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Background
Hypertension is a major cardiovascular burden that has been 

estimated to cause 7.1 million premature deaths and 45 % of the disease 
burden [1]. However, it remains inadequately managed everywhere [2], 
and in spite of the large number of antihypertensive medications, most 
people in developing countries have poor access to modern health-
care and cannot afford these drugs due to cost. Therefore, they resort 
to alternative herbal remedies to manage hypertension.Such alternative 
remeadies include the use of herbs and natural plant products, one 
of the plant used is Peperomia pellucid [3]. Peperomia pellucida is a 
common, fleshy annual herb that belongs to the family of Piperaceae. 
It is commonly called shiny bush, pepper elder, man-to-man, rat-ear, 
Pansit pansitan and is found mainly in the tropics [4-6]. 

Traditionally, the plant is used as a diuretic and to reduce cholesterol 
levels in the treatment of hypertension and kidney disorder [4-6]. It 
is also reported to have anti-inflammatory properties [6] analgesic 
activity[4,6-8] antipyretic [9] as well as antibacterial [5,7,10] also used 
in the treatment of abscesses, furuncles, and conjunctivitis [6]. 

The phytochemicals present in the plant are alkaloids, namely, 
secolignans, tetrahydrofuran lignans, as well as, highly methoxylated 
dihydronaphthalenone, peperomins A, B, C, and E, sesamin, and 
isoswertisin [11]. Peperomin E shows growth inhibitory effects on 
the HL-60, MCF-7, and HeLa three cancer cell lines [7,11]. Peperomia 
pellucida also contains several essential oils, mainly dillapiole, 
β-caryophyllene and carotol that have high larvicidal activities [12-
14]. Other compounds are flavonoids such as acacetin, apigenin, 
isovitexin and pellucidatin [15,16], phytosterols, namely, campesterol, 
stigmasterol, and arylproppanoids. Cardiac glycosides, tannins and 

anthraquinones have also been isolated from the plant [4].

Given the widespread ethno medicinal use of this plant and its 
usage in combination with other medications, it was important to 
investigate impact on drug metabolising cytochrome P450s (CYPs), 
a heme containing superfamily of enzymes [17], Herbal remedies are 
known to affect the dynamics of drug and chemical interactions [18], 
and of significant concern to drug-drug interactions [19,20]. There is 
therefore need for pharmacological validation of this medicinal plant to 
justify its usage and safety in ethno medicinal treatment, which could 
greatly benefit populations with poor economic resources. Therefore, 
the aim of the present study was to investigate the blood pressure 
lowering effects and possible mechanism of action of an aqueous 
extract of Peperomia pellucida, and its possible drug-herb interactions 
using CYP540 microsomes. 

Methods
Chemicals and reagents 

All chemicals except those noted below were purchased from 
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Sigma-Aldrich (St. Louis, MO). All CYP substrates and metabolites 
were purchased from Gentest Corporation (Worburn, MA, USA). 
Escherichia coli membranes expressing human CYP2D6 and CYP3A4 
co-expressed with CYP reductase were purchased from Cypex Ltd. 
(Dundee, UK), while pooled human liver microsomes were purchased 
from Xenotech (Kansas, USA).

Plant material and extraction

The Peperomia pellucida whole plant (1 kg) was collected in January 
2010 and the species authenticated by the resident botanist (Mr Patrick 
Lewis) at the herbarium of the University of The West Indies (UWI) 
where a voucher specimen of the plant material has been deposited 
(35447). The whole plant was washed, dried, ground into powder and 
soaked in distilled water overnight. It was filtered using Whatman No. 
1 filter paper and the filtrate was concentrated under reduced pressure 
at 45ºC in a rotary vacuum evaporator. The dark brown solid residue 
was stored in a capped container in a refrigerator at -4ºC until ready 
for use. All the drugs used were dissolved in distilled water prior to use. 
All solutions were freshly prepared prior to the start of experimental 
procedures.

Experimental animals

Male Sprague Dawley rats, aged 12 weeks and weighing 300-350 
g were obtained from the Animal House of the Department of Basic 
Medical Sciences, UWI, Mona Campus. They were housed in plastic 
cages under 12 h light/dark cycles at 25 ± 2ºC and fed with standard 
rat chow and tap water ad libitum. Ethical approval was sought and 
obtained from the FMS/UHWI/UWI, Mona Campus Ethics committee.

