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Abstract

Context and objective: Sexual arousal is centrally modulated by hypothalamic neuropeptides. The part
neuropeptides play in peripheral arousal, however, has not received much attention. Female sexual arousal is mostly
dependent on the relaxation of the vagina’s vascular and non-vascular smooth muscles. There have been no in vitro
studies on vaginal arteries to date; instead, all research has been on vaginal strips. This study compared the effects of
neuropeptides from the sexual hypothalamus on the arteries and vaginal wall strips of rabbits.

Experimental strategy: Isometric tension from strips and arteries was measured using tissue bath and wire
myography procedures, respectively.

Important outcomes: Vasoactive Intestinal Peptide (VIP) and Pituitary Adenylate Cyclase-Activating Polypeptide
(PACAP) relaxed both preparations; these effects were only countered by the PAC1 antagonist PACAP 6-38 (1 nM)
and the VIP/PACAP antagonist VIP6-28 (10 nM). mg). Both preparations were relaxed by the melanocortin agonist
a-melanocortin-stimulating hormone (1 mM), but not by bremelanotide (1 mM). Vaginal preparations were contracted
by oxytocin and vasopressin, which the V1A might exacerbate. Only arteries were constricted by neuropeptide Y (NPY)
and the NPY Y1 agonist Leu31, Pro34; NPY was inhibited by the NPY Y1 receptor antagonist BIBP 3226. Arteries were
constricted by melanin-concentrating hormone (MCH; 1 mM).

Final thoughts and ramifications: Hypothalamic neuropeptides have the ability to relax and contract the arteries
and vaginal strips. Both central and peripheral female sexual arousal may benefit from the use of NPY Y1, V1A, MCH1,
and VIP/PAC1 agonists. Which preparation is crucial for female sexual arousal is a question that is raised by variations

in the neuropeptide effects of the preparations.

Keywords: Female sexual arousal; Vagina; Arteries; Neuropeptides;
Contraction; Relaxation

Abbreviations: aMSH, a-melanocortin-stimulating hormone; AVP,
vasopressin; IVA, intra-vaginal artery; MCH, melanin-concentrating
hormone; NPY, neuropeptide Y; PACAP, pituitary adenylate cyclase-
activating polypeptide; V1A, vasopressin 1A; VIP, vasoactive intestinal
peptide.

Introduction

Numerous preclinical in vivo investigations have demonstrated
the primary regulation of female sexual behavior by hypothalamic
neuropeptides. Female receptive copulatory behavior, also known
as lordosis or receptivity, has been demonstrated to be inhibited by
neuropeptide Y [1,2] and vasopressin [3], while oxytocin [4-9] pituitary
adenylate cyclase-activating polypeptide (PACAP; ApostolakisThe
paraventricular nucleus, medial preoptic area, or ventromedial nucleus
have all been shown to enhance female sexual receptivity when
injected with melanin-concentrating hormone [10], a-melanocortin-
stimulating hormone [10-14]. Remarkably, whereas the majority of
research has concentrated on the function of neuropeptides in centrally
mediated sexual arousal, the neuropeptides underlying the peripheral
regulation of female sexual arousal have received less attention up to
this point. Deficits in these systems during sexual arousal may be the
pathophysiology of female sexual arousal disorder. Vascular and non-
vascular smooth muscle relaxation plays a vital role during sexual
arousal. Blood flow to the external genital organs, clitoris, and vagina.
Due to an increase in plasma transudation, the flow increases and
lubricates the vagina more. Although the underlying mechanisms are
unclear, it is believed that genital sensitivity rises during sexual arousal.

