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Summary-A 25 pg dose of testosterone propionate injected at 4 days of age induced 90% anovulation 
at 100 days of age. The systemic administration of orciprenaline (8 or 16 pg) or yohimbine (100 pg) did 
not prevent androgenization. Twenty-five or fifty fig of orciprenaline injected intraventricularly reduced 
only partially (to 54 and 67% respectively) the effectiveness of androgenization. We concluded that 
p-adrenergic receptor stimulation had a very limited ability to prevent androgenization, since the 
[I-stimulation obtained directly with orciprenaline prevented androgenization to a very limited extent, 
while the possible indirect stimulation through an increase in norepinephrine endogenous release by 
alpha-2 receptor blocker yohimbine was ineffective. 

INTRODUCTION 

Differentiation of the neonatal brain into a “tonic” or 
“cyclic” structure is a process controlled by gonadal 
secretion. A single neonatal injection of androgen [l] 
or estrogen [2] induced an anovulatory syndrome 
(AS) due to the absence of cyclic gonadotropin 
secretion. 

The action of neonatal androgen or estrogen was 
exerted at the hypothalamic level through a complex 
and not well-understood mechanism that could 
be blocked by simultaneous administration of 
progesterone, desoxycorticosterone and pregnan- 
edione [3], reserpine and chlorpromazine [4], tyra- 
mine and alpha adrenergic blockers such as 
phentolamine and phenoxybenzamine [5]. Several of 
these drugs may protect against androgenization 
through a beta-adrenergic stimulation of hypo- 
thalamic neurons [5, 61. 

Testosterone propionate (Sigma) was dissolved in 
olive oil (250 pg/mI), yohimbine hydrochloride 
(Sigma) in saline (250pg/ml) and orciprenaline 
(Boehringer) in saline (2WOpg/ml for systemic in- 
jection and 3, 5 or lOmg/ml for intraventricular 
injection). Systemic injections were given in a volume 
of 100~1 and the intraventricular injections (Tech- 
nique of Noble et a/.)[91 were all in a volume of 5 ~1. 

This study comprised of three experiments sum- 
marized in Table 1. In all the animals, the days of 
vaginal opening and first estrus were recorded. After 
vaginal opening occurred, vaginal smears were moni- 
tored daily. The rats were decapitated at 100 days and 
the ovaries removed, cleaned and weighed. Some of 
them were fixed in Bouin solution and analyzed for 
histological confirmation of corpora lutea absence. 

In the present work, we analyze the effects on the 
reproductive function of female rats of orciprenaline, 
a beta agonist traversing the blood-brain barrier 
which has a long half-life and the ability of yo- 
himbine, a selective blocker of alpha-2 adrenergic 
receptors [7], and orciprenaline to prevent the effects 
of neonatal androgenization. 

EXPERIMENTAL 

Female Wistar rats were raised in our laboratory 
under controlled light (12 h light-12 h darkness) and 
temperature (23°C). The day of birth was considered 
as day 1. At 21 days of age, the pups were weaned and 
placed in groups of 4-5 per cage and fed Sanders diet 
and tap water ad libitum. 

‘To whom correspondence should be addressed. 

Table 1. Treatment schedules of the experimental groups 

Drag Dose Day Route 

E.upr. I -Saline lOO/Ll 4 SC. 

*rciprenaline 81cg 4,5* KC. 

--Orciprenaline 16/l& 4.5” S.C. 

E.rpr. 2 --Oil loo/II 4 S.C. 

-TP 25 11g 4 S.C. 

-TP + 25 ,‘e 4 S.C. 

Orciprenaline 8pg 4.54 S.C. 

-TP + 251~ 4 S.C. 

Yohimbine 1OOpg 4,5” i.p. 

Erpr. 3 --Oil loop1 4 S.C. 

-TP 25~~: 4 SC. 

-TP + 25~ 4 S.C. 

Saline 51tt 4 i.v. 
-TP + 25 pg 4 S.C. 

Orciprenaline 15G 4 i.v. 

-TP + 25pg 4 S.C. 

Orciprenaline 25P8 4 i.v. 

-TP + 25/Q 4 S.C. 

Orciprenaline 5Otig 4 i.v. 

SC., subcutaneously; i.p., intraperitoneally; iv.. intraventricularly 

“The total dose was administered in four injections (IO and 22 h 

of days 4 and 5). 
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Table 2. Efl’ects of neonatal orciorenaline administration on the female rat reoroductive function 

Treatment 

Saline 
Orciprenaline 

(8pg) 
(I6 un) 

Vaginal opening 
(days) 

34.7 f I.1 

33.9 f 0.7 
37.1 f 0.7 

First estrus 
(days) 

38.1 k 2.1 

36.7 k 0.9 
38.3 f I.0 

Ovarian weight 
(w % 9) 

32.1 f 1.7 

30.1 i. 1.2 
30.7 i I .3 

Incidence of AS 

0i7 

0113 
0112 

Table 3. Effects of neonatal orcimenaline or vohimbine administration on the androgenized female rat 

Treatment 

Oil 
TP 
TP+OP 
TP + YOH 

Vaginal opening 
(days) 

36.4 f I .O 
31.1 kO.7” 
30.0 + 0.6” 

First estrus 
(days) 

39.7 f 0.9 
33.6 f 0.8’ 
32.0 + I .O’ 

Ovarian weight 
(mg “/, g) 

32.3 & I.5 
22.5 * 1.9 
20.9 + 3.8” 

Incidence of AS 

O/IO 
I8/22 
616 

31.6; 1.4” 32.8 ; 1.2” 22.0 7 2.3” l2/14 

TP = Testosterone propionate: OP = Orciprenaline; YOH = Yohimbine. 
‘P < 0.01 vs oil-injected. 

