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I t  is well known that, whereas progesterone 
can suppress ovulation, it can also advance 
the release of luteinizing hormone (LH) 
under certain conditions (1, 2 ) .  Administered 
on the third day of diestrus in 5-day cyclic 
rats, the steroid advanced ovulation by 24 hr 
(3, 4). Injection of progesterone on the morn- 
ing of proestrus resulted in LH release and 
ovulation in spite of barbitumte admini- 
stration at  the beginning of the critical period 
(5-7). 

Nicotine, which influences central nervous 
mechanisms (8) and interrupts cholinergic 
synaptic trznsmission in ganglia ( 9 ) ,  delays 
or reduces the "spontaneous" proestrous surge 
of LH (10) and may postpone ovulation 24 
hr if treatment is conltinued for several hours 
during and after the critical period (11). 
Therefore, it was of interest to determine 
whether nicotine affects the mechanism of 
progesterone advancement of LH release a t  
proestrus. 

Materials and Methods. The experiments 
employed virgin female Sprague-Dawley 
(Simonsen) rats weighing 180-328 g. 11- 
lumination of the temperature-con trolled ani- 
mal room was set a t  14 hr of light and 10 
hr of darkness with noon at  the middle of the 
light phase. Purina laboratory chow and wa- 
ter were provided ad lid Daily 'vaginal 
smears were taken for a t  lcast two consecu- 
tive 4-day estrous cycles prior to experimen- 
tation. Rats showing proestrous smears in 
the morning were used for the experiment. 
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The occurrence of ovulation was determined 
by observing the oviducts microscopically for 
ova at  noon on the following day. If the am- 
pullae were not swollen the oviducts were 
examined for ovulation 24 hr later. 

Progesterone in amounts totaling 5 mg in 
1 ml sesame oil/rat was injected into two 
subcutaneous sites. Nicotine tartrate sohi- 
tion was prepared a t  a concentration of 5 
mg/ml in physiological saline and was in- 
jected every 30 min for 2.5 hr in amounts of 
5 mg/kg sc. Controls received the same vol- 
ume of saline. Pentobarbital sodium (Nem- 
butal) was injected ip in amounts of 30 mg/ 

Serum LH was measured by radioimmuno- 
assay (RIA) with the ovine:ovine system of  
Niswender et al. (12). One milliliter of blood 
was taken by heart puncture immediately af- 
ter pentobarbital injection. Blood was al- 
lowed to clot a t  room temperature before cen- 
trifuging, and serum was stored frozen at  
-20". The samples were assayed in dupli- 
cate and the results were averaged. The ref- 
erence preparation was NIAMD-Rat LH- 
RP-1 which has a biological potency equiva- 
lent to 0.03 )( NIH-LH-S1. 

Results. As summarized in Table I, none 
of 6 proestrous rats treated with progester- 
one at 0900 followed with pentobarbital at 
1400 ovulated that night irrespective of sa- 
line or nicotine administration. Administra- 
tion of progesterone nt 1100 followed by six 
half-hourly injections of saline and finally 
pentobarbital a t  1400 resulted in ovulation 
in 5 of 12 rats with an average of 6 ova/ 
ovulating rat. When nicotine was injected in- 
stead of saline ovulation occurred in 3 of 10 
rats with an average of 3 ova. 

When treatment was started at  1130, pen- 
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TABLE I. Effects of Progesterone-Nicotine-Peiitob:trbitiil Iiijectioiis at Diffcroiit Hours of Proestrus 
011 Ovulation that Night. 

Ovulation 
Time of injection 

Av no. 
No. Proges- Pento- No. Ovulation of ova/ 

of rats terone Saline Nicotine barbital ovulated (%) ovulated rats 

3 0900 1100-1330 - 1400 0 0 0 
3 0900 - 11 O w 3  30 1400 0 0 0 

12 1100 1100-1330 - 1400 5 41.7 6 
10 1100 - 1100-1330 14OQ 3 30.0 3 

5 - 1130-1400 - 1430 0 0 0 
9 1130 1130-1400 - 1430 7 77.0 10 
7 1130 - 1130-1400 1430 0 0 0 

tobarbital a t  1430 was still completely effec- 
tive in blocking spontaneous ovulation in 5 
saline-injec ted proes t rous rats. Adminis tra- 
tion of progesterone at  1130 followed by six 
injections of saline and eventually by pento- 
barbital at  1430, resulted in complete ovula- 
tion (i.e., 7 or more eggs) in 7 of 9 rats. 
When nicotine replaced saline in the protocol 
ovulation failed to occur. As illustrated in 
Fig. 1, the saline-treated controls sampled 
after pentobarbital at 1430 had a serum LH 
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FIG. 1. Effects of nicotine on progesterone advance- 
ment olf LH mleiase in proestrous rats. Blood was 
taken at 1430, imundaately after pentobarbital ad- 
ministration. Bars and their emtendintg lines represent 
means f standtad errors. Number tat the bave of a 
h r  indicates the number of rats used. 

