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HISTOCHEMICAL STAINS FOR MACROPHAGES 
IN CELL SMEARS AND TISSUE SECTIONS: 

3-GALACTOSIDASE, ACID PHOSPHATASE, NONSPECIFIC ESTERASE, 
SUCCINIC DEHYDROGENASE, AND CYTOCHROME OXIDASE 

Arthur M. Dannenberg, Jr. 
Moritaka Suga 

I. INTRODUCTION 

Mononuclear phagocytes emigrate from the bloodstream into 
sites of inflammation, where they may differentiate (or 
mature) into activated macrophages that contain high levels of 
lysosomal, mitochondrial, and other enzymes. Our laboratory 
uses histochemical procedures to demonstrate some of these en-
zymes in smears of rabbit pulmonary alveolar macrophages and 
peritoneal exudate macrophages, and in frozen, paraffin-embedded 
and water-soluble plastic-embedded tissue sections of rabbit 
granulomas induced by tubercle bacilli (BCG). 

These histochemical stains are not specific for macro-
phages and therefore cannot be used to differentiate them from 
activated fibroblasts, activated (short-lived) lymphocytes, 
and perhaps activated endothelial cells. Because BCG prefer-
entially attracts and activates macrophages, we believe that 
almost all of the heavily stained mononuclear cells in BCG 
granulomas are indeed macrophages, and that many of the more 
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lightly stained cells and unstained cells are also macro-
phages . 

Certain types of macrophage activation can be recognized 
by certain histochemical stains. In rabbits our most useful 
stain is for the lysosomal enzyme, 3-galactosidase, which re-
flects the digestive capacity of these cells (1). Although 
the microbicidal capacity of macrophages seems to parallel 
their digestive capacity, lysosomes may not be responsible for 
the former. Recent studies (2-6) suggest that the major 
mechanism by which macrophages kill microorganisms is the pro-
duction of hydrogen peroxidase, Superoxide, singlet oxygen, 
and hydroxyl radical. Macrophages with strong microbicidal 
activity probably have high levels of mitochondrial enzymes 
(cytochrome oxidase and succinic dehydrogenase) because these 
enzymes are involved with oxygen transport. 

In BCG granulomas, the levels of specific digestive en-
zymes may vary with the substance ingested by the macrophage. 
In other words, the levels of acid phosphatase, but not 
3-galactosidase, may be high in certain macrophages, and vice 
versa (7). However, some enzymes almost always increase to-
gether, e.g., esterase and (3-galactosidase (7). To obtain 
these results, we used a double-staining histochemical tech-
nique that combined both naphthol and indoxyl methods (7). 

With different incubation times, these methods are appli-
cable to other animal species including man, but we have had 
only limited experience with other species. Strong 3-galacto-
sidase activity seems to be an ideal marker for activated rab-
bit macrophages. On the other hand, strong acid phosphatase 
activity is a much more satisfactory marker for activated 
mouse macrophages. 

Many histochemical stains exist for macrophages (see 8 -
18), but only five, which utilize synthetic substrates, are 
presented in this chapter. Immunocytochemical techniques have 
also been used by our laboratory, namely, specific antibody, a 
"bridge", and the peroxidase-antiperoxidase complex (19) to 
stain macrophage cathepsin D (20), lysozyme (unpublished), and 
RNase (unpublished). 

In addition, we have used the Daoust-type substrate film 
techniques (21) to stain for RNase, DNase, proteinase, and 
hyaluronidase (22). The localization of enzymes by this tech-
nique is not as precise as other methods, and negative results 
may be due to poor association of the enzyme and substrate 
rather than an absence of enzyme. This histochemical technique 
is unique in that it directly demonstrates active enzymes that 
hydrolyze the major macromolecular components of tissues. Im-
munocytochemical techniques can identify the presence of an 
enzyme but cannot determine whether it is active or not. 

Our laboratory has not developed the histochemical reac-
tions herein reported but has applied them to study macrophages 
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in exudates and bronchial perfusates and in tissue sections of 
granulomatous lesions. The textbooks and original references 
should be consulted for the mechanisms, reliability, specifici-
ty, stability, and other characteristics of each histochemical 
stain. 

II. GENERAL PROCEDURES 

A. Procedures for Macrophage Suspensions (23) 

1. Rabbit Peritoneal Exudate Mononuclear Phagocytes (MN) 

MN were elicited in rabbits by the intraperitoneal injec-
tion of 35 ml of mineral oil (U.S.P.). Five to 6 days later, 
the animals were killed by exsanguination, and their peritoneal 
cavities washed with citrate-saline (0.4% sodium citrate in 
0.85% sodium chloride) or Hanks' solution (24), containing 
0.01% heparin. The exudate cells were filtered through gauze 
and collected by gentle centrifugation (2000 for 5 min). Total 
counts ranged from 30 to 150 million cells per exudate, with a 
mean of about 80 million. Differential cell counts employing 
Wright's stain ranged from 80 to 99% MN, with a mean of about 
95%. A high percentage of the mononuclear cells were of medium 
size with fairly basophilic cytoplasm that sometimes contained 
mineral oil vacuoles. The other cells in these exudates in-
cluded larger, paler MN, PMN, and occasional lymphocytes and 
mesothelial cells. 

