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Abstract: The objective of this study was to evaluate the pharmacological mechanisms involved in
anti-inflammatory and antidiarrheal actions of hydroalcoholic extract obtained from the leaves of
Cissus sicyoides (HECS). The anti-inflammatory effect was evaluated by oral administration of HECS
against acute model of edema induced by xylene, and the mechanisms of action were analysed by
involvement of arachidonic acid (AA) and prostaglandin E2 (PGE2). The antidiarrheal effect of HECS
was observed and we analyzed the motility and accumulation of intestinal fluid. We also analyzed the
antidiarrheal mechanisms of action of HECS by evaluating the role of the opioid receptor, α2 adrenergic
receptor, muscarinic receptor, nitric oxide (NO) and PGE2. The oral administration of HECS inhibited
the edema induced by xylene and AA and was also able to significantly decrease the levels of PGE2.
The extract also exhibited significant anti-diarrheal activity by reducing motility and intestinal fluid
accumulation. This extract significantly reduced intestinal transit stimulated by muscarinic agonist and
intestinal secretion induced by PGE2. Our data demonstrate that the mechanism of action involved in
the anti-inflammatory effect of HECS is related to PGE2. The antidiarrheal effect of this extract may be
mediated by inhibition of contraction by acting on the intestinal smooth muscle and/or intestinal transit.

Keywords: Cissus sicyoides; Vitaceae; anti-inflammatory; PGE2; antidiarrheal

1. Introduction

Cissus sicyoides Linneu (Vitaceae) originates from the Dominican Republic but its medicinal use is
widespread in tropical America [1]. This medicinal plant known in Brazil as “Cortina”, “cipó-pucá”,
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“cortina japonesa”, “uva brava” and “insulina vegetal” is generally used in Brazilian folk medicine to
treat: epilepsy, stroke, diabetes, gastric ulcer, abscesses, inflammation and rheumatoid arthritis [2–4].
In Mexico, this species known as “sanalotodo” is used in traditional medicine for relieving pain and
inflammation [5,6]. This medicinal species also have been used in folk medicine of some countries to
treat respiratory diseases and hypertension [4,7,8].

The literature shows that different parts (leaves and stem) of C. sicyoides have shown the following
biological activities: hypoglycemic and anti-lipemic [2], vasoconstrictor [7], antinociceptive [9], anti-allergic [10],
cytostatic [11], antibacterial [12] and gastroprotective activities [13]. Phytochemical analysis from
C. sicyoides revealed the presence of coumarins, flavonoids, anthocyanins, steroids and tannins [5,14,15].
Beltrame and colleagues [5] identified from the aerial parts of C. sicyoides: quercetin 3-α-rhamnoside,
cissosides I, II and III, kaempferol 3-α-rhamnoside and cissusin. Ferreira and colleagues [13] reported
the presence of β-sitosterol (14%) and quercetin-3-O-β-D-rhamnoside (18%) as major constituents in
the methanolic extract from leaves of C. sicyoides.

Our project entitled “Medicinal plants for treatment of chronic disease: chemical and pharmacological
prospection (Biota/Fapesp)” evaluated Brazilian medicinal plants to regulate their future use in the
Public Health System. Based on this scientific information indicating the popular use of this plant
for treating diseases involved in inflammation and gastrointestinal disorders, this study aimed to
investigate the anti-inflammatory and antidiarrheal effects of hydroalcoholic extract of C. sicyoides as
well as the mechanisms involved in these effects.

2. Results and Discussion

The chemical fingerprinting of the HECS by High Performance Liquid Chromatography coupled
to Photodiode Array Detector and Mass Spectrometer (HPLC-PAD-MS) confirmed the presence of
the main constituents of C. sicyoides as flavonol-O-glycosides derivatives of quercetin and kaempferol
(Figure 1). These findings are consistent with those of Beltrame and colleagues [5] and Ferreira and
colleagues [13] who also identified kaempferol-3-α-rhamnoside, quercetin-3-α-rhamnoside, β-sitosterol
and quercetin-3-O-β-D-rhamnoside as major constituents in methanolic extract obtained from the
leaves of this species.
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× 4.6 mm i.d., 5 μm) and the flow ratio was 0.8 mL/min; (B) Structures of the compounds identified using 
HPLC-PAD-MS (Mass Spectrometer): 1, quercetin-3-O-hexoside; 2, quercetin-3-O-α-deoxyhexoside; and 
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Figure 1. (A) Analytical High Performance Liquid Chromatography coupled to Photodiode Array
Detector (HPLC-PAD) chromatogram recorded at 254 nm of hydroalcoholic extract of C. sicyoides.
Mobile phase was ultrapure H2O (eluent A) and MeOH (eluent B), both containing 0.1% of formic acid.
The parameters were as follows: the gradient ratio was 5%–100% of B in A in 60 min; the injection
volume was 20.0 µL; the column temperature was 25 ˝C (Phenomenex Luna® C18—250 mm ˆ 4.6 mm
i.d., 5 µm) and the flow ratio was 0.8 mL/min; (B) Structures of the compounds identified using
HPLC-PAD-MS (Mass Spectrometer): 1, quercetin-3-O-hexoside; 2, quercetin-3-O-α-deoxyhexoside;
and 3, kaempferol-3-O-deoxyhexoside.
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As a part of the pharmacological evaluation, initially the toxicity of HECS (acute) was investigated
in Swiss mice (either sex). An oral administration of HECS (a single dose of 5 g/kg) did not produce
any visible symptoms or signs of toxicity in the treated mice. Using a Hippocratic screening, we did
not observe any behavioral changes in the male or female Swiss mice (data not shown). No animals
died, and no significant changes in daily body (data not shown) or organ weights were observed in the
14 days after the oral administration of HECS (Table 1).

Table 1. Toxicological parameters after the acute administration of a hydroalcoholic extract of the leaves
of Cissus sicyoides (HECS) in male (♂) and female (♀) Swiss mice (n = 10) through the oral route (p.o.).

Sex Treatment (p.o.) Dose (mg/kg) Liver Heart Lung Kidney Spleen Deaths

♂
Vehicle – 13.80 ˘ 0.20 3.99 ˘ 0.07 4.30 ˘ 0.12 6.47 ˘ 0.12 3.18 ˘ 0.16 0
HECS 5000 mg/kg 14.09 ˘ 0.17 3.97 ˘ 0.11 4.26 ˘ 0.18 6.78 ˘ 0.19 3.10 ˘ 0.18 0

♀ Vehicle – 13.90 ˘ 0.36 4.14 ˘ 0.08 5.13 ˘ 0.20 5.99 ˘ 0.19 3.38 ˘ 0.11 0
HECS 5000 mg/kg 13.63 ˘ 0.16 4.09 ˘ 0.09 4.81 ˘ 0.27 5.81 ˘ 0.09 3.28 ˘ 0.13 0

Student’s t-test p > 0.05. The results are expressed as the mean and standard error of the relative organ weight
in relation to total weight of the animals. This ratio was converted into arcsine values for statistical adjustment.

This result added relevant information to Vasconcelos and colleagues’ study [3] and also to Ferreira
and colleagues’ study [13] that already had shown acute toxicity of hydroalcoholic and methanolic
extracts from C. sicyoides only in male Swiss mice, respectively. The novelty of this study was the absence
of acute toxicity in female mice. Despite the absence of acute toxicity in vivo with this extract, cautious
use of this species is imperative based on its abortive and teratogenic actions in pregnant rats [16].

The central role of the inflammatory response is played by mast cells that are responsible for
conducting a series of intracellular signaling, activation of arachidonic acid (AA) and its subsequent
metabolism of prostaglandins and leukotrienes, by way of cyclooxygenase (COX) and lipoxygenase
(LOX), respectively. These responses contribute to the inflammatory response [17].

We characterized the anti-inflammatory activity of HECS (by oral route) using the model of
ear edema induced by xylene. Xylene is an irritant compound that triggers cellular mechanisms
involved in the release of bioactive substances from the peripheral endings of sensory neurons [18].
This compound produces a neurogenic inflammatory response characterized by pain, heat, redness
and swelling [19].

As shown in Figure 2, the weight of the mouse ear significantly increased due to edema caused by
an activated inflammatory reaction after xylene application. This result shows that HECS administered
orally (125, 250 and 500 mg/kg) causes a significant antiedematogenic effect (p < 0.05) with reduction
of 48%, 66% and 62% of ear edema, respectively, when compared to the group treated with the vehicle.
The positive control group (dexamethasone) inhibited edema by 84%.

