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TABLE 11. Chorionic Hormone 750 I.U. Given 
Each Group on Day 1. 

Stilbwtrol .5 mg 4 45 .099 ,038 
4 42 .093 .031 

Progesterone 5 mg 4 50 .141 .060 
? )  1 ,) 

ries of .023 and .024 g while they weighed .037 
g wilth sesame oil 0.5 cc, .032 with pregneno- 
lone 5.0 mg and ,042 g with cholesterol 25.0 
mg (Table I). On the other hand, a marked 
increase (up .to .072 g) in ovarian weight was 
obtained with high dosages of estrogenic sub- 
stances, for instance, stilbestrol, estrone 
( Theelin-Parke Davis) , estradiol benzoate 
(Ovocylin benzoate-Ciba) and estradiol 
dipropionate (Ovocylin dipropionate-Ciba) 
(Table I). With progesterone (Proluton- 
Schering) no enhancement of ovarian weight 
occurred. In all instances the histologic pic- 
ture of the ovaries was the same as that found 
when the chorionic hormone was given alone 
and showed developing graafian follicles, 

corpora lutea and hypertrophy of the inter- 
stitial cells. 

If the order in which the hormones were ad- 
ministered was reversed, namely the chorionic 
hormone on the first day and stilbestrol on the 
second, there was no increase in the ovarian 
weight (Table 11). However, a considerable 
increase was obtained when progesterone was 
given on the second day (Table 11). 

Summary. The preliminary administration 
of high dosages of stilbestrol, estrone, estra.dio1 
benzoate land estradiol dipropionate resulted 
in a marked increase in the ovarian weights of 
immature rats induced by a chorionic gona- 
dotrophin. The control series were given se- 
same oil, cottonseed oil, pregnenolone, choles- 
terol or progesterone. The increase also did 
not occur if stilbestrol was administered after, 
instead of before, the chorionic hormone. Al- 
though progesterone did not produce increased 
ovarian weight when given before, a marked 
enhancement did result when it was adminis- 
tered after, the chorionic hormone, 
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The response of the mammary gland to 
estrogenic stimulation varies in different 
strains of mice(l,2). Whether or not the 

* The investigation was supported by research 
grants from the National Cancer Institute, U. S. 
Public Health Service, American Cancer Society 
upon recommendation of Committee on Growth of 
Sational Research Council, and Graduate School of 
University of Minnesota, 

presence of the milk agent is correlated with 
these differences is still a moot question(3-5). 
The following experiments constitute another 
attempt to contribute to the solution of this 
problem. 

Material and methods. Ninety-eight sexu- 
ally immature mice of closely inbred strains 
were ovariectomized at the age of 4 to 5 weeks 
and keDt on a standard diet of Purina Labora- 

I .  (a) Loeb, L., Suntzeff, V., and Burns, E. L.9 tory Chow and water ad libitum. Thirty-one 
mice of strain 2 (C3H)-15 with the agent 

2.  (a) Silberberg, M., and Silberberg, R., PROC. 3. Miihlbock, 0. Acta Endocrinol. Scund., 1949, 

(b) Silberberg, M., and Silberberg, R., Arch. 4. Trentin, J. J., Canc. Res., 1951, v l l ,  286. 
5. Bittner, J.  J., Canc. Res., 1948, v8, 625. 

Am. J .  Cancer, 1938, v34, 413. 

Cancer, 1939, v36, 56. 
( b )  L., and Moskop M., Am* " (2) and 16 withoult it (Zb)-z8 mice of stmin 

SOC. Em.  BIOL. AND MED., 1951, v76, 161. v3, 105. 