2. Alveolar Macrophages 

Alveolar macrophages (AM) were obtained by a method 
adapted from that of Myrvik et al. (25). Specifically, about 
35 ml of 0.85% NaCl, citrate-saline, or heparinized Hanks' 
solution were injected intratracheally after removal of the 
lungs from a recently sacrificed rabbit. The fluid was then 
allowed to drain out. This procedure was repeated two or more 
times; and the washings were pooled, centrifuged, and counted 
in a manner similar to that used for the peritoneal exudates. 
Total counts averaged about 20 million cells; differential 
counts averaged 98% AM and 2% PMN. 

3. Viability 

The viabilities of the exudate cells were determined by 
the trypan blue and eosin methods. These methods, adapted 
from others (26 - 29), consisted of mixing, on a microscope 
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slide, one drop of exudate, one drop of autologous serum, and 
a third of a drop of 1% trypan blue or 0.5% eosin Y in 0.85% 
NaCl solution, covering the mixture with a coverslip, and in-
cubating it at 37°C for 10 min. Examination under the micro-
scope revealed stained cells (dead) and unstained cells (alive). 
AM and MN averaged 93 to 99% viability with trypan blue. With 
eosin, the viabilities of all three types of cells appeared 5 
to 10% less than with trypan blue, but the reason for this dis-
crepancy is not known. High degrees of viability were also 
found in phagocytosis studies on AM, MN, and PMN (30), which 
have been shown by Tullis (31) to be a more rigorous criterion 
than dye-permeability tests. 

4. Cell Smears 

The cells were smeared on clean glass slides, on coverslips 
or Mylar strips (23J. The slides sometimes were first coated 
with 1% gelatin (Bacto-Gelatin, Catalog No. B14 3, Difco Labora-
tories, Inc., Detroit, Michigan 48201) to aid their sticking. 
Although the results described here were made on unfixed dried 
MN and AM preparations, mild fixation in cold buffered glutaral-
dehyde is sometimes recommended to decrease enzyme diffusion 
into the incubating solutions (see Section II.B.3). 

B. Procedures for Tissue Sections (32) 

1. Biopsies 

We have had the most experience with granulomas produced in 
the skin of rabbits by the intradermal inoculation of the BCG 
strain of Mycobacterium bovis. Four to 40 days after the onset 
of the BCG lesions, biopsies were taken. Local 1% procaine 
was used to encircle (but not infiltrate) the lesion. It was 
cut through its center, and twice again, 3 mm to each side of 
the center. The wound was then sewed with surgical silk. 

2. Fixation 

Various fixatives are mentioned in this report. Most seem 
satisfactory, but we have not made a comparison of their rela-
tive advantages and disadvantages. 

3. Frozen Sections 

Biopsies of the lesions were quickly frozen in semisolid 
isopentane cooled in liquid nitrogen (33). They were sealed in 
Parafilm (American Can Co., Dixie/Marathon, Greenwich, Connec-
ticut 06830) and stored at -25°C until sectioned at 6 ym in a 
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cryostat; the sections were collected on glass slides (subbed 
with 1.0% gelatin) and stored in a desiccator over silica gel 
at 4°C until used. At that time, those to be stained for 
3-galactosidase, acid phosphatase, and esterase were fixed in 
1.25% glutaraldehyde in 0.15 M phosphate buffer (pH 7.2) for 
5 min at 4°C. This fixative was not used in our laboratory be-
fore staining for succinic dehydrogenase and cytochrome oxi-
dase. However, after the sections were stained for each of the 
five enzymes, they were fixed in 4% formaldehyde (made from 
paraformaldehyde) in 0.15 M sodium phosphate buffer (pH 7.2) 
for 5 min at room temperature, washed 3 times in distilled 
water, and counterstained with hematoxylin (see Section II.C). 

4. Paraffin-Embedded Sections 

Biopsies of the BCG lesions were fixed in cold 4% parafor-
maldehyde in 0.15 M sodium phosphate (pH 7.2) for 24 hr at 
4°C on a mechanical rocker. They were washed in two changes 
of cold (4°C) 0.15 M sodium phosphate buffer (pH 7.2) each for 
20 to 24 hr on a mechanical rocker. They were dehydrated at 
room temperature in 80, 80, 95, 100, and 100% ethanol for 1.5 
hr each. They were then placed in two changes (1 hr each) of 
xylene and melted paraffin (65°C), embedded in paraffin, and 
sectioned at 5 ym onto slides subbed with 1% gelatin. The 
paraffin was removed by passing the sections through two 
changes of xylene (5 min each), 100% ethanol (3 sec), 95% 
ethanol (3 sec), 75% ethanol (3 sec), and three changes of 
distilled water for 5 min each. 

