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rhotic patients. Fat deprivation for a long
period is known to lower post-heparin lipo-
protein lipase response(16) and the steator-
rhoea demonstrated in some, but not all, of
our patients with cirrhosis of the liver might
contribute to the findings.

Plasma free fatty acids fail to rise after
administration of heparin in fasting patients
with cirrhosis(18). This might be at least
partly explained by the low lipoprotein lipase
activity.

Summary. An improved method is de-
scribed for estimating post-heparin plasma
lipoprotein lipase activity permitting initial
velocity measurement with zero order kine-
tics. Plasma values after heparin in 20 nor-
mal subjects are considerably higher than
previously recorded. Values in 31 cirrhotic
patients are significantly lower than normal.
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Effect of Carcinogenic Polynuclear Hydrocarbons on Corticosterone and

Ascorbic Acid Content of Adrenal Glands in 'Rats.*

(28236)

Taowmas L. Dao, BARBARA FLAXMAN, AND PATRICIA LONERGAN
Department of Breast Surgery, Roswell Park Memorial Institute, Buffalo, N. V.

The induction of massive necrosis and hem-
orrhage in the adrenal cortex by 7,12-dime-
thylbenz(a)anthracene (DMBA) reported
earlier by Huggins and Morii(1) has since
been confirmed(2,3). The adrenolytic effect
of DMBA was found to involve selectively
the inner zones of the adrenal cortex. Inter-
estingly, this profound effect of DMBA is not
a property common to all carcinogenic hydro-
carbons. A single large dose or repeated doses
of 3-methylcholanthrene (3MC) failed to in-
duce adrenocortical necrosis. It was demon-
strated, however, that so far as induction of
mammary cancer in rats was concerned, 3MC
was a much less potent carcinogen than
DMBA.

* This study supported”by grantmf;ﬂlﬁ%;{.?m
Institute, US.P.H.S.

In the present investigation, it was ob-
served that concentrations of corticosterone in
the adrenal gland and in plasma decreased
rapidly after a single dose of either DMBA
or 3MC. It was also demonstrated that
whereas ascorbic -acid synthesis was greatly
depleted in the adrenal glands of DMBA-
treated rats, it was, to the contrary, stimu-
lated in the adrenal glands of rats receiving
3MC. These observations suggest that the
mechanisms by which these 2 polycyclic hy-
drocarbons suppress corticosterone secretion
in the adrenal cortex may not be the same,
since 3MC does not induce adrenocortical ne-
crosis.

Materials and methods. The experimental
animals were female Sprague-Dawley rats 50-
55 days old and weighing 150-185 g. The car-
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cinogens were dissolved in olive oil in a con-
centration of 30 or 60 mg/ml for 3MC, and
20 mg/ml for DMBA. A single feeding of
either of these compounds through a stomach
tube was performed in all experiments.

There were 5 groups of 50 rats each of ex-
perimental animals in the studies of plasma
and adrenal corticosterone contents: (a) con-
trols, (b) rats receiving 1 ml of olive oil, (c)
rats receiving a single feeding of 20 mg/ml
of DMBA, (d) rats receiving a single feeding
of 30 mg/ml of 3MC and (e) rats receiving
a single feeding of 60 mg/ml of 3MC. Five
rats were decapitated each day for 6 days and
then on the 8th, 15th, 20th, and 25th days
after the single feeding of the carcinogen.
Both adrenals in each animal were carefully
trimmed, weighed, and then homogenized and
prepared for corticosterone estimation accord-
ing to the method of Guillemin ef al.(4). For
serum or plasma corticosterone, the procedure
for extraction and preparation was carried out
according to the method of Zenker and Bern-
stein(5). The final development of fluores-
cence, however, was modified.

The modification involved the development
of fluorescence on the dry residue of the ex-
tract, either of plasma or of the adrenal tis-
sues, with 0.1 ml ethylalcohol and 0.5 ml of
90% HSO0, for 2 hours at room temperature.
The mixture was then diluted with 2 ml of
65% HeS0,, and the fluorescence was meas-
ured on a Farrand fluorometer equipped with
a Corning No. 5113-3389 glass filter as a pri-
mary filter, and a 540-my interference filter as
a secondary filter.

