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In the spontmeously ovulating rat treat- 
ment with the alpha adrenergic blocking agent, 
Dibenamine, prior to the critical period on 
the day of proestrus inhibits ovulation that 
would normally occur that evening ( l ) ,  
Dibenamine was also shown to be capable of 
inhi biting estrogen-induced ( 2 )  and proges- 
terone-induced ovulation in the rat ( 3 ) .  In  
laying hens, both spontaneous and proges- 
terone-induced ovulation could also be blocked 
by injection of Dibenamine (4). The ability 
of the drug to block ovulation was ascribed by 
these authors to the blockade of a neurogenic 
stimulus involved in the activation of the 
adenohypophysis to release ovulating hor- 
mone. 

Recent data by Ferrando and Nalbandov 
( 5 )  show that treatment with Dibenzyline, 
which is 6-10 times more potent as Dibena- 
mine, blocks ovulation in laying hens not 
only when it is injected systemically but also 
when it is injected directly into the wall of 
preovulatory follicle. The blocking effect of 
Dibenzyline could be overcome by injection 
of luteinizing hormone (LH) systemically, 
These observations suggest that the drug may 
be working at  the level of the ovary, as well 
as at  the hypothalamus. 

I n  an attempt to further elucidate the pos- 
sible mode of action of alpha adrenergic block- 
ing agents, studies were carried out to in- 
vestigate the effects of phenoxybenzamine 
(Dibenzyline) upon plasma LH levels in the 
ovariectomized and proestrus rat. 

Maderials and Methods. Experimental ani- 
mals. Female Sprague-Dawley rats (body wt, 
200-250 g)  were used in these studies. A11 
rats were caged in an air-conditioned, tem- 
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perature-controlled room with a lighting 
schedule of 14 hr of light and 10 hr of dark- 
ness, and supplied with Purina laboratory 
chow and water ad libitum. Under these con- 
ditions, the ovulatory surge of LH is expected 
to occur on the day of proestrus between 1400 
and 1600 (6),  the “critical” period. 

Normal rats. Vaginal smear records were 
taken each day and animals were used in the 
experiment on the day of proestrus, provided 
they displayed: (a) a clear 4-day cycle in 3 
consecutive cycles; (b) a typical proestrus 
smear; and (c) a clearly distended uterus. 
The uterus was inspected on the morning of 
proestrus by laparotomy approached by a 
single lateral incision while the rat was under 
ether anesthesia. Blood was collected between 
1500 and 1600 ; and plasma LH was measured. 
Effects upon ovulation were determined by 
removing the oviducts on the following day 
(estrus) and counting the ova under a micro- 
scope. Ovulation was considered complete if 
6 or more ova could be counted in the 2 
tubes. 

Ovariectomized rats. The rats were used 
3-6 weeks postovariectomy. Phenoxyben- 
zamine was administered for 2 days a t  a 
dose of 20 mg/kg/day for 8 days at a dose of 
10 mg/kg/day. Control rats were injected 
with an equal volume of saline. There was 
no appreciable difference in body weight be- 
tween the control and phenoxybenzamine- 
treated animals. One day after the last injec- 
tion, the rats were bled; and plasma LH was 
measured. 

LH assay. At the designated time, the rats 
were anesthetized and bled from the jugular 
vein into a heparinized syringe. Blood from 
3 or more donors was pooled and the plasma 
was separated by centrifugation. Two milli- 
liters of plasma were injected into suitably 
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TABLE I. Effect of Phenoxybeiizaniinc Alone a n d  i n  Combinat.iori with HCG on Ovulation in 
Cycling Rats. 

No. of r a t s  
Ovulating 

Group no. Trcbatnicnt Dose Inject ion time Treated Ovulating (%) 

1 Saline - 1300 5 5 100 
2 Propranolol 20 w / k g ,  iP  1300 3 4 100 
3 M J  1999 20 nig/kg, ip 1300 4 4 100 
4 Plicrioxybeiiznmiiic 20 nig/kg, ip 1300 7 1 14  
5 Phenoxyberiza~ninc 20 nig/kg, ip 1700 7 5 71 

83 
6 Plic.noxybenzamirie 20 mg/kg, i p  1300 

6 5 + HCG 20 1U,iv 1500 

primed immature female rats to determine 
the percentage ovarian ascorbic acid depletion 
(OAAD) by a modification of the method of 
Parlow [cited in Ref. ( 7 ) ] .  This served as an 
index of plasma LH concentration. Control 
and treated plasma samples were always run 
during the same day. 