Table 4. Etfects of neonatal intraventricular orciprenaline administration on the androgenized female rats 

Treatment 
Vaginal opening 

(days) 
First estrus 

(days) 
Ovarian weight 

(“x :/, n) Incidence of AS 

Oil 
TP 
TP + Sal. 
TPfOP(I5) 
TP + OP (25) 
TP + OP (50) 

39.8 k I .2 43.2 + I.1 35.6 + 3.7 017 
35.4 + 1.2” 38. I + 0.5” IS.9 * I .3” 26127 
34.8 k 1.1” 36.E i I .3’ 20.5 f I .5” I8122 
32.9+ 1.1” 37.6+ 1.1” 17.3 + 2.4 I I,‘13 
33.6 k I .5” 40.0 * I .2 25.0 + 3.‘“.h _ 
29.0 + 0.7”,h 35.0 19.1 _ + I .74 ; 

7/13h 
2.5” 619’ 

TP = Testosterone propionate; OP = Orciprenaline. IS, 25 or 50 was the dose injected (pg) 
*P < 0.01 vs oil-injected female rats: bP -c 0.01 vs TP-injected female rats. 
‘P < 0.05 vs TP injected female rats. 

Results were expressed as means f SEM and 
the differences between groups were analyzed 
using the analysis of variance and the pairwise 
test [lo]. Differences in the incidence of AS were 
analysed by X2. 

RESULTS 

Experiment 1 

The systemic administration of orciprenaline (8 or 
16 p g) did not induce any change in vaginal opening, 
first estrus occurrence, vaginal cycles or ovarian 
weights (Table 2). 

Experiment 2 

Neonatal androgen treatment produced an ad- 

vancement in the day of vaginal opening (P < O.Ol), 
and the first estrus (P < 0.01). Of the 22 an- 
drogenized females 18 showed anovulatory syn- 
drome, and a significant reduction (P < 0.01) in the 
ovarian weight of the group was recorded. These 

effects were not modified by simultaneous orcipren- 
aline or yohimbine administration (Table 3). 

Experiment 3 

In this experiment in order to obtain a higher 
degree of beta stimulation than in expt 2, orcipren- 
aline was intraventricularly administered in a large 
pharmacological dose. Of the 27 androgenized 
females 26 showed anovulatory syndrome and a 
reduction in ovarian weight (P < 0.01) of the group 
was recorded. With the higher doses (25 and SOpg) 

of orciprenaline, a reduction in the incidence of AS 
was obtained, the lower dosage (15 pg) being 
ineffective (Table 4). 

The incidence of AS in all groups was summarized 
in Table 5. 

DISCUSSION 

Neonatal administration of testosterone pro- 
pionate advanced the day of vaginal opening and first 
estrus and induced a high incidence (90%) of anovu- 
latory syndromes, in agreement with previous 
reports [lO,l 11. In this work the anovulatory syn- 
drome was defined as ten or more consecutive days 
of smears showing cornified cells accompanied by the 
absence of fresh corpora lutea in the ovaries. 

To analyze the effects of beta-stimulation on an- 
drogenization, we injected orciprenaline, a beta ago- 
nist that crosses the brain-blood barrier with little 

Table 5. Incidence of AS in the different experimental groups 

No. of rats 
Group with AS I, 

Control’ o/24 0 
TP 44149 90 
Orciprenaline (8 pg) O/l3 0 
Orciprenaline (I6 pg) Oil? 0 
TP + Orciprenaline 616 IO0 
TP + Yohimbine I2114 X6 
TP + Saline (i.v.) I8122 x2 
TP + Orciprenaline (I5 /Ig i.v.) II113 x5 
TP + Orciprenaline (25 peg i.v.) 7/13 54” 
TP + Orciprenaline (50 pg i.v.) 619 67h 

“P < 0.01 vs TP-injected: hP < 0.05 vs TP injected. 
‘Control group included oil and saline-injected female rats. 
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difficulty and yohimbine, a specific alpha-2 blocker 
that increased endogenous norepinephrine release. 

Our results showed that the specific alpha-2 
blocker yohimbine, systemically administered at a 

dose sufficient to affect presynaptic adrenergic 
receptors [12, 131 did not modify the effects of an- 
drogenization. On the other hand, phentolamine and 
phenoxybenzamine were effective in blocking the 
development of anovulation [6,14]. These blockers 
have two effects, pre and postsynaptic, on hypo- 
thalamic norepinephrine transmission [5]. Since their 
protective effect could be reversed with the beta- 
blocker propanolol, Raum and Swerdloff[S, 61 
hypothesized that the mechanism of protection was a 
presynaptical alpha receptor blockade leading to an 
increase in norepinephrine release and stimulation of 
postsynaptic beta receptors. This beta receptor stimu- 
lation inhibits either the aromatization of testoster- 
one to estrogen or the nuclear uptake of estradiol[6]. 
Our data contradict Raum and Swerdloff’s[S, 61 in- 
terpretation of the mechanism of action of phenoxy- 
benzamine and phentolamine. Ii the protection 
obtained with these drugs was due to a presynaptic 
alpha-receptor blockade, yohimbine could produce 
the same protection. 

Higher doses (25 or 50 pg) of orciprenaline injected 
intraventricularly only partially blocked the effects of 
androgenization. Lower doses (I 5 pg) or systemic 
administration were ineffective. These data suggested 
that the direct stimulation of beta receptors was able 
to prevent androgenization to a very limited extent. 
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