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Abstract

Hypertensive disorders of pregnancy, including preeclampsia, affect about 8-13% of
pregnancies and are the leading causes of pregnancy related maternal mortality worldwide.
Poorly controlled high blood pressure during pregnancy increases the risk of pregnancy
complications and development of future cardiovascular diseases. However, the choice for
antihypertensive therapy during pregnancy has been limited due to side effects of many
commonly used antithypertensive drugs and lack of other proven safe treatment options.
Eugenol is a natural phenolic compound and the main component of clove oil. It is known for
its antioxidant, anti-inflammatory and vasorelaxant actions. These beneficial effects of
eugenol make it as an excellent therapeutic candidate for treatment of hypertensive disorders
of pregnancy. Thus, as a first step, we compared the vasorelaxant effect of eugenol on the
middle uterine arterial (MUA) rings from pregnant and nonpregnant goats. Additionally, we
examined the potential involvement of the transient receptor potential channel 1 (TRPV1) in
mediating the actions of eugenol and compared the effects with a known TRPV1 channel
agonist, capsaicin. Isometric tension was measured in MUA rings from endometrial-
myometrial junctions of pregnant and nonpregnant goats precontracted with phenylephrine,
using a highly sensitive isometric force transducer and an automatic organ bath. The
concentration-dependent contractile response curves of eugenol were compared to capsaicin,
with and without pre-incubation of the MUA rings with a selective and non-selective TRPV1
antagonists, capsazepine (CAPZ) and Ruthenium Red (RR), respectively. Capsaicin induced
concentration-dependent vasorelaxation in nonpregnant PE precontracted MUA rings and the
concentration-response curve shifted to the right with significantly reduced pICsy and Ry,
values in the presence of CAPZ and RR. The effects were similar in MUA rings from
pregnant animals, except that there was a moderate increase in pICs, values in the presence of
RR. Similarly, eugenol induced concentration-dependent vasorelaxation in both nonpregnant

and pregnant PE precontracted MUA rings and the effects were markedly antagonized by
2
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CAPZ and RR. However, compared to capsaicin, the R, of eugenol was increased 31.25%
in nonpregnant and 97.99% in pregnant MUA rings. These results suggest that eugenol has
highly potent vasorelaxant effect in MUASs and its effect is partly mediated through activation
of the TRPVI channel. Most importantly, its vasorelaxant effect is about three-fold
augmented in pregnancy, suggesting its potential value as a nutraceutical agent and
therapeutic candidate for treatment of hypertensive disorders of pregnancy.

Key words: capsaicin, eugenol, TRPVI, uterine artery, pregnancy, hypertension,

vasorelaxation

Introduction

In pregnancy the hypertensive disorders may be chronic (pre-existing) or gestational. When
blood pressure is maintained at 140/95mmHg before pregnancy to 20th week of gestation is
designated as chronic. If such blood pressure is prolonged beyond 20th week of pregnancy it
is defined as gestational hypertension. The gestational hypertension is resolved within 42
days after delivery [1,2]. Current treatment for hypertensive pregnancy disorders is to control
and manage blood pressure and seizures with antihypertensive and magnesium sulphate [3],
however, the ultimate option is to deliver foetus and placenta [4]. Blood pressure levels
requiring therapy in pregnancy have been set at higher systolic and diastolic levels compared
to the general population. Therapeutic intervention is recommended if blood pressure during
pregnancy is maintained at < 149/95 mmHg. The first choice of drugs are methyldopa and
labetalol followed by nifedipine to treat severe form of hypertension during pregnancy [2, 5].
Other drugs like ACE-inhibitors and angiotensin II receptor blockers (ARBs) is
contraindicated during pregnancy [2, 5] due to adverse foetal outcomes like intrauterine
growth retardation, neonatal hypotension, oligohydramnios, and patent ductus arteriosus [6,
7]. Similarly, diuretics can cause placental hyper perfusion and B-blockers except labetolol
and atenolol has been reported to be associated with intrauterine growth restriction, preterm

