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Abstract
AIM: To investigate the effects and underlying mechanisms of resveratrol and genistein on contractile responses of rat gastrointestinal smooth muscle.

METHODS: Isolated strips of gastrointestinal smooth muscle from Spraque-Dawley rats were suspended in organ baths containing Kreb’s solution, and the contractility of smooth muscles was measured before and after incubation with resveratrol and genistein, and the related mechanisms were studied by co-incubation with various inhibitors.

RESULTS: Resveratrol and genistein dose-dependently decreased the resting tension, and also reduced the mean contractile amplitude of gastrointestinal smooth muscle. Estrogen receptor blockades (ICI 182780 and tamoxifen) failed to alter the inhibitory effects induced by resveratrol and genistein. However, their effects were attenuated by inhibitions of (-adrenergic receptor (phentolamine), nitric oxide synthase (levorotatory-NG-nitroarginine), ATP-sensitive potassium channels (glibenclamide), and cyclic adenosine monophosphate (SQ22536). In high K+/Ca2+-free Kreb’s solution containing 0.01 mmol/L egtazic acid, resveratrol and genistein reduced the contractile responses of CaCl2, and shifted its cumulative concentration-response curves rightward.

CONCLUSION: Resveratrol and genistein relax gastrointestinal smooth muscle via (-adrenergic receptors, nitric oxide and cyclic adenosine monophosphate pathways, ATP-sensitive potassium channels, and inhibition of L-type Ca2+ channels.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Core tip: Female hormones can cause gastrointestinal motility disorder and may contribute to irritable bowel syndrome. As analogs of estrogen, the phytoestrogens resveratrol and genistein possess variable degrees of agonistic/antagonistic effects, but little is known about their effects on gastrointestinal motility. The present study demonstrates that, similar to estrogen, resveratrol and genistein attenuate gastrointestinal smooth muscle motility through various mechanisms. The results reflect the physiologic and pharmacologic actions of resveratrol and genistein, provide the pharmacologic guidance for the application of these compounds, and are also very valuable for medicine and nutrition.
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INTRODUCTION
Gastrointestinal motility is an important and complex physiologic activity within the digestive tract that is regulated by neural and endocrine hormones. A major contributing factor to gastrointestinal symptoms is dysfunction of gastric motility. Sex hormones, estrogens in particular, are known to cause gastrointestinal motility disorder and contribute to irritable bowel syndrome[1,2]. The phytoestrogens resveratrol and genistein are structurally and functionally similar to estrogens and possess a wide spectrum of physiologic and pharmacologic effects, such as estrogenic[3,4], anti-atherosclerosis[5], and anti-osteoporosis[6] effects, and relieve menopausal symptoms[7] and inhibit tyrosine kinases[8,9]. Recent data indicate that genistein and resveratrol can inhibit vasocontractile responses[10,11], and affect gallbladder[12] and gastrointestinal[13-17] smooth muscle contraction. Despite the increasing attention to the effects of phytoestrogens in smooth muscles, little is known about the mechanisms of these effects. The present study was designed to observe the effects of the phytoestrogens resveratrol and genistein on the contraction of isolated gastrointestinal muscle strips, and to study the underlying mechanisms.

MATERIALS AND METHODS

Animal and tissue preparation

The present work was conducted in accordance with the guidelines for the Care and Use of Laboratory Animals from the National Institutes of Health and our institution. Preliminary studies indicated that no differences existed between sexes with respect to either the contractile responsiveness to agonists or the sensitivities to genistein and resveratrol. Therefore, adult non-pregnant female Sprague-Dawley rats (220-280 g, provided by the Experimental Animal Center of Lanzhou University) were utilized in this study. After an overnight fast, animals stunned by striking their head, and whole stomach and duodenum were quickly removed and placed in Kreb’s solution containing (mmol/L): NaCl 120, KCl 5.9, NaH2PO4 1.2, MgCl2 1.2, NaHCO3 15.4, CaCl2 2.5, and glucose 11.5, buffered at pH 7.4. After removal of the mucosa by blunt dissection, muscle strips were prepared from the body and antrum of the stomach and duodenum by cutting parallel to the long axis of the tissue, and mounted horizontally in separate 5 mL tissue chambers containing 37 ± 0.5 ℃ Kreb’s solution, bubbled with 95% O2 and 5% CO2. The muscle preparations were allowed to equilibrate for 20-30 min with a resting tension of 1.0 g and the solution was changed every 20 min. The isometric contractions were measured with force transducers and recorded with the BL-420E+ experimental system of biologic function (TME, China) by microcomputer.

