelles
preserved

none

promotes
staining,
produces an
artifactual
pigment, not
used alone

Potassium Dichromate

pH<3.5 pH >3.5

coagulant noncoagulant

additive, acts  additive

like chromic

acid

coagulant dissolves DNA,
precipitates
nuclzoprotein

oxidizes attaches to

unsaturated  some, makes

fatty acids them insoluble

oxidizes to

aldehydes

slow

inhibits

poor, causes
considerable
distortion

none

can produce
an artifactual
pigment, not
used alone

nil

fairly rapid

inhibits

poor, causes
some distortion

preserves
chromaffin
granules

(used in Orth
solution for
fixation of
pheochromo-
cytomas)

can produce
an artifactual
pigment tissue,
not used alone

Osmium
Tetroxide

noncoagulant
additive

noncoagulant

reacts with and
adds to double
bond in lipids,
makes them
insoluble

uncertain

very slow

inhibits

excellent

primary use
in electron
microscopy,
or for fat
demonstration
in paraffin
seciions

penetrates
only a few cell
layers in depth,
usually used
alone

Picric Acid

coagulant
additive

precipitates
nucleo-
protein,
leaves DNA
soluble

and partly
hydrolyzed
nil

nil
very slow

inhibits

poor, causes
distortion

mordant for
trichrome
procedures

should not
be used
with Feulgen
reaction, not
used alone

Zinc Salts
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This fixative found wide acceptance for hematopoietic and
lymphoreticular tissue, because of its ability to demonstrate
beautiful nuclear detail [i1.17], compared with formalin [il.18].
Excess fixative does not need to removed from the tissue by
washing, but sections must be treated for removal of mercury
pigment, with a solution of iodine followed by sodium thiosulfate.
The sodium acetate added to the solution raises the pH to 5.8 to 6.0,
and formalin pigment may or may not be obtained. Tissue cannot
remain in this solution indefinitely; after fixation, wet tissue must
be placed in a storage solution, most frequently 70% alcohol. B-5
fixation gives excellent results with many special stains and is an
excellent fixative for many tissue antigens to be demonstrated on
paraffin-embedded tissue.

Because of the hazards associated with the use of mercury,
commercial preparation of solutions similar to this are available
but substitute zinc for the mercury. The morphologic features seen
with these substitutes are similar to those seen with B-5.

If B-5 is used, then all precautions applicable to formaldehyde and

mercury apply to this reagent, including collection of waste solu-
tion and tracking of the mercury “from cradle to grave.”

Bouin Solution

Picric acid, saturated aqueous solution (1.2%) 750 mL
Formaldehyde, 37% to 40% 250 mL
Acetic acid, glacial 50 mL

This fixative lyses RBCs because of its acetic acid content. Iron
and small calcium deposits are usually dissolved, and formalin
pigment may be obtained. This solution is excellent for tissue that
is to be trichrome-stained and for preserving structure with soft
and delicate textures. The swelling effect of acetic acid is balanced
by the shrinking effect of picric acid, and the hardening effect of
formaldehyde is counteracted by the soft fixation of picric acid. The
basophilic cytoplasm caused by formalin is offset by the picric acid,
resulting in brilliant nuclear and cytoplasmic staining with H&E.
Paraffin blocks of Bouin-fixed tissue will section easily. The yellow
color must be removed by washing, traditionally done with 50% to
70% alcohol, or 70% alcohol saturated with lithium carbonate. If
excess picric acid is left in embedded tissue, the staining will dete-
riorate over time. Remaining wet tissue should be stored in 70%
to 80% alcohol, because tissue cannot be held in Bouin fixative
indefinitely. The maximum fixation time in this solution should
be less than 24 hours; however, Kiernan states that tissue stored
in Bouin solution for several months is sometimes still usable.

Bouin fixative is excellent for use on biopsy specimens of the
gastrointestinal tract because the nuclei are much crisper and
better stained than with 10% neutral-buffered formalin. Tissue
of the endocrine system is well-fixed and many antibodies
react well with tissue fixated in this solution. Bouin solution
may be used as a routine fixative, but it cannot be used for the

[i}.17] This is a section from a lymphoma following B-5 fixation. Note the
crisp chromatin patterns of the various types of nuclei.This is the type of
fixation desired by the zinc formalin substitutes for B-5.

[i1.18] This section was taken from the same tumor represented in [il.17]
and fixed in 10% neutral-buffered formalin. Note the difference in nuclear
fixation.

preservation of tissue that must be examined ultrastructurally
(with electron microscopy) or in which nucleic acids must be
demonstrated. Because Bouin solution contains formaldehyde,
all regulations governing the use of formaldehyde are applicable.

Gendre Solution

Alcohol, 95% saturated with picric acid 800 mL
Formaldehyde, 37% to 40% 150 mL
Glacial acetic acid 50 mL

This alcoholic Bouin solution is excellent for the preservation of
some carbohydrates, especially glycogen. As with Bouin solution,
the excess picric acid should be removed, by washing with 80%
alcohol. Because Gendre solution contains formaldehyde, all regu-
lations governing the use of formaldehyde are applicable.
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Hollande Solution Helly Working Solution
Copper acetate 25g Zenker-Helly stock solution 95 mL
Picric acid 40g Formaldehyde, 37% to 40% 5mL
Formaldehyde, 37% to 40% 100 mL
Acetic acid 15 mL
Distilled water 1,000 mL Because formaldehyde is a reducing agent, this is not a stable solu-

Dissolve each chemical successively in the distilled water without heat.

This modification of Bouin solution is stable and will decalcify
small specimens of bone. It has been widely used as a fixative for
biopsy specimens of the gastrointestinal tract. Hollande-fixed
tissue can be stained successfully with most special stains. The
cupric acetate present in the solution stabilizes RBC membranes
and the granules of eosinophils and endocrine cells, so that the
lysis that occurs is less than that seen with Bouin solution.

The fixative must be washed out before the specimen is placed in
a phosphate-buffered formalin solution on the tissue processor;
salts present in the solution will form an insoluble phosphate
precipitate. This solution is moderately toxic if ingested, and
repeated exposure may cause dermatitis. Because Hollande solu-
tion contains formaldehyde, all regulations governing the use of
formaldehyde apply to this solution.

ZENKER AND HELLY (ZENKER-FORMOL) SOLUTIONS

Because of the associated hazards, the use of these solutions should
be discontinued; however, for historical reasons and because they
are still used in some laboratories, Zenker and Helly solutions
are included in this text. They are considered together because
the stock solution is the same, and the solutions differ only in
the addition of acetic acid to one and formaldehyde to the other.

Zenker and Helly Stock Solution

Mercuric chloride 50g
Potassium dichromate 25¢g
Sodium sulfate (optional) 10g
Distilled water 1,000 mL

Zenker Working Solution

Zenker-Helly stock solution 95 mL
Acetic acid, glacial 5mL

This solution is stable and may be prepared in large quantities if
desired. Earlier it was considered unstable because the acetic acid
contained impurities that were reducing agents, but this is not true
today [Lillie 1976).
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tion. The formaldehyde must be added immediately before use,
or the solution will darken and become turbid on standing, indi-
cating that it is not usable.

The tissues must be treated for mercury pigment after immer-
sion in either of these fixatives. If excess fixative is not removed
by washing with water, reduction of potassium dichromate by the
dehydrating alcohol may cause the formation of chrome pigment.
Formalin pigment also may be obtained with Helly solution.

Zenker solution will lyse erythrocytes because of its acetic acid
content. Helly solution will preserve the erythrocytes, but the pres-
ence of acetic acid makes Zenker solution the better nuclear fixa-
tive. Zenker solution also has been used to fix and decalcify needle
biopsy specimens of bone marrow, but it can dissolve iron. Mallory
considered Zenker solution the best of all fixatives, but because of
the mercury present in both of the fixatives, a less hazardous fixa-
tive should be substituted.

Most staining is satisfactory after fixation in these solutions, with
Zenker solution recommended if the Mallory phosphotungstic
acid-hematoxylin stain is to be applied. The exception is silver
staining; many of the silver techniques are unsatisfactory after
fixation in either Helly or Zenker solution.

Tissue specimens may not remain in these solutions indefinitely and
the fixation time must be controlled. In general, the maximum time
in either of these solutions should not exceed 24 hours, or the tissue
becomes overhardened and nuclear basophilia is decreased. After
fixation, tissue should be washed very well in running water, and
any remaining wet tissue should be stored in 70% to 80% alcohol.
Because these fixatives decrease nuclear basophilia and increase
cytoplasmic acidophilia, staining time with hematoxylin may need
to be increased and that with eosin decreased [i1.19].

Although these solutions are still commercially available, they are
very toxic. They have the various hazards associated with mercury,
potassium dichromate, and formaldehyde (Helly solution); they
must be collected and disposed of in accordance with all hazardous
waste regulations. Zenker and Helly solutions can be fatal if
inhaled, ingested, or absorbed through the skin. Target organs are
the kidneys, central nervous system, and liver. These reagents are
also capable of causing cancer in humans and should be used only
under a chemical fume hood and with the appropriate protective
equipment.



[i1.19] A section of gastrointestinal tract fixed in Zenker solution. Compare
the cytoplasmic staining in this image with that in [il.10, p10] which

was fixed in formalin. Mercuric salts bind with sulfhydryl groups in acidic
solutions, and chromic salts react with the carboxyl group, leaving the amino
groups free to bind eosin; therefore, the cytoplasm is much more acidophilic
when fixed in Zenker solution than when fixed in formalin. Formalin reacts

with the amino groups in cytoplasmic proteins, thus leaving fewer groups
available for binding eosin.

Orth Solution

Potassium dichromate 25g
Sodium sulfate lg
Distilled water 100 mL
Just before use, add

Formaldehyde, 37% to 40% 10 mL

This fixative is very stable and although not widely used, it is a good general
purpose fixative. The fixation time is not as critical as it is with Bouin
solution. Zamboni solution allows secondary fixation with osmium, and
because it is easy to use and preserves the morphologic characteristics
accurately, it is preferred by some institutions as the primary fixative for
electron microscopy. Because of its formaldehyde content, all regulations
appropriate to formaldehyde apply to this solution.

ZINC FORMALIN SOLUTIONS

Dapson [1993] stated that as immunohistopathology gained in
prominence, zinc formalin solutions might replace neutral-
buffered formalin as the universal fixative. The introduction and
widespread use of antigen recovery systems has prevented this
from happening. However, the use of zinc formalin solutions has
increased. Antigenicity is not lost with long-term storage of wet
tissue in zinc sulfate formalin solutions. Cross-linking is prevented
by zinc formalin, and many macromolecules are retained in near
native conformation [Dapson 1993].

Today, several varieties of zinc formalin are available, with most
supplied commercially and with proprietary formulation. Several
formulas for solutions that can be prepared in the laboratory are
given below.

Aqueous Zinc Formalin (original formula)

Zinc sulfate, heptahydrate 10g
Formaldehyde, 37% to 40% 100 mL
Distilled water 900 mL

The content of both potassium dichromate and formaldehyde in this
solution means that the safety regulations appropriate to each must
be followed.

Zamboni Solution (Buffered Picric Acid-Formaldehyde, or PAF)

Paraformaldehyde 20¢g

Picric acid, saturated aqueous (double-filtered) 150 mL

Heat to 60°C to dissociate the paraformaldehyde. Add 2.52%
aqueous sodium hydroxide dropwise to alkalinize the solution.
Filter the solution and allow it to cool. Dilute the solution to 1,000
mL with phosphate buffer prepared as follows:

NaH,PO,+H,0 33lg
Na,HPO, (anhydrous) 1788 g
Distilled water 1,000 mL

Zamboni solution should have a final pH of 7.3. Adjust if
necessary.

Zinc is not very soluble in the 70% alcohol used in the first
processor dehydration station; therefore, this solution tends to
precipitate in processors. The zinc also precipitates inside the tissue
specimens, causing microtomy difficulties. This difficulty discour-
aged some of the early users of this solution.

Unbuffered Aqueous Zinc Formalin

Zinc sulfate 20¢
Distilled water 900 mL
Stir until dissolved and add:

Formaldehyde, 37% to 40% 100 mL

Formalin pigment (acid hematin) can be produced by this fixa-
tive. If zinc formalin is to be followed by a neutral fixative such as
phosphate-buffered formalin, the tissue must be washed between
reagents to prevent a precipitate from forming on the tissue. A
minimum of 4 to 6 hours should be allowed for fixation of biopsy
tissues and 6 to 8 hours for most other tissues.
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Alcoholic Zinc Chloride Formalin [Lynn 1994)

Zinc chloride 45¢g
Distilled or deionized water 1,000 mL
Stir until dissolved and add:

Isopropyl alcohol, 99% 2,000 mL
Formaldehyde, 37% to 40% 400 mL

This solution was recommended as a postfixative solution,
following fixation with neutral-buffered formalin. Antigenicity is
enhanced, and nuclear detail is improved over formalin fixation.
Zinc chloride is a corrosive compound, but at this very dilute
concentration should not harm the processor, as found by Lynn
[1994] over several years; however, use in the processor may void
the warranty.

According to Dapson [1993], alcoholic zinc formalin solutions fix
about 1.5 times faster than aqueous solutions. Alcoholic solutions
are recommended if 6 to 8 hours cannot be allotted for fixation,
and these solutions are also better for fatty tissues. Because of the
toxic effects of alcoholic zinc chloride formalin, alcoholic zinc
sulfate formalin solutions are recommended and are available
commercially.

Proprietary unbuffered solutions are currently available that
will not precipitate in 70% alcohol and can be used in all
processors. Buffered zinc formalin solutions are also available,
but must be selected carefully because some of the formulations
precipitate badly in processors. Bonds et al [2005] performed a
blinded prospective study to find a safe, mercury-free alterna-
tive to B-5, and found that acetic zinc formalin-fixed tissue
gave results equal to that seen with tissue fixed with B-5; this
included immunohistochemical results. All reagents in the
study were commercial, and the reader is referred to this study
for their complete results.

Zinc sulfate is only a moderate health risk. Inhalation can
cause irritation to the respiratory tract and the salts may
hydrolyze into acid if swallowed. Ingestion of 10 g has been
reported to cause a fatality. It is a skin and eye irritant. No
airborne exposure limits have been established; however,
when it is combined with formaldehyde, all safety regulations
regarding formalin solutions must be followed. Zinc chlo-
ride is much more of a hazard, rated as a severe health risk.
It is corrosive and will cause burns to any area of contact.
It is harmful if it is swallowed or inhaled, or comes into
contact with the skin or eyes. The PEL established by OSHA is
1 mg/m?® (TWA) as fume.

Nonaqueous Fixatives

The nonaqueous fixative ingredients are primarily acetone and
either ethyl or methyl alcohol. These compounds are nonadditive,
coagulating fixatives. The nonaqueous fixatives are very flam-
mable and must be stored in fireproof cabinets. These reagents are
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used only when the desired tissue components are destroyed or
dissolved by the aqueous fixatives, because these reagents tend to
overharden tissue drastically.

ACETONE

Acetone is a nonadditive protein coagulant historically used
when the demonstration of enzymes, especially acid and alkaline
phosphatase, was indicated on tissue to be processed for paraffin
embedding. Fixation in acetone was done rapidly at refrigerator
temperature, and most of the dehydration was accomplished at the
same time; thus, the total fixation and processing time was greatly
decreased. It is also used as a fixative for brain tissue when subse-
quent staining techniques for rabies diagnosis are needed. Acetone
is frequently used on frozen sections of tissue to be stained for cell
surface antigens by immunohistochemical techniques. It is a very
rapid-acting fixative, but it causes extreme shrinkage, distortion,
and overhardening, and it is recommended only for preservation
of special tissue components.

Acetone has an OSHA TWA of 1,000 ppm and a National Institute
for Occupational Safety and Health TWA of 250 ppm. It is a narcotic
in high concentrations, and skin contact can lead to defatting and
dermatitis. It is moderately toxic on ingestion, and is not considered
a serious health hazard in normal use in the histology laboratory
[Dapson 1995]. It is highly flammable, with a flash point of 4°C.

ALCOHOL

Both ethyl and methyl alcohols are used for fixation. Methyl
alcohol is used frequently as a fixative for touch preparations
and blood smears, and ethyl alcohol is used to preserve water-
soluble tissue components. Two of these water-soluble tissue
components are glycogen and the urate crystals that are depos-
ited in gout. Older literature specifies that absolute alcohol
is required as a fixative for glycogen; however, much of the
glycogen is trapped in tissue by formaldehyde fixation, so abso-
lute alcohol is rarely used for this purpose today. Alcohol is a
nonadditive protein precipitant that acts by breaking hydrogen
and ionic bonds. This is followed by the removal of bound water.
Any chemical groups that had formed the hydrogen and ionic
bonds are free to react with any subsequent reagents such as
mordants or stains.

Ethyl alcohol preserves most pigments, dissolves fat, and over-
hardens and shrinks the tissue. The many government restrictions
on the use of pure ethyl alcohol present a major drawback to its
use. Although alcoholic formalin (described under “Formalin”)
is not totally nonaqueous, it is included here as primarily a
nonaqueous fixative. Alcoholic formalin fixes tissue, begins dehy-
dration, preserves glycogen very well, and penetrates quickly.
When combined with formalin, the shrinkage effect of the alcohol
is minimized.

The TWA is 1,000 ppm for ethyl alcohol and 200 ppm for methyl
alcohol. Although both are toxic by ingestion, methyl is much
more toxic than ethyl alcohol. Ingestion of methanol may result
in blindness and death. Both are flammable liquids.



Carnoy Solution

Absolute ethyl alcohol 60 mL
Chloroform 30 mL
Acetic acid, glacial 10 mL

Erythrocytes are lysed by this fixative; it is sometimes used
in cytology for this purpose. Carnoy solution is rapid-acting,
preserves glycogen, and exhibits good nuclear preservation, but
causes excessive shrinkage and hardening. Fixation should not be
prolonged beyond 4 hours. This fixative should be used only as
indicated for the preservation of special tissue components lost
through routine fixation. Tissues should be processed through 95%
alcohol, absolute alcohol, and xylene as usual, or the processing
procedure can be started with absolute alcohol if desired.

Repeated or prolonged exposure can produce damage to the
central nervous system, liver, kidneys, and eyes. Chloroform is a
suspected carcinogen. It should be used in a fume hood.

Methacarn solution substitutes methyl alcohol for the ethyl alcohol
in Carnoy solution, and it hardens and shrinks tissue less than
Carnoy fixative. Vacca recommends methacarn solution over
Carnoy fixative.

Clarke Fluid
Absolute alcohol 300 mL
Glacial acetic acid 100 mL

Mix just before use. This is one of the oldest fixatives and is excel-
lent for subsequent paraffin embedding. According to Kiernan
[1999], Clarke fluid always gets a high score for microanatomical
preservation in comparison with other fixatives used in light
microscopy.

Refer to alcohol and glacial acetic acid for safety information.

Transport Solutions

If unfixed tissue is to be held for only a brief period or transported
only a short distance, it is best to place the specimen on saline-damp-
ened (excess saline squeezed out) gauze, enclose it in a tightly closed
plastic container, and then place it on ice. If the unfixed tissue is to be
held for several days or transported over a long distance, then Michel
transport medium is recommended. Michel medium, however, is not
recommended for muscle biopsies, but is used routinely for kidney
biopsies that are to be mailed. This solution is commercially available
and may be prepared as follows [Michel 1972; Elias 1982]:

Michel Transport Medium

Anhydrous citric acid (FW 192.3) 4.803 g
Ammonium sulfate (FW 132.14) 4123 ¢g
N-ethylmaleimide (FW 125.13) 625 mg (0.625 g)
Magnesium sulfate (FW 120.37) 123 g

Distilled water tolL

It is important to maintain the pH of the transport medium at 7.0 to 7.2
because a lower pH can cause variable results. The N-ethylmaleimide
minimizes proteolytic activity, and the ammonium sulfate fixes tissue-
bound immunoglobulins [Elias 1990]. Before freezing the specimen with
isopentane chilled with liquid nitrogen or some other freezing method,
the specimen should be washed with mild agitation in three 8-minute
changes of phosphate-buffered saline (PBS) containing 10% sucrose.
Rinsing with PBS containing sucrose is preferred by Elias [2003] over
citrate buffer rinses, because sectioning is facilitated. The PBS and
PBS-sucrose are prepared as follows:

PBS Buffer Stock Solution (also used in immunohistochemistry)

Potassium phosphate, dibasic (K,HPO,) 188 g
Sodium phosphate, monobasic (NaH,PO ) 33g
Sodium chloride 180 g

First dissolve the potassium phosphate, dibasic, in approximately
800 mL of distilled water in a 1-L beaker using heat and a magnetic
stirrer. Add the sodium phosphate, monobasic, and sodium chlo-
ride. Dissolve the salts completely and dilute to 1 L. Adjust pH to
7.4 if necessary, and store at room temperature.

PBS-10% Sucrose Solution

Stock PBS solution 4 mL
Distilled water 96 mL
Sucrose 10g

According to Elias et al [2003], tissue for immune complex deposit studies
can be stored in the 10% PBS-sucrose solution for approximately 2
weeks without affecting subsequent immunofluorescence or immu-
nohistochemical studies. However, autofluorescence may be increased
with prolonged exposure to Michel transport medium [Elias 1990).

Removal of Fixation Pigments

Formalin pigment resists extraction by most strong acids, water,
alcohol, or acetone. Before staining with any desired technique,
both formalin and malarial pigments (see chapter 11, “Pigments,
Minerals, and Cytoplasmic Granules,” p254) may be removed by
treating deparaffinized and hydrated microscopic sections with
one of the following solutions:

1. Absolute alcohol saturated with picric acid for 10 minutes
to 3 hours. After treatment, wash sections well with water.
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2. 70% alcohol (100 mL) containing 3 mL ammonium
hydroxide for 30 minutes to 3 hours. After treatment,
wash the sections well, rinse in 1% acetic acid, and wash
again. Sodium or potassium hydroxide may be substituted
for ammonium hydroxide.

Mercury pigment is removed as follows:

1. Treat the deparaffinized and hydrated microscopic
sections with Gram or Lugol iodine for 10 minutes.

2. Wash the sections briefly in running water.

3. Place the sections in a 5% solution of sodium
thiosulfate (hypo) for 3 minutes.

4. Wash the sections for 10 minutes, and stain as desired.

Lugol Iodine Solution

Todine lg
Potassium iodide 2¢g
Distilled water 100 mL

Place the iodine and the potassium iodide in approximately
20 mL of distilled water and mix until dissolved. Add the
remaining water and mix well.

Troubleshooting Fixation Problems
The major problems encountered with fixation are because of
delayed or incomplete fixation.

AUTOLYSIS

Autolysis is caused by delayed fixation. H&E-stained sections may
show a loss or total disappearance of nuclear chromatin. Some
cells may disappear, such as epithelial cells in intestinal specimens
(see [il.5, p5]), or there may be cell shrinkage with artifactual
space around the cells. This artifact usually cannot be prevented
on autopsy tissue. However, it can be prevented on surgical speci-
mens by:

e Placing specimens in fixative solution as soon as possible,
ensuring that the volume is 15 to 20 times that of the tissue.

e Opening uterus specimens upon receipt so that the fixative can
immediately come into contact with the endometrium [i1.20],
[i1.21].
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¢ Opening, and pinning open gastrointestinal tract specimens
upon receipt so that the fixative can immediately come into
contact with the mucosal surface [i1.22], [i1.23].

o Slicing any organ resection (eg, spleen, kidney), breast, or large
tissue specimens into thin slices and placing in a large volume
of fixative.

e Bisecting lymph nodes if appropriate and placing in fixative
[i1.24], [i1.25], [i1.26].

INCOMPLETE FIXATION

Because of the rapid turnaround time deemed necessary, frequently
specimens are not allowed enough time in the fixative solution
to fix completely before beginning dehydration. The result may
be separation of tissue components on the flotation bath during
microtomy and poor tissue morphology. The nuclei may be smudgy
with no chromatin pattern defined [il.27], or nuclear bubbling
may be seen [i1.28]. If tissue is not well-fixed when processing
is begun, fixation continues in the alcohol, and the center of the
tissue will often be more eosinophilic than the periphery. If signs
of incomplete fixation are noted on H&E-stained sections, then the
following should be done:

o Increase the time allowed in fixative solution. Some problems
may be noted even after 24 hours’ fixation in 10% neutral-
buffered formalin.

Change to another fixative, such as zinc formalin, which still
requires several hours of fixation time for complete fixation.
Glyoxal should also be considered because it is an extremely
rapid fixative.

Place formalin alcohol in the first 3 stages of the processing
cycle. This will decrease fixation time, and also begin
dehydration.

¢ Ensure that the grossed sections are thin enough for good
reagent penetration, and that the amount of fixative is 15 to 20
times that of the tissue.

Ensure that the formalin solution is not depleted because of
overuse; change the solutions frequently.

Do not pack cassettes tightly in the processing holders.

Use agitation of cassettes in fixative holding solutions during
or following grossing.



[i1.20] The endometrium shows the results of delayed fixation in this
section of uterus. Uterine specimens should be opened as soon as possible
and immersed in a large amount of fixative so that proper fixation of the
endometrium will occur. Compare with the well-fixed section of uterus
shown in [i1.21]

[i1.21] The endometrium in this section of uterus demonstrates proper
fixation.

[1.22] A section of small intestine that shows the effects of delayed
fixation and incomplete fixation. Much of the surface epithelium is gone,
and there is also cell shrinkage. Gastrointestinal tract specimens should be
opened as soon as possible, pinned out on a piece of cork, covered with
fixative, and allowed an adequate amount of time for complete fixation

to occur. Compare with the well-fixed section of small intestine shown in

[i1.23]

[i1.23] A section of small intestine that has been properly and completely
fixed.Also see [il.4, p5] for a well-fixed section of small intestine, and
[il.5, p5] for a section that shows total autolysis.

[i1.24] A complete cross-section of a small lymph that shows incomplete
fixation. Even small nodes should be bisected and allowed to fix well before
processing. The cellular detail shown with an H&E on a well-fixed node can
be seen in [il.25] and [il.26].

[i1.25] A section of a portion of a lymph node that is well fixed. The
germinal centers are well preserved, and portions of several trabeculae and
medullary sinuses can also be seen.
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[1.28] incomplete fixation has led to the nuclear bubbling artifact in this

[i1.26] Parts of 2 germinal centers of a lymph node are very well preserved
section. [Image courtesy of Lott R, Birmingham, AL].

in this section of a well-fixed node.

[i1.27] The results of incomplete fixation are apparent in the smudgy nuclei
of this H&E-stained section of fallopian tube.
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LEARNING ACTIVITIES

I. Fix sections of spleen, liver, and kidney in each of the following:

a. 10% neutral-buffered formalin
b. 10% aqueous formalin

c. Bouin solution

d. Zinc formalin

e. Absolute alcohol

f. Carnoy solution

g Any other fixative that might be in the laboratory

2. Process the sections appropriately, washing if necessary, and cut 2 sections of each block at 3 to 4 pm. Stain | section
of each with the routine H&E stain and examine microscopically. Answer the following questions:

a. Is there a fixation pigment in any of the sections? If so, remove the pigment in the duplicate section and stain with the
routine H&E.

b. Do all sections stain alike, or do some staining times need to be adjusted? If so, adjust on the duplicate section.

3. Save the blocks for procedures learned in remaining chapters of this book.
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Processing
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On completing this chapter, the student should be able to do the following:

1. Define:

dehydration
clearing
infiltration
embedding
universal solvent
Carbowax
cross-section
decalcification
ion exchange
chelating agent
miscible

FTITE@ e AN o p

2. List the properties and actions of

the following; indicate whether each
property or action is an advantage or

a disadvantage:

Dehydrating Agents

a. alcohol (ethyl, methyl, butyl,
isopropyl)

b. dioxane

C. acetone

d. tetrahydrofuran

Clearing Agents

xylene

toluene

benzene

acetone

chloroform
cedarwood oil
tetrahydrofuran
dioxane

m. limonene derivatives
n. aliphatic hydrocarbons

s e g D

3. Identify any special precautions
(eg, time of use, safety) that must
be considered when using any

of the reagents listed in objective 2

4. Identify why a concentration
of ethanol no higher than 65%
should be used after fixation with
phosphate-buffered formaldehyde

5. State why xylene should be used after

clearing with cedarwood oil

10.

11.

12.

13;

Identify 3 universal solvents

Compare xylene, limonene
derivatives, and the aliphatic
hydrocarbons as to physical features,
disposal options, and health effects

State the possible effects on H&E
stains if water is present in the
clearing agent on the tissue processor

State how each of the following
methods is similar to paraffin and
how each differs (eg, dehydration,
clearing):

water-soluble wax (Carbowax)
celloidin

glycol methacrylate

epoxy resin

agar and gelatin

o G OB

State the appropriate processing
method or medium for:

a. electron microscopy

b. enzyme histochemistry

¢. undecalcified bone
d. fat demonstration

Identify the advantages and
disadvantages of paraffin compared
with other available embedding
media

Relate the melting point of paraffin
to hardness, section thickness, and
ribboning quality

Identify the problem encountered
when:

the infiltrating paraffin overheats
the embedding paraffin overheats
dehydration is inadequate
dehydration is excessive

clearing is inadequate

clearing is excessive

me a0 oe

14.

15.

16.

17.

18.

19.

R I R

R R

L R

Outline paraffin processing
schedules, and describe

how an increase or decrease in the
time that the specimen remains in
each solution will affect

the quality of processing

Describe the microwave processing
procedure and identify the
differences between the microwave
procedure and the procedure used on
an enclosed processor

Identify 2 means of decreasing
processing time when using paraffin

Identify at least 3 paraffin-processing
errors and describe the method of
correction for each error

Identify at least 2 quality-control
procedures used in processing tissues
for paraffin embedding

Relate rapid chilling of paraffin to
crystal size

. State why paraffin wax of small

crystalline structure is important

. Describe the proper orientation

when embedding:

skin

tubular structures

c. structures with a wall (eg,
lg)allbladder)

d. bone

oe

. State at least two ways that specimen

orientation can be indicated during
gross dissection to ensure proper
embedding
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23. Briefly describe the following 26. Identify methods for increasing the 29. Describe a method of handling
methods of decalcification: rate of the decalcification reaction paraffin tissue when areas of
a. simple acid calcification are discovered during
b. ion-exchange resin 27. State the effects of overdecalcification microtomy
c. electrolytic and underdecalcification on calcified
Sk tissue sections 30. Identify 3 methods of freezing
24. List the advantages and tissue in preparation for cutting
disadvantages of each of the 28. State the effects of decalcification on frozen sections, and indicate which
decalcification methods listed fixed and unfixed tissue procedure should be used for skeletal
muscle enzyme studies
25. Describe the methods for
determining the endpoint of L

decalcification
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Processing is usually considered to include dehydration, clearing,
and infiitration. This chapter will also discuss embedding,
decalcification, and frozen sections as special areas of processing.
Both the fixative and the processing method should be chosen
either before or immediately after removal of tissue at surgery or
autopsy. The choice of processing method may influence the choice
of fixative. For example, when frozen sections are indicated, the
tissue is not usually fixed; however, when processing for routine
studies, the choice of fixative depends primarily on the preference
of the pathologist.

Dehydration

Dehydration means the removal of water, a process necessary to
prepare the tissue for embedding in a nonaqueous medium such
as paraffin, celloidin, and some plastics. These embedding media
will not infiltrate tissue that contains water. The free, rather than
the molecularly bound, water in the tissue must be removed before
attempting infiltration with the embedding medium. However,
with excessive dehydration, bound water may be removed in a
nonadditive reaction. This results in hard and brittle tissue that
is difficult to section. If dehydration is incomplete, the clearing
agent will not act properly, and soft, mushy blocks will be the
result [i2.1]. Incomplete dehydration accounts for the vast majority
of processing problems. The dehydrating agents act to remove
water in 2 ways. Some reagents are hydrophilic (water-loving) and
attract water from the tissue, whereas other reagents dehydrate by
repeated dilution of the aqueous tissue fluids.

ALCOHOLS

Most dehydrating reagents are alcohols. Most of the absolute alco-
hols contain some water, frequently as much as 1% or 2% [Humason
1979]. If it is necessary to verify that the water content does not
exceed 2%, Humason suggests adding a few milliliters of alcohol to
a few milliliters of xylene or toluene. A persistent turbidity in the
solution indicates the presence of more than 2% water.

Because small colorless biopsy specimens are often difficult to
identify at the embedding station, eosin or phloxine frequently
is added to the absolute alcohol to dye the tissue a light pink. An
indicating dessicant, Drierite (WA Hammond Drierite Co, Xenia,
OH), has also been used both to indicate completeness of dehydra-
tion and to dye tissue for identification during the embedding step
[Carson 1970]. Both eosin and Drierite can be used with ethanol but
not with isopropanol. Eosin is insoluble in isopropyl alcohol, and
the water content of isopropyl alcohol also renders the Drierite
ineffective. Drierite cannot be used on the enclosed processors,
so eosin or phloxine should be added to the alcohols on these
processors. Because tissue is normally stained with eosin and/
or phloxine, these dyes are safe and will not interfere with later
routine staining. Mercurochrome definitely should not be used; it
contains mercury, is a hazard, and will contaminate the processing
reagents.

[i2.1] The bone in this block was not dehydrated or cleared sufficiently,
so infiltration was poor. The white area in the center of the block is soft,
indicating that this area was not well infiltrated with paraffin and it will not
be sectioned.

m Ethyl Alcohol (Ethanol)

Ethyl alcohol is a clear, colorless, flammable liquid. Because
it is drinking alcohol, ethyl alcohol is strictly controlled by the
federal government, and troublesome recordkeeping is required
if the alcohol is purchased tax-free. Ethyl alcohol is reliable
and fast acting, and is probably the best of the dehydrants. It is
hydrophilic and therefore mixes with water, as well as with many
organic solvents, in all proportions. If time permits, ethyl alcohol
should be used in a sequence of solutions that gradually increase
in concentration; this gradual increase probably reduces some of
the tissue shrinkage that occurs in the dehydration process. To
save time, the dehydration process is frequently begun with 95%
ethanol followed by absolute ethanol; however, it is a better prac-
tice to begin with 1 solution of 60% to 65% alcohol, followed by
2 changes each of 95% and absolute alcohol. When phosphate-
buffered formaldehyde solutions are used for fixation, phosphate
salts will precipitate in the tissue if the concentration of the initial
alcohol solution is greater than 70%; these precipitated phosphate
salts will cause difficulty in microtomy [Dapson 1988). Long periods
of dehydration in absolute alcohol should be avoided because this
causes excessive shrinkage and hardening of the tissue sections.

If laboratory personnel do not wish to undertake the record-
keeping demanded when using pure, tax-free ethyl alcohol, then
ethanol that has been made unfit for human consumption, usually
by adding methanol and/or isopropanol, may be substituted. This
product is known as denatured alcohol or reagent alcohol, and it
has a more pronounced odor than pure ethanol. Other additives
sometimes found in ethyl alcohol may cause fading of stains over
time, so care should be taken when selecting the type of ethyl
alcohol used.

Ethyl alcohol, if used alone, is moderately toxic with a permis-
sible exposure limit (PEL) of 1,000 ppm. It is also very flammable.
When denatured with methanol or isopropanol, it becomes much
more toxic. If disposed of in the sanitary sewer system, it must not
exceed a 24% solution; it is important that flammable concentra-
tions do not build up in the plumbing. Recycling is preferred.
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m Methyl Alcohol (Methanol)

Methanol is a flammable, clear, colorless reagent with a slightly
unpleasant odor. It is rarely used alone for dehydration, but it can
be used like ethanol. Its primary use has been for the fixation of
blood smears.

Methanol is poisonous; it is broken down to formaldehyde by the
liver and acts as formaldehyde on the body. Overexposure can cause
blindness and even death. Methanol has a PEL of 200 ppm, and care
should be taken to protect the skin from absorption of this solution.

m Isopropyl Alcohol (Isopropanol)

Isopropanol is an excellent substitute for ethanol in processing
tissue for paraffin embedding. However, many stains, such as eosin,
are insoluble in isopropanol; therefore, it cannot be substituted for
ethanol in the preparation of staining solutions. Isopropanol also
cannot be used in the celloidin technique, because nitrocellulose is
insoluble in it. Isopropanol does not have any government restric-
tions, is easily obtained, and does not harden or shrink tissue as
much as ethanol. It is never totally absolute because it contains
about 1% water; therefore, a slight amount of water also remains
in the tissue.

Isopropyl alcohol is mildly irritating to the eyes, nose, and throat,
and has a PEL of 400 ppm. It is toxic by ingestion. It is a flam-
mable reagent; for drain disposal, keep the concentration below
10%, because it is considered ignitable at higher concentrations.

& Butyl Alcohol (Butanol)

Butanol is good for dehydrating plant and animal material. It has
a pronounced odor and low dehydrating power; therefore, long
periods are required for dehydration with butanol. It is an excel-
lent dehydrant when slower processing procedures are needed, and
butanol causes less shrinkage and hardening than ethanol. The
PEL for butanol is 100 ppm.

ACETONE

Acetone is very rapid acting and less expensive than some of the
other dehydrants. According to some laboratorians, it causes
excessive shrinkage. If acetone is exposed to the air, it will absorb
water. Acetone is very volatile, and maintaining proper solution
levels can be a problem in open processors.

Acetone is very flammable, with a flash point of -17°C. The
Occupational Safety and Health Administration (OSHA) recom-
mends a PEL of 1,000 ppm of acetone, but the National Institute
for Occupational Safety and Health (NIOSH) recommends a PEL
of 250 ppm.

UNIVERSAL SOLVENTS

The term universal solvent, as used in histopathology, denotes
those reagents that avoid the use of 2 solutions; universal solvents
perform both the dehydrating and clearing steps. Dioxane,
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tertiary butanol, and tetrahydrofuran are in this group of
reagents. Most universal solvents are unsuitable for use with
delicate tissue; tissue distortion results from the heavy diffusion
currents that occur when tissue is transferred into the universal
solvent and again when the tissue is transferred into the paraffin.

B Dioxane

Dioxane produces less shrinkage during dehydration than ethanol.
Even after long periods in dioxane, tissue does not show undesir-
able changes in consistency or in subsequent staining properties.
Dioxane is a faster dehydrant than ethanol but must be used in
large volumes. It frequently contains water, and if water is left in
the tissue, dioxane may allow as much as 50% shrinkage during
infiltration. It is expensive, but may be reclaimed for reuse by
treating used solutions for 18 to 22 hours with anhydrous calcium
chloride or calcium oxide. Because of its toxicity, dioxane is rarely
used today.

Dioxane is cumulatively toxic, has a pronounced odor, and must be
used in well-ventilated rooms. The PEL recommended by OSHA is
100 ppm, but the PEL recommended by NIOSH is 1 ppm. Dioxane
is a flammable liquid and also a suspected carcinogen.

m Tertiary Butanol

Tertiary butanol is odorous, expensive, and tends to solidify at
room temperature. Following the use of tertiary butanol, half
tertiary butanol and half paraffin must be used for the initial
paraffin infiltration of tissue. If desired, this alcohol may be used
for dehydration in the staining process, because tertiary butanol
mixes with water, ethanol, and xylene in all proportions. Tertiary
butanol has a PEL of 100 ppm.

m Tetrahydrofuran

Tetrahydrofuran is miscible with the lower alcohols, water, ether,
chloroform, acetone, benzene, toluene, xylene, and melted paraffin.
It is much the same as dioxane in properties and use, but unlike
dioxane, tetrahydrofuran is not a cumulative toxin. Tetrahydrofuran
acts rapidly without causing excessive shrinkage and hardening,
and it is the best of the universal solvents. It is very useful in the
reprocessing of inadequately dehydrated and cleared tissue. It will
not dissolve dyes, but will dissolve mounting media; therefore, it
can be used for the dehydration and clearing of stained sections.

Tetrahydrofuran has a rather offensive odor, and may be harmful
by inhalation, ingestion, or skin absorption. It has been known to
cause conjunctivitis, and skin contact may cause dermatitis. Long-
term exposure may cause kidney or liver damage. It is very volatile,
has a flash point of —14.5°C, and the lower explosive limit in air is
11.8%. Explosive peroxides also may be formed. Tetrahydrofuran
has a PEL of 200 ppm as an 8-hour, time-weighted average, and
250 ppm as a short-term exposure limit (STEL).



Clearing

The process of clearing was originally termed as such because the
reagents used for this step have a high index of refraction and will
render tissue transparent. Clearing agents must be miscible with
both the dehydration agent and the infiltration medium, which
most frequently is paraffin. Clearing agents are sometimes referred
to as dealcoholization agents; their primary purpose is to remove
the alcohol used for dehydration and to make the tissue receptive
to the infiltration medium. Inadequate clearing will be followed by
inadequate infiltration of tissue with the embedding medium. As
seen with incomplete dehydration [i2.1], the resulting tissue is soft
and mushy. Prolonged periods in many of the clearing agents will
produce hard, brittle tissues. Wynnchuk [1993] states that the time
of tissue exposure to the hydrocarbon clearing agents is critical,
because excessive dealcoholization can cause further denaturation
of tissue proteins in the same way that excessive dehydration does.
This results in difficulties with microtomy.

XYLENE

Xylene is the most widely used clearing agent, and although
substitutes have been proposed, few have found widespread
acceptance. Prolonged treatment with xylene should be avoided,
as tissue tends to become overhardened. Fibrous, muscular, central
nervous system or cartilaginous tissues are especially affected
by the hardening property of this hydrocarbon. Xylene is rela-
tively rapid in displacing alcohol and is miscible with paraffin;
however, it is rather intolerant of any water left in the tissue. As
with any of the aromatic hydrocarbon clearing agents, tissue that
is adequately dehydrated and then cleared with xylene becomes
transparent. This property of xylene may be used to determine
the adequacy of clearing before embedding the tissue, and correc-
tive action may be taken when indicated. Xylene turns cloudy in
the presence of water; if the xylene on the tissue processor is ever
noted to be cloudy, the reagent should be changed immediately.

Xylene is a flammable reagent and is considered a hazardous
substance, so waste solutions either must be recycled or disposed
of in an approved manner. Xylene may not be poured down the
sink, because it does not mix with even small quantities of water.
Xylene has a PEL of 100 ppm, a short-term exposure limit of 150
ppm, and it should be used with adequate ventilation. It is a neuro-
toxin with short-term intoxication effects of headaches, dizziness,
lack of coordination, mental confusion, and fatigue. Repeated
exposure can cause central nervous system damage. It is also
a defatting agent, and contact with the skin should be avoided.

TOLUENE

Toluene does not overharden tissue as much as xylene; in fact,
tissues may remain in toluene overnight without harm. It is consid-
ered by many laboratory workers to be the best of the aromatic
hydrocarbon clearing agents, a group of reagents that includes
xylene, toluene, and benzene. According to Wynnchuk [1990, 1993],
toluene has a greater tolerance for atmospheric water contamina-
tion than xylene. She found that much of the universal problem

[2.2] Uneven staining, most likely caused by contamination of the clearing
and/or infiltration reagents with water. The contamination may be caused
by absorption of water by the dehydrating agents in time of high relative
humidity, or by condensation of the fixative on the processor lid and then
contamination of the succeeding reagents. The problem is worse on small
tissues, as in skin, endometrium, and gastrointestinal biopsies [Wynnchuk 1990].

with uneven H&E staining and poor nuclear chromatin patterns
[i2.2] was the result of incomplete clearing. She related the incom-
plete clearing to moisture in the clearing agent from such causes
as excessive laboratory humidity, or evaporation of the fixative
solution with subsequent condensation on the processor pot or
chamber lid and then contamination of the succeeding reagents.
When the relative humidity is high, hygroscopic substances such
as absolute ethanol absorb more water vapor from the atmosphere
to reach equilibrium with the environment, so water still remains
in the tissue when it reaches the clearing step. With a closed
processing system, if there is evaporation and condensation of
the fixative, the rise and fall of pressure from the vacuum system
during the remainder of the processing cycle will dislodge some of
the fixative droplets, and they will fall into the processing chamber
or onto the cassettes. Wynnchuk [1994] corrected the problem with
excessive humidity by substituting toluene for xylene; the evapo-
ration and condensation of fixative was attributed to a processor
problem.

Toluene is flammable and more volatile than xylene, and has a PEL
of 50 ppm and a short-term exposure limit of 150 ppm.

BENZENE

Benzene is very fast acting and does not overharden tissue like
xylene; however, it hardens muscle, tendon, and uterus more than
does toluene. Benzene evaporates rapidly from the paraffin bath;
therefore, the paraffin used for infiltration does not require rota-
tion and changing as frequently as other clearing agents. In open
processors, the appropriate volume of reagent is difficult to main-
tain because benzene is very volatile.

Benzene should not be used because it is very toxic, with a PEL

of 10 ppm (OSHA) or 0.1 ppm (NIOSH). It is also a carcinogen,
primarily affecting blood and bone marrow.
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CHLOROFORM

Chloroform leaves tissue less brittle than does xylene. It penetrates
slowly, making clearing a longer process. Because chloroform
readily absorbs atmospheric moisture, it should be used in tightly
covered containers. Chloroform tends to desiccate connective
tissue, but even so, it is a better clearing agent than the aromatic
hydrocarbons for uterus, muscle, and tendon. It is very volatile,
which makes fluid levels difficult to maintain in open processors.
Transparency of tissue cannot be used to determine the end point
of clearing after immersion in chloroform, because chloroform
does not make tissue transparent.

Chloroform is not flammable or combustible, so it presents serious
disposal problems because it cannot be incinerated or burned.
Heating chloroform solutions may cause the formation of phosgene,
a toxic gas. Chloroform has a PEL of 50 ppm, and it is a carcinogen.

ACETONE

Acetone is not mentioned in the literature as a clearing agent;
however, because acetone has a very low boiling point (58°C), it
will boil oft and be replaced by paraffin, provided the paraffin
baths are kept at 58°C or higher. Because acetone is boiled off, the
paraffin baths do not become contaminated as easily as with the
other clearing agents, and the baths do not need to be changed
as often. Because acetone also can be used for dehydration, it can
be used like the universal solvents. Tissue cleared with acetone
will show more shrinkage than those that have been cleared with
xylene. The safety considerations for acetone have been described
in the section on dehydration.

ESSENTIAL OILS

The essential oils are very expensive and they are used today
only for special projects. They are volatile and usually have the
characteristic odor of:the flavor of the plant from which they are
obtained; the odor is usually very strong and can be nauseating if
the oil is not used with adequate ventilation. Although the essen-
tial oils are volatile, the volatility is not sufficient to allow ready
replacement during paraffin infiltration, and if oil remains in the
tissue, microtomy is frequently difficult. For this reason, the oil
should be removed by an aromatic hydrocarbon clearing agent (eg,
xylene or toluene) before infiltration. Essential oils that have been
used are clove, origanum, sandalwood, and cedarwood; the best
known and most widely used of these was cedarwood, which will
clear alcohol-dehydrated tissue quickly and will not cause further
tissue shrinkage. Unlike most clearing agents, cedarwood oil will
clear tissue after dehydration with 95% alcohol. It hardens and
damages tissue less than any other known clearing agent; tissue
may remain in cedarwood oil indefinitely without harm.

LIMONENE REAGENTS (XYLENE SUBSTITUTE)

Limonene reagents have become popular during the past decade,
and are usually referred to as xylene substitutes because they
are used in the place of xylene during processing. Some of these
reagents can have an overpowering citrus odor. These limonene

reagents tend to harden tissue less than xylene, but they do cause
more contamination of the paraffin, making it necessary to change
the paraffin more frequently.