delivery, neonatal hypoglycemia and bradycardia [1]. Although, plethora of small therapeutic
3
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79  molecules have been developed in treating hypertensive disorders of pregnancy, they have
80  varying success [9-10]. Based on clinical observational studies, practically none of them are
81  evaluated as per the guidelines of rational pharmacotherapy during pregnancy. In recent
82  years, adverse foetal outcomes have resulted from use of non-recommended antihypertensive
83  drugs pregnant women in different countries [11]. In order to overcome such crisis, use of
84  nutraceutical derived antihypertensive agents would be a better option without any risk for
85 adverse foetal outcomes.
86  Hypertensive disorders of pregnancy include range of conditions which, if not treated, may
87  lead to preeclampsia [12] and eclampsia, a severe form of hypertension and convulsions and
88 may also consequent into coma and death causing an estimated 14% pregnancy-related
89  maternal deaths. Preeclamptic mothers have higher risk of cardiovascular diseases including
90 chronic heart failure, hypertension, and stroke [8]. Preeclampsia may also associate with
91 intrauterine growth restriction (IUGR) which could cause premature births. These pregnancy
92  complications are particularly of importance in developing countries where incidence of
93  preeclampsia is greater and maternal mortality and preterm births are higher compared to that
94  of developed countries [13-15].
95  While there is no definitive mechanism or aetiology of preeclampsia, common risk factors are
96  pre-existing diabetes [16], obesity [17], African American ethnicity, and family history of
97  preeclampsia [18-19]. During embryo implantation, placental trophoblast cells invade the
98 uterine arteries (spiral arteries in humans) and induce its remodelling, while obliterating the
99 tunica media of the myometrial spiral arteries which allows the arteries to accommodate
100  increased blood flow to nourish the developing foetus [20]. This abnormal spiral artery
101  remodelling was seen and described over five decades ago in pregnant women who were
102 hypertensive [21]. It has since been shown to be the central pathogenic factor in pregnancies
103  complicated by intrauterine growth restriction, gestational hypertension, and preeclampsia

104  [20]. Defective trophoblastic invasion with associated uteroplacental hypoperfusion may lead
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105  to preeclampsia and has been supported by animal and human studies [22-23]. Therapeutic
106  vasorelaxation of spiral arteries could improve placental blood flow, reducing risks to the
107  fetus, and potentially alleviate maternal hypertension.

108  Vascular tone is regulated in part by transient receptor potential Ca™ channels, including
109 TRPVI, a polymodal nociceptor member of the TRPV subfamily. TRPV1 can be activated
110 by capsaicin, noxious heat, extracellular protons, vanilloids, and voltage-dependent
111 depolarization [20]. It is predominately expressed in sensory nerves and non-neuronal tissues
112 and can cause vasodilation through calcitonin gene related peptide (CGRP) and mediate
113 vascular functions via baroreceptor reflex [24]. Its functions in various organs include pain
114  perception, attenuation of inflammatory pain, cell migration, and modulation of receptor
115  activity [25]. TRPVI1 in the vascular system plays a vital role in regulation of
116  vasoconstriction and vasodilation [26].

117  Capsaicin (8-methyl-N-vanillyl-trans-6-nonenamide) is the principal active constituent of hot
118  chilli peppers and has been used as a spice for enhancing flavour and as an analgesic [27].
119  Capsaicin has significant stimulating effects, including stimulation of thermogenesis,
120  catecholamine secretion from the adrenal medulla, adipogenesis via enhancement of energy
121  metabolism, and weight reduction [28]. Capsaicin is also a selective agonist for the TRPV1
122 cation channel [29] and capsaicin-induced vasorelaxation has been reported in human
123 coronary artery, rat aorta [30], guinea pig ileum [31], human and porcine coronary arteries
124 [32], rat mesenteric artery [33], and goat mesenteric artery [34].

125 Another naturally occurring compound with vasorelaxant effects is eugenol (4-allyl-2-
126 methoxyphenol), a chief component of clove oil. Its myorelaxant [35] and vasorelaxant
127  effects in rat [36-37], rabbit thoracic aorta, and rat mesenteric vascular bed [38] suggest it
128  could be used in the treatment of hypertension. Due to the presence of a vanillyl moiety like
129  that in capsaicin, eugenol may also cause vasorelaxation via activation of TRPV1 channels

