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ject might have been due to an increased fil- 
tered sodium. However, there were no 
changes in endogenous creatinine clearance 
in the other subjects exhibiting natriuresis 
(H.F., O.J.), nor in those in whom sodium 
excretion decreased or did not change. One 
might speculate that anpiotensin acts directly 
on the renal tubule causing a diminished re- 
absorption of sodium. However, this hypo- 
thesis is difficult to reconcile with the fact 
that adrenal secretion of aldosterone is ele- 
vated in hypertensives and is further in- 
creased by administration of angiotensin ( 2 ,  
9).  Another hypothesis might be that the 
natriuresis induced by angiotensin represents 
the effect described in the dog( 10). wherein 
a rise in the kidney perfusion pressure causes 
increased sodium excretion without changing 
the glomerular filtration rate. 

Suntmary. Angiotemin I1 was adminis- 
tered at  rates of 0.3 to 0.6 pg per minute over 
6 to 2 4  hours to 6 subjects with hypertension 
of various etiologies under conditions of posi- 
tive and negative sodium balance. Angioten- 
sin produced hypernatriuresis under condi- 

tion of positive sodium balance. The effect 
was most marked in those subjects having a 
diastolic blood pressure above 110 mm Hg. 

Miss S. Goodman, Mrs. S. Beacher and Miss M. E. 
Sovotny provided technical assistance. -4ngiotensin 
I1 ( Hypertensin Ciba) and aldosterone (d-aldoster- 
one Ciba) were obtained through the courtesy of Dr. 
lV. E. Wagner, Summit, N. J. 
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A dose-response relationship was demon- 
strated for injected diethylstilbestrol and 
ovarian weight stimulation in hypophysector 
mized immature rats zfter a 4-day treatment 
interval ( 1 ) .  A recent study has shown that 
the greatest increase in ovarian weight occurs 
after about 8 days of treatment with large 
doses of estrogen in both intact and hypo- 
physectomized immature rats( 2 ) .  The fol- 
lowing experiments were carired out to eval- 
uate ovarian weight response after 8 days of 
injection with varying doses of diethylstilbes- 
trol or estradiol. 

Intact or hypo- 
physectomized Sprague-Dawley rats, 23-2 5 

Materials and methods. 

*This study was supported by USPHS grant. 

days old, were utilized in groups of 5 animals 
each. Hypophysectomized rats were received 
on the second post-operative day from Hor- 
mone Assay Laboratories, Chicago, Ill. Cor- 
tisone acetate ( 2 . 5  mg) was administered 
upon arrival and estrogen injections were be- 
gun on the following day. Daily injections of 
4, 20: 100: 500, or 1000 pg af either diethyl- 
stilbestrol or estracliol, dissolved in 0.1 cc 
peanut oil, were given for 8 days. Uninjected 
control animals were caged separately. The 
animals were asphyxiated with natural gas 
24 hours after final injection. The ovaries 
were dissected free, weighed on a Roller- 
Smith torsion balance, and prepared for mi- 
croscopic examination. 
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FIG. 1. Avg ovarian weights of rats treated 
with varying doses of diethylstilbestrol for 8 days. 
Stand. error of mean indicated by vertical Bars. 

FIG. 2. Avg ovarian weights of rats treated 
with varying doses of estradiol for 8 days. Stand. 
error of mean indicated by vertical bars. 

Relative follicle size was estimated by ex- 
amination of randomly selected fields in sev- 
eral ovarian cross-sections. An eyepiece grid 
was utilized which outlined an area of 1 sq 
mm at 100 power magnification. All follicles 
within this area were counted and the average 
number of follicles per grid area was detw- 
mined for each dose level of stilbestrol. 

Results. Fig. 1 depicts average ovarian 
weights of rats treated with varying doses af 
diethylstilbestrol. Step-wise increases in 
ovarian weight were produced in hypophysec- 
tomized rats with increasing doses of estro- 
gen. The greatest response was observed 
with 500 pg? although this did not differ sig- 
nificantly from the average weight attained 
with loo0 pg doses. 

No clear-cut sequential pattern of ovarian 
weight stimulation was detected in the intact 
animals subjected to doses of 100 pg 
or less. However, the 2 largest doses brought 

about significant increases which were com- 
parable to ovarian weights observed in hypo- 
physectomized animals treated in the same 
manner. 

Average ovarian weight response to estra- 
did injection is illustrated in Fig. 2. Slight 
step-wise increases were produced in hypo- 
physectomized rats and the sequence was 
similar to that obtained with d'iethylstilbes- 
trol. However, the weights attained after 
treatment with the larger doses af estradiol 
were not as great as those produced by com- 
parable doses of stilbestrol. 

In intact rats, all the test dmes of estradiol 
increased ovarian weight over control level; 
but no definitive dose-response pattern was 
apparent. The smallest and largest doses 
were equally effective. 

Histologically, ovarian response to injxted 
estrogen was similar to that reported previ- 
ously. 1\IIany solid follicles were present, dis- 
tributed uniformly throughout the ovary and 
some of the larger follicles showed the pe- 
culiar peripheral degeneration that others 
have described ( 1,2,3,4). 

The averages of several counts of the num- 
ber of follicles present within a 1 sq mm area 
of the ovaries from each test group of hypo- 
physectomized rats are listed in Table I. 
Since the fields examined consisted only of 
follicles with a very slight amount of intersti- 
tial tissue intervening, one could assume that 
the average follicular cross-sectional area ap- 
proached the reciprocal of the number of fol- 
licles counted. By estimating follicle size in 
this manner? it appears that the 20 and 100 
pg doses produced comparable increases; and 
500 and 1000 pg produced another similar 
increment (Fig. 3 ) .  No counts were done on 
the untreated control ovaries since the inter- 
stitial component between follicles occupied 

TABLE I. Follicle Population per sq rnm Ovarian 
Cross-Section after Diethylstilbestrol Treatment. 