This result provided additional relevant information to Garcia and colleagues’ findings [7] that
already showed the anti-inflammatory effect of aqueous extract from C. sicyoides in mice ear edema.
However, these authors evaluated the effect of aqueous extract applied topically and not by oral route.
The significant reduction in ear edema by oral treatment with different doses of HECS probably was due
to the abundant presence of flavonoids in the extract [20]. According to Mustafa and colleagues [21],
flavonoids have an extremely important role in oxidative stress by acting as antioxidants and free
radical scavengers.

Based on the antiedematogenic effect of HECS in mice ear edema, we investigated the mechanisms
related to this anti-inflammatory effect. We evaluated the role of HECS given by oral route against ear
edema by AA. The AA is able to induce a strong inflammatory response, causing vasodilatation and
hyperemia observed 5 min after the application, and edema can be observed after 15 min, peaking
in intensity after 60 min. The major metabolic products of AA involved in the inflammatory process
are prostaglandins (PGE2) and leukotriene (LTB4, LTC4 and LTD4) [22,23]. In this model, the animals
pretreated orally with HECS in all doses tested (125, 250 and 500 mg/kg) showed a decrease of edema
with reduction of 51%, 52% and 50%, respectively, when compared to the negative control group
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treated with saline (Figure 3). Oral administration of HECS produced an anti-inflammatory effect at all
tested doses such as dexamethasone (reduction of 59%), a glucocorticoid.
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Figure 2. Effect of the hydroalcoholic extract of C. sicyoides—HECS (125, 250 and 500 mg/kg through the
oral route (p.o.) in ear edema model induced by xylene. The results are expressed as the mean ˘ standard
error of the mean (S.E.M.), and statistical significance was determined by one-way analysis of variance
(ANOVA) followed by Dunnett’s test; * p < 0.05, ** p < 0.01, *** p < 0.001 compared to the control group
(vehicle). The percentage corresponds to the reduction of the mean difference in weight (mg) of the ears
in the control group (n = 8).
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Figure 3. Effect of the hydroalcoholic extract of C. sicyoides—HECS (125, 250 and 500 mg/kg, p.o.) in
the ear edema model induced by AA. The results are expressed as the mean ˘ S.E.M., and statistical
significance was determined by ANOVA followed by Dunnett’s test; *** p < 0.001 compared to the
control group (vehicle). The numbers in percentage in the figure corresponds to the reduction of the
mean difference in weight (mg) of the ears in the control group (n = 8).

It is known that PGE2 have some relevant pro-inflammatory properties and also plays a key role
in the generation of the inflammatory response, causing vasodilation and potentiation of edema, thus
contributing to inflammatory pain [24]. We determined the level of PGE2 in ear edema induced by AA.
The result presented in Figure 4 shows that oral pretreatment of HECS at the dose of 500 mg/kg, as well
as dexamethasone was able to significantly decrease the levels of PGE2 in arachidonic acid-induced ear
edema by 51% and 57%, respectively, when compared with the group treated with vehicle (p < 0.05).

Our data demonstrates that the mechanism of action involved with the anti-inflammatory effect of
HECS is related to COX pathway based on the observed decrease of PGE2 levels. Study from Quilez
and colleagues [10] attributed the anti-allergic effect of this species to the presence of resveratrol,
a hydroxystilbene compound known to inhibit the effects of cyclooxygenase and leukotriene.
Additionally, the anti-inflammatory effect of extract also can be attributed to the presence of the
major compound—quercetin-3-O-β-D-rhamnoside. Xiao and colleagues [25] already described the
role of quercetin as anti-inflammatory based on relevant suppresses cyclooxigenase-2 expression and
PGE2 production. Studies by Awad and colleagues [26] have shown that β-sitosterol, one of the
major sterols (14%) constituent in extract of C. sicyoides, was able to decrease PGE2 release in cultured
P388D1/blocking monoclonal antibodies (MAB) macrophages. So, the presence of these compounds in
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HECS supports the significant anti-inflammatory effect in this medicinal plant through the inhibition
of PGE2 level in edema tissue.
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* p < 0.05, ** p < 0.01, *** p < 0.001. 
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Figure 4. Effect of the hydroalcoholic extract of C. sicyoides—HECS (125, 250 and 500 mg/kg, p.o.) on
the production of PGE2 in ear edema induced by arachidonic acid (AA). The results are expressed as
the mean ˘ S.E.M., and statistical significance was determined by ANOVA followed by Dunnett’s test;
* p < 0.05, ** p < 0.01, *** p < 0.001 compared to the control group (vehicle). The numbers in percentage
in the figure corresponds to the production of the PGE2 in relation to the control group treated with
vehicle (n = 8).

Aside from the anti-inflammatory effect of HECS, this study also aimed to evaluate the antidiarrheal
activity of this species. Diarrhea is usually perceived in patients with inflammatory bowel disease
and is also commonly related to peptic ulcer disease [27]. Diarrheal diseases are the major causes of
illness and death worldwide and approximately 88% of diarrhea-related deaths are caused due to
inadequate sanitation and poor hygiene [28]. Commercial drugs such as loperamide are frequently
used to protect against this disease. This drug induces a severe constipation as a side effect and
can also lead to colorectal cancer [29]. Several natural compounds are largely used against digestive
diseases both in experimental and clinical situations [30]. In general, it is known that drugs that
present anti-inflammatory effect also exhibit the property of inhibiting the castor oil-induced diarrhea,
especially by involvement with PGE2 [31] and/or nitric oxide (NO) [32].

We started to evaluate the antidiarrheal effect of HECS through models of castor oil-induced
diarrhea and then characterized the mechanisms of action involved in the effect of this extract. Castor oil
is an effective laxative agent extracted from the seeds of Ricinus communis and, when ingested, is
hydrolyzed by pancreatic lipases ricinoleic acid and glycerol, the latter being responsible for the
diarrheal activity of the oil [33]. Treatment with HECS showed antidiarrheal effect at doses of 250
and 500 mg/kg and induced a significant delay in the onset of diarrhea (54% and 67%, respectively)
(Table 2). HECS was able to inhibit diarrhea in this model increasing the time of initial evacuation
as well as the number of liquid stools (Table 2) suggesting that the action of extract may be caused
by a change in intestinal motility and by inhibiting transit/or increasing the absorption of water and
electrolytes, and, consequently, decreasing secretion of fluids in the gastrointestinal tract.

Table 2. Preventive antidiarrheal effects of the hydroalcoholic extract of Cissus sicyoides (HECS) on
diarrhea induced by castor oil in mice.

Treatment
(p.o.)

Dose
(mg/kg)

Time to Initial
Evacuation (min)

Evacuation Classification
Inhibition (%)

Normal Semi-Solid Liquid

Vehicle – 86.88 ˘ 23.26 1.88 ˘.0.48 2.37 ˘ 0.26 6.00 ˘ 0.66 –
Loperamide 10 217.90 ˘ 18.93 *** 0.00 ˘ 0.00 * 0.50 ˘ 0.26 ** 0.33 ˘ 0.34 *** 89

HECS 125 115.10 ˘ 10.18 1.29 ˘ 0.64 1.00 ˘ 0.43 5.33 ˘ 0.55 –
HECS 250 173.40 ˘ 29.43 * 1.88 ˘ 0.67 1.01 ˘ 0.26 4.28 ˘ 0.25 * 54
HECS 500 189.11 ˘ 24.95 * 1.75 ˘ 0.55 1.05 ˘ 0.31 2.66 ˘ 0.67 ** 67

Data are reported as the mean ˘ standard error of the mean (S.E.M.) for n = 10 per group. One-way analysis of
variance (ANOVA) followed by Dunnett’s test was used for time of initial evacuation * p < 0.05, *** p < 0.001.
Kruskal–Wallis followed by Dunn was used for classification of evacuation * p < 0.05, ** p < 0.01, *** p < 0.001.
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It is described in the literature that drugs that inhibit intestinal transit can be effective in relieving
diarrhea [34]. The oral treatment with HECS, at the dose of 500 mg/kg, showed a reduction in the
intestinal transit (19%) and also a decrease in intestinal fluid (40%) when compared to the control
group treated with vehicle (Table 3). The treatment with loperamide (positive control group) induced
reduction of the intestinal transit and also inhibited intestinal fluid induced by castor oil (p < 0.05).
All these results indicate that the antidiarrheal effects of HECS involve a reduction in intestinal motility.

Table 3. Effect of the hydroalcoholic extract of Cissus sicyoides (HECS) on castor oil-induced intestinal
fluid accumulation and transit.

Treatment
(p.o.)