130  [39]. Eugenol may dilate resistant arteries by increasing the expression of its target genes,
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131  sarco/endoplasmic reticulum Ca?>*-ATPase (SERCA) and big potassium (BK) calcium
132 activated potassium channels (KCa 1.1 or KCNMAI1 gene) channel [40-41], thereby relaxing
133 vascular smooth muscle cells and decreasing blood pressure. Information regarding the
134  effects of capsaicin and eugenol on uterine arteries via activation of TRPV1 channels is
135  lacking. Utilizing a novel Capra hircus MUA denuded from endo-myometrial junction, a
136  novel arterial model similar to human uterine arteries, and combining functional and
137  electrophysiological studies, we demonstrate that naturally occurring compounds, capsaicin
138  and eugenol, induce vasorelaxation in pregnant and nonpregnant goat MUA and this effect is
139  mediated through endometrial TRPV1. Especially, eugenol due to its higher effectiveness
140  could be used therapeutically to control hypertension and is a potential candidate to treat
141  effects of preeclampsia associated with reduce spiral artery blood flow.

142

143 Materials and methods

144  Ethical guidelines

145  Protocols were approved by the institutional ethical committee on Animal Research
146 (433/CPCSEA/CVS vide ID.No.1586(6)/CVS/dt.03.05.2016).

147  Drugs and Chemicals

148  Commercially available phenylephrine (PE), capsaicin, eugenol, and CAPZ were obtained
149  from Sigma-Aldrich, USA, and RR from MP Biochemicals, India. PE was prepared in triple
150  distilled water whereas Capsaicin and CAPZ, were prepared by dissolving in 70% ethanol.
151  Preparation of endo-myometrial junction middle uterine artery rings

152  Non-pregnant and pregnant uteri intact with broad ligaments and uterine arteries were
153  obtained and placed into aerated ice-cold Modified Krebs-Henseleit Saline (MKHS) (118
154 mM NaCl, 4.7 mM KCI, 2.5 mM CaCl2, 1.2 mM MgSO4, 11.9 mM NaHCO3, 1.2 mM
155 KH2PO4, and 11.1 mM dextrose, pH 7.4). The arteries from myometrial and endometrial

156  junction were promptly excised. Secondary branches of uterine arteries supplying the uterine
6


https://doi.org/10.1101/2020.09.22.307629
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.09.22.307629; this version posted September 23, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

157  horns were carefully cleansed off of fascia and connective tissue in MKHS solution under
158  continuous aeration. The arteries were cut into ~2 mm long segments of circular rings.

159  Isometric tension assay

160  Endothelium intact middle uterine arterial rings were mounted between two fine stainless-
161  steel L-shaped hooks [42] and kept under a resting tension of 1.5 gm at 37.0+0.5 °C in a
162  thermostatically controlled automatic organ bath (Pan Lab) of 20 mL capacity aerated with
163  carbogen (95% O,, 5% CO,). Change in isometric tension was measured by a highly sensitive
164  isometric force transducer (Model: MLT0201, AD instrument, Australia) and analysed using
165  Chart 7.1.3 software.

166  Experimental protocols

167  The arterial rings were precontracted by exposure to PE (10°M) to produce a maximal,
168  sustained contraction, then challenged with either cumulative concentrations of Capsaicin
169 (107 to 10 x 10 M) or Eugenol (10 to 10> M). To investigate the involvement of TRP
170  channels in Eugenol and Capsaicin responses, arterial rings were pre-treated with CAPZ (10
171 M), specific blocker of TRPV1, or RR (10 M), a non-selective TRP channels blocker, for a
172 period of 30 minutes. The concentration-response curves (CRCs) for capsaicin- and eugenol-
173  treated arterial rings were compared with those of untreated controls. The CRCs for capsaicin
174  and eugenol in the presence and absence of RR and CAPZ were also determined. CRCs were
175  plotted and the plICs, calculated for each condition. The pICsy and Ry,/Rpmax 0f the CRCs
176  were compared for each set of experiments.

177  Data analysis and statistics

178  Data are presented as the mean + S.E.M. Concentration-response curves are based on the
179  percent relaxation from the agonist-induced contraction (control), and the curves were fitted
180  using interactive non-linear regression in Graph Pad Prism (Graph Pad Prism Software, San

181  Diego, CA, USA). The Ry.x/Rpmax, mean threshold concentration, and -logICsy/pICsy were
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182  calculated in Graph Pad Prism. Unpaired Student’s t-test was used to compare groups. A

183  value of p < 0.05 were considered statistically significant.