Although it was generally regarded as safe when it was intro-
duced, limonene is considered to be an irritant and sensitizer in
its concentrated form. Therefore, prolonged or repeated exposure
predisposes individuals to allergic reactions [Dapson 1995]. It may
cause difficulty in breathing and can also cause headaches; in
our laboratory, 1 technician subject to asthma could not tolerate
this reagent. PELs are unavailable for inhalation toxicity of the
limonene reagents. Even though it is said to be biodegradable, it is
not water-soluble, so it cannot be disposed of in the sanitary sewer
system. It is against Environmental Protection Agency (EPA) regu-
lations to dispose of substances in the sanitary sewer system that
are not miscible with water.

ALIPHATIC HYDROCARBONS (XYLENE SUBSTITUTE)

The newest class of clearing agents is the aliphatic hydrocarbons,
generally called alkanes. These reagents are low in reactivity and
toxicity, and are from the same family of compounds as propane,
butane, petroleum jelly, and paraffin wax. Based on the chain length
ofithe molecule, aliphatic hydrocarbons have 2 subclasses. The light
weight (short chain) aliphatics are usually chosen for use in histo-
technology because they penetrate tissue faster, remove fat more
effectively, and when used in the staining process, allow coverslips
to dry in the usual fashion [Dapsen 1995]. The major disadvantages of
the aliphatics are their intolerance for water and their incompat-
ibility with some mounting media. These reagents may be difficult
to use in areas of high humidity because of atmospheric moisture
absorbed into the alcohol preceding the clearing agent. In an exten-
sive evaluation of xylene substitutes, Wynnchuk [1994] compared
several proprietary limonene and aliphatic hydrocarbon clearing
agents with xylene and toluene in a blind study. She found that the
aliphatic hydrocarbon scores were comparable with or better than
xylene, but that some proprietary aliphatic hydrocarbon reagent
scores were better than others. The reader is referred to her article
for a complete evaluation based on brand name. The aliphatic
hydrocarbons can be used on all tissue processors and automated
stainers; however, they are not reccommended for use on automatic
coverslipping instruments. A comparison of the attributes of
xylene, limonene, and the aliphatic hydrocarbons is shown in [t2.1].

Because the aliphatic hydrocarbons are less aggressive than xylene,
methods of processing and staining become even more critical and
adjustments in the procedures are usually necessary. The methods
recommended by Dapson [1995] for making the aliphatic hydro-
carbons work are shown in [t2.2]. The aliphatic hydrocarbons are
nonirritating and nonsensitizing, with an 8-hour exposure limit
of 300 ppm.

UNIVERSAL SOLVENTS

The universal solvents used for clearing include dioxane
tertiary butanol and tetrahydrofuran (see section entitled
“Dehydration”).



[t2.1] Comparison of attributes of xylene, limonene, and aliphatic hydrocarbons*

Attributes Xylene
Health effects
TLV 100 ppm
Irritant Yes
Sensitizer No
Neurological effects Yes
Physical features
Fire class Flammable
Evaporation rate Moderate
Odor Moderate
Solvent power Strong
Hardening effects on specimens Harsh
Disposal options
Recycling Yes
Licensed hauler Yes
Restriciions on mounting media No

Limonene Aliphatic hydrocarbons
Not established 300 ppm

No No

Yes No

No No

Combustible Combustible’

Slow Moderate

Strong Nearly odorless

Moderate Selective

Moderate Very gentle

No Yes

Yes Yes

¥ Several brands not compatible

*Reprinted with permission from (Wynnchuk 1994] and [Dapson 1989].
'One brand in the study was flammable.

*Be certain that either the limonene-based or the mounting medium contains an antioxidant to prevent fading. Some combinations of brands should be avoided.

OTHER CLEARING AGENTS

Carbon tetrachloride, carbon bisulfide, and aviation gasoline have
been used for clearing, but their associated hazards are such that
these chemicals have no place in the histopathology laboratory.

[t2.2] Changes associated with a change to the
aliphatic hydrocarbons*

Making xylene substitutes work

Use 3 stations of clearant on the tissue processor

Use 3 stations, 3 minutes each, to deparaffinize sections

Rotate alcohols after eosin carefully

Keep anhydrous alcohol dry

Coverslip “upside down™

*Reprinted with permission from [Dapson 1995].
'Apply the mounting medium to the coverslip and lower the slide at an angle
and upside down over the coverslip.

Infiltration

After dehydration and clearing, tissue must be infiltrated with
the supporting medium. This medium, generally referred to as an
embedding medium, holds the cells and intercellular structures in
their proper relationship while thin sections are cut. With paraffin
especially, it is important that the tissue be dehydrated and cleared
very well, or the tissue will not be infiltrated completely. If the
infiltration medium cannot completely replace the clearing agent,
then problems will be noted on the H&E-stained section. Complete
dehydration and clearing are not as critical with some of the other
infiltration media.

PARAFFIN

Paraffin wax remains the most popular medium because large
numbers of tissue blocks may be processed in a comparatively
short time, serial sections are easily obtained, and routine and
most special staining can be done easily. Paraffin is a fairly inert
mixture ofhydrocarbons produced by the cracking of petroleum.
The commercial paraffins marketed for embedding contain various
additives such as beeswax (reduces crystal size and increases
stickiness and adhesion), rubber (reduces brittleness, increases
stickiness, and makes the formation of ribbons during sectioning
easier), other waxes (produce smooth texture and smaller crystal
size), and plastics (increase hardness and support). These additives
also enhance the ability of paraffin compounds to provide support
for hard tissues. Ribbons are formed when the first section cut
adheres to the microtome knife blade and each subsequent section
adheres to the edge of the section immediately preceding it. Each
new section cut will push the preceding section away from the
knife edge.

In choosing the paraffin for use, several factors must be considered.
In general, the properties of paraffin vary with the melting point.
As the melting point increases, the paraffin becomes harder and
provides better support for hard tissue. Thus, thinner sections
can be obtained, but ribboning becomes more difficult. As the
melting point decreases, the wax becomes softer and provides less
support for hard tissues. Thin sections also become more difficult
to obtain, but ribboning becomes easier. Sheehan and Hrapchak
[1980] also relate paraffin hardness to the plastic point, or the
lowest temperature at which permanent deformation can occur
without fracture. The plastic point varies with the paraffin and
is a few degrees below the melting point. Ideally, paraffin should
be matched to the hardness of the tissue to be sectioned, the
temperature at which sectioning is to be done, and the stain to be
used. For most immunohistochemical techniques that can be done
on paraffin-embedded tissue, paraffins with lower melting points
have become popular because heat may inactivate the antigens.
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Paraffin with a melting point of 55°C to 58°C is commonly used for
routine work; this seems to be the best compromise for providing
good support for most tissues, yet allowing good ribboning and
the ability to obtain thin sections.

Tissue should remain in paraffin the shortest time necessary
for good infiltration because exposure to prolonged heat causes
shrinkage and hardening. The supply of melted paraffin should be
kept 2°C to 4°C above the melting point because tissues exposed
to overheated paraffin during infiltration will overharden.
Overheating the embedding paraffin may change the sectioning
quality, but because tissue is not immersed in this paraffin for
a long period at the higher temperature, the tissue will not be
affected.

Paraffin infiltration is greatly aided by vacuum; however, vacuum
and heat should be applied cautiously when processing very small
specimens because it frequently results in overhardening. It is
difficult to process biopsy specimens and larger specimens such
as breast or uterus on the same processing cycle and achieve good
results with each. Biopsy specimens should be processed on a much
shorter cycle than larger specimens; if they must be processed
overnight, they should be put on a separate processor and held in
fixative for a much longer time. Large and fatty tissues will not be
processed adequately on the shorter cycles. If a schedule that gives
good processing ofilarger specimens is used on biopsy specimens,
it will result in hard, friable tissues that are difficult to section
or that will contain microtomy artifacts. This overprocessing also
leads to staining problems.

Because of the wide variation of processing instrumentation found
in histology laboratories, only examples of protocols for overnight
processing of large and fatty tissues (protocol 1) and for processing
biopsy specimens (protocol 2) are given. Each laboratory will have
to formulate its own schedule depending on instrumentation,
time constraints, and reagent choice. Because open processors are
rarely used today, no protocols for their use will be given. Heat
should be used, with rare exception, only in the paraffin infiltra-

[i2.3] Staining problems resulting from improper processing. The hazy blue
nuclei are the result of improper use of heat on the processor. With rare
exception, only the paraffin should be heated;all other reagents should be at
ambient temperature. [Image courtesy of Dapson RW, Anatech Ltd}
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tion step. Heating of all reagents can cause overprocessing and
later problems with staining [i2.3].

m Protocol 1
This is an example of solutions and times for routine overnight
processing with a closed system [t2.3].

[t2.3] Solutions and times for routine overnight
processing with a closed system

Solution Time and conditions
Formalin, 10% 2 hours (no heat, vacuum)
Alcoholic formalin 1 hour (no heat, no vacuum)
(see “Fixation”)
Alcoholic formalin 1 hour (no heat, no vacuum)
Alcohol, 95% 1 hour (vacuum only)
Alcohol, 95% 45 minutes (no heat, no vacuum)
Absolute alcohol 45 minutes (vacuum only)
Absolute alcohol 1 hour (no heat, no vacuum)
Xylene 1 hour (no heat, no vacuum)
Xylene 1 hour (vacuum only)
Paraffin 30 minutes (no vacuum)
Paraffin 1 hour (no vacuum)
Paraffin 1.5 hours (vacuum only)

m Protocol 2

[ have found Protocol 2 to be excellent for processing small biopsy
specimens (eg, needle biopsies) on which a rapid diagnosis is
needed. Vacuum is used on all stations, but heat is used only with
the paraffin. The specimens should be allowed to fix at least 30
minutes before being placed on the processor; frequently different
fixatives are used so no fixative is included on the processor. This
is an example of solutions and times for the rapid processing of
biopsy specimens [t2.4].

[t2.4] Solutions and times for rapid processing

of biopsy specimens

Solution Time

Alcohol, 65% 15 minutes
Alcohol, 95% 15 minutes
Alcohol, 95% 15 minutes
Absolute alcohol 15 minutes
Absolute alcohol 15 minutes
Xylene 15 minutes
Xylene 15 minutes
Paraffin 15 minutes
Paraffin 15 minutes
Paraffin 15 minutes




m Quality Control of Paraffin Processing

Adequate reagent volume must be maintained in the processor
containers to ensure high-quality tissue sections. The reagents
also must be rotated or changed frequently. Hydrometers, which
measure specific gravity but also can be calibrated to read the
percentage of alcohol directly, may be used to check alcohol for
suspected contamination. However, to ensure consistent quality of
sections, a routine schedule should be established for the rotation
and changing of reagents [f2.1]. The frequency of change can be
determined in 1 of 2 ways. In a large laboratory where processors
are filled to capacity each day, reagents should be changed on a set
schedule, but in smaller laboratories where the workload varies
day by day, the frequency of change should be determined by the
volume of tissue processed. The quality control chart can be taped
to the front or side of the processor and checked each day as the
reagents are monitored.

Quality control of the paraffin infiltration containers is also very
important. Temperatures must be recorded daily, necessary adjust-
ments in the temperature must be made, and any corrective actions
must be documented. If not monitored and changed frequently, the
paraffin will become contaminated with clearing agent. Paraffin
containers should be rotated routinely with frequent changes of
fresh paraffin. Where possible, 3 changes of paraffin are recom-
mended for infiltration, and the last change should never have an
odor of clearing agent.

®m Microwave Oven Processing

Within the last decade, tissue processing with the microwave oven
has been introduced into more and more laboratories. Although it
is also used for large tissue sections, this technology is especially
useful for biopsy tissues. Numerous commercial microwave ovens
are available, and for the purpose of processing tissues, only labo-
ratory models should be used. Household microwave ovens are
not satisfactory for this purpose, because the temperature must be
carefully controlled and the microwave must be vented just like a
chemical fume hood.

Tissue should be thoroughly fixed before being placed in the
microwave oven, or fixation will be completed by the alcohol and
lead to morphologic changes less familiar to the pathologist. If
desired, fixation and cross-linking can be speeded up with micro-
wave technology. Only a procedure for processing 1-mm-thick
tissues will be described as an example of microwave processing.

It uses only 3 reagents (ethyl alcohol, isopropyl alcohol, and
paraffin), and requires approximately 45 minutes [Willis 2007).

1. Place fresh tissues in labeled cassettes, and fix for 30 minutes.
Place on an agitator or mechanical stirrer to enhance fixation.

2. Rinse cassettes with water to eliminate the possibility of salt
precipitation when the cassettes are placed in ethyl alcohol.

3. Place cassettes into the nonstick (Teflon) processing rack. 20
cassettes will fit in 1 rack; leave the top level empty to allow for
evaporation. (When processing fewer than 8 cassettes, place at
least 8 empty cassettes in the bottom of the rack to regulate the
temperature and ensure proper processing.)

4. Place processing rack in plastic container, and fill with 100%
ethyl alcohol to rinse off water. Discard alcohol and fill with
400 mL of fresh 100% ethyl alcohol.

5. Place the plastic container in the microwave oven, and place the
temperature probe centrally into the container, making sure
that the probe does not touch the cassettes.

6. Microwave at a temperature of 67°C for 5 minutes.

7. Remove the plastic container and processing rack from the
microwave, remove the rack from the container, and drain on
a paper towel.

8. Place the processing rack into the emptied plastic container,
and fill with isopropyl alcohol.

9. Place the plastic container in the microwave, insert the
temperature probe, and microwave at a temperature of 74°C
for 3 minutes.

10. Remove from the microwave, and place the processing rack
into an empty container, and fill with paraffin that is at a
temperature setting of 60°C. Agitate the rack so that the excess
isopropanol will mix with the paraffin. Pour this paraffin into a
paraffin pot that is at a temperature of 84°C. Refill the container
with fresh 60°C paraffin.

11. Place the container in the microwave, insert the temperature
probe, and microwave at a temperature of 65°C for 2 minutes.
During microwaving, open the microwave door and agitate the

Month: Year:
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

[f2.1] An example of a quality control chart for monitoring reagents on the tissue processor. 1. Place a “U” (used) on each day for each time that tissue, or a “run,”
is processed. 2. After the processor has been used twice, or two runs have been processed, rotate the containers of fixative, 95% alcohol, absolute alcohol, and xylene.
Place a fresh solution last in each type of solution. Indicate rotation with an “R.” 3. Paraffins are to be rotated after using three times. Indicate rotation and fresh

paraffin with “PC.”
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rack several times to ensure temperature consistency. Increase
the temperature setting to 84°C and microwave for 5 minutes.
Any residual isopropyl will be boiled off at this temperature.

12. Remove the container from the microwave, dump the paraffin
in the paraffin pot set at 84°C, remove the processing rack, place
the cassettes in the embedding center, and embed tissues.

13. A tissue section processed in a microwave oven is shown
in [i2.4]. Technical aspects, along with some of the safety
considerations, of microwave ovens will be discussed in
chapter 3, “Instrumentation,” p67.

WATER-SOLUBLE WAXES

Water-soluble waxes, usually referred to as Carbowax (Union
Carbide Corp), are solid polyethylene glycols that are water soluble
and are used only for special projects. Mixtures of Carbowax
4000 (a hard, dry, flaky compound) and Carbowax 1000 or 1500
(blends of liquid polyethylene glycol and wax) are used. Water-
soluble waxes will infiltrate tissue directly from aqueous fixatives;
because dehydration and clearing are unnecessary, fat will not
be dissolved and may be demonstrated on the embedded tissue
sections. However, Carbowax will not infiltrate tissue containing
large amounts of fat (adipose tissue), and tissues such as those
of the central nervous system require long periods of impregna-
tion. Any well-fixed tissue is suitable for use with this method,
and tissue may be embedded after infiltration with melted wax
(usually 56°C to 58°C) to the point where the tissue sinks to the
bottom of the dish. Usually 3 changes of wax for a total of 3 hours
are recommended for infiltration. Some enzymes will remain
active and may be demonstrated in sections of tissue embedded in
Carbowax. Tissue embedded in water-soluble waxes will remain
softer than that embedded in paraffin.

The greatest problem encountered with the water-soluble waxes
is in the “floating-out” of sections; sections dissolve on the usual
flotation bath, causing diffusion currents, disruption, and disin-
tegration of the tissue. Various flotation solutions have been
proposed to combat this difficulty. Examples are the solution

[i2.4] This section from a rectal tumor was fixed in formalin and then
microwave processed. [image courtesy of Willis D, Milestone Medical]
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developed by Blank and McCarthy [1979], which contains 0.2 g of
potassium dichromate and 0.2 g of gelatin in 100 mL of distilled
water, and the solution of Jones et al [1959], which contains 100 mL
of diethylene glycol, 7 mL of concentrated formaldehyde, 1 mL of
Carbowax, and 400 mL of distilled water.

Like paraffin, Carbowax should be cut chilled, although the block
must be cooled in a refrigerator because the wax is water-soluble.
With experience, 3- to 5-pm sections can be cut easily. In fact,
some technicians believe that if the blocks are well chilled and the
wax has not become hydrated, thin sections are easier to obtain
with Carbowax than with paraffin. The wax is also hygroscopic,
so blocks are best stored sealed in polyethylene bags containing a
small amount of desiccant.

CELLOIDIN

Celloidin is used as a generic term for any type of nitrocellulose
compound used for embedding. Parlodion (Mallinkrodt Chemical
Works, Paris, KY) is the compound most frequently used, but this
method of embedding is rarely used except in research and neuro-
pathology laboratories. Any fixative may be used before processing.

Processing for celloidin embedding involves dehydration with 95%
and absolute ethanol, treatment with a solution of equal parts of
absolute alcohol and ether, and then infiltration with celloidin
dissolved in equal parts of absolute alcohol and ether. Infiltration
with celloidin usually begins with a 2% solution, and the tissues
are gradually carried through a graded series of solutions up to
12% to 14% celloidin, which is considered “thick celloidin.” This is
also the embedding compound. Blocks of tissue are embedded in
the 12% to 14% solution, and the celloidin is allowed to thicken by
slow evaporation until it achieves the consistency of a gum drop.
The blocks are hardened with chloroform and then cut either wet or
dry. If the wet method is used, the block, knife, and sections must
be kept wet with 80% alcohol. For the dry method, the blocks are
infiltrated with cedarwood oil before sectioning and then may be
cut dry. The cut sections in either method must be kept wet with
80% alcohol until stained. Staining is tedious, because although
there are methods for mounting the sections on slides before
staining, most often each section is hand stained and mounted
on a slide just before clearing with xylene. Long-term storage of
celloidin blocks is a problem because they must be held in 80%
alcohol. For further information on the wet and dry celloidin
methods, the reader is referred to the Manual of Histologic Staining
Methods of the Armed Forces Institute of Pathology [Luna 1968].

Many neuropathologists believe that celloidin is without equal for
processing and embedding tissues of the central nervous system.
Because heat is not required in any step of processing, shrinkage
and hardening are minimal; however, serial sections and thin
sections are difficult to obtain. The processing of large blocks with
minimal cellular distortion is possible if one has the extra time
this technique requires. The process may require weeks or even
months to complete.

This is a hazardous method because both anhydrous ether and
nitrocellulose are used, and both of these reagents are explosive.
Because of the time required and the associated hazards, celloidin



is rarely, if ever, used in surgical pathology laboratories. If solid
strips of celloidin have decomposed to a crumbly powder, the
container should not be moved, and a professional hazardous
materials team may be needed for disposal.

PLASTICS

m Glycol Methacrylate

Glyeol methacrylate (GMA) is an acrylic resin that is miscible with
water; however, infiltration is usually performed after dehydration
of the tissue with 93% alcohol. GM A is converted to a crystal-clear,
hard solid by polymerization. 'This medium provides an excellent
support for very hard tissue, such as undecalcified bone, and it
allows 1- to 2-um sections to be cut. Glass knives must be used
to obtain good thin sections. Cellular detail is well preserved and
distortion is minimal with GMA; it is especially useful for kidney,
bone marrow, and lymph node biopsy specimens. Although fairly
large sections can be cut, microtomy is more difficult than with
paratfin. ‘The embedding medium usually is not removed from
sections, which makes some staining ditficult, if not impossible,
to perform. Unlike parathin sections, GMA-embedded tissues
are receptive to some enzyme techniques. GMA sections do not
adhere well to glass slides, tending to loosen in alcoholic and
alkaline solutions. Staining is generally more difficult than with
paraflin sections, but the time required can be reduced by the use
of the microwave oven.

"lhe chemicals used in this technique are hazardous; they should
be used under a hood, and skin contact should be prevented. 'The
catalyst benzoyl peroxide is a strong oxidizer: heat, shock, or
contact with other materials should be prevented because they
could result in fire or explosive decomposition.

W Epoxy Resins

Epoxy resins require dehydration of the specimen, and unless
miscible with ethanol, they also require the use of a transitional
fluid. Transitional fluids are synonymous with clearing agents
used in the paraffin process, and propylene oxide is used most
frequently for this purpose when embedding in an epoxy resin.
The most commonly used epoxy resins are Araldite, Epon, and
Spurr. ‘The final embedding mixtures contain epoxy resins, hard-
eners, and catalysts; polymerization is commonly done at approxi-
mately 60°C, and a hard block is the result. Because some of these
resins cause contact dermatitis and others are toxic, skin contact
should be avoided.

These resins are required as embedding media when electron
microscopy or ultrastructural examination of tissue is desired,
because the very thin sections necessary for good resolution can
be obtained only from epoxy resin-embedded material. With
properly embedded tissue and a good diamond Kknife, sections
60- to 90-nm thick can be cut. For light microscopic examination
and orientation, 0.5-pm sections, frequently referred to as “thick”
sections, are used; these sections are cut with a glass knife. TFor
specific methodology, refer to chapter B, “Electron Microscopy.”
P34,

AGAR AND GELATIN

Agar and gelatin can be used to produce a single block of friable
tissue or multiple fragments when cutting frozen sections. For
gelatin embedding, the tissue is washed overnight, impregnated for
24 hours with a 12.5% solution of gelatin at 37°C, impregnated for
24 hours with a 25% solution at 37°C, and then embedded in 25%
gelatin. The block is allowed to solidify, or harden in the refrig-
erator, and then further hardened by immersion in 5% formalin
for 24 hours. Tissue also can be embedded with agar or gelatin
and a block formed for processing. This may be done by placing
the properly oriented tissue fragments on a glass slide and drop-
ping warm 23% gelatin on top. After allowing cooling, the gelatin
“block™ can be removed from the slide and placed in fixative; it is
processed as usual. This ensures that proper orientation is main-
tained during processing and embedding.

30% SUCROSE

Perhaps the most satisfactory method for obtaining frozen
sections from formalin-fixed, unprocessed tissue is to infiltrate
it with an aqueous solution of 30% sucrose before it is frozen.
Sucrose is widely regarded as a cryoprotectant, and high-quality
frozen sections may be obtained following its use. Because the
tissue is already fixed, staining is easily performed using routine
H&E stains as well as fat stains. Like other frozen sections
on fixed tissue, slides must be dried well to ensure section
adhesion.

Troubleshooting Processing

The most common problems encountered in processing are over-
or underprocessing of tissue. When tissue is well and completely
fixed, the processing problems will be minimized, but tissue today
is rarely well fixed when processing is begun.

PRECIPITATE IN THE PROCESSOR CHAMBER AND IN
THE TUBING

This is caused when either zinc- or phosphate-buffered formalin is
used for fixation and then dehydration is begun with alcohol more
concentrated than 70%. It also is caused by the pH of zinc formalin
rising above 7.0. The precipitates will also be in the tissue and make
microtomy ditticult. It can be prevented or corrected by:

« beginning dehydration with 60%-65% alcohol

« ensuring that the pH of the zinc formalin solution remains
below 7.0

« removing the precipitate by rinsing the chamber and tubing

with a dilute solution of acetic acid (5%-20%)

OVERDEHYDRATION
The result of excessive dehyvdration will most frequently be seen
as microchatter around the edges of the tissue on H&E-stained
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sections [i2.5]. It is commonly seen on biopsy specimens. Usually
too much time has been allowed in the dehydrating solutions. This
can be prevented by:

« processing biopsy tissues separately from larger tissues,
carefully controlling the time of dehydration

« decreasing the time allowed in the dehydrating solutions

POOR PROCESSING

The results of this problem are most often noted on H&E-stained
sections by the poor nuclear staining or even the absence of
staining in some nuclei [i2.2, p35]. The most frequent cause of this
problem is water remaining in tissue when it is placed in clearing
agent, resulting in poor clearing and infiltration; however, it can
also be caused by improper quality control of the processor. There
may be clearing agent in the paraffin, too much heat used during
processing, or mechanical problems with the processor. This can
be prevented by ensuring complete fixation and then:

o ensuring that no condensation is occurring in the processor,
with either fixative or alcohol droplets dropping onto the
tissue

« ensuring that the absolute alcohol has not absorbed water or
become diluted

« ensuring that there are no mechanical problems with the
processor

« ensuring that a good schedule of reagent rotation is developed
and maintained

« using heat only for the paraffin

SPONGE ARTIFACT

A sponge artifact (cross-hatching as seen in [i2.6] or triangular)
is created when the tissue is placed between 2 dry sponges for
processing. Either a pressure artifact, or an artifact created by
trying to separate the tissue from the sponge at the embedding
table, will be seen on stained sections. This may be prevented by
ensuring that the tissue is placed between sponges that have been
presoaked in the fixative.

TISSUE ACCIDENTALLY DESICCATED

Accidental desiccation of tissue rarely happens, because open
processors are no longer used in most laboratories. If it does
happen and the tissue has been fixed, then tissue morphology
usually can be recovered to the extent that a diagnosis can be
made. If the tissue has been in paraffin, blot off as much as possible
with paper towels, and then place the tissue in a rehydrating solu-
tion composed of 50 mL water, 30 mL absolute alcohol, and 20 mL
of 5% aqueous solution of sodium carbonate [Zimmerman 1976]. Soak
overnight, and then reprocess as usual.
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[i2.5] This section has been overdehydrated, causing the chatter seen at the
edge of the gastrointestinal biopsy specimen.

[i2.6] The cross-hatching artifact seen at the edge of this section was
caused by placing the tissue between dry sponges for processing.

Embedding and Specimen Orientation

Embedding, also referred to as casting or blocking, involves
enclosing the tissue in the infiltration medium used for processing
and then allowing the medium to solidify; the method of
processing is determined by the embedding medium to be used.
Only embedding of tissue processed by the paraffin method is
presented in detail in this chapter; embedding of tissue processed
by many of the other methods uses the same principles. Commonly
the type of paraffin used for infiltration is also the paraffin used
for embedding, but this does not have to be the case. The factors
involved in the choice of paraffin are discussed thoroughly under
infiltration media. One of the most important factors is the choice
of melting point and its influence on support and ribboning quality.
The higher the melting point, the better the support for hard
tissues, and the easier it is to obtain thin sections, but the ribboning
becomes more difficult. The opposite is true as the melting point
decreases: poorer support is provided for hard tissues, thin sections
are more difficult to obtain, but the ribboning becomes easier.

Specimen orientation is the most critical step in embedding,
because microtomy may ruin incorrectly oriented tissue with the
first section cut. Many sections are large and flat, and so are easily



oriented. Usually, on these large, flat sections, the only determina-
tion to be made is which surface to embed down (the surface to be
cut) in the mold. Normally, we place the side that is down in the
processing cassette down in the mold, but if it is critical that the
tissue not be flipped over and the wrong side placed down, then
the “up” side can be notched lightly with a “V” [f2.2a]) or can be
marked with India ink or a tattoo ink [f2.2b]). Inking is frequently
used to indicate margins and to help pathologists with microscopic
orientation. Different colored tattoo inks are available, so that 2 or
more colors can be used on the same specimen to aid in subse-
quent identification of important aspects of the specimen.

It is very important that light pressure be applied over the entire
specimen during the orientation and initial chilling so that the
tissue will be embedded flat; otherwise, a complete section cannot
be obtained [i2.7]. The orientation of hard tissue, such as bone,
can greatly affect the ability to obtain good sections. Such tissues
will section more easily if they are embedded diagonally in the
mold and not parallel with the mold edges [i2.8]. The knife will
cut first into a small area of tissue and then will be introduced
gradually to a greater surface area instead of hitting the largest
surface all at once. In fact microtomy is easier if most tissues are
embedded diagonally. Tissues with a wall, such as cysts, gall-
bladder, and the gastrointestinal tract, must be embedded on edge
so that all layers are visible [i2.9]. Tubular structures, such as fallo-
pian tubes or the appendix, are embedded in cross-section so that
the lumen and all layers of the mucosa, submucosa, and external
muscle layers are obvious microscopically [i2.10]. Skin should be
embedded so that the epidermis, or epithelium, is facing 1 side of
the mold (neither turned up nor down). If more than 1 piece of
skin is to be embedded in the same block, then the epidermis of
all pieces should be faced to the same side of the mold. Multiple
small pieces to be embedded in the same block should be care-
fully arranged in a line parallel to the longer axis of the mold and
never just randomly placed in the mold [i2.11], [i2.12]. The careful
alignment of multiple pieces will help ensure that the pathologist
does not overlook a piece during microscopic evaluation and that
optimum sectioning conditions are also maintained. Tissue should
be embedded in the center of the mold with a margin of paraffin
around the tissue, but the mold should be selected carefully so that
the margin is small. Ribboning may be difficult if the tissue is not
properly embedded [i2.13].

Because tissue can be transferred easily from 1 block to another
at the embedding center, it is good practice to open and embed 1
cassette of tissue at a time. If the process is interrupted, there is no
doubt regarding which block is being embedded, and tissue cannot
accidentally be transferred to other open cassettes. The embed-
ding forceps should be wiped with gauze between blocks to avoid
“forceps metastasis,” which occurs when fragments of tissue are

top block surface_
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[£2.2] 1dentification of specimen surfaces for embedding. a, notched;
b, marked with tattoo ink.

[2.7] The brain tissue in the block was not embedded flat and the section
is incomplete. The darker area at the bottom indicates that this area has not
been sectioned. By cutting deeper into the block, upper portions may be
lost. The blue color of the tissue is caused by an indicating desiccant in the
absolute alcohol.

[i2.8] Microtomy of bone is much easier if the section is embedded
diagonally in the block.The knife will contact only a small surface area initially,
and better sections will be obtained.

[i2.9] The block contains 2 pieces of small intestine embedded on edge so
that all layers will be shown.The sections have been embedded slightly on a
diagonal with the mucosal surfaces facing in the same direction (upward).
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[2.10] These 2 blocks show the correct embedding of tubular structures.
The block on the left contains 3 sections of appendix; the block on the right
contains fallopian tubes cut and embedded in cross-section.

[i2.11] Correct embedding of multiple pieces in the same block.The block
on the left contains 4 lymph nodes and the block on the right contains 4
specimens from the same gastrointestinal site. The pieces should never be
placed randomly in the block, but should be carefully embedded in a line,
ensuring that the pathologist does not overlook any of the tissue. The block
on the left was processed through absolute alcohol-containing eosin.

[§2.12] This block shows incorrect embedding of multiple pieces. This type
of embedding makes sectioning more difficult and increases the chances of
the pathologist overlooking | of the pieces.
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[i2.13] The tissue in this block has not been properly centered.When the
paraffin margin is inadequate (top of block), ribbons are more difficult to
obtain.

transferred from 1 tissue block to another; this is a serious problem
and can lead to a misdiagnosis. After embedding in paraffin, the
blocks should be cooled rapidly to obtain the smallest paraffin
crystal size possible, because the crystal size affects sectioning
quality. A small crystalline structure will allow the wax to fit
closely to the embedded tissue. This provides better support for
sectioning, whereas a larger crystalline structure provides a poorer
support for the tissue.

As part of an embedding quality-control protocol, there should be
a record of the number of tissue pieces submitted in each cassette
along with any orientation instructions. Many laboratories use “M”
(multiple) or “N” (numerous) to record more than 4 or 5 pieces
in the same cassette. This information can be recorded using 2
methods. The first is to write it on the side of the cassette, and
the second is to include it on an embedding log. Special embed-
ding instructions and the number of pieces should be checked
as each block is embedded; the total number of blocks or pieces
for each specimen, or case, should be checked against the log at
the end of the embedding process. The total number of pieces or
slides also should be checked at the end of the staining process;
some laboratories also match the block to the slides at this point.
Matching the stained and labeled slides to the blocks will aid in
determining whether a representative section of the tissue was
obtained, whether part of the tissue washed off, and most impor-
tantly, whether there is a labeling error.

Troubleshooting Embedding
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SOFT MUSHY TISSUE

Despite no apparent problems with processing protocols or solu-
tions, it is obvious at the embedding station that some sections are
not adequately processed. They may be processed around the edges
but are soft and mushy in the middle [i2.14). The most common
cause is that the sections were cut too thick at gross examination



and have been compressed between the top and bottom of the
cassette, thus preventing access to the tissue by the processing
solutions. If this is caught at the embedding table, the tissue should
be sectioned thinner, replaced in the cassette, and then treated
using the following protocol:

1. Soak tissues in xylene on a rotator for 20 to 30 minutes to
remove residual paraffin.

2. Place cassettes in tetrahydrofuran on the rotator for 30 to 90
minutes to allow the dehydration/clearing process to occur.
Visually check to assess transparency.

3. Place sections in xylene for 10 minutes to ensure adequate
clearing.

4. Place on tissue processor or in containers of paraffin in an oven
and reinfiltrate with 2 to 3 changes of fresh parafhin for 30 to 45
minutes each.

5. Re-embed.

This is a quick and effective way to reclaim inadequately processed
blocks that were cut too thick at gross examination. Total time
required is 2 to 4 hours, depending on the amount of dehydra-
tion and clearing necessary. Tissues can also be backed up on the
processor and refixed, but this is a longer process. If refixation is
desired, then melt any residual paraffin, place the tissue back in
the cassette, and place in the processor. Run the tissue through
the purge or cleaning cycle. The tissue is wet with absolute alcohol
at this point; it can then be run through 95% and 70% alcohols
manually, and placed in formalin for refixation and processing
with the next batch of surgical tissues.

Johnson [2003] described a method for refixation and reprocessing,
which involves melting the block, blotting to remove excess
paraffin, placing in a cassette, and placing the cassette directly
into formalin for reprocessing with the regular overnight run of
tissues.

The problem of soft mushy blocks can be prevented by:

« ensuring that the tissues are sectioned thin at the grossing
station

 ensuring that the tissues are allowed adequate time for good
fixation

 ensuring that the processor has no mechanical problems

« ensuring that a good schedule of processor reagent rotation is
developed and maintained

INCORRECT ORIENTATION

Sections may be incorrectly oriented at the embedding station if
the correct method is not clearly indicated on an embedding list,
on the side of the cassette, or on the tissue [i2.15]. For example,
orientation of sections of fallopian tubes is especially difficult,

[i2.15] This sectio

[i2.14] The center of this block is not completely fixed and processed so
it is still soft. This can be caught many times at the embedding table and
reprocessing begun.
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n of aorta stained with the Verhoeff-van Gieson stain
has been embedded flat and is not on edge as it should be. Marking the
orientation on the side of the cassette will help ensure that the specimen is

embedded correctly.

[i2.16] Incomplete fixation before grossing this intestinal specimen has
allowed it to roll and complete the fixation in that form. Gastrointestinal
tract specimens should be opened and pinned open as soon as the specimen
comes to the laboratory.
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so marking the tissue with ink at the grossing station will help.
Incorrect orientations can be prevented by:

« marking the side of the tissue to be embedded facing up with
ink at the grossing station

« notching the side ofithe tissue to be embedded facing up with
a shallow “v” at the grossing station

« placing embedding instructions on the side of the cassette
and/or on a grossing sheet. These should be referred to for
any specimen other than a large flat piece, or tissue such as
endometrial curettage, prostatic chips, etc.

« opening and fixing gastrointestinal specimens before grossing,
so that they do not roll and make it impossible to see all layers
[i2.16]

TISSUE CARRYOVER
Small pieces or fragments of tissue may be carried from 1 tissue to
the next at the embedding table, resulting in cross-contamination.
This can be prevented by:

o carefully cleaning forceps used at the embedding table between
specimens

+ opening only the cassette with the tissue to be embedded.
Opening all cassettes at one time and leaving them open while
embedding is poor laboratory practice.

TISSUE NOT EMBEDDED AT THE SAME LEVEL

Often tissue is not properly flattened by pressing it down uniformly
when it is placed in the embedding mold, or multiple tissues to be
placed in the same mold are embedded at different levels [12.17].
This makes it impossible to get a good cross section of the tissue(s).
This should be prevented by:

« pressing the tissue down uniformly and firmly in the mold

Vo
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[i2.17] The 2 pieces of tissue were not embedded flat and at the same
level in this block. Mild pressure should be placed on tissue so that it will be
embedded flat.
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« keeping the paraffin molten enough to get all pieces embedded
at the same level.

« working very fast when embedding multiple pieces and letting
the paraffin chill only enough to get the tissue to adhere to the
base of the mold.

PIECES OF TISSUE MISSING FROM THE BLOCK
Small pieces of tissue can be overlooked when embedding. This
can be prevented by:

« recording the number of pieces to be embedded on the side
of the cassette or on an embedding list if more than 1 piece of
tissue is in the cassette

o referring to the number of pieces that should be embedded by
checking the side of the cassette or the embedding list

« carefully checking the lid of the cassette before discarding,
because tissue frequently clings to the lid

o carefully opening any lens paper or tea bags, and checking for
all pieces

Special Techniques in Processing

There are two special techniques that are best described as part of
processing: decalcification and frozen sectioning. Decalcification
is accomplished after fixation and before dehydration. Frozen
sections are most often used in lieu of fixation, processing, and
embedding, because either a more rapid diagnosis can be obtained
or a particular tissue element to be demonstrated might be
adversely affected by routine methodology.

DECALCIFICATION

Tissue containing calcium must undergo calcium removal before
embedding unless specific studies requiring undecalcified bone are
requested. Because tissues containing calcium cannot be sectioned
after paraffin embedding, plastics must be used for studies on
undecalcified bone. In diagnostic pathology, most evaluations
are made on decalcified sections; undecalcified bone sections are
examined primarily for the diagnosis of metabolic bone disease.

Unless a decalcifying agent combined with a fixative is used, tissue
must be thoroughly fixed before it is submitted for decalcification,
or the tissue morphology can be affected. There are basically only
2 methods; all other methods are modifications of these.

W Acid Methods

Any acid, however well buffered, will have some effect on the
stainability of tissue. The stronger the acidity of the solution and
the longer the specimen remains in it, the more that subsequent
staining will demonstrate injurious effect of the decalcification



process. The most pronounced effect is on nuclear basophilia, and
overdecalcification may result in a total lack of nuclear staining;
therefore, with many solutions the end point of decalcification
must be carefully monitored.

With the acid methods of decalcification, calcium salts dissolve
and then ionize. The manner in which these calcium ions are
removed from tissue is the basis of the different acid methods.
Calcium salts are soluble at a pH of 4.5, and the usual acid decal-
cifying solutions have a pH between 0.5 and 3.0. If the pH is buff-
ered at 4.5, the calcium will dissolve and some enzymes still can be
demonstrated. Most manufacturers of proprietary (commercial)
decalcification reagents do not completely disclose the components
in their solutions, but most are acid decalcifiers.

Simple acids commonly are used in 5% to 10% solutions.
Hydrochloric and nitric acids decalcify fairly rapidly, but the
decalcification process must be carefully monitored. Nitric acid
can cause serious deterioration of tissue stainability if decalcifica-
tion is prolonged beyond 48 hours; formic acid is slower acting and
affords the user more latitude. It is rare for tissue to lose staining
ability after formic acid decalcification even after remaining in
the solution for 2 weeks. Mixtures of formaldehyde and formic
acid are excellent for simultaneous fixation and decalcification. If
hydrochloric acid is used after formaldehyde fixation, the residual
formaldehyde should be washed out before placing the specimen
in hydrochloric acid. A carcinogen, bis-chloromethyl ether, can be
formed by a reaction between formaldehyde and hydrochloric acid.
With simple acid methods, calcium ions are allowed to migrate
out of the tissue into the surrounding solution [f2.3a]). The solu-
tion around the tissue may become saturated with calcium ions,
almost forming a barrier to further decalcification. For this reason,
the solution should be changed frequently, and agitation also may
be beneficial. Vacuum at the initial stage of decalcification will
aid in infiltrating the specimen with decalcifying fluid and will
draw off carbon dioxide bubbles that form on specimen surfaces.
Suspension of the specimen in an embedding bag will expose
all surfaces to the action of decalcifying fluid and will allow any
precipitated calcium salts to sink to the bottom of the container.
Heat should never be used to speed up decalcification with acid,
because heat also increases the effects of the decalcifying fluid on

other tissue components, most likely resulting in swelling and
maceration.

Ion-exchange resins involve the use of formic acid over a layer
of an ammoniated salt of a sulfonated resin. Ammonium ions
from the resin are exchanged for calcium ions; this keeps
the solution free of calcium ions and speeds up the reaction
[f2.3b]). Staining is excellent after application of this method,
and the time tissue remains in the decalcifying reagent is
not critical. Because the solution remains relatively free of
calcium ions, it does not need to be changed frequently. This
is one of the best, if not the best, methods of decalcification.

Electrolytic methods use a mixture of formic and hydrochloric acids
placed in an apparatus based on a simple electroplating device. The
bone is attached to the anode (positive pole) and a current is passed
through the solution. The calcium ions, with their associated posi-
tive charge, are rapidly attracted away from the anode and to the
cathode (negative pole) [f2.3c]. Most bone specimens can be decal-
cified within 2 to 6 hours, but possibly because of heat generated by
this method, there is a strong potential for tissue destruction and a
total loss of cellular detail and stainability. Because of the possible
loss of stainability and the limited number of specimens that can
be processed at any 1 time, this method is rarely used today.

Protective aprons and gloves should be worn when handling the
acid used for decalcification. Eye protection should be worn, the
reagents should be used under the hood, and the acids should
be kept in acid carriers. Remember always to add acid to water
when diluting acids—never dilute in the opposite order. For drain
disposal, the solution should be neutralized with 1% sodium
bicarbonate.

m Chelating Agents

Chelating agents are organic compounds that have the prop-
erty of binding certain metals. Ethylenediaminetetraacetic acid
(EDTA) binds calcium ions. The results obtained are satisfactory
if EDTA is used in a solution with a pH between 5.0 and 7.2, but a
slightly acidic pH is preferred. Decalcification by chelation is very
slow, but many enzyme methods can be used successfully after
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[£2.3] Acid methods of decalcification. a, simple acid; b, ion-exchange resin; ¢, electrolytic.
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decalcification with EDTA. EDTA can bind only ionized calcium;
it acts on the outer layer of the hydroxyapatite crystal, gradually
decreasing crystal size by depleting this continuously reforming
layer.

Commercial products are available that combine acids and fixatives,
or EDTA and acids. Some of these are very good, and they should
be used according to the manufacturer’s recommendation.

m End Point of Decalcification

This is the most important step in the decalcification process,
because underdecalcified tissue will section with difficulty and
overdecalcified tissue most likely will stain very poorly. The end
point can be determined using 3 basic methods: mechanical or
physical, chemical, and radiographic.

Mechanical methods involve testing the flexibility of the specimen,
probing the specimen with a needle or pin, or scraping the section
surfaces. This method is the least desirable for determining the
end point because of its inaccuracy and the likelihood of creating
histologic artifacts.

Chemical methods depend on the precipitation of calcium oxalate
when a sample of the used decalcifying fluid is mixed with a solu-
tion containing ammonium hydroxide and ammonium oxalate.
Approximately 5 mL of the used decalcifying fluid is made neutral
to litmus paper with concentrated ammonium hydroxide, and then
approximately 5 mL of saturated ammonium oxalate solution is
added. The resulting solution is mixed well and allowed to stand
for 30 minutes; a persistent turbidity (calcium oxalate) indicates
the presence of calcium. The decalcifying fluid must be changed
after each chemical check.

Radiography is the most accurate method of determining the
completeness of decalcification, and the small X-ray units available
in many histology laboratories are easy to use. This method yields
visual evidence that demineralization is complete. Radiographic
methods cannot be used with metallic-fixed tissue, such as zinc
formalin, Zenker, or B-5 fixed specimens because the metal will
render the specimen radiopaque.

After decalcification is complete, the specimen should be washed
well with running water to remove any excess acid. In some labo-
ratories, an alkaline solution such as lithium carbonate is used
to neutralize any remaining acid before processing the specimen
routinely. Following decalcification, some specimens may be
trimmed to a size better suited for routine processing. This also
removes any bone dust or debris that may have been ground into
specimen surfaces during the sawing step. Diamond saws allow
the cutting of very thin sections before decalcification without
introducing bone dust into the specimen; these thin sections will
decalcify much more rapidly.

Decalcification is an area of specimen processing that is sadly
lacking in many laboratories, with overdecalcification being
the rule rather than the exception. If 1 of the more rapid decal-
cifying solutions is selected for use, then decalcification should
be monitored rigorously, because a decrease in the time required
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[i2. l8] An H&E-stained section of bone that has been properly decalcified.
The nuclear basophilia is preserved, and the detail is such that red and white
cell lines can be distinguished easily.

[12.19] Section of bone demonstrating good decalcification and good
microtomy. The section is free of artifacts.

for decalcification becomes unimportant if the end product is an
unreadable or nondiagnostic slide. Quality should not be sacri-
ficed in the interest of time, because frequently nothing is gained
and all may be lost. Excellent decalcification is demonstrated in
[i2.18], [i2.19].

If undecalcified bone or tissue containing unsuspected areas of
calcification is detected during microtomy, satisfactory sections
often may be obtained by surface decalcification. This involves
exposing the surface of the blocked tissue by gently rough-cutting
the block to expose a complete cross-section of tissue (facing the
block) and then treating the exposed surface of tissue with a decal-
cifying fluid such as 1% hydrochloric acid for 30 to 60 minutes. The
block is rinsed well, blotted dry, and gently sectioned. Because the
decalcification achieved will be of limited depth, the block must be
carefully oriented in the microtome and the first sections obtained
must be used.

8 Undecalcified Bone

Specific methodology for undecalcified bone is beyond the scope
of this discussion. The embedding medium most frequently
used for undecalcified bone is GMA. Sections of bone also may



be ground with waterproof sandpaper to a thickness of 75 to
100 pum; these ground sections may be stained and mounted
on glass slides for microscopic viewing. Alcohol, buffered
formalin, and calcium formalin are the preferred fixatives for
the staining techniques usually used on undecalcified bone
sections; metallic fixatives interfere with most of the techniques.

TROUBLESHOOTING DECALCIFICATION
The most common problems encountered on decalcified tissues
are bone dust, underdecalcification, and overdecalcification.

m Bone Dust

When obtaining sections of bone with the saw commonly used
for this process, bone dust is pressed into the surface of the bone
[i2.20]. This can be prevented or corrected by:

« usinga saw with a diamond blade

» trimming the bone surfaces after decalcification but before
processing

w Underdecalcification

This may occur because of the necessity of a rapid turnaround
time on the specimen or because the laboratory does not have a
good procedure for determining the end point of decalcification
in place [i2.21]. This can be prevented by:

o choosing a decalcifying agent that will allow rapid turnaround
times

« developing a good method for detecting the end point of
decalcification and rigorously adhering to it

« checking the end point of decalcification with radiography
when in doubt

m Overdecalcification
When the end point of decalcification is not carefully checked,

overdecalcification may be the result [i2.22]. This may be prevented
by:

» choosing a decalcification agent that fits the needs of the
laboratory

* developing a good method for detecting the end point of
decalcification and rigorously adhering to it

* checking the end point of decalcification with radiography
when in doubt

FROZEN SECTIONS

Frozen sectioning is indicated as the method of processing when a rapid
diagnosis is desired, or when the staining technique does not work on
routinely processed tissue. Frozen sections must be used when fat is to be

[i2.20] Aimost the entire slide shows bone dust, with a small amount of
bone marrow visible in the upper left corner. Bone dust is an artifact that
occurs when bone debris is pressed into the bone surface by the saw. It

can be prevented by using a saw with a diamond biade, such as the Buehler
Isomet Low-Speed Saw (Buehler Ltd, Evanston, IL) which cuts thin sections
without deformation, debris, or burning; or the bone can be cut slightly thick
originally, and then the surfaces trimmed after decalcification.