Hypophysectomized rats. 

Mean No. of 
Daily dose (pug) f ollicles/mm* 

4 30.2 
20 20.8 

100 19.2 
500 11.3 

1000 11.7 
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FTG. 3. Photomicrographs of ovaries from hypo- 
physectomized immature rats. 

(A) 8 days treatment with I000 p g  stilbestrol 

(B) 8 days treatment with 4 p g  stilhest.ro1 daily. 
(C) Uittrested control. 

daily. 

an inordinate amount of the grid area. 
Discussion. The dose-response relation- 

ship observed after 8 days of stilbestrol treat- 
ment was similar to that previously reported 
for 4 days of treatment (1). However, after 
X days treatment, higher average ovarian 
weights were noted with the large doses in 
hypophysectomized rats. Also, as has been 
previously suggested, stilbestrol is more ef- 
fective in stimulating ovarian growth than is 
the natural estrogen, estradiol( 1,4). 

The presence of the pituitary body un- 
doubtedly accounts for the lack of a dose- 
response relationship in intact rats. Brad- 
bury reported that small doses of estrogen 
can cause release of gonadotrophins by the 
pituitary of immature rats, and thereby in- 
directly increase ovarian weighit ( 5 ) .  How- 
ever, it is felt that the resulting enhancement 
of ovarian growth after injection of large 
closes of estrogen in both intact and hypophy- 
sectomized rats is due to a direct estrogen 
stimulation of the ovary. This proposed di- 
rect effect is further documented by the re- 
sults in hypophysectomized animals where a 
dose-response relationship is manifest. 

Williams found a graded ovarian response 
to increasing doses of estrme (up to 200  pg), 
although ovarian weights did not exceed 11 
mg( 4 ) .  He proposed that the ovarian p w t h  
was due to granulosal proliferation, resulting 
in  greater follicle size. Other investigators 
have shown that small doses of estrogen (less 
than 1 pg) cause slight increases in follicle 
size(6). The microscopic findings af the 
present study support the observation that 
ovarian response to exogenous estrogen is 
granulosal proliferation. This granulosal re- 
sponse is apparently directly proportional to 
the dose of estrogen administered, as docu- 
mented by increasing follicle size. Enhanced 
follicular growth is in turn reflected in the 
ovarian weights which rise as the estrogen 
dosage is increased. 

Summary. A dose-response relationship 
was demonstrated between ovarian weight 
and injected estrogen in hypophysectomized 
immature rats. No definitive pattern of re- 
sponse was evident in intact animals treated 
similarly. In hypophysectomized animals, 
increases in follicular size were produced as 
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estrogen dosage was raised. The follicular 
growth was characterized by granulosal pro- 
liferation, resulting in many solid follicles. 
Apparently, ovarian weight increments re- 
sulting from increasing estrogen doses are re- 
flections of this enhanced follicular growth. 
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Decreased responses to some antigens fol- 
lowing injection of 2 or more antigens have 
been observed by a number of investigators 
(1-5). In some cases a crowding out has 
been shown to occur when an antigen is in- 
jected into an animal actively undergoing an- 
tibody formation against a previously in- 
jected antigen (6-9). Benjamin and Witz- 
inger(7) found that a preliminary injection 
of horse serum inhibited the formation of he 
molysin to sheep cells. Glenny et a L ( 8 )  
found a crowding out of the response to diph- 
theria toxdd in guinea pigs when the toxoid 
was injected simultaneously with, or 2, 4, or 
6 days after, an injection of normal horse se- 
rum. Frolova et a l . ( 9 )  observed a reduction 
in precipitin response of guinea pigs to ox 
serum injected 7-14 days after sensitization 
with horse serum. 

In some cases a more rapid response to 
one antigen in a mixture has been postulated 
as leading to a crowding out of antibody pro- 
duction against other antigens in the inocu- 
lum ( 1-3). Adler ( 2) found that simultane- 
ous injection of rabbit serum or hemmyanin 
with rabbit immune globulin into guinea pigs 
impeded antibody production against the rab- 
bit immune globulin and that the degree of 

* Supported by research grants from U.S.P.H.S. 

t Present address: Western Reserve Univ., Cleve- 
and Am. Cancer SOC., Milwaukee Division. 

land, 0. 

this suppression was related to the intensity 
of antibody response to the competing anti- 
gens. Abramoff and Wolfe(3), in quantita- 
tive studies of the primary response to bo- 
vine serum albumin (BSA) and human 
gamma globulin (HGG), at a 20 mg per 
kilogram body weight (mg antigen/KBW) 
dosage level, observed that the chicken sys- 
tem responds earlier to HGG than i t  does to 
BSA and the HGG is thus able to crowd out 
the response to BSA when these antigens are 
simultaneously injected. However, Abram- 
off(l0) has shown that the selectivity of 
HGG could be reduced during simultaneous 
injection of RSA and HGG, at  the 40 mg/ 
KRW dosage level, if the animals had been 
presensitized to BSA. Under these conditions 
the responses to both of these antigens were 
significantly reduced. 

The present investigation is concerned 
with further clarification of the mechanisms 
by which m e  antigen interferes with anti- 
body production against a second antigen 
during primary antibody responses. Re- 
sponses of chickens to single, simultaneous, 
and spaced injections of BSA and HGG at 
a dosage level of 40 mg/KBW have been 
studied. 

Materials and methods. Eighty-two New 
Hampshire Red Chickens (74 males, 8 fe- 
males) of approximately 34 weeks af age 
and weighing 2300-4000 g were used in these 




