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Abstract : Estrogen and progesterone are known to affect nociception.
The plasma concentrations of these hormones vary during estrous cycle in
rodents. The aim of the present study was to investigate the effect of
evidence of al receptor agonist and antagonist on tonic pain in all phases
of estrous cycle in female rats. Phenylephrine (al agonist) and prazosin
(al antagonist) were administered via intracerebroventicular (ICV)
injection. Adult female rats weighting 200-220 g were maintained on 12
h light/dark cycle for 10-14 days prior to the experiment. Food and water
were made available ad libitum. Formalin test was performed in all phases
of estrous cycle. Results showed that phenylephrine caused significant
(P<0.05) reduction in pain sensitivity. This reduction was more pronounced
during proestrus phase. Prazosin significantly (P<0.05) increased pain
sensitivity, particularly during metestrus phase. It is possible that
fluctuation in pain sensitivity during estrous cycle is related to the level
of sex hormones during estrous cycle.
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INTRODUCTION

Gonadal hormones can alter nociception
in both the central and peripheral nervous
system. It has been reported that
progesterone (P), a pregnane precursor of
neurosteroids and 4-chlordiazepam (4-CD),
a high affinity ligand for mitochondrial
diazepam binding inhibitor receptor
stimulates neurosteroid synthesis, in both
acute (tail flick latency test) and chronic

(formalin test), pain models (1). Both P and
4-CD showed analgesic response in these
models (1). The effect of P and 4-CD was
antagonized by bicuculline on tail flick
latency test but not in formalin test.
However, naloxone attenuated the
antinociceptive response of P and 4-CD in
tail flick latency test as well as formalin
test. Pretreatment with P and 4-CD
potentiated the analgesic effect of morphine
and nimodipine in both models of pain
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sensitivity. The peripheral nervous system
“silent” afferents, which arise form the
uterus, appear to be affected by the phase
of the estrous cycle, and estrogen alters the
receptive field properties of primary afferents
(2). More over, pregnancy influences nerve
fiber conduction and the susceptibility of
somatic and visceral nerves to the effects of
local anesthetics (3). In the central nervous
system, gonadal hormones influence
endogenous opioid system (4), as well as the
activity of other neuromodulators, for
example substance P (5), and neurotransmitters
such as dopamine, serotonin and norepinephrine
(6, 7). These neurochemical are involved in
nociceptive processing. The aim of this study
was to determine the effect of phenylephrine
(al agonist) and prazosin (al antagonist) on
tonic pain in all phases of estrous cycle in
female rats.

METHODS
Animals

Twenty female Sprague Dawly rats
weighing 200-250 g were used. Food and
water were made available ad libitum,
under a 12 h light/dark (lights on at 6 a.m.)
and controlled temperature (20-24°C).
Before experiment, different phases of
estrous cycle were detected by microscopic
examination of vaginal smear based on the
relative frequency of leukocyte, cornified and
nucleated epithelial cells (8). To investigate
the effect of phenylephrine and prazosin in
pain sensitivity during the estrous cycle,
formalin test was performed (9). Animals
were divided into 3 groups: first, Control (5
intact animals); second, Sham (5 animals
received artificial cerebrospinal fluid (ACSF)
via ICV route); and third, Experimental (5
animals received phenylephrine (5 pg/rat via
ICV route) and 5 animals received prazosin
20 mg/rat via ICV route).
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Surgery

The rats were anesthetized with IP
injection of sodium pentobarbital (50 mg/
kg) and after mount in sterotaxic
instrument (stoelting, USA) cannula (23
guge) implanted unilaterally at the lateral
ventricle (AP: 1 mm behind the Bregma,
lateral: 2.5 mm and vertical: 4.5 mm form
cerebral cortex). Two screws were placed in
the skull and each cannula was anchored
into place with dental cement poured around
the outer cannula and screws. A stainless
steel extending just beyond the tip
of cannula was inserted and left in place
until injection. The animals were allowed
to recover for at least 7 days after surgery
(10).