Vaginal blood flow has been studied as a physiological indicator of
peripheral sexual arousal using rabbits as a preclinical in vivo model [15-
21]. The majority of research has examined how the nitric oxide-cGMP
pathway regulates the tone of the vaginal smooth muscle, showing that
phosphodiesterase type-5 inhibitors can relax the clitoral and vaginal
muscles and possibly increase arousal in ladies [22]. Only sildenafil
has been clinically studied to date for its potential effects on female
sexual function; nevertheless, the findings have been underwhelming
[22]. Nonetheless, the impact of neuropeptides on vaginal blood flow
has only been somewhat studied, with a particular focus on vasoactive
intestinal peptide [23]. Similarly, non-vascular vaginal smooth muscle
strips have been used to explore the functional effects of neuropeptides
on sexual arousal, although the available data is similar. Once the nerves
of the vagina were identified by histochemical means as containing VIP,
PACAP, peptide histidine methonine, peptide histidine valine, and
helospectin [24] showed that each of these neuropeptides could directly
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relax the rabbit vagina when bath applied to pre-contracted vaginal
tissue slits. There haven’t been any in vitro research done to look into
how neuropeptides affect the vaginal arteries that supply vaginal blood
flow. Thus, the objectives of the research were to: (a) examine the impact
of pro-and anti-sexual hypothalamic neuropeptides in the rabbit vagina
in vitro; (b) assess the potency and effectiveness of neuropeptides in
vaginal strips and arteries; and (c) determine the receptor subtypes
responsible for neuropeptide expressions.

Techniques

Preparing the vagina in rabbits

Every experiment was conducted in accordance with ACP and was
subject to a regional ethics assessment. By injecting an excessive amount
of pentobarbitone (Pentoject, Animalcare, York, UK) into the marginal
ear vein, female rabbits weighing B3 kg were slaughtered. Removed, the
vagina was submerged in Krebs solution (mM) (NaCl 119, KCl 4.7, At
37°C, CaCl2, 2.5, KH2PO4, 1.2, MgSO4, 1.2, NaHCO3, and 11 glucose
and 95% O2/5% CO2 gassed.

The dissection and installation of vaginal strips

The lowest 3 cm of the vagina were removed, and the vagina was
then divided into four longitudinal strips, four upper and four lower
by cutting it in half horizontally. The Krebs solution, which was aerated
with 95% 02/5% CO2, was used to mount the strips in 5 mL organ
baths. The strips were then left to equilibrate for one hour at a resting
tension of 19.6 mN.

Mounting and dissection of the vaginal artery

After the vagina was removed, the arteries were separated and cut
into rings that measured 2 mm. The term “extra-vaginal artery” refers
to the artery that enters the vagina, whereas the term “lower 2 cm of the
the vagina is called the “Intra Vaginal Artery” (IVA). Using isometric wire
myography, the vascular rings (i.e. the extra-vaginal artery: 263 + 15 mM;
IVA: 173 £ 3.6 mM) were recorded after 30 minutes of equilibration at a
resting tension of 2.94 mN. Every experiment was run in Krebs solution
at 37°C with 95% CO,/5% O, gassed. After the system had settled, artery
rings were pre constricted three times with 10 mM phenylephrine then had
a 30-minute washout interval before applying neuropeptide.

Curves for concentration response

Agonist concentration response curves were created by cumulatively
applying half-log concentration increments in order to examine the
contractile action of neuropeptides in arteries and vaginal strips.

After a one-hour washout period, either the vehicle or the antagonist
was incubated for a further twenty minutes prior to carry out another
repeatable concentration response curve. Pre-contraction of arteries
and vaginal strips with phenylephrine (10-20 mM) was done for
relaxation tests. By using cumulative half-log additions, neuropeptide
agonist concentration response curves were produced. After a one-
hour washout period, a repeatable concentration response curve was
repeated after either a vehicle or antagonist incubation for 20 minutes.

