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TABLE I. Effect of Chlorpromazine and Cyanide
on Mast Cells and Leucocytes of Rats.

Mast cells in Leucoeytes

Treatment® mesenteryv/3 mm* (X 1000)
Saline 310 4+ ot 18,2
P 35 =+ 14 11.3
('PZ + KON 235 4+ K0 16.6
CPZ 4+ KCL 50 + 20

#* CPZ = ehlorpromazine (10 mg/kg): KON

1.66 mg/kg, and KCL = .75 mg/kg.

t Stand. dev.

In a previous study we postulated that some
hypothermic effects of chlorpromazine could
be explained by the fact that this substance
disrupts mast cells(2). Consequently since
cyanide prevents this disruption and also pre-
vents some hypothermia of chlorpromazine,
the present study supplies additional evidence
to our previous speculation on the possible
relationship between mast cell disruption and
hypothermia caused by chlorpromazine.

Summary. We have shown that chlorpro-
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mazine, like compound 48-80 which is a pow-
erful histamine liberator, destroys mast cells
in vivo and that cyanide prevents this disrup-
tion. Furthermore cyanide also prevents some
of the hypothermic effect of chlorpromazine.
Consequently, our study may be regarded as
further evidence to a possible relationship be-
tween mast cell disruption and hypothermia
caused by chlorpromazine.
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Talalay has been able to induce specific
steroid dehydrogenases in bacteria. and to
separate these enzymes into « and 8 enzymes
(1). These include the 3a and 38 and 178-
hydroxysteroid dehydrogenases, which require
DPN' as a coenzyme. Farber ef al.(2) have
demonstrated histochemically the distribution
of diaphorases within the kidnev by means of
neotetrazolium chloride. Since hydroxyster-
oid dehydrogenases require DPN as a coen-

* This investigation was supported by grant from
Nat. Cancer Inst., U. S. Dept. of Health, Inst. Grants
from Am. Cancer Soc. and Am. Cancer Soc.. S. E.
Mich. Division.

t The following abbreviations are used in text.
DPN = diphosphopyridine nucleotide; EDTA =
Ethylenediaminetetraacetate; DPNH — reduced
diphosphopyridine nucleotide; nitro BT — 2,2’-di-p-
nitrophenyl-5,5’-diphenyl-3,3’-dimethoxy-4, 4° - bi-
phenylene) -ditetrazclium chloride.

zyme, the hydrogen transfer goes through a
diaphorase intermediate reaction and can
therefore be demonstrated histochemically by
means of a tetrazolium salt. A fine histo-
chemical localization with permanent slides
can be achieved by use of 2,2’-diphenyl-5,5'-
di- (m-nitrophenyl)-3,3’ - (4, 4'-biphenylene)
ditetrazolium chloride introduced by us as
substrate for demonstration of dehydrogen-
ases(3). Our object is to demonstrate histo-
chemically 178-hydroxysteroid dehydrogenase
by means of this tetrazole.

Methods. Small blocks of tissue were taken
from rats immediately after sacrifice and fro-
zen at —70°C and sectioned at —20°C at 5 p.
The sections were transferred to incubation
solution consisting of Tris (hydroxymethyl)
aminomethane buffer pH 8.8 60 mM, magne-
sium chloride 6 mM, DPN 1 mM, 2,2’-diphen-
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TABLE I. Formazan Intensities Related to pH in
178-Hydroxysteroid Dehydrogenase.

Estradiol Testosterone

pH Buffer — (1.26 mM) ——

6.57
7.05
7.50
7.60
7.66
8.05
8.38
8.80

Phosphate

Tris

LW RO O
WWNND NH~HO

yl-5,5-di- (m-nitrophenyl)-3,3’ - (4,4’-biphen-
ylene) ditetrazolium chloride dissolved in N,
N-dimethylformamide 0.56%, steroid dis-
solved in N,N-dimethylformamide 1.25 mM.
17pB-hydroxysteroids used were estradiol and
testosterone. Sections were incubated at
25°C, 60 minutes, washed in water, rinsed in
80% alcohol for 5 minutes and mounted in
glycerogel. The following controls were all
negative; estrone plus DPN, DPN without
estradiol, estradiol without DPN, and no
DPN or estradiol.

Results. Concentration of steroids as sub-
strates which gave maximum formazan inten-
sities was 1.25 mM in final concentration. Les-
ser concentrations namely, 0.25 and 0.05 mM
final concentrations, gave weaker reactions.
Concentrations higher than 1.25 mM were not
carried out due to insolubility of the steroid.
- Final concentrations of DPN of 1.9 mM, 1
mM, and 0.5 mM were tried but 1 mM gave
best results.

Differences in pH were noted as to intensity
of formazan produced. (Table I). Two buf-
fers were used, phosphate and Tris. Histolo-
gy of the section was better in Tris buffer at
higher pH and gave maximum formazan depo-
sition at 8.8.