Formalin test

Five minutes after ICV injection of ACSF
or al receptor drugs 50 pl of 2.5% formalin
solution was injected subcutaneously
into the planar surface of hind paw with a
30 gauge needle. A pain score was
determined for each 5 minutes block
by measuring the amount of time spent in
each of the following four behavioral
categories: 0, the injected paw is not
favored; 1, the injected paw has little or no
weight on it; 2, the injected paw is elevated
and is not in contact with any surface;
3, the injected paw is licked, bitten or
shaken (11).

Data analysis

Data were analyzed separately for each
group with Two way (time x phase) and Two
way (time x group) analysis of variance
(ANOVA) with repeated measures on one
factor (time). Post-hoc analysis was
performed with Turkey’s test. Significant
value was P<0.05.
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RESULTS

A : Effect of phenylephrine on tonic pain during
estrous cycle

Pain score after phenylephrine
administration in proestrus phase shows
significant time x group interaction [F (3,
16) = 11.11, P<0.0001] in first stage of
formalin test and [F (27, 30) = 6.33,
P<0.0001] in second stage of formalin
test (Fig. 1). Thus, during proestrus
phenylephrine significantly (P<0.05)
decreased pain sensitivity in two stages of
formalin test

Pain score after phenylephrine
administration in proestrus phase shows
significant timexgroup interaction [F (3, 16)
= 6, P<0.001] in first stage of formalin test
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Fig. 1: Effect of phenylephrine 0.5 pg/rat (A) and
prazosin 20 pg/rat (B) on pain sensitivity in
proestrus phase of estrous cycle during 60 minutes.
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and [F (27, 30) = 4.7, P<0.0001] in second
stage of formalin test (Fig. 2). Thus, during
estrus phenylephrine significantly (P<0.05)
decreased pain sensitivity in two stages of
formalin test.

Pain score after phenylephrine
administration during metestrus phase
shows significant time x group interaction
[F (27, 30) = 2.66, P<0.01] in second stage
of formalin test (Fig. 3). Phenylephrine had
no significant effect during metestrus in
first stage of formalin test; while, relative
to control and sham groups phenylephrine
significantly (P<0.05) decreased pain
sensitivity during metestrus in second
stage of formalin test. Pain score after
phenylephrine in diestrus phase showed
significant time x group interaction [F (27, 30)
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Fig. 2: Effect of phenylephrine 0.5 pg/rat (A) and
prazosin 20 pg/rat (B) on pain sensitivity in
estrus phase of estrous cycle during 60 minutes.
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= 3.54, P<0.001] in second stage of formalin
test (Fig. 4). Phenylephrine in diestrus had
no significant effect in first stage of formalin
test; while, phenylephrine significantly
(P<0.05) decreased pain sensitivity during
diestrus in second stage of formalin test.

In all phases of estrous cycle
phenylephrine showed significant timexphase
interaction [F (3, 16) = 22.7, P<0.0001] in
first stage of formalin test and [F (27, 30)
= 4.5, P<0.0001] in second stage of formalin
test. Thus, phenylephrine significantly
(P<0.05) decreased pain sensitivity in
all phases of estrous cycle, but this
analgesia is lower in metestrus and higher
in diestrus.
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Fig. 3: Effect of phenylephrine 0.5 pg/rat (A) and

prazosin 20 pg/rat (B) on pain sensitivity in
metestrus phase of estrous cycle during 60
minutes.