/ .

o

trabeculae in the block.The dark bluish-purple seen in the trabeculae in the
center of the photograph is caused by the presence of calcium remaining in
the tissue. This makes sectioning difficult and damages the knife edge.

[i2.22] An H&E-stained section of bone that has been overdecalcified.
Notice that poor nuclear staining is apparent because of the
overdecalcification. The same hematoxylin exposure time was used as in
[i2.18]
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demonstrated, because all fixatives except osmium tetroxide allow fat to
be dissolved from the tissue by the reagents used in routine processing.
Frozen sections also must be used for many enzyme and immunohisto-
chemical techniques because fixation and the heat involved in processing
inactivate most enzymes and many antigens. Immunofluorescence and
some lymphocyte surface marker studies are unsatisfactory if the tissue
has been fixed and processed routinely. Antigen retrieval and epitope
enhancement methods have made it possible to use paraffin-embedded
sections for some of the lymphocyte surface markers and other antigens
that previously required frozen sections.

Tissue may be frozen in the cryostat, but this process is slow and
allows ice crystals to be formed in tissue. When the tissue section is
thawed, the ice melts and results in holes in the section [i2.23]. While
this does not interfere in most tissues on which a rapid diagnosis is
needed, if skeletal muscle is frozen in this manner for subsequent
enzyme techniques, the holes are of such size that the sections are
worthless for diagnostic studies [i2.24]. The size and amount of ice
crystal formation is directly proportional to the speed of freezing the
tissue. Heat extractors have been added to some cryostats, but the best
frozen sections are obtained by using isopentane and liquid nitrogen
[i2.25]. If liquid nitrogen is used alone, gas bubbles tend to surround
the tissue and impede freezing, so usually a container of isopentane
(2-methylbutane) is lowered into liquid nitrogen. The technique is
described more fully in chapter 13, “Enzyme Histochemistry,” p313.
When the temperature of the isopentane reaches approximately
-150°C, the tissue is submerged in the isopentane. If isopentane is not
available, the tissue can be dusted with talc to prevent the formation
of gas bubbles; then the tissue can be submerged directly into liquid
nitrogen. Liquid chlorofluorocarbons (freon), dry ice alone, and dry
ice in a slurry with acetone also have been used, and commercial
freezing equipment is also available. The technician must decide on
the outcome desired and then choose the appropriate method. The
use of the cryostat for frozen tissue microtomy and the associated
problems are described in chapter 3, “Instrumentation,” p64.

There are hazards associated with frozen section techniques.
Isopentane is extremely flammable, some individuals are very
susceptible to the cold temperatures, but the greatest hazard is in
cutting unfixed tissue. Tuberculosis organisms can become aero-
solized, and the practice of using a quick freeze spray adds to the
problem. This practice should be prohibited unless working in a
cryostat with a negative pressure chamber connected to a high-
efficiency particulate air (HEPA) filter.

TROUBLESHOOTING PROCESSING TISSUE FOR
FROZEN SECTIONS

Most of the problems encountered with frozen sections
involve microtomy, but there are problems caused by poor
processing, or preparation, of the tissue for microtomy.

m Freezing Artifact

One of the primary problems in obtaining good frozen sections is
ice crystal artifact. This is most often caused by improper freezing
of tissue [i2.26]. For the best preservation of tissue morphology,
tissue should be “snap” frozen. Once the tissue has been incorrectly
frozen, this artifact cannot be corrected, but it can be prevented by:
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i2.23] A paraffin section of tissue that was improperly frozen and then
P P

improperly thawed before fixation and processing. The morphology is not

preserved because of the ice crystals that formed during freezing.

[i2.24] This frozen section of skeletal muscle fibers shows ice crystal
artifact, apparent as holes, indicating that the method of freezing was not
optimal.The artifact can be much worse than demonstrated, with the crystals
displacing or distorting much of the fiber. This artifact can be mistaken for
vacuoles that occur in some muscle diseases, and when severe, can make
histochemical studies of little vaiue.

[i2.25] Skeletal muscle fibers shown in cross-section. This is an H&E-
stained section from a specimen properly frozen in isopentane and liquid
nitrogen at a temperature of —150°C.
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[i2.26] A brain biopsy specimen was transported in saline to the frozen
section area and remained in this solution for about |0 minutes before
freezing. The ice crystal artifact is so prominent that the tissue is worthless
for making a diagnosis.

« using a heat extractor
o freezing with isopentane chilled to -150°C
« using other methods of rapid freezing

« ensuring that tissue is not immersed in saline before freezing

B Block Loosens from the Chuck while Sectioning

Occasionally the block will detach from the chuck while cutting
frozen sections. This frequently happens because the chuck was
too cold when the embedding medium was applied. This can be
corrected or prevented by:

o reattaching the tissue block to a clean chuck with additional
embedding medium

o avoiding the storage of chucks without embedding medium in
the cryostat

+ avoiding the storage of chucks with embedding medium in the
cryostat overnight during the defrost cycle

B Tissue Not Embedded Flat on the Chuck

If the tissue is not embedded flat on the chuck, then sectioning
will have to be deeper into the block, and some important parts
of the tissue may be wasted. This can be prevented by placing the
tissue on a slide, surrounding it with embedding medium, and
then placing the slide (glass side down) on the freezing bar of the
cryostat. As the embedding medium begins to turn white, coat
a specimen chuck with embedding medium and invert over the
tissue; allow tissue to freeze, and then remove the slide by warming
slightly with a finger.
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LEARNING ACTIVITIES

I. Decalcify a section of bone and stain with H&E. Microscopically examine the section and answer the following
questions:

a. |s the nuclear detail as good as in the routine H&E-stained sections?
b. Is there either an absence of, or poor, nuclear staining?

The answer to (a) should be yes and (b) should be no, otherwise the sections may be overdecalcified. Repeat
decalcification, adjusting times or selection of reagents, until correct decalcification is obtained.

2. Process, embed, section, and stain with H&E:

a. Gallbladder
b. Multiple pieces of skin (at least 3 pieces in the block)

c. Tubular structures, such as fallopian tubes or blood vessel

Microscopically check for correct orientation.
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Instrumentation

BOBJECTIVE
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On completing this chapter, the student should be able to do the following:

List the equipment in the 6. List 3 type of microtomes and 16. Discuss the principle of pH and the
histopathology laboratory that identify the use of each use of a pH meter
employs temperature control and
state the proper temperature for each 7. Describe routine microtome 17. Describe how to obtain an accurate
instrument maintenance measurement when using a balance
Describe the following types of 8. Identify the different types of 18. List at least 3 section adhesives and
microscopy and identify indications microtome blades state why the use of an adhesive may
for their use: be necessary

a. light (compound microscope) 9. Identify the various blade angles and

b. polarizing their significance 19. Describe 2 applications in which a

5 gg?ﬁ%ﬁgﬂtra“ microwave oven can be useful

ol fliGrectonice 10. Identify at least 6 microtomy

f. electron (scanning problems and the appropriate 20. Describe the principle of microwave-

and transmission) corrective action for each generated heat
State the most common objectives
used in light microscopy and the 11. Identify at least 4 artifacts that occur 21. Describe the types of automatic
approximate magnification of each during section flotation stainers used in histopathology
Describe the method of determining 12. Describe the mechanisms of closed 22. Describe the relationship of
total magnification . tissue-processing systems temperature (blade, chamber, room)
to cutting frozen sections
Define: 13. Identify critical factors in processing
tissue on a short cycle 23. Identify problems encountered

a. clearance angle :

b. bevel angle when using the cryostat and the

(o wed%e angle 14. Describe the role of vacuum in appropriate corrective action

S- ;ecsl:’l;tm“ processing tissue

£ objective 24. Describe the basic function and

g. micrometry 15. Correlate maintenance of all benefits of recycling reagents

?- microtomy laboratory instruments with quality

i Zliflfgsffgz control and/or quality assurance 25. Describe micropipetting techniques

k. apochromatic for consistency

. binocular

m. parfocal
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Microscopes

A microscope is a critical tool for quality control in the histology
laboratory and should be readily available for monitoring quality
of both routine and special stains. Slides prepared in the labora-
tory should be reviewed microscopically on a routine basis; the
slides should be examined for the quality of processing, sectioning,
and staining. As the slides are reviewed, it is also a good time for
the beginning student to look at the histologic characteristics of
the section and learn to recognize different tissue types. A good
histology textbook or atlas should be available for review and study.
It is also helpful if a pathologist or a staff technologist reviews the
slides with the student, discussing any problems seen on the slide
and identifying possible solutions.

LIGHT MICROSCOPE

A magnifying glass (1 lens) is a simple microscope. The light
microscope used for the examination of tissue sections combines
2 simple microscopes, or magnifying lens systems; therefore,
the light microscope is called a compound microscope. The lens
systems found in the compound microscope consist of the objec-
tive lenses and the ocular lenses, or eyepieces.

The objectives, located at the lower end of the body tube, provide
both image magnification and image resolution. The objectives
found on most histopathology microscopes commonly include
the following types: scanning lens (x2.5 to x4 magnification),
intermediate lens (x10 to x20 magnification), high-powered dry
lens (x40 to x45 magnification), and oil immersion lens (x90 to
x100 magnification). Magnification alone is not the aim of the
finest microscopes, because it is possible to enlarge an object
without revealing any increased detail (empty magnification). The
resolving power of the microscope is very important and defined
as the ability to reveal fine detail or to discriminate between adja-
cent details. Resolving power is measured as the least distance
between 2 objects at which the objects still can be discerned as 2
separate structures rather than as a single blurred object. With the
light microscope, objects usually must be separated by at least 0.2
pm to be seen as 2 separate structures.

When white light enters a lens, it is split (refracted) into the colors of
the visible light spectrum. Because colors are refracted at different
angles, each has a different point of focus; therefore, an uncorrected
lens will give an image surrounded by color fringes. This is known
as chromatic aberration. Most laboratory microscopes consist of
achromatic objectives that are corrected for 2 colors, red and blue.
Apochromatic objectives, corrected for 3 colors and also for other
lens aberrations, are more expensive and are not necessary for routine
use, but ideally they should be used for photomicrography. Objectives
should be parfocal: all objectives then will have the focal point in the
same plane, and magpnification, or objectives, can be changed without
the need to refocus. Parfocality is accomplished through a series of
adjustments in the microscope, but all oculars must be adjustable for
all simultaneous observers to have a parfocal view.

Oculars, or eyepieces, commonly have a x10 magnification,
although x5 oculars are frequently used on student microscopes,
and x15 oculars are preferred by some microscopists. The total
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magnification obtained with a microscope is determined by
multiplying the magnifications of the ocular and the objective,
for example, x10 oculars and a x45 objective would give a total
magnification of x450.

The substage is found below, and usually attached to, the stage. The
substage can be moved up and down, and on most modern micro-
scopes consists of the condenser and iris diaphragm. The condenser
functions primarily to concentrate light on the tissue section. It is
important that the condenser be centered accurately and also that it
be focused on the same plane as the tissue section. The amount of illu-
mination on the section is regulated by the iris diaphragm and should
be varied with the different objectives. The iris diaphragm should be
adjusted so that peripheral light rays are blocked, and the light passing
through the tissue should be limited so that it just fills the front lens
of the objective. This can be determined accurately by removing an
eyepiece and looking down the body tube while adjusting the iris
diaphragm. When the iris diaphragm is properly adjusted, the light
just fills the field. Notice how the iris diaphragm must be readjusted
as the objectives are changed.

Occasionally, it is desirable to determine the measurement of a
structure observed microscopically. Micrometry, or microscopic
measurement, employs a micrometer scale located in 1 eyepiece
and a stage micrometer. The stage micrometer contains a milli-
meter scale engraved in 1/10 and 1/100 graduations. The eyepiece
has an engraved arbitrary scale; the value of each division of the
eyepiece is calculated for each objective by matching the compa-
rable number of divisions on the stage micrometer. Once this value
has been determined, the stage micrometer is no longer needed.

Maintenance of the microscope is very important and should be a
part of the routine quality assurance program.

1. Keep the microscope covered when not in use.

2. Clean the lenses frequently with lens paper. Do not use other
paper tissue.

3. Remove immersion oil immediately after use.

4. Use xylene on the objectives only as a last resort, and then use
it sparingly and remove it immediately.

5. Do not dismantle the objectives.

6. When using immersion oil, be careful that the high-powered
dry lens is not dragged through the oil.

7. Reduce the light to a minimum or turn it off when the
microscope is not in use.

8. Remove the slides from the stage when the microscope is not
in use.

9. Try to always focus upwards, never downwards, especially with
the higher power objectives.

10. Do not touch the surface of the lens.



POLARIZING MICROSCOPE

The polarizing microscope is finding increased use as a diagnostic
tool in histopathology primarily for the identification of crystals
such as talg, silica, or urate. It is also used to make the identifica-
tion of amyloid stained with Congo red more specific.

The polarizing microscope is used to examine tissue for substances
exhibiting the phenomena of double refraction, anisotropism, and
birefringence, terms that can be defined by the following example.
If a dot drawn on a sheet of white paper is viewed through a block
of glass laid on top of the paper, only 1 dot can be seen from above;
however, if a polished block of crystal such as Iceland spar or
calcite replaces the glass, then 2 dots will be seen. A single light ray
has been split into 2 rays that emerge from the crystal at different
points. The crystal splits the light rays because of its uneven optical
density, and the rays are refracted, or bent, to differing degrees
[Culling 1985]. This property is described as birefringence (transmit-
ting light unequally in different directions), anisotropism (having
unlike properties in different directions), and double refraction.

Polarized illumination is achieved by interposing a polarizing
device (polarizer) between the light source and the specimen, and
inserting a second polarizing filter (analyzer) between the spec-
imen and the eye. Natural light vibrates in many planes, whereas
light emerging from the polarizer vibrates in only 1 plane. If the
light path of the analyzer is aligned, or parallel, then the light will
pass and the field will appear bright. If the analyzer is rotated so
that the optical paths are crossed, the light rays are blocked and
the field will appear dark. When optical paths are crossed, mate-
rial having the property of anisotropism or birefringence appears
bright against this dark background.

A compound, or light, microscope may be converted easily to a
polarizing microscope by placing 1 piece of polarizing film on top
of the light source (polarizer) and another on top of the micro-
scopic slide (analyzer). The polarizer is then rotated. Polarizing
discs also may be installed in the microscope by installing the
polarizer in the substage filter carrier and mounting the analyzer
inside or on top of the eyepiece. The eyepiece analyzer or the polar-
izer is then rotated, and the field varies between bright and dark,
with any doubly refractive particles appearing bright against a dark
background. Usually the blue filter (if used) should be removed to
maximize the birefringence.

Through the polarizing microscope, amyloid stained with Congo
red will exhibit an apple green birefringence; this phenomenon
is considered to be specific to amyloid [i3.1], [i3.2]. Some normal
tissue components, such as collagen, exhibit intrinsic birefringence
because of an asymmetric alignment of chemical bonds, ions, or
molecules. Foreign substances such as talc may also be identified
using polarized light.

PHASE-CONTRAST MICROSCOPE

The phase-contrast microscope is used for the examination of
unstained specimens, especially unstained living cells, and allows
almost transparent objects to be seen clearly. A standard binoc-
ular microscope can be converted to a phase-contrast microscope
by replacing the condenser and objectives with special phase

[i3.1] A section of kidney stained with Congo red and viewed with the light
microscope. Amyloid is stained orange-red.

[i3.2] The same section of Congo red-stained kidney shown in [i3.1]
viewed with polarized light. Congo red staining and subsequent apple-green
birefringence with polarized light are among the most specific identifying
features of amyloid.

equipment, but the performance of converted light microscopes is
not equal to that of the specially designed phase-contrast micro-
scope. This type of microscopy is not used in a routine histopa-
thology laboratory.

DARKFIELD MICROSCOPE

Directly transmitted light is excluded, and only scattered or
oblique light is used in darkfield microscopy. While most objects
that are examined microscopically are transparent, they also
have the property of reflecting light rays. If oblique light that
does not enter the objective is directed on these objects, the
objects will appear self-luminous against a dark background.
In darkfield microscopy, objects appear much larger than they
are because of their light-scattering properties, and frequently,
fine structures are seen much more easily with darkfield than
with light microscopy. The preparation to be examined with
the darkfield microscope must be thin and free of extraneous
refractive material such as air bubbles, oil, or red blood cells.
This type of microscopy is used primarily for the study of
unstained microorganisms and for silver grains in radioactive
staining procedures, and is rarely used in routine histopathology.
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FLUORESCENCE MICROSCOPE

Fluorescence is essentially an optical phenomenon in which
light of one wavelength is absorbed by a substance and almost instantly
re-emitted as light of a longer wavelength. In fluorescence microscopy,
a substance is bombarded with short-wavelength light in the ultraviolet
(UV), violet, or blue range, and visible light is emitted [f3.1]. Stated another
way, short-wavelength light absorbed by an atom or molecule boosts the
energy level of electrons to a higher orbit; the return of electrons to the

original level of excitation results in the loss of energy, which is expressed
as visible light.

Mercury or halogen lamps are the usual light source for critical work; an
exciter filter placed between the light source and the specimen transmits
light of the desired wavelength but obscures all visible light. A second
filter, the barrier filter, is placed in the eyepiece to absorb all UV rays and
to allow only visible light rays to pass. The barrier filter protects the eyes
from the damaging effects of UV light and reduces nonspecific fluores-
cence so that the fluorescent object is seen as a bright object against a dark
background.

Some compounds and some tissue components, such as collagen fibers,
fluoresce naturally. This property of natural fluorescence is known as
primary fluorescence, or autofluorescence, and may cause problems for
the inexperienced microscopist because some tissue components give the
same color autofluorescence as the fluorochrome; this is especially true
when using blue light. Substances that are not naturally fluorescent may
become fluorescent by interacting with a fluorochrome, ie, a dye that fluo-
resces if excited by UV light. The filter combinations must be defined for
each fluorochrome so that maximum excitation energy will be provided
at the optimal wavelength. Fluorescein conjugates used in immunofluo-
rescence work are maximally excited in the blue range, around 495 nm.

In immunofluorescence techniques, one of the components of the reaction
(antibody, antigen, or complement) is labeled with a fluorescent dye such
as fluorescein isothiocyanate (FITC). In the direct immunofluorescence
technique [i3.3], labeled primary antibodies are applied directly to tissue
sections to locate and combine with antibodies, complement, or even
antigens deposited in tissues such as kidney or skin. Indirect techniques
first apply an unlabeled primary antibody to the section. This is followed
by an FITC-labeled antibody that is raised in a second animal species
against the animal species producing the primary antibody. For example,
in the detection of autoantibodies to thyroid components, normal thyroid
tissue sections are used; the patient’s serum (primary antibody) is applied,
and any antithyroid antibodies present combine with the tissue. No
color or fluorescence is present at this stage, so an FITC-labeled antibody
(second antibody) against human immunoglobulin is applied, and the
presence of any antithyroid antibodies in the patient’s serum can now be
detected with the fluorescence microscope. The second antibody against
immunoglobulin G is frequently raised in goats. Indirect techniques are
considered to be more sensitive than the direct techniques. Complement
immunofluorescence techniques also use more than 1 step.

Acid-fast bacilli and amyloid also can be demonstrated by staining with
fluorescent dyes. These are not immunologic techniques and the dye is
applied directly to the tissue sections. Auramine-rhodamine is used for
the detection of acid-fast bacilli, thioflavin T for amyloid, and thioflavin
§ for neurofibrillary plaques and tangles.
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[£3.1] Diagram illustrating how UV light may excite fluorescence in a
molecule. (Reproduced with permission [Culling 1985])

[i3.3] Direct immunofluorescence showing granular staining of the kidney
glomerular basement membrane with goat anti-human IgG. The technique
requires fresh-frozen cryostat sections of the renal tissue. (Courtesy of
Joseph Newman, PhD, Baylor University Medical Center)

Immunofluorescent preparations are subject to fading, which
can be controlled to some degree by careful selection of both the
mounting medium and the excitation wavelength; however, slides
should be viewed as soon as possible after staining and photo-
graphs should be taken for a permanent record. Thioflavin S dye
is stable and allows the slide to be stored, and the tissue to be
reviewed years later. Fluorescence microscopy requires special
equipment, skill, and training.

ELECTRON MICROSCOPE

As stated previously with the ordinary light microscope, objects must
be at least 0.2 um apart to be distinguished as separate structures.
Crystalline structures no more than 0.35 nm, or 0.00035 pm, apart
can be resolved with the electron microscope, but biologic structures
are difficult to resolve if they are not separated by at least 2.5 nm.
The upper limit of useful magnification with the light microscope is
about 1,000 diameters (x); enlargement of photomicrographs above
this magnification yields no additional information (empty magni-
fication). The electron microscope has a magnification range from
approximately 1,000 to 500,000 diameters, with useful information
(resolution) obtained over the entire range. Resolution is dependent
upon the wavelength of the energy source used for illumination.



[i3.4] An electron micrograph of a kidney section. Note that only a portion
of | glomerulus is shown.

The electron microscope obtains extra resolving power by replacing
the ordinary light source of: a light microscope with an electron
gun, that is, an electrified tungsten filament that emits electrons.
The extra resolving power results from the fact that an electron
beam has a much shorter wavelength than visible light. The elec-
tron gun (electron source), the electron beam, and the specimen
are all maintained under a vacuum. The electron beam is aimed at
the specimen and focused by varying the strength of electromag-
netic fields, equivalent to the glass lenses of light microscope. The
resulting image is visualized by projection onto a fluorescent screen.

There are 2 types of electron microscopy: transmission and scan-
ning. In transmission electron microscopy, the specimen (typi-
cally a very thin section) either transmits electrons (producing
electron-lucent, or clear, areas in the image) or deflects electrons
(producing electron-dense, or dark, areas in the image), much as
light is either transmitted or blocked by a histologic section. A
2-dimensional, black and white image is seen on the fluorescent
screen. With transmission electron microscopy, one can appre-
ciate not only the relationship between cells but the ultrastructure
of the cell itself. Transmission electron microscopy [i3.4] is very
useful in the diagnosis of muscle and kidney disease and in tumor
identification; however, immunohistochemistry has replaced
the electron microscope to a large extent in tumor diagnosis.

In scanning electron microscopy, a dramatic 3-dimensional image
results as the electron beam sweeps the surface of the specimen
and releases secondary electrons. The highest effective magnifica-
tion with the scanning electron microscope is much less than that
of the transmission electron microscope, but 1 of the great merits
of the scanning electron microscope is the great depth of focus.
The scanning microscope is used to study surfaces of an object
or specimen, and has been used to study cell surface membrane
changes in the evolution of malignancy and other pathologic
processes. This type of electron microscope is used primarily in
research.

Electron microscopes are very expensive and require skilled opera-
tors with an extensive knowledge of microscopic anatomy. Because
of their limited use and great expense, they are usually found only
in larger institutions.

Microtomes
Although several types of microtomes are available for special purposes
(eg, retracting for plastic and vibrating for tissues that cannot be frozen
or embedded), the rotary, sliding, and clinical freezing microtomes are
the types most frequently encountered in histopathology laboratories in
the United States. The ultramicrotome used for cutting 0.5-um plastic
sections for light microscopic orientation and 90-nm sections for electron
microscopy is a retracting microtome. Today, the rotary microtome is
standard in laboratories where routine paraffin and frozen sections are
the sole requirements.

ROTARY MICROTOME

A rotary microtome operates with a screw feed or a computerized motor;
the block moves up and down, and either the blade holder or the block
advances a preset number of micrometers with each revolution of the
wheel. This type of microtome is found in most cryostats and is the type
most commonly used for sectioning glycol methacrylate- and paraffin-
embedded material. Routine maintenance of the rotary microtome
consists of the following:

1. Cleaning the microtome thoroughly at the end of each day by carefully
removing all accumulated paraffin with a soft brush or soft cloth
moistened with xylene and then drying the microtome thoroughly.

2. Ifthe model requires, applying microtome oil or grease to all sliding
parts as indicated by the manufacturer. Lubricating should be done
on a routine schedule as recommended by the manufacturer.

3. Documenting service, repair, or routine preventive maintenance
performed by someone skilled in microtome maintenance. The
microtome should be in good working condition for consistency and
operator safety.

4. Covering the microtome when it is not in use.

During the last 10 years, microtome designs have offered a broad range
of features providing ergonomic benefits. The wheel is typically semi-
or completely motorized, giving a smooth wheel rotation. The wheel is
lighter, decreasing the resistance needed to turn it and thereby reducing
fatigue. The completely automatic microtome has a motor that turns the
wheel, allowing both hands to be free to manipulate the ribbon; most
have a foot pedal to control starting and stopping the rotations. The
motorized wheel controls the rotations through the tissue and reduces
thick-thin sections. Some models have an additional device that assists
with block alignment, reducing the need for retrimming a previously cut
block. Ensuring minimal tissue loss when recutting a previously sectioned
block not only preserves precious tissue but saves time. These design
innovations have improved both working conditions and section quality.

SLIDING MICROTOME

The block is held stationary on the sliding microtome, and the knife
is moved along a horizontal plane past the block face. As the knife is
returned to the starting position, it completes each section cycle and a
screw feed causes the block to be raised toward the knife at a predeter-
mined thickness. This type of microtome is used for sectioning celloidin
and large paraffin blocks; it is not used in routine histopathology. The care
of the sliding microtome is the same as that of the rotary microtome.
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CLINICAL FREEZING MICROTOME

The clinical freezing microtome has been replaced to a great
degree by the cryostat; however, free-floating sections required
for some special stains are easier to obtain with this instrument
than with the cryostat. For this reason, the microtome will be
described. This microtome clamps to the table top and is relatively
portable. A chuck with an attached supply of carbon dioxide
allows for the freezing of a tissue section placed in a horizontal
plane. The knife swings out over the chuck containing the frozen
tissue specimen, and as the knife is returned to its starting posi-
tion, the micrometer screw advances the block upward toward the
knife. Sections must be removed from the knife edge and floated
in a dish of distilled water. The sections may be mounted on
slides from the distilled water and dried before staining, or they
may be stained and then mounted at the end of the procedure.

This method of preparing frozen sections is not good for friable
tissue. Airborne disease transmission is also more likely to occur
with this method, because human tissue may contain possible
infection hazards that can be spread by the bursts of carbon
dioxide used for freezing.

With all type of microtomes, the micrometer setting is very impor-
tant. This setting is only approximate and is not an exact determi-
nation of section thickness; the actual thickness is influenced by
the condition of the microtome and the quality of the blade edge
as well as the skill of the microtomist. Microtomy problems will
be discussed in the following section on microtome blades. The
blade is a major component of the microtome and as such will be
addressed separately from the microtome.

MICROTOME BLADES

A sharp microtome blade with an edge free of defects is essential to
obtaining good sections. Successful sectioning of poorly processed
tissue is often possible with a sharp blade; conversely, nondiagnostic
sections may be obtained with a dull blade, even when tissue is
optimally processed.

Glass knives are used for cutting sections of plastic-embedded
material. Ralph knives, a special conformation of glass, are used
to section glycol methacrylate-embedded material and will not be
discussed. The use of glass knives for sectioning material embedded
in plastic for electron microscopy is discussed in chapter 14,
“Electron Microscopy,” p341.

There are 2 types of disposable blades, high profile and low profile.
The type of microtome blade holder will dictate which of the 2 types
is used. Because each microtome brand has a different recommen-
dation of settings for the blade’s angle, it is suggested that the tech-
nician review the manual for settings and guidelines for the blade.

Disposable blades have replaced steel knives in most laboratories;
therefore, knife blades will not be discussed. The disposable blades
are special stainless steel razor blades held securely and rigidly in
a holder designed for this purpose. These disposable blades have
edges superior to knives, and section quality is greatly improved
because of the introduction of these blades; however, it has been
my experience that not all disposable blades produce sections of
equal quality. Because of the safety hazard present, used disposable
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blades and glass knives should be discarded in a puncture-proof
container. Blades or glass knives contaminated with human tissue
from use in the cryostat or with paraffin should be placed into a
special biohazard “sharps” container that is then incinerated.

Regardless of the type of material to be sectioned and the type of
blade used, section quality is determined by the condition of the
edge and the clearance angle more than by any other factors. The
clearance angle in relation to the block face is very important when
cutting sections [f3.2]. This angle routinely is approximately 3° to
8°, but the microtome design can dictate the angle. It is recom-
mended that, upon acquisition of a new microtome, the operational
angle be confirmed before use. Errors in properly establishing the
clearance angle can lead to many different sectioning problems.

The rate at which sections are cut influences quality, and undue
speed invariably yields sections of poor quality. Each type of tissue
has an optimum cutting speed that is dependent on the nature of
the material, the cutting edge, the angle of the blade, and the thick-
ness of the section desired. A general guide for cutting good paraffin
sections is that the microtome drive wheel should be rotated
approximately 1 revolution per second. An automated microtome
in which the rotation of the wheel is motorized improves section
thickness consistency because of controlled speed through the
tissue. For most routine hematoxylin and eosin (H&E) staining,
the sections should never be more than 1 cell layer thick and should
be cut at a 4- to 5-pum setting on the micrometer scale. The thick-
ness of a section can be determined microscopically by focusing up
and down through the section. If the section is 4 to 5 pm in thick-
ness, then all nuclei will be in 1 plane of focus; if some nuclei go
out of focus as others come into focus, then the section is too thick
[i3.5]. Tissues such as bone marrow and kidney biopsy specimens
routinely may be cut thinner (2 to 3 pm), allowing for better nuclear
detail. If the microtome is properly set and thick sections are being
produced, the microtome may require service.

TROUBLESHOOTING MICROTOMY

Many microtomy problems associated with sectioning paraffin,
frozen, or celloidin tissue blocks are similar. For example, with
each of these techniques, irregular, skipped, or excessively thick
and thin sections are usually the result of either too little [f3.3a] or
too much [f3.3b] blade tilt (clearance angle). The problems of irreg-
ular, skipped, or thick and thin sections usually can be corrected
by adjusting the blade so that the clearance angle between blade
and specimen is correct. Grooved, scored, smeared, and deformed
sections are frequently produced by a dull edge, and moving the
existing blade to an unused surface or replacing with a new blade
will usually correct this microtomy problem.

Although regular lengthwise or vertical scratches and splits in
the sections usually are caused by a defect in the edge, calcium,
bone, or another hard material present in the specimen also can
cause this artifact [i3.6]. Move the blade to an unused area; if the
defect remains in exactly the same area of the new sections, then
the problem is in the specimen and not the blade edge [i3.7]. Mushy
sections result from insufficient dehydration or clearing. While
backing up these tissues to the dehydrating agent and then repro-
cessing may help, the sections rarely will be as good as those from
an originally well-processed tissue sample; then additional testing



paraffin block
bevel angle

[i3.5] A section of bone marrow that is too thick. If examined closely, it
becomes apparent that some of the cells are in focus while others are not,an
indication that the section is more than 5 to 6 um in thickness.

such as molecular studies or immunohistochemistry results may
be compromised.

While all of the microtomy problems presented thus far may be
encountered with all processing and embedding methods, there
are other problems that are commonly encountered with paraffin
sectioning.

® Crooked Ribbons

Crooked ribbons result when the horizontal edges (top and bottom)
of the block are not parallel. They may also be caused if the lower
block edge is not parallel to the knife edge when sectioning [i3.8].
Crooked ribbons occur less commonly when the block is not evenly
chilled or the hardness of the paraffin varies from 1 side of the
block to the other. Imperfections in the blade edge should also be
considered as a cause. This artifact can be prevented by ensuring:

¢ that the upper and lower block edges are parallel

o that the lower block edge is parallel to the cutting edge of the
blade

* that there are no problems with the blade edge

* that the block is evenly chilled

I
I a b

I
[£3.3] a The clearance angle, or blade tilt, is too slight. This most frequently
results in sections that are missed or skipped, alternately thick and thin,
wrinkled and jammed, or lifted from the blade. b The clearance angle, or blade
tilt, is too great. This frequently causes chatter, microvibration, washboarding,
or undulations in sections and may make it impossible to obtain a ribbon.

[i3.6] A section of central ﬂervé Ws’té\‘h tissue revealing numerous knife
lines caused by defects in the edge of the blade.
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[3.7] A section of central nervous system tissue stained with the Luxol fast
blue-periodic acid-Schiff (PAS) technique. Careful observation reveals a knife
line beginning in the tissue; this line is caused by the presence of a small focus
of calcium in the tissue and not by a defect in the blade edge.
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m Block Face Unevenly Sectioned

When the block holder is adjusted so that it is not parallel to the
blade, 1 side of the block is exhausted while attempting to get a
complete section of the block face [i3.9]. This results in uneven
sectioning of the block face. When this occurs, it wastes tissue and
may cause the loss of important areas of tissue. Uneven sectioning
can be prevented by ensuring at the beginning of sectioning that
the block holder is adjusted so that the block face and the blade are
perfectly parallel.

m Holes in the Section

Holes occur when a block is faced too aggressively [i3.10]. Small
flecks of tissue are removed from the block, leaving a hole; liver,
brain {i3.11], and lymph nodes are especially prone to this artifact.
Holes seen in sections that are a microtomy artifact will decrease
in size as successive ribbons are cut and will finally disappear.
Thompson and Luna [1978] attribute this artifact to excessive dehy-
dration [i3.12] or improperly processed tissue. Holes may appear
in the ribbon if all of the air is not displaced from the tissue
during infiltration. This occurs most frequently with lung tissue;
it is not a sectioning artifact, and these holes will not disappear
with continued ribboning. Holes in sections may be corrected or
prevented by:

e exposing the tissue, then soaking the block briefly in ice water
or with a wet piece of cotton before sectioning

o if there is sufficient tissue in the block, cutting and discarding
ribbons until the holes disappear; however, this technique will
potentially lose valuable tissue or the area of interest

o facing the block less aggressively, with smaller micrometer
advances of the block for each section removed

o facing large autopsy brain sections at 5-pm intervals using a
smooth rotation until the tissue is fully exposed

e knowing the type of tissue being sectioned and making
modifications as necessary

m Failure of Ribbon to Form

The failure to obtain a ribbon is most commonly caused by a
dull blade, but also may result from paraffin that is too sticky
(not enough plastic) or too hard (too high a melting point); too
much blade tilt; or a room temperature that is too high or low. The
formation of a ribbon depends on enough heat being generated by
the friction occurring as each section is cut to cause the sections
to adhere to each other. If the blade is too cold, it is difficult to
generate enough heat for section adherence. This problem may be
prevented or corrected by:

* choosing a paraffin with a lower melting point
e decreasing the tilt of the blade (smaller clearance angle)
e changing the room temperature
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[i3.8] The block is not parallel to the blade edge. The top and bottom
edges of the block should be parallel, and the bottom of the block should be
parallel to the blade edge, or crooked ribbons and poor adherence of one
section to the next may result.

[3.9] The entire face of the block was not parallel to the blade, so that
ribboning was very uneven, and a major part of one side of the block has
been cut away.

[i3.10] Holes in the section occur when the block is faced too aggressively,
especially on tissue that has been subjected to excessive dehydration or
improper processing.

m Lifting of the Section from the Blade as the Block Is Raised
Lifting of sections from the blade frequently is caused by a dull
blade or by too little blade tilt. A warm room or paraffin that
is too soft can also cause this artifact. This may be prevented
or corrected by:

¢ increasing the tilt of the knife (greater clearance angle)

e changing to a paraffin that is harder (slightly higher melting
point)



If a ribbon cannot be obtained after checking and correcting for
any identified problems, single sections usually can be picked up by
touching the top or bottom edge of the section with a wet applicator
stick held with the long surface of the stick parallel to the section
[i3.13], [i3.14]. Forceps may also be used to pick up the section.

B Washboarding or Undulations in the Section

This artifact most commonly occurs in very hard tissue such
as uterus or in overfixed tissue. It is a macroscopic type of
chatter easily seen when the sections are on top of the water
bath. It may occur from worn microtome parts that allow too
much tolerance in some of the moving parts and from loose
clamping of the blade or block. This may be prevented by:

e ensuring that the paraffin is filled on the top of the cassette to
provide support for tissue when clamped in the block holder

e ensuring that both the block and blade are tightly clamped in
the microtome; however, undulations also may result from a
worn microtome part that allows too much tolerance in some
of the moving parts [i3.15]. A block or blade that is very loosely
clamped can cause the blade to chop into the block, resulting in
loss of some of the section or pieces of tissue [i3.16]

ensuring that the block holder shaft is not overextended.
Microtome models in which the blade is stationary and the
block advances or retracts can create washboarding when the
shaft is overextended [i3.17], [i3.18]

e ensuring that the microtome is in good working order and has
routinely scheduled maintenance

e decreasing the blade tilt (smaller clearance angle)

w Chatter, or Microscopic Vibration, in the Section

Luna [1988] relates this artifact primarily to overdehydration or a
lack of moisture in the tissue. Microscopic chatter [i3.19], [i3.20]
also can be caused by a dull blade or by too much blade tilt, which

nervous system tissue, indicating that the block was faced too aggressively.
Brain tissue is frequently subject to this artifact.

[3.12] The effects of overdehydration are seen in this section of skeletal
muscle, with both holes and chatter present.

[i3.13] The sections are lifted from the blade as the block is raised, an
artifact frequently caused by a dull blade or a blade tilt that is too small.
These individual sections, or short ribbons, can usually be picked up with
forceps or a dampened applicator stick, as shown.

[3.14] The sections seen in [i3.13] floated out.The sections were lifted
from the block with the aid of an applicator stick. The applicator stick is
floating so that the sections did not have to be detached before being placed
on the flotation bath.
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causes the section to be scraped rather than cut, and by cutting too
rapidly. This may be prevented or corrected by:

e ensuring that the processing schedule does not cause
overdehydration of tissues; processing different tissues on
different schedules

e restoring moisture to tissue by facing the block and soaking it
briefly in ice water or placing it face down on an ice tray. A wet
laboratory-grade tissue paper (Kimwipe, Kimberly-Clark Corp,
Roswell, GA) covering the thumb can also be used to rub the
block face with water from the water bath; this slightly warms
the block face while rehydrating the tissue. Do not put an
ungloved thumb into water bath as it will result in squamous
cell contaminant.

e decreasing the tilt of the blade (smaller clearance angle)

e decreasing cutting speed; 1 revolution of the wheel per second
is considered a reasonable cutting speed

m Skipped or Varied Thickness of Sections (Thick and Thin
Sections)

Thick and thin sections may be caused by too little blade tilt, so
that the bottom, rather than the top, of the blade facet contacts
the block. Compression of the block results, but with continued
advance, the blade edge does finally contact the block and a section
is cut. This alternate compression and sectioning of the block yields
skipped and thick sections. Alternate thick and thin sections can
also be caused by loose or worn microtome parts. This may be
prevented or corrected by:

¢ increasing the tilt of the blade (greater clearance angle)
e ensuring that the microtome is in good working order and that

routine maintenance is scheduled and documented

® Compressed, Wrinkled, or Jammed Sections

A dull blade [i3.21], a blade gummed with paraffin, paraffin
sticking in the back side of the holder, too little blade tilt, too-rapid
cutting, or a too-warm room will all cause this microtomy artifact.
These problems can be prevented or corrected by:

« keeping paraffin from building up on the blade back; the edge
should be kept free of paraffin by wiping (up, never down) with
gauze slightly dampened with xylene

* ensuring that a sharp blade is in use; changing if necessary

* increasing the tilt of the blade (greater clearance angle)

e decreasing cutting speed; 1 revolution of the wheel per second
is considered a reasonable cutting speed
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[i3.15] Washboarding or undulations in the section are caused by a major
vibration. This artifact usually results from the block or blade not being
tightly clamped in the microtome, but may have other causes. Undulations
are seen more frequently with very hard tissue such as uterus, or when a
microtome has parts that are worn.

[i3.16] The blade has chopped into the block. This is usually the result of
the block or blade being inadequately clamped in the microtome. Tissue will
be lost in attempting to obtain a complete section of this damaged block.

W Lengthwise Scratches or Splits in the Ribbon

A defect in the blade edge or a hard particle in the block will
cause blade lines or splits in the ribbon [i3.22] and [i3.23]. If the
scratches remain in the same area of the section after the biade is
moved, then the defect is in the block; if the defect disappears or
moves as the blade is moved, then the defect is in the blade edge.
These problems can be prevented or corrected by:



[i3.17] The block holder shaft is overextended. This may cause vibration
during sectioning and will result in washboarding or chatter.

[i3.18] The block holder shaft is correctly positioned.

* avoiding any metal objects or sutures that might damage the
blade edge; in extreme cases the tissue may require rotation to
reduce the total surface area that will be damaged.

¢ ensuring that paraffin has not collected in the front or back of
the blade edge

[i3.19] Chatter, or microvibration, most often results from overdehydration
during processing, but may also result from a dull blade, too much blade tilt,
or cutting too rapidly. Soaking the faced block with moistened cotton will help
correct this problem if it is caused by excessive dehydration of the tissue.

[i3.20] A section of central nervous system tissue that demonstrates
chatter, or microvibration.

[3.21] Compressed sections, as seen in this figure, may result from a dull
blade, too little blade tilt, paraffin accumulation on the blade, and cutting too
rapidly.
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 moving to a new area of the blade or replacing with a new blade
[i3.24]

m Sections Flying and Sticking to Nearby Objects or Other Parts
of the Microtome

This artifact results from static electricity. This problem may be

decreased by:

¢ adding moisture to the air by breathing on the block and
blade, using a humidifier near the microtome, or grounding
the microtome to a water pipe

e using some method of ionizing the air

Cryostat

The cryostat is a refrigerated chamber containing a microtome,
usually of the rotary type. It is cooled by a mechanical refrigera-
tion unit. Although a cryostat is easy to operate, practice and skill
are needed to obtain good frozen sections. Because sections are
picked up directly on the slide, frozen sections that are impos-
sible to obtain with the clinical freezing microtome can be
obtained using this instrument. As with paraffin sectioning, the
blade must be very sharp and the edge must be free of defects. A
high-profile blade is commonly used, and most antiroll devices
are designed specifically for these blades [i3.25]. As a frozen
section is cut, there is a natural tendency for it to curl or roll at
the blade edge. This may be reduced by an antiroll plate [i3.26],
[i3.27] or device; however, improper adjustment of this plate
will result in sectioning problems. The tilt of the blade edge is
very important, with the optimum tilt considered to be an angle
of 30° between the center line of the blade and the block face.
The blade should be tilted more for frozen sections than for the
paraffin-embedded material; but as with paraffin blocks, too
much blade tilt will yield scraped rather than cut sections, and
too little blade tilt may yield sections of varying thickness. Basic
criteria for the consistent production of good sections are a sharp,
properly aligned blade without defects in the edge, a properly
adjusted antiroll device, and an optimum sectioning temperature.

At any specific temperature, each tissue has a firmness directly
related to its lipid and water content. Working at the optimum
sectioning temperature greatly increases the ability to section any
type of tissue. If sections of a particular tissue tend to fragment
or split, the temperature may be too low, while if the sections
tend to collect at the blade edge, the tissue is probably too warm.
Commonly, cryostats are operated at approximately —20°C for
most tissues; however, brain, liver, spleen, lymph node, and endo-
metrial scrapings section better at a slightly warmer temperature,
while any tissue containing fat requires a much colder temperature.
Technology has improved the ability to control cryostat tempera-
tures while the door is open. This is a valuable improvement that
increases manipulation time for obtaining a section and decreases
the effects of warm air that previously made sectioning a challenge.
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[i3.22] The results of a major nick, or defect, in the blade edge can be
seen in this paraffin ribbon. This defect possibly resulted from improper
handling of the forceps used in sectioning. Any metallic object that is
allowed to come into contact with the blade edge can damage the edge
and cause this type of artifact.
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[i3.23] A line running horizontally through the upper part of this section
was caused by a nick in the blade edge.The horizontal line seen in the lower
part was most likely caused by an accumulation of paraffin on the edge of the
blade. Note that nicks tear and disrupt sections, but paraffin accumulation
does not.

[i3.24] An optimal ribbon without any defects is seen in this figure.



Slow freezing of tissue will allow water present in the tissue to
form ice crystals throughout the specimen, with the size of ice
crystals proportional to the speed of freezing. The sites of ice
crystal formation are seen as artifacts, or holes, in microscopic
sections commonly called “freeze thaw artifact.” This is particu-
larly disturbing in some tissue such as skeletal muscle. Tissue
may be frozen more rapidly by using a heat-extractor attachment,
dry ice, hydrochlorofluorocarbon refrigerants (Freon) spray,
or a beaker of isopentane suspended in liquid nitrogen. Freon
spray is not recommended because of its ability to aerosolize
infectious tissue, which can expose the technician to tubercu-
losis or other highly contagious diseases. Isopentane suspended
in liquid nitrogen is the preferred method for freezing skeletal
muscle biopsy specimens on which enzyme studies are needed,
and reduced artifact is seen if the isopentane is allowed to reach
a temperature of ~150°C before introducing the specimen. Liquid
nitrogen is rarely used alone for freezing because gas bubbles
form around the tissue and thus impede freezing.

Following freezing and sectioning, tissue should not be stored
unprotected in the cryostat for any length of time, because it will
lead to severe dehydration. If a specimen must be stored frozen
for any length of time, it should be wrapped carefully to exclude
air and then stored in a freezer at —=70°C.

The cryostat must be kept free of the infection hazard posed
by debris. Tissue shavings must be picked up frequently with
a piece of gauze dampened with alcohol and discarded in a
biohazard bag. Manufacturers provide models that reduce
exposure risks by assisting with the containment of tissue
within the chamber and decontamination by UV light. Some
cryostats have a vacuum that assists with pulling the section
as it is cut while simultaneously confining the shavings in a
biohazard bag. This provides easy disposal of biohazardous
tissue and reduces the technician’s exposure. The cryostat
should be defrosted and cleaned frequently. The microtome
must be thoroughly dry before lubricating and recooling,
because any remaining water will freeze and make instrument
operation difficult. A silicone lubricant that remains fluid at
low temperature is usually used. If the cryostat microtome
becomes stiff and difficult to operate because of ice crystal
formation, it may help to treat the microtome with absolute
alcohol followed by lubrication after the alcohol evaporates.
The refrigerant coils must be kept free of dust, or the motor
may overheat; therefore, coil cleaning should be part of the
preventive maintenance program. All routine cleaning and
maintenance procedures should be regularly scheduled and
should be documented when performed. Daily cleaning
should include removal and proper disposal of tissue debris
and wiping the chamber with 70% alcohol. The College
of American Pathologists (CAP) [2007] recommends that a
cryostat in daily use be decontaminated once per week, which
requires use of a solution that will decontaminate for tuberculosis,
AIDS, and other highly contagious diseases.

[i3.25] High- and low-profile blades are shown; the high-profile blade
(bottom) is commonly used for frozen sectioning.

[i3.27] The cryostat anti-roll plate properly positioned on the blade, so that
the section comes between the blade and the plate.