5. Water-Soluble Methacrylate (JB-4) Embedded Sections (32) 

Biopsies were fixed in 2.0% paraformaldehyde and 2.5% glu-
taraldehyde in 0.02 M cacodylate buffer (pH 7.4) containing 
0.025% CaCl2· This is Dvorak's (34) modification of Karnovskyfs 
fixative (35). For histochemistry, fixation for 16 to 18 hr at 
4°C is advised. For general staining (see below), 3 to 18 hr 
at 23°C were used. After washing for several hours in caco-
dylate buffer, they were dehydrated in 75, 85, 95, 100 and 100% 
ethanol for 15 min each. 

The JB-4 embedding system is supplied by Polysciences, Inc. 
(Paul Valley Industrial Park, Warrington, Pennsylvania 18976) 
and used according to their instructions. It contains three 
components: (a) the plastic solution A (which is of unre-
vealed composition, but probably contains glycol methacry-
late) ; (b) the polymerizer (solution B); and (c) an organic 
peroxide catalyst. The dehydrated biopsies are infiltrated in 
catalyzed solution A overnight with gentle rocking. They are 
then transferred to plastic molds (Sorvall Division of Dupont 
Instruments, Norwalk, Connecticut 06470), and covered with the 
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catalyzed solution A to which has been added solution B. The 
rate of polymerization depends on the ratios of plastic A to 
polymerizer B. Our laboratory routinely uses 40:1, which 
usually hardens at room temperature overnight. When filled, 
the wells are covered with metal block holders (Dupont -
Sorvall), to which the plastic adheres upon hardening. Exclu-
sion of oxygen (e.g., sealing the mold with paraffin) hastens 
hardening. Sections of the plastic blocks (1 - 2.5 ym) were 
cut with glass knives on a Dupont - Sorvall JB-4 microtome. 
They were mounted on clean glass slides subbed with solution A. 

C. Stains 

1. Counterstains 

Our standard counterstain is Harris1 hematoxylin (ACCRA-
LAB, Inc., Bridgeport, New Jersey 08014). Cell smears and 
frozen sections from tissues that had not been already fixed 
in formalin were fixed before counterstaining for 5 min in 
buffered 4% formaldehyde (see Section II.B.3). Frozen sections, 
deparaffinized sections, and plastic sections were stained 
about 3, 5, and 8 min, respectively, washed in distilled water, 
dipped in 1% HCl in 70% ethanol for 1 to 3 sec (but not the 
plastic sections), washed three times in distilled water, 
dipped in 0.35% NaHC03 - 2% MgS04 solution for 30 sec, washed 
in distilled water, and mounted in glycerin jelly mounting 
medium (Fisher Scientific Co., Fairlawn, New Jersey 07410). 

2. Stains for Plastic-Embedded Sections 

(a) Toluidine-blue (1% aqueous) is applied directly to the 

section for 1 to 3 min. The slide is rinsed in tap water, 

air-dried, and mounted in Flo-Texx (Lerner Laboratories, Stam-

ford, Connecticut 06902, available from Scientific Products, 

Columbia, Maryland 21045). This stain is excellent for baso-

phils, mast cells, and nuclear morphology. 

(b) Lee1s méthylène blue-basic fuchsin stain is described 

in "Data Sheet 123" that comes with Polyscience's JB-4 kit as 

follows : 

Stock solutions : (a) 0.13 grams méthylène blue in 100 ml 

deionized water; (b) 0.13 gm basic fuchsin in 100 ml deionized 

water; (c) 0.20 M sodium phosphate buffer, pH 7.6. 

Staining solution: Mix 12 ml of méthylène blue solution, 

12 ml of basic fuchsin solution, 21 ml of 0.2 M phosphate buf-

fer, and 15 ml of ethanol (95% or absolute). This filtered 

solution can be used for four or five days. 

Staining procedure; The sections are immersed in the 
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staining solution for 10 - 15 sec. The slides are removed, 
dipped briefly into deionized water, and blown dry with a 
blast of clean, inert gas. The dried slides are mounted under 
a coverslip with Flo-Texx. 

This is a good general stain, although the granules of PMN are 
not well stained. 