There were 3 groups of experimental ani-
mals for studies of adrenal and plasma ascor-
bic acid contents: (a) controls, (b) rats re-
ceiving a single dose of 20 mg/ml of DMBA,
and (c) rats receiving a single feeding of 30
mg/ml of 3MC. The ascorbic acid content of
the adrenal gland and the plasma was deter-
mined for 20 adult female rats as controls.
No determinations for controls were done on
the consecutive days paralleling the deter-
minations for carcinogen-fed rats. In Groups
b and c, each containing 45 rats, the ascorbic
acid content in adrenal glands and plasma
was determined daily for the first 5 consecu-
tive days, and then on the 7th, 10th, 14th,

TABLE I. Corticosterone Content of Adrenal Gland in Rats.*

—— Day 2 —— ——— Day 8 —— —— Day 4 —— ——Day 5 ——

——— Day 1 ——

Mean Range Mean Range Mean Range Mean Range Mean

Range

Groups

HH H 4 H

o N S

© ol b~ O o0
[N EAR R

Ha 4417

SHwWoN

]
AV D oo

m@r—it:\]o

DS 10
R H

S H H ©

2oom¢
(AU A |

7¢
oo oo
CREE
—_ O
52438
Bo
='>EOU
=
S5RZ3

——Day 15— ——Day 20— —Day 25—

—— Day 8 ——

—— Day 6 ——

Mean

Range

Mean

Range

Mean

Range

Mean

Range

Mean

Range

Groups

HH H H

NP
<H o0 a0 A0 ©
M= Mm

3MC (60 mg)

DMBA (20 mg)
3MC (30 mg)

Olive oil (1 ml)

Control

* All values of eorticosterone are expressed in ug/g of adrenal gland.

+ standard deviation.



1010

and 21st days after the feeding of the carcino-
genic hydrocarbons. Ascorbic acid in the
adrenal glands and in plasma was determined
by the method of Schaffert and Kingsley, a
slight modification of the method of Roe and
Kuether(6). The histology of the adrenal
glands was studied in rats of both the control
group and the carcinogen-treated groups.

Results. Corticosterone concentration in
the adrenals and plasma of normal adult rats.
The mean contents of corticosterone expressed
as pg/g of adrenal tissue in the 100 adrenal
¢glands of 50 control adult female rats deter-
mined on days parallel to the experimental
groups ranged from 23.8 =+ 4.6 to 30.2 =+
5.9 (Table I). Within the experimental pe-
riod of 25 days, the serum corticosterone
expressed as pg/100 ml serum in these
same animals ranged from 20.6 =+ 3.5 to
348 + 4.0. In the group in which a sin-
gle dose of 1 ml of olive oil was fed, the
mean amounts of adrenal corticosterone (in
the same number of animals) ranged from
18.6 + 3.8 to 26.3 =+ 6.2. In this group, the
serum corticosterone was 17.6 + 6.8 to 31.8
+ 7.0. Although the adrenal corticosterone
content in rats receiving 1 ml of olive oil was
slightly lower than in the control rats, the
difference was not significant. It is to be
concluded that feeding of the olive oil vehicle
has not affected the corticosterone concentra-
tion of the adrenal gland.

Corticosterone in adrenals and serum of
rats treated with polycyclic hydrocarbons.
The mean contents of corticosterone in the
adrenals and of rats receiving either DMBA
or 3MC are shown in Table I. When the
contents of corticosterone in the adrenal
glands in carcinogen-treated rats are calcu-
lated as percentages of the amounts of
adrenal corticosterone in the control rats on
the corresponding days, the relative corticos-
terone content in the adrenal glands first
rose after the feeding of the carcinogens, but
it soon fell to a low level beginning on the
3rd day, and remained at approximately the
same level until the 8th day, when a signifi-
cant rise occurred (Fig. 1). The decline of
corticosterone content on the 3rd day in the
DMBA-treated rats was correlated with the
appearance of necrosis and hemorrhage in the
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I1G. 1. Effect of DMBA and 3MC on corti-
costerone content of adrenal gland (calculated as
percentage of control). Five rats in each group.
Adrenal corticosterone content in rats receiving
20 mg of DMBA (X—X), 60 mg of 3MC (O—OQO),
30 mg of 3MC (@—eo).