Tissue Processors

CONVENTIONAL PROCESSOR

The primary processor in use today is the closed system (fluid
transfer), in which the tissue is stationary and fluids are pumped in
and out of the pregsurized chamber holding the tissue. The closed
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system is computerized and provides a digital readout to indi-
cate the instrument status; it is usually equipped with an alarm
system to alert personnel to any mechanical problems occurring
during the processing cycle. Specific models will perform system
checks before processing; this can include checking that all bottles
are properly connected and that the vacuum is good. An error
alarm allows the technician to make appropriate corrections to
ensure a successful run. New models have laboratory informa-
tion system (LIS) connectivity that sends an alert to vendors to
prompt them about possible malfunctions before their occur-
rence. Closed systems can assist with keeping exposure to toxic
vapor to a minimum when they are vented either to the outside
air or through a filter. A major advantage of the closed processor
is that specimens cannot dry out in the tissue chamber (retort)
in the event of a malfunction. Although standardization of
reagents for processing is common, a disadvantage is that not all
types of reagents can be used on these processors (eg, mercury-
or dichromate-containing fixatives and chloroform). Heat and
vacuum are available at any station on closed processors. Heat
and vacuum can speed up processing but must be used carefully
implemented, especially on biopsy specimens. It is difficult to use
the same processing program with heat and vacuum to achieve
satisfactory processing of fatty tissues, routine tissues, and biopsy
specimens (see chapter 2, “Processing”). It is also a mistake to try
to process large, fatty, inadequately fixed tissue on a shortened
time cycle, because the results will be poor [i3.28], [i3.29]. Only
very thin, small, well-fixed tissue sections will process well on
a short cycle. The routine processors have improved processing
times by providing not only vacuum but features like agitation
and spinning movements. System improvements that reduce
time also include the time in which they pump the reagents in
and out; this allows for a longer tissue exposure to each solution.

All processors must be kept clean, and a routine reagent rotation
and/or change cycle determined by usage must be established and
rigidly adhered to (see chapter 2, “Processing”). The fluid levels
must always be higher than the tissue cassettes, and the cassettes
should be placed in the baskets or the chamber so that the fluids
can circulate freely. Packing cassettes tightly will reduce, and in
some cases, prevent reagents from reaching cassettes placed in
the center, resulting in poorly or inadequately processed tissue.
It is very important to maintain, monitor, and properly rotate the
cleaning xylene and alcohol to ensure their effectiveness and to
remove residual paraffin and xylene before each processing run.
When the cleaning xylene and alcohol are saturated after a cleaning
cycle, the retort will contain residual paraffin, and in severe cases
the first station solution will have xylene or paraffin contaminants
because of insufficient cleaning of the lines. The temperature of the
paraffin must be carefully adjusted to no more than 2°C to 4°C
above the melting point of the paraffin in use, or the tissue will
be brittle and overhardened. The temperature must be monitored
and recorded daily, with adjustments made in the paraffin bath
temperature when indicated by improper temperature readings.

MICROWAVE PROCESSOR

Microwave processor technology has made its way into the clin-
ical laboratory. The basics of how a microwave operates will be
described in the “microwave staining oven” section of this chapter.
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[i3.28] Fatty tissue has been processed on a shortened cycle, which has
resulted in incompletely fixed and poorly processed tissue.

fi3.29] A section of lymph node, not completely fixed when placed in the
alcohol on the processor, demonstrates alcohol fixation in the center of the
node.

These processors can assist with shorter turnaround times for all
tissue types, large or small. The microwave processor offers the
laboratory an opportunity to improve workflow without compro-
mising tissue morphology and staining. Some models have
the ability to refresh and remove contaminants from reagents,
resulting in the ability to reuse reagents, thus reducing opera-
tional expense. It is suggested that the biopsy tissue turnaround
time can be greatly improved with the microwave processor. As
with conventional processing, microwave processed tissue results
are dependent upon formalin penetration and appropriate fixa-
tion time, and both are successful only when the tissue thick-
ness is controlled and consistent. If fixation time and section



thickness are controlled, the results can be comparable to those
of the routine processor. The microwave processor can assist with
speeding up formalin fixation for fatty breast tissue, but it should
be noted that the effects of microwave processing have not been
validated under the American Society of Clinical Oncology-
College of American Pathologists Guideline Recommendations
for Human Epidermal Growth Factor Receptor 2 Testing in Breast
Cancer (ASCO/CAP HER 2) guidelines. The microwave has been
found to speed up the decalcification time required for bone
marrow to approximately 1 hour in an ethylenediaminetetraacetic
acid (EDTA) solution; processing can be completed in less than
2 hours after decalcification. The individual laboratory should
carefully evaluate the microwave processor and the improve-
ments that it may offer to its processing time and workflow. But
the quality of tissue morphology and staining, specifically those
for immunohistochemistry or molecular studies, should not be
compromised and should be properly validated and documented.

The College of American Pathologists has specific checklist ques-
tions regarding the microwave processor, and the technical staff
should review those before implementing microwave technology
in the laboratory. Basic guidelines are as follows:

1. The microwave processor must be used as recommended by
the manufacturer; if the CAP guideline is stricter, then the
guideline takes precedence.

2. A household microwave oven may not be used in the laboratory.

3. The microwave processor should be quality controlled for
reproducible results in processing. This includes monitoring the
instrument for consistency in temperature during processing.

4. If any damage has occurred to the microwave, it should be
checked for radiation leakage.

5. Microwavable containers should be used.

6. The microwave processor should be vented to reduce toxic
chemical exposure and should be monitored once a year.

7. Review chemical material safety data sheets to ensure that a
reagent can be safely used in the microwave processor, and will
not cause explosion or damage the microwave.

Stainers and Coverslippers

AUTOMATIC STAINER

Automatic stainers found in the histopathology laboratory are of
the following types: linear and robotic. The linear stainers transfer
slides from 1 container to the next with the same time allowed in
each container. The time in each different solution can be changed
only by varying the number of containers holding that particular
reagent, or some modules provide smaller buckets to reduce time.
This type of stainer has less control over exact staining times in

comparison with others. A progressive hematoxylin stain (see
chapter 6, “Nuclear and Cytoplasmic Staining,” p114) gives more
consistency with this stainer. Linear stainers vary in slide capacity
but slides may be continuously loaded; there is no need to wait for
the previously loaded slides to finish staining.

Robotic stainers are the most flexible, allowing total computer-
ized programming. This technology allows for exact staining
times in any given station. Microprocessor technology has
brought about a new generation of robotic stainers that allow as
many as 11 to 12 baskets of 30 slides each to be stained concur-
rently. This includes hematoxylin and eosin (H&E) staining as
well as special staining and deparaffinization only for slides to
be stained immunohistochemically. The robotic stainers reduce
chemical exposure by using filters and by the ability to be vented.
Each laboratory has different needs that must be kept in mind
when evaluating each specific type of stainer before changing to
automated staining. The laboratory should monitor the quality of
staining daily and have a routine protocol for changing solutions.

MICROWAVE STAINING OVEN

Microwave staining ovens are routinely used for performing
special staining. Microwave radiation, a nonionizing radiation,
is produced through the interaction of strong magnetic and
electrical fields. The microwave electrical field that is produced
creates friction as it passes through dipolar molecules (water)
and polar side-chains of proteins, causing them to reverse them-
selves 2.45 billion times per second; this in turn creates heat.
These molecules are microwave absorbent, whereas many mate-
rials such as plastic wrap, wax paper, and paraffin are micro-
wave transparent. They do not contain any molecules that will
be excited by the electric part of the wave. Metals are micro-
wave reflective, neither absorbing nor transmitting micro-
wave energy, and they may cause the energy to bounce from its
surface. Metals should not be used in most microwave ovens.

The amount of heat generated by a microwave oven is depen-
dent on the exposure time, solution volume, and oven wattage.
Temperature control is very important when using any of the
microwave techniques. When the microwave oven is used for
fixation (physical fixation), irreversible morphologic damage will
result if the temperature is not carefully controlled. It is sometimes
useful to place an extra container of water inside the microwave
oven. This helps control the amount of electromagnetic waves
striking the intended target, and therefore, the amount of heat.

The use of the microwave oven results in a marked time savings
in many special staining techniques; however, all stains do not
lend themselves to microwave staining. Much less background
staining is observed with silver techniques and with some enzyme
histochemical staining methods than when the staining is done
using conventional methods. Reactions to microwave staining
must be monitored very carefully, because the reaction can be
completed so quickly that overstaining occurs, especially in some
of the silver techniques. Stains are very reproducible provided that
the volume of liquid, the time of exposure, and the microwave
setting are standardized. Features such as probes that monitor
solution temperature and pump air into the solution to reduce
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hot spots by creating bubbling improve consistent staining. There
are different schools of thought on staining with the microwave
oven. Some technologists prefer to use higher power settings,
while others believe that the lower power settings are preferable
because overstaining is not as likely to occur. Glass Coplin jars
can be used with very low power settings, which is an advantage
in some cases. Stains using high (or full) and low (minimum)
power will be presented in chapters 7-11. It is important to cali-
brate the oven in use and to try different power variations to
determine which is best for your laboratory. Following the devel-
opment of a special stain using the microwave, the procedure
should be validated and documented to be reproducible. This
includes volume of solution, type of container, time, power, and
wattage necessary to ensure consistency within the laboratory.

Crowder [1995] states that for each setting on the microwave the
following procedure should be performed. After the wattage is
determined for each setting, the numbers also can be converted
into a percentage of power, another way of stating the microwave
oven setting to be used. A chart giving the wattage, or percentage
of power, for each setting on the microwave should be made for
reference. The procedure for determining the wattage follows:

1. Place 1L of distilled water in a beaker. Record the temperature
of the water.

2. Place the beaker of water in the center of the microwave oven.
3. Heat the water for 2 minutes on a given power setting.

4. Remove water from oven, stir, and again record the
temperature.

5. Subtract the original temperature from the heated temperature;
multiply this number by 35. This will give the wattage of the
oven [Login 1993].

Crowder [1995] also states that certain microwave ovens are manu-
factured specifically for the laboratory with different power
wattage settings. In contrast, the wattage in the standard house-
hold type of microwave oven does not change as the power settings
are changed; instead the microwave emission time is altered.

Some general guidelines on microwave staining follow:

1. Sometimes it is easier to reproduce results if the liquid is heated
to the desired temperature and poured over the slides, which
are then allowed to stand until the reaction is complete.

2. The microwave oven should be kept very clean by immediately
wiping any spills. Placing the staining jar inside a plastic bag
will help keep the oven clean, because any boiled-over reagent
will be contained inside the plastic bag. Loosely close the bag
and be sure that the plastic staining jars are vented by drilling
a small hole in their covers. The use of a plastic bag may
necessitate recalibration of heating times.
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3. Be aware that some fumes are toxic, and heated reagents
produce more vapors, increasing the exposure hazard. The
microwave oven should be vented or placed in a fume hood.

4. Reagents that are fire or explosion hazards should not be used
in the microwave oven.

5. Be very careful when removing heated solutions from the oven
because some containers can become very hot.

6. Do not use thin paper or tissue paper of any kind in the
microwave oven, because paper can get hot enough to ignite.

7. Power settings vary on different microwave ovens, and even
different ovens of the same brand may perform differently. The
times given for some of the special stain microwave techniques
are a guide only, and adjustments may need to be made. Each
oven must be calibrated before use.

8. Solutions heat faster at the top of the staining jar than at the
bottom. After exposing the slides to a solution in the microwave
oven, the solution should be mixed by dipping the slides up and
down, or by using a Pasteur pipette to gently withdraw solution
from the bottom of the jar and add it back to the top.

9. If glass staining jars are used, the glass must be heat tempered
(eg, Pyrex), because Coplin jars tend to break at the junction
of the sides and bottom. Glass also gets hotter than plastic and
must be handled carefully.

10. The microwave oven should be checked periodically for
radiation leakage.

AUTOMATIC COVERSLIPPER

Automatic coverslipping instruments are becoming standard
equipment in high-volume laboratories. These instruments should
contain filters or be vented to the outside to reduce hazards associ-
ated with the inhalation of xylene during the application of cover-
slips. The hazards associated with skin absorption, combined with
the current shortage of personnel, have greatly popularized the
use of these instruments. Coverslipping instruments are designed
to take batches of slides directly from an automatic stainer and
apply either glass or plastic coverslips in a timely manner, with
minimal additional handling or clean-up. Recently, modules were
introduced that connect directly to the automated stainers and
allow for improved workflow and further reduction of laboratory
personnel exposure to chemicals. It is important to adjust the
amount of mounting medium that is dispensed during coverslip-
ping to ensure proper long-term storage of slides. When the ratio
of xylene to medium is incorrect, or if there is too much xylene in
the mounting medium, then high-power focusing does not project
crisp cellular detail, and the mounting media will retract from the
tissue as drying occurs. The reservoir used to hold the mounting
media must be kept tightly sealed to keep moisture out and must
be cleaned weekly to reduce the risk of water artifact [i3.30].



Miscellaneous Equipment
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FLOTATION BATHS

Flotation baths are used for floating out paraffin ribbons. While the
temperature of the bath depends to a degree on the personal prefer-
ence of the microtomist, it is usually maintained 5°C to 10°C below
the melting point of the paraffin used for embedding; with some of
the newer parafhns, the bath is maintained at an even lower temper-
ature. If the bath is too hot or the ribbons are either overstretched
or allowed to float for too long, an artifactual separation of tissue
components that mimics edema will be seen. “Parched earth”
is an artifact that commonly results from improper processing
but also may result from a flotation bath that is too hot [i3.31].

Ribbons should be stretched gently as they are placed on the flota-
tion bath, and then small wrinkles and folds should be quickly
but cautiously teased out of the sections. Folds remaining in the
section can obscure desired structures that are stained [i3.32].
Most air bubbles trapped under the section can be drawn to
one side by a blunt dissecting needle that has been bent at an
angle to reach under the ribbon. Care should be exercised so
that the ribbon is not pierced or torn. Sections may be removed
from the blade and transferred to the flotation bath with gloved
fingers, forceps, a brush, or a wooden applicator stick [i3.33].
The applicator stick attached to one end of the ribbon will aid
in stretching the ribbon and will float on the bath so that one
does not need to worry about detaching it from the ribbon.

If paraffin sections are picked up on clean, untreated glass slides,
the sections are likely to wash off during staining, so some type
of adhesive is commonly used. The slides may be coated with
albumin, which is a mixture of egg white and glycerin, using a glue
derivative (such as a derivative of Elmer’s glue, Columbus, OH), or
with a poly-L-lysine. Slides also may be treated with aminoalkylsi-
lane or coated with a chromium potassium sulfate alum solution.
In most routine work, the adhesive is added to the water bath.
Gelatin, agar, and Elmer’s glue are all used as water bath additives;
the other substances are used to coat the slides. Slides coated with
poly-L-lysine are excellent for frozen sections on fixed tissue, some
sections to be stained in the microwave, and paraffin sections to
be stained with immunoenzyme techniques. Aminoalkylsilane is
preferred for sections to be used for in situ hybridization studies.
Slides coated with chromium potassium sulfate are effective for
frozen sections of fixed tissue and for special stains in which
some of the reagents tend to cause loosening of paraffin sections.

Slides that have a permanent positive, or plus (+), charge are also
available. This positive charge attracts frozen and paraffin tissue
sections electrostatically to the microscopic slide. No adhesive is
needed, background staining is eliminated, and section loss that
occurs with some staining procedures is reduced. These slides
are excellent for silver stains, immunohistochemical and enzyme
histochemical techniques, DNA probes, or other procedures with
a marked possibility of section loss. These slides can be fairly
expensive, but the laboratory can evaluate the expense of these
commercially purchased slides to assess the feasibility of their use
in relation to the expense of repeated staining necessary because
of washing and tissue loss.

[i3.30] Either this section was not completely dehydrated before mounting
with synthetic resin, or the resin contains water.

processed is floated on the flotation bath, or when the flotation bath is too
hot. A parched earth artifact also may occur then the block is chilled with
fluorocarbon spray.

[i3.32] Severe wrinkles are present in this alcian blue-stained section of
intestinal tract. When this artifact is severe, it can interfere with the proper
interpretation of the section.
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[i3.33] An applicator stick is useful for picking up ribbons from the blade.
The sticks are the least damaging to the blade edge of the various tools used
for this purpose. The wet applicator stick is placed under the ribbon and the
last section is rolled slightly around the stick. The stick aids in stretching the
ribbon as it is placed on the flotation bath, and because it floats, it does not
need to be disengaged before the ribbon is placed on the bath.

CHROMIUM POTASSIUM SULFATE-COATED SLIDES
[BOYD 1955]

Dissolve 1 g of gelatin in 1 L of distilled water with heat. Cool and
add 0.1 g of chromium potassium sulfate. Store the solution in the
refrigerator. Dip slides several times in this solution, drain, and
dry in a vertical position. Store slides in a slide box.

POLY-L-LYSINE-COATED SLIDES

Dissolve 25 mg of poly-L-lysine in 26 mL of distilled water in
a small beaker or flask. Dip an applicator stick in the solution
and roll a coating on each slide. Dry overnight at 50°C to 55°C.
Store the slides in a slide box; the solution may be stored in the
refrigerator.

A 0.1% solution of poly-L-lysine may be obtained commercially.
For use, the concentrate is diluted 1:10; slides are immersed in the
dilute solution for 5 minutes, drained, and dried overnight at room
temperature or for 1 hour at 60°C.

AMINOALKYLSILANE-TREATED SLIDES [RENTROP 1986]
Fill slide racks with slides and soak in clean acetone. Air dry the
slides and then soak them for 2 minutes in a well-mixed solution
of 250 mL of acetone and 5 mL of 3-aminopropyltriethoxysilane.
Rinse the slides well in 2 changes of distilled water, dry at 60°C for
30 minutes, and store in a slide box.

Before some of these newer methods or chemicals for treating
slides were available, sections occasionally had to be treated with
celloidin to keep them from washing off during staining. Although
sections rarely are coated with celloidin today, this method may
still be required following errors in processing that have caused
extreme tissue dehydration. Sections are deparaffinized with
xylene, immersed in absolute alcohol, and then placed for 1 to
2 minutes in 0.5% celloidin dissolved in ether alcohol. Slides
are drained briefly and placed in 80% alcohol for 5 minutes to
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harden the celloidin. After being washed in water, the slides may
be stained. Ether is a very hazardous chemical to use because of its
explosive properties; therefore, great care must be exercised when
celloidin is prepared and used.

An excess of any of the adhesives is undesirable because some
will stain and give very messy-appearing sections [i3.34], [i3.35].
Visualization of the sections also may be less than optimal. Adding
approximately % teaspoon of gelatin to the flotation bath will give
good section adherence for routine staining procedures. Distilled
water should be used in the flotation bath, which should be filled
fresh each morning, cleaned at the end of each day, and left to
dry overnight. Wiping the waterbath with acetone after cleaning
can improve the cleanliness of the bath and reduce any detergent
residue.

Water and adhesives can be a source of contamination and
should be checked carefully for the presence of microorganisms.
Millipore-filtered (Millipore Corp, Bedford, MA) deionized water
is a good reliable water source for the flotation baths, because even
water that been put through a charcoal filter and an ion-exchange
column may contain acid-fast organisms [Carson 1985]. Glue has
been reported to contain fungi [Fleming 1985], and gelatin has also
been reported to contain acid-fast organisms [Carson 1964], O one
must always be aware of the possibility of contamination. It is also
helpful if enough water to fill the bath is filtered and allowed to
stand overnight so that entrapped air is released. Entrapped air
may also be released by preheating the water in the microwave.
These procedures will decrease the formation of air bubbles under
the section [i3.36].

The flotation bath must be kept scrupulously clean during micro-
tomy and should be cleaned after each block is cut by skimming
the surface with a lint-free tissue (eg, Kimwipes) or a paper towel to
pick up any debris. Debris left in the flotation bath can be picked up
on another slide and may lead to a misdiagnosis [i3.37]. If a flota-
tion bath becomes contaminated with debris because of unfixed
tissue exploding, it is recommended that the bath be dumped,
cleaned, and refilled with clean water to eliminate the possibility
of contamination to future sections. The microtomist should wear
gloves during sectioning to avoid squamous cell contamination
to the mounted sections [i3.38]. Sources of squamous cells are
ungloved hands touching the water in the bath or touching the
slide itself.

Flat, wrinkle-free sections may be difficult to obtain with some
tissues [i3.39], [i3.40], [i3.41]; differences in the ease of both
sectioning and floating out of the ribbons may also be noted after
different methods of fixation. Chemicals that lower the surface
tension, such as TritonX-100 or Brij-35 (Sigma-Aldrich, St. Louis,
MO), may be added to the flotation bath to help flatten sections.
Place an applicator stick in the solution, and then swirl it around
in the waterbath. Excess amounts of these reagents will interfere
with tissue adhesion to the slide. This technique also assists with
slowing down the process of tissue exploding on the waterbath
because of poor processing. Other methods, such as using flota-
tion baths at 2 different temperatures or floating the ribbon first
in an alcohol solution (5 mL of 95% alcohol and 95 mL of distilled
water) and then transferring it to the flotation bath, also have been



[i3.34] Too much egg albumin has been used to coat this slide, and it has
stained. It does not interfere with the section on this slide but yields a messy,
unattractive slide.

[i3.35] If too much adhesive such as egg albumin is used, it will stain.
Notice the heavy eosinophilic area and uneven staining on the left side of this
section. This artifact is within the section on this slide, causing a decrease in
contrast of the stained elements and making some structures difficult to see.
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[i3.36] An air bubble was trapped under the section on the flotation bath
and has broken during the staining process.The stain is more intense in this
area because the stain had access to both sides of the section.

EE

suggested as an aid to obtaining flat, wrinkle-free sections [Sheehan
1980]. In my laboratory, 2 mL of 95% alcohol is added to the water-
bath to assist with eliminating wrinkles in biopsy tissue.

DRYERS AND OVENS

For routine hematoxylin and eosin staining as well as special
staining, the tissue slides should be completely dried before
beginning the deparaffinization step with xylene. Incomplete
drying can cause sections to wash off during staining. Placing
the section into an oven, especially one that forces hot air to
move within the space provides the most optimal results. This
is commonly referred to as a “convection oven,” which allows
for quicker drying at a lower temperature. A warming plate can
be used but all water must be removed from behind the tissue
before placing the slide on the plate, or the high temperature
may cause artifacts such as nuclear bubbling. Proper technique
must be used to ensure that tissue morphology is not compro-
mised. After mounting the tissue onto the slide, never allow water
to move back underneath the section, and avoid laying the slide
horizontally once tissue is adhered. The tissue must be completely
dry before the slides are placed into xylene for deparaffiniza-
tion; if any water is left, it will not mix with xylene and will cause
incomplete deparaffinization. Incomplete removal of paraffin is
indicated by white spots that can be seen in tissue as the slides
are removed from xylene. This artifact is difficult to correct
completely, because these spots may stain more intensely later,
but the slides should be treated with absolute alcohol to remove
any residual water and then placed back in fresh xylene to remove
any remaining paraffin. The slides should then be taken through
absolute and 95% alcohols and water, and stained as desired.
Note that the container with the water-contaminated xylene
should be replaced with a clean dry container and fresh xylene
to avoid incomplete deparaffinization of the sections following.

Dryers and ovens are usually maintained at a temperature just
above the melting point of paraffin, commonly 60°C, and are used
for drying slides. In forced-air slide dryers, drying takes approxi-
mately 15 minutes, but it requires about 1 hour in a conventional
oven to ensure complete dryness. Immunohistochemistry slides
are best without oven drying, but 30 minutes in a forced air dryer
at 55°C using positively charged slides works well. High tempera-
tures affect antigens; therefore, slides should never be dried at a
temperature higher than 60°C. As previously stated, sections over-
heated during drying may show artifacts, especially if the sections
have not been well-drained before drying [i3.42], [i3.43], [i3.44],
[i3.45]. Santoianni and Hammami [1990] attribute nuclear bubbling
to the presence of water in the nuclei of freshly cut sections that
are immediately dried. This is especially pronounced if the slides
are dried at temperatures above 60°C. If the need for diagnosis
is not urgent, the morphology is maintained more exactly by air
drying the sections overnight. This is especially recommended if
the stained sections are to be photographed.

Incubator ovens are maintained at 37°C, or body temperature, and
are used for many enzyme reactions, in situ hybridization applica-
tions, and some special stains, but are not recommended for slide
drying.
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[i3.37] Debris from a previous section has been picked up on this slide.
In some cases, this can lead to a misdiagnosis and should be prevented

by careful, frequent cleaning of the flotation bath with paper towels or
Kimwipes, preferably between sectioning of different blocks.
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[i3.38] Two squamous cells are seen on this section. Ungloved fingers
should never be put in the flotation bath because it may result in
desquamation and the cells will be picked up on later sections.

e

[i3.39] A fold on the edge of a section of skin. This tissue did not adhere

completely to the slide and has folded over. This artifact is seen frequently in
skin sections.
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CIRCULATING WATER BATH

A circulating water bath is a small, deep bath that circulates water
to provide better control of a specific temperature with minimal
variation. Plastic or glass Coplin jars are covered and placed into
the water. The water level should be approximately the same on the
outside of the Coplin as the solution level inside the jar to assist
with temperature control. The heat from the circulating water
brings the solution in the Coplin jar to the desired temperature
and holds it at that temperature for a period. The bath works well
for a broad range of temperatures and can be used successfully
for special stains or mild epitope retrieval techniques. When used
with the higher temperatures as needed for heat-induced epitope
retrieval, plastic Coplin jars will withstand the temperature better;
high temperatures may cause glass Coplin jars to crack. For high
temperature applications the laboratorian should use gloves that
are water- and heat-resistant to avoid skin burns. If boiling temper-
atures are needed, ethylene glycol may be added to the water. This
chemical gives off noxious fumes when boiled, and the bath should
be placed under a chemical fume hood.

FREEZERS AND REFRIGERATORS

Freezers and refrigerators are used for storing many
of the reagents used in histopathology, especially enzyme
histochemistry reagents, immunohistochemistry reagents, and
buffer solutions. If flammable reagents must be stored at refrig-
erator or freezer temperatures, then explosive-proof units should
be purchased. The refrigerator is usually maintained at approxi-
mately 4°C and should never be allowed to reach a temperature
above 10°C. The typical laboratory freezer is used at a temperature
of —20°C and should not have a defrost cycle if used for reagent or
tissue storage because freeze thaw cycles can destroy any reagent
or tissue exposed to a repetitive warm temperature. The —20°C
freezer is useful to maintain antigenicity in precut immunohis-
tochemistry control slides, thus allowing for long-term storage;
—70°C freezers are optional for long-term storage of concentrated
antibodies. Undiluted antibodies should be “snap” frozen in liquid
nitrogen in a cryogenic vial before being stored at =70°C. Tissue
stored in either type of freezer must be well wrapped or dehydra-
tion will occur. If tissue becomes desiccated, good frozen sections
are impossible to obtain, and staining on improperly stored precut
sections may be weak or even give a false-negative reaction. The
temperature of laboratory refrigerators and freezers must be
monitored routinely, and a daily log must be kept. It is advisable
to have an alarm on the freezer to notify personnel when a system
failure occurs; a liquid nitrogen backup unit for a —70°C freezer
is optimal.

pH METERS

pH meters are used to measure the acidity, or H' ion concen-
tration, of a solution. The pH scale goes from 0 to 14, with a
pH of 0 indicating a very acid solution and a pH of 14 indi-
cating a very basic solution. To understand a little more about
pH, we must look at water. Each molecule of water is composed
of 1 oxygen atom and 2 hydrogen atoms. In pure water, most
of the water molecules remain intact; however, a very small
number of water molecules ionize and react to give hydro-
nium ions, which are acidic, and hydroxyl ions, which are basic.



which resulted in a wrinkle. The wrinkle in this section of lung, stained
with the Kinyoun acid-fast technique, could cause a rare organism to be
overlooked, yielding a false-negative report. Sections should be gently
stretched and wrinkles teased out as soon as the ribbon is placed on the
flotation bath.This must be done carefully or the sections will tear.
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[i3.417 The sections did not flatten completely on the water bath and did
not adhere firmly to the microscope slide, producing a wavy section. Letting
the section float slightly longer would probably prevent this artifact, which is

most frequently seen in skin sections.

[i3.42] This section of small intestine was dried in a forced air dryer at
80°C for 10 minutes immediately after being picked up from the flotation
bath. Note the marked cell shrinkage and the retraction of the lamina propria
from the epithelium.

[i3.43] This is a duplicate of the section shown in [i3.42]. It was cut at
the same time, but allowed to air dry overnight at room temperature before
staining.

[i3.44] This is a high-power photomicrograph of the section shown in
[i3.42]. Note the nuclear bubbling, an artifact usually attributed to formalin
fixation. Also note the cell shrinkage and separation of the various tissue
components, which leads to the creation of artifactual spaces. This drying
artifact was reported by Santoianni and Hammami.When possible, slides
should be allowed to drain for several minutes before drying in an oven
maintained at no more than 60°C for | hour.
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[i3.45] Compare this section to that shown in [i3.44].This is a high-power
photomicrograph of the air-dried section shown in [i3.42],
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When pure water reacts, it produces equal amounts of hydro-
nium and hydroxyl ions and thus is considered neutral [f3.4a].

However, because bare protons or hydrogen ions do not exist in
water, the equation is more properly written as shown in [f3.4b].

The addition of acid increases the hydronium ion concentration,
and the pH decreases or moves toward a value of 0. If a base such as
sodium or ammonium hydroxide is added, the hydroxyl ion concen-
tration increases, and the pH shifts toward 14. The hydronium and
hydroxyl ions remain in balance with each other, and an increase
in the concentration of hydronium ions causes a proportional
decrease in the concentration of hydroxyl ions. Each unit on the
pH scale represents a 10-fold change in hydronium or hydroxyl ion
concentration, so that a solution at pH 6 is 10 times more concen-
trated in hydronium ions than a solution at pH 7. The terms hydro-
nium and hydrogen ions are used interchangeably in many texts.

pH is defined as the negative power (the p in pH) to which the
number 10 must be raised to express moles per liter concentration
of the solution’s hydrogen ions (the H in pH). For water at room
temperature, the hydrogen ion concentration is 1 x 107 mol/L;
therefore, the pH of pure water at room temperature is 7.

The pH meter measures pH with a voltage output in proportion
to the active acid concentration. Electrode systems are always
composed of 2 electrodes, a sensing electrode and a reference elec-
trode, but for convenience are frequently combined into 1 elec-
trode, a combination electrode. The sensing electrode contains a
specially designed surface whose voltage will change as the pH of
the solution changes. The reference electrode completes the elec-
trical measuring circuit and gives a stable or unchanging voltage
for comparison with the voltage of the sensing electrode.

For use, pH meters are standardized with buffer solutions whose
composition has been defined by the US National Bureau of
Standards; for the greatest accuracy, the pH meter should be stan-
dardized using a standard solution with a value near that of the
test solution. For example, when determining the pH of neutral-
buffered formalin solution, the pH meter should be calibrated
with a pH 7.0 standard, but when preparing the acidulated water
for the Warthin-Starry stain, the pH meter should be calibrated
with a pH 4.0 standard. Depending on the type of electrode in
use, electrode storage may differ. Some electrodes, if not frequently
used, are better stored dry with the protective cap on, while other
electrodes should be stored in distilled water or in solutions
containing potassium chloride. The manufacturer’s recommen-
dation on storage and cleaning of electrodes should be followed.

[ HZO =3 H* +

OH~
o water hydrogenion  hydroxyl ion
2HO <« H,0* + OH~
water hydronium ion  hydroxyl ion

[f3.4] a, Dissociation of water into hydrogen ion and hydroxyl ion.
b, More properly written equation as hydronium jon as it exists in water.
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pH meters are necessary for enzyme histochemistry techniques
because most solutions require a specific pH for use. The immu-
nohistochemistry laboratory must verify and document the pH
of buffers before use. Phosphate buffers require a specific type of
electrode for successful testing. Many laboratories use pH paper
for testing buffers but when an exact pH is required, a pH meter is
a more reliable source.

BALANCES AND SCALES

Balances or scales are needed for solution preparation; a balance
that will weigh 100 to 200 g with a sensitivity of 1 to 2 mg usually
is sufficient. More specialized techniques requiring weighing in
milligram amounts require an analytical balance. The balance and
balance pans must be kept scrupulously clean. The surrounding
area should also be kept clean; any spilled chemicals should be
carefully wiped up and disposed of. This area of the laboratory and
the weighing of dyes and chemicals can be a real safety hazard. The
accuracy of an analytic balance should be checked regularly as a
part of the preventive maintenance procedure. To properly weigh
out a dry chemical, the following steps are recommended:

1. Place an empty weigh boat onto the scale.

2. Clear the weight by performing a step commonly referred to
as taring or zeroing the balance. This ensures that the weight of
the boat is not added to the final weight of chemical.

3. Measure the chemical into the weight boat for the desired
weight.

4. Carefully remove the weight boat and chemical to continue
with reagent preparation.

5. Repeat steps 1 to 4 for each new chemical, wiping down the
balance if necessary to avoid contamination.

6. Upon completion, wipe down balance and work area. Cover
balance to keep free of dust.

7. The balance should be calibrated annually.

EMBEDDING CENTER

Embedding centers provide a supply of melted paraffin, warm
storage for embedding molds, small warming and chilling plates
for orientation during embedding, and a larger chilling plate for
rapid chilling of the embedded tissue blocks. The embedding center
should be kept clean and free of any tissue fragments that could be
picked up during embedding. Some centers include magnifying
glasses to aid in specimen orientation. Again, the paraffin is kept
2°C to 4°C above the melting point of the paraffin used. If the
temperature of the embedding paraffin is allowed to go too high,
the nature of the paraffin and the resultant sectioning qualities
are affected. The temperature of the paraffin should be monitored
and documented daily. High temperatures should be avoided not
only for melting the paraffin but also on the surface plate where
orientation occurs. High temperatures can destroy the tissue and
nuclear morphology if the tissue is laid upon this hot surface. The




tissue should be transferred directly from the cassette to the mold
to avoid this artifact.

MICROMETER PIPETTES
Pipettes are routinely used to measure liquids in ranges of 1 to
1000 pL in the immunohistochemistry laboratory. The following
3 ranges would allow for most volumes to be prepared: 0.5-10 pL,
20-100 pL, and 200-1000 pL.

A pipette should never be taken out of the recommended range
because this will cause inaccurate draws. If the immunohis-
tochemist is using a pipette for extended periods, ergonomic
styling is helpful to reduce the risk of repetitive injury stress. The
chamber inside the pipette should be resistant to heat generated
from the hand, which can reduce its accuracy.

Good pipette techniques can assist with efficiency. The following
are basic guidelines:

1. Always use the pipette in the designated range.

2. Keep pipette straight up and down to improve accuracy of the
draw.

3. Do not carry over excess primary or reagent on the outside of
the tip to avoid a dilution error.

4. Gently draw and blow reagent 2 to 3 times, and visually check
to see if the draw is good before dispensing.

5. Following dispensing, gently draw and blow reagent to clean
the tip of any residual antibody left.

6. Keep pipette clean by checking for any residual reagent stains,
and wipe clean to avoid contamination to other preparations.

7. Store pipettes in a designated stand, not in a drawer, to avoid
damage.

8. Keep pipettes calibrated, checking at least annually.

SOLVENT RECYCLER

Recycling systems once were difficult to maintain and prone to
inherent hazards, such as the risk of exposing the user to chem-
ical fumes, as well as dangers from heated glass containers, lifting
large volumes of chemical on and off the stand, and handling
tubing. The models today are making a positive impact on the
laboratory and the environment. These systems can be benefi-
cial to laboratories, generating both small and large volumes of
waste. The recycling system works by boiling off the impurities,
such as water or other chemicals, separating contaminants from
the solvent being recycled, and restoring it to its original compo-
sition. These systems can be used for alcohol, xylene, and even
xylene substitutes to prepare them for reuse multiple times. Some
systems also restore formalin to its original chemical state. With
the assistance of computer technology, built-in safety features can
closely monitor the system to ensure that it is not exposing the user

or surrounding area to unsafe fumes or temperatures. Recycling
can be a cost-saving measure for the laboratory by reducing both
the expense of reagent purchase and the disposal of used solvents,
while having a positive impact on the environment.

Instrument Quality Control

NEW INSTRUMENT VALIDATION

Before using a newly introduced or purchased piece of equip-
ment, it should be validated. The manual should be reviewed for
specific instrument requirements, and it should be verified that
the proper electrical wattage is available for the operation of
the equipment. Some equipment requires dedicated ventilation,
plumbing, drainage, a specific room temperature, low humidity,
LIS or internet connectivity, and specific computer software.
Space requirements (table top or floor) may also be a consider-
ation. Commonly a checklist can be used to ensure that all system
requirements are verified before operation. Once the operational
requirements are met, the laboratory must validate the results
before implementing the equipment for clinical use.

Side-by-side comparisons are the best form of validation. Controls
and patient tissue, as appropriate, are handled identically through
each step of the process, with the only variable being the “new”
instrument; a comparison of the final results are reviewed and
approved by the laboratory medical director or designee. It is
important to verify an adequate number of controls and patients to
ensure consistent results. For example, a processor may require not
only a specific number of blocks to be processed but also various
tissue types to ensure that all specimens processed meet quality
expectations. An immunohistochemical stainer will also require a
specific number of side-by-side comparisons using multiple tissue
types and/or fixatives. This can be achieved easily by using control
slides of tissue processed by the laboratory, which are constructed
into multiple tissue blocks (eg, microarray or sausage); this keeps
down the expense of validation. The laboratory will be respon-
sible for designing a validation process and procedure suitable
for the type of instrumentation and the complexity of the testing
performed by the instrument. The design should satisfy both
quality expectations and reproducibility of results.

If side-by-side comparisons are not available, the laboratory should
define expected results and, in most cases, evaluate the instru-
ment before purchase by having an in-house demonstration or by
sending material to the vendor, who then allows the laboratory
to assess the quality of the product. I prefer an in-house demon-
stration, which allows hands-on assessment by the staff as to how
the instrument will fit into the laboratory process and also allows
identification of any potential challenges.

QUALITY CONTROL PROGRAM

A well-organized quality control program is a must in the histo-
pathology laboratory, and the application of this program to
the instrumentation of the laboratory is very important. All
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instruments with temperature as an important factor must be
monitored, and the temperature recorded daily. If a temperature is
found to be out of range, corrective action must be taken and docu-
mented. All instruments requiring lubrication should be placed on a
periodically scheduled lubrication protocol. All instruments should
be kept very clean and should be covered when not in use, if appro-
priate. Instrument manuals should be kept readily available and
the manufacturer’s recommendations referred to for both routine
care and preventive maintenance; these recommendations should
be written into the quality control procedures. Documentation of
the performance of all quality control procedures is a requirement
for accreditation and regulatory agencies. Examples of forms that
might be used to document routine quality control procedures
and instrument maintenance history follow [f3.5], [f3.6], [f3.7].
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Equipment Temperature Quality Control Chart

Equipment: Serial number: Acceptable range:  High: Low:

Year: January Februry March  April May June July August September October November December

= W N

o

Monthly
Review

Corrective action:

[£3.5] Temperature records.
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Equipment Maintenance and History

Equipment: Boekel Flotation Bath Model: 145701
Manufacturer: Boekel Scientific Purchase Date: 01/2004
Feasterville, PA 19053 Purchase Order: PO543302
Serial No: 01285 Inventory No: UT050553

‘ Principle: The flotation bath is used for the flotation of parafin ribbons prior to mounting sections on
glass slides. The proper temperature range for the bath is 5°-10° C below the melting point of the paraffin used.

Reference: See operation manual for detailed information on the flotation bath

Routine maintenance: The flotation bath will be monitored daily for temperature. This will be documented
on a designated QC sheet for the flotation bath. Unacceptable temperature will be recorded and adjustments
will be made at the discretion of the supervisor. If the bath does not respond to adjustments, then the lab

‘ will seek contracted maintenance to correct the problem.

| Procedures:
I 1. Remove all paraffin with xylene at the end of each day
2. Using hot water, clean glass dish with Liqui-Nox (Alconox, Inc, White Plains, NY)
3. Rinse with deionized water and wipe with acetone
4. To reduce dust particles, store dish upside down
5. Wipe away any water standing in the bottom of the warming unit; this surface should be kept dry

QC Sheet: Copy follows this page
Annual electrical check required: Yes

Date called Problem Company Corrective action taken Date

|
|
j Documentation of contracted maintenance (if applicable)
Tech initial

Note: Keep a céﬁy of all maintenance invoices/bills

(£3.6] Equipment maintenance and history.
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Equipment Maintenance and History

Equipment: Cryostat Model: Microm HM505EVP
Manufacturer: Richard Allen Scientific Purchase Date: 05/2003
Kalamazoo, MI Purchase Order: PO730995
Serial No: 25889 Inventory No: UT428678

Principle: This instrument is to be used for sectioning frozen tissue, including muscle, renal, and heart.
Reference: See operation manual for detailed information on the Microm HM505EVP.

Routine maintenance: The instrument will be monitored daily for any operational problems and constant chamber
temperature. Daily documentation of the temperature will be maintained on the instrument’s QC sheet. Technical
problems will be recorded and adjustments will be made at the discretion of the supervisor. If the cryostat does not
respond to adjustments, then the lab will seek contract/outside maintenance to correct the problem. The cryostat should
be decontaminated daily by wiping out with alcohol. Complete chamber decontamination, including removal of the
microtome, will be at a minimum of every 6 months, depending on the frequency of use and type of tissue being cut.
Decontamination should be performed following cutting a highly contagious case to minimize the risk of acquiring
infection from blood- or tissue-borne pathogens in unfixed tissue that has been cut on the cryostat. Note: For examination
and readjustment of the microtome, a trained service technician should perform a routine maintenance once every 6 months.

Procedures:
1. Monitor the chamber temperature, and document it on the daily quality control chart
2. Remove any debris from the chamber, and remove and replace biohazard waste trap if full
3. Wipe the chamber down with 95% alcohol
4. 1f a suspected contaminated specimen has been sectioned, defrost and decontaminate the chamber
5. Schedule 6-month maintenance for complete removal and decontamination of microtome, or more frequently if used daily
6. Perform annual electrical check

Supplies: Required personal protective equipment: safety glasses, respirator, latex-free gloves, and lab coat
Cleaning supplies: 95% alcohol, gauze, and biohazard bags

QC sheet: Copy follows this page

Annual electrical check required: Yes

Documentation of contracted maintenance (if applicable)
Date called Problem Company Corrective action taken Date

}ech initial

Note: Keep a copy of all maintenance invoices/bills

[£3.7] Equipment maintenance and history.
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EARNING ACTIVITIES

1. Recut the blocks made after reading chapter |, “Fixation,” obtaining the best sections possible, and stain with H&E,
removing pigments as indicated. Compare the difficulty of sectioning tissues fixed in different fixatives.

2. Cut sections from one of the blocks, changing the clearance angles so that at least 4 different angles are used. Try
clearance angles of approximately 1°, 4° 7°, and 11°. Compare the sectioning ease at the different angles. Stain the
sections and note any differences in the microscope quality of the sections.

3. Cut sections from | of the blocks at different cutting speeds; vary speeds from less than | revolution of the wheel
per second to approximately 3 to 4 revolutions of the wheel per second. Compare the thickness of the sections. Are
the thicker sections obtained with fast or slow cutting speeds? Stain the sections, and compare their microscopic
quality.
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Identify possible chemical,
mechanical, and biological hazards in
the histopathology laboratory

List at least 5 commonly used toxic
chemicals, and identify the specific
hazard(s) of each

List all reagents used in the
laboratory for fixation and processing
of tissue, and identify the hazards
associated with each reagent (see also
chapters 1 and 2)

Identify the appropriate method
of disposal for each of the listed
reagents

List at least 5 flammable or explosive
compounds found in the laboratory

Discuss proper storage of chemicals
that are fire or explosion hazards

10.

11.

On completing this chapter, the student should be able to do the following:

Outline measures to be taken for acid
or base spills

Describe safety measures that should
be used because of biological hazards

List the 4 types of fire extinguishers
and identify the type of fire for which
each would be used

Define:

time-weighted average (TWA)
permissible exposure limit (PEL)
short-term exposure limit (STEL)
LD,

flash point

hazardous waste

fire triangle

ergonomics

universal precautions

Identify the PEL, STEL, and action
level of formaldehyde

Y
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12.

13

14.

15.

16.

State the action to be taken if
monitoring indicates that the
TWA of formaldehyde exceeds the
allowable limit

Identify the purpose of the “Right to
Know” law (Hazard Communication
Standard)

Identify the purpose of the
Laboratory Standard (Occupation
Exposure to Hazardous Chemicals in
Laboratories)

State the effect of Creutzfeldt-Jakob
disease (CJD) on the brain

Outline a method for handling tissue
from patients with CJD
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Because so many areas of laboratory safety are regulated by various
federal, state, county, and city policies, and because policies also
may vary depending on the accrediting agency of the institution,
safety is a very complex subject. It is difficult to stay up to date on
all applicable regulations, unless safety is a primary area of respon-
sibility. This chapter presents only an overview of the aspects of
safety that are important to histotechnology personnel, divided
into 3 major classes of hazards: biological (infectious), mechanical,
and chemical. For a more comprehensive treatment of the subject,
the reader is referred to the texts by Davis [2009] and by Dapson
and Dapson [1995].

Biological or Infectious Hazards

For a substance to be infectious, it must contain enough patho-
gens of sufficient virulence to cause an infectious disease when a
susceptible host is exposed to it. Since the appearance of acquired
immunodeficiency syndrome (AIDS), most institutions have
formulated infection control policies using universal precautions
or body substance isolation procedures as reccommended by the
US Occupational Health and Safety Administration (OSHA)
[OSHA 1987] and by the Centers for Disease Control and Prevention
(CDC) [cDC 1988], and more recently, based on the Bloodborne
Pathogen Standard of OSHA [Jensen 1989], which became effec-
tive in 1993. This latter standard is intended for the protection
of all workers who might come into contact with potentially
infectious material, especially specimens from patients who
are HIV-positive or who have been infected with the hepatitis
B virus. As defined by the CDC [2008], universal precautions is
an approach to infection control whereby all human blood and
certain human body fluids are always treated as if they are infec-
tious for human immunodeficiency virus (HIV), hepatitis B virus
(HBV), and other bloodborne pathogens. Universal precautions
should be practiced in any environment in which the employee
is exposed to blood or other potentially infectious body fluids,
such as semen, vaginal secretions, synovial fluid, cerebrospinal
fluid, pleural fluid, peritoneal fluid, pericardial fluid, and amni-
otic fluid. Feces, sputum, vomitis, and other bodily secretions
are not included unless they contain visible blood. Compliance
methods for OSHA’s Bloodborne Pathogen (BBP) plan include
the use of universal precautions, engineering controls that isolate
or remove the bloodborne pathogen hazards from the work-
place, and work practice controls that reduce the likelihood of
exposure by altering the manner in which a task is performed.
When occupational exposure remains after institution of these
controls, personal protective equipment (PPE) shall also be used.

Institutional and laboratory policies are required to have an
exposure control plan covering the broad topics of housekeeping,
personnel protection, and waste disposal. Employers must conduct
an exposure determination identifying employees who may be
exposed to blood or other potentially infectious materials and
identifying tasks that put the employees at risk. Frozen sectioning,
autopsy, surgical gross dissection, and cytology preparatory areas
are of primary concern for histopathology personal because fresh
tissue or body fluids are handled in those areas. Once the tissue
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is well-fixed and processed, there is little need for such strin-
gent protection. Appropriate barrier precautions must be used
(eg, gowns, gloves, and masks) to prevent skin and mucous
membrane exposure. Personnel must be instructed in the proper
selection, use, and disposal of the personal protective equipment
(eg, disposable gloves). OSHA requires that disposable gloves be
replaced when contaminated or damaged; no washing or reusing of
gloves is allowed, and hand-washing or antisepsis is required after
glove removal. The 2002 revisions to the BBP require a schedule for
reviewing the effectiveness of the methods of control, and evalua-
tion of both medical procedures and technological developments
that can decrease exposure. The appropriateness and justification
for the selection or nonselection of PPE must be documented.
The College of American Pathologists (CAP) [2006] accreditation
checklist also states that open-toe footwear does not provide
adequate protection and should not be worn in the laboratory.