(c) Giemsa stain. A buffered Giemsa stain is our prefer-
ence for sections of inflammatory lesions (36): 5 ml of stock 
Giemsa solution (Harleco No. 620, Philadelphia, Pennsylvania 
19143) is added to 45 ml of TRIS-maleate buffer (0.05 M, pH 
5.5) containing 0.5 ml of glycerol. The solution is mixed for 
10 min on a magnetic stirrer and then filtered through Whatman 
No. 1 paper (or equivalent). The plastic sections are im-
mersed in the filtered stain for 30 to 90 min. The sections 
are then rinsed in water, blown dry, and mounted in Flo-Texx. 
This stain is excellent for nuclear morphology, for all leuko-
cytes, and for vascular basement membranes. Staining times 
and pH levels may have to be adjusted for optimal results, de-
pending on the type of fixation and the type of tissue. Higher 
pH levels enhance basophilic staining, while lower pH levels 
enhance eosinophilic staining. 

(d) Other stains. Stains including Wright's, Giemsa, 
azure-eosin, and silver stains, may be used but modifications 
in composition (from those used with paraffin sections) are 
usually required to produce the best results. 

D. Precautions 

1. Specificity Controls 

Control specimens without substrate should always be run. 
When specific inhibitors exist, they should be used (see 
references 23, 32, and 37 for details). It is also important 
to choose an incubation time in the range where both heavily 
and lightly stained cells are present (23). 

2. Stability of Reagents 

In general, the dry histochemical reagents herein des-
cribed are rather stable. We store them in the refrigerator 
at 4°C. Cytochrome c, however, is stored in the freezer at 
-23°C. Care must be taken not to allow the various reagents 
to absorb moisture when removing samples. Different lots, 
obtained from the same or different manufacturers, may vary. 
The time of incubation of new and old lots should, therefore, 
be compared. 



382 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

3. Safety 

Many histochemical reagents are carcinogenic, especially 
the naphthyl compounds. Naphthylamines and p-aminodiphenyl-
amine are classic examples that produce cancer in man. Many 
of the stable diazo compounds used in histochemistry may also 
be carcinogenic. In handling these compounds, care should be 
taken not to inhale them as powders or as spray while pipetting 
solutions. They may also be absorbed through the skin. A hood, 
mask, and gloves should be used if inhalation and/or contact 
with the skin are likely; thorough washing of hands before eat-
ing should be standard procedure. 

III. 3-GALACTOSIDAS E 

A. Introduction 

The indolyl method for the histochemical demonstration of 
3-galactosidase was developed by Pearson (38). When liberated 
by enzyme action in aqueous solutions exposed to air, the sub-
stituted indolyl oxidizes to the corresponding indoxyl and 
self-couples to form an indigo blue derivative. This colored 
compound is insoluble in alcohol, xylene, and-permanent mount-
ing media. In contrast, the frequently used diazo-coupled 
naphthols are often soluble in organic solvents, so that an 
aqueous mounting medium (e.g., glycerol gelatin) is usually 
required. The ability of the indigo blue derivative to with-
stand organic solvents enabled us to stain 6 ym sections of 
BCG lesions for tubercle bacilli after staining the sections 
for 3-galactosidase (33, 39). Subsequently, we could also 
autoradiograph these sections (33, 39) (if the macrophages had 
incorporated tritiated thymidine). 

B. Reagents 

5-Bromo-4-chloro-3- indolyl -3-D-galac tos ide (Catalog No. 
B 4252, Sigma Chemical Co., P.O. Box 14508, S t . Louis , Mis-
sour i 63178) 

Potassium f e r r i cyan ide 
Potassium fer rocyanide 
Spermidine hydrochlor ide 
Sodium a c e t a t e buf fe r 
Sodium ch lo r ide 
N,iV-Dimethylformamide 
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Potassium ferriferrocyanide (0.05 M) is made up as follows: 
210 mg potassium ferrocyanide in 5.0 ml of distilled water is 
mixed with 165 mg potassium ferricyanide in 5.0 ml of distilled 
water. 

For stability the reader is referred to Section II.D.2. 
In regard to safety, we do not know whether or not this 

substituted galactoside is carcinogenic. Dimethylformamide is 
hepatotoxic and irritating to the skin, eyes, and mucous mem-
branes . 

C. Procedure 

Unfixed cell smears and unfixed frozen sections are fixed 
for 5 min either in cold (4°C) 1.25% glutaraldehyde in 0.15 M 
sodium phosphate buffer (pH 7.2), or in cold (4°C) 4% formal-
dehyde in the same buffer. 

5-Bromo-4-chloro-3-indolyl-3-D-galactoside (2 mg) was dis-
solved in 0.5 ml of dimethylformamide, and then 31 ml of 0.10 M 
acetate buffer (pH 5.4), 0.5 ml of 0.085% NaCl, 8 mg of spermi-
dine hydrochloride, and 3.0 ml of 0.05 M potassium ferriferro-
cyanide were added. The cell exudate smears and frozen tissue 
sections were generally incubated at 37°C for 18 hr, although 
5 hr were satisfactory. The paraffin- and plastic-embedded 
sections were incubated at 37°C for 24 to 48 hr. After incu-
bation, they were rinsed with three changes of distilled water, 
counterstained with Harris' hematoxylin (see Section II.C), 
and mounted in glycerin-gelatin (see Section II.C). Alterna-
tively they can be cleared in ascending alcohols and xylene, 
and mounted in permanent mounting medium (Permount, Catalog No. 
So-P-15, Fisher Scientific Company, King of Prussia, Pennsyl-
vania 19406). 