FIG. 2. Adrenal ascorbic acid content in rats
receiving 20 mg of DMBA (@——-@) and 30 mg
of 3IMC (@ ®). Mean and standard deviations
are plotted.
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inner zones of the adrenal cortex. Histologi-
cally, evidence of regeneration appeared on
the 6th day. Tt is interesting to note that de-
gree of fall of corticosterone content in the
adrenal glands in rats treated with DMBA
and in those treated with 3MC was almost
identical, despite the fact that DMBA caused
necrosis and hemorrhage of the cortical cells.
It should also be noted that a sudden rise in
corticosterone content of the adrenal gland
between the 15th and 20th days after the ini-
tial carcinogen feeding was correlated with
morphological evidence of completion of re-
generation of the cortical cells. It is inter-
esting that the corticosterone content of the
adrenal glands in 3MC treated rats began to
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rise on the 5th day whereas it remained at
a low level in DMBA treated rats until the
8th day.

Within the experimental period of 25 days,
the plasma corticosterone in the DMBA
treated rats ranged from 11.6 = 5.8 to 50.0
=+ 11.5; and that in the 3MC (30 mg/ml)
treated groups from 19.0 + 6.8 to 48.6 =
7.9. The rise and fall of the plasma corticos-
terone in the carcinogen fed rats followed ex-
actly the same pattern as the content of the
adrenal corticosterone in these same rats.

Ascorbic acid concentration in adrenals and
plasma in normal and carcinogen-treated rats.
In our laboratory, ascorbic acid concentration
in the adrenals in 20 rats ranged from 203 to
350 ug/100 mg of tissue, with a mean of 251
=+ 12.8; and that in plasma from 6.5 to 11.0
p#g/ml, with a mean of 8.6 + 5.4. In the
3MC-treated rats, there was a continuous rise
in adrenal ascorbic acid from the 1st to the
Sth day after the single feeding of the car-
cinogen. The level then returned to normal,
and remained normal throughout the rest of
the experimental period. In the DMBA-
treated rats, a rapid decline in ascorbic acid
content of the adrenals was observed begin-
ning on the second day after the carcinogen
feeding. The level remained low until the
end of the experimental period (Fig. 2). The
plasma ascorbic acid of either DMBA- or
3MC-treated rats was not changed, indicating
that synthesis of ascorbic acid in other sites
was not affected.

Morphological studies of adrenals in rats
receiving carcinogenic kydrocarbons. The his-
tological appearance of the adrenal cortex in
rats receiving 20 mg of DMBA has been
described in detail elsewhere(1,2,3). Tn the
present experiments, adrenal necrosis and
hemorrhage were observed in the severest de-
gree on the 3rd day following a single feeding
of the carcinogenic hydrocarbon. Calcifica-
tion and regeneration began on the 6th day;
and on the 15th day, complete regeneration
was observed in most of the animals. In a
few rats, the adrenal cortex even appeared
hyperplastic. No evidence of necrosis of the
inner zones of the adrenal cortex was ever ob-
served in rats treated with 3MC in the present
experiments,
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Discussion. The present study demon-
strates that both DMBA and 3MC are capa-
ble of suppressing adrenal corticosterone se-
cretion. The fact that plasma corticosterone
level was similarly decreased in these same
rats suggests that synthesis of corticosterone
was reduced. At the dose levels of the car-
cinogens used in the present study, 3MC and
DMBA are able to suppress adrenal corti-
costerone synthesis with equal effectiveness.
It is interesting that whereas DMBA pro-
duced necrosis of the adrenal cortex in 100%
of the animals receiving the drug in this
study, 3MC did not produce any morphologi-
cal evidence of damage of the cortical cells.
It would appear that the depletion of corti-
costerone content in the adrenals of DMBA-
treated rats might be secondary to damage
to the cortical cells, since dead cortical cells
cannot synthesize corticosterone. The ques-
tion then arises, What is the mechanism of
the inhibition of corticosterone synthesis in
3MC-treated rats?