Injected Materials. Phenoxybenzamine hy- 
drochloride (Dibenzyline, Smith Kline and 
French), propranolol hydrochloride (Inderal, 
Ayerst), M J 1999 (Sotalol, Mead Johnson), 
and HCG (Ayerst) were dissolved or diluted 
in saline and injected. Control animals re- 
ceived an equal volume of saline. The actual 
doses, times and routes of administration 
are mentioned in the text and Tables 1-111. 

Results. Eflect of phenoxybenzamine alone 
and in combination with HlCG on ovulation in 
cycling rats (Table I ) .  A single injection of 
phenoxybenzamine (20 mg/kg) given a t  1300 
on the afternmn of proestrus clearly blocked 
ovulation (14% ovulating). Ovulation failed 

TABLE I T .  Eff cyt of PIicno?r~~~ei iz : i i i i i~ i~~  on 
Plasma LH Activity (% ovnri:in ascorbic :ic.itl 

depletion) i n  Ovariectoni izd Rats. 

Controls Phenox?.hcnzaniirie t" 2, 

Trea ted  for  2 days (20 mg/kg/dny, ip )  
13.6 2.4 ( 5 ) b  17.6 I+ 2.1 (4 )  1.2 KS" 
16.2 I+ 11.3 (4) 18.1 k 3.4 ( 4 )  0.5 NS 

Treated for  8 days (10 nig/kg/d;iy, il)) 
13.6 -e 2.4 (5) 15.9 f 3.1 (5) 0.58 NS 

t = Student 's  t test (control vs p1ienosybenz:i- 
mine). 

bMean 2 SEM ( N O .  of ;isswy rots) .  
NS = not significant. 

TABT,E 111. Effect of Plir~nosgheiiznmi~ie on 
Plasnia TIH Activity (% ovarian ;iscorbic acid 

dcpletion) in  Cycling Rats. 

12.6 2 2.7 (5)' 4.8 2 3.7 (6) 1.6 NSd 
12.1 rt 3.2 ( 5 )  13.8 & 2.3 (5)  0.4 NS 
10.8 & 1 . 7  ( 5 )  11.1 rt 1.6 (5)  0.2 NS 

Given a t  1500 on  the day  of proestrus. 
I, t = Stuclc~it 's t tes t  (control vs plienoxuybcnza- 

niinc). 
Mcan 
S S  = riot significaut. 

S E M  (no. of assay ra ts) .  

to occur in only 2 animals (out of 7 treated) 
which received phenoxybenzamine after the 
critical period. An injection of HCG during 
the critical period effectively prevented the 
blockade of ovulation by phenoxybenzamine 
alone (83 % ovulating). Treatment with beta 
blocking agent propranolol or MJ 1999 failed 
to prevent ovulation. 

Effect of phenoxybenzamine on plasma LH 
activity in ovwiectomized rats (Table 11). 
Significant levels of LH were present in 
plasma from ovariectomized rats as previously 
reported (8). Phenoxybenzamine injections 
for 2 days (20 mg/kg/day) or for 8 days ( 10 
mg/kg/day) were ineffective in preventing the 
rise in plasma LH activity. 

Eflect of phenoxybenzamine on plasma LH 
activity in cycling rats (Table 111). Signifi- 
cant levels of LH were present in the plasma 
from cyclic rats on the afternoon of proestrus 
as previously reported (9) .  I n  three experi- 
ments, plasma LH levels were not significantly 
affected by a single injection of phenoxyben- 
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zamine (20 mg/kg) given at  1300 on the 
day of proestrus. 

