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The generally accepted role of follicle stim- 
ulating hormone (FSH) is one in which 
this gonadotropin acts to stimulate develop- 
ment of the follicle preparing i t  for ovulation 
when acted upon by luteinizing hormone 
(LH) . There are reports, however, employing 
hypphysectomized immature rats (1, 2 )  or 
immature rats primed with pregnant mare 
serum (PMS) (3, 4) suggesting that FSH 
may play an active role in the ovulatory 
process itself. Additional studies in adult ani- 
mals related to the release of FSH on the day 
of proestrus have been reported for the rat 
(5, 6) and hamster (7). Declines in pituitary 
content of FSH have been associated with 
estrus and ovulation in sheep (8), cattle (9), 
and swine (10). These studies in adult ani- 
mals (5-10) further support the concept that 
FSH participates in the ovulatory process 
itself. 

There are no studies which demonstrate 
unequivocally that FSH, by itself, in the 
adult animal is capable of inducing ovula- 
tion. Studies in immature animals where FSH 
is implicated in the ovulatory process (1-4) 
are difficult to interpret since LH is adminis- 
tered on the same day of treatment with FSH, 
or high doses of FSH with the inherent 
danger of LH contamination, are used to 
effect ovulation. Furthermore, it is known 
that immature rats of the ages employed in 
these studies (3, 4) ovulate in response to 
PMS treatment alone as long as the pituitary 
is present, a response which has been related 
to endogenous release of LH. The present 
paper presents data illustrating that FSH, by 
itself, is capable of inducing ovulation in 
adult rats prevented from ovulating with 
chlorpromazine (CPZ) . 

Moterials and Methods. Adult nonparous 
rats of Wistar origin (Royal Hart Farms), 

weighing between 185-275 g, were used in 
experiments designed to show the ovulatory 
effects of FSH. Females were housed as pre- 
viously describled, and only females with 
4-day estrous cycles were used in these 
studies ( 11). 

Ovulation was prevented by subcutaneous 
injection of 1 mg of CPZ between the hours 
of 11:30 a.m. and 12:OO p.m. on the day of 
proestrus. This dose of CPZ was selected 
since it has been shown to block the neuro- 
genic mechanism effecting the release of the 
ovulatory hormone(s) during the “critical 
period” (2-4 p.m.) in proestrus females 
( 12). Females so treated were always quiet 
at  the time of injection of the various gonad- 
otropins some 3-4 hr later. They would re- 
spond to handling indicating that CNS de- 
pression, if any, was minimal. 

The gonadotropins (NIHLH-S 1 1, NIH 
FSH-S6, NIHFSH-Pl), contained in .1 ml of 
saline, were administered to females during the 
“critical period” as a single injection into the 
saphenous vein. The rats were anesthetized 
lightly with ether during injection of the vari- 
ous gonadotropins. 

All rats were sacrificed the day following 
administration of gonadotropins and the 
ovaries, oviducts, and tip end of the uterine 
horns were removed and examined with a 
dissecting microscope ( 14X magnifications) 
for evidence of ovulation. In addition, all 
oviducts were flushed with physiological 
saline and the flushings were examined 
(60X) for presence of ova in tightly packed 
cumulus balls as the index of recent ovula- 
tion. 

The LH activity of NIHFSH-S6 (100 pg/ 
female) was determined in 40 immature rats 
(Royal Hart Farms, Wistair) using the ovari- 
an ascorbic acid depletion assay (OAAD) 
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TABLE I. Incidence of Ovulation in CPZ Blocked Rats Trentcd with NIHLH-S11, NIHFSH- 
S6, or NIHFSH-P1.  