Dose
(mg/kg)

Distance Moved
by Charcoal Inhibition (%) Intestinal

Fluid (g) Inhibition (%)

Vehicle – 1.00 ˘ 0.04 – 1.01 ˘ 0.06 –
Loperamide 10 0.53 ˘ 0.04 ** 47% 0.56 ˘ 0.07 *** 45%

HECS 125 0.94 ˘ 0.03 – 0.87 ˘ 0.08 –
HECS 250 0.89 ˘ 0.03 – 0.77 ˘ 0.07 –
HECS 500 0.81 ˘ 0.05 * 19% 0.60 ˘ 0.08 ** 40%

Data are reported as the mean ˘ S.E.M. for n = 8 per group. ANOVA followed by Dunnett’s test; * p < 0.05,
** p < 0.01, *** p < 0.001 represents the difference in relation to the control group treated with vehicle.

The efficacy of opiates is well established as an anti-diarrheal agent that causes a reduction in
the intestinal propulsion by reducing gastric motility and increasing the absorption of fluids and
electrolytes [35]. However, our results show that the group of animals pretreated with naloxone
(non-selective opioid antagonist) did not change the inhibitory effect on intestinal transit from HECS
(Table 4). Only the group of animals pre-treated with naloxone and treated with morphine had the
intestinal transit inhibition abolished. Therefore, this result ruled out the involvement of opioid
receptors in the effect of this extract in intestinal transit.

Table 4. Effect of the hydroalcoholic extract of Cissus sicyoides (HECS) on intestinal transit in animals
pretreated with naloxone (opioid receptor antagonist) or pretreated with yohimbine (α2-adrenergic
antagonist receptor).

Pretreatment Treatment Distance Moved by Charcoal Inhibition (%)

Saline 0.9% i.p Vehicle 0.80 ˘ 0.03 –
Saline 0.9% i.p Morphine 2.5 mg/kg, s.c. 0.59 ˘ 0.03 ** 26%
Saline 0.9% i.p HECS 500 mg/kg, p.o. 0.65 ˘ 0.03 * 20%

Naloxone 15 mg/kg, i.p Vehicle 0.96 ˘ 0.04 –
Naloxone 15 mg/kg, i.p Morphine 2.5 mg/kg, s.c. 0.86 ˘ 0.02 ns –
Naloxone 15 mg/kg, i.p HECS 500 mg/kg, p.o. 0.77 ˘ 0.04 *** 20%

Saline 0.9% i.p Vehicle 0.80 ˘ 0.02 –
Saline 0.9% i.p Clonidine 0.1 mg/kg, p.o. 0.39 ˘ 0.03 *** 49%
Saline 0.9% i.p HECS 500 mg/kg, p.o. 0.65 ˘ 0.03 ** 19%

Yohimbine 1 mg/kg, i.p Vehicle 1.00 ˘ 0.04 –
Yohimbine 1 mg/kg, i.p Clonidine 0.1 mg/kg, p.o. 0.87 ˘ 0.04 ns –
Yohimbine 1 mg/kg, i.p HECS 500 mg/kg, p.o. 0.77 ˘ 0.03 ** 22%

Data are reported as the mean ˘ S.E.M. for n = 8 per group. ANOVA followed by Dunnett’s test; * p < 0.05,
** p < 0.01, *** p < 0.001 represents the difference in relation to the control group treated with vehicle.
The pretreatment was realized by intraperitoneal route (i.p) and treatment was realized by subcuteaneus
(s.c.) or oral route (p.o.); ns = not significant and represents the difference in relation to the group pretreated
with saline and naloxone or yohimbine.

Besides opioid receptors, the activation of the sympathetic system via α2-adrenergic receptors
in the gastrointestinal tract was able to inhibit peristaltic activity, reduce muscle tone, alleviate
gastric emptying and promote defense of stomach mucosa [36]. Our results show that pretreatment
with yohimbine (α2-selective adrenergic receptor antagonist) and treatment with HECS was unable
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to reverse the inhibitory effect on the intestinal transit (Table 4) excluding the involvement of
α2-adrenergic receptors in the effect of the extract.

It is also known that the gastrointestinal transit may be delayed by inhibiting the release of
acetylcholine, non-adrenergic and non-cholinergic enteric nerves [37]. Thus, the impact of HECS on
reduction in gastrointestinal motility against the effects of carbachol in vivo (a muscarinic agonist) was
also verified. The animals pretreated with the extract at a dose of 500 mg/kg orally showed a significant
reduction in intestinal transit induced by carbachol (muscarinic receptor agonist), inhibited by 32%
compared to the vehicle treated group (Figure 5). This result shows that muscarinic receptors are
involved in a decrease of the intestinal transit effect of HECS.
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Figure 5. Effect of the hydroalcoholic extract of C. sicyoides—HECS (500 mg/kg, p.o.) on intestinal transit
induced by carbachol (muscarinic receptor agonist). The results are expressed as the mean ˘ S.E.M., and
statistical significance was determined by ANOVA followed by Dunnett’s test; *** p < 0.001 compared
to the control group (vehicle). The numbers in percentage in the figure corresponds to the reduction of
charcoal movement in relation to the control group treated with vehicle (n = 8).

The antispasmodic property of a drug may be due to a decrease in propulsive movement of the
activated carbon in the small intestine induced by muscarinic agonist. With the intent to elucidate this
process, we evaluated the effect of HECS in vitro assays in isolated mouse ileum. In this experimental
model, only the concentrations of 300 and 500 µg/mL from HECS significantly relaxed the mice ileum
contracted with carbachol, inhibited by 32% (300 µg/mL) and 63% (500 µg/mL) compared with the
control group treated with vehicle in vitro (Figure 6).
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Figure 6. Effect of the hydroalcoholic extract of C. sicyoides—HECS (75, 150, 300 and 500 µg/mL) on the
phasic contractions induced by 3 µM carbachol in isolated mouse ileum in vitro (n = 5). The results are
expressed as the mean ˘ S.E.M., and statistical significance was determined by ANOVA followed by
Dunnett’s test; * p < 0.05, *** p < 0.001 compared to the control (vehicle). The numbers in percentage in
the figure corresponds to the reduction of tension in relation to the control group treated with vehicle.

Smooth muscle is the main type of muscle that controls the majority of the hollow body organ systems [38].
The contraction of intestinal smooth muscle is dependent on Ca2+ influx through voltage-dependent calcium
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channels (CaV) and, in fact, blockade of calcium influx through CaV is one of the mechanisms implicated in
the antidiarrheal effect of different drugs and plant extracts [39–42].

The HECS presented an inhibitory effect on phasic concentrations induced by KCl (60 mM),
only the highest concentration tested. The ileum contracted with KCl treated in vitro with HECS
(500 µg/mL) showed significant relaxant effect (49%) compared with the control group treated with
vehicle (Figure 7).
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Figure 7. Effect of the hydroalcoholic extract of C. sicyoides—HECS (75, 150, 300 and 500 µg/mL) on
the phasic contractions induced by 60 mM KCl in isolated mouse ileum in vitro (n = 5). The results are
expressed as the mean ˘ S.E.M., and statistical significance was determined by ANOVA followed by
Dunnett’s test; * p < 0.05 compared to the control (vehicle). The numbers in percentage in the figure
corresponds to the reduction of tension in relation to the control group treated with vehicle.

In the present study, the HECS inhibited the ileum contractions induced by muscarinic receptor
activation and by the depolarizing agent KCl, two spasmodic agents dependent on calcium influx
through Cav [43], suggesting the CaV blockade as a possible mechanism underlying the spasmolytic
effect of HECS. Further studies are necessary for an in depth investigation of this hypothesis.

The small intestine also has the ability to secrete water and electrolytes. This excessive secretory
capacity can clearly be demonstrated by administration of castor oil—a cathartic agent—this being
a condition/characteristic of diarrhea [44]. Furthermore, we evaluated the effect of HECS on fluid
accumulation induced by castor oil in the mice intestinal fluid model.

It was observed that the same effective dose of HECS was able to reduce the intestinal transit
by castor oil, and also inhibited the intestinal fluid accumulation, suggesting that the mechanism of
antidiarrheal action of this extract also involves alterations in intestinal secretion. Experimental evidence
has shown that synthesis inhibitors of NO prevent the castor oil-induced diarrhea in mice because the
NO acts by stimulating intestinal guanylate cyclase [32,45]. The intracellular elevation of this enzyme is
associated with smooth muscle relaxation and also intestinal secretion [46,47].

