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mix.

This observation was repeated in series 4
and in addition each of the 4 amino acids was
added separately to the basal diet. Of the
single amino acid supplements tested only
tryptophan produced an appreciable betaine
transmethylase activity.

The growth data given in Table I are of
considerable interest. The basal diet permit-
ted approximately half-normal growth. Sup-
plementation of the basal diet with 10%
casein, complete amino acid mix, yeast, or
liver extract improved the growth rate. Sup-
plementation of the basal diet with threonine
resulted in growth equal to that obtained with
rats fed chow. With respect to growth,
methionine is the first limiting amino acid in
alpha protein(5) and the present experiments
indicate that threonine is the second limiting
amino acid.

It is apparent from the data in Table I
that there is no correlation between the effects
of the various supplements on growth and on
betaine transmethylase activity. Thus tryp-
tophan supplementation resulted in consider-
able enzyme activity but actually depressed
growth. Yeast extract improved growth con-
siderably but was ineffective in stimulating
the synthesis of the betaine transmethylase
enzyme.

These observations suggest that the amino
acid pattern required for the synthesis of this
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particular liver enzyme must be considerably
different from the pattern required for growth
of the animal. Also, the observation that
some of the diets permitted good growth but
allowed negligible synthesis of betaine trans-
methylase suggests that when rats are fed
methionine the enzyme is not vital to the ani-
mal’s economy. ~Although the observation
periods in the present experiments were of
short duration, in other experiments rats have
been fed the basal diet for 5 months and con-
tinued to grow at a rate of approximately
2 g per day throughout this period.

Summary. 1. Rat liver betaine transmeth-
ylase varies strikingly with the amino acid
composition of the diet. 2. The pattern of
amino acids required for synthesis of this en-
zyme is considerably different from the pat-
tern required for growth of the animal. 3.
When rats are given methionine, betaine
transmethylase does not appear to be neces-
sary for growth.
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Effect of Antigonadotrophic Serum on Testes of A-Strain Mice Treated
with Estrogen.* (20692)
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(Introduced by W. U. Gardner.)
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The development of interstitial cell tumors
in A-strain mice after prolonged estrogen treat-
ment has been demonstrated repeatedly(1-4).
Gardner(5) has suggested that these tumors
arise as the result of enhanced secretion of
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the Damon Runyan Memorial Fund for Cancer
Research, Inc., and the Society of Sigma Xi.

interstitial cell stimulating hormone (ICSH)

by the pituitary gland under the influence of

low doses of estrogen rather than from a direct
effect of estrogen upon the testis. The present
report presents the results of an attempt to
test this hypothesis by nullifying the presumed
excessive ICSH secretion with antigonado-
trophic serum.

Materials and method. For the production
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of the antiserum, a crude sheep pituitary ex-
tractt prepared according to the method of
McShan and Meyer(6) was used. Adult rab-
bits were injected with amounts of the ex-
tract equivalent to 250 or 500 mg of acetone
dried powder. This quantity is sufficient to
increase the ovarian weights of immature fe-
male rats from the normal of 10-15 mg to 60-
80 mg when assayed according to the method
described by McShan and Meyer(6) and used
by Deutsch et al.(8). Injections were given
subcutaneously daily 5 times per week for 8
weeks, after which a series of 5 injections was
carried out every third week only. At the end
of the eighth week and at irregular intervals
thereafter, the rabbits were bled from the cen-
tral artery of the ear or by heart puncture.
After cooling, the serum was recovered by
centrifugation and stored in the frozen state
until used. All serum assays for antigonado-
trophic activity followed a method essentially
similar to that described by Deutsch et al.(8).
Only sera with demonstrable antigonadotrophic
activity were used.+ Male A-strain mice 30-40
days of age were employved. These were pen-
bred animals, the original stock of which was
obtained from Dr. W. U. Gardner of Yale
University. Injections of 16.5 ug of estradiol
benzoate$ in .05 ml of sesame oil were given
subcutaneously weekly for 22 weeks. It was
anticipated that within this interval the inter-
stitial cell changes characteristic of estrogen
treated animals would have become apparent.
At the end of this period, animals were di-
vided into 4 experimental categories which con-
tinued to receive estrogen as described above.

t The author is indebted to Dr. W. H. McShan
of the Department of Zoology, University of Wis-
consin, for donating a portion of the pituitary
extract and for generous assistance with the prepara-
tion of the remainder. The extract contains negli-
gible amounts of lactogenic activity, but measurable
thyrotrophic activity. On the basis of assays of
short duration there appears to be little adreno-
trophic or growth hormone activity(7).