D. Comments 

In our laboratory, this method proved to be ideal for 
studying the digestive-type of activation of rabbit macro-
phages. The blue-green color resulting from (3-galactosidase 
activity varies from zero in unactivated macrophages to almost 
black in strongly activated macrophages. This color is readily 
distinguishable from the pure blue color of the hematoxylin 
counterstain. 

Fixed and unfixed frozen sections and paraffin-embedded 
sections give satisfactory results. However, plastic-embedded 
sections give variable results: sometimes excellent and some-
times poor (i.e., very weak). Fixation and embedding at 4°C 
seems to correct this trouble. 

A good stain is defined as one with a strong color, good 
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localization (i.e., less diffusion), and reliability (i.e., 
consistent results). With these criteria, 3-galactosidase is 
our best stain for rabbit macrophages in fixed and unfixed exu-
date smears (23, 37) and in frozen sections (32). 3-galactosi-
dase and acid phosphatase, are equally good in paraffin sec-
tions (32), and in plastic (JB-4) sections that were fixed and 
embedded at 4°C. 

Control cells and sections should always be run without the 
3-galactoside substrate, because occasionally the smears and 
sections contained cells that stained a granular blue-green 
color, apparently due to iron (Fe3+) in these cells reacting 
with the ferrocyanide in the staining solution. [Ferricyanide 
is added as a catalyst to hasten the oxidation of the liberated 
indolyl to the insoluble indigo dye (9). Ferrocyanide is added 
to prevent further oxidation to a colorless dehydroindigo com-
pound (9) .] 

The indolyl blue-green color resembles Prussian blue, but 
it is unusually diffuse and not granular. The number of false-
positive cells were usually less than 3% of the number of ß-
galactosidase-positive cells in cell smears and in frozen and 
paraffin-embedded sections of BCG lesions, but varied from 0 
to 20%. Many were macrophages, some were fibroblasts and der-
mal epithelial cells. 

Three effective, specific inhibitors exist for 3-galacto-
sidase (37): (a) 1% galactose; (b) 1% 1,4-galactonolactone; 
and (c) 1% o-nitrophenyl-3-galactopyranoside. 

IV. ACID PHOSPHATASE 

A. Introduction 

In histochemistry, acid phosphatase is the classic lysoso-
mal enzyme. [This activity probably represents more than one 
enzyme (8).] It is demonstrable by Gomori's lead substitution 
method with glycerophosphate as the substrate (see 40, 8) , as 
well as with naphthyl phosphate substrates and simultaneous 
diazo coupling, developed by Seligman and others (8). The lead 
substitution method has localized acid phosphatase in the pha-
gosomes of macrophages (41, 8) and can be used for electron 
microscopy. Our laboratory, however, has only used Burstone1s 
diazo coupling methods described below (42, 43, 8). 
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B. Reagents 

Naphthol AS-BI phosphoric ac id (sodium s a l t ) (Catalog No. 
N2250, Sigma Chemical Co. , P.O. Box 14508, S t . Louis , Missouri 
63178) 

Fast r e d - v i o l e t LB s a l t (Catalog No. UN 1485, Verona Dye-
s t u f f s , Divis ion of Verona-Pharma Chemical Corp . , S p r i n g f i e l d 
Rd., Union, New Je r sey 07083) 

Sodium a c e t a t e buf fe r (pH 5.2) 
MnCl2 

N , N- dime thy 1 f o rmami de 

For stability the reader is referred to Section II.D.2. 
For precautions the reader is referred to Sections II.D.3 

and III.B. 

C. Procedure 

We recommend fixation of unfixed cells and frozen tissue 
sections as in Section IU.C. However, our studies with cell 
smears were made on dried, unfixed preparations (23) before we 
adopted this procedure. 

Five mg of naphthol AS-BI phosphate was dissolved in 0.5 ml 
of dimethylformamide. Fifty ml of 0.1 M acetate buffer (pH 
5.2) and 10 mg of fast red-violet LB were added and also two 
drops of 10% MnCl2 solution as a possible activator. The some-
what opalescent solution was then filtered. The exudate cell 
smears and frozen tissue sections were incubated in this solu-
tion at 23°C for 10 to 60 min (23, 32). The paraffin and plas-
tic sections were incubated at 37°C for 6 to 24 hr (32). 

After incubation, the rinsing and counterstaining pro-
cedures were the same as in Section III.C. However, this azo 
dye product must be mounted in glycerin-gelatin, and cannot be 
cleared and mounted in Permount. 