Path., 1950, v49, 733. 
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TABLE 1. Tabulation of Microscopic Findings in Mammary Glands According to Grades. 
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D2-14 with the agent (D2) and 14 without 
it (D2b)-and 39 mice of strain A-14 with 
theagent ( .A) ,  11 without (As): and 14 ( h a ) ,  
whose ancestors had been raised without the 
agent for thirty-two generations and subse- 
quently been refostered to reacquire the agent 
-were used. In each group, 2 animals served 
as ovariectomized controls : the remaining 
ones received subcutaneous injections of 0.03 
nip of alpha estradiol? benzoate in sesame oil 

t We are indebted to Schering Corp. for generous 
supply of Progynon-B. 
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once a week for 1, 2, 4, 8, or 13 weeks. One 
week after the last injection, the mice were 
sacrificed; froni each animal, 4 mammary 
glands, uterus and vagina were removed, 
fixed in Bouin's solution, embedded in paraffin, 
and semiserial sections stained with hema- 
tosylin and eosin were prepared for micro- 
scopic esamina tion. 

Microscopic examination. I n  each breast of 
each animal (unless stated otherwise in Table 
I), the number of ducts in a low power field 
(48 mm obj., lox ocul.) were counted, and 
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Sections through the mammary gland of mice of strain Z (Fig. 1) and Zb (Fig. 2) ,  8 weeks 
old, ovaricetomized a t  ,the age of 4 weeks, and having received 4 weekly injecctions of 0.03 mg 
of alpha estradiol benmate. The figures demonstrate the maximum degrees of stimulation eb- 
served a t  this experimental stage. Magnification 55 X . 

FIG. 1 (left). Stimulation of grade IIJ .  
FIG. 2 (right). Stimulation of grade 11. 

epithelial growth was studied; the findings 
were graded, as described previously in detail 
(2b). Briefly, this is the gradation: Grade 0: 
Resting ductal epithelium and absence of 
alveoli. Stimulation grade I :  Proliferation of 
ductal epithelium with papillary infolding, 
elongation of ducts with lateral and terminal 
budding as the most advanced change. Stirnu- 
W o n  grade ZZ: Beginning alveolar growth 
with a few secretory vacuoles in the small 
acini. Stimulation grade I I I :  Multicentric 
alveolar growth showing dilated acini lined by 
mitotically proliferating epithelium and con- 
taining abundant secretions. Since within the 
same mouse the 4 breasts were not always 
equally stimulated, some overlapping of the 
findings occurred in the various groups. Hence, 
in order to obtain quantitative data, the degree 
of stimulation of each mammary gland was 
recorded separately, and the findings were 
tabulated on a percentage basis of the total 
number of breasts studied at  each stage in 
each experimental group. The results are 
summarized in Table I. 

Results. Ovariectomized non-injected mice: 
All breasts were resting. The number of ducts 
in a low power field varied from 4 to 16. The 
epithelium was low and showed no prolifera- 
tion. Occasionally small amounts of secre- 
tions were seen. No differences in the micro- 
scopic appearance could be established in mice 
of the various strains; nor did the presence or 
absence of the milk agent alter the micro- 
scopic picture. 

Strain 2. In mice possessing the agent (Z) , 
growth stimulation of grade I1 was noted in 4 
of 8 breasts (50%) after one week, and in all 
8 breasts (100%) after 2 weeks’ observation; 
after treatment for 4 weeks, all 8 breasts 
( 100% ) disclosed grade I11 stimulation (Fig. 
1). In  mice without the agent (Zb), observed 
up to 2 weeks, mammary growth did not ex- 
ceed grade I ;  after 4 weeks, 4 of 8 breasts 
(50%) disclosed stimulation grade I, and 3 
of 8 breasts (37.5%) showed growth of grade 
I1 (Fig. 2 ) .  Grade I11 stimulation was not 
reached until after six weeks’ treatment, and 
then only 1 of 6 breasts (16.7%) had reached 
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this stage, UYth prolonged administration of 
the estrogen, mammary growth became in- 
creasingly intensified, and gradually ap- 
proached conditions seen in the animals pos- 
sessing the agent. Still, even after 3 months' 
treatment, the growth response in the breasts 
of tge Zb mice lagged behind that seen in the 
Z mice. 