{ Sera prepared from extracts similar to those
employed in this study inhibited endogenous gona-
dotrophins in rats under varied experimental condi-
tions (9-11).

§ The estradiol benzoate was supplied through the
courtesy of Dr. C. H. Sullivan of Ciba Pharmaceu-
tical Products,. Inc.
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In addition to the estrogen, 5 daily subcutane-
ous injections per week of antigonadotrophic
serum, normal rabbit serum, or pituitary ex-
tract were administered. Normal rabbit serum
was chosen as the material which would most
nearly fulfill the requirements of a control sub-
stance for the antigonadotrophic serum; in-
clusion of the series receiving pituitary ex-
tract was intended to provide a means of com-
paring the effect of an actively developed re-
sistance with that of the passive resistance con-
ferred by the rabbit antigonadotrophic serum.

The 4 groups of animals were treated as fol-
lows: Group 1 received .2 ml of antigonado-
trophic serum, Group 2, .2 ml of normal rabbit
serum, Group 3, an amount of pituitary ex-
tract equivalent to 25 mg of acetone dried
pituitary powder in .25 ml of saline, and Group
4 received no treatment additional to the estro-
gen. A fifth group was made up of animals
sacrificed at the outset of the experiment after
15 to 22 injections of estradiol, thus providing
a means of evaluating the degree of interstitial
cell hypertrophy and hyperplasia at the time
injection of additional materials was initiated.
Injections were continued until the animals
became moribund, at which time autopsies
were performed. The period of treatment ex-
tended from 3 injections of estradiol beyond
the initial 22 injections in conjunction with
15 injections of either normal serum, anti-
serum, or pituitary extract to 10 injections of
estradiol with approximately 50 injections of
either of the added materials. Most animals,
however, survived from 5-7 injections of
estradiol in addition to 25-35 injections of the
sera or extract (Table I). At autopsy, testes,
seminal vesicles, and spleen were weighed and
fixed in Bouin’s solution, and in representative
cases the adrenal, thyroid, and pituitary glands
were similarly preserved. The testes were
serially sectioned and lengths chosen at regular
intervals along the ribbon for mounting. Either
the hematoxylin and eosin or the periodic acid-
Schiff method was used for staining. Approxi-
mate estimates of the degree of hypertrophy
and hyperplasia were made by tracing selected
sections at magnification of 60 X. The modi-
fied areas were measured with a planimeter and
the total volume of the hypertrophied and
hyperplastic cells was calculated for each



TABLE I. Effect of Antigonadotrophic Serum on the Development of Interstitial Cell Hypertrophy and Hyperplasia.

Mean
(mm®)

%
<.1 mm?

Interstitial cell volumes —————
Mean (mm?®)

%

sectioned  >.1 mm?

e

No. testes

Testis wt
(mg)

Spleen wt
(mg)

(2)

Body wt
24.6 .71

0
animalst

Treatment* (No. inj.)

Group

31.3 + 1.78

321.6 + 16.3
366.5 + 23.3

4
+

45

Estrogen 3-10, antiserum 15-48
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14
<.1$

1

86| 2.10 +- .56

36

77.4 + 3.38|

15-59
Estrogen 3-10, pituitary extr.

Estrogen 3-13, Normal serum

2

1.00 = .329

93.9 + .62

41

42 591

64.7 + 4.18]|

8

248.6 + 16.

34

13-46

Estrogen 3-10

3

234.3 + 15.5
160.3 + 14.9

50{| 1.73 &+ .701 50
329

46

'99.1 =+ 5.21|

26.6 .52
22.5 4 .64

27

68

51+ 211

25

97.4 + 3.14||

23

* %

a
w

{ SE

t Some animals included which had been dead several hr before autopsy.

* Treatment begun after 22 inj. of estradiol.

4
-

ft= <25, p=>.05.

It=>25,p=<.02

§ Majority of eases showed cither no evidence of stimulation or too small to measure.

** Autopsicd after 15 to 23 inj. of estradiol.

testis. Since the testes of an individual do not
necessarily respond to the same extent, each
testis was treated separately in measuring the
degree of interstitial response. The total
number of testes measured and the per cent
of the total number showing volumes greater
and less than .1 mm? are given in Table I.

Results. The testes of the animals receiving
estrogen and antiserum were greatly reduced
in weight. Typical examples had small closely
packed tubules. The internal organization of
the tubules was destroyed. There were no
mature sperm, Often the tubular content was
limited to Sertoli cells, but a few scattered
spermatogonia and spermatocytes were present
as a rule. The extensive areas of hyper-
trophied and hyperplastic tissue typical of
estrogen treated animals were totally lacking
or represented by clusters of atrophied inter-

* stitial -cells (Fig. 2, 5). Only 24% of the

testes in this group had interstitial cell volumes
greater than .1 mm?, whereas in the remaining
3 groups of treated animals 50 to 86% of the
cases fell within this volume range.

