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A number of biologically potent stimula- 
tory analogs to luteinizing hormone-releasing 
hormone/follicle stimulating hormone-re- 
leasing hormone (LHRH) have been synthe- 
sized. After a subcutaneous in'ection of the 
analog D-Leu6, des Gly NHz'd-LHRH-ethy- 
lamide ( D- Leu6- LHR H- E A) in to immature 
male rats, 53 times as much luteinizing hor- 
mone (LH) and 15 times as much follicle 
stimulating hormone (FSH) were released 
over a 6 hr period as compared to a similar 
dose of natural LHRH (1). The ovulatory 
activity of this analog in rats was 70-80 times 
greater than that of LHRH (2). In spite of the 
higher biological activity resulting in greater 
release of LH and FSH, treatments of D-Leu6- 
LHRH-EA have not always promoted signif- 
icant ovarian growth. In fact, Rippel and 
Johnson (3) reported that large doses of PO- 
tent D-Leu6-LHRH-EA inhibited human 
chorionic gonadotropin (HCG) augmenta- 
tion of ovarian growth in both intact and 
hypophysectomized prepubertal rats. This 
apparent extrapituitary inhibition by the 
LHRH analog has lead to the design of the 
present study which was to determine if D- 
Leu6-LHRH-EA acts directly on the ovary 
rather than indirectly through the pituitary 
hormones. Tissue and pituitary uptake of 1251- 
D-Leu6-LHRH-EA, ovarian growth and se- 
rum LH and FSH concentrations were eval- 
uated in rats treated with HCG. 

Materials and methods. Experiment Z. 
Twenty-one day-old Sprague-Dawley female 
rats were randomly divided into 4 groups of 

' Scientific paper No, 5 18 I .  College of Agriculture 
Research Center, Washington State University, Pullman, 
WA 99164. Project 0137. 

The authors would like to thank Abbott Laborato- 
ries, Chicago, Illinois for providing us with D-Leu', des 
Gly NH2I0-LHRH ethylamide, and Mrs. L. Banta for 
financial support. 

Present address: Faculty of Agriculture, Kabul Uni- 
versity, Kabul Afghanistan. 

six rats each and anesthetized with 25% w/v 
urethane. Rats were injected intravenously 
(iv) with either 0.3 ml of 0.9% saline (Grou 
I), 50 IU HCG (Group 11), 5 pg of D-Leu - 
LHRH-EA (Group 111), or 5 pg of D-Leu6- 
LHRH-EA plus 50 IU HCG. (Group IV). 
One min after treatment, all rats were injected 
iv with 10 Ci of biologically active monoio- 
dinated l2;-D-Leu6-LHRH-EA. Rats were 
exsanguinated 30 min after the iodinated an- 
alog injection. Ovaries, pituitary, uteri, adre- 
nal, liver, kidney, heart, central nervous sys- 
tem cortex (CNS) and thyroid were collected, 
weighed and counted for radioactivity im- 
mediately after collection. A blood sample 
was collected prior to treatment and at the 
time of exsanguination. Serum radioactivity 
was determined in all posttreatment samples. 
A ratio of tissue cpm/mg to serum cpm/pl 
(T/S ratio) was used to express specific radio- 
active uptake by individual organs. The pro- 
cedure described by Reeves et al. (4) was used 
to obtain biologically active monoiodinated 
D-Leu'-LHRH-EA. 

Serum LH concentrations of each blood 
sample were determined by the method of 
Niswender et al. (5) and expressed in ng/ml 
NIH-LH-S 17. Serum FSH concentrations 
were determined by NIAMDD kit and ex- 
pressed as pg/ml NIAMDD rat FSH-RPl. 
Changes in serum LH and FSH concentra- 
tions were obtained by the difference in hor- 
mone level before and 30 min after 1251-~- 
Leu6-LHRH-EA injection and expressed as 
ALH and AFSH. 

Experiment IZ. Thirty-two 2 1 -day-old 
Sprague-Dawley female rats were randomly 
divided into 4 equal groups. Rats in each 
group were injected intraperitoneally (ip) 
once each day for 3 days with the following 
doses: Group I rats received 0.3 ml of 0.9% 
saline, Group I1 rats received 50 IU HCG, 
Group I11 rats received 5 pg of D-Leu6- 
LHRH-EA, and Group IV rats received 5 pg 
of D-Leu'LHRH-EA plus 50 IU HCG. On 
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T the third day of treatment, rats were anesthe- 
tized with urethane and an iv injection of 
each treatment was followed one min later 
with 10 pCi of '251-~-Leu6-LHRH-EA. Rats 
were exanguinated 30 min later, blood and 
tissues were collected as described with Ex- 
periment I. 