Measurement of blood pressure and heart rate

The animals were anaesthetized with an intraperitoneal injection 
of 15% urethane (8 ml/kg body weight). The trachea was exposed 
and cannulated to facilitate easy respiration. The left jugular vein was 
cannulated to facilitate the intravenous injection of the drugs and plant 
extracts. The right carotid artery was cannulated and connected to a 
pressure transducer (Statham P23 XL) coupled with a Grass Polygraph 
(Model 7D, Quincy, MA, USA). This connection was used for blood 
pressure and heart rate recording. 500 IU/kg of heparin (Elkins-Sinn 
Inc., Cherry Hill NJ., USA) was injected to prevent intravascular blood 
clotting. The animals were allowed to adapt to the laboratory setting 
for at least 30 min before recording and administration of any test 
substances. Drugs and the aqueous plant extract were then administered 
intravenously.

Dose response effects of Peperomia pellucida extract on blood 
pressure and heart rate

After the equilibration period, the dose-response relationship to 
Peperomia pellucida extract was determined by intravenous injection 
(10-30 mg/kg) into the left jugular vein and flushed in with 0.1 ml 
saline. Each dose was separated by 10 min interval before the injection 
of the next dose. The blood pressure was recorded at a chart speed of 
10 mm/s and the heart rate was measured by increasing the chart speed 
on the machine to 50 mm/min. The mean arterial pressure (MAP) was 
calculated as the sum of the diastolic pressure and 1/3 pulse pressure. 

Effect of Peperomia pellucida on atropine, propranolol, 
mepyramine and eNOS blockade 

The effect of Peperomia pellucida extract was examined after 
administration of the muscarinic receptor antagonist, atropine (2 
mg/kg), the beta-adrenoceptor antagonist, propranolol (1 mg/kg), 

mepyramine (5 mg/kg) or Nω-nitro-L-arginine methyl ester (L-NAME 
5 mg/kg). Each drug was given intravenously and allowed to equilibrate 
for 5 min before a bolus injection of Peperomia pellucida extract (10 
mg/kg) (which was a representative dose that gave about 40 – 50% of 
the effects observed) and the corresponding blood pressure and heart 
rate changes were recorded.

Preparation of rat aorta rings

The thoracic aorta were isolated from male rats and after removal 
of superficial fat and connective tissue, cut into rings of about 
approximately 3 mm and mounted in 10 ml organ baths containing 
normal Krebs physiological solution with the following composition 
(mM): NaCl, 112; KCl 5; CaCl2 1.8; MgCl2 1, NaHCO3 25; KH2PO4 0.5; 
NaH2PO4 0.5; Glucose 10; pH 7.4. The bath solution was maintained at 
37ºC and bubbled continuously with a mixture of 95% O2 and 5% CO2. 
The aorta was connected to an isometric force transducer (SS12LA, 
Biopac Systems Inc, Goleta, CA, USA), connected to a data acquisition 
unit (Biopac Student Lab MP36 systems) and isometric contraction 
was recorded using the Biopac BSL PRO computer software. A passive 
tension of 1 g was applied to the tissue using a movable device. The 
rings were equilibrated for 90 min while being rinsed every 15 min. 
During the equilibration period, the rings were challenged with 1 µM 
phenylephrine and the aorta was relaxed with 10 µM acetylcholine to 
ascertain the endothelial integrity.

Characterization of the vasorelaxant responses to Peperomia 
pellucida

After the equilibration period, the aortic rings with or without 
endothelium were precontracted with 1 µM phenylephrine and the 
relaxant responses to Peperomia pellucida at different concentrations 
(1.9-8.6 mg/ml) were recorded by adding cumulative doses of aqueous 
extract to the tissue bath after the previous concentration had reached 
a plateau. Endothelium was removed mechanically by gently rubbing 
the intimal surface of the aortic rings with glass rod and removal was 
confirmed by the absence of relaxation to 10-7 M acetylcholine [21]. 
In another set of experiments, aortic rings with intact endothelium 
were pre-incubated with Peperomia pellucida extract for 30 min 
following which cumulative dose-response curves were generated 
for phenylephrine. Dose-response curves were plotted as percentage 
relaxation against logarithmic concentration of the extract.