Our results show that oral pre-treatment with HECS (500 mg/kg) was unable to reverse the
pro-diarrheal effect of L-arginine, but presented an inhibitory effect (29%) on the accumulation of
PGE2-induced intestinal fluid (Table 5).

However, this intestinal antisecretory effect depends on the mechanism related with inhibition
of the production of prostanoid involved in diarrhea. This inhibitory effect of HECS on motility and
secretion of intestinal fluid may be also due to the presence of flavonoids in its composition [5]. Several of
them have been shown to inhibit both the transit and intestinal secretion [48], such as quercetin that
inhibits contractions of guinea pig ileum and is present in large amounts in the HECS [49]. In addition
to flavonoids, tannins may also be contributing to the antidiarrheal activity of HECS. The presence of
tannins have been reported in hydroalcoholic extract from all parts of this plant species [13]. According to
Almeida and colleagues [50], plants containing tannins in its composition can inhibit intestinal transit,
since these substances reduce peristalsis and reduce intestinal secretion. The relevance of this study was
not only to support the folk medicine indications of this species as antiinflammatory but also to show
the potential of this species to treat diseases such as irritable bowel syndrome or ulcerative colitis.
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Table 5. Effect of the hydroalcoholic extract of Cissus sicyoides (HECS) on PGE2 and L-arginine-induced
intestinal fluid accumulation.

Induction (Diarrhea) Treatment Dose (mg/kg) Intestinal Fluid (g) Inhibition (%)

PGE2 100 µg/kg, p.o.
Vehicle (p.o.) – 0.58 ˘ 0.03 –

Loperamide (p.o.) 10 0.32 ˘ 0.03 *** 46%
HECS (p.o.) 500 0.41 ˘ 0.03 ** 29%

L-arginine 600 mg/kg, i.p
Vehicle (p.o.) – 0.91 ˘ 0.05 –

L-NAME (i.p.) 10 0.64 ˘ 0.04 * 30%
HECS (p.o.) 500 0.88 ˘ 0.07 –

Data are reported as the mean ˘ S.E.M. for n = 8 per group. ANOVA followed by Dunnett’s test; * p < 0.05,
** p < 0.01, *** p < 0.001 represents the difference in relation to the control group treated with vehicle.

3. Experimental Section

3.1. Drugs and Chemicals

The following substances were used: xylene, arachidonic acid, loperamide, castor oil, atropine,
naloxone, yohimbine, clonidine, morphine, carbachol, Nω-nitro-L-arginine, dexamethasone, L-arginine
hydrochloride were purchased from Sigma-Aldrich Chemicals Company (St. Louis, MO, USA).
All chemicals used were solubilized in saline solution.

3.2. Plant Material and Extraction

The leaves of C. sicyoides were collected in November 2012 at the “Jardim Botânico Municipal de Bauru”
São Paulo, Brazil (22˝2013011S and 49˝0013011W). Voucher specimens were prepared, identified, and
deposited at the Herbarium of the UNESP—Universidade Estadual Paulista “Júlio de Mesquita
Filho”—UNBA (Bauru—São Paulo, Brazil) under code number ALD 147. Fresh leaves were dried
at 40 ˝C for 48 h. The separated powdered leaves were extracted with EtOH/H2O (7:3 v/v) by
percolation at room temperature. The filtrate was concentrated to dryness under reduced pressure at
40 ˝C furnishing the hydroalcoholic extract from C. sicyoides (HECS) yielding 27.6% of dry weight.

3.3. Chemical Fingerprint of 70% EtOH by HPLC-PDA-ESI-IT-MS

The fingerprint of HECS was obtained using an Accela High Speed liquid Chromatography
(HPLC) (Thermo Cientific®, San José, CA, USA), Phenomenex® Luna C18 (250 mm ˆ 4.6 mm i.d.; 5 µm)
column (Phenomenex Inc., Torrance, CA, USA), with a PAD detector and coupled to an Accela (Thermo
Cientific®) LCQ Fleet with Ion Trap 3D (IT) and ionization by electrospray (IES). Mobile phase was
Water ultra-pure (eluent A) and Methanol (eluent B), both containing 0.1% of formic acid. The ratio
was: 5%–100% of B in A in 60 min. Injection volume: 20.0 µL; Column temperature: 25 ˝C; Flow ratio:
0.8 mL/min. The capillary voltage was ´25 V, the spray voltage was 5 kV, and the tube lens offset
was ´55 V. The capillary temperature was 274 ˝C. Nitrogen was used both as drying gas at a flow
rate of 60 (arbitrary units) and as nebulising gas. The nebulizer temperature was set at 280 ˝C, and
a potential of ´4 V was used on the capillary. Negative ion mass spectra were recorded in the range m/z
100–1500. The 70% EtOH extract was dissolved in MeOH–H2O (8:2) and diluted at final concentration
of 50 µg/mL. The effluent from the HPLC was directed into the ESI probe (Thermo Cientific®, San Jose,
CA, USA). The UV-vis spectra (Thermo Cientific®, San Jose, CA, USA), were recorded between 200 and
600 nm, and the chromatographic profiles were registered at 254 nm. The identification was carried
out by comparing retention time, maximal UV-vis wavelength and mass spectral data with that of
standards and literature [14].

3.4. Animals

Male and female Swiss mice (40–50 g) were used for the acute toxicity, and only male Swiss
mice were used for anti-inflammatory and antidiarrheal assays. The animals were obtained from
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Biotério Anilab Ltda. (Paulínia, São Paulo, Brazil), housed in the Physiology Department under
controlled temperature (23 ˘ 2 ˝C) and a 12 h light/dark cycle. They were provided a certified
Presence (Invivo Ltda., São Paulo, Brazil) diet and tap water ad libitum. Before each experiment, the
animals were deprived of food for 6 or 12 h as described in each experimental model. Standard drugs
and the HECS were administered orally using a saline solution (0.9% NaCl, 10 mL/kg) as the vehicle.
The UNESP Institutional Animal Care and Use Committee approved all of the employed protocols
(Protocol 415/04-CEEA, 19 July 2012).

3.5. Acute Toxicity and Hippocratic Screening

Male and female Swiss mice were divided into groups (n = 8) that received saline solution orally
(10 mL/kg, p.o.) and HECS (5000 mg/kg body weight, p.o.). After oral administration, the acute
toxicity and behavioral parameters were described according to the methods of Souza–Brito [51].
The observations were performed at 30, 60, 120, 240 and 360 min after the oral treatments. For 14 days,
the animals were weighed and the number of deaths noted. On the 15th day, mice were sacrificed and
the heart, liver, kidney, lung and spleen were collected. We compared all parameters from HECS-treated
animals with those obtained from the respective control groups that received the vehicle (saline 0.9%).

3.6. Evaluation of Anti-Inflammatory Activity: Xylene-Induced Ear Edema

This experiment was performed as described by Swingle and colleagues [52] with modifications.
For induction of ear edema, 40 µL xylene were applied topically to the right ear of the mice (20 µL
on the anterior surface of the ear and 20 µL the posterior surface). The left ear was used as control
from own animal. The male Swiss mice (n = 8) were treated 2 h before induction of edema with
dexamethasone (5 mg/kg, i.p.), one hour before induction were given orally the HECS (125, 250 or
500 mg/kg body weight) and the negative control (vehicle). After one hour of induction of edema, the
mice were killed and a circular section (diameter 7 mm) was taken from its ears left and right with the
help of a puncher (punch) and immediately weighed. Edema was expressed by the difference in mass
(in milligrams) between the right and left ear.

3.7. Evaluation of Anti-Inflammatory Activity: Arachidonic Acid-Induced Ear Edema

This method was performed as described by Young and colleagues [53] with modifications.
For induce ear edema by arachidonic acid (AA), 20 µL AA diluted in acetone at a concentration of
2 mg/(20 µL), were applied topically to the right ear of the mice (10 µL on the anterior surface of
the ear, 10 µL the posterior surface). The left ear was used as control. The male Swiss mice (n = 8)
were treated 2 h before induction of edema with dexamethasone (5 mg/kg, i.p.), and one hour before
induction they were given orally the HECS (125, 250 or 500 mg/kg of body weight) and the negative
control (vehicle). After one hour of induction of edema, the mice were killed and a circular section
(diameter 7 mm) was taken from their left and right ears with the help of a puncher (punch) and
immediately weighed. Edema was expressed by the difference in mass (in milligrams) between the
right and left ear.