Experimental protocols

To observe the direct effects of resveratrol and genistein on the basal contractile activities of gastrointestinal, different concentrations (0.01, 0.05, 0.10, 0.50, 1.00, 5.00, 10.00, and 50.00 (mol/L) of resveratrol and genistein or the same dose of solvent (control) was added in progressively increasing cumulative concentrations every 2 min. In order to investigate the mechanism of action, tissues were pre-incubated for 2 min with inhibitors of the estrogen receptors (1 (mol/L tamoxifen and 10 (mol/L ICI 182780), or 10 (mol/L of inhibitors of (-adrenergic receptor (phentolamine), nitric oxide (NO) synthase (levorotatory-NG-nitroarginine), cyclic adenosine monophosphate (cAMP) (SQ22536), and the ATP-sensitive potassium channel (KATP) (glibenclamide) before administration of different cumulative concentrations of genistein or resveratrol. 

To determine the effects of resveratrol and genistein on contractile responses to CaCl2, gastric smooth muscle strips were first equilibrated with calcium-free Krebs solution for 30 min. KCl (final concentration 80 mmol/L) was added to the tissue chambers and tension was measured after 10 min. Afterward, a calcium-contraction curve experiment (CaCl2 final concentration: 10 (mol/L to 0.1mol/L) was performed according to a reported method[10]. After washing with calcium-free solution several times and recovering resting tension, the muscle strips were incubated with KCl (80 mmol/L) and resveratrol or genistein (final concentrations 1.0 or 50.0 (mol/L) for 5 min, then the calcium-contraction experiment was repeated.

Drugs

Resveratrol, genistein, tamoxifen, SQ22536, glibenclamide, and levorotatory-NG-nitroarginine were purchased from Sigma-Aldrich (St. Louis, MO, USA). ICI 182780 was purchased from Tocris Bioscience (Bristol, UK). All drugs were dissolved in dimethyl sulphoxide so that the final concentration of dimethyl sulphoxide was never > 0.1%, which had no effect on basal contraction.

Statistical analysis

All results are expressed as mean ± standard error or as percentage change [(effect size - baseline contractile response)/baseline contractile response × 100]. In experiments involving concentration-response curves, the results are expressed as percentage of control maximal contractile responses induced by 0.1 mol/L CaCl2. The maximum contractile response (Emax) and the half-maximum effective concentration value (EC50) were determined for each curve by using a non-linear least square fitting procedure of individual experimental data and presented as pD2 (pD2 = -logEC50). Concentration-response curves were performed by using the Prism statistical software (Graph Pad Software, La Jolla, CA, USA) according to a sigmoid regression equation: Y = bottom + (top - bottom)/[1 + 10(logEC50-X) × Hill slope)], where X is the logarithm of the drug concentration and Y is the response. The statistical significance in concentration-response curves of the two groups was determined by two-way analysis of variance, and the others were evaluated by the Student’s t-test for paired and unpaired observations. P values less than 0.05 were considered statistically significant.

RESULTS

Inhibitory effects of resveratrol and genistein on spontaneous gastrointestinal contraction

Representative tracings show the response to cumulatively applied resveratrol and genistein in body of stomach, duodenum and antrum of stomach smooth muscle strips (Figure 1). Resveratrol and genistein dose-dependently decreased the resting tension (n = 10; r = 0.99; P < 0.01) (Figure 2), the mean contractile amplitude (n = 10; r = 0.98; P < 0.01) and the contraction frequencies (data not shown). 

Effects of resveratrol and genistein on gastric smooth muscle strip contractility in the presence of phentolamine and levorotatory-NG-nitro arginine

Incubation of gastric smooth muscle strips with 10 (mol/L phentolamine or levorotatory-NG-nitroarginine attenuated the inhibitory effects induced by resveratrol and genistein (Figure 3). Phentolamine and levorotatory-NG-nitroarginine alone had no obvious effect on basal activity.

Effects of resveratrol and genistein on gastric smooth muscle strip contractility in the presence of glibenclamide, SQ22536, ICI 182780 and tamoxifen

Incubation of gastric smooth muscle strips with 10 (mol/L glibenclamide or SQ22536 attenuated the inhibitory effects induced by resveratrol and genistein (Figure 4). However, ICI 182780 (10 (mol/L) and tamoxifen (1 (mol/L) did not alter the effects of resveratrol or genistein. ICI 182780, tamoxifen, glibenclamide and SQ22536 alone had no obvious effect on basal activity.

Effects of resveratrol and genistein on contraction response to CaCl2

As summarized in Figure 5, incubation with 50.0 (mol/L resveratrol inhibited contractile responses of the body of the stomach to CaCl2 (pD2: 2.90 ± 0.03 vs 2.56 ± 0.07, Emax: 100.50 ± 1.22 vs 41.62 ± 1.32; Ps < 0.05). Similar effects were seen with 50.0 (mol/L genistein (pD2: 2.85 ± 0.06 vs 2.46 ± 0.22, Emax: 102.00 ± 3.36 vs 31.57 ± 4.40; Ps < 0.05). However, 1.0 (mol/L concentrations of resveratrol and genistein had no significant effect on calcium-dependent contraction.