D. Comment 

The red azo dye granules formed in peritoneal exudate 
macrophages usually were discrete, fairly uniform in size, and 
almost never small enough to create a diffuse appearance (23). 
This enzyme was rather stable, for such macrophages still 
showed activity after several months of storage at -25°C (23). 
Because of these properties, MN acid phosphatase was used to 
establish the granule count method (23) to quantitate time, pH, 
substrate concentration, and inhibitor (NaF) relationships in 
a relative manner. [No histochemical procedure gives quantita-
tion in a biochemical sense, because an unknown amount of 
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enzyme is denatured during cell and tissue preparation and 
incubation with diazonium salts (8).] The dye deposits in 
alveolar macrophages were both diffuse and granular, so they 
could not be as accurately quantitated. Sodium molybdate 
(0.005 M) and sodium fluoride (0.01 M) are effective inhibi-
tors of macrophage acid phosphatase (23). 

With unfixed exudate cells, the dye granules probably do 
not localize in lysosomes. However, more accurate localiza-
tion (which may relate to lysosomes) can be obtained by fixing 
dried, smeared exudate cells for 5 min as described in Section 
III.C. 

In unfixed and fixed frozen sections, and in fixed paraffin-
and plastic-embedded sections, the diazo method usually pro-
duces a nongranular reaction product. In these sections, it 
is doubtful that individual lysosomes were stained. Both fixed 
and unfixed frozen sections showed some dye diffusion, but were 
satisfactory. Paraffin sections showed no dye diffusion and 
stained excellently. Plastic sections stained the best of all. 

V. ESTERASE 

A. Introduction 

There are several histochemical substrates for the non-
specific esterases (9). None will identify a given enzyme be-
cause overlapping substrate specificities (as well as isozymes) 
exist (9). Various inhibitors help group these esterases (9) 
(see Section V.D). Tsuda et al. (44) found that different sub-
strates stained different cell populations. Li et al. (45) 
evaluated the several histochemical esterase substrates on hu-
man granulocytes, monocytes, lymphocytes, plasma cells, mast 
cells, and megakaryocytes. The substrate used determined 
which cells stained. 

We only evaluated two substrates: naphthyl AS-D acetate 
and indoxyl acetate (7). They both stained the same macrophage 
population in rabbit dermal BCG lesions. Burstone's naphthyl 
AS-D acetate procedure (23, 46) is presented here. 

B. Reagents 

Naphthol AS-D acetate (Cat. No. N2875, Sigma Chemical Co., 
P.O. Box 14508, St. Louis, MO 63178) 

Fast garnet GBC salt (practical grade) (Cat. No. F0875, 
Sigma Chemical Co.) 

Tris buffer: Tris(hydroxymethyl)aminomethane ("Trizma 
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base" reagent grade, Cat. No. T1503, Sigma Chemical Co.) 
N,N-Dime thy1fo rmami de 

For stability the reader is referred to Section II.D.2. 
For precautions the reader is referred to Sections II.D.3 

and III.B. 

C. Procedure 

We recommend fixation of unfixed cells and frozen tissue 
sections as in Section IU.C. However, our studies with cell 
smears were made on dried, unfixed preparations (23) before we 
adopted this procedure. 

Naphthol AS-D acetate (5 mg) was dissolved in 0.5 ml of 
dimethylformamide, and 50 ml of 0.10 M Tris buffer at pH 7.1 
was added, followed by fast garnet GBC (10 mg). The mixture 
was then filtered, and the cell exudate smears and frozen tis-
sue sections were incubated for 3 to 40 min at room tempera-
ture (23°C). The paraffin-embedded sections were incubated 
for 3 to 6 hr at 37°C. Plastic-embedded sections were incu-
bated for 5 to 24 hr at 37°C. 

D. Comments 

With fast garnet GBC as the diazo-coupling agent, the 
reaction product varies in color from a bright brown-red to a 
dark brown-black. The dark color probably represents two 
naphthol AS-D molecules bound to one fast garnet GBC molecule. 
The reaction product may be diffuse or granular in nature. 

The azo dye granules produced ranged in size. Some of 
them were so small that a diffuse appearance resulted whereas 
some were as large as the average bacterium. The esterase of 
both intact and injured MN, PMN, and AM in smears seemed 
rather stable in the deep freezer (23). AM were darkly 
stained; MN and PMN were weakly to moderately stained. Macro-
phages and plasma cells in tissue sections frequently stained 
strongly. 

Sodium azide (0.01 M) and diisopropyl fluorophosphate 
(DFP) (0.001 M) are effective inhibitors of the naphthol AS-D 
esterase activity (23). Sodium fluoride (0.01 M) inhibits 
PMN esterase activity and partly inhibits MN esterase activity, 
but does not inhibit AM esterase activity (23). A classifica-
tion of the various esterases is presented by Pearse (9). It 
is based on using a variety of inhibitors. Macrophages probab-
ly contain more than one type of esterase [see Section V.A and 
(44)]. 