Analysis of data

Data are presented as mean + s.e. of the mean (s.e. mean), with n
denoting the quantity of artery rings or vaginal strips. EC50, slope, and
pKB were calculated with Labstats (Pfizer Excel add-in). Lew and Angus
(1995) [25] introduced the global nonlinear regression method that was
used to analyze experimental data with three antagonist concentrations
in order to determine the pKB values. Benefits of this approach above
the conventional Schild method have been explored. In brief, the
approach does not require the within-tissue control concentration
response curves needed for conventional Schild regression approaches,
as previously described [25]. In experiments where the antagonist was
known to be competitive, the Gaddum equation was applied with a
single antagonist concentration to oppose the agonist concentration
response curve. Students t-test or ANOVA were used to establish
statistical significance.

Mixtures

The compounds were acquired from Sigma-Aldrich (Gillingham,
Dorset, UK), which provided phenylephrine, AVP, oxytocin, BIBP
3226, and MCH. PACAP 6-38, GR231118, NPY (13-36), cPP1-7,
NPY (human, rat), NPY19-23, GlIn, Ala, and AibLeu31, Pro34, and
NPY, the pancreatic polypeptide PYY (3-36), were provided. As well
as VIP, VIP6-28, PACAP 1-27, PACAP 1-38, and aMSH from Tocris
(Avonmouth, Bristol, UK) at St. Helens, Merseyside, UK. According to
reports in the literature [26-28] SR 49059, L-368899, and bremelanotide
were synthesized.

Outcomes

Neuropeptide-induced contractions in rabbit smooth muscle, both
vascular and non-vascular. Neuropeptides were added to the organ
bath in order to study their effects on the rabbit vagina. Oxytocin (0.1
nM-3 mM) and AVP (0.01-100 nM) produced consciousness maximal
contractions of 5.7 £ 0.7 mN (n=28) and 12.4 + 2.2 mN (n=13) in upper
vaginal strips, respectively, that are dependent contraction (Figures la
and 1b). Both peptides did not cause the lower 1.5 cm vaginal strips to
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Figure 1: Effect of Oxytocin (OT) and Vasopressin (AVP) on rabbit vaginal strips and arteries in vitro. 1a) shows an experimental trace of increasing concentrations of AVP on (i)
vaginal strips and (i) vaginal arteries. (iii) This is the average concentration response curve to AVP in both tissues. 1b is the same as 1a, but in the presence of oxytocin.
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contract. Compared to oxytocin, the contraction caused by AVP was 20
times stronger (Table 1).

The rabbit vaginal artery was demonstrated to contract in all
locations in response to AVP (0.01 nM-100 nM) and oxytocin (0.1 nM-
10 mM), with maximum contractile responses of 6.3 £ 0.5 mN (n% 53)
and 5.7 £ 0.5 mN (n% 49), respectively. AVP was more effective than
oxytocin, much like in the vaginal strips (Table 2). When compared
to strips of vaginal smooth muscle, both neuropeptides were 15-fold
and 3-fold more powerful in the vaginal arteries NPY did not cause a
concentration-dependent contraction in vaginal strips (n% 6; P40.05),
in contrast to AVP and oxytocin. But NPY effectively produced a
strong vaginal artery constriction that is concentration-dependent. In
comparison to the extra-vaginal artery (0.7 + 0.2 mN, n% 9; P 00.05),
the IVA experienced larger NPY-induced contractions (4.3 + 0.7 mN,
n% 25). The endogenous MCH receptor agonist MCH, like NPY, did
not cause any contraction in arterial rings at high concentrations (1
mM, Emax% 3.7 £ 0.6 mN, n% 13), however it did have an impact
in vaginal strips (n% 8). Rabbit vascular and non-vascular smooth
muscle relaxations induced by neuropeptides Pre-contracted vaginal
strips were relaxed by VIP (0.1 nM-3 mM) and PACAP 1-27 (0.1 nM-3
mM), as previously demonstrated by Ziessen et al. (2002) (Figure 2).
Maximum relaxation was 87 + 5.3% (n% 18) and 95.9 + 10.5% (PACAP
1-27) respectively.

It's noticed that tissue strips are not vascular. PACAP 1-38 was

Table 1: Neuropeptide-induced contraction in rabbit vaginal strip.