Indian J Physiol Pharmacol 2005; 49(1)

B : Effect of prazosin on tonic pain during estrous
cycle

Compared to control and sham groups
prazosin had no significant (P>0.05) effect
on pain sensitivity in two stages of formalin
test (Fig. 1, 2 and 4). Pain score after
prazosin in metestrus phases showed
significant time x group interaction [F (27,
30) = 2.66, P<0.05] in second stage of
formalin test (Fig. 3). Prazosin had no
significant effect in metestrus in first stage
of formalin test; while, prazosin compared
to control and sham groups, significantly
(P<0.05) decreased pain sensitivity during
metestrus phase of estrous cycle in second
stage of formalin test. In all phases of
estrous cycle prazosin showed significant
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Fig. 4: Effect of phenylephrine 0.5 pg/rat (A) and

prazosin 20 pg/rat (B) on pain sensitivity in
diestrus phase of estrous cycle during 60
minutes.
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time x phase interaction [F (27, 30) = 7.861,
P<0.0001] in second stage of formalin test.
Thus, prazosin significantly (P<0.05)
increased pain sensitivity during metestrus
phase of estrous cycle.

DISCUSSION

The stimulus provided by injection of
formalin is tonic, including a behavioral
response, with a duration of one hour. The
lone-lasting  stimulus  facilitates the
observation of feed-back modulation and the
role of endogenous pain-regulatory systems,
such as opioid and monoaminergic systems.
In rats, the two distinct stages of the test
response may be used to address different
aspects of nociception; since the first stage
seems to be due to direct chemical stimulation
of nociceptors, whereas the second stage is
dependent on peripheral inflammation and
changes in central processing (12).

In this study phenylephrine induced the
highest analgesia during diestrus phase.
This is in accordance with the earlier report
of longer tail flick latencies in rats during
diestrus; this effect may be due to general
arousal or distractibility associated with
hormonal changes (13). Another study shows
that baseline hotplate latencies are higher
in sham group females tested during
diestrus than in those tested during estrous
(14). Mitrovic et al. (1999) reported that
diestrus phase is characterized by basal
level of estradiol with small gradual peak
of progesterone (15). Progesterone produces
an antinociceptive effect which may be
mediated by modulation of GABAergic and/
or opiodergic mechanisms (1). Voltage gated
calcium channels may also be involved (1).
According to present study phenylephrine
induced lower analgesia during metestrus
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phase. Mitrovic et al (15) have shown that
progesterone and estradiol during metestrus
are in high and low levels, respectively.
It was shown that persistent high
plasma level of progesterone, in the
absence of estrogen, produces a consistent
antinociceptive effect in a model of
persistent inflammatory hyperalgesia. They
suggested that antihyperalgesic effect of
progesterone includes suppression of NMDA
receptor activation at the spinal cord level
(16). Several investigation indicate that
plasma concentrations of progesterone in
ewes (17) and 5 a-pregnan-3 a-ol-20-one
(progesterone metabolite) in rat (18) were
not different during metestrus and diestrus.
So, it seems that the difference in pain
sensitivity in these two phases depends on
another sex steroid. Rhodes et al. (2001)
reported that tailflick latencies increased
during estrous following the blockade of
progesterone metabolism to 5 a-pregnan-3
a-ol-20-one (3 a, 5 a-THP) with finasteride
in hippocampus (19). In the present study,
however, prazosin hyperalgesia was
observed during metestrus phase. According
to Vinogradoova et al. (20), electrical pain
threshold is higher during proestrus and
estrus phases in comparison to metestrus
and diestrus. Johnson and Berkley (21)
reported that micturation threshold after
bladder inflammation was significantly
lower in proestrus or estrus that in
metestrus or diestrus. Giamberardino et al.
(22) demonstrated an enhancement of
urethral pain sensitivity in metestrus/
diestrus. Levin and Taiwo (23) reported that
estradiol induces a catecholamine sensitive
hyperalgesia. This hyperalgesia was
antagonized by yohimbin (a2 receptor
antagonist) but not by prazosin (a2 receptor
antagonist). According to the results of the
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present study, the effect of phenylephrine
and prazosin was changed in a complex
fashion during estrous cycle. It seems that

and estradiol
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on pain sensitivity their

metabolites may have influence on the pain
sensitivity and that it deserves future detail

in addition to the effect of progesterone  study.
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