Since the publication of the universal precautions recommen-
dation [CDC 1988], a marked increase in latex sensitivity has been
noted. Symptoms can range from contact dermatitis to systemic
reactions as severe as anaphylaxis. These allergic reactions are in
most part caused by extractable protein remaining in the gloves
and also in other latex products; therefore, nonlatex gloves should
be used where possible. If latex gloves must be worn, vinyl gloves
or cloth liners should be worn underneath the latex gloves. Again,
hands should be washed, preferably with soap and water, after
removal of gloves.

TUBERCULOSIS EXPOSURE

OSHA currently lacks a regulatory standard on occupational expo-
sure to tuberculosis, but enforces the CDC’s 2005 nonregulatory
recommendations [CDC 2005] published in “TB infection control
guidelines for preventing the transmission of Mycobacterium
tuberculosis in health care settings.” Because of the dramatic
increase in the incidence of drug-resistant tuberculosis, OSHA
recognizes that continued vigilance is necessary to control the
incidence of TB infection in health care settings. The TB infection
control program is based on detection, airborne precautions, and
treatment. CAP also requires a documented tuberculosis exposure
control plan. In addition to an exposure determination at defined
intervals for all employees with possible occupational exposure,
the plan should include engineering and work practice controls
for hazardous procedures that potentially may aerosolize M tuber-
culosis. This includes the handling of unfixed tissues in surgical
pathology and autopsy. Policies must be established that address
the subjects of ventilation, work practices, personal protective
equipment, decontamination, and employee exposure [Dapson 1995).
Respiratory protection equipment must be used when environ-
mental controls and work practices reduce, but do not eliminate,
the risk of exposure to M tuberculosis.

CRYOGENIC SPRAYS

Cryogenic sprays or procedures that create aerosols are very
dangerous because they markedly increase the possibility of
exposure to pathogenic organisms. Cryogenic sprays should not
be used in the frozen section area or, as has become common in
some laboratories, in the microtomy of poorly fixed and processed




specimens. In microtomy, even when a section can be obtained by
using the aerosol, the specimen falls apart on the flotation bath,
thereby increasing laboratory workers’ possible exposure to infec-
tious agents. Better processing procedures and methods of freezing
that do not require these sprays need to be developed!

HIV, HEPATITIS C VIRUS (HCV), AND HBV

Personnel expected to have direct contact with body fluids (unfixed
tissue) must receive education on precautionary measures, epide-
miology, modes of transmission, and prevention of HIV, HCV,
and HBV. They should also be educated on the application of
“universal precautions” in association with these hazards. Any
personnel at risk of HBV should be offered the hepatitis B vacci-
nations at no cost within 10 working days of initial assignment.
Employees who have ongoing contact with patients or blood,
and who are at ongoing risk for percutaneous injuries, are to
be tested for antibody to HBV surface antigen 1 to 2 months
after the completion of the vaccination series. If there is percu-
taneous, mucous membrane, or abraded skin exposure to these
agents, the exposure incidence must be documented and evalu-
ated, and procedures for postexposure follow-up must be in place.

CREUTZFELDT-JAKOB DISEASE (CJD)

Creutzfeldt-Jakob is a prion disease affecting primarily nervous
tissue and resulting in a spongiform change in the cortex and
subcortical white matter of the brain. Prions are abnormal proteins,
with the name “prion” coming from “proteinaceous infectious
particle.” CJD occurs worldwide, has a long latency period of 20
years or more after infection, affects approximately 1 person in a
million, and is rapidly progressive after diagnosis; it is usually fatal
within months after diagnosis. Because the prions that cause spongi-
form encephalopathies are very stable under a variety of conditions,
tissues from suspected CJD patients, along with the equipment
used, must be handled differently from all other specimens. The
prions are resistant to formalin, some organic solvents, enzymes,
heat, ionizing radiation, freezing, drying, and autolysis [Brown 1990a].
They are susceptible to autoclaving for 1 hour at 121°C and 2 kg/cm?
(according to Brown [1990b], CAP recommends raising the tempera-
ture to 132°C-134°C), 1N sodium hydroxide for 1 hour, concentrated
formic acid for 1 hour, and 5% sodium hypochlorite for 2 hours.

For histologic examination, sections of brain should be fixed in
neutral-buffered formalin for at least 48 hours; whole brain speci-
mens should be fixed for 10 to 14 days. Sheppard fixes sections in
phenol saturated formalin (approx 15 g/100 mL) for 72 hours. The
prion will not be totally inactivated by either method of fixation,
so sections should be treated for an additional hour with concen-
trated formic acid, and then placed back in fresh formalin for 48
hours. The waste formalin should be diluted with an equal amount
of 2N sodium hydroxide and allowed to stand for at least 1 hour
before disposal. The prion is essentially inactivated by this fixa-
tion treatment, so processing and sectioning can be handled in
the routine manner.

Steel instruments used for gross dissection should be treated with
IN sodium hydroxide for 1 hour; gowns, gloves, plastic aprons,
and other disposables should be incinerated or autoclaved, and

the grossing table or board should be disinfected by treating with
IN sodium hydroxide and allowing it to set for at least 1 hour.
Instruments and the grossing table or board should be thoroughly
washed with soap and water after treatment with sodium hydroxide.

HANDLING TISSUE WASTE

All tissue waste and any materials coming in contact with tissue
should be disposed of in biohazard bags; sharp objects should
be discarded in special “sharps” containers. Unless universal
precautions are used, specimen containers must be labeled with
a biohazard warning if they contain potentially infectious mate-
rial (unfixed material). When universal precautions are used, all
blocks, slides, and both unfixed and fixed wet tissues must be
handled as if potentially infectious [Montgomery 1995; Dapson 1995); thus,
the observance of universal precautions becomes burdensome and
impractical. Housekeeping procedures should be developed and
rigidly adhered to. A written policy for whether to return speci-
mens to patients should be established, taking into consideration
the chemical and biological risks associated with both fixed and
unfixed specimens.

While the CDC and Environmental Protection Agency (EPA) have
similar guidelines regarding hazardous waste, the CDC serves as
an advisory agency and the EPA serves as a regulatory agency.
They both recognize 4 types of waste as infectious:

1. microbiologic or culture material
2. pathologic material

3. blood

4. sharp objects

The recommendations of these agencies should be followed unless
the state or city regulations are more stringent. Both agencies
recommend steam sterilization or incineration of all waste except
pathologic waste; only incineration is recommended for pathologic
waste. According to the regulations, blood may be disposed of in
the sanitary sewer system (eg, sink). To ensure proper handling
and treatment, all infectious wastes should be segregated into
clearly identified biohazard containers. Personnel involved in the
disposal of waste materials should be trained in handling infection
or injury hazards presented by the waste and should be instructed
in appropriate handling and disposal methods. A method of disin-
fecting nondisposable equipment such as saws, cryostats, and the
gross specimen photography apparatus should be established and
rigidly followed.

Mechanical Hazards

Mechanical hazards primarily consist of sharp instruments
(eg, microtome blades, razors, scalpels, and needles), glass, and
electrical hazards. Sharps are regulated under OSHA’s BBP stan-
dard, and sharp containers are defined as engineering controls.
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According to demographics gathered by the CAP/National Society
for Histotechnology Histology Quality Improvement Program
[HQIP 2006}, <0.5% of laboratories used standard steel microtome
knives in 2006. If these knives are still used, caution should be
taken at all times when using, cleaning, or sharpening a knife.
The exposed ends of the knife should be covered with a knife
guard during microtomy, the blade should be disinfected after
use, and the knife should always be placed in its box as soon as
it is removed from the microtome. The smaller disposable micro-
tome knives, razors, and scalpel blades used in histology today still
present a hazard, and extreme care should be taken at all times
when using or handling these instruments. Scalpel blades should
be removed with a safety device and all used blades should be
placed in the sharps container after use. Sharps containers must
be color-coded, closable, and puncture resistant. The container
must remain upright, be within easy reach, and be at a height that
allows employees to observe when it is full and needs replace-
ment. OSHA’s 2002 compliance directive mandates that employees
representing areas of exposure risk perform an annual evaluation
of safer needle devices; a log of injuries by sharps is also required.
Glassware should be checked periodically for chips or cracks
and should be discarded if defects are found. Vacuum desicca-
tors present a major hazard if a crack develops in the glass. All
electrical equipment should be grounded and the condition of
the wires should be checked periodically. The effectiveness of the
ground should also be checked periodically. All equipment checks
should be documented.

ERGONOMICS

The latest hazard in this area to receive marked interest is the
design of the workplace itself. Increasing numbers of cumulative
trauma disorders, now more commonly known as musculoskeletal
disorders (MSDs), such as carpal tunnel syndrome, trigger finger,
tendonitis, and thoracic outlet compression syndrome, have been
reported and have caused laboratories to address design problems
in the workplace. This is known as ergonomics, the science of
adapting the working environment to the anatomic, physiologic,
and psychological characteristics of personnel to enhance their
efficiency and well-being [Montgomery 1995]. The OSHA Ergonomics
Standard, designed to prevent crippling repetitive stress injuries
became effective January 16, 2001, but was repealed later that
same year. However, CAP requires accredited laboratories to
have a documented ergonomics program to prevent MSDs in the
workplace. Some of the greatest risks factors specific to histology
include the use of manual microtomes, repetitive use of forceps,
manual coverslipping, and repetitive opening of tissue cassettes.
Automation should be introduced where possible; workstations
should be evaluated for ergonomic problems, and corrections made;
stretching should be done at least every 20 minutes; tasks should
be rotated frequently, and employees should be educated about
ways to prevent injury when repetitively using equipment or tools.

Some methods for preventing MSDs are as follows [Dapson 2007):
* When embedding, use forceps that require minimal force to

operate (eg, reverse grip that remain closed unless you apply
pressure); change hands frequently and do not use the same
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motion for opening cassettes; take frequent breaks or alternate
with another technologist.

e For computer keyboard operation, keep the wrist in a neutral
position above the keyboard, keep fingers curved, and use a
gentle touch on the keys.

For nonautomated microtomy, use the entire arm to make
complete revolutions of the handwheel; do not rock the
handwheel; keep arms and elbows close to the body; keep
shoulders down and neck relaxed; stretch often or take breaks.
The chair must be at the correct height so that good relaxed
posture can be maintained, and the flotation bath should be at
a comfortable distance from the microtome.

e When manually coverslipping, take mini-breaks; alternate
duties; do stretching exercises for wrists and fingers.

When changing solutions on the processor, use proper lifting
and bending techniques; use the whole hand or both hands
when carrying containers.

e Automate microtomy, staining, and coverslipping if possible.

Chemical Hazards

Chemicals can present physical (fire, explosive, oxidizer) or health
hazards. The “Right to Know” law is of the utmost importance
with regard to these categories of hazards. The OSHA Hazard
Communication Standard [1987] became effective on May 20,
1988. This standard, targeted for industry, ensures that workers
are informed about hazards associated with the chemicals in
their workplaces so that they can protect themselves [Davis 2009].
The second important standard is the Occupational Exposure to
Hazardous Chemicals in the Laboratories, 29 CFR 1910.1450, also
known as the Laboratory Standard. This standard requires a plan
(or “Chemical Hygiene Plan”) for implementing practices to mini-
mize exposure to hazardous chemicals. These standards require
that employers communicate to employees the potential dangers
of chemicals with which they work, and train the employee in the
proper use of safeguards for handling those chemicals. OSHA
will cite institutions that fail to comply with these regulations,
and heavy fines also may be imposed. The Laboratory Standard
does not apply to all laboratories, but where it applies, it super-
sedes the Hazard Communication Standard, 29 CFR 1910.1200.
There is no option of choosing between the 2 standards. If the
Laboratory Standard applies to an area, it must be implemented.

The Laboratory Standard applies to laboratories meeting the
following criteria:

I. Chemical manipulations are carried out on a laboratory scale,
meaning that work with chemicals can be easily and safely

manipulated by 1 person.

2. Multiple chemical procedures or chemicals are used.



3. Protective laboratory practices and equipment are available
and in common use to minimize the potential for employee
exposure to hazardous chemicals.

4. The procedures involved are not part of a production
process whose function is to produce commercial quantities
of materials, nor do the procedures in any way simulate a
production process.

Specifically, employers must scrupulously adhere to the following
conditions:

1. Employees must prepare an inventory of all hazardous
chemicals in the facility, and obtain copies of the Material
Safety Data Sheets (MSDSs) for these chemicals from the
supplier or manufacturer. During the work shift, the MSDSs
must be accessible to all employees. The standard states that
suppliers and distributors of hazardous substances must send
MSDSs with their first shipments. If such documents are not
sent, then the employer must show that there was a good faith
effort (such as writing a letter of request) to obtain the MSDS.

2. Employers shall ensure that labels on all incoming containers
of hazardous chemicals are not removed or defaced. CAP
requires labeling of all containers of hazardous chemicals
with the identity of the chemical and appropriate hazard
warnings (eg, carcinogen, corrosive, explosive). This applies
to all commercially prepared reagents, laboratory-prepared
reagents, stationary and permanent containers, temporary
containers used for transport, and chemical waste containers.

3. Employers must inform employees that they have a right to
know the hazards associated with their jobs.

4. Employers must establish a training program in which
employees who work with hazardous substances are trained to
read and interpret chemical labels and MSDSs, to use protective
clothing and equipment that may be required when working
with such chemicals, and to properly dispose of hazardous
chemicals. Employees should be trained or oriented before their
initial job assignments and then at least annually thereafter. This
training should be carefully documented and maintained in the
employee’s file for the duration of employment plus 30 years.

5. Employers must develop a chemical hygiene plan that includes
standard operational procedures to protect employees from the
health hazards of chemicals and keep exposures below specified
limits. The plan should also address particularly hazardous
materials that require special consideration.

6. Employers must establish a means to inform nonemployees
or personnel from other departments of the hazards present
in the workplace. This usually means posting signs such
as “Biohazard: Authorized Personnel Only” or “Caution:
Microwave Oven in Use.” If personnel from other areas take
solutions or specimen containers from the laboratory, the
appropriate hazard warnings must be on the containers.

OSHA defines hazardous chemicals as chemicals that may cause
acute or chronic health effects in exposed employees. The term
health hazard includes corrosives, irritants, sensitizers, toxins,
and carcinogens. Hazardous chemicals gain entry to the body by
ingestion, absorption, or inhalation. Accidental ingestion of chem-
icals should not occur, because eating, drinking, smoking, and
pipetting by mouth are prohibited in the laboratory. Gloves should
be selected and worn to protect against absorption of chemicals
in accordance with OSHA’s PPE and Hand Protections Policy
(1910.132 and 1910.138) [0SHA 1987]. Inhalation is a major consid-
eration in histopathology laboratories, and engineering controls,
such as a ventilation hood, are required to prevent or minimize the
escape of air contaminants into the laboratory. The Formaldehyde
Standard (29CFR1910.1048) was passed in 1992, and revisions for
occupational exposure to formaldehyde became effective in 1993.
This standard mandates permissible exposure limits (PELs) as the
maximum safe concentration levels of exposure to formaldehyde.
The PELs for an 8-hour shift are measured as either time-weighted
average (TWA) or action level. The maximum allowable TWA for
formaldehyde is 0.75 ppm, representing the average concentra-
tion, after measuring or monitoring, for an 8-hour exposure. The
short term exposure limit (STEL) is used to measure exposure
for a short period (15 minutes) only 4 times throughout the day,
with at least 1 hour between exposures. The maximum allowable
STEL is 2.0 ppm over a 15-minute period. Each employee or job
classification must be monitored initially for exposure to identify
all employees who are exposed to formaldehyde at or above the
“action level” or STEL. If the initial monitoring shows a TWA
>0.5 ppm (action level), monitoring must be repeated every 6
months. If monitoring reveals employees at or above the STEL,
monitoring must be repeated at least once a year under “worst
case conditions.” If the TWA is <0.5 ppm and also within the
STEL limits, then monitoring does not have to be repeated, and
a medical surveillance program does not have to be established
unless there is a change in procedures or conditions that might
change the exposure, or unless an employee exhibits signs or
symptoms of exposure. Employers may discontinue exposure
monitoring if results from 2 consecutive samplings, >7 days apart,
indicate exposure below the STEL and action levels. Monitoring
results must be provided to the employees within 15 days, either
by individual distribution or by posting. A medical surveillance
program is required for all employees exposed to formaldehyde
at or exceeding the action level or STEL, those workers exhibiting
signs or symptoms of exposure, and those employees exposed
during an emergency situation. The employer shall establish regu-
lated areas in which the concentration of airborne formaldehyde
exceeds either the TWA or STEL and post all entrances and access
ways with signs bearing the following information shown in [f4.1].

DANGER: FORMALDEHYDE
Irritant and Potential Cancer Hazard
Authorized Personnel Only

[£4.1] Example of warning sign to be posted at all access points to areas where
concentration of airborne formaldehyde exceeds the TWA or STEL.
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Employers shall institute engineering and work practice controls
to reduce and maintain employee exposure to formaldehyde at or
below the TWA and the STEL. Whenever engineering controls
and work practice controls cannot reduce employee exposure
to the PEL or below it, then approved respirators can be used
to satisfy the exposure requirements of this standard. A written
hazard communication program must be developed and available
to the employees. Employers are required to provide training to all
employees assigned to workplaces where there is exposure to form-
aldehyde at or above 0.1 ppm. For a more comprehensive discus-
sion of the Formaldehyde Standard, either the text by Montgomery
11995 or by Dapson and Dapson [1995] should be consulted.

The text by Dapson and Dapson [1995] and the NIOSH Pocket Guide
to Chemical Hazards [1990] are handy references for the laboratory;
together they provide synonyms, exposure limits, health hazards,
physical hazards, handling precautions, incompatibilities, moni-
toring methods, skin protection, first aid, spill procedures, recom-
mended respirators, disposal, target organ effects, and the EPA
number of chemicals commonly used in histology.

PARTICULARLY HAZARDOUS SUBSTANCES
(REPRODUCTIVE TOXINS, SELECT CARCINOGENS,
AND SUBSTANCES WITH A HIGH DEGREE OF ACUTE
TOXICITY)

Reproductive toxins comprise chemicals that affect the repro-
ductive capabilities, including chromosomal damage (muta-
tions) and effects on fetuses (teratogenesis). According to CAP,
every chemical that is used in the laboratory must be evalu-
ated for carcinogenic potential, reproductive toxicity, and acute
toxicity. Results of those evaluations must be documented, and
the policy and procedure manual must define specific handling
requirements for these chemicals according to OSHA directives.

In defining the toxic dose of a substance, different terms may
be encountered in the literature. The foxic dose low is defined
as the lowest dose of a substance that will produce any toxic
effect in humans when introduced by any route other than inha-
lation; substances that are toxic by inhalation are reported as
toxic concentration low. The lethal dose low is usually reported
for a substance and is defined as the lowest dose reported to
have caused death in humans, or as the lowest single killing
dose reported for animals. The LD _ is the calculated dose of a
chemical substance expected to cause the death of 50% of an
experimental animal population, as determined by exposure to
the substance by any route other than inhalation. Examples of
toxic chemicals are the hydrocarbons (eg, xylene and toluene),
formaldehyde, and some metallic compounds (eg, mercury, chro-
mium, and silver). Designated area indicates an area that may
be used for work with select carcinogens, reproductive toxins, or
substances with a high degree of acute toxicity. A designated area

may be the entire laboratory, an area of a laboratory, or a device
such as a laboratory hood.

CARCINOGENS

Carcinogens are substances that cause or greatly increase the risk
of malignant disease. OSHA defines select carcinogens under the
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Laboratory Standard as any substance that meets 1 of the following
criteria [OSHA 1987]:

1. Itisregulated by OSHA as a carcinogen.

2. Tt is listed as “known to be carcinogen” by the National
Toxicology Program (NPT).

3. Itislisted by the International Agency for Research on Cancer
(IARC) under group 1, 2A or 2B.

Bis-chloromethyl ether, formed by the reaction between hydro-
chloric acid and formaldehyde, induces lung cancer; chloroform,
chromic acid, pararosaniline, and benzidine-based dyes are
among other probable carcinogens identified in histopathology.
Formaldehyde has been identified as a potential human carcinogen
and is regulated under the formaldehyde standard.

CORROSIVE SUBSTANCES

For disposal purposes, corrosive hazards are defined officially
as those substances that, by direct contact, will corrode SAE
1020 steel at a rate >6.25 mm/year at 55°C, or more simply, as
substances that are capable of destroying mild steel under certain
defined conditions. The acids are considered corrosive substances
by this definition. Contact with most metallic surfaces should
be avoided with all substances that pose a physical corrosive
threat. As health hazards, corrosive substances are defined as
those substances that will cause injury to the skin and eyes by
direct contact or severe damage to the tissues of the respiratory
and alimentary tracts when inhaled or ingested. The effects of
corrosive chemicals lead to disruption of cell membranes, coag-
ulation of proteins, and death of essential cellular components.

FIRE AND EXPLOSION HAZARDS

Although liquid organic compounds are most commonly thought
of as fire hazards, certain chemicals such as dry picric acid,
benzoyl peroxide, and ammoniacal silver solutions can be explo-
sion hazards.

Fire is defined as the rapid oxidation of a fuel in the presence of an
ignition source, with liberation of heat and light [Moya 1980]. This
sequence of events is called the fire triangle. Air, or oxygen, and
fuels are mixed closely everywhere in the environment, but fires
will not occur unless an ignition source is present; the 3 elements
necessary for a fire are present in the laboratory. Fires are classified
into 4 groups (classes A, B, C, and D) [t4.1].

Fire extinguishers are classified and rated in 4 groups corre-
sponding to the class of fire that they are able to extinguish. Class
A includes water-based, foam or loaded-stream, and multipur-
pose dry extinguishers. Class B includes carbon dioxide, dry
chemical, foam and loaded-stream, bromotrifluoromethane
(Halon 1301), and bromochlorodifluoromethane (Halon 1211)
extinguishers. Class C includes the Halon, carbon dioxide, and
dry chemical extinguishers. Class D extinguishers contain
dry powder media that will not react or combine adversely
with the burning materials. Class D fires are unlikely in the



histopathology laboratory. ABC extinguishers (also called all-
purpose or tri-class) are preferred, and an extinguisher must
be no more than 50 feet away from flammable or combus-
tible liquids [Dapson 2007). Documentation must verify that all
personnel have been instructed in the correct use of extinguishers.

Health hazards may be created by the use of automatic fire extin-
guishing systems because of the concentration of the extinguishing
agent or the toxic products of decomposition that may result from
exposure of the extinguishing agent to a fire or hot surfaces. OSHA
limits the Halon and carbon dioxide concentrations released by
fixed extinguishing systems when employees are exposed for only a
short period. In areas in which employees would normally remain
after the automatic discharge of the extinguishing agent, OSHA
prohibits the use of Halon 1211 and carbon dioxide. The OSHA
[OSHA 1987] and National Fire Protection Association (NFPA)
ratings [NFPA 1980] for flammable and combustible materials are as
shown in [t4.2].

The flash point of a liquid is the lowest temperature at which suffi-
cient vapors are produced to form an ignitable mixture with air
near the surface of the liquid or within the container used. It is the
vapors, rather than the liquid itself, that contribute to fire or explo-
sion. Each flammable liquid has a vapor concentration range in air
below which the vapor-air mixture is too lean to burn or explode
and above which the mixture is too rich to burn. Personnel who
work with flammable solvents should be aware of the impor-
tant flammability characteristics of each solvent in use, and
should be familiar with, and follow, the manufacturer’s precau-
tions provided on the labels. Many of the flammable liquids also
are toxic, so personnel must be aware of this additional hazard.

The hydrocarbons and alcohols used in histopathology are all fire
hazards. The flash points of some common laboratory solvents are
shown in [t4.3].

Most fires can be avoided if all laboratory personnel follow good
safety practices. NFPA and OSHA require that solvents be stored
in fire safety cabinets and safety cans. Each laboratory should
have an emergency plan that clearly defines actions that both
the employer and the employee must take in a life- or injury-
threatening emergency. An employee education program is neces-
sary and should designate specific personnel to be responsible for
each part of any emergency plan.

HAZARDOUS CHEMICAL SPILLS AND STORAGE

Laboratory personnel must be trained and prepared to handle
spills. If floor drains are present, spill dikes should be available
to prevent hazardous chemicals from entering the sewer system.
Gloves, aprons, and eye protection should be used in the event of
a small spill. Spill kits should be available in the laboratory with
absorbent pads for the solvents, commercial neutralizers for the
acids and alkalis, and cleaning utensils such as scoops, sponges,
and bags. It is useful to remember that a 1-gallon spill will cover a
20-square-foot area [Montgomery 1989] and that all materials used for
cleaning up a spill should be treated as hazardous waste. If a major
spill occurs, the area should be evacuated, and a specially trained
and equipped clean-up team called in case respirators are needed.

[t4.1] Classification of fires

Class

Class A

Class B

Class C

Class D

Description

Fires involving ordinary combustible materials such as
wood, plastics, paper, and textiles. Class A fires can be
extinguished with water or water-based solutions.

Fires involving flammable liquids and gases, requiring
that oxygen be blocked from the fuel in order to be
extinguished.

Electrical fires that must be extinguished with
nonconductive media.

Fires of combustible and reactive elements, such as metallic
sodium, potassium, magnesium, and lithium. Class D fires
are difficult to control and extinguish because spreading and
explosion can occur easily.

[t4.2] Classification of flammable and combustible

materials
Class Description
Class I Flammable liquids (flash point <100°F) with 3

Class TA
Class IB
Class 1C

Class II

Class I11
Class ITITA

Class ITIB

subclasses

Flash point<73°F, boiling point <100°F
Flash point <73°F, boiling point >100°F
Flash point >73°F, boiling point >100°F

Combustible liquid with flash point 2100°F
and <140°F

Flash point >140°F with 2 subclasses
Flash point >140°F and <200°F

Flash point >200°F

[t4.3] Flash points of common laboratory solvents

Solvent Flash point, °C
Toluene 4.4

Xylene 27.2

Isopentane <-51

Benzene -11

Methanol 11.1

Ethanol 12.8
Isopropanol 11.7
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When a chemical is spilled on an individual, immediate first aid
treatment consists of washing with large amounts of water. If a
large area of the body is affected, a safety shower must be used and
contaminated clothing should be removed. If only a small area of
the skin is contaminated, that area should be flushed with cold
water and washed with a mild detergent or soap and water. Do
not try to neutralize any acid or base spilled on a body surface. If
a chemical is splashed in the eyes, wash for 15 minutes using an
eyewash fountain and then seek medical attention if necessary.
Although some laboratories have prohibited wearing contact
lenses in the laboratory, various policies and regulations now
agree that contact lenses may be worn in the laboratory without
posing an additional hazard to the wearer. However, it must be
remembered that contact lenses are not protective devices, and
when eye hazards are present, appropriate eye protection must be
worn. If appropriate protective devices are not used, in the event
of a chemical splash contact lenses may trap fluid between the lens
and the cornea, possibly increasing damage to the eye. In cases of
solvent vapor exposure, the lens may adhere to the cornea and be
impossible to remove. Flat, closed shoes must be worn to prevent
injury to the feet from a chemical spill or a falling object.

CHEMICAL STORAGE

Proper storage of chemicals is very important. Flammable liquids
must be stored in approved containers. CAP and NFPA define
the maximum working volume of flammable and combustible
solvents of class I, II, and III (flash points <200°F) allowed outside
a storage cabinet as 1 gallon per 100 ft*, and that stored in safety
cans and safety cabinets as 2 gallons per 100 ft*. Flammable or
toxic liquids should be stored in glass containers only if the purity
of the substance requires glass, or if the substance is likely to
react with other types of containers. Flammable or toxic liquids
should never be stored higher than eye level, because of the possi-
bility of injury to the face and eyes if the container breaks or falls.
Flammable liquids that require refrigeration must be placed in a
clearly identified flammable refrigerator; these reagents should
never be stored in a regular refrigerator. Safety cans must be used
for transfer and storage of flammable liquids, acid carriers should
be used to transport acids, and corrosives should be stored in dry,
well-ventilated areas away from sunlight. If possible, corrosives
should be stored separately; if this is not possible, they should be
stored away from flammables, toxic substances, oxidizers, and
compressed gases. Picric acid must be kept damps; if it appears
that the stock picric acid may be desiccating and may contain
<10% water, distilled water should be added. When heating
a solution of picric acid in a glass Coplin jar, as in mordanting
for the Masson stain, the jar should be placed inside another
container (secondary containment) for protection in case of
breakage. Ammoniacal silver solutions can decompose over time
and become a shock-sensitive explosive; old solutions should not
be kept in the laboratory. Stock reagent bottles should be well
cleaned before new solutions are prepared in the same container.

HAZARDOUS CHEMICAL DISPOSAL

The EPA regulates hazardous waste. Facilities are mandated
to follow specific guidelines for handling hazardous waste
depending on its designated category as Conditionally Exempt
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Small Quantity Generator (CESQG), Small Quantity Generator
(SQG), or Large Quantity Generator (LQG). CAP-accredited
laboratories must have documented policies and procedures for
the adequate disposal of hazardous waste which are in compli-
ance with local, state, and federal EPA regulations. The EPA is
working with health care facilities to reduce hazardous waste,
and CAP also recommends a defined program to minimize the
hazardous waste generated or to reduce the degree of hazard with:

1. acquisition constraints (eg, purchase reagents in small
quantities)

2. process changes (eg, substitute less hazardous reagents for
the more hazardous ones; adopt methods that use smaller
quantities)

3. recovery (eg, silver)

4. recycling (eg, distillation and reuse of xylene/xylene substitutes,
alcohol, and formalin solutions)

5. redistribution (eg, relocate surplus or unwanted chemicals to
laboratories that can use them

Many chemicals may be disposed of down the drain. Any chem-
ical that is flammable or that will not mix with water may not be
poured down the drain. Alcohol, provided that the concentration
is no higher than 24%, may be poured down the drain. Strong acids
and bases must be neutralized or diluted to a pH between 3 and 11
with water, and then poured down the drain at a rate not to exceed
50 mL/min; the water should be running. Compounds containing
mercury, chromium, or silver may not be disposed of in the sani-
tary sewer system. Copper and zinc compounds are not considered
hazardous. The EPA defines a waste as hazardous in 40 CFR 261 ifit
is listed (P-list, U-list) or demonstrates 1 of 4 characteristics [t4.4].

[t4.4] Characteristics of hazardous materials [EPA 2000]

Characteristic =~ Description

Ignitability Liquids and ignitable waste, other than aqueous
solutions containing <24% alcohol by volume,
that have a flash point <60°C

Corrosivity Aqueous solutions that have a pH<2, or >12.5

Reactivity Substances that react violently with water

Substances that are unstable

Substances that are explosive

Substances that contain cyanide or sulfide that
generates toxic gas when exposed to a pH in

the range of 2 to 12.5

Toxicity Waste is subject to the toxicity characteristic
leaching procedure (TCLP); if contaminants
are above the regulated concentrations, they
are assigned an EPA hazardous waste code

Waste is analyzed for arsenic, barium, cadmium,
chromium, lead, mercury, pyridine, selenium,
and silver




Substances that cannot be poured down the drain must be
collected in appropriate containers, and the containers must
be selected carefully. In general, metal containers should be
used for noncorrosive, flammable organic compounds, plastic
containers for inorganic compounds and weak acid or bases,
and glass containers for corrosives and strong acids or bases.
Collection containers should be labeled as hazardous waste
with the name of the chemical, the starting and final dates of
collection, and the approximate composition of the chemicals
on the label. For example, the label on the collection container
for Zenker and Helly fixatives should state that the solution
contains 5% mercuric chloride and 2.5% potassium dichromate.

Hazard Identification

Under the Right-to-Know legislation, appropriate labels must
appear on both the chemical containers received from the manu-
facturer and any reagents prepared in the laboratory. Appropriate
signs indicating hazards specific to the area must be posted, and
the MSDSs must be readily available for all chemicals used in the
laboratory. Unfortunately, manufacturers have not adopted a stan-
dard method of labeling the chemicals or a standard format for the
MSDS, so one must learn to search out the information presented
in a variety of ways.

The NFPA [1980] has a coded system of labeling that will enable
firefighters to identify the hazards of a substance quickly. This
consists of 4 small, blank, color-coded diamonds on 1 label [f4.2].
The sections of each diamond carry the following information: The
left blue diamond signifies the health section, the top red diamond
provides the flammability rating, the right yellow diamond cites

Flammability

Hazard

Special
Hazard
Symbol

[f4.2] National Fire Protection Association (NFPA) chemical hazard label
for use on chemical reagents. Use the NFPA 0 to 4 rating system (4 = extreme;
3 = severe; 2 = moderate; 1 = slight; 0 = none) to number the appropriate
color-coded hazard area. The white area can be used for coding protective gear
or for special handling instructions. These labels are for the use of emergency
response personnel and are not intended to be the sole hazard warning system
in the laboratory.

[t4.5] NFPA hazard rating system

Rating Description

0 No hazard

1 Slight hazard

2 Moderate hazard
3 Severe hazard

4 Extreme hazard

the reactivity, and the bottom white diamond contains special
symbols indicating properties and categories not explained by the
other sections. The rating system within each section is numbered
from 0 to 4, ranging from the least dangerous to extremely
dangerous [t4.5]. This rating can be obtained from the MSDS or
from the labels on the dry chemicals. Some accrediting agencies
require the NFPA labels on chemical containers, but these labels
are for emergency personnel responding to a fire or spill, and are
not intended as the sole reference for general use in the laboratory
[Dapson 2007]. For general use in the laboratory, labels should contain:

1. contents that must correspond with the MSDS

2. target organ of a hazardous chemical (can be words or symbol; if
symbol, a chart or key must be readily available to employees)

3. manufacturer or distributor along with contact information
(if chemical falls under the Food and Drug Administration
jurisdiction)

3. date of receipt, date of preparation, and/or date placed in
service

4. expiration date
5. precautionary label if the chemical is hazardous

OSHA requires that the actual word(s) describing the hazard
(eg, “flammable”) be placed on the container [0SHA 1987, and Dapson
and Dapson [1995] state that, at the moment you need to know about
a hazard, there should be no room for error in interpretation. In
addition to the word(s) describing the particular hazard, symbols
are frequently used for easy recognition and emphasis. Four of the
common symbols that might be encountered are shown in [f4.3].

When biopsy specimens are sent to other areas of the hospital, an
appropriate warning label must be on the bottle containing the
specimen. Regulations suggest the following warning label for
formaldehyde: “CAUTION! Contains and releases formaldehyde.
Toxic by inhalation and if swallowed. Irritating to the eyes,
respiratory system, and skin. May cause sensitization by inhalation
or skin contact. Risk of serious damage to eyes. May cause cancer.
Repeated or prolonged exposure creates risk.”

Histotechnology 3rd Edition 89



[f4.3] Some of the symbols used to denote a particular hazard.
a indicates a flammable hazard, b radiation hazard, ¢ biohazard,
and d poison.

General Safety Practices

1

Never pipette by mouth

. Do not apply cosmetics and lip balm in the technical work

areas
Do not manipulate contact lenses in the technical work areas

When diluting acids, always pour the acid into the water, never
the reverse

Wash hands frequently; hands should always be washed
immediately after the removal of gloves

If you are not sure of the reagent properties, handle it as if it
were a hazardous chemical

Discard (in the appropriate manner) all unused, out-of-date
chemicals

- Examine all procedures for possible replacement of

hazardous reagents by less hazardous substitutes

If the use of a hazardous chemical cannot be eliminated or
replaced, the use and amount of stock should be minimized

90 Safety |Ch 4

In summary, responsibilities are as follows [Montgomery 1995]:

EMPLOYEES:

1.

Participate in safety training programs

Know location of and how to use emergency equipment

Be alert to unsafe conditions, actions, and chemicals

Avoid hazards by following accepted procedures

Request information regarding unknown chemical hazards

Think, act, and encourage safety until it becomes a habit

SUPERVISORS:

1.

Establish documented policies and programs as mandated
by regulatory and accrediting agencies relative to the specific
laboratory

Provide safety training programs as mandated by regulatory
and accrediting agencies relative to the specific laboratory

Provide MSDS data on all chemicals and reagents used

Keep records of training on all exposed personnel (initial and
annual safety training)

Keep records, names, Social Security numbers, and addresses
of all exposed personnel and the nature of exposure (these
records must be kept for the duration of employment plus 30
years)

Keep an inventory of all chemicals, dyes, and reagents used in
the laboratory

Provide alert, enthusiastic, and sincere interest in personnel
safety

Be sure that all personnel know that they have the right to
know!
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LEARNING ACTIVITIES

I. Locate the MSDSs in the laboratory, read the ones for hematoxylin and eosin, and answer the following questions:
a. Were the MSDSs readily accessible?
b. Did you learn any new information about either hematoxylin or eosin?

2. Locate the fire extinguisher in the laboratory and answer the following questions:

a. What type of extinguisher is it?
b. What types of fire would it extinguish?

c. ls it readily available?

3. Locate spill kits for acid and alkaline spills in the laboratory and read the instructions for use.
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On completing this chapter, the student should be able to do the following:

i

Define:

a.

vmesgrFT ISR MmO AN T

percentage (weight per volume and
volume per volume)
liter

meter

gram

milli-

deci-

centi-

micro-, micron
nano-

kilo-

buffer

solute

. solvent

meniscus
molar solution
normal solution

2.

Calculate amounts of solvent and
solute needed for any given percent
solution

Calculate percentage when given the
amounts of solvent and solute used in
the solution

Calculate dilutions when preparing
working solutions from stock
solutions

Calculate the amount of solute
needed to prepare normal and molar
solutions

Convert figures within the metric
system (eg, milligrams to centigrams)
and between the US and metric
systems (eg, pounds to grams, inches
to meters)

Calculate and apply the gravimetric
factor to compensate for dye
concentration differences when
preparing staining solutions

Convert temperatures from
Fahrenheit to Celsius and from
Celsius to Fahrenheit

o o ® & 2 & ¢ 9 ¢ @ o
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Percentage Solutions
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Percentage refers to parts in 100; for example, 10% is 10 parts in
a total of 100 parts. In histotechnology, we use solutions in which
the percentage of concentrations may be expressed as weight per
volume or volume per volume. When diluting liquids, the required
volume of the stock solution is diluted to 100 mL with the appro-
priate solvent (the substance in which something is dissolved). If
the solute (the substance being dissolved) is a solid, the desired
amount should be placed in a volumetric flask and diluted to 100
mL with the appropriate solvent. This method of diluting gives
a solution of definite percentage concentration on a weight-to-
volume basis, and although it makes little difference in many
instances, the practice of adding 100 mL of solvent to the desired
weight of the solid and calling it a percentage solution of definite
composition is erroneous because the volume occupied by the solid
is not taken into consideration. Weight-per-weight percentages are
not used in histotechnology.

Just as a 10% solution may be expressed as the fraction 10/100 or
1/10, it may also be expressed as the ratio 1:10. Students are often
in doubt as to whether 1:10 means 1 part plus 10 parts, or 1 part
plus 9 parts. The latter is correct and dilution to a total of 11 (1 +
10) parts instead of 10 (1 + 9) parts would change the concentra-
tion appreciably.

To prepare 100 mL of a 0.9% solution of sodium chloride (NaCl), we
would weigh 0.9 g of NaCl (solute) and dissolve it in some distilled
water (solvent). When the salt is totally dissolved, enough distilled
water is added to make a final volume of 100 mL. When measuring
solutions in a cylinder, pipette, or volumetric flask, be sure to hold
the calibrated glassware at eye level to read the bottom line of the
curved surface of the liquid (the meniscus). Volumetric glassware
should be used for solution preparation; calibrated Erlenmeyer
flasks or beakers are too inaccurate. The size of calibrated glass-
ware chosen should be equal to or just slightly larger than the
volume desired so that the error of measurement will be minimal.

Problems
Determine the percentage solution.

1. 0.25 g sodium chloride diluted to 100 mL = ___

2. 6.4 gsodium chloride diluted to 100 mL=___

3. 4.0 mL hydrochloric acid diluted to 100 mL=___

4. 0.6 mL nitric acid diluted to 100 mL=___

5. 20 g of silver nitrate diluted to 100 mL = __

6. 2.25gofalcian blue diluted to 200 mL=___
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To prepare a definite amount of a percentage solution, use the
following ratio:

Fe=— multiply —

% desired:100 = g or mL needed:volume desired
L multiply .

Example:

’—mukiply -

f0:100 = x:300
. multiply J
100x = 3000
x = 30 g of sodium chloride diluted to 300 mL

Problems

Calculate the amount of solute needed for the following
solutions:

7. 500 mL of 0.55% potassium metabisulfite

8. 500 mL of 5% sodium thiosulfate

9. 1,000 mL of 0.25% light green

10. 500 mL of 3% alcian blue in 1% acetic acid (Note: This
must be treated as 2 problems, first preparing the solvent
and then determining the amount of alcian blue to add to
the solvent.)

11. 300 mL of 0.5% light green in 0.25% acetic acid

12. 250 mL of 1:100 silver nitrate

Problems

Use the preceding formula to calculate percentage or volume.

13. 7.5 mL of ammonium hydroxide diluted to 1,000 = __ %
solution

14. How many milliliters of a 5% solution will 2.5 g make?
15. 0.2 g in 200 mL is equal to what percentage of solution?

16. How many milliliters of a 10% solution will 35 g make?



In the laboratory, it is frequently necessary or easier to make a working
solution from an already prepared stock or stronger solution. To make
a dilution from a concentrated or stock solution use the following
formula:

desired
volume

beginning
percentage

beginning _ desired
volume =~ percentage X

{the units must be the same on both sides of the equation)
Example:

Prepare 50 mL of 2% sodium thiosulfate from a 5% solution.

S5x=2x50

5x =100

(=10
5

= 20 mL of 5% sodium thiosulfate
+ 30 mL of water

50 mL of 2% sodium thiosulfate

For economic reasons, most dilutions of alcohol are made by
diluting 95% alcohol instead of 100%. The formula given previ-
ously may be used to prepare a definite amount of solution from
95% alcohol, but for routine stock solutions it is easier to dilute
to 95% or 950 mL, because then the percentage desired may be
changed directly into milliliters if diluting to 95 mL, or 10 times
the percentage if diluting to 950 mL. For example, a 70% alcohol
solution may be prepared by diluting 70 mL of 95% alcohol up to
95 mL with water, or 700 mL of 95% alcohol up to 950 mL. Because
alcohol and water mix in a way that is not exactly additive, the
solutions will be slightly less than the indicated percentage, but
this is not a problem in routine use. To make an alcohol solution of
an exact percentage concentration, both the water and the alcohol
must be measured.

Problems
Prepare the following solutions:
17. 50 mL of 2% ferric chloride from a 10% solution
18. 500 mL of 60% alcohol from an 80% solution
19. 950 mL of 70% alcohol from a 95% solution
Determine the correct volume

20. How much water would you add to 100 mL of a 20%
solution of formalin to obtain a 10% solution?

Super Problem

21. Prepare 1,000 mL of a 1:5000 solution of light green

Use of the Gravimetric Factor

in Solution Preparation

The gravimetric factor is a method of compensating for variances
in the actual dye content of dry dyes used in the preparation of
staining solutions [Sheehan 1980]. By using this calculation, greater
consistency of the staining solutions can be achieved by main-
taining the same dye content.

To establish the gravimetric factor use the following formula:

concentration of present dye

= gravimetric factor
concentration of new dye

To use the gravimetric factor, multiply the factor by the amount
of dye required to prepare the staining solution. The answer is the
amount needed of the new dye powder.

Example:
Prepare 50 mL of 1% acid fuchsin. The present dye has a dye

content of 80% and the new dye has a dye content of 65%. Amount
of dye needed with the present dye:

1:100 = x:50
100x = 50
x = 0.5 g of the present dye
gravimetric factor calculation:
® =iz
65

Amount of the new dye needed:
0.5 % 1.23 = 0.615 or 0.62 g of acid fuchsin diluted to 50 mL

Problems

Prepare the following solutions:

22. 100 mL of 1% alcian blue. The present dye has a dye
concentration of 80%, and the new dye has a dye concen-
tration of 86%.

23. 250 mL of 0.5% acid fuchsin. The present dye has a dye

concentration of 82%, and the new dye has a dye concen-
tration of 88%.

24. 150 mL of 1.5% alcian blue. The present dye has a dye

concentration of 82%, and the new dye has a dye concen-
tration of 94%.
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Hydrates
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In the preparation of solutions, it is very important to use the
exact compound specified and to distinguish between an anhy-
drous and a hydrated substance. 1f the compound is a hydrate,
that is, it contains water in a close chemical union, be sure that the
compound being used contains the number of molecules of water
specified in the procedure. For example, there are three calcium
sulfate compounds: the anhydrite (CaSO,), with a formula weight
of 136.15; plaster of Paris (CaSO,-%2H,0), with a formula weight
of 145.15; and gypsum (CaSO,-2H,0), with a formula weight of
172.18. Frequently, a hydrate other than the one specified can be
used if the appropriate correction is made in the amount weighed.
For example, if a procedure calls for 10 g of anhydrous sodium
acetate (formula weight, 82.03) and only the trihydrate (formula
weight, 136.08) is available, the calculation would be as follows:

‘ multiply '
108203 = x:136.08
e multiply -
8203x = 1360.80
x = 1360.80
82.03
X = 16.59 g of the trihydrate should be used

in place of |0 g of the anhydrous compound

Normal and Molar Solutions
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Molar (M) and normal (N) solutions are rarely used in routine
histopathology but are components of buffers and other solutions
required by some enzyme histochemical procedures and immu-
nocytochemical techniques. While molar solutions are easy to
prepare once the gram molecular weight is known, normal solu-
tions are difficult to prepare without some understanding of chem-
istry and the valence of elements.

A 1M solution contains 1 g molecular weight of a substance
dissolved in enough water to give a final volume of 1 L. The gram
molecular weight (formula weight) of a substance is the sum of the
combined atomic weights of all atoms in the molecule expressed
in grams. For example, the molecular weight of potassium chlo-
ride (KCl) is 74.55 (K = 39.10, Cl = 35.45); therefore, a 1M solution
contains 74.55 g of KCl diluted to 1 L with distilled water. Most
reagents have the formula weight listed on the bottle, but a good
handbook of chemistry is an asset to the laboratory.

A 1N solution contains 1 gram-equivalent weight of solute per liter
of solution. 1 gram-equivalent weight is that amount of a substance
that will combine with or liberate 1 atom, or 1.008 g, of hydrogen. It
can also be defined as the molecular weight divided by the number
of dissociable or replaceable hydrogen ions. In many instances,
the molarity and the normality of a solution are the same, as with
hydrochloric acid (HCI) or sodium hydroxide (NaOH); however,
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in other instances they differ, as with sulfuric acid (H,SO)),
which has a normality equal to twice the molarity because it has
2 replaceable hydrogen atoms. In other words, 1 molecular weight
of sulfuric acid is equal to 98 g and 1 gram-equivalent weight is
equal to 49 g, so 98 g of sulfuric acid diluted to 1 L with water is
equal to a IM or 2N solution. The following formulas may be used
to determine the weight of a substance needed for a molar solution:

weight in grams = M x V x FW
where
M = desired molarity
V = desired volume in liters

FW = formula weight (molecular weight), including any water of
hydration

Or, for a normal solution:

weight in grams = N X V x FW
v

where
N = desired normality
V = desired volume in liters

FW = formula weight (molecular weight), including any water of
hydration

v = positive valence, or number of dissociable or replaceable
hydrogen ions.