Characterization of vasorelaxant action

In order to determine the involvement of intracellular 
Ca2+mobilization in the vasorelaxant action of Peperomia pellucida, 
Ca2+-free Krebs solution with the following composition: KCl 50, NaCl 
91.04, MgSO4 1.05, NaHCO3 11.90, glucose 5.55 and EGTA 0.1 mM was 
used. To confirm the calcium channel blocking effect, the tissue was 
allowed to stabilize in normal Kreb’s solution, which was then replaced 
with Ca2+-free Kreb’s solution containing EGTA (0.1 mM) for 30 min 
with 4-5 serial washing in order to remove calcium from the tissues. 
The aortic ring was assessed by testing on high K+ (80 mM)-induced 
contraction. This solution was further replaced with K+-rich and Ca2+-
free Kreb’s solution. Following an incubation period of 30 min, dose-
response curves of Ca2+were obtained and then repeated following 30 
min incubation with the Peperomia pellucida extract.

CYP inhibition assays 

The extract was evaluated for its ability to inhibit the catalytic 
activity of human CYP3A4 enzyme by means of fluorometric detection 
assays conducted in 96 well microtitre plates using the substrate; 
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7-Benzyloxy-4-trifluoromethylcoumarin (BFC) for detecting CYP3A4 
activity as described elsewhere [22,23]. For experiments with pooled 
HLMs, 300 µg/ml of protein was used in each assay. The reactions 
were monitored fluorometrically at 37ºC, using a Varian Cary Eclipse 
Fluorescence spectrophotometer. All standards were dissolved in 20% 
acetonitrile and less than 0.3% of acetonitrile was used in the final assay. 

The accuracy of experimental techniques employed to detect 
CYP3A4 inhibition assay was verified with known inhibitor 
ketoconozole and the obtained IC50 value (0.06 ± 0.01 µM) compared 
well with published values (0.06 µM) [24]. Michaelis constant, Km, was 
determined for the marker substrate under the specified experimental 
conditions, in order to determine suitable substrate concentrations for 
assessing inhibitory potential of the test extract. Control experiments 
included the intrinsic fluorescence of the Peperomia pellucida extract 
and its effect on the metabolite’s fluorescence at the respective excitation 
and emission wavelengths. 

Data analysis

The results are expressed as mean ± SEM. Student’s t-test and one-
way analysis of variance (ANOVA) with Bonferonni’s post-test was 
performed where applicable using GraphPad Prism version 5.0 for 
Windows (GraphPad Software, San Diego, Ca, USA). IC50 values were 
determined by fitting the data in Sigma Plot (version 10.0) and enzyme 
kinetics module, using non linear regression analysis. IC50 data listed 
represent the average values from three different determinations. A p 
value of 0.05 was considered statistically significant.

Results
Effect of graded doses of Peperomia pellucida on blood 
pressure and heart rates

Intravenous administration of increasing dose Peperomia pellucida 
aqueous extract caused a dose-dependent reduction in systolic blood 
pressure (SBP), diastolic blood pressure (DBP), Heart rate and MAP 
(Table 1). 

Mechanism of hypotensive effect of Peperomia pellucida 

The effects of atropine, propranolol, mepyramine and L-NAME on 
the hypotensive action of the aqueous extract of Peperomia pellucida 
(10 mg/kg) were investigated. As shown in Figure 1, the pretreatment of 
anaesthetized Sprague Dawley normotensive rats with atropine sulphate 
(2 mg/kg) or propranolol (1 mg/kg) significantly (p<0.05) reduced the 
hypotensive effect of the plant extract. However, mepyramine (5 mg/
kg) caused a significant (p<0.05) further reduction of MAP by the plant 
extract. By contrast, pretreatment with L-NAME significantly (p<0.01) 
abolished the hypotensive effect of the extract in the rats. 

Effect of Peperomia pellucida on phenylephrine-induced 
contraction

The aqueous extract of Peperomia pellucida did not have any 
vasoconstrictor effect when the aortic rings were incubated init. 
However, the extract caused a significant (p<0.05) reduction in 
phenylephrine-induced contraction of aortic rings with a maximum 
contraction of 72 ± 5% and a rightward shift of the dose-response curve 
(Figure 2). The sensitivity (pD2) to phenylephrine in the presence of 
Peperomia pellucida (5.63) was significantly (p<0.05) reduced when 
compared with the control (pD2 = 6.64). 