In tissue sections, the pH 7.1 results in some nonspecific 
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background staining that can be eliminated by incubating the 
substrate and diazo coupler at pH 6.O. This lower pH causes 
some decrease in esterase activity. It is recommended for 
plastic- and paraffin-embedded sections. 

A few paraffin sections of BCG lesions were stained with 
naphthol AS-D chloroacetate (Catalog No. N3000, Sigma Chemi-
cal Co.) using 0.10 M potassium phosphate buffer at pH 6.0 
(instead of Tris) and fast garnet GBC at 10X the above concen-
trations (4 7). Under these conditions, rabbit PMN and perhaps 
mast cells stained much more quickly and strongly than macro-
phages. A 3-hr incubation time was used. 

VI. SUCCINIC DEHYDROGENASE 

A. Introduction 

Succinic dehydrogenase, a mitochondrial enzyme linked with 
the cytochrome system, participates in the Krebs1 tricarboxylic 
acid cycle of aerobic metabolism. Its activity is among the 
first to disappear when a cell dies (48, 49). Therefore, its 
presence (detected histochemically) suggests that the cell con-
taining it was viable at the time of biopsy. 

We use the nitro blue tetrazolium (Nitro BT) method de-
veloped by the Seligman group (50, 23). 

B. Reagents 

Nitro blue tetrazolium (2,2,-di-p-nitrophenyl-5,5■-
diphenyl-3,3'-(3,3'-dimethoxy-4,4'-biphenylene) ditetrazolium 
chloride (Catalog No. N6876, Sigma Chemical Co., P.O. Box 
14508, St. Louis, Missouri 63178) 

Sodium succinate 
Ethanol 
Tris buffer [Tris(hydroxymethyl)aminomethane] (Sigma 

Chemical Co.) 
For stability the reader is referred to Section II.D.2. 
For precautions the reader is referred to Section II.D.3. 

We do not know whether tetrazolium salts are carcinogenic or 
not. 
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C. Procedure 

We recommend fresh cell smears and fresh frozen sections 
with no fixation before staining for succinic dehydrogenase 
(but see Section VI.D.). 

Nitro BT (10 mg) dissolved in 0.5 ml of ethanol was added 
to 500 mg of sodium succinate dissolved in 40 ml of 0.10 M 
Tris buffer at pH 7.4, and the solution was filtered. Cells 
and tissue sections on glass slides were incubated in this so-
lution at 37°C for 0.5 to 3 hr. We usually use 90 min for 
each type of preparation. The cells and sections were then 
washed in saline, lightly counterstained with hematoxylin (see 
Section VI.D.), and mounted in glycerol gelatin. 

D. Comments 

1. Peritoneal and Pulmonary Alveolar Macrophages (MN and 
AM) 

The formazan granules formed by the reduction of nitro BT 
are blue-black and show considerable variation in size. Mor-
phologically intact MN and AM frequently show high succinic 
dehydrogenase activity, especially the AM, which have a more 
aerobic metabolism (23). A red product due to half-reduction 
or other factors may occur in areas of low enzyme activity (9), 
but we have never seen this in our preparations. 

Nitro BT is reduced by a variety of substances in cellular 
oxidoreductase systems. Positive reactions may therefore oc-
cur in controls where sodium succinate has been omitted from 
the incubating solution. With PMN, these control reactions 
are often as strong as the reactions containing the succinate 
substrate; but with monocytes and alveolar macrophages, they 
are usually much weaker. Thus, this histochemical stain is not 
always specific for succinic dehydrogenase and caution must be 
exercised in stating that the cells were stained for this en-
zyme. In general, smears of PMN, MN, and AM stain with in-
creasing intensities. 

2. Tissue Sections 

Frozen sections can be stained for succinic dehydrogenase. 
Minimal fixation (10 min in cold formol-calcium) is recommended 
by Pearse (9), but we tried 5 min in cold (4°C) buffered glu-
taraldehyde and found that it destroyed the succinic dehydro-
genase activity of macrophages in dried cell smears and frozen 
tissue sections. The fixation and embedding procedures in-
volved in preparing paraffin- and piastic-embedded sections 
destroy the activity of this enzyme (32). This loss of activity 
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is at least partly due to the extraction of mitochondrial ubi-
quinone (coenzyme Q) (9), which is probably the intermediate 
electron carrier. 

As with cell exudates, controls without sodium succinate 
must be run in order to determine whether this oxidoreductase 
reaction is specific for this substrate. 

In BCG lesions, macrophages showing high succinic dehydro-
genase (SD) activity may or may not be the same cells as those 
showing high activity for the other four enzymes discussed,in 
this chapter. We did not study SD with double-staining tech-
niques (7). In the intact tissue bordering the caseous center 
of such lesions, many macrophages became rich in this enzyme, 
just as many became rich in the other four enzymes (51). 