Problems

How much of each of the following chemicals is needed to
prepare 1,000 mL of both a 1M and a 1N solution (atomic weights:
Na = 22.99; Cl = 35.45; Ca = 40.08; S = 32.06; O = 16; H = 1;
K =39.10; C = 12.01; and Al = 26.98)?

25. NaCl

26. CaCl,

27. CaSO,

28. CaSO,2H,0

29. H,SO,

30. K.CO

2 3

31. AlOH),



Problems

How much solute is needed to prepare the following solutions?
(Use the atomic weights given above.)

32. 200 mL of 0.IN H,S0,
33. 500 mL of 0.5M CaO
34, 100 mL of 0.2N KCl

35. 200 mL of 0.5N AICI,

The Metric System
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The medical laboratorian must use the metric system of weights
and measures, and it may be desirable at times to be able to convert
from the US system to the metric system. The major units of the
metric system are meter, the measure of length; liter, the measure
of volume; and gram, the measure of weight.

Prefixes are used with the basic units to denote subdivisions or
multiples [t5.1].

One microliter may be written as 1 pL, 1/1,000,000 L, 0.000001 L,
or 10°° L; and one milliliter may be written as 1 mL, 1/1000 L, 0.001
L, or 10 * L. Other units may be written in a comparable manner.

In the metric system, cubic centimeters (cc) or milliliters (mL)
may be used interchangeably for the expression of volume,
although the term “mL” is more frequently used in the United
States. In the International System of Units, officially abbreviated
SI (Systéme Internationale) and legally adopted throughout the
world, the units of volume depend on the units of length; for
example, if the lengths are in meters, the volume will be in cubic
meters, or volume = length x length x length. Although liter is
not on the SI list of official terms, 1 L is exactly 1,000 cc, and for
convenience, the term liter probably will continue to be used in
all but the most accurate work, where the official term for liter is
cubic decimeter (1 liter = 1 cubic decimeter). At 4°C, 1,000 cc of
water weighs approximately 1,000 g. SI units have been adopted
as the standard in international medical and scientific literature,
so histopathology personnel should be aware of their meanings.

To convert between metric and US systems, common equivalents
should be memorized [t5.2].

[t5.1] Prefixes used in metric system

Prehix Denotes

deci- (d) one-tenth part of

centi- (¢)  one-hundredth part of

milli- (m) one-thousandth part of

micro- (u) one-millionth part of (sometimes used as a noun, micron)
nano- (n)  one-billionth part of

kilo- (k) one thousand times

[t5.2] Unit equivalents between US and metric systems

Unit value Equivalent
11b 454 g

1m 39.37 in
lin 2.54 cm

1L 1.06 qt

1qt 0.95L

Conversions may often be calculated by using a ratio, as in the
following example:

| mg S X centigrams (cg)

‘ multiply ‘
1:1,000 = x:100

- multiply et

Note: 1,000 mg = | g,and 100 cg = | g 5o that both sides are equal

[000x = 100
x = 100 =1 =0lcgorlmg=0Ilc
1,000 10
Problems
36. 1dg=___mg
3718 iy =TI T
38, 1uL=_ mL
39. 1kg=___1b
40. 6in=___cm
41. 350mg=__ g
42. 5ym=__ mm
43. lmm=__ cm
44. 1mL=___ cc(careful!)
45. 5mm=___in
46. 1km=__ mm

TEMPERATURE CONVERSION

Temperature also is measured on a different scale when the
metric system is used. Temperature is reported in degrees Celsius
(formerly centigrade) instead of degrees Fahrenheit, and it may be
necessary to convert from 1 system to the other. Water freezes at
32°F or 0°C, and boils at 212°F or 100°C. Normal body temperature
is 98.6°F or 37°C, the temperature of laboratory incubators and the
temperature at which many enzyme reactions are performed. To
convert from Fahrenheit to Celsius use the following formulas:
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°C = (F-3) x5
9
or

°C = (°F-32) %0555

To convert from Celsius to Fahrenheit use the following
formulas:

‘€ *9
F = +32
5
or
°F = (°C* 18 +3

Problems

47. Convert -20°C to °F.
48. Convert 4°C to °F.
49. Convert 72°F to °C.

50. Convert 20°F to °C.

Buffers

A buffer is a solution that will maintain a constant pH even after
dilution or after the addition of small amounts of acids or bases.
Buffers are composed of either a weak acid and a salt of that acid or
aweak base and a salt of that base. Examples are the combinations
of acetic acid and sodium acetate, boric acid and sodium borate, or
potassium monobasic phosphate and sodium dibasic phosphate.
Although there are formulas for the preparation of buffers for any
given pH, they are beyond the needs of most histopathology labo-
ratories and are not presented. Buffer tables can be found in many
of the textbooks on histologic technique.

General Guidelines for Solution Preparation, Use,
and Storage

1. Use chemically clean glassware of appropriate type and size.

2. Read the information on the manufacturer’s label and the
material safety data sheets (MSDSs), and use any precautions
indicated when weighing, measuring, or handling the
chemical.
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3. Label all prepared reagents clearly and immediately. The label
should include the name of the reagent, the concentration, the
date of preparation, initials of the person preparing the reagent,
storage conditions, hazards, and the test or procedure for
which the reagent is intended. If the expiration date is known,
it should also be included; if not known, the label can read,
“Expiration date not determined.”

4. Strongly alkaline solutions should not be stored in glass; use
polyethylene or polypropylene containers.

5. Keep all solution bottles tightly closed when not in use.

6. Do not pipette directly from stock solutions because of the
possibility of introducing contamination; pour reagent into
another container for this purpose, and discard any reagent
not used.

7. Do not pipette by mouth; use a pipetting aid.

8. Use the appropriate calibrated glassware for measuring liquid
chemicals, that is, graduated cylinders and pipettes, not flasks
and beakers.

9. Mix all solutions very well; use a magnetic stirrer for dissolving
dry chemicals, and use an Erlenmeyer flask for mixing liquid
reagents. Good mixing can rarely be achieved by using a
graduated cylinder.

10.If a magnetic stirrer is not available, to obtain saturated
solutions, the solution should be mixed frequently and then
allowed to stand overnight before use. Magnetic stirrers are
relatively inexpensive, and each laboratory should have one,
possibly combined with a hot plate. Every laboratory also
should have a pH meter for solution preparation.

11. Examine each solution carefully before use. If the solution
shows an unexpected color change or floating debris that
might reflect deterioration, contamination, or growth of yeast

or molds, the solution should be discarded.

12. Store reagents, especially strong acids, liquid phenol, and other
hazardous chemicals, on shelves below eye level.

13. Be very careful when handling reagents to prevent cross-
contamination of solution.

14. Use only reagent-grade chemicals for the preparation of
solutions.

15.Use dyes that are certified by the Biological Stain
Commission.

16. When dyes and chemicals are received in the laboratory, record
the following:

a. date of receipt

b. date opened



—f-

17. The following reagents are among those that should be stored
in the refrigerator:

a. Schiff reagent

b. Protargol

c. all solutions containing silver nitrate
d. buffer solutions

e. solutions for enzyme histochemistry

f. osmium tetroxide (seal bottle in a coffee can to prevent
discoloration of the inside of the refrigerator).

g. hydroquinone
‘ h. glutaraldehyde
i. aldehyde fuchsin (can be frozen for long-term storage)
j. paraldehyde (can be frozen for long-term storage)
k. phosphomolybdic acid
1. phosphotungstic acid
m. mucicarmine stock solution

n. gum mastic, 2.5% (Steiner)

Stability of Solutions

The problem of shelf-life or stability of dry dyes and chemicals and
of prepared solutions is one that is constantly faced by personnel
in histopathology laboratories. Most of the accrediting agencies
require that an expiration date be on the label of all dyes and
reagents. Manufacturers now put an expiration date on dry chemi-
cals or on commercially prepared solutions; usually this is much
shorter than the true useful shelf-life of the reagent and indicates
a minimum length of time that the reagent or dye can be expected
to yield maximum results. It is when the solutions are prepared
in-house that the question of expiration dates becomes a problem.
The best determinant of the condition of all reagents is the result
of the procedure as demonstrated on a well-documented posi-
tive control slide, but the tabulated information from Churukian
(1993] and from Luna [1975] indicating the minimum stability of
some commonly used staining solutions and other chemicals
may be helpful [t5.3]. This is presented as a guide only; solutions
may vary from the shelf-life indicated because of variations in
' the temperature of storage and the quality of the distilled water,

chemicals, or dyes with which the solutions have been prepared.
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[t5.3] Minimum stability of common chemical compounds

Compound

‘Acetic acid, 1% and 3%

Acid alcohol

Acid fuchsin, 1%

Acid fuchsin-picric acid (Verhoeff)
Alcian blue, 0.5%

Aldehyde fuchsin (Gomori)

Alizarin red S, 1% (Dahl)

Aniline blue (Masson)

Auramine O-rhodamine B (Truant)
Basic fuchsin, 0.5% (Brown and Brenn)

Biebrich scarlet-acid fuchsin (Masson)

Bouin solution

Carbol-fuchsin (Kinyoun)
Carbol-fuchsin (Ziehl-Neelsen)
Chromic acid, 5% (GMS)
Crystal violet (amyloid)
Diastase of malt (PAS with digestion)
Eosin Y, alcoholic, stock

Eosin Y, alcoholic, working
Ferric chloride, 2% (Verhoeff)
Ferric chloride, 10% (Verhoeff)
Formalin, 10%

Fouchet reagent (Hall)

Giemsa, stock

Giemsa, working

Gold chloride, 0.2%

Gold chloride, 1%

Gomori trichrome

Gram iodine

Gum mastic, 2.5% (Steiner), refrigerate

Minimum Stability

6 months
6 months
6 months
1 month

2 months
2 months
6 months
2 months
3 months
1 month

2 months

2 months
1 month
2 months
2 months
3 months
1 day

4 months
1 month
1 month
6 months
6 months
1 hour

1 year

1 day

1 week

6 months
2 months
1 month

6 months

Compound

Hematoxylin (Harris)

Hematoxylin (Mayer)

Hematoxylin (Mallory PTAH)
Hematoxylin, 5% alcoholic
Hematoxylin, Weigert

Hydrochloric acid, IN

Lithium carbonate, saturated aqueous
Lugol iodine

Luxol fast blue (myelin)

Metanil yellow (counterstain)

Methenamine-silver nitrate, stock (GMS),
refrigerate

Methylene blue (Ziehl-Neelsen)
Mucicarmine (Southgate), refrigerate
Nuclear-fast red (counterstain)

Oil red O, stock

Oxalic acid, 2% and 5%

Periodic acid, 0.5% (PAS)
Phosphotungstic acid, 5%

Picric acid-acetone (Brown-Brenn)
Picric acid, saturated aqueous
Potassium ferrocyanide, 2% (Perl)
Potassium metabisulfite, 2%
Potassium permanganate, 0.25%
Potassium permanganate, 0.5%
Sodium bisulfite, 1% (GMS)
Sodium borate, 5% (GMS)

Sodium thiosulfate, 2% and 5%
Uranyl nitrate, 1.0% (Steiner)
Verhoeff elastic stain

Zenker solution, stock

Zenker solution, working

Minimum Stability

6 months
3 months
1 year

4 months
1 week

1 year

6 months
2 months
1 year

2 months

1 month

3 months
2 months
2 months
1 year

2 months
2 months
2 months
1 month
6 months
1 month
2 months
1 week

2 weeks
2 months
6 months
6 months
2 months
2 hours

6 months

1 month
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ANSWERS TO PROBLEMS IN CHAPTER

1.
2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

21.
22,
23.
24.
25.
26.
27.
28.
29.
30.
31.

32,

0.25%

6.4%

4%

0.6%

20%

1.125%

2.75 g potassium metabisulfite

25 g sodium thiosulfate

2.5 g light green

5 mL acetic acid, 495 mL water, 15 g alcian blue
0.75 mL acetic acid, 299.25 mL water, 1.5 g light green
2.5 g silver nitrate

0.75%

50 mL

0.1%

350 mL

10 mL of 10% ferric chloride, 40 mL water

375 mL of 80% alcohol, 125 mL water

700 mL of 95% alcohol, 250 mL water

100 mL of water; a total volume of 200 mL would be
obtained

0.2 g of light green

0.93 g of alcian blue

1.16 g of acid fuchsin

1.96 g of alcian blue

58.44 g=1M;58.44g= 1IN
11098 g =1M; 5549 g = IN
136.14 g = 1M; 68.07 g = IN
172.14 g = 1M; 86.07 g = IN
98g=1M;49g= IN
138.21 g=1M; 69.11 g = IN
7798 g = 1M; 25.99 g = IN
098 g

33.
34.
35;
36.
37.
38.
39.
40.
41.
42,
43.
44.
45.
46.
47.
48.
49.

50.

14.02g
149¢g
444¢g

100 mg
10 mm
0.001 mL
220
1524 cm
035¢g
0.005 mm
0.1 cm
lcc

0.195 in
1,000,000 mm
—4°F
39123k
22256

=65:E

ANSWERS TO PROBLEMS IN LEARNING ACTIVITIES

1.

a. 125g

b. 500 mL

c. 10mL 10% AgNO3,40 mL H,O

d. 190 mLH,0

a. 200 mg
b. 12.7cm
¢. 0.0lmL
d. 441bs

a. —220°F

b. 21.1°C

a. 55.49 g=0.5M;27.75g=0.5N

b. 37.28g=0.5M and 0.5N

c. 68.07 g=0.5M;34.04g=0.5N
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LEARNING ACTIVITIES
l. Solve the following problems without referring to the text:

a. How much solute is needed to prepare 500 mL of 0.25% light green?
b. How much solvent is needed to prepare a 0.5% solution from 2.5 gm of acid fuchsin?
c. Prepare 50 mL of 2% silver nitrate from a 10% solution.

d. How much water would you add to 10 mL of a 20% solution of silver nitrate to obtain a 1% solution?

2. Solve the following:

a. 2dg=___mg
b. 5in=___cm
c. I0puL=__mL
d 2kg =__1Ib

3. Convert:
a. =300°C=__°F

b. 700°F=__ °C

4. How much of each of the following chemicals is needed to prepare 1000 mL of 0.5M and of 0.5N solutions (atomic
weights: Ca = 40.08, Cl = 35.45, K = 39.10, § = 32.06, O = 16):

a. CaCl,
b. KCI

¢. CaSO,

5. If you had to refer to the text, go back and study that section carefully, working all problems at the end of the
section.
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Nuclear and Cytoplasmic Staining

R R A A I N B I A

On completing this chapter, the student should be able to do the following:

L

Define and give examples of:

absorption
adsorption
mordant
basophilia
acidophilia
ripening
auxochrome
chromophore
polychrome
cationic dye
anionic dye
lake

—RTSDE e A0 o

Describe chromatin and differentiate
between heterochromatin and
euchromatin

Describe how cell activity affects the
appearance of hematoxylin-eosin
(H&E)-stained sections

Differentiate between hematin and
hematein

Differentiate between regressive and
progressive staining, and state which
of the hematoxylin solutions can be
used for each type of staining

List 3 methods of differentiation and
give examples of each

List 4 natural dyes and their sources

Identify the ingredients and their
purpose in each of the following
hematoxylins:

Ehrlich

Delafield

Harris

Mayer

Gill

Weigert

me a0 o

List any obvious advantages or
disadvantages of each of the
hematoxylins listed previously

10.

19.

State why iron hematoxylin is the
preferred nuclear stain in some
staining techniques

. State how either an excess of
acid or an excess of aluminum in
hematoxylin solutions can affect
nuclear staining

. Describe the effect of pH on routine
H&E staining

. List 3 factors other than pH that
affect staining

. Describe the effect of overexposure
to acidic fixatives or other acidic
solutions (eg, decalcification) on
staining

. State how some fixatives such as
formalin or Zenker solution affect
staining.

. Identify at least 6 possible sources
of error in routine H&E staining,
the cause(s), and the appropriate
corrective action for each.

. Identify 3 methods of staining the
cytoplasm

Identify the 2 types of nucleic acids
and give 2 methods of staining the
nucleic acids

Identify the specific substances
stained with the nucleic acid
methods

Discuss both acid hydrolysis and
fixation for the Feulgen reaction

. List 2 dyes other than hematoxylin
that may be used for nuclear staining

® 8 0 ® 0 0 00 00 000000 ° S S0 S0 000 800000000 0TE00000000 %S00 00sEEe0S00 000000000000

. List 2 methods other than H&E

that may be used for staining frozen
sections for rapid diagnosis

. Describe the Romanowsky stains

and identify 2 primary uses of these
techniques

. List the 2 major classes of mounting

media

. Identify the advantages and

disadvantages of both resins and
aqueous mounting media

. Identify the indications for using

aqueous mounting media

. Describe methods of sealin

coverslip edges, and state why
coverslip edges may need to be sealed

. Compare natural and synthetic

resinous mounting media

. Identify 2 common solvents for

resinous mounting media

. Discuss the types and thicknesses of

slides and coverslips

. Identify common coverslipping

artifacts

. State the approximate refractive

indexes of aqueous and nonaqueous
mounting media, and relate it to the
tissue

. Identify 3 mounting problems and

the appropriate corrective action for
each
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Ultrastructure of the Cell [reproduced with permission:
Carson 1979] . .

It is appropriate to begin this chapter with a description of the
cell so that there can be a better understanding of what is being
stained with routine procedures. Although many of the structures
that will be described are not visible with the light microscope,
it is important that we understand the ultrastructure of the cell,
because differences in ultrastructure may change staining charac-
teristics of cells. Any ultrastructural entity that can also be visual-
ized with the light microscope will be illustrated with both light
and electron micrographs.

Cells were named by Robert Hooke in 1665 when, with a micro-
scope, he examined the tiny holes in a section of cork. He used
the term “cell” because, to him, the thick walls around the holes
suggested prison cells. Matthias Schleiden, a German botanist,
announced in 1838 that the cell was the basic structural unit of
all vegetable matter, and in 1839, Theodore Schwann pointed out
that “cells are organisms, and entire animals and plants are aggre-
gates of these organisms arranged according to definite laws.” The
cell, as we know it today, is a living, moving, and reacting mass of
protoplasm; the word cell is a general term used for the complex
material of which cells are made. A single cell, such as an amoeba,
can be self-sufficient and capable of carrying on an independent
existence, or cells can be specialized and depend on a highly inte-
grated community life with other cells for their existence.

Cells can be divided into 2 major parts, the nucleus and the cyto-
plasm. Although these 2 parts are frequently all that can be identified
definitively on routine light preparations, many subcellular parti-
cles or bodies become visible with the electron microscope [i6.1].

THE NUCLEUS

The appearance of the nucleus varies depending on whether the
nucleus is resting or undergoing cell division (mitosis). A resting
nucleus is more commonly called an interphase nucleus because
it is between 2 phases of cell division. Normal tissue will show
primarily interphase nuclei that, on H&E-stained sections, appear
as discrete, membrane-bound, dark blue to purple (basophilic)
masses [i6.2]. With the electron microscope, nuclei can be seen to
have the following features.

m Nuclear Membrane

The nuclear membrane is an envelope or limiting membrane that
can be seen with electron microscopy to be composed of 2 unit
membranes separated by a narrow space (perinuclear space).
These membranes periodically come together to form a nuclear
pore [i6.3a]. The nuclear membrane usually is stained a crisp, dark
blue with aluminum hematoxylin solutions [i6.2].

m Nuclear Pores

Nuclear pores are small openings or diaphragms in the nuclear
membrane that probably are the avenues of communication
between the nucleus and cytoplasm of the cell. Nuclear pores can
be seen only with the electron microscope [i6.3a].
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[i6.1] Parts of the cell. C indicates centriole; Eu, euchromatin; G, Golgi;
H, heterochromatin; M, mitochondrion; Nu, nucleus; N, nucleolus; and
RER, rough endoplasmic reticulum. (Reprinted with permission [Carson 1979])
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[i6.2] A row of nuclei (arrow) can be seen in the basal one-third of the
simple columnar epithelial cells lining this pancreatic duct. Note that there

is an open chromatin pattern in these nuclei, and varying chromatin patterns
can be seen in other nuclei present in the section.The stained material of
the nucleus is comparable to the heterochromatin seen in the electron
micrographs.The nuclear membrane is also well defined in this figure.

m Nucleolus

The nucleolus is a dense, rounded, and usually intensely basophilic
mass consisting of 80% to 90% protein; however, with a very good
H&E stain, the nucleolus will appear acidophilic, or stained with
eosin. The nucleolus is shown in an electron micrograph in [i6.1]
and in the light micrograph in [i6.4]. The nucleolus produces most,
if not all, of the ribosomal RNA; some very active cells will have
several nucleoli within each nucleus.

m Chromatin

Chromatin is used in light microscopy to refer to the stainable
substance in the nucleus; however, the nucleus contains both
stainable (heterochromatin) and nonstainable (euchromatin)
chromatin. Both heterochromatin and euchromatin consist of
chromosomes or DNA and attached protein. Heterochromatin
contains condensed regions of chromosomes, and is seen as



[6.3] Ultrastructure of the cell. A, The 2 membranes of the nuclear
envelope (center arrow) are clearly visible. Nuclear pores (top and bottom
arrows) traverse the perinuclear cisterna or space at intervals around the
nucleus. The plasmalemma (P) is also indicated. B, Rough endoplasmic
reticulum (RER) is extensive in cells synthesizing protein for export from
the cell as a secretion. Free polyribosomes or clusters of ribosomes (arrow)
are indicative of synthesis of endogenous proteins needed for cell growth
and division. C, Centrioles (C) occur in perpendicularly oriented pairs and
most frequently are seen very close to the nucleus (N). Free ribosomes

(R) and mitochondria (M) are clearly visualized. D, The Golgi complex or
apparatus (G) plays an important role in the secretory process. E, Smooth or
agranular endoplasmic reticulum (SER) does not have attached ribosomes
and has various functions depending on the type of cell in which it is located.
Lysosomes (arrow) function as the digestive system of the cell. Lipid (L)
droplets are frequently seen in the cytoplasm. (Reprinted with permission
[Carson 1979])

intensely basophilic nuclear material with the light microscope
[i6.2] and as collections of rounded or irregularly shaped dense
granules with the electron microscope [i6.1]. Genetically active
DNA, or the extended portion of chromosomes, is known as
euchromatin [i6.1] and is not stained with nuclear stains, nor
is it visible with the light microscope. The amount of each type
of chromatin present is dependent on the activity of the cell. In
H&E-stained sections, lymphocytes will exhibit the most intense
nuclear staining of all cells because heterochromatin predomi-
nates. Because of high activity and the amount of euchromatin
present, many neuronal nuclei will exhibit only slight staining
with hematoxylin [i6.4]. Chromatin patterns can be used effec-
tively to determine when nuclei are overstained or understained.
Nuclear staining also may be affected by histones (basic proteins)
that are associated with DNA.

THE CYTOPLASM

The amount and appearance of the cell cytoplasm are important
criteria for distinguishing different types of cells; it is within the
cytoplasm that most of the work ordered by the nucleus is carried
out. The labor force for this work consists of organelles, or little
organs. While most of these organelles have been observed for
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[16.4] The nucleolus (arrow) is very prominent in this neuron. It is

related to cell activity and may not be seen in some cells. Little chromatin
(heterochromatin) is stained, indicating that the cell is very actively engaged
in protein synthesis.

many years with the light microscope, a more precise knowledge
of the structure and function of organelles has been gained with
the electron microscope. Included among the organelles are the
following structures.

m Plasmalemma

The plasmalemma (plasma membrane) [i6.3a] appears in electron
micrographs at very high magnification as 2 electron-dense (dark)
layers with an intervening electron-lucent (light) layer; therefore,
it has been referred to as a trimellar membrane. This same type
of membrane is common to all of the membranous cytoplasmic
organelles, is a means of compartmentalizing contents or func-
tions, and is known as the unit membrane. The unit membrane
consists of a phospholipid bilayer with associated proteins and
varies in thickness in different membranous organelles. The
plasma membrane is unique because the external surface has a
glycoprotein covering called the cell coat or glycocalyx; this asym-
metric structure is not found in the other membranous structures.
Rarely is the plasma membrane seen on H&E-stained sections, but
it is very important in many antigen-antibody reactions.

® Mitochondria

Mitochondria are the energy-producing powerhouses of the cell
[i6.3c). These membrane-bound organelles are the site of oxidative
reactions by which food energy is made available for the metabo-
lism of the cell. In general, the number of mitochondria in a cell
and their internal structure are indicative of the energy necessary
to carry out that cell’s specific function. Mitochondria are not seen
on H&E-stained sections.

m Ribosomes

Ribosomes are the site of protein synthesis [i6.3c]. Some ribosomes
are attached to the endoplasmic reticulum and are found in greatest
abundance in cells that manufacture protein to be released outside
the cell. Other ribosomes are free in the cytoplasm, either singly
or in clusters, and are concerned primarily with the synthesis of
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[i6.5] The basophilia in the cytoplasm of plasma cells (arrow) is the result
of rough endoplasmic reticulum, contrasting with the very eosinophilic
(acidophilic) granules of the eosinophils. Careful examination of the plasma
cells will reveal the area of juxtanuclear “negative” staining at the site of the
Golgi apparatus in some of the cells. Eosin has been applied very lightly.

protein to be used in the cell. Ribosomes are responsible for the
blue tinge or definite blue color seen in the cytoplasm of some
cells. With an abundance of free ribosomes, a diffuse cytoplasmic
basophilia usually is seen, whereas localized basophilia is usually
caused by patches of rough endoplasmic reticulum.

m Endoplasmic Reticulum

Endoplasmic reticulum is a series of membrane-bound channels
that are variable in configuration and extent. These channels are
pathways for the transportation of secretory products that either
are used ultimately by the cell or released externally. There are
2 kinds of endoplasmic reticulum: granular or rough-surfaced
[i6.3b] and agranular or smooth-surfaced [i6.3e]. Granular endo-
plasmic reticulum is abundant in cells that actively produce secre-
tions to be released outside the cell, and the granular appearance
is caused by attached ribosomes; H&E-stained sections show
basophilic staining of the cytoplasm of these cells. Examples of
this basophilia can be seen in plasma cells [i6.5] that produce
immunoglobulins and in the basal portion of pancreatic acinar
cells, which produce digestive enzymes [i6.6]. Some rough endo-
plasmic reticulum is found in all cells except mature erythrocytes.

m Golgi Apparatus

The Golgi apparatus is the packaging apparatus of the cell. Protein
made by ribosomes and delivered by endoplasmic reticulum is
concentrated by the Golgi apparatus and then packaged in secretory
vesicles for transport to the cell surface [i6.3d]. Chemical modifi-
cation, particularly in regard to carbohydrate content, also takes
place in the Golgi apparatus. The Golgi apparatus is usually found
close to the nucleus and does not stain with H&E; in very active
cells, an unstained (negatively stained) area may contrast with
the surrounding basophilic cytoplasm. This unstained area may
appear as a nuclear halo and is most apparent in plasma cells [i6.5].
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[i6.6] Acinar cells in the exocrine pancreas have very basophilic cytoplasm
in the basal part of the cell because of the extensive rough endoplasmic
reticulum present. The apical part of the cell becomes very acidophilic
because only secretory granules are present. An islet of Langerhans is at left.

m Centriole

The centriole is responsible for spindle formation in cell divi-
sion. Centrioles occur in pairs, and commonly there is only
1 pair to a cell; the pair is usually arranged with the long
axis of 1 centriole perpendicular to the long axis of the other
[i6.3¢]. Each centriole is a hollow cylinder with the wall
composed of 9 evenly spaced bundles of tubules. The basal
body of a cilium is identical in structure to a centriole, and
a cell produces multiple centrioles in preparation for cilia
formation. Centrioles cannot be seen on H&E-stained sections.

m Lysosomes

The lysosomes are part of the defense mechanism of the body.
Lysosomes also aid in digestion of food taken into the cell. The
lysosome surrounds material to be digested, the membranes fuse,
and the contents mix without releasing hydrolytic enzymes into
the cytoplasm. By the same process, lysosomes help the cell to rid
itself of worn-out parts; thus, lysosomes have been called “suicide
bags.” Undigestible compounds from this process are retained
within vacuoles in the cell cytoplasm and are known as residual
bodies. Long-lived or permanent cells such as neurons, cardiac
muscle, and hepatocytes accumulate a large collection of residual
bodies; these accumulations are referred to as lipofuscin, or wear-
and-tear pigment, which appears as a yellow to brown pigment
through the light microscope.

The cytoplasm may also contain inclusions such as secretory
granules or vesicles (discussed in relation to the Golgi appa-
ratus), pigments, or food such as fat [i6.3e] or carbohydrates that
have been stored for future use. Pigments are usually classified as
endogenous (produced inside the body) and exogenous (produced
outside the body and subsequently gaining entrance). Carotene,
dusts, and minerals are exogenous pigments; melanin and hemo-
globin-breakdown products are endogenous pigments.



Staining Mechanisms

In the past, there was a great deal of concern over whether staining
reactions were physical or chemical. Today it is recognized that most
reactions involve both physical and chemical factors. The fat stain is an
example of a purely physical stain, with the dve absorbed (soaked up) by,

and dissolved in, the lipid. However, most stains depend on adsorption of

the dye, or the attraction for minute particles from the surrounding solu-
tion, by the surface of certain tissue components; the dye is then bound
to the tissue primarily by ionic, covalent, or hydrogen bonds.

Tonic or electrostatic bonding occurs when the dye and the substance
to be dved develop different charges and thus become attracted to
each other. For example, we can stain the cytoplasm by developing a
positive charge on the cytoplasmic proteins and a negative charge
on the dve. This tvpe of binding is also referred to as salt linkage.

Hydrogen bonding occurs when covalently bonded hydrogen is attracted
to atoms that have a strong electronegative charge. Frequently such
bonding occurs between hydrogen and oxygen or hydrogen and nitrogen.
Hydrogen bonds are weak and occur naturally in water; they may form
between the dye and the water in which it is dissolved. Water also
competes for hydrogen bonding sites in tissue, so such bonding is prob-
ably not important in most aqueous-based staining reactions |Culling 1993,

Covalent bonding occurs when atoms share electrons. This type of bond
is typical of organic chemicals, because carbon, hydrogen, and oxygen
commonly form covalent bonds. In the water molecule for example, 1
oxvgen atom shares 2 electrons, 1 with each of 2 hydrogen atoms. Fach
hydrogen atom also shares an electron with the oxygen atom.

Van der Waals forces are caused by the electrostatic attraction of a
molecule to the electrons of its neighboring molecules. These are weak
physical forces that are effective over only very short distances.

NUCLEAR STAINING
Nuclear staining is not fully understood, but apparently occurs through
2 different mechanisms illic 1976]

1. staining done with the basic (cationic or positively charged) dyes

2. staining done with dyes combined with, o
mordants

r followed by, metal

‘The first mechanism depends on the presence of the nucleic acids (DNA
and RNA) to form dye salt-type unions. ‘The second type of staining
occurs in tissues from which the nucleic acids have been removed (eg,
decalcified tissue), and also mayv oceur in tissue that is not negatively
charged. Some fixatives split off the protein attached to the phosphate
groups of the nucleic acids and leave IXNA soluble. In this case only basic
nucleoprotein remains in the nucleus, vet the nucleus still stains.

Lillie and Fullmerj1v7e further suggest that although the term basophilic
{base-loving) may be applied properly to acidic (anionic or negatively
charged) tissue substances that are readily stained with basic dyes, the
term is not proper for the metal-mordant type of staining. The metal-
mordant dyes stain many of the same tissue elements as the basic dyves;
however, under some circumstances, the metal-mordant dyes stain
substances lacking acidic groups, such as myelin and neutral mucopoly-
saccharides. Lillic and Fullmer 17 also state that stainability with the

aluminum hematoxyling should not be indicated with the term baso-
philia; instead, they propose that a more appropriate term would be
metallophilia to indicate tissue characteristics that induce staining with
metal-mordant complexes.

Shechan and Hrapchak 1950] propose 2 possible binding sites tor the
hematoxylin-aluminum complex; the phosphate groups of DNA and
the histones that are cationic nuclear proteins bound by the phosphate
groups. Meloan and Puchtler [1987] state that molecular models show
binding by the phosphate groups to be sterically impossible, and agree
with Lillie 11963] and Sheehan and Hrapchak [i9s0} that staining of nuclei
with metal-hematoxylins after DNA extraction indicates dye binding by
cationic nuclear proteins. Meloan and Puchtler 1987] also propose that
during the formation of hemalum, 2 hematein ions form chelates with
I metallic ion, and because aluminum, iron, and chromium hemateins
are anionic (=) chelates, reactions with the cationic components of the
nucleus seem probable.

It appears that various forces are involved in the binding of metal-
hematein by nuclei, and that a simple explanation is not possible. lonic
and hydrogen bonding as well as van der Waals and hydrophobic forces
probably all have some role in the staining of nuclei by aluminum-
hematein solutions; a complete understanding of the reaction must await
further studies.

CYTOPLASMIC STAINING

Fortunately, the routine staining of nonnuclear elements is understood
much better than nuclear staining; nonnuclear staining is primarily
caused by proteins or charged groups on the side chains of amino acids
constituting the proteins.

Proteins, or polymers (chains) of amino acids, contain a terminal
amino (-NH,) group on 1 end and a terminal carboxyl (-COOH)
group on the other; in addition, amino acid side chains may have
-NH, or —COOH groups. Because of these 2 groups, proteins
may be positively (+) or negatively (=) charged. This charge is
pH-dependent, and because proteins can carry either positive or
negative charges, they are said to be amphoteric [£6.1].

NH.
|

R - € - COOH
|
H

undissociated amino acid

N NH:- NH.
|
R-C [_ COOH R - (ZI - C00- R-C ‘— CO0 -
i H }lq
basiv i -1 witterion acidic -}
relectricallv neutrals
pH i1 e Pl 6 —————— {110
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[£6.1] ‘Ihe eifect of plT on the amino acids of proteins,
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Based on its net charge, a substance migrates in an electrical field;
a protein with a net positive charge (more positive than nega-
tive charges) migrates to the cathode (-), and a protein with a
net negative charge migrates to the anode (+). At the point where
the positive and negative charges are equal, there is no migra-
tion. This is termed the isoelectric point (IEP). To understand the
staining of nonnuclear elements, one must understand how pH
affects the ionization of proteins and how pH relates to the IEP.

The IEP of proteins is approximately pH 6; below the IEP or
below pH 6, the net charge on the nonnuclear proteins is posi-
tive and the attraction is for an anionic dye; above the IEP, the
net charge is negative and the attraction is for a cationic dye.
Substances attracting basic dyes are said to be “basophilic,” and
substances attracting acid dyes are “acidophilic.” This means
that if tissue sections are placed in a solution with a pH below
6, the cytoplasmic proteins will develop a predominance of posi-
tive charges and will then attract a negatively charged dye such
as eosin. Although eosin is negatively charged over a wide pH
range, if the pH of the dye solution is dropped too low, the -COO
group of eosin recombines with hydrogen and the result is the
free acid, uncharged form of eosin. The dye is now uncharged and
only nonspecifically stains the tissue. If the eosin solution is not
below pH 6, the eosin will not attach to the cytoplasmic proteins
because above pH 6, the proteins will have a net negative charge.

The Dyes

When we discuss dyes, we must answer 2 questions: what makes a
substance a dye or colored, and why is there an affinity between the
dye and the element being dyed. All dyes are organic compounds,
and most are coal tar or benzene derivatives. Readjustment of the
double bonds results in the formation of a colored compound when 2
hydrogen atoms in the benzene ring are replaced either with oxygen
or with another atom or group having 2 valency bonds instead of 1.
In the past, formation of the quinoid ring was thought to be respon-
sible for the development of color, but according to Puchtler [1986],
chemists have disproved this theory. Benzene would have color if our
eyes were sensitive in the UV range, but certain modifications to the
benzene ring push the absorption band into the visible spectrum. A
group that confers the property of color is called a chromophore. The
fundamental groups involved in chromophores are C=C, C=0, C=§,
C=N, N=N, N=0 and NO,; the more of these that occur in the same
compound, the more pronounced the color. Chromophores differ
greatly from one another; however, they have 1 common property:
they are easily reduced because they all have an unsatisfied affinity
for hydrogen. If reduction occurs, the chromophore is destroyed and
color is lost. A benzene derivative containing chromophoric groups
is called a chromogen.

Although compounds containing chromophores (chromogens) are
colored, they may or may not be able to act as a dye or combine
with the substance to be colored. An ionizing group called an
auxochrome is required to enable the dye to link firmly to the
tissue. The fundamental basic auxochrome is the amino (-NH,)
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group; aniline contains this group, and many of the dyes are
aniline derivatives. The usual acidic group is the sulfonic acid
(-SO, H) group, and other acidic auxochromes are the carboxyl
(-COOH) and hydroxyl (OH) groups, ionized to produce nega-
tive charges (-SO,”, —~COO , and ~O ). The sulfonic group is a
weak auxochrome but functions to make a dye water soluble or to
change a dye from basic to acidic. Trinitrobenzene and picric acid
are examples of chromophores and auxochrome.

OH
0N~ \\NO, 0N~ “\\NO,
N’ e W

NO, NO,
Trinitrobenzene Picric acid
(a chromogen) (adye)

In the above compounds, the -NO, group is the chromophoric
group, and trinitrobenzene possesses 3 chromophores and is
yellow, but it is not a dye. Picric acid (trinitrophenol) also possesses
the same 3 chromophores but in addition possesses an auxo-
chromic grouping (—~OH). Because of the auxochromic group, it
is an anionic, or acid, dye.

The application of the terms acid and basic to dyes can be
confusing, because when referring to dyes, these terms have
nothing to do with pH. A basic dye is one in which the charge
on the dye ion is positive; these dyes are more properly called
cationic dyes, and the auxochrome is the amino group (-NH,).
Acid dyes are those with a negative charge and are more properly
referred to as anionic dyes. As previously stated, the usual anionic
auxochromes are the sulfonic, carboxyl, and hydroxyl groups.
Basic, or cationic, dyes most frequently are chloride salts; acidic, or
anionic, dyes most frequently are sodium salts. Most dyes remain
cationic or anionic throughout the range of acidity or alkalinity
within which most staining occurs, usually pH 3 to 9; however,
some dyes are amphoteric and are cationic if the pH is below the
IEP, and are anionic if the pH is above the [EP. Crystal violet and
safranin are typical basic dyes; orange G and picric acid are typical
acid dyes; hematein and lithium carminate are amphoteric dyes,
with IEPs of about 6.6 and 4.5, respectively (Baker 1958].

Lipid stains are exceptions: they are nonionic compounds inca-
pable of electrolytic dissociation, and although they have color,
they are not really dyes. These stains sometimes have been clas-
sified as neutral dyes; they are insoluble in water but soluble in
some organic solvents, and they color certain tissue components
by dissolving in them (physical staining).

Dyes are classified by the chromophore present, but the classifica-
tions are beyond the scope of this chapter. Examples of dye classes
are triarylmethanes, anthraquinones, xanthenes, and azines. For
extensive information on the classification of dyes, the interested
reader is referred to the work of Lillie [1965].



Dyes have been used since the dawn of civilization and were all
of vegetable or animal origin until the middle of the last century,
when natural dyes were almost totally eclipsed by synthetic dye
products. Only a few natural dyes have been used in histotech-
nology to any extent, and today some of these dyes can be even
prepared synthetically. The more important natural dyes are
carmine, orcein, saflron, and hematoxylin. Carmine is a puritied
extract of the female tropical cochineal insect; orcein is obtained
trom lichens, saffron from the pistils of a flowering plant, and
hematoxylin from the heartwood of the logwood tree.

FACTORS AFFECTING DYE BINDING

1. 'lhe ptl of the solution determines whether a dye will bind to
certain tissue elements by establishing the appropriate charges
on both the tissue element and the dye molecule.

2. Anincrease in temperature will increase the rate of staining
by increasing the diffusion rate of the dve molecules. Swelling
of tissue components caused by the increase in temperature is
probably an important factor in dye penetration.

3. Drye binding usually increases with an increase in concentration
of the dve molecules.

4. Salts other than the dye dissolved in the staining solution can
decrease or increase the staining intensity of certain tissue
components; probably salt jons and dye ions compete for the
same binding sites.

N

By reacting with certain chemical groups in tissue and making
those groups unavailable for dye binding, the fixative alters
the staining character of the tissue. Some fixatives such as
formaldehyde react with the amino (NH,) group. Because
this is the primary group for binding eosin, tissue fixed

in formalin will bind less eosin than when fixed in some of

the other solutions. 'Tissue fixed in solutions containing
potassium dichromate will tend to take up less hematoxylin
and more cosin, because the reaction of potassium dichromate
is primarily with the carboxyl (-=COOH) and hydroxyl
(-OH) groups. Tissue overexposed o acidic fixatives such as
Zenker solution, Bouin solution, or unbutfered formalin will
lose its basophilic (nuclear) staining properties. In general,
formaldehvde, mercuric chloride, and osmium tetroxide
increase tissue basophilia or the uptake of cationic or positively
charged dyes. Picric acid increases the binding of anionic or
negatively charged dves, and ethyl alcohol is intermediate
between these 2 groups.

DIFFERENTIATION

Many dyes, including most of those used in counterstains or cvito-
plasmic stains, are used progressively, that is, once the desired
intensity of color is achieved, the reaction is stopped. Mordant
dyes also may be used progressively, but frequently regressive
staining is required. Mordants are substances or metals that act
as a link between dye and tissue. The mordant combines with
the dye to form a “lTake” that is usually basic in action. In regres-
sive staining, the tissue is overstained and then ditferentiated, or

decolorized, until only the desired element is left stained. Many
of the mordant dyes are, or must be, used regressively to achieve
differential staining of the desired structure. There are 3 methods
of differentiating sections in the histopathology laboratory when
mordant dyes are used regressively.

1. Basic, or cationic, dyes are differentiated by weak acid solutions,
and acidic, or anionic, dyes are differentiated by weak alkaline
solutions. For example, the aluminum hematoxylins can
be difterentiated with a dilute solution of hydrochloric acid,
and eosin can be removed from overstained sections with a
ditute solution of ammonium hydroxide. If the differentiating
solutions are prepared in alcohol rather than water, better
control of differentiation is possible.

2. Excess mordant will break the tissue-mordant-dye complex.
Because the amount of mordant in the differentiating solution is
large compared with that bound to tissue, the dye will dissolve
trom the tissue. The structures that have bound the most dye
will be the last to completely lose color. Careful control of the
differentiating process will leave the desired structures well
stained and the background colorless. Sections stained with
regressive iron hematoxylin methods are differentiated with
excess mordant. Iron hematoxylin is also the nuclear stain
of choice in many special stains that use acidified solutions
after nuclear staining. Iron hematoxylin is fairly resistant to
decolorization with acid; aluminum hematoxylin is not.

3. Although oxidizers presumably work by oxidizing the dye to a
colorless substance, the effect is that of differentiation, because
those substances containing the most dye will still remain
colored if the oxidation process is stopped at the appropriate
time. Potassium permanganate and chromium trioxide have
been used as oxidizing ditferentiators. Potassium ferricyanide
is used in the Weil myelin stain as the second differentiating
solution.

Sheehan and Hrapchak {1980] list buffers as a fourth method of
ditferentiation, one rarely used in the histopathology laboratory.
The best example of this method of differentiation is the staining
of blood smears with the Wright stain. The staining solution is
butfered to a pH of approximately 6.5; at this pH, the buffer solu-
tion will act as a basic differentiator of the eosin and as an acidic
differentiator of the methylene blue components of the stain.

THE NUCLEAR DYES

Because the mordant dves are those used in what we consider
routine nuclear staining, those will be described in depth in
this section. Hematoxvlin, the most widely used nuclear stain,
is extracted from logwood (also known as campeachy wood).
Haematoxvlon campechianum is a tree that is indigenous to Central
America, but has been scientifically cultivated in Jamaica since
1715, 'The freshly cut wood is colorless but becomes dark reddish-
brown when exposed to atmospheric oxidation; the oxidized dye
is hiematein. As pointed out by Baker 1938, the second “e” in the
word “hematein™ distinguishes the oxidized dve from the unre-
fated hematin deposits such as formalin pigment or acid hematin.
Flematin is pronounced with 3 sylables and hematein with 1.
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[£6.2] Hematoxylin and hematein structures. Two hydrogen atoms are
removed during the oxidation of hematoxylin, leaving a negatively charged
phenolate-O-group and a coordinately unsatureated carbon atom (dot).
[Adapted with permission from Meloan 1987]

Hematoxylin was introduced as a dye in England during the reign
of Queen Elizabeth I, but in 1580, it was banned by Parliament
because of stubborn opposition from the older school of dyers
who felt that it was not colorfast. It was about 100 years later that
the true value of hematoxylin was appreciated and the law was
repealed [Leggett 1944]. According to Baker [1958], the first report of
its use in microtechnique appeared in the 1840s. Synthetic hema-
toxylin is also available, but most laboratories still use solutions
prepared from the natural product.

Hematoxylin is not a dye; hematein, the oxidation product of hema-
toxylin, is a weak anionic dye. Puchtler [1986], stating that chem-
ists have disproved the traditional quinoid formula of hematein,
proposed different structural formulas for hematoxylin and
hematein [f6.2] from those traditionally found in the literature.

Oxidation of hematoxylin is necessary and may be achieved natu-
rally by exposing the solution to atmospheric oxygen, or by using
oxidizing agents such as sodium iodate, mercuric oxide, and potas-
sium permanganate; this oxidation process is also called ripening.
Delafield and Ehrlich solutions are naturally ripened, while Harris,
Mayer, and Gill solutions are chemically oxidized. Solutions should
always contain some unoxidized hematoxylin because the process
of ripening continues with atmospheric oxidation, and complete
oxidation or overoxidation lead to a breakdown of the solution and
the loss of good staining. The rate of oxidation is also influenced
by the pH of the solution; hematein forms rapidly in alkaline solu-
tions but more slowly in acidic solutions.

Oxidized hematoxylin (hematein) has little affinity for tissue but
becomes a strong dye with a particular affinity for nuclei when
combined with a metallic mordant. Traditionally, metal-hematein
lakes have been considered basic, or cationic, dyes. Meloan and
Puchtler (1987] state that the hematein-metal chelate is anionic,
and the misleading hypothesis that metal-hematein chelates are
cationic was based on the ability of these chelates to stain nuclei.
However, many investigators believe that the metal-hematein lake
is cationic and binds with the phosphate group of the nucleic acids.
As indicated previously, the staining of nuclei by metal-hematein
chelates is very complex and not yet fully understood.
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In some solutions of hematoxylin, the oxidizer also serves as the
mordant; these solutions, most commonly the iron hematoxy-
lins, are not stable. To achieve stability, the mordant should not
oxidize the solution. Ammonium or potassium aluminum sulfate,
phosphotungstic acid, and phosphomolybdic acid are in this cate-
gory of nonoxidizing mordants. The mordant-dye combination
is called a lake, and the most commonly used hematoxylin lakes
are combinations of hematein with either aluminum or iron. The
term alum is frequently misused in histotechnology; alums are
double sulfates such as potassium aluminum sulfate, ammonium
aluminum sulfate, ferric ammonium sulfate, or chromium potas-
sium sulfate. The use of terms such as ferric alum or iron alum
should be avoided; students have no idea of the true nature of
the compound, and if preparing solutions in the laboratory, they
frequently have trouble trying to find the correct dry chemical. The
routine nuclear stains should be called aluminum hematoxylins
or, more properly, aluminum hemateins, because aluminum is the
mordant. A double sulfate is not required as a mordant; aluminum
sulfate alone is used to prepare Gill hematoxylin.