Effect of Peperomia pellucida on relaxation of aorta

The extract of Peperomia pellucida (1.9-8.6 mg/ml) caused a dose-
dependent relaxation of aortic rings precontracted with phenylephrine 
(Figure 3). The maximum relaxation to phenylephrine-induced 
contraction was 33.1 ± 4% in aortic rings with intact endothelium. In 
endothelium-denuded aortic rings, the vasodilator effect of the extract 
was completely abolished. 

Effect of Peperomia pellucida aqueous extract on calcium 
induced contraction

In the presence of Peperomia pellucida, the calcium ion 
concentration-response curve constructed in a calcium ion free 
medium on rat aorta was enhanced (Figure 4). There was a significant 
increase in the maximum contractions to 120.5 ± 4% in the calcium 

parameter control  dosage
10 mg/kg 20 mg/kg 30 mg/kg

SBP (mmHg) 109 ± 5 76 ± 6 (30.28) 62 ± 10* (43.12) 40 ± 10* (63.30)
DBP (mmHg) 82 ± 7 39 ± 8 (51.85) 31 ± 7* (63.53) 15 ± 7* (81.70)
MAP (mmHg) 91 ±10 51 ± 8 (43.33) 41 ± 6* (55.91) 23.3 ±  5* (67.67)
HR (beats / min) 240 ± 20 100 ± 10 (58.33) 50 ± 10* (71.20) 20 ± 7* (91.60)

The result is expressed as mean ± SEM in 6 observations. The number in 
parenthesis indicates percentage reduction compared with control. * = P<0.05 
when compared to control.
Table 1: Dose-dependent reductions of blood pressure by Peperomia pellucida in 
normotensive rat
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Figure 1: The maximal immediate changes after extract injection in mean 
arterial pressure (MAP) in anaesthetized rats that received intravenous 
injection of Peperomia pellucida aqueous extract (10 mg/kg). Some animals 
received an additional pre-treatment of atropine (2 mg/kg), propranolol, 
or mepyramine (5 mg/kg), L-NAME (5 mg/kg) 5min prior to plant extract 
administration. Each point represents the mean ± S.E.M. of five rats *P < 
0.05 vs. the value without antagonisms.
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Figure 2: Effect of Peperomia pellucida on the concentration-response 
curves for phenylephrine-induced vasoconstriction of aortic strips. Each 
data point represents the mean ± SEM *P< 0.05 vs. control.
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ion induced contractions of the aortic rings incubated with P. pellucida, 
which was significantly (p<0.05) higher than that of the control. 

Effect of Peperomia pellucida extract on CYP enzyme activities 

The inhibitory impact of Peperomia pellucida extract on the activity 

of CYP3A4 enzyme is displayed in Figure 5, using both HLMs and 
heterologously expressed CYP3A4 microsomes and used to generate 
IC50 values which were calculated to be 0.153 ± 0.054 mg/ml and 0.466 
± 0.126 mg/ml, respectively. 

Discussion
The major findings of this study are that the aqueous extract 

of Peperomia pellucida produced a dose-dependent decrease in 
systolic blood pressure, diastolic blood pressure, MAP and heart rate 
in normotensive rats. The observed fall in BP is in keeping with the 
traditional use of Peperomia pellucida as an antihypertensive agent. The 
data suggest that the extract had a negative chronotropic effect. Our 
results also reveal that the muscarinic receptor antagonist, atropine, 
(atropine may act by blocking the effect of acetylcholine on the heart. 
Alternatively, atropine may block the action of endothelial acetylcholine 
acting over the receptor M3, that induces vasodilation) and the beta 
blocker, propranolol, (Propranolol, on the other hand, may oppose the 
vascular smooth muscle relaxation induced by the activation of the beta 
2 receptor by endogenous epinephrine) significantly (p<0.05) reduced 
the MAP, while the histaminergic receptor antagonist, mepyramine, 
did not inhibit the hypotensive effect of the Peperomia pellucida 
extract maybe due to the receptors involved (H1-receptors mediating 
contraction and H2-type receptors relaxation. However, the nitric oxide 
synthase inhibitor, L-NAME, completely blocked the hypotensive effect 
and caused a reduction in heart rate. The complete blockade with 
L-NAME indicated that the plant extract exerts its hypotensive effect 
via the endothelium-mediated / nitric oxide pathway. This result was 
further confirmed by the vasodilator action of the extract on endothelial 
intact rings, which was not seen in endothelium denuded rings. 