The effect of several added substances on
the 178 enzymes was studied, viz.; HgCls
(5 x 10-°M), KCN (1 x 10-3M), various con-
centrations of niacinamide from .00 to .03 M
final, Zn in the form of sulphate, chloride and
acetate . (100°"M) and EDTA (3 x 103M).
Mercuric chloride inhibited completely the re-
action of 178 enzyme. Potassium cyanide
showed slight inhibition of reaction. Niacina-
mide gave marked depression of the reaction
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as did Zn alone and in combination with
EDTA and EDTA alone.

Twenty-one different organs and tissues of
the rat were tested histochemically for pres-
ence of 178 enzyme activity. A large number
of male and female rats were used. The fol-
lowing were devoid of demonstrable 1783 en-
zyme activity; kidney, adrenal, spleen, large
intestine, lung, skeletal muscle, ovary, testes,
uterus, prostate, pancreas, thyroid, thymus,
oviduct, cerebrum, cerebellum, lymph node,
stomach and heart. The positive organs were
liver and small intestine. The entire length
of small intestine including duodenum was
positive. ‘

To compare activity of 178-hydroxysteroid
dehydrogenase and diaphorase, experiments
were carried out using DPNH as substrate for
the diaphorase reaction. Using incubation
time of 10 minutes and pH 7.6 diaphorase ac-
tivity was very high in all organs tested with
the exception of heart, spleen and brain. The
adrenals, small intestine and large intestine
gave highest activity as shown by formazan
deposition. In contrast to this short incuba-
tion time of 10 minutes the 178-hydroxyster-
oid dehydrogenase required 60 minutes for
maximum reaction and the distribution of for-
mazan was different. Histochemically distri-
bution of 178-hydroxysteroid dehydrogenase
as demonstrated by resultant formazan gave a
fine deep blue precipitate within the cyto-
plasm of the cell. In the liver, only the he-
patic cells were involved. Bile ducts, vessels
and Kupfer cells were negative (Fig. 1). En-
zyme activity was distributed evenly in vari-
ous portions of the liver lobule, in contrast to
succinic dehydrogenase which is absent from
areas aroung the central veins(3). In the
small intestine 178-hydroxysteroid dehydro-
genase is distributed as fine formazan granules
in the cytoplasm of the cell with accentuation
of its luminal portion. Nuclei and cells of in-
terstitial tissue were negative (Fig. II).

Discussion. While this work was nearing
completion Wattenberg(4) demonstrated 383-
hydroxysteroid dehydrogenase histochemical-
ly in tissue sections by use of dehydroepian-
drosterone (A%-androstene-38-o0l-17-one) and
neotetrazolium and nitro BT. DPN served
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FIG. 1 (top). Tiver showing 17 g-hydroxysteroil

dehydrogenase activity, Diffuse distribution is
present throughout liver cclls. 180X,

FIG. 2 (bottom). Small intestine showing 17 3
hydroxysteroid dehydrogenase aetivity. Enzyme is
present in cytoplasm of cells of villi. Stroma is
negative, 180X.

as coenzyme and optimum pH was 8.0. All
tissues and organs were negative except adren-
als, ovary, testes, and liver. This is in con-
trast to our findings on the 178-hydroxyster-
oid dehydrogenase which shows a negative re-
action in adrenals, ovaries and testes. Qur
findings show a positive reaction only in liver
and small intestine. Since niacinamide was
used in his incubation media we again re-
peated our results in 178-hyvdroxysteroid de-
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hydrogenase with the inclusion of this sub-
stance, but found an inhibitory reaction as
previously noted.

As estrone is similar to estradiol except that
it has a ketone instead of an hydroxyl group
in the 17 position. we expected that no dehy-
drogenation could take place by the action of
1783 enzyme in tissue. Estrone was therefore
used as control with extensive experiments.
No reaction was present in liver and intestine
which was positive for the 178 enzyme.

As indicated by Talalay using homogenate
material, HgCl, inhibited almost completely
the hydroxysteroid dehydrogenase activity
(1). This was also true in our histochemical
material. Using homogenates of human pla-
centa, Langer et al.(5) demonstrated that Zn
fon (107 to 10-3M) increased the enzymatic
activity of estradiol 178 dehydrogenase by as
much as 34%. In contrast to this we found
a definite inhibition histochemically.

Summary. We demonstrated for the first
time the 1783-hydroxysteroid dehydrogenase
histochemically by using 2,2’-diphenyl-5,5’-di-
(m-nitrophenyl)-3,3’-(4,4"-biphenylene) dite-
trazolium chloride. Two 17B8-hydroxysteroids
were used as substrates, 7.e., estradiol and tes-
tosterone. The optimum pH of the reaction
was 8.8 and steroid concentration was deter-
mined. There was no apparent difference in
activity between the 2 substrates. Controls
with estrone in which the 17 group is incapa-
ble of dehydrogenation were entirely negative.
The liver and small intestine were positive for
178-hydroxysteroid dehydrogenase. This dif-
fers from histochemical results recently re-
ported for steroid 3-8-ol dehydrogenase in
that here the organs showing a positive reac-
tion were liver, testes, ovaries and adrenal.
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