Discussion. The finding that a drug, if 
injected before the critical period but not 
after, is capa.ble of preventing ovulation in 
the rat has been used to infer that the drug 
is acting to block the hypothalamic neuro- 
genic stimulus essential for LH release. In 
these studies we were unable to demonstrate 
a significant effect upon plasma LH levels 
in either ovariectomized or proestrus rats 
after treatment with phenoxybenzamine. If 
phenoxybenzamine does not block the release 
of LH, how might one explain the fact that 
it does block ovulation if administrated before 
the critical period and that exogenous adminis- 
tration of HCG is capable of overcoming the 
effect? It is conceivable that the drug may be 
acting at  the ovarian level to somehow in- 
terfere with normal ovulatory events. Evi- 
dence in support of a local ovarian effect was 
presented by Ferrando and Nalbandov ( S ) ,  
who were able to inhibit ovulation in laying 
hens by injecthg Dibenzyline directly into 
preovulatory follicles. 

LH has been shown to increase ovarian 
blood flow in the rat (10). This action was 
suggested as possibly being of great impor- 
tance in regulating how much of certain cir- 
culating substances, which might be necessary 
for ovulation, become available to the ovary. 
It has even been suggested that one general 
mechanism of hormone action involves ex- 
pansion of the microcirculation of the target 
organ (1 1). The possibility exists that phen- 
oxybenzamine may be acting on alpha re- 
ceptors leading to a reduction in blood flow 
through the ovr-rry. At  this point we do not 
have information as to the effect of phenoxy- 
benzamine upon ovarian blood flow, though 
the reports show that the dose used in these 
experiments would cause substantial hemo- 
dynamic effects (12). 

The existence of adrenergic receptors in the 
ovary was first suggested as a result of ob- 
servations that sympathetic nerve fibers are 
found in close proximity to smooth muscle 
surrounding blood vessels and also ramifying 
throughout the ovarian stroma ( 13-16). The 
type of fluorescence in the nerves is charac- 
teristic of norepinephrine, leading the investi- 

gators to conclude that the ovarian stroma is 
supplied by a noradrenergic plexus. Regarding 
the function of these fibers, there is little that 
can be deduced from the meager supply of 
evidence now available. Evidence for the ex- 
istence of alpha and beta adrenergic receptors 
in the ovary was first suggested by the work 
of Rocerto et al. ( 1 7 ) .  They showed that 
stimulation of dpha receptors caused an in- 
crease in the contractions of the isolated cat 
ovary, while the addition of phenoxybenza- 
mine was shown to block this effect. The phys- 
iological significance of these contractions is 
uncertain but i t  was suggested that they may 
play a role in the ovulatory process. Our re- 
sults further suggest that alpha receptors in 
the ovary may play an important role in 
ovulation. Whether phenoxybenzamine may 
be acting on adrenergic nerves terminating in 
the ovary or is exerting a direct effect on ovar- 
ian vasculature or musculature remains to be 
determined. 

Summary. The present experiments were 
carried out to determine the effects of phen- 
oxybenzamine (an alpha adrenergic blocking 
agent) upon ovulation and the concentration 
of LH in the blocd of ovariectomized and pro- 
estrus rats. Ovulation was blocked when 
phenoxybenzamine (20 mg/kg) was ad- 
ministered prior to the assumed critical per- 
iod of LH releasz. This effect could be over- 
come by treatmeqt with HCG (20 IU) during 
the critical period. Treatment with propranolol 
or kl J 1999 (beta adrenergic blocking agents) 
had no effect on ovulation. Phenoxybenzamine 
injections for 2 days (20 mg/kg/day) or for 8 
days (10 mg/kg/day) was shown to be in- 
effective in preventing the rise in plasma LH 
levels that occurs in ovariectomized controls. 
A single injectim of phenoxybenzamine be- 
fore the critical period in cycling rats also 
was shown to have no significant effect on the 
level of LH present in the blood during the 
afternoon of proestrus. These results suggest 
that phenoxybenzamine may be acting directly 
on the ovary to prevent ovulation and that 
alpha adrenergic receptors located in the ovary 
may play an important role in the ovulatory 
process. 

PMS and HCG were kindly supplied by Dr. John 
Jewel1 of Ayerst Laboratories. The phenoxybenzamine 
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study. 
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