DISCUSSION

There are structural similarities between the steroidal nucleus of 17 (-estradiol and the rigid ring structure of the phytoestrogen genistein, both of which can easily enter the cell and affect gene expression due to their lipid-solubility and relatively small molecular weight[10,11]. The structural similarity between resveratrol and the synthetic estrogen diethylstilbestrol prompted us to investigate whether resveratrol might exhibit estrogenic activity in gastrointestinal motility[1,2]. Studies in vitro have shown that ICI 182780, a nonselective estrogen receptor (ER) antagonist, blocks resveratrol-induced signaling pathway activation in endothelial cells[18]. In addition, resveratrol has been shown to inhibit vascular smooth muscle cell proliferation via an ER-dependent mechanism[19]. As smooth muscle cells express functional ERs, it is possible that the effects of resveratrol and genistein may be attributed to their interaction with these receptors. However, the results of the present study demonstrate that this is unlikely, as the inhibitory effects of these phytoestrogens were not affected by the ER antagonists ICI 182780 and tamoxifen, which can block the classical ER( and the novel ER([20]. These results suggest that the acute inhibitory effects caused by resveratrol and genistein are not mediated by the classical estrogen receptors.

The gastrointestinal tract has its own local nervous system, known as enteric nervous system, which contains adrenergic and cholinergic neurons. Norepinephrine is an important neurotransmitter in both the central and the peripheral components of nervous system. There are two major classes of adrenergic receptors for norepinephrine, ( and (, which are G protein-coupled receptors that signal through cAMP pathways to regulate sarcoplasmic reticulum Ca2+ mobilization and myofilament Ca2+ sensitivity. Although the (-adrenoceptors mediate excitatory functions in rat liver, spleen and cerebral cortex, and hamster smooth muscle cell lines, they have inhibitory effects in the gastrointestinal tract[21]. To analyze the contribution of (-adrenoceptors and the cAMP pathway in the phytoestrogen-induced relaxing effects in rat isolated gastric smooth muscle, we used phentolamine, one of the (-adrenoceptors blockers[22], and SQ22536, an inhibitor of cAMP synthesis. Our data indicate that these compounds partially blocked the resveratrol and genistein-induced relaxations, indicating that the mechanism involves (-adrenergic receptors and the intracellular cAMP-signaling pathway.

NO is present in the majority of mesenteric neurons, including in the human gastric fundus, and is released to produce proximal gastric relaxation[23]. In addition, relaxation responses to graded mechanical distention are mostly ascribed to passive viscoelastic properties, with a slight NO-mediated neurogenic component[24]. The regulatory mechanisms are not well understood, and differ depending on stimulation[24,25]. NO initiates proximal gastric accommodation in the human stomach. Our data show that resveratrol and genistein-induced relaxation was partially blocked by inhibition of NO with levorotatory-NG-nitroarginine, indicating that NO is partially responsible for these effects in rat corpus longitudinal smooth muscle.

Reduced ATP and increased ADP concentrations activate KATP channels. Thus, it is thought that these channels provide a link between cell metabolism and membrane excitability. Furthermore, KATP channels are activated by a number of neuropeptides and neurotransmitters. Experiments in vivo show that glibenclamide interferes with the excitatory effects of active KATP channels in smooth muscle[26]. Therefore, we used this compound to analyze the contribution of KATP channels to the genistein or resveratrol-induced relaxation of rat isolated gastric smooth muscle. Although glibenclamide is one of the most selective blockers of KATP channels, it can block other types of K+ channels when used in high concentrations (> 30 (mol/L)[27]. As glibenclamide inhibited the effects of resveratrol and genistein, our data indicate that KATP channels are involved in resveratrol- and genistein-induced relaxation of gastric smooth muscle. This data is in agreement with a report by Wang et al[28] showing that resveratrol induced negative chronoscopic and isotropic actions via KATP and large conductance Ca2+ channels in the isolated guinea pig atrium. In contrast, Gojkovic-Bukarica et al[27] reported that glibenclamide does not antagonize the antinociceptive and vasorelaxant effects of resveratrol.

Two sources of calcium contribute to the initiation of smooth muscle contraction: release from the sarcoplasmic reticulum, and influx through calcium channels[29,30] that are activated membrane depolarization from high extracellular K+ concentrations[27]. In our experiments, CaCl2 increased the contractile response of gastric smooth muscle in high K+ depolarization medium in a concentration-dependent manner. Resveratrol and genistein inhibited these contractile responses and shifted the CaCl2 concentration-response curves rightward. Thus, resveratrol and genistein may exert their effects, in part, by inhibiting Ca2+ influx through voltage-dependent calcium channels. The calcium-antagonistic properties contribute to gastrointestinal smooth muscle relaxation in a manner similar to the effect of estrogen[1,10-12].