184  Results

185  Capsaicin-induced vasorelaxation of middle uterine arteries

186  Middle uterine arterial rings from endometrial and myometrial junction were mounted and a
187  contraction was induced with PE. Bath application of capsaicin caused concentration-
188  dependent relaxation of this contraction. Capsaicin caused concentration-related
189  vasorelaxation in PE pre-contracted MUA rings of nonpregnant animals (Ry.x =
190  28.06+0.67%, pICso = 7.28+0.06; n = 6) (Table 1). When MUA were pre-incubated for 30
191  min with CAPZ (10 M), it inhibited Capsaicin-induced relaxation as demonstrated by the
192  rightward shift in the CRC and statistically significant decrease in Rpp,x and plCs
193 (7.52+0.2% and 5.68+0.04, respectively; P<0.001) (Fig 1A). Similarly, pre-incubation with
194  RR shifted the CRC to the right with significant decreases in Rgyax (4.71£0.11%; P<0.001)
195  and pICs,(6.88+0.12; P<0.05) (Fig 1A).

196

197  In pregnant goats, capsaicin induced concentration-dependent relaxation in the arterial rings
198  (Rpax = 23.86t 0.97%, plCso = 7.01+0.12) (Table 1). When preincubated with CPZ,
199  capsaicin-induced relaxation reduced with a rightward shift in the curve and significant
200 decrease in Rgp.x and pICsg (12.424+0.59% and 6.68+0.12, respectively, <0.001) (Fig 1B). In
201 the presence of RR, capsaicin-induced relaxation decreased with a shift of the curve to the
202  right and a significant decrease in Rpp.x (14.334£0.77%; P<0.001) and a non-significant
203 increase in pICsy(7.30+0.10) in the presence of RR (Fig 1B).

204  Vasorelaxation induced by Eugenol involves TRPV1 channel activation

205 MUA rings of nonpregnant uteri when incubated with eugenol significantly relaxed the
206 arterial rings precontracted with PE (R, = 36.83+£0.66%, pIC50 = 6.93+0.09) (Table 1). To

207  investigate the endothelial-cell dependent mechanism of Eugenol-induced vasorelaxation, the
8
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208  experiments were performed in the presence of TRPV1 inhibitors CAPZ and RR. The
209 eugenol CRC shifted to the right with a significant decrease in Rpy, and pICsy in the
210  presence of CAPZ (Rgmax = 3.89+0.35%, pICso = 5.86+0.03; P<0.001; n=6) (Fig 2A). On the
211 other hand, incubation with RR shifted curve rightward with significant decrease in Rpp,y
212 (6.57+£0.39%; P<0.001) and a nonsignificant decrease in pICs, (6.70+=0.13) (Fig2A).

213 In the MUA of pregnant uteri, eugenol induced vasorelaxation (Ry.x 47.24+1.61%, plICs,
214 6.84+0.06) (Figure 2B). When incubated with CAPZ, a competitive TRPV1 and TRPMS
215  receptor antagonist, the curve shifted to the right and caused a significant decrease in Rppy,y
216 (15.67+0.98%; P<0.001) and a nonsignificant increase in pICsy (6.9+£0.09) (Figure 2B).
217  However, eugenol-induced relaxation significantly decreased (Rpmax 9.81£0.30%,
218  plCs55.89+0.13; P<0.001; n=6) in the presence of RR (Fig 2B). The mean maximal effects of
219  different ligands relative to capsaicin vasorelaxation (100%) are presented in Fig 3.

220

221  Table-1 Capsaicin- and eugenol-induced vasorelaxation in phenylephrine (10-3M)-
222 precontracted MUA rings from nonpregnant (NP) and pregnant (P) Capra hircus in the

223  absence (control) or presence of capsazepine (CAPZ) (10-°M) or ruthenium red (RR) (10-°M).

CAPSAICIN EUGENOL
CON CAPZ RR CON CAPZ RR

NP  Rmax/RBmax (%) 28.06+0.67 7.52+0.20° 4.71£0.11*  36.83+0.66 3.89+0.35 6.57+0.39*

-LOG IC;, 7.28+0.06  5.68+0.04° 6.88+0.12"  6.93+0.09 5.86+0.03° 6.70£0.13

P Rmax/RBmax (%) 23.86:0.97 12.42+0.59%¢ 14.33£0.77*¢ 47.24£1.61¢ 15.67+098*  9.81+030%*

-LOG IC, 7.01£0.12  6.68+0.12 7.30£0.10¢  6.84£0.06  6.900.09° 5.89+0.08

3(p<0.001), ®(p<0.05) represent level of significance between data of each row (treated) compared with the data of
control, (CON). ¢(p<0.001), 4(p<0.05) represent level of significance between the NP and P. Values are

224 represented as meantSEM, (n=6). SEM = standard error of mean.