More selective nuclear staining can be achieved by adding either
an excess of acid or an excess of aluminum [Vacca 1985]. The H' of the
acid will combine with weakly acidic groups in the tissue sections
and prevent them from taking up hematoxylin; an excess of
protons (H*) in the solution will cause selective binding of the dye
to the nucleus, and differentiation becomes unnecessary. Excess
aluminum added to aluminum hematoxylin solution will coun-
teract overoxidation by chemical oxidizers. However, too much
aluminum or improperly dissolved aluminum salts can precipi-
tate on top of the tissue, giving a crystalline artifact [Thompson 1978].
Formulas for some of the aluminum hematoxylins follow.

Harris Hematoxylin

Hematoxylin 5g
Absolute ethyl alcohol 50 mL
Ammonium aluminum sulfate 100 g
Distilled water 1,000 mL
Mercuric oxide 25g

The original formula for Harris hematoxylin uses mercuric oxide;
today sodium iodate (0.37 g) [Vacca 1985] is used to replace the very
toxic mercuric salt. To prepare the solution, dissolve the hematox-
ylin in alcohol (it may be necessary to add about 20 mL of water to
completely dissolve the hematoxylin), and dissolve the ammonium
aluminum sulfate in the water with heat. Remove from heat and
carefully mix the 2 solutions. Bring to a boil as rapidly as possible;
remove from the heat and slowly add the sodium iodate. Reheat to
boiling, and boil for 2 to 3 minutes or until the solution becomes dark
purple. Remove from heat, and immediately plunge the vessel into
a basin of ice. The stain is ready for use as soon as it cools or as soon
as a metallic sheen develops on the surface of the solution. Filter just
before use, and add glacial acetic acid to give a final concentration of
4% (4 mL of glacial acetic acid for every 96 mL of hematoxylin).



The mordant in this solution is aluminum and the chemical
ripening agent (oxidizer) is sodium iodate (mercuric oxide in
original formula). Sodium iodate is the oxidizer found in most
commercial preparations. According to Meloan and Puchtler
[1987], Harris intended that his hematoxylin solution be used acidi-
fied and/or diluted as a progressive stain and did not mention
differentiation. The use of Harris hematoxylin as a regressive stain
was introduced later. Meloan and Puchtler [1987] further state that
because there is no definite end point in the differentiation process,
the results will be variable, whereas the acidified aluminum hema-
toxylins will yield consistent staining results, even in the hands
of beginners. We find that this solution used progressively for 1
to 3 minutes will give good, consistent nuclear staining. Culling
[1978] recommended acidifying the solution with 1% hydrochloric
acid to a pH of 1.0 to 1.2 to achieve very selective nuclear staining.

Delafield Hematoxylin

Solution a—saturated ammonium sulfate

Ammonium aluminum sulfate 180 g
Distilled water 1,000 mL
Dissolve with the aid of heat and allow to cool. When cool, some
of the alum will crystallize and settle to the bottom of the flask; the
supernatant will be saturated.

Solution b—hematoxylin

Hematoxylin 4g
Alcohol, 95% 25mL

Dissolve the hematoxylin in the alcohol.

Mix as follows:
Solution a (saturated ammonium aluminum sulfate) 400 mL
Solution b (hematoxylin) 25 mL

Expose the solution to sunlight and air in a clear, cotton-plugged bottle for
3 to 4 days, then filter and add:

Glycerol 100 mL
Ethyl alcohol, 95% 100 mL

Age for 3 to 6 months in light and then test the solution’s readiness for use.

The mordant in Delafield hematoxylin is aluminum, and oxidation
occurs naturally with exposure to light and air. Alcohol functions
principally as a preservative, and glycerol stabilizes the solution
against overoxidation and also aids in preventing rapid evapora-
tion, according to Sheehan and Hrapchak [1980]. These authors
suggest that several tests can be used to determine whether the
aluminum hematoxylin solutions are ready for use. Good hema-
toxylin has a winelike smell and a deep purple-red color. When
a few drops of the solution are dropped into a container of tap
water, a bluish-black color should result; overoxidized and under-
oxidized solution will be red to red-brown. A drop of aluminum
hematoxylin solution placed on filter paper will show a maroon

spot with a purple edge if the solution is ready for use; absence of
the purple border indicates that the stain is underoxidized and
is not ready to be used. Delafield hematoxylin is usually used
regressively.

Mayer Hematoxylin

Hematoxylin lg
Distilled water 1,000 mL
Sodium iodate 02g
Ammonium or potassium aluminum sulfate 50¢g
Citric acid lg
Chloral hydrate 50g

Dissolve the hematoxylin in the water, heat the solution to boiling, and
boil for 5 minutes. Remove from heat, and as soon as the boiling stops,
add the sodium iodate. Let ripen for 10 minutes. Add the remainder of
the reagents in order, making sure each one is dissolved completely before
adding the next.

Aluminum is the mordant, and sodium iodate is the oxidizer in
Mayer hematoxylin. Citric acid is added to adjust the pH and, along
with the chloral hydrate, helps prevent the scum and precipitates
that tend to form in aluminum hematoxylin solutions. Sheehan
and Hrapchak [1980] state that this solution will keep for a long time
without overripening, and Vacca [1985] agrees; however, Lillie and
Fullmer [1976] indicate a shelf-life of approximately 2 to 3 months
for Mayer hematoxylin, and we find this to be accurate. This is the
recommended solution for use in immunoperoxidase techniques
when 3-amino-9-ethylcarbazole is used as a chromogen, because
Mayer hematoxylin does not contain alcohol; alcohol will dissolve
the reaction product. Routine nuclear staining may be slower with
this formula than with some of the other solutions, but it is very
difficult to overstain the sections, and very crisp nuclear staining
can be achieved. The solution is used progressively.

Ehrlich Hematoxylin
Hematoxylin 2g
Alcohol, 95% 100 mL
Distilled water 100 mL
Glycerol 100 mL
Ammonium or potassium aluminum sulfate 3g
Glacial acetic acid 10 mL

Dissolve the hematoxylin in the alcohol, and then add the other
ingredients. Expose to the air in a cotton-plugged bottle for 2 weeks or
longer to ripen. If desired, 0.4 g of sodium iodate may be added to cause

immediate ripening.
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Aluminum is the mordant in Ehrlich hematoxylin, which
may be ripened either naturally or chemically. Although this
hematoxylin will give a very sharp nuclear stain and may be
used progressively, it is more commonly used regressively.

Gill Hematoxylin
Distilled water 730 mL
Ethylene glycol 250 mL
Hematoxylin, anhydrous 2g
Sodium jodate 02g
Aluminum sulfate, AL(SO,),»18H,0 176 g
Glacial acetic acid 20 mL

Ethylene glycol is an excellent solvent for hematoxylin, and it
prevents the formation of surface precipitates. Sodium iodate is the
oxidizer, and aluminum is the mordant. If crystalline hematoxylin
is used instead of anhydrous, then 2.36 g must be used. The sodium
iodate must be weighed accurately to +0.01 g. The stain can be used
immediately, but provides a better intensity if allowed to ripen for
1 week in a 37°C incubator. The solutions used by Gill [1974] have
found wide acceptance and are marketed commercially in 3 different
strengths, depending on whether the solution is to be used for
cytology or histology. Gill Il and Gill IIT are used for staining tissues.
Gill IIT is the most concentrated stain and can be used for staining
glycol methacrylate sections. Gill II may be prepared by using the
Gill I formula and doubling the amount of hematoxylin and sodium
iodate and quadrupling the amount of aluminum sulfate used.

Mucin, especially in goblet cells, will be stained by Gill hematox-
ylin, but not by the other hematoxylin solutions. This fact may be
important in selecting the hematoxylin to be used for the routine
H&E stain [i6.7].

['6-7] A section of cervix stained with Gill hematoxylin. The mucin is
sained blue, a characteristic of staining with Gill hematoxylin.
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Many other formulas have been proposed for aluminum hematox-
ylin solutions, but the formulas given above are most commonly
used today. However, the user of commercial products should read
labels for chemical content carefully because several companies
have modified the original formulas. Most hematoxylin solutions
are only moderate health risks if mercuric oxide is not included
in the preparation; with mercuric oxide-containing solutions, the
solutions must be saved and disposed of appropriately. The mate-
rial safety data sheets also should be requested, and referred to,
for each commercial solution.

On standing, most hematoxylin solutions will develop a metallic
sheen of oxidized dye, actually aluminum-hematein, and should
be filtered before use. If the solutions are not filtered, a blue-black
precipitate may be seen on the stained sections. Mayer and Gill
hematoxylins are not as prone as other hematoxylins to form the
surface sheen. The acetic acid added to some solutions will help
prevent the formation of this scum by retarding oxidation. The color
of the solution is an indicator of the freshness of the aluminum
mordant; bluish solutions are seen with fresh mordant, but the color
changes toward red as the solution ages [Sheehan 1980]. Overoxidation,
resulting in the formation of oxyhematein, will cause the color to
become brown, and nuclei stained with this type of solution will be
brown rather than blue.

Although more consistent results are obtained with progressive
staining, some laboratories prefer to use a regressive hematox-
ylin staining procedure. When using hematoxylin regressively,
the sections are markedly overstained, and then hematoxylin is
removed by a process known as difterentiation. Commonly this is
done with weak hydrochloric acid solutions prepared with water or
alcohol, but also may be done with acetic acid solutions. Although
the differentiation of hematoxylin is not completely understood,
there probably is competition between the dye-mordant complex
and the hydrogen ions of the acid for anionic binding sites in the
nucleus. Because of differences in thickness of sections, types of
tissue, and individual timing, regressive staining will rarely give
consistent staining results. The use of automation has improved
the consistency of staining to a great degree.

Scott Solution

Magnesium sulfate (MgSO,) 10g

or (MgSO,+7H,0) 20¢g
Sodium bicarbonate 2g

Tap water 1,000 mL

After nuclear staining with hematoxylin solutions and differentia-
tion if indicated, the sections are blued. This is done with solutions
that are weakly alkaline; dilute lithium carbonate, ammonium
hydroxide, or Scott solution are frequently used blueing agents.
Running alkaline tap water also can be used. Scott solution is a gentle
alkaline substitute for tap water and is prepared as shown above.

The change in pH induced by the blueing agent changes the solubility
of the dye lake. The aluminum-hematein complex is red and soluble
below pH 5; blueing converts the red, soluble complex to a more
desirable blue lake that is insoluble in the usual staining solutions.



Weigert Hematoxylin

Solution a

Ferric chloride, 29% 4mL
Distilled water 95mL
Hydrochloric acid, concentrated 1mL
Solution b

Hematoxylin lg
Alcohol, 95% 100 mL

Mix equal parts of solution a and solution b for use. This solution can be
used for 2 or 3 days, but do not try to use it longer.

Occasionally, iron hematoxylin is used as a nuclear stain. It is not
used in the routine H&E stain, but is used as a nuclear stain in
many of the nonroutine techniques because it resists decolorization
in acidic staining solutions. Ferric chloride is a strong oxidizer, so
it serves both as mordant and oxidizer for Weigert hematoxylin,
the most widely used nuclear stain employing iron as the mordant.

Celestine Blue

Celestine blue lg
Ferric ammonium sulfate 4g
Distilled water 200 mL

Dissolve the celestine blue in 100 mL of the water, and the ferric ammonium
sulfate in the other 100 mL of water. Be sure that the ferric ammonium sulfate
is completely dissolved, waiting overnight if necessary; mix the 2 solutions. The
solution should be dark blue, and after filtering, it is ready for use.

Celestine blue may be substituted for hematoxylin in the H&E
procedure and gives identical results. During the hematoxylin
shortage in the 1970s, this dye was widely used as a substitute. For

staining, a dye-mordant lake is formed, with iron serving as the
mordant. The solution is used progressively for 5 to 30 minutes.

As a substitute in the iron hematoxylin methods, gallein may be
used instead of celestine blue. Safranin, nuclear-fast red, meth-
ylene blue, thionin, and toluidine blue O also may be used to
stain nuclei, but most frequently they are used as counterstains
in special staining methods or in the rapid staining of frozen
sections.

PLASMA STAINS

The plasma stains are most frequently anionic, or negatively
charged, dyes that combine with very cationic, or positively
charged, tissue groups. The basic amino acids, such as argini
ne, histidine, and lysine, are common sites for dye binding.

Eosin Counterstain

Eosin Y (1% aqueous solution) 200 mL
Ethyl alcohol, 95% 600 mL
Acetic acid, glacial 4mL

Eosin is the most widely used counterstain in the routine
staining of sections. Usually eosin Y is used, but Lillie [1965]
preferred eosin B. Eosin is the sodium salt of a color acid;
the chromophore is in the anionic () part of the molecule.
Eosin is fully charged at a pH of 7, but because the IEP of
proteins is approximately 6, we must stain below pH 6 to
develop a net positive charge on the protein. Below pH 4, the
amount of charged dye will be greatly decreased, because the
eosin is converted to a free acid at a lower pH [£6.3]. This
free acid may remain in solution and nonspecifically bind
to sections; this attachment is caused by hydrogen bonding,
and the sections will appear muddy [Koski 1977]. The best
staining with eosin will occur at a pH of approximately 4.6
to 5. Used properly, at least 3 shades of pink can be obtained
with eosin alone; erythrocytes, collagen, and the cytoplasm
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[f6.3] Formulas for eosin. As the pH of an eosin Y solution decreases, the amount of charged dye also decreases.
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[6.8] A section of small intestine counterstained with eosin-containing
acetic acid so that the pH is between 4.6 and 5. Compare this section with
that seen in [i6.9], where no acid was added to the eosin solution.

of muscle or epithelial cells should stain different shades or
intensities of pink. Erythrocytes should always be the deepest
shade of pink; whether the collagen or muscle/epithelial cells
are the intermediate shade of pink is determined by choice
of fixative, duration of fixation, heat during processing,
stain formulation, differentiation step, and the nature of the
collagen itself [Dapson 2004]. Regardless of which tissue is the
intermediate shade of pink, with good processing, staining,
and differentiation, 3 shades should always be seen. The effect
of pH on eosin binding is demonstrated in [i6.8] and [i6.9].

Eosin-Phloxine B Counterstain

Eosin Y (1% aqueous solution) 100 mL
Phloxine B (1% aqueous solution) 10 mL
Alcohol, 95% 780 mL
Acetic acid, glacial 5mL

Some laboratories prefer an eosin-phloxine B solution, because
the pink shades are more vivid. It is very easy to overstain with
this solution and to lose some of the fine differentiation possible
with counterstains. This solution also must be acidic to develop
the appropriate charge on proteins.

Another counterstain that can be used is phloxine B-safran. The
phloxine and safran solutions are used separately, and the coun-
terstaining takes longer. Following the hematoxylin, blueing, and
washing steps, the slides are stained in 1.5% aqueous phloxine
B for 2 minutes. The slides are then washed in tap water for 5
minutes, dehydrated with 3 changes of absolute alcohol, stained
for 5 minutes with 2% safran du Gatinais in absolute alcohol,

ril'lsed with absolute alcohol, cleared with xylene, and mounted
with synthetic resin,
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[16.9] An adjacent section to that seen in [i6.8]. No acetic acid was added
to the eosin solution, so that the pH was above the isoelectric point of the
proteins. The staining time was the same for both sections. Note the marked
reduction in uptake of the eosin.

H&E Staining

L I R I I I I I I I R A L B B R R N )

MANUAL PROGRESSIVE STAINING METHOD

The following procedure works very well in a surgical pathology
laboratory. The use of Mayer hematoxylin increases the time
needed for each basket of slides and can dramatically increase the
time required to stain the day’s routine surgical slides. For this
reason, we prefer Harris hematoxylin with 4 mL of glacial acetic
acid added to every 96 mL of hematoxylin. Used progressively,
Harris hematoxylin stains rapidly with very reproducible results.
We also prefer the more delicate staining given by eosin alone, but
if more intense red shades are desired, eosin phloxine can be used.
The formulas for the solution are the ones given previously.

m Procedure
1  Xylene, 3 changes 2 minutes each
2 Absolute alcohol 10 dips

3 Alcohol, 95%, 2 changes 10 dips each

4  Tap water rinse until water

runs off evenly*

5 Hematoxylin, Mayer
or acidified Harris

15 minutes
1-3 minutest

6 Tap water, 2 changes 10 dips each*

7 Ammonia water, 0.25% or until bluei
lithium carbonate, 0.5%

8 Tap water, 2 changes 10 dips each*

9 Eosin 10-20 dips
or eosin-phloxine 1-3 minutes

10 Alcohol, 70% 10-15 dips



11 Alcohol, 95% 10-15 dips

12 Absolute alcohol, 3 changes 10-15 dips each

13 Xylene, 3 changes 10-15 dips each

Let slides remain in last container until a coverslip is applied.

*Change water frequently; where 2 changes are indicated, 1 container
should be changed after each basket. Rotate the containers so that the
clean water is in the second container. Running water may be used in
any step requiring rinsing with water, if convenient.

"With a large volume of slides, we find it is best to use a staining time
of 1 minute with fresh Harris hematoxylin staining solution, add
30 seconds per day until 3 minutes of staining time is reached, then
change to fresh solution.

*Do not agitate in the ammonia water, because most section loss will
occur at this point. The step requires 10-30 seconds, and the solution

should be changed when it becomes discolored.

m Results [i6.10], [i6.11], [i6.12]

e Nuclei Blue
e Erythrocytes and
eosinophilic granules Bright pink to red

¢ Cytoplasm and other tissue

elements

Various shades of pink

MANUAL REGRESSIVE STAINING METHOD

®m Procedure

1 Xylene, 3 changes 2 minutes each
2  Absolute alcohol 10 dips
3 Alcohol, 95%, 2 changes 10 dips each
4 Tap water rinse until water
runs off evenly*
5 Hematoxylin, Delafield, Ehrlich, 10-15 minutes
or Harris without acid
6  Tap water, 2 changes 10 dips each*
7 Hydrochloric acid 1% in 70% alcohol ~ 5-10 dips
8 Running water wash well*
9 Ammonia water, 0.25% until blue’
or lithium carbonate, 0.5%
10 Tap water, 2 changes 10 dips each?
11 Eosin 10-20 dips
or eosin-phloxine 1-3 minutes

[i6.10] Part of a lymph nodule and the submucosa can be seen in this
section of H&E-stained appendix. The eosin solution did not contain any other
dye. The hematoxylin stain shows blue nuclei with various chromatin patterns
and well-defined nuclear membranes, and 3 shades of eosin can be seen.

[i6.11] A duplicate of the section shown in [i6.10] stained with hematoxylin
and counterstained with eosin-phloxine. Again, the hematoxylin stain

shows blue nuclei with various chromatin patterns and well-defined nuclear
membranes. The very dark nuclei indicate lymphocytes. The eosin-phloxine
has been applied so that the nonnuclear elements are still well differentiated.
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[i6.12] A duplicate of the sections shown in [i6.10] and [i6.11] that
has been overstained with eosin-phloxine. Note the loss of differentiation
between the various nonnuclear elements, and also that the contrast
between the nuclei and the cytoplasm is not as good as that in [i6.10] and
[i6.11]. Unless this counterstain is used with care, overstaining occurs and
the nuclei also tend to become stained with the phloxine.
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12 Alcohol, 70% 10-15 dips

13 Alcohol, 95% 10-15 dips

14 Absolute alcohol, 3 changes 10-15 dips each

15 Xylene, 3 changes 10-15 dips each

Let slides remain in last container until a coverslip is applied.

*Change water frequently; where 2 changes are indicated, 1 container
should be changed after each basket. Rotate the containers so that the
clean water is in the second container. If convenient, running water
may be used in any step that requires rinsing with water.

Do not agitate in the ammonia water, because most section loss will
occur at this point. The step requires 10 to 30 seconds, and the solu-
tion should be changed when it becomes discolored.

*A slide should be checked microscopically at this point until sufficient
experience is gained with differentiation; if necessary, return the
slides to the hydrochloric acid solution. Running tap water should
be used for this step if possible, because all traces of blueing agent
should be removed before placing slides in eosin.

W Results [i6.10], [i6.11], [i6.12]
e Nuclei Blue

e Erythrocytes and eosinophilic

granules Bright pink to red
¢ Cytoplasm and other tissue
elements Pink shades

When using hematoxylin regressively, great care must be taken in
the differentiation step so that the nuclei are not overdifferentiated

or underdifferentiated; improper nuclear staining may lead to the
loss of important diagnostic features. Marked overstaining of the
cytoplasm is also undesirable.

AUTOMATED STAINING

The H&E stain can be automated very easily. I had approximately
20 years’ experience with a linear stainer, and have found that very
satisfactory and more consistent staining can be achieved with
automated staining. Linear stainers transfer either individual slides
or small groups of slides from 1 container to the next, leaving the
slide in each container for the same amount of time. The time that
slides are in any given solution can be varied only by varying the
number of containers of that solution. Progressive staining is the
method of choice for this type of stainer. Robotic stainers are the
most flexible, allowing total computerized programming with the
ability to return the slides to the same container or solution that
was used in a previous procedural step; progressive or regressive
hematoxylin staining can be used also.

m Procedure

The following is an example of a procedure for use on a linear
stainer that leaves slides in each solution for 30 seconds.
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1 Xylene 6 containers

2 Absolute alcohol 2 containers

3 Alcohol, 95% 1 container

4 Running tap water 2 containers

5 Harris hematoxylin with acetic acid 2 containers

6  Running tap water 3 containers

7  Alcohol, 80% 1 container

8 Eosin 1 container

9  Alcohol, 70% 1 container

10 Alcohol, 95% 1 containers

11 Alcohol, absolute 3 containers

12 Xylene 2 containers and
holding tank

The containers must be kept filled as full as possible, and the levels
must be checked frequently while the stainer is in use. Filter the
hematoxylin daily, and rotate the hematoxylin containers every 2 to 3
days, depending on the volume of slides stained. Change all solutions
except the hematoxylin and eosin daily. The eosin should be changed

weekly.

m Note on Results of H&E Staining

Tissue sections from most areas of the body should show blue
nuclei with various chromatin patterns along with a crisp nuclear
membrane. Lymphocytes will have the densest chromatin, and
epithelial cells should show a more open chromatin pattern.
As stated under “Plasma Stains,” properly stained sections
should show 3 shades of eosin staining. If necessary, changing
the alcoholic differentiation times after the eosin staining solu-
tion, especially in the 70% alcohol, will aid in achieving this.

m Hints to Help Achieve Good H&E Staining

The following hints are useful for achieving good H&E staining
regardless of the method used:

1. Microscopically check a slide from each basket to be sure that
proper staining has occurred. If an automated stainer is used, it
is useful to stain a control slide before other slides are stained.
A section of small intestine provides a good control.

2. Do not allow sections to dry at any point during staining.

3. Keep the solutions covered when not in use to prevent
evaporation and to to keep the absolute alcohol from taking
up atmospheric moisture. Always make sure that the solutions
completely cover the slides. If any precipitate is noted at the top
of the hematoxylin container, filter the solution into a clean,
dry container.



4. Develop a routine schedule for changing solutions based on the
number of slides stained each day.

w1

After applying the ammonia water, wash the sections very
well with tap water; the pH of the eosin is critical, and if too
much ammonia is carried over into the eosin, cytoplasmic
staining will be lacking.

6. Do not pass the slides through the dehydrating solutions
too quickly, because dehydrating solutions also serve to
differentiate. However, remember that the more dilute the
alcohol, the more cosin that will be removed.

>~1

Tissues that have been (ixed for longer than normal may require
increased staining times. For autopsy tissue, staining times in
hematoxylin and eosin may need to be increased by as much as
one-third.

8. Staining times also may need to be adjusted according to the
fixative used; the time in hematoxylin may need to be increased
after fixation in Helly, Zenker, or B-5 fixatives, and the time in
eosin will frequently need to be decreased.

9. 1f using a xylene substitute, the manufacturer’s recommendations
must be closely followed. With the aliphatic hydrocarbons, the last
absolute alcohol must be truly absolute. Some mounting media
are not suitable for use with the aliphatic hydrocarbons and
limonene-based clearants (see chapter 2, “Processing,” p36, for a
more complete discussion of xylene substitutes).

10. While running tap water is probably the best for complete
rinsing, Dapson and Feldman [1983] caution that some tap water
may not be acceptable before or after hematoxylin. Iron, sulfur,
and chlorine will produce weak nuclear staining. It the tap
water in your area has a noticeable odor or color, deionized or
distilled water should be used. Chlorine content, which varies
seasonally, will also cause staining variability. Highly alkaline
or hard water may serve as an excellent blueing agent but may
create dark nuclear or background staining.

11. Remember that what appears to be a staining problem is not
always a staining problem. If the problem cannot be identified
easily as a staining problem, cut and stain sections from a

previous day’s workload in which the staining was excellent. If

the staining is still excellent on the previous material, then the
source of the problem must be in some other area. The duration
of fixation, the use of heat during processing, and the possible
carryover of formalin or water into the clearing and infiltration
reagents are areas that should be examined when an apparent
staining problem is proved not to be so.

W Restoring Tissue Basophilia

The loss of tissue basophilia may result from various causes, from
leaving the wet tissue too long in Bouin, Zenker, or unbutfered
formalin solutions to overdecalcification of bone specimens. ‘The
basophilic staining properties of markedly overdecalcified bony
tissues cannot be restored, so proper initial decalcification is very

important. The following methods are given by Luna [1992] as possible
ways of restoring tissue basophilia after overexposure to fixative
solutions. Luna also suggest Weigert iron hematoxylin as the best
solution tor staining nuclear chromatin in specimens overexposed
to unbuffered (acid) formalin and /or an acid-decalcifying agent.

MeTHOD 1
1. Place deparaffinized slides from tissue overexposed to Bouin
solution in 5% aqueous lithium carbonate solution for 1 hour.

2. Wash in running tap water for 10 minutes, and stain using
desired method.
MeTHOD IT

1. Place deparaffinized slides in a 5% aqueous sodium bicarbonate
solution for 3 hours (4 hours for tissues overexposed to Zenker
solution).

2. Wash in tap water for 5 minutes, and stain using desired
method.

MEeTHOD II1
1. Place deparaffinized slides in 5% aqueous periodic acid for 30
minutes.

2. Rinse in 3 changes of distilled water, and stain using desired
method.

FROZEN SECTION STAINING
1. Cut the frozen section and fix in 37% to 40% formaldehyde for
20 seconds.

2. Rinse the section very well in at least 3 changes of tap water.

3. Stain in Harris hematoxylin with acetic acid for 1 to 1%4
minutes.

4. Rinse in 2 changes of tap water.

5. Place slide in 0.25% ammonia water or another blueing agent,
and leave until blue.

6. Rinsein 2 changes of tap water.

Stain in eosin (formula given previously) with 15 to 20 dips or
until the desired intensity is achieved.

~.

8. Dehydrate with 95% alcohol and absolute alcohol—10 dips in
2 changes of cach alcohol.

9. Clear the sections with xylene—10 dips in 3 changes.

10. Mount with symhclic resin.
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[16.13] An H&E-stained frozen section showing a papillary carcinoma of the
thyroid. Eosin only was used as the counterstain. Note the excellent quality

of both the frozen section and the staining.
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B Results [i6.13]

¢ Nuclei Blue
e Cytoplasm and other tissue
elements Pink shades

8 Notes on Frozen Section Staining

1. Many laboratories use acetone or alcohol as the fixative for
frozen sections; however, concentrated formaldehyde yields
morphologic preservation more like that seen in permanent
sections. Fixation in alcohol formalin (eg, Penfix, Richard
Allan Medical) for 30 seconds is also good.

2. The hematoxylin may need to be changed twice weekly,
depending on the number of slides stained, because any
formaldehyde carried over into the hematoxylin will act as a
reducing agent.

3. This rapid H&E method is preferred by many pathologists
to other frozen section stains; it requires about 2 minutes to
complete the procedure, and the slide is permanent. Other
frequently used methods are those involving metachromatic
dyes (toluidine blue O) and polychrome solutions (commercial
preparations and polychromed methylene blue). These methods
are most often used on unfixed sections, and the slides are
not permanent. If dehydrated, cleared, and mounted with
synthetic resins, metachromatically stained sections become
monochromatically stained.

4. Fix cut sections immediately; do not allow the slides to air-dry
or morphologic preservation will be poor.
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[i6.14] The white (unstained) areas in this section are caused by the
incomplete removal of paraffin. Stains will not penetrate the tissue in areas in
which paraffin remains.

Troubleshooting the H&E Stain [Carson 1992, 2005]

® © 8 © 0600 000 8000008 0 S0 0000080000000 SO0

INCOMPLETE DEPARAFFINIZATION

White spots may seen in tissue sections after the deparaffiniza-
tion step; if the spots are not recognized at this point, spotty or
irregular staining will be seen microscopically on the stained
section [i6.14]. This problem is caused by water left in the tissue,
incomplete drying, or not leaving the slides in xylene long enough
for complete deparaffinization. To prevent or correct incomplete
deparaffinization:

e dry section properly before beginning deparaffinization;
if improper drying is the cause, slides can be treated with
absolute alcohol to remove the water, and then re-treated with
xylene to remove the paraffin; if incomplete drying is severe,
the sections may loosen from the slides

e allow sufficient time in xylene for complete deparaffinization;
if this is the cause, return to xylene for a longer time

* avoid contaminated xylene; change the solution if necessary

o if the slides have been stained, decolorize and restain

NUCLEAR STAINING IS NOT CRISP

When distinct chromatin patterns cannot be seen in the nuclei, it
is sometimes referred to as smudgy or muddy nuclear staining. The
causes are varied, but frequently incomplete fixation is a major
contributor to this artifact [i6.15]. Other causes are too much
heat during processing or drying of the microscopic sections. To
ensure crisp nuclear staining:

* fix tissue specimens completely

e dehydrate and clear tissues completely before infiltrating with
paraffin



[i6.15] The nuclei are not crisply stained in this section of fallopian tube;
rather they are muddy or smudgy. This most likely is the result of incomplete
fixation before processing.

e do not use heat on the processor except for the paraffins
¢ do not leave tissues in melted paraffin for a prolonged period
o dry microscopic slides at the correct temperature (<70°C) and

for the shortest time possible that ensures complete drying

PALE NUCLEAR STAINING
Pale nuclear staining, or hematoxylin that is too light, as shown
in [i6.16], can result from:

1. not leaving slides in hematoxylin long enough
2. staining with overoxidized or depleted hematoxylin
3. overdifferentiating the hematoxylin

Pale nuclei in bone sections may result from overdecalcification
[i2.22, p49]. To prevent or correct pale nuclear staining:

* leave slides in hematoxylin for an adequate length of time

¢ do not use overoxidized or depleted hematoxylin; change to a
fresh solution

¢ time differentiation step properly for good nuclear definition
e restain section after identifying the source of the problem

¢ if sections have been fixed with an extremely acidic fixative
such as Zenker solution, have been overdecalcified, or have
remained in fixative for a long time, the ability to stain the
nuclei may be impaired; this possibly can be corrected by
increasing the time in hematoxylin or using a method to
increase tissue basophilia (see section entitled “Restoring
Tissue Basophilia”).

[i6.16] The nuclei are too pale in this section of fallopian tube, so the
contrast between the nuclei and the cytoplasm is very poor. Good nuclear
staining is critical to obtaining a good H&E stain.
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[16.17] The nuclei are overstained in this section of skin, so that nuclear
detail is lost. The cytoplasm, especially in the epithelium, contains some
hematoxylin staining, and the contrast between the nuclei and cytoplasm is
poor.

DARK NUCLEAR STAINING

If the nuclei are too darkly stained, as seen in [i6.17], the most
likely causes are:

1. sections left too long in hematoxylin

2. sections too thick

3. differentiation step too short

To correct or prevent dark nuclear staining:

« ensure thin sections; if focusing up and down with the microscope
shows more than 1 layer of nuclei, the section is too thick

« if section not too thick, decolorize and restain, making appropriate
adjustments in the staining and/or differentiation times

o decrease time sections remain in hematoxylin

e increase time of differentiation
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[i6.18] The nuclei are reddish-brown in this H&E-stained section of
fallopian tube, indicating that the hematoxylin was not blued sufficiently, or
that the hematoxylin is breaking down (overoxidized).

[6.19] The nuclei are reddish-brown in this H&E-stained section of small
intestine, indicating that the hematoxylin was not blued sufficiently, or that
the hematoxylin is breaking down (overoxidized).
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RED OR RED-BROWN NUCLEI

When nuclei are stained red or reddish-brown instead of blue,
either the hematoxylin is breaking down or the blueing step was
not properly done [i6.18], [i6.19].To prevent or corrected reddish
nuclear staining:

e ensure that sections are blued properly; it is not possible to
overblue the sections.

e check oxidation status of hematoxylin as given in section
following “Delafield hematoxylin”

PALE CYTOPLASMIC STAINING

Pale cytoplasmic staining may result if the pH of the eosin rises
above 5; the higher pH may result from carryover of the blueing
agent. The sections may be too thin, or they may have been left too
long in the dehydrating solutions [i6.20]. To prevent or correct
pale cytoplasmic staining:

o check eosin solution pH; adjust with acetic acid if necessary

e completely remove blueing reagent before transferring the
slides to eosin

e do not allow stained slides to stand in the lower concentrations
of alcohols after the eosin; the more water in the alcohol, the
more eosin that will be removed

e ensure that sections are not too thin

DARK CYTOPLASMIC STAINING

Especially with eosin-phloxine, the cytoplasm may be overstained,
and the differentiation may be poor [i6.21]. To prevented or correct
dark cytoplasmic staining:

e avoid overconcentrated eosin solution, especially if phloxine
is present; if necessary, dilute the eosin solution

« do not leave sections in eosin too long

e allow sufficient time in dehydrating solutions, especially 70%
alcohol, to allow good eosin differentiation

e check section for proper thickness

EOSIN NOT PROPERLY DIFFERENTIATED

If properly differentiated, eosin will demonstrate 3 shades of
staining. Red blood cells and the granules of eosinophils will be
the most intense, and collagen and muscle/epithelial cell cytoplasm
should show different intensities of eosin staining (see description
in the section on “Plasma Stains”). If 3 shades of eosin are not
apparent [i6.22], [i6.23], ensure:

e timely and complete fixation



[16.21] Marked overstaining with eosin-phloxine has occurred in this
intestinal section, so that contrast between the nucleus and cytoplasm is lost,

and there is no differentiation of the nonnuclear elements.

¢ good dehydration and clearing during processing

eosin-stained section remains in the lower dilutions of
alcohol for proper differentiation; adequate time in 70%
alcohol will give the best differentiation of the eosin

eosin is at the correct pH

BLUE-BLACK PRECIPITATE ON TOP OF SECTIONS

A precipitate may be noticed on top of stained sections if the
metallic sheen developing on most hematoxylins has been picked
up on the slides [i6.24]. This can be prevented by filtering the
hematoxylin daily before staining.

HAZY OR MILKY WATER AND SLIDES

m When Slides Are Placed in Water Following Alcohol During
Deparaffinization

When the slides and water turn milky following the rehydrating

alcohols, it indicates the presence of xylene on the slides. This

problem can be prevented or corrected by backing the slides up

and changing the alcohols, then taking the slides through fresh

absolute and 95% alcohols to water. The water should now be clear.

W In Last Xylene Before Applying Cover Glass

When slides appear hazy or milky in the last xylene used in
clearing, it indicates that water is still present on the slides and
that dehydration is not complete. This may be corrected or
prevented by backing the slides up and changing the alcohol and
xylene solutions, then redehydrating and clearing the sections.
The slides and xylene should be clear, or transparent, at this point.

[16.22] The eosin has not been properly differentiated in this section of
kidney, so only 2 shades of eosin are seen, and the contrast between the
erythrocytes and connective tissues is less than desired.

[16.23] Eosin differentiation is extremely poor in this section. Erythrocytes,
smooth muscle, and collagen are all the same shade of pink.

[16.24] A section of brain stained with unfiltered Harris hematoxylin.
Precipitate can be seen in the middle of this section.
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[6.25] The results of incomplete dehydration during processing can be
seen in this image. The nuclear stain is not crisp and also shows some
unevenness.

[i6.26] Tissue removed by electrocautery will show a heat artifact. Note
the very dark basophilic stain (burned appearance) at the very edge of this
tissue, and also note that the cytoplasm shows a denser, more basophilic
staining for several millimeters into the tissue.

,,,,, rem caused by an electrocautery.
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[6.28] Duplicate sections of fallopian tube.The section on the right
demonstrates very poor contrast between the nucleus and the cytoplasm;
the section on the left demonstrates that the poor contrast is the result of
markedly understained nuclei in the section on the right. The cytoplasmic
stain is identical. The nuclei are not crisp, probably because of incomplete
fixation before processing.

UNEVEN H&E STAINING

Rarely, slides will show uneven H&E staining, varying from
small patches to large, diffuse areas in the sections; nuclei may
also show poor chromatin detail [i2.2, p35], [i6.25]. This may
be caused by water or fixative in the infiltrating paraffin, or by
contamination of reagents in closed tissue processors because of
equipment malfunction or absorption of atmospheric water by the
dehydrating alcohols on the open processors [Wynnchuk 1990]. This
cannot be corrected, but can be prevented as follows:

e use toluene instead of xylene in areas of high humidity if
using open processors; toluene is more water tolerant than
xylene

o check equipment for malfunction (see chapter 2,
“Processing”)

Uneven staining may also be caused if the levels of all reagents
are not sufficient to cover the entire slide. Especially with open
staining containers, the levels should be checked often.

DARK BASOPHILIC STAINING OF NUCLEI AND
CYTOPLASM, ESPECIALLY AROUND TISSUE EDGES
Laser and electrocautery techniques denature macromolecules
and produce heat artifact, generally marked by dark basophilic
staining in nuclei and cytoplasm [i6.26], [i6.27] [Dapson 1990]. There
is no remedy for this artifact.

POOR CONTRAST BETWEEN NUCLEUS AND
CYTOPLASM

When the nucleus and cytoplasm do not contrast well, the cause
is usually poor staining of one or the other, and either:

1. the nucleus is too pale to contrast well with the cytoplasm [i6.28]

2. the cytoplasm is overstained and masks the nuclei



3. the nuclear stain is too dark for the cytoplasmic stain, or
4. the cytoplasmic stain is too pale for the nuclear stain
Preventive or corrective steps include:

o determining whether nuclear stain or cytoplasmic stain is
inadequate, and then adjusting staining times

o checking pH of staining solutions, and adjusting if necessary

¢ monitoring water pH daily for standard readings; agricultural
run-off or other contaminants may affect water quality and
staining

o referring to previous troubleshooting sections for dark and
pale nuclear staining, and dark and pale cytoplasmic staining;
applying any suggestions as necessary

Nucleic Acid Stains

There are 2 types of nucleic acid, deoxyribonucleic acid (DNA)
and ribonucleic acid (RNA). DNA is found chiefly in the nucleus,
where it is a major constituent of nuclear chromatin; RNA is
found in the nucleolus and ribosomes.

Nucleic acids may be detected by reactions that involve the sugars
ribose or deoxyribose, the phosphoric acid groups, or the purine
and pyramidine bases. Most of the reactions are not practical for
use in a routine histopathology laboratory, but 2 methods are
commonly used to demonstrate nucleic acid: the Feulgen method
for DNA and the methyl green-pyronin method for DNA and RNA.

FEULGEN REACTION [PEARSE 1968, CARSON 1983]

m Purpose
The demonstration of DNA

m Principle

The Feulgen reaction is based on the mild hydrolysis of DNA
by hydrochloric acid, which rapidly removes the purine bases
(adenine and guanine) but leaves the sugars and phosphates of
DNA intact. This hydrolysis generates an aldehyde group that
can be demonstrated with Schiff reagent. According to Pearse,
2 reactions occur almost simultaneously. First, there is a rapid
removal of the purine bases with formation of aldehyde groups
in the remaining uncovered deoxyribose groups; second, there is
a progressive removal of histones and apurinic acids. As hydro-
lysis proceeds, the second reaction will eventually predominate
and a negative Feulgen reaction will result; therefore, the time of
hydrolysis must be carefully controlled. The molecular structure
of RNA is different and hydrolysis with hydrochloric acid does not
occur. So RNA is not demonstrated by this method.

m Fixative
Any fixative except Bouin solution

m Equipment
60°C oven, Coplin jars, Erlenmeyer flasks, graduated cylinders,
filter paper

m Technique

Cut paraffin sections at 4 pm

m Quality Control
No control section is required because all nuclei will give a posi-
tive reaction

m Reagents

Hydrochloric Acid, 1IN

Hydrochloric acid, concentrated 83.5mL
Distilled water 916.5 mL
Slowly add the acid to the water

Schiff Reagent (De Tomasi Preparation)

Distilled water 200 mL
Basic fuchsin lg
Sodium metabisulfite lg
Hydrochloric acid, 1IN 20 mL

Bring the water to a boil, remove from the heat, add the basic
fuchsin, and again bring to a boil. Remove from the heat, cool to
50°C, and filter. Add the IN hydrochloric acid. Cool completely,
and then add the sodium metabisulfite. Allow to stand overnight
in the dark; the solution should be light amber. Add 0.5 g of
activated charcoal, shake for 1 minute, and filter. The reagent
should be colorless. Store the solution in the refrigerator.

Sulfurous Acid

Sodium metabisulfite (anhydrous), 10% aqueous solution10 mL
Distilled water 180 mL
Hydrochloric acid, IN 10 mL

Prepare and use under a hood
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[i6.29] The Feulgen reaction demonstrated on a lymph node.The DNA of
the nuclei is bright rose-red because of the reaction of aldehydes released by
acid hydrolysis with Schiff reagent. No counterstain has been used.

m Procedure
1. Deparaffinize sections in xylene, and then hydrate in 2
changes of absolute alcohol, 2 changes of 95% alcohol, and
distilled water

2. Rinse slides briefly in cold 1N hydrochloric acid

3. Place the sections in 1N hydrochloric acid, preheated and
maintained at 60°C, for the following times:

a. formalin-fixed sections: 8 to 12 minutes
b. Zenker-fixed sections: 5 to 8 minutes
c. Helly-fixed sections: 5 to 8 minutes

d. Optimum times will have to be determined for
other fixatives

4. Rinse sections briefly in cold 1N hydrochloric acid and
then in distilled water

5. Stain in Schiff reagent for 1 hour
6. Wash sections briefly

7. Rinse sections in 3 changes of freshly prepared sulfurous
acid; perform this step under the hood

8. Wash at least 5 minutes in running tap water
9. Counterstain with 1% aqueous light green if desired

10. Dehydrate, clear, and mount with synthetic resin
W Results [i6.29], [i6.30]
e DNA Reddish purple
e Cytoplasm (if counterstained)

Light green
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[i6.30] A light green counterstain was applied to this section of lymph
node stained with the Feulgen reaction.

Technical Notes
The optimum hydrolysis time is fixative dependent, and
various times should be tried with each fixative to determine
the optimum time needed in your laboratory [i6.31].

—

2. Bouin solution hydrolyzes the nuclei excessively during fixation;
therefore, tissue fixed in Bouin solution is unsatisfactory for
use with the Feulgen reaction.

3. If a counterstain is used, it should be applied very lightly
because it tends to mask the Feulgen reaction when applied
too heavily [i6.32].

METHYL GREEN-PYRONIN Y [POTVIN 1979]

B Purpose
This method for nucleic acid will differentiate between DNA and RNA.
Its primary use is to identify plasma cells or immunoblasts in tissues.

B Principle

DNA stains with methyl green, while RNA is colored red with
pyronin. Studies suggest that differential staining may be caused
by the differing degrees of polymerization of DNA and RNA mole-
cules. Methyl green is bound by more highly polymerized DNA,
whereas RNA, a lower polymer, binds pyronin (Sheehan 1980).

m Fixative
10% neutral-buffered formalin is preferred for this modification;
B-5, Helly, or Zenker fixation is satisfactory.

@ Equipment
Separatory funnel, ring stand, pH meter, Erlenmeyer flasks,
graduated cylinders, staining rack.

m Technique
Cut paraffin sections at 4 um.



[i6.31] The hydrolysis step in this Feulgen reaction was either overdone or
underdone, so that the aldehydes are not demonstrated with Schiff reagent.
Compare with [16.29]

B Quality Control
A formalin-fixed, paraffin-embedded section containing many

plasma cells should be used.
W Reagents
STOCK ACETATE BUFFER SOLUTIONS

Solution a—0.2M Acetic Acid

Glacial acetic acid 2.3mL

Distilled water 197.7 mL
Solution b—0.2M Sodium Acetate

Sodium acetate trihydrate 272g

Distilled water 100 mL

Acetate Buffer Solution (Working)

Adjust to pH 4.2 with sodium hydroxide or acetic acid.

Solution a (0.2M acetic acid) 150 mL

Solution b (0.2M sodium acetate) 50 mL
Methyl Green Staining Solution

Acetate buffer solution (working) 200 mL

Methyl green dye* lg

[16.32] Too much light green counterstain has been applied in this section,
so that all of the Feulgen reaction has been masked. Compare with [i6.29]
and [i6.30].This section is also too thick.

The preparation and purification of the methyl green staining
solution is carried out under a chemical hood as follows: Place the
solution in a separatory funnel. Add 50 mL of chloroform, and
shake. Allow methyl green and chloroform to separate into layers.
Discard the chloroform (bottom layer). Repeat until the chloro-
form is clear and all traces of methyl violet have disappeared (2 to
3 hours). Allow the methyl green staining solution to stand in an
open flask overnight so that any residual chloroform evaporates.
The solution is stable for several months.

Methyl Green-Pyronin Y Staining Solution

Purified methyl green solution 10 mL

Pyronin Y* 10 mg (0.01 g)

If a more intense green appearance is desired in the nuclei, rather than blue-
green, additional purified methyl green solution (up to 5 mL) can be added.

m Procedure
1. Deparaffinize sections in xylene and then hydrate in 2
changes of absolute alcohol, 2 changes of 95% alcohol, and
distilled water.

2. Stain 1 slide at a time by placing the slide on a staining
rack. Using a Pasteur pipette, flood the slide with methyl
green-pyronin Y solution. Let stand for 5 minutes.

3. Quickly rinse the slide with distilled water.

4. Blot the section completely dry with filter paper.

5. Dip the slide in 2 changes of acetone (15 quick dips).

6. Dip in equal parts of acetone and xylene (15 quick dips).

7. Dip in 2 changes of xylene (15 dips).
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[6.33] With the methyl green-pyronin technique, plasma cell cytoplasm
will show an intense rose staining with pyronin (RNA), and the nuclei will
show blue to green staining with methyl green (DNA). Note the absence of
background staining.

8. Let the slides remain in the last change of xylene for 5
minutes

9. Mount with synthetic resin

W Results [16.33], [i6.34]

e DNA Green to blue-green
e RNA Red to rose
e Goblet cells Mint green

e Background Pale pink to colorless

¢ Immunoblast and plasma cell

cytoplasm Intense red

e Nuclei Green to blue-green

m Technical Notes

1. True methyl green was usually contaminated with crystal
violet, hence the need for purification. It is no longer available;
instead ethyl green (CI 42590), a much purer dye, is frequently
sold under the name methyl green and should be used in
this procedure. Chloroform extraction will thus be avoided.
Pyronine Y (CI 45005) can be mixed with ethyl green and the
stain performed as follows [Penny 2002]:

a. Dissolve 1 g ethyl green in 100 mL of 0.2 M acetate buffer,
pH 4.2, then add 0.1 g pyronine Y.

b. Stain deparaffinized and hydrated slides individually for 5
minutes, rinse quickly with water, blot dry with filter paper,
dehydrated rapidly in 2 changes of acetone, acetone-xylene,

and 2 changes of xylene; mount with synthetic resin.