3.8. Determination of Prostaglandin E2 (PGE2) Level in Arachidonic Acid-Induced Ear Edema

This analysis was performed according to standard methodology by Xian and colleagues [54]
with modifications. Ear biopsy samples (7 mm ear) were taken from the experiment of ear edema
induced by arachidonic acid. We included in this analysis the sham group (group of mice without ear
edema). The biopsies were homogenized vigorously in 0.5 mL of 0.1 M phosphate buffer (pH 7.4),
containing 1 mM EDTA. Samples to 0 ˝C were incubated for 15 min and then centrifuged at 9500ˆ g
for 15 min at 4 ˝C. The PGE2 concentration was measured in fluids obtained from tissue homogenate
using a commercially available PGE2 ELISA kit (R & D System KGE004B, Minneapolis, MN, USA)
according to the manufacturer’s instructions.
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3.9. Antidiarrheal Activity: Castor Oil-Induced Diarrhea

Groups of male Swiss mice (n = 8) were fasted for 16 h prior to receiving an oral dose of vehicle
(10 mL/kg), loperamide (10 mg/kg) or HECS (125, 250, and 500 mg/kg body weight) 1 h before the
oral administration of castor oil (0.2 mL/animal) [31]. Immediately after castor oil administration, each
animal was placed in an individual cage lined with filter paper and observed for 4 h. The following
parameters were observed: onset of diarrhea, number of solid, semi-solid, and liquid stool.

3.10. Castor Oil-Induced Intestinal Fluid Accumulation

The enteropooling assay described by Robert and colleagues [55] was used to measure fluid accumulation,
with some modifications. After fasting for 6 h, male Swiss mice were assigned to five groups (n = 8) treated
with vehicle (10 mL/kg, p.o.), loperamide (10 mg/kg) or HECS (125, 250 or 500 mg/kg body weight).
After 1 h, the animals received castor oil (0.2 mL/animal, p.o.) and were euthanized 30 min later to
collect and weigh the small intestines, which were ligated between the pyloric and ileocecal junctions.
The contents of the intestine were then expelled onto a plate and weighed. The intestines were reweighed,
and the difference between the full and empty intestines was calculated.

3.11. Castor Oil-Induced Intestinal Transit

The effect of HECS on castor oil-induced intestinal motility in mice was tested using method
described by Stickney and Northup [56], with some modifications. For castor oil-induced motility, male
Swiss mice were fasted for 6 h and randomly assigned to three groups (n = 8) that orally received vehicle
(10 mL/kg), loperamide (10 mg/kg) or HECS (125, 250 or 500 mg/kg body weight). After 30 min,
castor oil (0.2 mL/animal, p.o.) was administered to each mouse; after an additional 30 min, 10%
activated charcoal (10 mL/kg, p.o.) was given. All animals were euthanized after 30 min, and the
small intestine was rapidly dissected. The distance that charcoal had traversed from the pylorus to the
ileocecal junction was measured.

3.12. Determination of Mechanisms of Action Involved in the Antidiarrheal Effect: Involvement of Opioid
Receptors in the Intestinal Transit

Male Swiss mice (n = 8) after 6 h of fasting were pretreated with either 0.9% saline or with
an opioid receptor antagonist (naloxone 15 mg/kg, i.p.) after 15 min were orally treated with vehicle
(saline), morphine (2.5 mg/kg, s.c.) or HECS (500 mg/kg body weight, p.o.). After 1 h of pre-treatment,
they were given orally suspension of 10% activated charcoal (10 mL/kg, p.o.) and after 30 min the
animals were euthanized, and the distance traveled by the charcoal and the total size of the small
intestine were calculated [57].

3.13. Involvement of Presynaptic α2-Adrenergic Receptors in the Intestinal Transit

Male Swiss mice (n = 8) after 6 h of fasting were pretreated with either 0.9% saline or with
a selective α2-adrenergic antagonist receptor (yohimbine 1 mg/kg, i.p.) after 15 min of oral treatment
with vehicle (saline), clonidine (0.1 mg/kg) or HECS (500 mg/kg body weight, p.o.). After one hour of
oral treatment, they were administered suspension of 10% activated charcoal (10 mL/kg, p.o.) and
after 30 min the animals were euthanized, and the distance traveled by the charcoal and the total size
of the small intestine were calculated [58].

3.14. Involvement of Muscarinic Receptors in the Intestinal Transit

Male Swiss mice (n = 8) after 6 h of fasting were pretreated orally with vehicle (saline), atropine
(5 mg/kg, s.c.) or HECS (500 mg/kg body weight, p.o.). After one hour oral treatments and 30 min
subcutaneous (s.c.) treatment, they were given the muscarinic agonist carbachol (05 mg/kg, p.o.) and
after 30 min of this induction each animal was given a suspension of 10% activated charcoal (10 mL/kg,
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p.o.). After 30 min, the animals were euthanized, and the distance traveled by the charcoal and the
total size of the intestine small were calculated [59].

3.15. Involvement of NO in the Intestinal Fluid Accumulation

Male Swiss mice (n = 8) after 6 h of fasting were treated orally with vehicle (10 mL/kg), L-NAME
(100 mg/kg, i.p.) or HECS (500 mg/kg body weight, p.o.). One hour after oral treatments and
30 min after intraperitoneal treatment, these animals received the precursor of nitric oxide formation,
L-arginine (600 mg/kg, i.p.) to induce the secretion of intestinal fluid. All animals were sacrificed
30 min after administration of L-arginine and were euthanized 30 min later to collect and weigh the
small intestines, which were ligated between the pyloric and ileocecal junctions. The contents of the
intestine were then expelled and weighed. The intestines were reweighed, and the difference between
the full and empty intestines was calculated [59].

3.16. PGE2-Induced Intestinal Fluid Accumulation

Male Swiss mice (n = 8) after 6 h of fasting were treated orally with vehicle (10 mL/kg), loperamide
(10 mg/kg) or HECS (500 mg/kg body weight). One hour after oral treatments, these animals received
PGE2 (100 µg/kg, p.o.) to induce the secretion of intestinal fluid. All animals were sacrificed 30 min
after administration of L-arginine and were euthanized 30 min later to collect and weigh the small
intestines, which were ligated between the pyloric and ileocecal junctions. The contents of the intestine
were then expelled and weighed. The intestines were reweighed, and the difference between the full
and empty intestines was calculated [59].

3.17. Phasic Contractions Induced by Carbachol or KCl in Isolated Ileum in Vitro

Male Swiss mice (n =5) were euthanized, and ileum segments (approximately 1.5 cm length) from
the 10 cm proximal to the caecum were isolated, cleaned of mesentery and luminal content and mounted
in 10 mL organ baths under 1 g resting tension to record isometric contractions. Ileum segments were
maintained in the Krebs solution, pH 7.4 (119 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl2, 1.2 mM KH2PO4,
1.2 mM MgSO4, 25 mM NaHCO3, and 11 mM dextrose) at 37 ˝C and constantly bubbled with 95%
O2/5% CO2. After a 1 h stabilization period (with solution changes every 15 min), the contraction to
60 mM KCl was evaluated to ascertain the tissue viability. After this initial period, ileum contractions to
3 µM carbachol or 60 mM KCl (sufficient to elicit 80% maximal contraction) were repeated at a 30-min
interval until similar contractions were obtained. After obtainment of reproductive contractions, the
tissues were incubated with vehicle saline (0.9% NaCl) and a new response to 3 µM carbachol or KCl
(60 mM) was recorded and taken as control contraction. After washing the tissues, the HECS (75, 150,
300 or 500 µg/mL) was incubated with the tissues for 30 min and the contractions to 3 µM carbachol or
KCl (60 mM) were recorded. Contractions to carbachol or KCl in the presence of different concentration
of extract were compared to the control contraction obtained in the presence of vehicle [60].

3.18. Statistical Analysis

We performed the analyses using Graph Pad Prism software (GraphPad Softwares, La Jolla,
CA, USA) and the results were expressed as the mean ˘ standard error of the mean (S.E.M.) of the
parameters obtained. Statistical comparisons were done by one-way analysis of variance (ANOVA)
followed by Dunnett’s test (for three or more groups) or Student’s t-test (for two groups), or no
parametric results were determined by Kruskal-Wallis test followed by Dunn’s test with the level of
significance set at * p < 0.05; ** p < 0.01 and *** p < 0.001.

4. Conclusions

From this study, it was concluded that the HECS has no toxic effects in models of acute oral toxicity.
These results demonstrate anti-inflammatory and antidiarrheal activities with a common mechanism in
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both models by inhibition of PGE2 production, which surely makes a great contribution to understanding
the pharmacology of this species. The antidiarrheal effect of HECS may also be mediated, at least in part,
by inhibition of contraction through direct action on the intestinal smooth muscle.