No. of 9 9 Total 110. Mean no. of 
Gonadotropin Dose ovulat,ing/ yo 9 9 of ova ova/ovul:it- ED," 
administered ( p g / 9 )  9 9 on test ovulating rccovcrecl iiig 9 (lLg/9 ) 

CPZ - 
NIHLH-S11 1.4 

1.2 
1.0 

NIHFSH-S6 30.0 
10.0 

6.0 
3.0 
1 .o 

NIHFSH-P1  20.0 
10.0 

5.0 

3/87 

33/40 
24/40 

4/40 

10/10 
35/40 
10/40 
2/40b 
0/20 

22/28 
8/28 
0/28 

4 

83 
60 
10 

100 
87 
25 

5 
0 

79 
28 

0 

- 
321 
234 

31 

124 
357 
39 
23 
- 

219 
32 
- 

- 

9.8 
9.8 1.19 & 0.03 
7.8 

12.4 
10.2 

11.5 
3.9 7.02 -t- 0.45 

- 

10.0 
4.0 13.46 -c 1.19 
- 

95% confidence limits. 
' It was felt that  these two fcniales would have ovulated even though the gonadotropin had 

not been administered. Evidence that the animals were not blocked is obtained when one con- 
siders the rather large number of ova recovered from these two females as compared to the small 
number of ova recovered from the 10  females ovulating at the next higher dose. Also, approxi- 
mately 4% of the females treated with CPZ at 1 mg will ovulate. 

described by Parlow (13). NIHLH-S11 
(0.6, 1.2, and 2.4 &rat) was used as the 
reference standard. The method of measuring 
ascorbic acid was that of Mindlin and But- 
ler (14). 

The dose of gonadotropin necessary to 
cause ovulation in 50% of the treated fe- 
males was calculated according to the method 
of Berkson (15). The data obtained in the 
OAAD assay were analyzed by the method of 
covariance (16), as applied by Sakiz and 
Guillemin ( 17). 

Resulds. Doses of NIHLH-Sl1 varying 
from 1.0 to 1.4 pg were capable of inducing 
ovulation in adult rats blocked with CPZ 
(Table I ) .  The rather small confidence limits 
associated with the calculated ED50 indi- 
cates the high degree of repeatability of re- 
sults from one test to another. Also, doses of 
3-30 pg of NIHFSH-S6 caused ovulation in 
blocked rats. NIH-FSH-P1 caused ovulation 
at 10 and 20 pg, but was ineffective a t  5 pg. 
The calculated ED30 of NIHFSH-P1 (13.46 
pg/rat) was approximately twice that of 
NIHFSH-S6 (7.02 pg/rat). 

A significant (p.01) depletion of ovarian 

ascorbic acid was obtained when immature 
rats were treated with 0.6, 1.2, or 2.4 pg of 
NIHLH-S11 (Table 11). NIHFSH-S6 at a 
dose of 100 pg, did not significantly deplete 
ovarian ascorbic acid when compared with 
the saline-treated control group. 
Discussion. Everett (18) reported that a 

dose of 2 pg of LH/100 g of body weight 
injected subcutaneously caused ovulation in 
pentobarbital-blocked rats. Investigators using 
immature rats (3,4) or hypophysectomized 
immature rats ( 2 )  report that 4-20 pug of LH 
were necessary to induce ovulation. The re- 
sults in the present studies with CPZ blocked 
rats are in essential agreement with these re- 
ports. 

The data obtained in these studies show 
for the first time that FSH by itself was able 
to induce ovulation in adult rats. It has been 
reported that NIHFSH-S6 contains 4.5 pg of 
LH in 1000 pg of FSH, and that 
NIHFSH-P1 contains 7.5 pg of LH in a 
similar quantity of FSH. Therefore, it seems 
reasonable to suggest that if the ovulation 
obtained in these studies was the result of 
contaminating LH one would have expected 
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TABLE 11. The Effect of Varying Doses of Gonadotropins on Ovarian Ascorbic Acid Depletion. 

% Depletion 
Corrected means compared to 

Treatment group No.of Q 9 Dose (pg/ 9 ) (OAA in pg) control group 

- 90.0 - Control 8 

NIHLH-S11 8 0.G 57.9“ 36 
8 1.2 55.8” 38 
8 2.4 44.1“ 51 

NIHFSH-S6 8 100.0 79.0” 12 

” Values significantly ( p  . O l )  lower than control values. 
Nonsignificant. 

that the EDs0 for porcine FSH to be lower 
than that of ovine FSH. Also, the maximum 
amount of LH that would have been adminis- 
tered as a ‘contaminant of NIHFSH-S6 at  
the highest dose (30 pg) would have been the 
equivalent of 0.135 pg and for the highest 
dose of NIHFSH-P1 (20 pg) 0.150 pg of 
LH; amounts of LH well below the minimal- 
ly effective dose of 1.0 pg of N’IHLH-S11. 
Thus, the doses of gonadotropins argue 
against the possibility that ovulation was the 
result of contaminating LH. 