¢. The results should be the same as those given above.
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[i6.34] RNA and DNA are differentiated with the methy! green-pyronin
technique. Cells containing abundant rough endoplasmic reticulum (contains
ribosomal RNA) show marked rose staining of the cytoplasm. The nucleolus
(RNA) also stains rose, while the nuclear chromatin (DNA) stains blue to green.

2. Most methyl green-pyronin techniques require Carnoy-fixed
tissue for optimum results, but Potvin’s methyl green-pyronin
procedure works well on formalin-fixed sections of tissue.

3. Acids and some fixatives may cause a depolymerization of
DNA, resulting in a loss of the ability to bind methyl green;
when that occurs, the DNA will bind pyronin and differential
staining will not occur [Sheehan 1980] [i6.35].

4. Pyronin is not specific for RNA; cartilage, osteoid, keratin,
eosinophil granules, and mast cell granules will also stain with
pyronin, but pyronin cannot compete with methyl green for
DNA.

5. The chloroform used to purify the methyl green is toxic, and
the contaminated solution must be disposed of as hazardous
waste. The OSHA ceiling limit is 50 ppm. No practical glove
material is available for laboratory use, and it must be used
under a hood. Several preparations of methyl green that do not
need purification should be tried as a substitute for the listed
reagent.

Polychromatic Stains

Polychromatic stains are used in some laboratories as routine
nuclear and cytoplasmic stains for bone marrow biopsy sections
because of the range of cytoplasmic staining obtained. A polychro-
matic stain may be defined as a compound dye or dye mixture that
contains components of different colors. Polychroming is a process
in which a dye forms other dyes spontaneously. For example, meth-
ylene blue solutions that have been prepared for some time, partic-
ularly at an alkaline pH, will contain lower homologues, primarily
azure A and azure B [Humason 1972]. Romanowsky-type stains, with
Giemsa being the most common example used in histopathology,



[i6.35] A section of small intestine that is incorrectly stained. Both RNA
and DNA are stained rose-red in this section and no methyl green staining
is seen.

are combinations of the basic dye, methylene blue, and the acid dye,
eosin. Romanowsky, in 1891, used a combination of 1% aqueous
eosin and saturated aqueous methylene blue to stain malarial
parasites that had never been stained before. His success started a
wealth of research to explain or modify the technique; the research
continues today. All mixtures of eosin with methylene blue and
allied compounds that give similar colors are commonly referred
to as Romanowsky dyes. Polychrome methylene blue was the term
coined by Unna in 1891 for the compound formed in methylene
blue solutions [Marshall 1976}, either on standing or on the addition
of a dilute alkali. Today, the commercial Wright and Giemsa stains
are not prepared by polychroming methylene blue, but by using
weighed amounts of the azures, which gives more consistent results.

MAY-GRUNWALD GIEMSA STAIN [LUNA 1968]

m Purpose
To permit differentiation of cells present in hematopoietic tissue. The
stain is also used for the demonstration of some microorganisms.

m Principle

The Romansowsky stains, “neutral” dyes combining the basic dye
methylene blue and the acid dye eosin, give a wide color range
when staining blood smears. This is because of impurities present
in the actual dye solution. On standing in solution, particularly at
an alkaline pH, methylene blue gives rise to new substances that
are metachromatic; however, as indicated earlier, most commercial
solutions are prepared with weighed amounts of the azures, and
most omit methyl violet.

B Fixative

Zenker or B-5 is preferred; 10% neutral-buffered formalin may
be used.

m Equipment

Coplin jars, 60°C oven, Erlenmeyer flasks, graduated cylinders

m Technique
Cut paraffin sections at 3 to 4 um.

B Quality Control
Spleen sections may be used as controls.

m Reagents
Stock Jenner Solution
Jenner dye lg
Methyl alcohol 400 mL
Working Jenner Solution
Stock Jenner solution 25 mL
Distilled water 25mL
Stock Giemsa Solution
Giemsa powder 1g
Glycerin 66 mL
Absolute methyl alcohol 66 mL

Mix Giemsa powder and glycerin, and place in a 60°C oven for 30
minutes to 2 hours. Finally, add 66 mL of absolute methyl alcohol.

Working Giemsa Solution

Stock Giemsa solution 50 drops
Distilled water 50 mL
Prepare solution at time of use. Do not reuse.

Acetic Water, 1%
Glacial acetic acid 1 mL
Distilled water 99 mL
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[6.36] A section of bone marrow stained using the Giemsa technique. Very
dense blue nuclei of red blood cell precursors can be distinguished easily

from the more open chromatin patterns of leukocyte precursors. Differential
staining of the cytoplasm of the various types of cells is also shown.

m Procedure
1. Deparaffinize and hydrate to distilled water.

2. Ifthe sections are fixed in Zenker or B-5 solution, remove
the mercury pigments by placing the slide in Lugol iodine
solution for 5 to 10 minutes. Wash in tap water, and then
treat with sodium thiosulfate for 5 minutes to remove
iodine. Wash well in running water, and rinse in distilled
water.

3. Place slides in absolute methyl alcohol for 3 minutes.

4. Place slides in a second change of methyl alcohol for 3
minutes.

5. Stain in working Jenner solution for 5 to 6 minutes.

6. Transfer directly into working Giemsa solution for at least
45 minutes. Carry forward 1 slide at a time.

7. Rinse quickly in distilled water.
8. Differentiate in 1% acetic water, and check microscopically.
9. Rinse in distilled water.

10. Dehydrate, clear, and mount with synthetic resin.

B Results [i6.36]

e Nuclei Blue

* Cytoplasm of leukocytes May be shades of pink,
gray, or blue, depending
on cell type and
development

e Bacteria Biiie
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m Technical Notes
1. Working solutions are not stable; prepare solution just before
use, and discard after use.

2. The pH of the staining solution is critical and ideally should be
adjusted for different fixatives. Lillie [1965] adjusts the red-biue
balance of the final stain by using buffers to vary the pH of
the stain mixture. More acid pH levels give more selective
chromatin staining and less cytoplasmic basophilia; less
acid pH levels give denser nuclei and increased cytoplasmic
basophilia. If staining is poorer than desired, the effect of the
pH adjustment should be investigated. Sheehan and Hrapchak
[1980] state that the pH should be between 6.4 and 6.9.

Mounting Stained Sections

In rare instances, sections are examined without mounting, but it
is more common to apply coverslips to stained sections using some
type of mounting medium. There are 2 types of mounting media:
aqueous and resinous. Resinous media are preferred unless this
type of medium or the dehydrating and clearing agents will cause
some change in the staining results.

RESINOUS MEDIA

Natural resins, such as Canada balsam and gum dammar, were
used for many years for mounting sections. The natural resins,
usually dissolved in xylene, were inherently acidic and caused
fading of some stains after the sections were stored for several
years. These resins set very slowly, sometimes taking months
to harden to nonstickiness, and they also tended to yellow with
age. Natural resins have been replaced by synthetic resins that
harden quickly, are neutral in reaction, and do not yellow with
age. Staining reactions are less affected during prolonged storage
when sections are mounted with synthetic resins than when they
are mounted with natural resins.

Resinous media consist of solid resins dissolved in an appro-
priate solvent; the viscosity of the medium should be such that
the solution will enter the tissue spaces and flow readily between
the slide and cover glass. Air bubbles should be displaced quickly.
Most resinous media are dissolved in toluene. Because slides
are usually mounted from xylene, xylene should be the solvent
for the mounting medium [Sheehan 1980). Toluene is more vola-
tile than xylene, and thus bubbles are more likely to appear.

The refractive index of the mounting medium is also impor-
tant. Tissue has an average refractive index of 1.53 to 1.54. As
the refractive index of the mounting medium approaches that
of the tissue, the tissue becomes more and more transparent;
unstained objects may be impossible to discern unless the
refractive index of the medium is slightly below or above that
of the tissue. When the index of refraction is exactly the same
for the medium and the tissue, it may be difficult to locate the
tissue if the stain has faded [Lillie 1976]. Most synthetic resins in
solution have an index of refraction ranging from 1.51 to 1.55.




All of the resinous mounting media will cause a gradual fading
of the blue component of the Romanowsky stains. Heavy mineral
oil is the best preservative for this type of stain; however, prepara-
tions mounted with oil are messy, and the edges of the coverslips
must be sealed.

If dehydration of stained sections is not complete, opaque or cloudy
areas may be seen macroscopically, and numerous fine droplets of
water may be seen in the section microscopically. This problem is
easily corrected with the following steps: Remove the coverslip and any
remaining mounting medium with xylene, redehydrate with the appro-
priate reagent, clear with xylene, and remount with synthetic resin.

AQUEOUS MOUNTING MEDIA

Aqueous mounting media are used when dehydrating and clearing
will adversely affect the stain. Lillie and Fullmer [1976] classify the
aqueous mounting media used in histology as simple syrups, gum
arabic media, and glycerol gelatins. Both gum arabic and glyc-
erol gelatin media cause, or allow, diffusion of basic aniline dyes
into the surrounding medium. This can be prevented by adding
large amounts of sugar (sucrose, fructose, or D-sorbitol) to the
gum Arabic or glycerol gelatin media. The addition of potassium
acetate (20% by weight) or one of the sugars (60% by weight) will
prevent bleeding of crystal violet stains used for the demonstration
of amyloid. The syrups remain wet and sticky in most climates and
so serve only as temporary mounting media.

Aqueous mounting media have an index of refraction that
differs greatly from that of tissue, usually in the range of 1.41
to 1.43; therefore, the transparency of tissue is not as great as
with the synthetic resins, and microscopic evaluation is difficult
with a 45x or higher objective. These mounts are not considered
permanent; however, some stains mounted with glycerol gelatin
remain usable even after several years. The more viscous media
may require that the cover glass be sealed around the edges with
glue, cement, or fingernail polish.

Commercial mounting media are available for mounting sections
from water. InmuMount (Shandon Inc, Pittsburgh, PA) contains
polyvinyl alcohol and can be used for many stains requiring an
aqueous mounting mediumy; it is not satisfactory for immunoper-
oxidase stains using 9-amino-3-ethylcarbozole. Crystal Mount
(Biomeda Corp, Foster City, CA) is an aqueous-based mounting
medium designed especially for the permanent preservation of
immunoperoxidase- and immunoalkaline phosphatase-stained
sections. This medium is applied, allowed to set, and then hard-
ened with heat. After the slides are cool, the sections may be exam-
ined microscopically without further treatment, but for long-term
storage, coverslips are usually applied using a synthetic resin. The
visibility, transparency, and permanence of 9-amino-3-ethylcarbo-
zole-stained sections mounted with Crystal Mount equals that of
diaminobenzidine-stained sections mounted with synthetic resins.

COVERSLIPS

Coverslips are applied to most sections to preserve the stained
section of tissue and to allow a better microscopic examination at
various magnifications. Slides vary slightly in width and length,

depending on whether they are manufactured and sold by the
metric (millimeter) or the English (inches) system; slides also vary
markedly in thickness. Slide choice is by individual preference.
Coverslips are commonly provided in various sizes and thick-
nesses, denoted by a number that increases as the coverslip becomes
thicker. Although the ideal range for photomicrography is stated
to be number 1% (approximately 180 mm thick), number 1 cover-
slips (approximately 150 mm thick) are used by most laboratories.
As the thickness increases, the section transparency is reduced.

There are various ways of applying the coverslip to the slide, and
it really does not matter which method is used as long as the final
preparation is neat and air bubbles are not trapped between the
tissue and the coverslip. If many air bubbles are present in sections
mounted with a synthetic resin, it is best to return the slide to
xylene to remove the coverslip, and then remount the section. Air
bubbles sometimes can be removed by gently applying pressure to
the coverslip with forceps. Do not use this method of removing
bubbles (pressure on the coverslip) on fat stains, because the
fat may be displaced. Any excess of mounting medium should
be removed very carefully from the edges of the coverslip. This
can be done by using a brush or gauze dampened either with
xylene (for synthetic resins) or water (for aqueous media). Some
technicians turn the slide over and blot it on a towel; unless a
clean area of the towel is used each time, this technique most
often deposits mounting medium on top of the coverslip. This is
extremely irritating to the pathologist because it makes focusing
on the tissue very difficult. If the mounting medium has been
thinned with too much xylene or if the coverslip is warped, the
medium may gradually pull back from the edges, this retrac-
tion introduces air between the tissue and the coverslip and
makes it impossible to evaluate the tissues microscopically.

The mounting medium should not be allowed to become too
thick because section transparency then decreases; cloudiness
of the section may result from either thickened medium or an
excess of medium between the section and the cover glass. The
slides also should not be allowed to dry before the coverslip is
applied, because an artifact will be produced. The section that has
dried may exhibit brown stippling that resembles pigment, or the
nucleus may appear as a distinct glossy black structure [Luna 1983].
If a drying artifact is noted, the slides should be placed in xylene to
remove the coverslip and the mounting medium. The slides should
be rehydrated and placed in running water for 15 to 20 minutes,
restained if needed, and dehydrated, cleared, and mounted with
synthetic resin.

At least 1 commercially available automated coverslipper uses a
unique cellulose triacetate film coated on 1 side with a mounting
medium that is activated by xylene. Provided the slides are not dry
when the film is applied, no drying artifact will be obtained. The
film is optically clear, and the mounted slides require no drying
time. Thus they may be examined and filed almost immediately
after preparation.
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[16.37] If sections are to be mounted with synthetic resins after staining
and are not properly dehydrated, adequate clearing will not occur. The
sections will contain droplets of water (note the droplets in the spaces) and
may appear cloudy or possible opaque. Compare this figure showing the
effects of incomplete dehydration with [i6.6, p106], in which the section of
pancreas has been properly dehydrated and cleared.

[i6.38] Marked incomplete dehydration is seen in this section, with
numerous water droplets seen.

Troubleshooting Mounted Stained Sections
[Carson 1992, 2005)

WATER BUBBLES NOTED IN MOUNTED SECTIONS

If the sections are not completely dehydrated before clearing in
xylene or a xylene substitute, the sections will show microscopic
droplets of water beneath the coverslip after mounting. The section
also will not have the normal transparency [i6.37], [i6.38]. To
prevent or correct this problem:

» change all dehydrating and clearing solutions before staining
any more sections

* remove coverslip and mounting medium on mounted sections
with xylene, and return to fresh absolute alcohol (several
changes); after sections are dehydrated, clear with fresh xylene
and mount with synthetic resin
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[16.39] If synthetic resin gets on top of the coverslip, it is impossible to
focus the microscope properly in these areas. The cloudy areas seen in this
section are because of mounting medium on the cover glass.

[16.40] A higher magnification of the section seen in [i6.39].

ALL AREAS OF SECTION CANNOT BE BROUGHT
INTO FOCUS

Difficulty bringing some areas of the stained section into focus is
usually the result of mounting medium on top of the cover glass
[i6.39], [i6.40]. To prevent or correct this problem:

* avoid mounting medium on the top of the cover glass; if
necessary, modify or change technique for applying the cover
glass

e if section is mounted, remove cover glass and remount section
with clean cover glass

CORN-FLAKING ARTIFACT SEEN ON

MOUNTED SECTIONS

When sections are allowed to air-dry before mounting; a
drying artifact is created in the tissue. This may manifest as



[16.41] An area of corn-flaking seen in the stratified epithelium in this
section indicates partial drying of the section before mounting.

granular brown stippling resembling pigment or as glossy
black nuclei [i6.41], [i6.42]. To prevent or correct this artifact:

e do not allow slides to dry before mounting

o if sections are mounted, remove the coverslip and mounting
medium with xylene; return to water to rehydrate, and then
redehydrate and clear; keep the slide wet with xylene before
mounting

MOUNTED STAINED SECTIONS ARE NOT AS CRISP

AS USUAL WHEN VIEWED MICROSCOPICALLY
Occasionally stained sections will not look as crisp or trans-
parent as usual when viewed microscopically. To troubleshoot
loss of crispness, determine if the mounting medium is too
thick, thus holding the cover glass too far above the section. If
this is the case, remove the cover glass and residual mounting
medium with xylene, and remount with fresh mounting medium.

RETRACTED MOUNTING MEDIUM

Mounting medium will retract when a warped cover glass is applied
to the section, or when the mounting medium has been thinned by
too much xylene [i6.43]. To correct this problem, remove the cover
glass and apply a new cover glass with fresh mounting medium; if
retraction occurs with the fresh mounting medium, then the entire
box of cover glasses is suspect. Prevent retracted mounting medium
by keeping the container of mounting medium tightly capped
when not in use and discarding it, should it become too thick.

[16.43] When the mounting medium retracts fmm the edge. ofthe M

[i6.42] Small bright areas can be seen in this section stained with acid-fast
bacilli as a result of drying before mounting.
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coverslip, as can be seen on the right in this section, and the evaporation
involves the tissue, an adequate microscopic examination is impossible. Most
frequently, this retraction is caused by a warped coverslip or a mounting
medium that has been diluted with too much solvent. :
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LEARNING ACTIVITIES

. Cut 6 sections each of 4 different tissues and stain with H&E. Use the following variations on one section of each
of the four tissues:

a. perform regressive hematoxylin staining
b. perform progressive hematoxylin staining
c. stain without adding acid to the eosin

d. do not blue following hematoxylin

e. do not wash out the blueing agent, but go directly into the eosin (use a small container of eosin that can be
discarded)

f.  use the routine H&E procedure

Microscopically examine all slides carefully and note what difference, if any, was caused by each variation.

2. Perform the Feulgen and methyl green-pyronin stains on sections of a formalin-fixed lymph node, and the Giemsa
stain on a section of formalin-fixed spleen. Microscopically examine each stained section, and compare with the
results given in the procedure. If the results are unsatisfactory, analyze the procedural steps for possible sources
of error. If a mistake is identified, repeat the stain after correcting the problem and reexamine the slides.
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Carbohydrates and Amyloid
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On completing this chapter, the student should be able to do the following:

1. Classify the following techniques as

to substance demonstrated:

o= ?’-‘“.‘" o

PR oo an oe

periodic acid-Schiff (PAS)
PAS with diastase

Best carmine

Mayer mucicarmine

alcian blue, pH 2.5

alcian blue, pH 1.0
Miiller-Mowry colloidal iron
alcian blue, pH 2.5, or colloidal
iron, with hyaluronidase
alcian blue-PAS

Congo red

crystal violet

thioflavin T

2. Outline each of the techniques
listed in objective 1, considering the
following:

e oA

e

a. most desirable fixative
b.

if another fixative has been used,
what can be done

primary reagents and/or dyes and
their purpose

results of the stain

appropriate control material
sources of error and appropriate
correction

mode of action of reagents
special requirements (eg,
chemically clean glassware)
microscope used

3. Identify a technique that makes the
Congo red stain more specific for
amyloid

4. Identify the type of microscopy used
by the thioflavin T technique

5. Define:

carbohydrate
polysaccharide

acid mucopolysaccharides
birefringence
metachromasia
polychromasia

mepo o

6. Differentiate between epithelial and
connective tissue mucins

L I B L L I L I U O B B O L I B
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Carbohydrates

Carbohydrates (hydrated carbon) are important organic
compounds that include sugars, starch, cellulose, and polymers
that are mostly linked to protein. Carbohydrates are defined
chemically as ketone or aldehyde derivatives of polyhydroxy alco-
hols, and they may be classified as monosaccharides (mono: 1;
saccharide: sugar unit) oligosaccharides (oligo: few, eg, 2-10), or
polysaccharides (poly: many). Glucose is the only monosaccharide
found in the body in any demonstrable quantity; however, because
glucose is extremely soluble in aqueous solution and is of small
molecular size, it cannot be demonstrated in tissue sections. For
the same reasons, oligosaccharides also cannot be demonstrated in
tissue sections. Glycogen, a polymer of glucose [f7.1], is the form in
which carbohydrates are stored in humans, with the liver and skel-
etal muscles serving as the primary storage sites. To meet energy
needs of cells, glycogen is readily broken down by the body into
glucose. Because this enzymatic breakdown also may occur after
death, prompt fixation is important when subsequent glycogen
demonstration is required. Glycogen is relatively insoluble in
aqueous solutions and thus can be demonstrated in tissue sections.

The remainder of the carbohydrates with which we are concerned
is conjugated to either protein or lipid, and the histochemistry of
these carbohydrates is both complex and confusing because the
terminology and classifications are inconsistent. Culling [1974] used
a system that placed the naturally occurring polysaccharides in 4
groups based on histochemical differences.

GROUP 1: NEUTRAL POLYSACCHARIDES (NONIONIC
HOMOGLYCANS)
1. Glucose-containing: glycogen, starch, cellulose

2. N-acetyl-glucosamine-containing: chitin
This group gives a very positive PAS reaction and a negative reac-

tion with the other frequently used carbohydrate stains (alcian
blue, colloidal iron, mucicarmine)

CH,0H

Q

[f7.1] Repeating a-0 glucose unit of glycogen (red line indicates periodate
oxidation site).
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GROUP II: ACID MUCOPOLYSACCHARIDES (ANIONIC

HETEROGLYCANS)

1. Carboxylated (COOH): hyaluronic acid, found in connective
tissues and umbilical cord

2. Sulfated (OSO,H) and carboxylated (COOH)
e Chondroitin sulfate A (chondroitin-4-sulfate)

e Chondroitin sulfate C (chondroitin-6-sulfate), found in
cartilage, chondrosarcomas, cornea, and blood vessels

o Chondroitin sulfate B (dermatan sulfate), found principally in
skin, also in connective tissue, aorta, and lung

e Heparin, found in mast cells and the intima of arteries
3. Sulfated only (COOH-free): human aorta and bovine cornea

All polysaccharides in this group are acidic (anionic) and are
thought to be attached to protein, even though the word protein
does not appear in the name. The acid mucopolysaccharides are
the so-called connective tissue mucins and are PAS negative, but
stain with alcian blue, colloidal iron, and mucicarmine.

GROUP III: GLYCOPROTEINS (MUCINS, MUCOID,

MUCOPROTEIN, MUCOSUBSTANCES)

1. Neutral: ovimucoid (egg white), mucin in stomach, Paneth cell
granules

2. Carboxylated (COOH): sialoglycoproteins that contain sialic
acid but no sulfate

e Sialomucins found in submaxillary gland mucin, small
intestine mucins, fetal mucins, the upper part of colonic crypts,
and human sublingual gland

e Serum glycoproteins
e Blood group substances

3. Sulfated (OSO,H) and carboxylated (COOH): sialoglycoproteins
that contain both sialic acid and sulfate, found in colonic
mucins of sheep and humans

These are mostly epithelial mucins, but some may occur in
connective tissue. These glycoproteins are potentially but not
necessarily, PAS positive.

GROUP IV: GLYCOLIPIDS
1. Cerebrosides: fatty residue bound to a carbohydrate structure

2. Phosphatides: PAS-positive, noncarbohydrate-containing lipids,
including lecithin, cephalin, and sphingomyelin. This
compound is included because of PAS positivity.



The term acid mucosubstancesis sometimes used to include both
the acidimucopolysaccharides and theacidic glycoproteins; and
although both groups reactsimilarly with many oI Th hem-
ical techniques (eg, alcian blue), they may react differently with
others (eg, PAS).

Almost invariably, polysaccharides occur in the body as a mixture.
The histochemical differentiation between those components with
a series of long-chain carbohydrate polymers attached to a small
protein core and those with short-chain carbohydrate polymers
attached to a large protein core is not possible, but frequently,
histological localization permits an educated guess. The informa-
tion that can be obtained is based on the groups present in carbo-
hydrates that can be histochemically demonstrated. Specifically,
these groups are: 1,2 glycol; carboxyl (COOH); and ester sulfate
(OSO,H). Additional information can be obtained with enzyme
digestion procedures involving the use of diastase, hyaluronidase,
and sialidase. Blocking procedures may also add information and
aid in the identification of carbohydrates, but blocking techniques
are less frequently used in routine histopathology.

Special Staining Techniques

8 9 © 0 000060000009 00068500000000060000606000506sF0e0s0000

PAS'REACTION [McMANUS 1948, CARSON 1983]

m Purpose | ‘
Demonstration of polysaccharides ficliital mucosubstarces, and
Bdsement membranes !

m Principle

The reaction is based on the oxidation of certain tissue element}
to aldehyded by periodic acid. The most common reactive group is
the 1, 2 glycol group, but other groups are also selectively oxidized
by periodate [£7.2].

Schiff reagent is prepared by treating basic fuchsir (pararosa-
niline) with sulfurous acidy Reduction'causes the loss of the
quinoid structure and masking of the chromophored A colorless
compound, often referred to as leucofuchsin, is formed. Following

|
H—=(C—0H H—-C=0

| H;104 |
H-C-O0OH H=C=l

|

H
1, 2 glycol dialdehyde

[£7.2] Oxidation of glycol to dialdehyde by periodic acid.

the Schiff reaction, washing in running water causes the loss of
the bound sulfurous acid group attached at the central carbon
atom, the restoration of the quinoid structure in the dye bound
by the aldehyde, and the visualization of the typical Schiff color.
Metabisulfite rinses are used to remove excess Schiff reagent and
prevent false colorization of the tissue elements because of oxida-
tion of any adsorbed reagent.

\/ m Fixative

10% neutral-buffered formalid or Bouin solution. BISG@ Stiearsy
should be fixed in methyl alcohol for 10 to 15 minutes.

B Equipment

Hot plate, Coplin jars, balance, Erlenmeyer flasks, graduated cylin-
ders, filter paper

\J W Technique

Cut paraffin sections at 4 to 5 pns. Cutkidneyjsections at 1 t0 2 pmj

m Quality Contryol:

A section of kidneyiis the most sensitive control. If the procedure is
used to flemonstrate glycog (iee procedure with diastase diges-
tion, p140), use a section of liver containing glycog_e‘ or a section
of cervix @include both endocervix and ectocervix}

B Reagents

Periodic Acid, 0.5% Solution

Periodic acid 25¢g
Distilled water 500 mL
1N Hydrochloric Acid

Hydrochloric acid, concentrated 83.5mL

(specific gravity; 1.19)

Distilled water 916.5mL
P et o A b ot
Potassium Metabisulfite, 0.55%

Potassium metabisulfite 275g
Distilled water 500 mL
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Schiff Reagent 3. Wash slides well in running water.
Distilled water 800 mL 4. Place sections in Schiff reagent in a plastic Coplin jar, cap

loosely with vented cap. Heat on high in the microwave oven

Basic fuchsin 4g for 10 seconds. Remove from the microwave oven, stir solu-
) tion and let stand for 30 sections. Schiff reagent should be

peaiimetbisulfte 8 allowed to warm to room temperature before use.

IN hydrochloric acid 80 mL o

5.  Wash slides in running tap water for 5 to 10 minutes.
Heat water to the boiling point. Remove from flame, add basic fuchsin, =
and again heat solution to the boiling point. Cool the solution to 50°C, 6. Counterstain ¥ minute in Harris hematoxylin with acetic

and then filter. Add 80 mL of IN hydrochloric acid, cool completely, acid (2 mL acetic acid and Mematoxylin).
and then add 4 g of sodium metabisulfite. Let the solution stand in -

the dark overnight; it should turn light amber. Add 2 g of activated 7. Rinse well with water.

charcoal, and shake for 1 minute. Filter the solution, and store in the

refrigerator. Theisolution should be stable for.2 to 4 months.} 8. Blue nuclei in 0.75% ammonia water or other blueing
reagent. s '

9. Wash sections well in running water.
TEST FOR QUALITY OF SCHIFF REAGENT![LuNa 1968] _
Place 10 mLtof 37% to 40% formaldehydein a beaker or Erlenmeyer
flask. Add a few drops of Schiff reagent. If the solution rapidly
turns reddish purple, it is good: If the reaction is delayed and the

resultant color is a deep blue- purple‘ the solution is breaking down\

10. Dehydrate with 95% and absolute alcohols, clear with
xylene, and mount with synthetic resin.

B Results

Glycogen, neutral mucosubstances, certain epithelial sulfod
mucins and sialomucing, colloid material of the thyroid: and
pars intermedia of the pituitary; basement membranes, and
fungal walls $how a positive PAS(bright rose); reaction [i7.1].

m Conventional Procedure
1. Deparaffinize and hydrate slides to distilled water.

2. Place sections in 0.5% periodic acid solution for 5 minutes.

—————

m Technical Notes

1. Reid and Culling [1980] state that, contrary to the generally held
assumption, Schiff staining after periodate oxidation does not
necessarily indicate the presence of carbohydrate residues, and
conversely, the absence of staining does not necessarily mean
that carbohydrate residues are absent. They concluded that the
intensity of staining in the routine PAS reaction is the result pf
a combination of 4 factors. |

3. Wash slides in 3 changes of distilled water.
-—\b

4. Place sections in Schiff reagent for 15 minutes. Schiff
reagent should be allowed to warm to room temperature
—\______
before use.

5.  Wash for 1 minute in each of 2 jars of 0.55% potassium meta-
bisulfite to remove excess stain (optional step, see Technical
, Note 3, p139).

‘ 6. Wash in running tap water for 10 minutes to develop full
) color.
————

7. Counterstain % minute in Harris hematoxylin with acetic
acid (2 mL acetic acid and 48 mL hematoxylin).

‘ 8. Wash sections well to blue the hematoxylin.

\ 9. Dehydrate with 95% and absolute alcohols, clear with
\ xylene, and mount with synthetic resin.
—_—

B Microwave Procedure [Crowder 1991]
1. Deparaffinize and hydrate slides to distilled water.

[i7.17 A section of colon with a small polyp stained with the PAS reaction

2. Place sections in 0.5% periodic acid solution in a plastic
Coplin jar, cap loosely with vented cap, and place in the
microwave oven. Microwave on high for 15 seconds,
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and counterstained with hematoxylin (PASH). Neutral polysaccharides,
glycoproteins, and, occasionally, carboxylated and sulfated glycoproteins stain
positive.



a. number of the available 1, 2 glycol groups ¢
b. reactivity of Schiff reagent with the reaction product
c. structure of the polymer oxidized

d. exact procedural reaction conditions

2. A fast green counterstain: may be used instead of hematoxylin

when the stain is used for the demonstration of fungi, Stain for
1 minute in a 0.02% solution of fast green containing 1 drop of.
acetic acid for every 60 mL of staining solution;

. Although most histotechnologists omit the metabisulfite ;
rinses pfter Schiff reagent without appreciable difference in the
results, some consider the sulfite rinses essential to removing -
any uncombined leucofuchsin following exposure to the Schiff
reagent [Troyer 1980; Lillie 1976; Vacca 1985]. Highly chlorinated water is ;
capable of oxidation; and if the sections are transferred directly
to this tap water, any loosely adsorbed Schiff reagent may be
reoxidized to basic fuchsin, which may then nonspecifically
stain the section.

. For color development, washing in tap water is very important:
after the sulfite rinses.x

. Glutaraldehydd s not recommended as a fixative tf PAS reactions;
are to be performed. Glutaraldehyde is a dialdehyde, and 1
aldehyde group may not be involved in protein cross-linking
during fixation, but may be left free toireact with the Schiff’

reagent. |

. To determine if there are any previously reactive aldehyde groups
present in the tissue, a control slide should be run through all
steps of the procedure except the periodate oxidation step.

Chromate-containing fixative may overoxidize reactive groups
during fixation, and the resulting reaction with Schiff reagent
may be weak.

. Liver containing large amounts of glycogen should not be used
as a control for the routine PAS reaction, because the reaction
can be weak but still very apparent, and poor or depleted reagent
would not be detected. Weak reactions can lead to false-negative
results on components that normally do not yield a strong
reaction. Reagent problems are more readily apparent if a small
section of kidney is used along with the normal control tissue
for the intended substance [i7.2], [i7.3].

. Oxidizing agents other than periodic acid have also been
used before the Schiff reagent (eg, chromic acid in the Bauer-
Feulgen reaction and potassium permanganate in the Casella
reaction), but these other reagents are stronger oxidizers than
periodic acid and will oxidize many groups beyond the reactive
aldehyde stage.

10. Although Schiff reagent is referred to in most literature as

leucofuchsin, this is chemically incorrect. Even through it
is colorless, Schiff reagent is not a leuco compound and its
properties are very different from true leucofuchsin [Vacca 1985].

[i7.2] The PAS reaction on a section of kidney showing a well-stained
glomerular basement membrane. Kidney provides a very sensitive control
for the PAS reaction and the quality of the reagents used. A hematoxylin
counterstain was used.

[i7.3] A duplicate section of kidney stained with the PASH stain, but here

the Schiff reagent was old (ie, overused) so the reaction is very weak. Fresh

periodic acid should be used each time, and the Schiff reagent should not be
used more than twice.

PAS REACTION WITH DIASTASE DIGESTION [LUNA 1968]

B Purpose
Demonstration of glycogen in tissue sections

m Principle

This is a very sensitive histochemical method for glycogen. Diastase
and a-amylase act on glycogen to depolymerize it into smaller sugar
units (maltose and glucose) that are washed out of the section.
The Schiff reaction has been described in the PAS procedure.

m Fixative
10% neutral-buffered formalin, formalin alcohol, or absolute alcohol
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m Equipment
Hot plate, pH meter, Coplin jars, balance, Erlenmeyer flasks, grad-
uated cylinders, filter paper

m Technique
Cut 2 paraffin sections at 4 to 5 um. Label 1 section “with” and the

other section “without.”

® Quality Control

2 control sections of liver containing glycogen must be used, 1
labeled “with” and the other labeled “without.” Cervix (including
both endocervix and ectocervix) is also an excellent control.

B Reagents

Periodic Acid, 0.5% Solution

Periodic acid 25g
Distilled water 500 mL
1N Hydrochloric Acid
Hydrochloric acid, concentrated
(specific gravity, 1.19) 83.5mL
Distilled water 916.5 mL
Add the acid to the water and mix well
Schiff Reagent
Distilled water 800 mL
Basic fuchsin 4g
Sodium metabisulfite 4g
IN Hydrochloric acid 80 mL

Heat water to the boiling point. Remove from flame, add basic fuchsin,
and again heat solution to the boiling point. Cool the solution to 50°C,
and then filter. Add 80 mL of IN hydrochloric acid, cool completely, and
add 4 g of sodium metabisulfite. Let the solution stand in the dark over-
night; it should turn light amber. Add 2 g of activated charcoal, and shake
for 1 minute. Filter the solution, and store in the refrigerator. The solution
should be stable for 2 to 4 months.

TEST FOR QUALITY OF SCHIFF REAGENT [Luna 1968]

See the PAS procedure, p138
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Potassium Metabisulfite, 0.55% Solution

Potassium metabisulfite 275¢g

Distilled water 500 mL
Malt Diastase Solution

Diastase of malt 0lg

Phosphate buffer, pH 6 100 mL
Phosphate Buffer, pH 6

Sodium chloride 8¢g

Sodium phosphate, monobasic 197 g

Anhydrous disodium phosphate (dibasic) 0.28¢g

Distilled water 1,000 mL

Adjust pH to 6 if necessary; store in refrigerator

m Procedure

1.

2.

10.

11.

Deparaflinize and hydrate slides to distilled water.
Place the sections labeled “with” in diastase solution
preheated to 37°C for 1 hour. Hold the sections labeled
“without” in distilled water.

Wash in running water 5 minutes.

Place all sections (“with” and “without”) in 0.5% periodic
acid solution for 5 minutes.

Wash in 3 changes of distilled water.
Place in Schiff reagent for 15 minutes.

Wash for 1 minute in each of 2 jars of 0.55% potassium
metabisulfite to remove excess stain.

Wash in running tap water for 10 minutes to develop full
color.

Counterstain % minute in Harris hematoxylin with acetic
acid (2 mL acetic acid and 48 mL hematoxylin).

Wash well in running water to blue the hematoxylin.
Dehydrate with 2 changes each of 95% and absolute

alcohol, clear with xylene, and mount with synthetic
resin.



B Results

Glycogen will stain bright rose red on the section labeled “without”
[i7.4] and will be absent from the section labeled “with” [i7.5].

Technical Notes
Malt diastase, containing both a- and f-amylase, is commonly
used for digestion but tends to loosen the sections and does not
always completely digest the glycogen. For this reason, as well as
the decreased digestion time, many histotechnologists prefer to
use human saliva, which contains only a-amylase. If preferred,
digest with saliva for 20 minutes at room temperature.

— Wl

2. If malt diastase is used, it is important not to heat the solution
beyond 40°C when digesting sections, because the enzyme activity
can be destroyed at higher temperatures; however, insufficient heat
may not allow adequate enzyme activity for complete digestion of
the glycogen.

3. 'Tyler found that digestion with type II-A a-amylase (2% solution
in distilled water for 15 minutes at 56°C or 30 minutes at room
temperature) derived from the Bacillus species gave results far
superior to those obtained with malt diastase and comparable to
those obtained with human saliva.

4. Glycogen fixed in picric acid-containing fixatives may be more
resistant to diastase digestion than when digestion follows other
fixatives [Sheehan 1980].

5. Cervix, with both endocervix and ectocervix, provides an
excellent control for glycogen. Both the stratified squamous
epithelium of the ectocervix (glycogen) and the glands of the
endocervix (mucin) will show a positive Schiff reaction on the
slides “without” digestion, whereas on those “with” digestion, the
stratified squamous epithelium will be negative while the glands
of the endocervix remain positive.

BEST CARMINE [SHEEHAN 1980; LUNA 1992]

m Purpose

Demonstration of glycogen

m Principle

The Best carmine technique for glycogen is not as specific as the PAS
method with and without diastase digestion, and according to Sheehan
and Hrapchak [1980], it does not demonstrate as much glycogen. It is an
empirical method, but hydrogen bonding is thought by some to play
arole in the staining; at the high pH of the staining solution (pH 9-11)
the phenolic groups of the dye ionize to the anion O that can bind
to the glycol groups of glycogen by hydrogen bonding. Others have
proposed that possibly carmine does not react with the glycogen itself,
but with a basic compound associated with glycogen [Vacca 1985].

m Fixative
Absolute alcohol is preferred; Carnoy and Bouin solution may also
be used.

B Equipment
Hot plate, Coplin jars, balance, Erlenmeyer flasks, graduated
cylinders, filter paper

[17.4] A section from a fatty liver stained with a PASH stain. The section
was not digested.

&% 07’,//‘{1@ N
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[i7.5] A duplicate of the section in [i7.4] stained with a PASH stain after
diastase digestion.

m Technique
Cut paraffin sections at 4 to 5 pm.

B Quality Control
A section of liver should be used.

B Reagents

Carmine Stock Solution

Carmine 2g
Potassium carbonate lg
Potassium chloride 58
Distilled water 60 mL

Boil solution gently and cautiously for several minutes. Cool completely,
and add 20 mL of concentrated ammonium hydroxide. Store in

refrigerator.

Histotechnology 3rd Edition 141



Working Carmine Solution

Stock carmine solution 10 mL
28% Ammonium hydroxide 15 mL
Methyl alcohol 15mL
Mix well; use this solution only once
Differentiating Solution

Absolute ethyl alcohol 20 mL
Methyl alcohol 10 mL
Distilled water 25mL

m Procedure
1. Deparaffinize slides, and hydrate as usual.

2. Stain nuclei with Harris hematoxylin for 5 minutes or
Mayer hematoxylin for 15 minutes.

3. Wash in running water for 15 minutes.
4. Place slides in working carmine solution for 30 minutes.
5. Immerse in differentiating solution for 30 seconds.

6. Rinse quickly in 80% alcohol, or place immediately into
95% alcohol.

7. Dehydrate with 3 changes of 95% alcohol and 3 changes of
absolute alcohol.

8. Clear in xylene, and mount with synthetic resin.

B Results [i7.6]
e Glycogen Pink to red

e Nuclei Blue

m Technical Notes

1. Vacca [1985] states that because the PAS reaction is more pleasant
to handle than the ammoniacal solutions of the Best carmine
method, is more specific, and is chemically well understood, it
is the method of choice for glycogen.

2. Autopsy liver sections are frequently depleted of glycogen. If

possible, use a surgically removed liver for obtaining control
sections.
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[7.6] Sections of liver from a patient with von Gierke disease (a glycogen
storage disease) stained with the Best carmine technique.

3. Bancroft and Cook [1994] state that the precipitation of the dye
on sections, which commonly occurs during staining, is the
result of evaporation of the ammonia in the carmine solutions.
For this reason, the working solution should be filtered and
used in a closed container. The ammonia serves partially as a
solvent for the carmine and to help maintain the high pH.

4. Concentrated ammonium hydroxide is a severe eye and
respiratory irritant. It is also corrosive. The short-term exposure
limit set by the Occupational Safety and Health Administration
is 50 ppm. The carmine solution should be prepared and used
in a chemical hood.

MAYER MUCICARMINE [MALLORY 1942; PAYNE 1981]

m Purpose
Staining of “epithelial” mucin in tissue sections

m Principle

In the past, this was thought to be primarily an empirical stain;
however, the specificity of the mucicarmine stain was compared
with 8 other techniques for mucin by Laurén and Sorvari [1969],
and the staining pattern was comparable to that of alcian blue. It
stains carboxylated and sulfated mucins, but not neutral mucins.
Aluminum is believed to form a chelation complex with the
carmine; the resulting compound has a net positive charge and
attaches to the acid groups of mucin.

m Fixative
10% neutral-buffered formalin

®m Equipment

1,000-mL Erlenmeyer flask, 50-mL Pyrex test tube, long-handled test
tube holder, stainless steel spatulas, glass stirring rod, 100-mL grad-
uated cylinder, boiling water bath, balance, Coplin jars, filter paper
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m Technique
Cut paraffin sections at 4 to 5 pm.

B Quality Control
Section of unautolyzed colon, small intestine, or appendix

m Reagents
Mucicarmine Stock Solution [Payne 1981]

Using the materials listed, follow the procedure exactly; small variations
can be critical to the results obtained from the staining solution.

Carmine, alum lake 425¢
Aluminum hydroxide 445¢
Ethyl alcohol, 50% 375 mL
Ethyl alcohol, 25% 25mL
Aluminum chloride, anhydrous 205¢g

Use a hood for the preparation of this reagent

Thoroughly mix the dry carmine and aluminum hydroxide in
the 50-mL test tube. Add the 25 mL of 25% ethyl alcohol to the
test tube, and stir thoroughly with a glass stirring rod until as
much of the dry mixture as possible is in solution. Using the test
tube holder, warm the solution by lowering the tube intermit-
tently into the boiling water bath, stirring continuously with the
glass rod. Warming should last no longer than 1 minute. Do
not allow solution to boil or be contaminated with the boiling
water. Using the premeasured 375 mL of 50% alcohol, rinse the
entire contents of the test tube into the 1,000-mL flask, stirring
with the glass rod each time so that the mucicarmine mixture
is removed from both the rod and the inside of the test tube.
Using the dry stainless steel spatula, slowly and gradually add
the aluminum chloride to the solution in the flask, swirling after
each addition. Do not breathe the hydrochloric acid vapors given
off! After adding all of the aluminum chloride, immediately
place the flask into the boiling water bath and watch closely for
signs of boiling inside the flask. Boil for exactly 2% minutes.
Promptly remove from the water bath and allow to cool. Seal
the cooled flask of solution with Parafilm (American National
Can, Neenah, WI), and refrigerate for 24 hours. Remove from
the refrigerator, and allow to reach room temperature, agitating
periodically. Filter once with standard laboratory filter paper to
obtain stock solution. Store in the refrigerator.

Mucicarmine Working Solution

Mucicarmine stock solution 10 mL

Distilled water 40 mL

Prepare just before use

Weigert Iron Hematoxylin

Solution a
Hematoxylin 10g
Alcohol, 95% 1,000 mL
Solution b
Distilled water 475 mL
Hydrochloric acid, concentrated 5mL
Ferric chloride, 29% solution 20mL
Working Solution
Mix equal parts of solutions a and b.
This solution may be used for 2 or 3 days

Metanil Yellow, 0.25% Solution
Metanil yellow 025g
Distilled water 100 mL
Glacial acetic acid 025g

W Procedure
1. Deparaffinize sections, and hydrate to distilled water.

2. Stain in Weigert iron hematoxylin solution for 7 minutes.
3. Wash in running water for 10 minutes.
4. Stain in working mucicarmine solution for 60 minutes.

5. Rinse quickly, and remove excess water before the next
step.

6. Stain in metanil yellow solution for 30 seconds to 1
minute.

7. Dehydrate with three changes of 95% alcohol and three
changes of absolute alcohol.

8. Clear in xylene, and mount with synthetic resin.

m Results [i7.7]

e Mucin Deep rose to red

e Capsule of Cryptococcus Deep rose to red
o Nuclei Black

e Other tissue elements Blue or yellow
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[i7.7] A section of small intestine stained with Mayer mucicarmine. At
this high magnification, the bright red goblet cells in the epithelium can
be identified easily among the predominant absorptive columnar cells
(Reprinted with permission from [Carson 1984])

Technical Notes
Carminophilic properties will be obscured if sections are
overstained with either hematoxylin or metanil yellow [i7.8].

If Gill hematoxylin is used as the nuclear stain, the mucin may
have a bluish cast.

The stock mucicarmine solution will gradually deteriorate,
even with refrigeration, so solutions that are several months old
may need to be discarded and fresh solution prepared; carefully
monitor the control for decreased staining.

It is important that autolyzed tissue not be used as control
material [i7.9].

Bancroft and Stevens state that while the mucicarmine technique
is useful for the demonstration of Cryptococcus neoformans [i7.10];
otherwise, the technique’s place in the contemporary histochemical
repertoire is questionable. They suggest that the combined alcian
blue-PAS technique will establish the presence or absence of mucins
with more certainty and also provide more information.

Mucin is a term used to describe the intracellular secretions
of various cells, and although these secretions appear to be
microscopically similar, they differ slightly in composition.
Culling lists the following properties of mucin:

e staining with basic dyes

® metachromatic

precipitated by acetic acid (except gastric mucin)
soluble in alkaline solutions

Note that mucicarmine stock solution should be prepared
under a hood; anhydrous aluminum chloride reacts with

atmospheric moisture and water to give off vapors of hydrogen
chloride.
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[i7.8] This section of small intestine has been overstained with metanil

yellow, masking the mucin. The section was also dried at too high a
temperature immediately after mounting on the slide, which caused the

lamina propria to retract from the epithelium.

[i7.9] An autolyzed section of small intestine has been stained with Mayer
mucicarmine. No goblet cells can be positively identified in this section;

autolyzed tissue does not provide a good control for this stain.

[i7.10] The Cryptococcus neoformans organisms are well demonstrated
in this section after staining with Mayer mucicarmine. [Reprinted with
permission from Test your knowledge. | Histotechnol 1987;10:15]



ALCIAN BLUE, pH 2.5 [LUNA 1968; CARSON 1983]

W Purpose
Demonstration of acid mucopolysaccharides

m Principle

Alcian blue is a copper phthalocyanin basic dye that is water soluble
and colored blue because of its copper content. When used in a 3%
acetic acid solution (pH 2.5), alcian blue stains both sulfated and
carboxylated acid mucopolysaccharides and sulfated and carboxy-
lated sialomucins (glycoproteins). Alcian blue is believed to form
salt linkages with the acid groups of acid mucopolysaccharides.

m Fixative
10% neutral-buffered formalin or Bouin solution

m Equipment
Coplin jars, pH meter, Erlenmeyer flasks, graduated cylinders,
filter paper

m Technique
Cut paraffin sections at 4 to 5 um.

® Quality Control
A section of unautolyzed small intestine, appendix, or colon should
be used as a positive control.

m Reagents

Acetic Acid, 3% Solution

Glacial acetic acid 15mL

Distilled water 485 mL
Alcian Blue, 1% Solution

Alcian blue-8GX 5g

Acetic acid, 3% solution 500 mL

Adjust the pH to 2.5, filter, and add <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>