Strain 0 2 .  In  mice of this strain, mammary 
growth was, under the influence of the estro- 
gen, less stimulated than in the 2 mice. How- 
ever? in mice with the agent (D2),  the breasts 
reacted to the estrogen more vigorously than 
the breasts of mice without the agent (D2b). 
In  the D2 mice. 1 of 8 breasts ( 12.5%) ,  was 
resting after 2 weeks of treatment as compared 
with 6 of 8 breasts ( 7 5 % )  in the D2b mice. 
Simultaneously. in the D2 mice, 3 of 8 breasts 
(3  7 . 5 7 0 )  showed grade I1 stimulation, while 
in the mice without the agent (D2b) mam- 
mary growth did not exceed grade I, and 
this was seen in 2 of 8 breasts ( 2  5%).  Grade 
I1 stimulation was first noted in 2 of 8 breasts 
( 2 5 7 0 )  of the D2b mice after 4 weeks' treat- 
ment. -4fter 6 or more weeks of observation, 
the differences between the growth response 
in groups D2 and D2b respectively became 
less distinct. However, none of the mice with- 
out the agent developed acini, while of the 
mice possessing the agent (D2) at  least 3 
breasts ( 3  7.5 % ) showed grade I11 stimula- 
tion. 

Strain A .  During the early stages of treat- 
ment with the estrogen mammary growth was 
more accentuated in mice possessing the agent 
(A) than in those without the agent (Ax). 
After 2 'weeks, 50% of the breasts of the A 
mice had reached growth of grade 11, while 
those of the Ax mice were not stimulated be- 
yond grade I. After 4 weeks, mammary pro- 
liferation of grade I1 was noted in the Ax 
group. However, only half as many breasts 
(37.5%) showed this change as did the cor- 
responding A mice (75%). Again, after 6 
weeks, 50% of the breasts of the A mice 
showed grade 111 stimulation, while the most 
advanced growth in the breasts of the Ax 
mice was still of grade 11. After 8 or more 
weeks. the differences in the growth response 
of the breasts of the 2 groups began to dis- 
appear. In  the refostered group (Axa), the 

reaction of the breasts following the injections 
of the estrogen was slow. From the second 
week on, the degree of growth stimulation was 
intermediate between that of the Ax mice and 
those who had the agent throughout their en- 
tire ancestry (A). The mammary response 
to estrogen in mice possessing the agent for a 
varying number of generations may deserve 
further investigation. 

Discussion. Injections of equal amounts of 
alpha estradiol benzoate into ovariectomized 
mice of various strains caused more vigorous 
mammary growth in individuals possessing the 
milk agent than in mice of the same strains 
free of the agent. These differences were most 
conspicuous during the early stages of hormon- 
al stimulation. Thus, the milk agent seems to 
determine at  least partly the response of the 
breast to estrogen. The failure of previous 
experiments (3,4) to demonstrate these varia- 
tions may be due to differences in the methods 
employed: Whole mount specimens will not 
reveal the early proliferation of the ductal 
epithelium, particularly if infolding rather 
than elongation of ducts occurs. Besides 
dosage, the time factor may play a role in the 
mammary response so that investigations of 
one single stage following administration of 
the estrogen may not disclose the complete 
picture. In addition to the differences in the 
mammary response attributable to the milk 
agent (strains 2, D2, A, Axa) strain differ- 
ences in the mammary response to the hor- 
mone continued 'to exist also in the absence 
of the milk agent. These differences manifest 
themselves if corresponding stages in strains 
Zb, D2b, Ax, and C57 black (2a) are com- 
pared. These findings are thought to be re- 
lated to the different genetic constitution of 
various strains. Strain differences exist in the 
response of the adrenals and the hypophyses 
to castration (5-8). The estrogen injected, 
however, should obviate such castration effects 
and therewith strain differences in the latter. 
Apparently then the sensitivity of the target 
tissue plays a major role in the mammary 