225
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226 Discussion

227  Hypertensive disorders of pregnancy are most common medical disorders of pregnancy
228  which complicate 1 in 10 pregnancies. Notably, preeclampsia, a hypertensive disorder of
229  pregnancy, affects 2—-8% of pregnancies worldwide. Whereas the rates of occurrence of
230  preeclampsia overall have remained unchanged, the cases of severe preeclampsia have begun
231 to rise over the last several decades [43-44]. Treatment recommendations for hypertension in
232 pregnancy is set at varying levels than in general population. Blood pressure levels requiring
233 therapy in pregnancy have been set at higher systolic and diastolic levels compared to the
234 general population.

235 Treatment of severe hypertension requires pharmacological intervention using methyldopa,
236  labetalol, and nifedipine; however, current clinical management is limited, and more
237  innovative medical therapies are needed. Labetalol may be associated with foetal growth
238  restriction and nifedipine may inhibit labour. Hydralazine, other antihypertensive drug, has
239  been tested few controlled trials, and may cause neonatal thrombocytopenia. Beta-receptor
240  blockers may reduce uteroplacental blood flow and have the risk of growth restriction when
241  started in the first and second trimester. It also may cause neonatal hypoglycaemia at higher
242  dose. Hydrocholorothiazide may cause volume contraction and electrolyte disorders,
243 however, may be helpful when combined with methyldopa to mitigate compensatory fluid
244  retention. During pregnancy, the challenge is in deciding when to use antihypertensive
245  medications and what level of BP to target. Despite advancements in therapeutic discoveries,
246 it is crucial to consider the safety of the novel agents as therapeutics in pregnant women and
247  to the foetus. Small molecules, despite their role in clinical management, possess varying
248  success rate. Sildenafil, a phosphodiesterase inhibitor, for instance, was originally thought to
249  be a promising uterine vasodilator. However, it did not improve pregnancy outcomes
250 compared to placebo treatment in the women with intrauterine growth restriction [45]. No

251  antihypertensive drug has been proven safe for use during the first trimester [46].
10
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252 Other small molecules such as statins (e.g., Pravastatin) because of their stimulatory effects
253  on hemeoxygenase (HO) and improved vascular functions [47] show clinical promise in
254  treating early onset preeclampsia; however, randomized clinical trials are still in progress
255  [45]. Ouabain, a cardiac glycoside, has been shown to inhibit SFLT-1 mRNA and protein
256  expression through the HIF-1a/heat shock protein 27 pathway in human cytotrophoblasts and
257  explant cultures; however, further investigation of ouabain as a therapeutic is yet to be
258  characterized [45-46]. Novel agents acting upon immediate mediators of vasorelaxation such
259 as TRP ion channels are potential therapeutic candidates for preeclampsia and other
260  hypertensive pregnancy disorders.

261 Therefore, novel natural or endogenous vasorelaxants are needed to treat hypertension
262  during pregnancy with lower risks and better safety during pregnancy. Novel agents acting
263 upon immediate mediators of vasorelaxation such as TRP ion channels are potential
264  therapeutic candidates for preeclampsia and other hypertensive pregnancy disorders. The
265  present study examines the role of natural compounds, capsaicin and eugenol, and assesses
266  the sensitivity of TRPV1 ion channel in our novel model of spiral arteries, the caprine middle
267  uterine arteries. TRP channels, a superfamily of about 28 nonselective cation channels
268  playing key role in vasomotor tone, are divided into 7 subfamilies including TRP Vanilloid
269  (TRPV) [48]. TRPV1 plays key regulatory role in thermal nociception [49] and is important
270  in thermal hyperalgesia after inflammation or tissue injury [50]. TRPV1 channels are found
271  on nociceptive axons in rat vagina [51] and human cervix [52]. In addition, estrogen enhances
272 pain evoked by uterine distension via a TRPV1 receptor-dependent mechanism [53].
273 Hypertension is the most common medical disorder of pregnancy, and it is possible that
274 activation of the TRPV1 receptor in the uterine vasculature could control such hypertension
275  during pregnancy.