Acknowledgments: This work was supported by the Biota-FAPESP Project (Fundação de Amparo à Pesquisa do
Estado de São Paulo), CNPq (Conselho Nacional de Desenvolvimento Científico e Tecnológico), Fundunesp (Fundação
para o Desenvolvimento da UNESP) and CAPES (Coordenação de Aperfeiçoamento Pessoal de Nível Superior).

Author Contributions: Fernando Pereira Beserra, Raquel de Cássia Santos, Larissa Lucena Périco, Vinicius Peixoto Rodrigues,
Luiz Ricardo de Almeida Kiguti and Luiz Leonardo Saldanha performed the experiments and analysed
datas. André Sampaio Pupo, Lúcia Regina Machado da Rocha, Anne Lígia Dokkedal, Wagner Vilegas and
Clélia Akiko Hiruma-Lima contributed to the writing and the revision of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cano, J.H.; Volpato, G. Herbal mixtures in the traditional medicine of Eastern Cuba. J. Ethnopharmacol. 2004,
90, 293–316. [CrossRef] [PubMed]

2. Viana, G.S.B.; Medeiros, A.C.C.; Lacerda, A.M.R.; Kalyne, L.; Leal, A.M.; Vale, T.G.; Matos, F.J.A. Hypoglycemic and
anti-lipemic effects of the aqueous extract from Cissus sicyoides. BMC Pharmacol. 2004, 4, 4–9. [CrossRef] [PubMed]

3. Vasconcelos, T.H.C.; Modesto-Filho, J.; Diniz, M.F.F.M.; Santos, H.B.; Aguiar, F.B.; Moreira, P.V.L. Estudo toxicológico
pré-clinico agudo com o extrato hidroalcoólico das folhas de Cissus sicyoides L. (Vitaceae). Braz. J. Pharmacogn.
2007, 17, 583–591. [CrossRef]

4. Silva, M.I.G.; Melo, C.T.V.; Vasconcelos, L.F.; Carvalho, A.M.R.; Sousa, F.C.F. Bioactivity and potential
therapeutic benefits of some medicinal plants from the Caatinga (semi-arid) vegetation of Northeast Brazil:
A review of the literature. Braz. J. Pharmacogn. 2012, 22, 193–207. [CrossRef]

5. Beltrame, F.L.; Ferreira, A.G.; Cortez, D.A. Coumarin glycoside from Cissus sicyoides. Nat. Prod. Lett. 2002, 16,
213–216. [CrossRef] [PubMed]

6. Zamora-Martínez, M.C.; Pascual Pola, C.N. Medicinal plants used in some rural populations of Oaxaca,
Puebla and Veracruz, Mexico. J. Ethnopharmacol. 1992, 35, 229–257. [CrossRef]

7. Garcia, M.D.; Quílez, A.M.; Sáenz, M.T.; Martínez-Domínguez, M.E.; de la Puerta, R. Anti-inflammatory
activity of Agave intermixta Trel. and Cissus sicyoides L., species used in the caribbean traditional medicine.
J. Ethnopharmacol. 2000, 71, 395–400. [CrossRef]

8. Vicentini, V.E.P.; Camparoto, M.L.; Teixeira, R.O.; Mantovani, M.S. Averrhoa carambola L., Syzygium cumini L.,
Skeels and Cissus sicyoides L.: Medicinal herbal tea effects on vegetal and animal test system. Acta Sci. 2001,
23, 593–598.

9. Almeida, E.R.; Soares, R.P.F.; Lucena, F.F.R.; Oliveira, J.R.G.; Albuquerque, J.F.C.; Couto, G.B.L. Central antinociceptive
effects of Cissus sicyoides on mice. Pharm. Biol. 2006, 44, 304–308. [CrossRef]

10. Quilez, A.M.; Saenz, M.T.; Garcia, M.D.; Puerta, R. Phytochemical analysis and anti-allergic study of
Agave intermixta Trel. and Cissus sicyoides L. J. Pharm. Pharmacol. 2004, 56, 1185–1189. [CrossRef] [PubMed]

11. Saenz, M.T.; Garcia, M.D.; Quilez, A.; Ahumanda, M.C. Cytotoxic activity of Agave intermixtya L. (Agavaceae)
and Cissus sicyoides L. (Vitaceae). Phytother. Res. 2000, 14, 552–554. [CrossRef]

12. Beltrame, F.L.; Sartoretto, J.L.; Bazotte, R.B.; Cuman, R.N.; Cortez, D.A.G. Estudo químico e avaliação do
potencial antidiabético do Cissus sicyoides L. (Vitaceae). Quím. Nova 2004, 24, 783–785. [CrossRef]

13. Ferreira, M.P.; Nishijima, C.M.; Seito, L.N.; Dokkedal, A.L.; Lopes-Ferreira, M.; Di Stasi, L.C.; Vilegas, W.;
Hiruma-Lima, C.A. Gastroprotective effect of Cissus sicyoides (Vitaceae): Involvement of microcirculation,
endogenous sulfhdryls and nitric oxide. J. Ethnopharmacol. 2008, 117, 170–174. [CrossRef] [PubMed]

14. Xu, F.; Matsuda, H.; Hata, H.; Sugawara, K.; Nakamura, S.; Yoshikawa, M. Structures of new flavonoids and
benzofuran-type stilbene and degranulation inhibitors of rat basophilic leukemia cells from the Brazilian
herbal medicine Cissus sicyoides. Chem. Pharm. Bull. 2009, 57, 1089–1095. [CrossRef] [PubMed]

15. Lizama, T.S.; Martinez, M.M.; Pérez, O.C. Contribución al estúdio de Cissus sicyoides L. (béjucoubi). Rev. Cuba. Farm.
2000, 34, 120–124.

16. Almeida, E.R.; Oliviera, J.R.G.; Lucena, F.F.R.; Soares, R.P.F.; Couto, G.B.L. The action of extract of dry leaves
of Cissus sicyoides L. in pregnat rats. Acta Farm. Bonaer. 2006, 25, 421–424.

http://dx.doi.org/10.1016/j.jep.2003.10.012
http://www.ncbi.nlm.nih.gov/pubmed/15013195
http://dx.doi.org/10.1186/1471-2210-4-9
http://www.ncbi.nlm.nih.gov/pubmed/15182373
http://dx.doi.org/10.1590/S0102-695X2007000400018
http://dx.doi.org/10.1590/S0102-695X2011005000171
http://dx.doi.org/10.1080/10.575630290015736
http://www.ncbi.nlm.nih.gov/pubmed/12168753
http://dx.doi.org/10.1016/0378-8741(92)90021-I
http://dx.doi.org/10.1016/S0378-8741(00)00160-4
http://dx.doi.org/10.1080/13880200600715985
http://dx.doi.org/10.1211/0022357044102
http://www.ncbi.nlm.nih.gov/pubmed/15324488
http://dx.doi.org/10.1002/1099-1573(200011)14:7&lt;552::AID-PTR639&gt;3.0.CO;2-U
http://dx.doi.org/10.1590/S0100-40422001000600014
http://dx.doi.org/10.1016/j.jep.2008.01.008
http://www.ncbi.nlm.nih.gov/pubmed/18304768
http://dx.doi.org/10.1248/cpb.57.1089
http://www.ncbi.nlm.nih.gov/pubmed/19801863


Int. J. Mol. Sci. 2016, 17, 149 14 of 15

17. Mequanint, W.; Makonnen, E.; Urga, K. In vivo anti-inflammatory activities of leaf extracts of Ocimum lamiifolium
in mice model. J. Ethnopharmacol. 2011, 134, 32–36. [CrossRef] [PubMed]

18. Sandor, K.; Helyes, Z.; Elekes, K.; Szolcsányi, J. Involvement of capsaicin-sensitive afferents and the transient
receptor potential vanilloid 1 receptor in xylene-induced nocifensive behaviour and inflammation in the mouse.
Neurosci. Lett. 2009, 405, 204–207. [CrossRef] [PubMed]

19. Richardson, J.D.; Vasko, M.R. Cellular mechanisms of neurogenic inflammation. J. Pharmacol. Exp. Ther. 2002,
302, 839–845. [CrossRef] [PubMed]

20. Adeyemi, O.O.; Yemitan, O.K.; Afolabi, L. Inhibition of chemically induced inflammation and pain by orally
and topically administered leaf extract of Manihot esculenta Crantz in rodents. J. Ethnopharmacol. 2008, 119,
6–11. [CrossRef] [PubMed]

21. Mustafa, R.A.; Abdul, H.A.; Mohamed, S.; Bakar, F.A. Total phenolic compounds, flavonoids, and radical
scavenging activity of 21 selected tropical plants. J. Food Sci. 2010, 75, 28–35. [CrossRef] [PubMed]

22. Humes, J.L.; Opas, E.E.; Bonney, R.J. Arachidonic Acid Metabolites in Mouse Ear Edema. Advances in Inflammations
Research; Raven Press: Nova York, NY, USA, 1986; pp. 57–65.