The injection of normal serum or pituitary
extract caused a reduction in testicular weight
below that of animals which were given estro-
gen alone, but the effect was not as marked as
in the case of antiserum treatment. Tubular
atrophy in these groups was not as advanced
as in the antiserum treated group, but more
so than in the group receiving estrogen only.
Tubules with mature sperm and intermediate
stages of the spermatogenic series were fre-
quently encountered. As indicated above,
areas of interstitial hyperplasia‘- and hyper-
trophy were numerous and extensive. .

Sections from a normal serum treated speci-
men are shown in Fig. 1 and 4. A large area
of hypertophied and hyperplastic interstitial
cells is present. Tubular damage, as is usual
in the vicinity of areas of extensive hyper-
trophy and hyperplasia, is well advanced. An
example taken from Group 4, which received
continued injections of estrogen only, is shown
in Fig. 3 and 6. Many essentially normal
tubules are seen in this testis. A small area
of modified interstitial cells may be seen at
the right.

The cytological changes characteristic of
certain strains of mice when treated with
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FIG. 1. Testis after 5 weekly injections of estradiol benzoate and 25 daily injections of

normal rabbit serum in addition to 22 preliminary injections of estradiol benzoate. X 14. Total

vol. of pretumorous area was 4.32 mm?,

FIG. 2. Testis after 8 weekly injections of estradiol benzoate and 37 injections of anti-

serum in addition to 22 preliminary injections of estradiol benzoate,

X 14. There were 1o

pretumorous areas of interstitial cells in this testis.
FIG. 3. Testis after 5 weekly injections of estradiol benzoate in addition to the 22 prelimin-
ary injections of the same material. X 14. Total vol. of pretumorous area 0.22 mm?®,

FIG. 4. Same as Fig. 1. X 67.
FIG. 5. ” » Fig. 2. ” .
FIG. 6. 7 ” Fig. 3. ”

estrogen have been described frequently(1-4).
No striking departure from these observations
was noted when modified interstitial cell areas
in the testes from all experimental groups were
studied.

The small series of adrenal, thyroid, and
pituitary glands examined without recourse to
quantitative procedures failed to show any
marked differences between the group treated
with normal serum and that treated with anti-

serum.

The body and spleen weights of groups re-
ceiving comparable treatment were not found
to be significantly different.

Discussion. Until the comparatively recent
work of Biskind and Biskind (12), Moon et al.
(13,14) and of Griffin, Rinfert, and Corsigilia
(15), there has been little experimental evi-
dence to show that the secretions of the pituit-
ary gland play an important role in tumor
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induction and growth. However, data accu-
mulating from work in these laboratories has
demonstrated that the role of the pituitary
gland in tumorigenesis may be an important
one. It is believed that the data presented
here may be interpreted as further evidence of
the participation of the pituitary gland in the
development of neoplasms, inasmuch as it
appears. to support the hypothesis that the
pituitary gonadotrophin, ICSH, is responsible
for the induction of interstitial cell tumors.
The alternative possibility that the apparent
suppression of early interstitial cell changes
by antigonadotrophic serum is an aspecific
effect is not to be overlooked. The lack of sig-
nificant differences in spleen and body weights
between the two groups of animals treated
with normal rabbit serum and antiserum has
been taken to indicate similarity of response
to the rigors of the experimental procedure.
However, further investigation into this aspect
of the problem is needed and is to be carried
out in connection with a study of the efficacy
of antigonadotrophic serum when applied to
fully developed interstitial cell tumors.
Summary. 1. Male A-strain mice treated
simultaneously with estrogen and normal rab-
bit serum developed extensive interstitial cell
hypertrophy and hyperplasia. Animals receiv-
ing an antigonadotrophic serum prepared by
injecting a crude sheep pituitary extract into
rabbits failed to show the same intensive inter-
stitial cell changes. 2. These results have been
interpreted as indicating that the effect of the
excessive ICSH, presumed to be elicited from
the pituitary gland under the influence of
estrogen, has been nullified by the antigonado-
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trophic serum. The consequent suppression of
the interstitial cell hypertrophy and hyper-
plasia, which normally occurs in this strain
of mice when treated with estrogen, provides
further evidence that the pituitary gland par-
ticipates in growth and development of inter-
stitial cell tumors. The possibility that the
antiserum exerts an aspecific toxic effect is con-
sidered.
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