6 .  Smith, F. W., Cam.  Res., 1946, v6, 494. 
7. Woolley, G. W., and Dickie, M. M., Cane. Res., 

8.  Huseby, R. A., and Bittner, J. J., Cam.  Res., 
1947, v7, 722. 

1950, v10, 226. 
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response to hormonal stimulation. The nature generations wimthout the milk agent. How- 
of factors determining the tissue susceptibility ever, strain differences in the mammary re- 
is under further investigation. sponse to the estrogen continued to exist also 

in the absence of the milk agent. These varia- 
tions are considered to be due to strain dif- 
ferences in the susceptibility of the target 
tissue to hormonal stimulation. 

Summary. The mammary glands of ovari- 
ectomized mice of strains Z, D2 and A pos- 
sessing the milk agent were more susceptible 
to estrogenic stimulation than the breasts of 
mice of the same strains raised for many Received June 4, 1951. P.S.E.B.M., 193'1, v77. 
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Previous investigations have shown that 
Dibenamine, administered intravenously in 
man, closely approximates the effects of a 
surgical sympathectomy( 1,2). However, its 
clinical usefulness proved to be of limited 
value because of its mode of administration 
and its side effects. These shortcomings of 
Dibenamine have stimulated the search for an 
orally effective adrenergic blocking agent, de- 
void of side effects. A compound, designated 
688A, recently developed, seems to meet the 
requirements for an orally active drug. 

In  the present report, we wish to sum- 
marize the preliminary clinical results ob- 
tained with this compound, used since Feb- 
ruary 1950, in patients with arterial hyper- 
tension and peripheral vascular diseases. 

Methods and material. 688A (N-phenoxy- 
is0 p r op yl -N-benz yl -p -chl oroe t h ylamine hydro - 
chloride) is a new synthetic adrenergic block- 
ing agent.+ Chemically i t  is a derivative of 
Dibenamine (N,N-dibbenzyl-p-chlorwthyla- 
mine hydrochloride). Pharmacologic studies 

* This investigation was supported by a grant from 

1. Haimovici, H., and Medinets, H. E., PROC. Soc. 

2.  Wunsch, R. E., Warnke, R. D., and Myers, G. 

t 688.i was kindly supplied by Smith, Kline and 

the Smith, Kline and French Laboratories. 

EXP. BIOL. AND MED., 1948, v67, 163. 

B.. Ann.  Znt. Med., 1950, v33, 613. 

French Laboratories. 

in animals showed that its adrenergic blocking 
potency is greater than that of Dibenamine, 
and that i t  is active parenterally as well as 
orally(3,4). 688A was used in enteric coated 
tablets, supplied in dosages of 10, 20, and 40 
mg. The drug was administered 3 times daily 
with meals. The dosage used varied with the 
patient and ranged between 30 mg and 560 
mg daily. Each patient was first tested care- 
fully for his sensitivity to the drug by starting 
with a mal l  dose and then increasing it pro- 
gressively. The optimum daily dose was de- 
termined by the therapeutic effectiveness 
without, or with only minimal, side reactions. 
Observations were made during treatment 
with 688A and during administration of 
placebo. The size and color of the latter were 
identical t o  those of the active drug. The 
subjects were mostly patients admitted to the 
wards of the Montefiore Hospital.$ Of a 
total of 47 subjects used in thds investigation, 

3. Macko, E., McLean, R. A., Fellows, E. J., (et 
d.) ,  J .  Pharmacol. and Exp.  Therap., 1951, v101. 24. 

4. McLean, R. A., Fendrick, A. J., Macko, E., and 
Fellows, E. J., J .  Pharm. and Exp.  Therap., 1951, 
v101, 26. 

$ Two patients, included in this series, were hos- 
pitalized at the V. A. Hospital, Bronx, N. Y. We are 
indebted to Dr. Abraham Azulay, Senior Resident 
in Cardiology, for the data obtained in these two 
cases with essential hypertension. 