Furthermore, had the resulting ovulation 
been ascribed to LH one would have expect- 
ed a much steeper dose-response curve for 
the FSH than was obtained. Additional evi- 
dence that the effects of FSH were not due to 
LH contamination was obtained in the 
OAAD assay. I n  this study 100 pg of 
NIHFSH-S6 did not produce depletion of 
ovarian ascorbic acid, whereas a dose of 
NIHLH-S11 as low as 0.6 pg significantly 
(p.01) depleted ovarian ascorbic acid when 
compared with control values. Thus, in this 
test system, commonly used as a sensitive 
assay for LH, NIHFSH-S6 at 100 pg (a 
dose roughly 15 times greater than the calcu- 
lated ED 50 of 7.02 pg) was unable to elicit a 
significant response. Studies are currently in 
progress utilizing rats hypophysectomized at 
proestrus in order to more fully explore the 
ovulatory effects of FSH. The observatioin 
that FSH by itself is able to induce ovulation 
of cou’rse does not negate its role in follicu- 
lar development, but points out that it is 
involved in ovulation as well. 

Summary. Data are presented demonstrat- 
ing that in adult rats in which the release of 

LH had been blocked, FSH will cause ovula- 
tion. Thus, while FSH plays a primary role 
in the development of follicles, the data also 
support the view that it can, by itself, pro- 
duce release of ova from graafian follicles. In  
this sense it should be considered as an inti- 
mate part of the ovulatory hormone com- 
plex. 

We wish to thank Dr. L. E. Reichert and the 
Endocrine Study Section, NIH, for the generous sup- 
ply of gonadotropins. Also, Mr. Infante, Mrs. Bottorf, 
Mrs. Lawless, and Miss Morrison for their techni- 
cal assistance. 

1. Carter, F., Woods, M. C., and Simpson, M. E., in 
“Control of Ovulation.” Macmillan (Pergamon) , 
New York (1961). 
2. Lostroh, A. J. and Johnson, R. E., Endocrinol- 

ogy 79, 991 (1966). 
3. Goldman, B. D. and Mahesh, V. B., Endocri- 

nology 83, 97 (1968). 
4. Ying, S. Y. and Meyer, R. K., Endocrinology 84, 

1466 (1969). 
5. Goldman, B. D. and Mahesh, V. B., &z “Third 

International Congress on Endocrinology,’’ Excerpta 
Medica Foundation, Amsterdam (abstr.) p. 150. 
(1968). 

6. McClintock, J. A. and Schwartz, N. B., 
Endocrinology 83,433 (1968). 

7. Goldman, B. D. and Mahesh, V. B., Endocri- 
nology 84, 236 (1969). 
8. Robertson, H. A. and Rakha, A. M., J. 

Endocrinol. 35, 177 (1966). 
9. Parlow, A. F., Anderson, L. L., and Melampy, R. 

M., Endocrinology 75,365 (1964). 
10. Rakha, A. M. and Robertson, H. A., J. 

Endocrinol. 31, 245 (1965). 
11. Harrington, F. E., Eggert, R. G., Wilbur, R. D., 

and Linkenheimer, W. H., Endocrinology 79, 1130 
(1966). 



844 INDUCTION OF OVULATION 

12. Harringon, F. E., Eggert, R. G., and Wilbur, R. 16. Snedecor, G .  W., “Statistical Methods,” 5th 

13. Parlow, A. F., in “Human Pituitary Gonadotro- 17. Sakiz, E. and Guillemin, R., Endocrinology 72, 

14. M i n d h  R. and Butler, A. L.9 J-  Bid. Chem. 18. Everett, J. W., Federation Proc. (Abstr.) 23, 

15. Berkson, J., J. Am. Statist. Assoc. 45, 565 

D., Endocrinology 81, 877 (1967). ed., Iowa State Univ. Press, Ames, Iowa (1956). 

pins,” p. 300. Thomas, Springfield, Illinois (1961). 804 (1963). 

122, 673 (1938). 151 (1964). 

(1953). Received July 9, 1969. P.S.E.B.M., 1969, Vol. 132. 