Resveratrol and genistein are also tyrosine kinase inhibitors[12,14]. Smooth muscle cells exhibit high tyrosine kinase activity, which is involved in the signaling associated with receptor-mediated contractions. Tyrosine phosphorylation is accompanied by capacitive Ca2+ entry evoked by thapsigargin or thrombin in platelets, suggesting a regulatory role for tyrosine kinase[14]. Data show that genistein can suppress the responses to Ca2+ reintroduction, such as sustained contraction, in rat ileal smooth muscles, suggesting that genistein inhibits capacitive Ca2+ entry rather than tyrosine kinase[14], which has supported our speculation of Ca2+-antagonistic properties of genistein. Evidences also demonstrate that the activity of apamin-sensitive K+ channels is facilitated by tyrosine kinase in the rat duodenal smooth muscle[13], and genistein can abolish the spontaneous rhythmic myogenic contractions of the gastric fundus and decrease the amplitude of the spontaneous contractions of rat colon longitudinal smooth muscle in a concentration-dependent manner, however it does not affect the inhibition of the colon circular muscle[15-17]. These findings are consistent with our study, and suggest that the direct inhibitory effects induced by resveratrol and genistein are mediated via diverse mechanisms and pathways. Whether the inhibition of tyrosine kinase is involved in the inhibitory effects of resveratrol and genistein still needs further investigation.

In summary, the phytoestrogens resveratrol and genistein can directly inhibit the contractile activity of isolated gastrointestinal smooth muscle. These effects are due to activation of (-adrenergic receptors, the NO and cAMP pathways, and KATP channels, but are not related to the activation of estrogen receptors.
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Background

The phytoestrogens resveratrol and genistein are structurally and functionally similar to estrogens and possess a wide spectrum of estrogenic physiologic and pharmacologic effects. These compounds can decrease contractile responses of vascular and gallbladder smooth muscles via a Ca2+ antagonistic property which is similar to estradiol, however little is known about the effect of resveratrol and genistein on gastrointestinal smooth muscle motility. 

Research frontiers

Gastrointestinal disorders can be influenced by ovary function, and it is noted that the prevalence of visceral pain disorders such as irritable bowel syndrome, gastroesophageal reflux disease, gallbladder and biliary tract diseases are significantly higher in women. Furthermore, symptoms such as nausea, vomiting, abdominal pain, distension, satiety, bloating, diarrhea, and constipation frequently appear in pregnancy, suggesting that sex hormones may play a significant role in the physiology and pathology of the gastrointestinal tract, including regulation of motor and sensory function. Phytoestrogens such as resveratrol and genistein have estrogen agonistic/antagonistic effects, and are proposed to affect gastrointestinal motility similarly to estrogen.

Innovations and breakthroughs

The aim of the present study was to observe direct effects of resveratrol and genistein on isolated gastrointestinal smooth muscle motility, and to elucidate the underlying mechanisms.

Applications

The results reflect the pharmacologic actions of resveratrol and genistein on gastrointestinal motility, provide pharmacologic guidance for the application of these compound, and are also very valuable for nutritional study of vegetables, fruits and plants that contain these phytoestrogens. 
Peer review

This is a nice paper looking at the effects of the phytoestrogens genistein and resveratrol on the inhibition of gastrointestinal motility. The data support the conclusions of the authors. Overall the manuscript is well written.
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Figure Legends
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Figure 1  Gastrointestinal contractile activity. Sample traces showing contractile activity in body of stomach (A); duodenum (B); and antrum of stomach (C). Gen: Genistein; Res: Resveratrol.
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Figure 2  Effects of resveratrol (Res) and genistein (Gen) on the resting tension of phasic contraction in gastric smooth muscle strips. aP < 0.05, bP < 0.01 vs solvent control; n = 10.
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Figure 3  Effects of phentolamine (Phe) and levorotatory-NG-nitroarginine (L-NNA) on phytoestrogen-induced suppression of the resting tension and basal mean amplitude of phasic contraction in gastric smooth muscle strips. aP < 0.05, bP < 0.01 vs corresponding resveratrol (Res) group; cP < 0.05, dP < 0.01 vs corresponding genistein (Gen) group.
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Figure 4  Effects of glibenclamide (Gli), SQ22536 (SQ), ICI 182780 (ICI), and tamoxifen (Tam) on phytoestrogen-induced suppression of the resting tension and basal mean amplitude of phasic contraction in gastric smooth muscle strips. aP < 0.05, bP < 0.01 vs corresponding resveratrol (Res) group; cP < 0.05, dP < 0.01 vs corresponding genistein (Gen) group.
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Figure 5  Effects of resveratrol (Res) and genistein (Gen) on CaCl2 concentration-dependent contraction curves in gastric smooth muscle strips. n = 10.
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