Sometimes the hematoxylin counterstain obscures the blue-
black formazan color. If so, other counterstains may be 
used, e.g., methyl green (9). 

Sodium malonate (0.05 M) is a specific inhibitor of this 
enzyme. Sodium azide (0.01 M) and sodium or potassium cyanide 
(0.01 M) are the inhibitors recommended by Pearse (9). 

VII. CYTOCHROME OXIDASE 

A. Introduction 

The mitochondrial enzyme cytochrome oxidase catalyzes the 
terminal oxidation of metabolic hydrogen by molecular oxygen 
(11). It seems to be more stable in cells and tissue sections 
than succinic dehydrogenase. Since these enzymes are involved 
in the oxygen metabolism of macrophages, their levels may cor-
relate with the ability of macrophages to produce Η2θ2, Ο^, 
1θ2, and OH·, and therefore may reflect in tissue sections the 
microbicidal powers of these cells (2 - 6). The Burstone 
stain (52, 53, 2 3) described here is quite satisfactory pro-
vided cytochrome c is added (11, 12). 

B. Reagents 

8-Amino-l,2,3,4-tetrahydroquinoline (Grade II, practical, 
Catalog No. A3755, Sigma Chemical Co., P.O. Box 14508, St. 
Louis, Missouri 63178) 

p-Aminodiphenylamine (British Drug Houses, Ltd., Poole, 
England; also available as Catalog No. A5379, Sigma Chemical 
Co.) 

Ethanol 
Tris buffer [Tris(hydroxymethyl)aminomethane] (Sigma 
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Chemical Co.) 
Cytochrome c (Type II-A, practical grade, from Horse Heart, 

Catalog No. C7010, Sigma Chemical Co.) 
Cobalt acetate 
Formalin 
Sodium acetate buffer 

For stability the reader is referred to Section II.D.2. 
For precautions see Section II.D.3. Utmost care should be 

exercised in handling p-aminodiphenylamine, which is the most 
carcinogenic of all the compounds mentioned in this chapter. 
The inhibitor NaCN is very poisonous, as is the gas HCN which 
is released upon acidification of NaCN solutions. Sodium 
azide (NaN3) is also poisonous. 

C. Procedure 

Cytochrome oxidase. We recommend fixation of unfixed cells 
and frozen tissue sections as in Section III.C. However, our 
studies with cell smears were made on dried, unfixed prepara-
tions (23) before we adopted this procedure. 

8-Amino-l,2,3,4-tetrahydroquinoline (10 mg) and p-aminodi-
phenylamine (10 mg) were dissolved in 0.5 ml of ethanol and 
made up to 50 ml with 0.10 M Tris buffer at pH 7.4. The solu-
tion was then filtered into a Coplin jar and 10 mg of cyto-
chrome c was added. Slides containing tissue sections or 
smeared exudate cells were then incubated in the solution for 
1/2 to 2 hr at room temperature (23°C). A blue-black color 
resulted. 

The preparations were then fixed for 1 hr in a solution 
containing 10% of each of the following materials: cobalt 
acetate, formalin (37% HCHO), and 0.20 Af sodium acetate buffer 
(pH 5.2). They were washed in water and covered with a glass 
coverslip using glycerin-gelatin. No counterstain is used, 
because this stain lightly colors most of the tissue section. 

D. Comments 

I. Peritoneal and Pulmonary Alveolar Macrophages (MN 
and AM) 

Rabbit macrophages can be graded ± to 4+ in staining in-
tensity, although this range is about one-half that of 
ß-galactosidase: The 4+ 3-galactosidase color would be about 
twice as dark as the 4+ cytochrome oxidase color. Rabbit al-
veolar macrophages stain intensely; peritoneal exudate macro-
phages, moderately; and peritoneal exudate PMN, weakly (23). 
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Catalase (which destroys H2O2) had no apparent effect on 
the enzyme's activity, which suggests that cytochrome oxidase, 
rather than peroxidase (9) is demonstrated by this reaction. 
NaCN (0.001 M) , Na2S (0.01 M) and NaN3 (0.01 M) were partially 
inhibitory (23, 12). 

2. Tissue Sections 

This cytochrome oxidase stain is satisfactory for unfixed 
frozen sections (32), for frozen sections fixed as in Section 
III.C, and for JB-4 piastic-embedded sections (32) fixed for 
18 hr at 4°C in 2.5% glutaraldehyde and 2.0% paraformaldehyde 
cacodylate buffer (pH 7.3). Standard paraffin-embedded sec-
tions show negative to weak staining (32). 

Like succinic dehydrogenase (see Section VI.D), cytochrome 
oxidase is high in macrophages in the viable tissue at the 
edge of the caseous center of BCG lesions. These macrophages 
may or may not be the same cells as those rich in other en-
zymes, since we did not study cytochrome oxidase with double-
staining techniques. 
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