23. Crummey, A.; Harper, G.P.; Boyle, E.A.; Mangan, F.R. Inhibition of arachidonic acid-induced ear edema
as a model for assessing topical antiinflammatory compounds. Agents Actions 1987, 20, 69–76. [CrossRef] [PubMed]

24. Ricciotti, E.; Fitzgerald, G.A. Prostaglandins and inflammation. Arterioscler. Thromb. Vasc. Biol. 2011, 31, 986–1000.
[CrossRef] [PubMed]

25. Xiao, X.; Shi, D.; Liu, L.; Wang, J.; Xie, X.; Kang, T.; Deng, W. Quercetin suppresses cyclooxygenase-2
expression and angiogenesis through inactivation of P300 signaling. PLoS ONE 2011, 6, e22934. [CrossRef] [PubMed]

26. Awad, A.B.; Toczek, J.; Fink, C.S. Phytosterols decrease prostaglandin release in cultured 388D/MAD macrophages.
Prostaglandins Leukot. Essent. Fatty Acids 2004, 70, 511–520. [CrossRef] [PubMed]

27. Wenzl, H.H. Diarrhea in chronic inflammatory bowel disease. Gastroenterol. Clin. N. Am. 2012, 41, 651–675.
[CrossRef] [PubMed]

28. Kosek, M.; Bern, C.; Guerrant, R.L. The global burden of diarrheal disease, as estimated from studies
published between 1992 and 2000. Bull. World Health Organ. 2003, 81, 197–204. [PubMed]

29. Power, A.M.; Talley, N.J.; Ford, A.C. Association between constipation and colorectal cancer: Systematic
review and meta-analysis of observational studies. Am. J. Gastroenterol. 2013, 108, 894–903. [CrossRef] [PubMed]

30. Sebai, H.; Jabri, M.A.; Souli, A.; Rtibi, K.; Selmi, S.; Tebourbi, O.; El-Benna, J.; Sakly, M. Antidiarrheal and
antioxidant activities of chamomile (Matricaria recutita L.) decoction extract in rats. J. Ethnopharmacol. 2014,
152, 327–332. [CrossRef] [PubMed]

31. Awouters, F.; Niemegeers, C.J.E.; Lenaerts, F.M.; Janseen, P.A.J. Delay of castor oil diarrhoea in rats: A new
way to evaluate inhibitors of prostaglandin synthesis. J. Pharm. Pharmacol. 1978, 30, 41–45. [CrossRef] [PubMed]

32. Mascolo, N.; Izzo, A.A.; Autore, G.; Barbato, F.; Capasso, F. Nitric oxide and castor oil-induced diarrhea.
J. Pharmacol. Exp. Ther. 1994, 268, 291–295. [PubMed]

33. Akindele, A.J.; Adeyemi, O.O. Evaluation of the antidharrhoeal activity of Byrsocarpus coccineus. J. Ethnopharmacol.
2006, 108, 20–25. [CrossRef] [PubMed]

34. Borrelli, F.; Capasso, F.; Capasso, R.; Ascione, V.; Aviello, G.; Longo, L.; Izzo, A.A. Effect of Boswellia serrata
on intestinal motility in rodents: Inhibition of diarrhoea without constipation. Br. J. Pharmacol. 2006, 148,
553–560. [CrossRef] [PubMed]

35. Beard, T.L.; Leslie, J.B.; Nemeth, J. The opioid component of delayed gastrointestinal recovery after bowel resection.
J. Gastrointest. Surg. 2011, 15, 1259–1268. [CrossRef] [PubMed]

36. Fülöp, K.; Zádori, Z.; Rónai, A.Z.; Gyires, K. Characterization of α2-adrenoceptor subtypes involved in gastric
emptying gastric motility and gastric mucosal defense. Eur. J. Pharmacol. 2005, 528, 150–157. [CrossRef] [PubMed]

37. Wood, J.D.; Galligan, J.J. Function of opioids in the enteric nervous system. Neurogastroenterol. Motil. 2004,
16, 17–28. [CrossRef] [PubMed]

38. Watterson, K.R.; Ratz, P.H.; Spiegel, S. The role of sphingosine-1-phosphate in smooth muscle contraction.
Cell Signal. 2005, 17, 289–298. [CrossRef] [PubMed]

39. Wegener, J.W.; Schulla, V.; Koller, A.; Klugbauer, N.; Feil, R.; Hofmann, J. Control of intestinal motility by the
Ca2+ 1.2 L-type calcium in mice. FASEB J. 2006, 20, E566–E573. [CrossRef] [PubMed]

40. Reynolds, I.J.; Gould, R.J.; Snyder, S.H. Loperamide: Blockade of calcium channels as a mechanism for
antidiarrheal effects. J. Pharmacol. Exp. Ther. 1984, 231, 628–632. [PubMed]

http://dx.doi.org/10.1016/j.jep.2010.11.051
http://www.ncbi.nlm.nih.gov/pubmed/21129475
http://dx.doi.org/10.1016/j.neulet.2009.01.016
http://www.ncbi.nlm.nih.gov/pubmed/19159661
http://dx.doi.org/10.1124/jpet.102.032797
http://www.ncbi.nlm.nih.gov/pubmed/12183638
http://dx.doi.org/10.1016/j.jep.2008.05.019
http://www.ncbi.nlm.nih.gov/pubmed/18675525
http://dx.doi.org/10.1111/j.1750-3841.2009.01401.x
http://www.ncbi.nlm.nih.gov/pubmed/20492146
http://dx.doi.org/10.1007/BF01965627
http://www.ncbi.nlm.nih.gov/pubmed/2437776
http://dx.doi.org/10.1161/ATVBAHA.110.207449
http://www.ncbi.nlm.nih.gov/pubmed/21508345
http://dx.doi.org/10.1371/journal.pone.0022934
http://www.ncbi.nlm.nih.gov/pubmed/21857970
http://dx.doi.org/10.1016/j.plefa.2003.11.005
http://www.ncbi.nlm.nih.gov/pubmed/15120714
http://dx.doi.org/10.1016/j.gtc.2012.06.006
http://www.ncbi.nlm.nih.gov/pubmed/22917170
http://www.ncbi.nlm.nih.gov/pubmed/12764516
http://dx.doi.org/10.1038/ajg.2013.52
http://www.ncbi.nlm.nih.gov/pubmed/23481143
http://dx.doi.org/10.1016/j.jep.2014.01.015
http://www.ncbi.nlm.nih.gov/pubmed/24463157
http://dx.doi.org/10.1111/j.2042-7158.1978.tb13150.x
http://www.ncbi.nlm.nih.gov/pubmed/22723
http://www.ncbi.nlm.nih.gov/pubmed/8301570
http://dx.doi.org/10.1016/j.jep.2006.03.038
http://www.ncbi.nlm.nih.gov/pubmed/16750338
http://dx.doi.org/10.1038/sj.bjp.0706740
http://www.ncbi.nlm.nih.gov/pubmed/16633355
http://dx.doi.org/10.1007/s11605-011-1500-3
http://www.ncbi.nlm.nih.gov/pubmed/21494914
http://dx.doi.org/10.1016/j.ejphar.2005.10.025
http://www.ncbi.nlm.nih.gov/pubmed/16313902
http://dx.doi.org/10.1111/j.1743-3150.2004.00554.x
http://www.ncbi.nlm.nih.gov/pubmed/15357848
http://dx.doi.org/10.1016/j.cellsig.2004.09.013
http://www.ncbi.nlm.nih.gov/pubmed/15567060
http://dx.doi.org/10.1096/fj.05-5292fje
http://www.ncbi.nlm.nih.gov/pubmed/16636102
http://www.ncbi.nlm.nih.gov/pubmed/6502516


Int. J. Mol. Sci. 2016, 17, 149 15 of 15

41. Lee, C.W.; Sarna, S.K.; Singaram, C.; Casper, M.A. Ca2+ channel blockade by verapamil inhibits GMCs and
diarrhea during small intestinal inflammation. Am. J. Physiol. 1997, 273, G785–B794. [PubMed]

42. Khan, A.U.; Gilani, A.H. Antispasmodic and bronchodilator activities of Artemisia vulgaris are mediated
through dual blockade of muscarinic receptors and calcium influx. J. Ethnopharmacol. 2009, 126, 480–486.
[CrossRef] [PubMed]

43. Unno, T.; Matsuyama, H.; Sakamoto, T.; Uchiyama, M.; Izumi, Y.; Okamoto, H.; Yamada, M.; Wess, J.; Komori, S.
M2 and M3 muscarinic receptor-mediated contractions in longitudinal smooth muscle of the ileum studied
with receptor knockout mice. Br. J. Pharmacol. 2005, 146, 98–108. [CrossRef] [PubMed]

44. Gurgel, L.A.; Silva, R.M.; Santos, F.A.; Martins, D.T.O.; Mattos, P.O.; Rao, V.S.N. Studies on the antidiarrhoeal
effect of Dragon’s Blood from Croton urucurana. Phytother. Res. 2000, 14, 1–4.