276 Our study demonstrate that vasorelaxation to capsaicin is attenuated byl15% in uterine

277  artery of pregnant as compared to that of non pregnant goat. Eugenol-induced vasorelaxation

11
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278 in PE-precontracted arteries was 31% greater in nonpregnant goats and 68% greater in
279  pregnant goats than that of capsaicin (100%) in nonpregnant goats. These results clearly
280 indicate that the contribution of Capsaicin-sensitive TRPV1 channels to vasorelaxation of
281  uterine artery is reduced in pregnancy .

282 The TRPV1 antagonist CAPZ is a chemical derivative of capsaicin that has been used
283  extensively as a pharmacological tool to assess the role of TRPV1 in inflammatory
284  hyperalgesia [54]. Similarly, RR, a water soluble polycationic dye, has been found to block
285 the pores of the capsaicin-responsive cation channel TRPV1, thus interfering with all
286  polymodal ways of TRPVI activation [55]. TRPV1 channel blocker has been reported to
287  inhibit TRPV1-mediated vasorelaxation in human coronary artery at 0.1 mM by 94%, rat skin
288  saphenous nerve preparation at 50 uM, and rat mesenteric artery at 3 uM by about 40% [56].
289  RR at 10 uM inhibited capsaicin-induced vasorelaxation in goat superior mesenteric artery by
290  83%, indicating that the TRPV1 channel in this tissue possesses antagonist binding sites with
291  greater sensitivity to RR [34]. TRPV1-induced vasorelaxation may be mediated by activation
292 of endothelial TRPVI1 channels, causing increased Ca’?" influx and consequent
293 phosphorylation of protein kinase A (PKA) and eNOS, leading to release of the vasorelaxing
294  factors cAMP and nitric oxide [28]. We demonstrate that CAPZ and RR reduced maximal
295  capsaicin-induced uterine artery vasorelaxation by 73% and 83%, respectively, in
296  nonpregnant and by 41% and 34%, respectively, in pregnant goats. The reduced blocking
297  effect of CAPZ and RR at capsaicin sensitive TRPV1 channels in pregnant as compared to
298 that of nonpregnant uterine arteries, RR having a greater inhibitory effect than does CAPZ in
299  nonpregnant goats and CAPZ having a greater inhibitory effect than RR in pregnant goats
300 clearly indicates that there is a significant reduced sensitivity of capsaicin sensitive TRPV1
301 channels to both the antagonists in uterine artery of pregnant goat. The reduced sensitivity of
302 TRPVI channels could be resulted from reduced function arising from down-regulation or

303  expression of capsaicin sensitive TRPV1 channels or expression of other members of the
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304  TRP families (e.g., TRPMS8 and TRPA1) in these remodelled arteries whose roles in female
305  reproductive tract is yet to be determined.

306 Eugenol has numerous pharmacological effects, including inhibition of voltage-gated
307 sodium channels and activation of TRPV1 [56]. Electrophysiological studies show that
308 eugenol activates Ca?"-permeable ion channels [57]. Both the in vitro and in vivo actions of
309  eugenol are reversed by CAPZ, suggesting that its effects are mediated by TRPV1. However,
310 eugenol is a nonselective TRPV1 agonist, as it is also able to activate other TRP channels,
311  such as TRPA1 and TRPMS [58], and TRPV4 [59]. In this study we observed that eugenol
312  vasorelaxation increased from 31% in nonpregnant goats to 68% in MUA of pregnant caprine
313  when compared to that of capsaicin-induced vasorelaxation (100%). Furthermore, CAPZ and
314  RR inhibited eugenol vasorelaxation (100%) in uterine artery by 90% and 82%, respectively,
315 in nonpregnant and by 67% and 79%, respectively, in pregnant caprine indicating that
316  eugenol vasorelaxation in the MUA of nonpregnant goats is predominantly mediated by
317  capsaicin sensitive TRPV1 channels. This reduced inhibitory effect of CAPZ on eugenol-
318 induced vasorelaxation compared to that of RR clearly suggests that, in pregnant uterine
319  artery, eugenol vasorelaxation could be mediated in part by both CAPZ sensitive channels
320 and CAPZ-resistant TRPV1 channels. Eugenol in MUA of gravid uteri could be activating
321  other TRP channels such as TRPA1 and TRPMS and this could explain the CAPZ-resistant
322 eugenol vasorelaxation observed in uterine arteries from pregnant animals.