Peptide EC50 (nM) Slope Emax (mN) n
AVP 95+18 1.5+0.2 57+0.7 28
Oxytocin 206 + 83.2 0.8+0.1 12422 13
NPY NE NE NE 6
MCH NE NE NE 8

Table 2: Neuropeptide-induced contraction in rabbit vaginal artery.

unable to relax smooth muscle that is vascular or non-vascular both
(n% 7; P40.05). Both vaginal strips and arteries relaxed when aMSH,
a non-selective melanocortin agonist, was applied; this effect did
not depend on concentration and was only observed at 1 mM (36 +
6.7% (n% 12) in vaginal strips and 43.6 + 10.2% (n% 12) in arteries).
However, Bremelanotide (1 mM, n% 4-5; P40.05), another non-
selective melanocortin agonist, showed no impact in determination of
the receptor subtype(s) responsible for the contractions in vascular and
non-vascular smooth muscle caused by oxytocin and AVP. In order to
ascertain if oxytocin was affecting vascular and non-vascular smooth
muscle via oxytocin receptors, the strong oxytocin antagonist L-368899
(Ki% 3.6 nM); (Thompson et al., 1997) was employed. L-368899 (10-
100 nM) was unable to change the level of oxytocin response curve in
small quantities. The effects on the vaginal arteries (oxytocin, EC50)
were only observed at high, non-selective, micromolar concentrations.
In strips oxytocin EC50 206.4 + 83.2 nM; oxytocin and 3 mM L-368899
EC50 1.8 + 0.8 mM, n% 10; Po0.05 and 75 * 3.9 nM; oxytocin and
1 mM L-368899 EC50 300 + 43 nM, n% 10; Po0.01 (Figure 3a). AVP
concentration response curves in vaginal arteries (AVP EC50 1.2 +
0.07 nM; AVP and 1 mM L-368899 EC50 6.2 + 0.5 nM, n% 4, P00.05)
were only marginally affected by 1 mM L-368899, as was the case with
oxytocin. However, AVP was unaffected by concentrations up to 3 mM
in vaginal strips (n% 4) (Figure 3b).

Finding the receptor subtype that underlies the constriction
of the rabbit vaginal arteries caused by NPY

On the rabbit vaginal artery, a variety of NPY selective agonists
were evaluated, including the non-selective agonist PYY (3-36), NPY
(13-36) (Y2 agonist), GR231118 (Y4 agonist), and [cPP1-7, NPY19-23,
Ala31, Aib32, GIn34]-h pancreatic polypeptide (Y5 agonist). None of
them were able to cause a contraction (1 mM; n% 3-4; P40.05). On the
other hand, a concentration-dependent contraction was elicited by the
Y1 agonist Leu31, Pro34 NPY. comparable to NPY’s (EC50 38.9 + 14.1
nM, slope) amplitude Emax 4.5 + 1.6 mN, n% 11, 1.1 £ 0.2) (Figure

Peptide EC50 (nM) Slope Emax (mN) n 4a). To thoroughly look into the existence of NPY Y1 receptors, the
AVP 0.6+0.1 1.1£0.1 6.3+0.5 53 IVA-only test for NPY was conducted using the selective peptide NPY
Oxytocin 76.9+6.4 1401 57+0.5 49 Y1 antagonist BIBP 3226 (rabbit pKB% 6.98) [29]. The NPY contractile
NPY 269t4 0.9+0.1 43+07 23 response was competitively reduced by BIBP 3226 (apparent pKB% 7,
MCH 41000 - 37406 13 slope 0.7, n% 3-9) (Figure 4b). Identification of the receptor subtypes in
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Figure 2: Effect of pituitary adenylate cyclase-activating polypeptide (PACAP 1-27) and Vasoactive Intestinal Peptide (VIP) on rabbit vaginal strips and arteries in vitro. 2a)
shows an experimental trace of increasing concentrations of PACAP 1-27 on (i) vaginal strips and (ii) vaginal arteries, pre-contracted with Phenylephrine (PE). 2b) iii shows
the average concentration response curve to PACAP 1-27 in both tissues. 2b is the same as 2a, but in the presence of VIP. Oxytocin was acting through the vasopressin