level of 34.5 t 6.1 ng/ml (mean t standard 
error). Progesterone at  1130 advanced LH 
release to the extent that the 7 rats destined 
to ovulate that night showed serum LH levels 
after pentobarbital a t  1430 of 643 _t 142 
ng/ml ( p  < 0.01 compared with saline con- 
trols). The two rats which failed to ovulate, 
in this group of nine, had a mean serum LH 
level of 175 ng/ml, some five times higher 
than that in saline controls. The six injec- 
tions of nicotine completely blocked the pro- 
gesterone advancement of LH release: serum 
LH levels averaged 24.5 t 4.5 ng/ml, which 
was significantly different ( p  < 0.005) from 
the progesterone-saline subjects but not dif- 
ferent from the saline controls. 

Control rats in which ovulation was blocked 
with pentobarbita1 at  1430 all ovulated the 
second night, i.e., 24 hr delay. However, of 
1 1 progesterone-treated proestrous rats which 
failed to ovulate the first night, only one 
ovulated 24 hr later. 

Discussion. Earlier findings that treatment 
of the proestrous rat with progesterone in 
the morning advances the release of LH and 
results in ovulation that night in spite of bar- 
biturate anesthesia during the 1400-1600 
critical period (5-7) have been confirmed. 
The critical period in our rats appears to be 
somewhat later than 1400-1 600 since pento- 
barbital blocked effectively at 1430 in the 
present experiments, and in unpublished ex- 
periments we have observed some blockade 
when starting pentobarbital treatment at 
1600. In view of these observations it may 
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well be that the rats which ovulated in spite 
of nicotine and pentobarbital treatment did 
so from residual stimulation after the effect 
of the 1400 pentobarlbital treatment had 
worn off. 

The stimulatory effect of progesterone on 
ovulation appears to be exerted on the brain. 
Progesterone-induced ovulation has been 
blocked by anterior deafferentation of the 
hypothalamus (13), “roof cuts” above the 
hypothalamus (14), and section of the stria 
terminalis ( 13 ) . Anterior deaff erentation has 
also blocked the stimulatory effect of pro- 
gesterone in the hamster (15). With the ad- 
vent of RIA procedures i t  has been possible 
to demonstrate the release of LH following 
treatment with progesterone (7,  15). Start- 
ing a t  1130 in the present study we have 
noted high serum LH levels by 3 hr after 
progesterone treatment whereas B rown-Gran t 
and Naftolin (7) failed to observe a rise in 
LH until about 5 hr after their 0900 treat- 
ment with the steroid. 

Nicotine has been shown to delay or block 
the proestrous surges of LH (10, 11) and 
prolactin (16) as well as the suckling-induced 
release of prolactin (1 7 ) .  However, the dura- 
tion of a’ction is limited. We found that dur- 
ing proestrus the administration of nicotine 
every 30 min from 1400 to 1900 failed to 
prevent ovulation but with two additional in- 
jections blockade was achieved (11). Our 
reason for giving repeated injections of the 
drug is that unpublished results from this 
laboratory have shown that nico tine-induced 
changes in electrical activity of subcortical 
regions of the rat brain last only about 30 
min following a single sc injection of 5 mg/ 
kg nicotine tartrate. 

I n  confirmation of Redmond (6) the in- 
hibiting effect of progesterone was not re- 
versed by pentobarbiltal, i e . ,  if progesterone- 
treated rats did not ovulate the first night, 
between proestrus and estrus, they did not 
ovulate the second night, and nicotine treat- 
ment on proestrus also failed to influence 
this effect of progesterone. This inhibitory 
influence of progesterone may represent a 
secondary effect on the brain (18) or a di- 
rect effect on the pituitary gland. 

Summary. When proestrous rats were in- 

jected with progesterone at  1130, serum LH 
was highly elevated (643 t 142 ng/ml) a t  
1430 in seven rats that ovulated that night 
in spite of pentobarbital administration at  
1430, and somewhat elevated (175 ng/ml) in 
two similarly treated rats which failed to 
ovulate. Five saline-treated controls (no pro- 
gesterone) showed a serum LH level of 34.5 
t 6.1 ng/ml at 1430. When progesterone 
treatmen’t a t  1130 was followed by six half- 
hourly injections of nicotine tartrate prior to 
pentobarbital treatment a t  1430 none of 
seven rats ovulated and their serum LH level 
was 24.5 t 4.5 ng/ml. Nicotine blocks the 
advancement of the proestrous ovulatory 
surge of LH by progesterone. 
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