If the inhibition of adrenal corticosterone
synthesis in DMBA-treated rats is indeed sec-
ondary to the necrosis and hemorrhage of the
cortical cells, it is conceivable that adminis-
tration of a “non-necrotizing” dose of DMBA
would not affect corticosterone synthesis in
the adrenal cortex. Preliminary results from
experiments that we have recently conducted
show that a single feeding of 10 mg/ml
DMBA to rats failed to induce any depletion
in the corticosterone content of the adrenal
glands, within the first 5 days. This observa-
tion leads us to postulate that the mechanism
by which 3MC inhibits adrenal corticosterone
synthesis is different from that by which
DMBA inhibits it.

Stimulation of ascorbic acid synthesis and
excretion in rats treated with 3MC has been
observed by several investigators(7,8,9). The
mechanism by which 3MC stimulates ascorbic
acid synthesis remains a mystery. In the
present study, it was demonstrated that
adrenal ascrobic acid synthesis was stimulated
by 3MC. The ascorbic acid content of the
adrenal glands in DMBA-treated rats, how-
ever, was greatly reduced. Although the re-
lationship between ascorbic acid and adrenal
steroid synthesis is not yet understood, the
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observation of Hayano et al.(10) that ascor-
bic acid may inhibit 118-hydroxylation in
beef adrenals leads us to think that the stimu-
latory effect of 3MC on adrenal ascorbic acid
synthesis may be associated with the inhibi-
tion of corticosterone synthesis in the adrenal
cortex. Whether 3MC suppresses corticoster-
one synthesis by inhibition of 113-hydroxyla-
tion is now under study.

Summary. A single feeding of either
DMBA and 3MC caused significant lowering
of adrenal corticosterone concentration in the
adrenal glands of the rats so treated. The
fact that DMBA produced massive necrosis
of the adrenal cortex and 3MC did not induce
any morphological evidence of damage of
cortical cells, suggests that the mechanism by
which these 2 carcinogenic hydrocarbons sup-
press adrenal corticosterone synthesis is not
the same. Tt was also observed that adrenal
ascorbic acid was greatly reduced in DMBA-

ACCUMULATION OF 24-DEHYDROCHOLESTEROL IN RATS

treated rats; its synthesis was significantly
enhanced in 3MC-treated rats.
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Accumulation of 24-Dehydrocholesterol in Rats Treated with

22,25-Diazacholestanol.
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It has been reported(1) that 20q«-(2-dime-
thylaminoethyl)amino-5a-pregnan-38-ol  di-
hydrochloride (22,25-diazacholestanol, or SC-
11952), in a rat liver homogenate interfered
with the biosynthesis of cholesterol primarily
by inhibiting B-hydroxy-B-methylglutaryl co-
enzyme A reductase. Furthermore, in vivo,
the compound reduced levels of cholesteroi in

the serum of normal and hypercholesterolemic
rats(2).

Contrary to the conclusions as to its sites
of action based on studies with rat liver ho-
mogenates, Sachs and Wolfman(3) have re-
cently discovered high levels of 24-dehydro-
cholesterol (desmosterol) in the serum of hy-
percholesterolemic  human patients after
treatment with 22 25-diazacholestanol. We
have therefore considered it important to es-
tablish whether or not desmosterol is accu-

mulated in rats treated with 22,25-diazachol-
estanol.

Methods. Twenty male hooded rats with
an average body weight of 150 g were used.
The animals were kept on a Purina Chow
Laboratory grade diet containing 0.07%
cholesterol. Ten rats received daily 100
pmoles/kg of 22,25-diazacholestanol dihydro-
chloride (mol wt 464.60)* orally by stomach
tube for a period of 7 days. The other 10 ani-
mals used as controls underwent the same
treatment except that saline was used. On
the 7th day of treatment after 4 hours fasting
and 3 hours after the last oral injection all
animals were sacrificed, blood samples taken
by heart puncture and livers and adrenals re-
moved. Cholesterol and desmosterol levels
were determined by the following procedures.

* Kindly provided by Dr. V. A, Drill, G. D, Searle
and Co,