1A (V1A) receptor.
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non-vascular and vascular smooth muscle that underlie the relaxations
brought on by VIP and PACAP. In rabbit vaginal strips (n=6; P40.05)
and extra-vaginal arteries (n=8; P40.05), the selective peptide PAC1
receptor antagonist PACAP 6-38 (1 mM) and VIP/PACAP antagonist
VIP6-28 (10 nM) were unable to prevent either PACAP 1-27 or VIP-
induced relaxations. Conversely, in the IVA, the VIP EC50 (n% 5-8)
(Figure 5) was approximately four times more to the right after the
administration of both VIP6-28 (10 nM) and PACAP 6-38 (1 mM).

Comments and argument

The research yielded several novel findings, including: (a) AVP and
oxytocin contract rabbit vaginal strips and arteries via V1A receptors;
(b) AVP and oxytocin have a higher affinity for vaginal artery receptors
than non-vascular smooth muscle; and (c) V1A antagonists are
equipotent in vascular and non-vascular vaginal wall, (f) via distinct
receptor subtypes, PACAP 1-27 and VIP relax pre-contracted vaginal
strips and arteries, (g) Vaginal strips are less effective at relaxing both
vascular and non-vascular vaginal smooth muscle than PACAP and
VIP. (h) aMSH, but not bremelanotide, has a stronger affinity for
arteries. Many studies have demonstrated that oxytocin can enhance
female receptivity by acting through the oxytocin receptor [30,31].
Furthermore, studies have shown that women’s plasma oxytocin levels
vary during their menstrual cycles and are strongly correlated with
vaginal lubrication, suggesting that oxytocin plays a peripheral role in
the activation of sexual function [32]. On the other hand, oxytocin in
this study constricts both arteries and vaginal strips, suggesting that
peripheral oxytocin might reduce blood flow. The ineffectiveness of a
selective oxytocin antagonist and the low potency of oxytocin suggest
that oxytocin does not cause contractions through the oxytocin receptor
[33]. Utilizing oestrogenized rabbit vaginal strips, demonstrated
that oxytocin only constricted the tissue at micromolar quantities,
corroborating these findings. Furthermore, binding tests showed
that the rabbit vagina lacks oxytocin receptors. The strong contractile
effect of AVP in this investigation and the strong antagonistic action
of SR 49059 on both oxytocin and AVP suggest the existence of an
anti-arousal V1A receptor. It has recently been demonstrated that pro-
sexual V1A antagonistism exists in the hypothalamus [3]. All of these
facts confirm the theorized that V1A antagonists may increase arousal
in the sexual center as well as the peripheral.

The anti-sexual properties of NPY, which are released from the
forebrain into the hypothalamus, are also widely known. It is still
unclear which receptor subtype NPY’s primary activities are caused by.
According to research using immunohistochemistry, NPY is abundant
in the human vagina and has been demonstrated to alter uterine blood

flow peripherally [34,35]. NPY, however, was unable to contract vaginal
strips in this investigation. It’s interesting to note that the NPY Y1
receptor allowed NPY to contract vaginal arteries. The IVA showed
larger NPY-induced contractions, which might be the result of a rise
in NPY Y1 density as the vessel’s size decreases. These findings imply
that NPY Y1 antagonists could potentially increase vaginal blood flow.