Experiment ZZZ. Twenty 42-day-old female 
hypophysectomized rats were randomly di- 
vided into 4 equal groups. Rats in each group 
were injected ip once a day for 3 days as 
described in Experiment 11. On the third day 
of treatment, rats were anesthetized with ur- 
ethane and an iv injection of each treatment 
was followed one min later with 10 pCi of 
'251-~-Leu6-LHRH-EA. Rats were exsan- 
guinated 30 min later, blood and tissues ex- 
cept the pituitary were collected as described 
in the first two experiments. Hypophysec- 
tomy was confirmed by microscopic exami- 
nation of the sella turcia. Statistical compar- 
isons among treatment means for all experi- 
ments were made using Tukey's omega-pro- 
cedure (6). 

Results. Experiment Z. Uptake of radioac- 
tivity, (T/S ratio) measured in uteri, ovaries, 
pituitary and adrenals after a single injection 
of saline, HCG, or D-Leu6-LHRH-EA is 
shown in Fig. la. Pituitaries and ovaries of 
D-Leu'-LHRH-EA or D-Leu6-LHRH-EA + 
HCG treated rats had lower (P < 0.05) T/S 
ratios than those receiving HCG or saline. 
There were no significant differences (P > 
0.05) between the treatment groups for T/S 
ratios of uteri, adrenal, liver, kidney, heart, 
CNS cortex or thyroid (Fig. lb). The radio- 
active T/S ratio of pituitaries from rats 
treated with HCG was higher (P < 0.05) than 
the T/S ratio of pituitaries from saline treated 
rats. Serum LH was lower in HCG treated 
than saline treated rats after an injection of 
'251-~-Leu6-LHRH-EA (P < 0.05) (Table I). 
Serum LH was released in saline pretreated 
group because of the biological actions of 
labeled D-Leu6-LHRH-EA. Serum FSH con- 
centrations were not influenced by treatment. 

Experiment ZZ. Figure 2 illustrates the T/S 
ratios of tissues from rats treated daily for 3 
days prior to injection of '251-~-Leu6-LHRH- 
EA. The T/S ratio of ovarian and pituitary 
samples from rats receiving D-Leu6-LHRH- 
EA or D-Leu6-LHRH-EA + HCG were lower 
(P < 0.05) than those treated with HCG or 
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FIG. la. Tissue/serum ratio (T/S) of 1251 uptake by 
uteri, ovaries, pituitary and adrenal of rats after acute 
treatment (Experiment I) with saline, HCG, D-Leu6- 
LHRH-EA or HCG plus D-Leu6-LHRH-EA (n  = 6 ) .  

FIG. lb. Tissue/serum ratio (T/S) of "'1 uptake by 
liver, kidney, heart, thyroid and CNS cortex after acute 
treatment (Experiment I) with saline, HCG, D-Leu6- 
LHRH-EA or HCG plus D-Leu'-LHRH-EA. 

TABLE I. SERUM LH AND FSH IN RESPONSE TO 
LABELED D-LEu'-LHRH-EA IN RATS PRETREATED 

WITH D-Leu6-LHRH-EA AND HCG. 

Group treatments 
Experiment I 

I Saline 
I1 HCG 

IVHCG + D-Leu6- 

Experiment I I  

III  D-LEV-LHRH-EA 

LHRH-EA 

I Saline 
I1 HCG 

111 D-Leu'-LHRH-EA 
IV HCG + D-Leu6- 

LHRH-EA 

12.0 & 1.6 
4.7 f 1.7' 

18.9 f 4.5 
20.5 f 2.3 

15.1 f 1.4 
7.3 f 1.2' 
8.7 f 0.4' 
6.8 -+ 0.4' 

4.0 f 0.7 

4.1 & 0.7 
6.0 f 0.5 

3.6 & 0.7 

2.9 f 0.8 
3.3 & 0.9 
2.9 f 0.9 
3.9 * 1.0 

ALH and AFSH are obtained by the difference 
before and 30 rnin after injections of approximately 10 
ng '"I-D-Leu"-LHRH-EA. 

P c 0.05 different than saline treated animals. 
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FIG. 2. Tissue/serum ratio (T/S) of '''1 uptake by 
uteri, ovary, pituitary and adrenal of rats after chronic 
treatment (Experiment 11) with saline, HCG, D-Leu6- 
LHRH-EA or HCG plus D-Leu6-LHRH-EA (n = 8). 

saline. There were no significant differences 
in T/S ratios among other tissues. The serum 
LH values were lower (P < 0.05) from rats in 
Group 11,111, and IV compared to serum LH 
in Group I rats (Table I). Serum FSH values 
were not different between groups. 