323 Collectively, our results indicate that capsaicin sensitive TRPV1 channels show reduced
324  sensitivity in the MUA in pregnant goats as compared to those in nonpregnant. We
325  demonstrate that reduced blocking effects and/or binding affinities of both the selective and
326  nonselective TRPV1 antagonists in the MUA in pregnancy could be due to decreased
327 function or expression of capsaicin sensitive TRPV1 during vascular remodelling. Our
328 findings show greater differential increase in vasorelaxation between eugenol and capsaicin

329  in the MUA from pregnant than from nonpregnant animals. Though mechanism is yet to be
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330 discovered, eugenol-induced selective vasorelaxation during pregnancy show high impact on
331 the therapeutic potential of this compound. A further investigation to characterize affinity of
332 eugenol to both TRPV1 and other related members of the TRP family in caprine model is
333 needed. Likewise, a greater inhibitory effect by both CAPZ and RR on eugenol-induced
334  vasorelaxation in MUA as compared to that on capsaicin vasorelaxation clearly indicates that
335 the TRPV1 channel has a greater sensitivity to eugenol that is further augmented upon
336  vascular remodelling in pregnancy. TRPV1 shows wide tissue distribution with highest
337 expression in dorsal root ganglion, trigeminal ganglia, and nodose ganglia [20] and is
338 associated with inflammatory conditions and nociception. TRPV1 expression occurs in
339  epidermis [60], polymorphonuclear granulocytes [61], smooth muscles [62], mast cells [63],
340 dendritic cells, and macrophages [64]. Several studies have shown its expression in neuronal
341  tissues brain regions [65, 66], and in non-neuronal tissues Similarly, it is sensitized in the
342 presence of inflammatory mediators such as prostaglandins and bradykinins, physical and
343  chemical stimuli [67-69]. Capsaicin and other related compounds are lipophilic and share
344  structural similarity with endogenous fatty acid derivatives that have been identified as
345  TRPVI1 agonists such as anandamide (an endocannabinoid) interact at intracellular regions of
346 TRPVI1 [70]. Mild acidic pH at extracellular side of the channel [71] also activates TRPV1.
347  Various activators of TRPV1 potentiate the effect leading to synergistic and enhanced
348  activity [72] which is important in the context of inflammation due to wide variety of
349  inflammatory agents generated in inflamed conditions.

350 In the context of pregnancy where an inflammatory condition ensues producing cytokines
351  and recruitment of leukocytes to the uterine site for implantation, growth, development, and
352  progression of pregnancy. Hormonal, cytokine, and immune milieu during pregnancy would
353  provide a continuous synergising and activating stimulus to TRPV1 and thus eugenol and

354  capsaicin could impact on this ion channel and induce vasorelaxation during hypertensive
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355  pregnancy disorders including preeclampsia. Thus, these compounds can be promising

356  vasorelaxation inducers; however, further mechanistic studies are needed.

357 Conclusions

358  Our results indicate that eugenol and capsaicin can be used as selective vasorelaxant and
359 TRPVI1 may be involved in this phenomenon. These results are supported by evidence of
360 induced vasorelxation in the pregnant middle uterine arteries by the agents. We also showed
361  that eugenol is more potent and stronger inducer of vasorelaxation as shown by greater
362  inhibitory effect of CAPZ and RR on eugenol-induced vasorelaxation in pregnant MUA
363  compared to that in nonpregnant animals. Increased sensitivity of TRPV1 to eugenol during
364  pregnancy could be due to increased sensitivity of TRPV1 and/or activation of other TRP
365 channels, such as TRPV4, TRPAI, and TRPMS. Eugenol could be therapeutically useful in
366  treatment and prevention of hypertension during pregnancy (i.e., preeclampsia). Selective
367  vasorelaxation in the pregnant Caprine MUAs in novel spiral artery model by eugenol
368 mediated by TRP channels makes it a potent therapeutic vasorelaxant and begs a further

369  investigation of the underlying mechanisms.
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