MCH was found to exhibit unique pharmacology for vascular and
non-vascular smooth muscle, since it alone contracted the vaginal
arteries. Since rabbits and other non-primate species lack functioning
MCH?2 receptors, the receptor subtype responsible for the response
to MCH is most likely the MCH1 receptor [36,37]. The development
of a commercially available selective MCH1 antagonist is awaited for
further assessment. The current information runs counter to the idea
that central MCH promotes female sexual behavior [12]. Application
of exogenous VIP and PACAP 1-27 relaxed the vaginal wall, as
previously reported [24]. However, PACAP 1-38 was unable to possess
an impact. Additionally, VIP and PACAP 1-27 had much greater power
in the IVA in contrast to the vaginal wall, which could be explained
by a variation in the receptor subtypes, a higher receptor density, or a
different coupling efficiency. A clinical case study demonstrating that
VIP improves vaginal blood flow and lubrication in healthy women is
supported by the blood vessel data [23]. Although these antagonists
were effective in the IVA, the lack of blocking of both agonists with
traditional peptide PAC1 and VIP/PACAP antagonists within the
vaginal strips may indicate distinct receptor subtypes. New studies
in this unique class B receptor family have revealed the existence of
several splice variants with distinct signal-transduction pathways [38].
Apart from PAC1/VIP Recent research has demonstrated that PACAP,
acting through PAC1 receptors within the hypothalamus, can enhance
peripheral sexual arousal through receptor agonism. Both pre-clinically
in rats and in ongoing clinical trials including women with female
sexual arousal disorder, activation of central melanocortin receptors
has been suggested as a means of restoring female sexual arousal. In rat
solicitative proceptive copulatory behaviors (hops and darts), the non-
selective peptide melanocortin agonist bremelanotide boosted desire,
arousal, and satisfaction in proof-of-concept tests (http://www.palatin.
com/pdfs/bremelanotide.pdf) [14]. The ability of aMSH to directly relax
vascular and non-vascular smooth muscle has never been documented
before; however, bremelanotide was unable to replicate this relaxation
effect. These contradicting results could be caused by Variations in the
effectiveness and potency of melanocortin agents among species. On
the other hand, it’s possible that a novel, non-selective mode of action
for aMSH has been discovered, which calls for more research.

World J Pharmacol Toxicol, an open access journal

Volume 6 ¢ Issue 6 » 1000218


http://www.palatin.com/pdfs/bremelanotide.pdf
http://www.palatin.com/pdfs/bremelanotide.pdf

Citation: Sonwani HP, Kumar N, Verma V, Sen A, Sahu R, et al. (2023) Neuropeptide Pharmacological Profiling on the Rabbit Vaginal Wall and
Smooth Muscle of the Vaginal Arteries In Vitro. World J Pharmacol Toxicol 6: 218.

Page 6 of 7

Conclusion

Gaining a deeper comprehension of the pharmacology and
physiology of female sexual arousal is essential to comprehending the
pathophysiology behind female sexual dysfunction. Currently, there are
two categories of female sexual arousal: physical (genital) and subjective
(mental). As with male erectile dysfunction, the pathogenesis of female
sexual dysfunction is currently unknown, however it could stem from
a psychogenic or centrally mediated deficit like anxiety or depression,
or it could be due to a genital deficit. The two possible therapeutic
approaches are (a) increasing genital arousal, or increased lubrication
and blood flow; and (b) increasing central subjective arousal, or
subjective arousal, or enhanced desire. and increased contentment
or (c) raise the subjective arousal levels in the genitalia and centrally.
Combining the results of this investigation with behavioral data may lead
to the suggestion that NPY Y1 and MCH1 antagonists could be useful
in reestablishing genital arousal. While melanocortin, VIP/PACAP
agonists, V1A and NPY1 antagonists, and MCH and oxytocin agonists
may be effective in restoring subjective arousal, V1A antagonists, as
well as MCH and oxytocin agonists, may be helpful in restoring both
genital and subjective arousal. Due to the lack of knowledge regarding
female sexual dysfunction, it might be necessary to test several of these
theories on female patients in order to develop a therapy that effectively
treats female sexual dysfunction and restores normal sexual function.
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