Ovarian weights after the 3-day treatment 
period are shown in Fig. 3. Mean ovarian 
weight for ovaries of saline and HCG treated 
rats was 8 mg and 25 mg, respectively. Ovar- 
ian weight of D-Leu'-LHRH-EA treated rats 
was not significantly (P > 0.05) different from 
that of the control group. HCG in the pres- 
ence of D-Leu'-LHRH-EA did not cause sig- 
nificant (P > 0.05) ovarian growth. 

Experiment III. Mean ovarian weight of 
the group I1 hypophysectomized (HCG 
treated) rats was greater (P < 0.05) than 
ovarian weight for either group I, I1 or IV 
rats (Fig. 4). D-Leu6-LHRH-EA treatment in 
Group IV rats inhibited the HCG induced 
ovarian growth. Uptake of 1251 as noted by 
T/S ratio in ovaries was highest in saline- 
treated rats compared with ovaries from rats 
treated with unlabeled D-Leu6-LHRH-EA 
(Fig. 5). No significant changes in binding 
ratios were noted in any other tissues assayed. 

Discussion. The significantly lower uptake 
of radioactivity after an acute or chronic 
treatment with the unlabeled analog alone or 
in combination with HCG indicates that the 
analog is competitively taken up by both the 
pituitary and ovary. This competitive uptake 
of '251-~-Leu6-LHRH-EA by the ovary in the 
absence of the pituitary might lead to the 
assumption that the ovary as well as the 
pituitary have receptors for the analog and 
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FIG. 3. Ovarian weight of rats after a chronic treat- 
ment (Experiment 11) with saline, HCG, D-Leu6-LHRH- 
EA or HCG plus D-Leu6-LHRH-EA (n = 8). 
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FIG. 4. Ovarian weight of hypophysectornized rats 
after a chronic treatment with saline, HCG, D-Leu6- 
LHRH-EA or HCG plus D-Leu6-LHRH-EA. 

that the LHRH analog acts directly on the 
ovary to inhibit HCG induced growth. Acute 
pretreatment with HCG augmented the up- 
take of '251-~-Le~6-LHRH-EA by the pitui- 
tary. This was not observed after chronic 
treatment with HCG. Since HCG does not 
displace labeled D-Leu6-LHRH-EA it can be 
assumed that HCG and D-Leu'-LHRH-EA 
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FIG. 5. Tissue/serum ratio (T/S) of '"1 uptake by 
ovary and adrenal of hypophysectomized rats after treat- 
ment with saline, HCG, D-Leu'-LHRH-EA or D-Leu6- 
LHRH-EA + HCG. 

do not compete for the same receptor site. 
However, in both experiments there was a 
decrease in serum LH secretion of HCG 
treated rats. 

In the present study, the inhibitory action 
of the analog on HCG -induced growth of 
the ovary confirms the findings of Rippel and 
Johnson (3). Johnson et al. (7) also reported 
normal ovarian growth inhibition in rats 
chronically treated with D-Leu6-LHRH-EA. 
Strong antifertility effects of a similar LHRH 
analog D-Ala', des Gly NHZlO-LHRH-ethy- 
lamide has also been reported (8, 9). De 
Sombre et al. (10) found that treatment with 
D-Leu6-LHRH-EA in rats was essentially as 
effective as ovariectomy in causing mammary 
tumor regression. Oshima et al. (1 1) reported 
that chronic treatment with synthetic LHRH 
decreased accessory sexual organ weight in 
the immature male rat. Testicular growth in- 
hibition has also been reported (12) during a 
chronic D-Leu6-LHRH-EA treatment. The 
blockage of testosterone synthesis during 
LHRH or D-LeuG-LHRH-EA treatment has 
also been reported ( 1  1, 12). These latter in- 
vestigators assumed, however, that the mech- 
anism of action was mediated via the pitui- 
tary. 

The present study lends supportive evi- 
dence that the extrapituitary site of action of 

D-Leu6-LHRH-EA in inhibiting HCG in- 
duced ovarian growth is at least partly at the 
ovary. The physiological significance of these 
findings are difficult to evaluate because of 
the large dose of D-Leu6-LHRH-EA used in 
this study. However, these data suggest that 
there are sites present at the ovary that bind 
this synthetic analog of LHRH, which may 
be part of a feedback control mechanism in 
preventing the ovary from overstimulation by 
gonadotropins. 

Summary. Competitive uptake of labeled 
and unlabeled D-Leu6-LHRH-EA was ob- 
served in both the pituitary and ovary. HCG 
induced ovarian growth was inhibited by 
treating intact and hypophysectomized rats 
simultaneously with D-Leu6-LHRH-EA 
therefore, suggesting that D-Leu'-LHRH-EA 
acts directly on the ovary to inhibit HCG 
induced ovarian growth. 
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