45. Ward, S.M.; Dalziel, H.H.; Bradley, M.E.; Buxton, I.L.O.; Keef, K.; Westfall, D.P.; Sanders, K.M. Involvement of cyclic
GMP in non-adrenergic, non-colinergic inhibitory neurotransmission in dog proximal colon. Br. J. Pharmacol.
1992, 107, 1075–1082. [CrossRef] [PubMed]

46. Katsuki, S.; Arnold, W.P.; Murad, F. Effects of sodium nitroprusside, nitroglycerin, and sodium azide on
levels of cyclic nucleotides and mechanical activity of various tissues. J. Cyclic Nucleotide Res. 1977, 3, 239–247.
[PubMed]

47. Brasitus, T.A.; Field, M.; Kimberg, V. Intestinal mucosal cyclic GMP: Regulation and relation to ion transport.
Am. J. Physiol. 1976, 231, G275–G282.

48. Di Carlo, G.; Autore, G.; Izzo, A.A.; Maiolino, P.; Mascolo, N.; Viola, P.; Diurno, M.V.; Capasso, F. Inhibition of
intestinal motility and secretion by flavonoids in mice and rats: Structure-activity relationships. J. Pharm. Pharmacol.
1993, 45, 1054–1059. [CrossRef] [PubMed]

49. Fanning, M.J.; Macander, P.; Drzewiecki, G.; Middleton, E. Quercetin inhibits anaphylactic contraction of
guinea-pig ileum smooth muscle. Int. Arch. Allergy Immunol. 1983, 71, 371–373. [CrossRef]

50. Baggio, C.H.; Freitas, C.S.; Rieck, L.; Marques, M.C. Gastroprotective effects of a crude extract of Baccharis illinita
DC in rats. Pharmacol. Res. 2003, 47, 93–98. [CrossRef]

51. Souza Brito, A.R.M. Manual de Ensaios Toxicológicos in Vivo; Editora da Unicamp: Campinas, SP, Brazil, 1994;
pp. 15–22.

52. Swingle, K.F.; Reiter, M.J.; Schwartzmiller, D.H. Comparison of croton oil and cantharidin induced inflammations
of the mouse ear and their modification by topically applied drugs. Arch. Int. Pharmacodyn. Ther. 1981, 254,
168–176. [PubMed]

53. Young, J.M.; Spires, D.A.; Bedord, C.J.; Wagner, B.; Ballaron, S.J.; de Young, L.M. The mouse ear inflammatory
response to topical arachidonic acid. J. Investig. Dermatol. 1984, 82, 367–371. [CrossRef] [PubMed]

54. Xian, Y.F.; Lin, Z.X.; Xu, X.Y.; Su, Z.R.; Chen, J.N.; Lai, X.P.; Ip, S.P. Effect of Rhizoma polygonati on
12-O-tetradecanoylphorbol-acetate-induced ear edema in mice. J. Ethnopharmacol. 2012, 142, 851–856.
[CrossRef] [PubMed]

55. Robert, A.; Nezamis, J.E.; Lancaster, C.; Hanchar, A.J.; Klepper, M.S. Enteropooling assay: A test for
diarrhoeal produced by prostaglandins. Prostaglandins 1976, 11, 809–814. [CrossRef]

56. Stickney, J.C.; Northup, D.W. Effect of gastric emptying upon propulsive motility of small intestine of rats.
Proc. Soc. Exp. Biol. Med. 1959, 101, 582–583. [CrossRef] [PubMed]

57. Howd, R.A.; Adamovics, A.; Palekar, A. Naloxone and intestinal motility. Cell. Mol. Life Sci. 1978, 3, 1310–1311.
[CrossRef]

58. Meli, R.; Autore, G.; Di Carlo, G.; Capasso, F. Inhibitory action of quercetin on intestinal transit in mice.
Phytother. Res. 1990, 4, 201–201. [CrossRef]

59. Izzo, A.A.; Mascolo, N.; Di Carlo, G.; Capasso, F. NG-nitro-L-arginine methyl ester modulates intestinal
secretion and motility produced by carbachol. Eur. J. Pharmacol. 1994, 271, 31–35. [CrossRef]

60. Mazzolin, L.P.; Kiguti, L.R.A.; Maia, E.O.; Fernandes, L.T.L.; Rocha, L.R.M.; Vilegas, W.; Pupo, A.S.;
di Stasi, L.C.; Hiruma-Lima, C.A. Antidiarrheal and intestinal anti-inflammatory activities of a methanolic
extract of Qualea parviflora Mart. in experimental models. J. Ethnopharmacol. 2013, 150, 1016–1023. [CrossRef]
[PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.ncbi.nlm.nih.gov/pubmed/9357819
http://dx.doi.org/10.1016/j.jep.2009.09.010
http://www.ncbi.nlm.nih.gov/pubmed/19751814
http://dx.doi.org/10.1038/sj.bjp.0706300
http://www.ncbi.nlm.nih.gov/pubmed/15965495
http://dx.doi.org/10.1111/j.1476-5381.1992.tb13409.x
http://www.ncbi.nlm.nih.gov/pubmed/1334749
http://www.ncbi.nlm.nih.gov/pubmed/199626
http://dx.doi.org/10.1111/j.2042-7158.1993.tb07180.x
http://www.ncbi.nlm.nih.gov/pubmed/7908974
http://dx.doi.org/10.1159/000233423
http://dx.doi.org/10.1016/S1043-6618(02)00253-0
http://www.ncbi.nlm.nih.gov/pubmed/7337491
http://dx.doi.org/10.1111/1523-1747.ep12260709
http://www.ncbi.nlm.nih.gov/pubmed/6423734
http://dx.doi.org/10.1016/j.jep.2012.06.013
http://www.ncbi.nlm.nih.gov/pubmed/22710295
http://dx.doi.org/10.1016/0090-6980(76)90189-1
http://dx.doi.org/10.3181/00379727-101-25024
http://www.ncbi.nlm.nih.gov/pubmed/13675325
http://dx.doi.org/10.1007/BF01981437
http://dx.doi.org/10.1002/ptr.2650040509
http://dx.doi.org/10.1016/0014-2999(94)90261-5
http://dx.doi.org/10.1016/j.jep.2013.10.006
http://www.ncbi.nlm.nih.gov/pubmed/24157378
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Results and Discussion 
	Experimental Section 
	Drugs and Chemicals 
	Plant Material and Extraction 
	Chemical Fingerprint of 70% EtOH by HPLC-PDA-ESI-IT-MS 
	Animals 
	Acute Toxicity and Hippocratic Screening 
	Evaluation of Anti-Inflammatory Activity: Xylene-Induced Ear Edema 
	Evaluation of Anti-Inflammatory Activity: Arachidonic Acid-Induced Ear Edema 
	Determination of Prostaglandin E2 (PGE2) Level in Arachidonic Acid-Induced Ear Edema 
	Antidiarrheal Activity: Castor Oil-Induced Diarrhea 
	Castor Oil-Induced Intestinal Fluid Accumulation 
	Castor Oil-Induced Intestinal Transit 
	Determination of Mechanisms of Action Involved in the Antidiarrheal Effect: Involvement of Opioid Receptors in the Intestinal Transit 
	Involvement of Presynaptic 2-Adrenergic Receptors in the Intestinal Transit 
	Involvement of Muscarinic Receptors in the Intestinal Transit 
	Involvement of NO in the Intestinal Fluid Accumulation 
	PGE2-Induced Intestinal Fluid Accumulation 
	Phasic Contractions Induced by Carbachol or KCl in Isolated Ileum in Vitro 
	Statistical Analysis 

	Conclusions 