PPAE caused a significant reduction in phenylephrine-induced 
contraction of aortic rings and a rightward shift of the dose-response 
curve; this may indicate a non competitive interaction between PPAE 
and phenylephrine, 

The decreased phenylephrine and Potassium-induced contraction 
in the aortic rings suggested the involvement of Ca2+. However, in the 
investigation of the role of Ca2+channels Ca2+- induced contraction in 
the presence of Peperomia pellucida  -showed an enhanced calcium-
induced contractions. Nitric oxide and cGMP has been reported to 
inhibit calcium channels as a mechanism of vasorelaxation in vessels 
[25], our results suggests that the vasorelaxation of blood vessel may 
not be attributed to the effect of the Peperomia pellucida on calcium-
mediated antagonism of voltage-stimulated Ca2+channels in the 
vascular tissues a paradoxical finding. Villar et al. [26] had reported 
that biflavonoids induced endothelium-dependent relaxation that was 
unaltered by removal of extracellular calcium, Peperomia pellucida 
is reported to contain flavonoids and essential oils [15] and this 
may possibly have contributed to the observed effect in this study. 
The vasodilator effect of Peperomia pellucida was observed only in 
endothelium-intact but not denuded aortic rings, it therefore suggests 
that the vasorelaxation is endothelium dependent [21,27-29]. 

Given that Peperomia pellucida is used as a complementary medicine 
and taken along with other medications, it was also important to study 
its inhibitory potencies against CYP3A4, an enzyme key to evaluating 
drug interactions. CYPs are responsible for the metabolism of numerous 
hypertensive therapeutics, including calcium channel blockers, such as 
diltiazem, felodipine, verapamil amlodipine, lercanidipine, nifedipine, 
nisoldipine, nitrendipine, HMG-CoA reductase inhibitors such as 
simvastatin, atorvastatin, cerivastatin, lovastatin and other important 
classes of drugs including antiretrovirals, immunosuppresants and 
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Figure 4: Dose-response curves showing the effect of  increasing doses of 
Ca2+ on aqueous extract of Peperomia pellucida on dose response curves 
constructed in Ca2+ free medium in isolated rat aorta (values shown are mean± 
SEM, n =5).
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Figure 5:  Inhibition of CYP3A4 activity by Peperomia pellucida using human 
liver microsomes and heterologously expressed human enzyme.  Human 
CYP3A4 catalyzed 7-benzyloxy-4-trifluoromethyl-coumarin (50µM) activity 
was determined in the presence of varying concentrations of the aqueous 
P. pellucida extract (between 0 and 10mg/ml) as described in Materials and 
Methods. Control enzyme activity (mean ± SEM) for CYP3A4 was 0.09± 0.01 
µM/min/pmol of CYP respectively. Data are expressed as mean percentage 
of control enzyme activity for three independent experiments.
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antibiotics. Potent inhibition of this enzyme could result in clinically 
relevant drug adversities. Peperomia pellucida aqueous extract inhibited 
CYP3A4 enzyme activity in both human liver microsomes and 
heterologously expressed microsomes in the sub milligram/ml levels, 
which appear to be poor in potency, especially compared with the 
known potent inhibitor ketoconazole which has an IC50 value of 3.1x10­

5 mg/ml. Other medicinal plant extracts have been noted to have IC50 
values ranging between 0.1 mg/ml [30] to more potent <0.01 mg/ml 
values [31,32]. Although conclusive determinations can only be drawn 
from clinical studies, the weak inhibition displayed by the Peperomia 
pellucida extract in this in-vitro investigation, is indicative of a fairly low 
likelihood of clinically observable interactions and adversities through 
CYP3A4 mediated metabolism. 

Conclusion 
The results from this study show that the aqueous extract 

of Peperomia pellucida induces hypotension and bradycardia in 
normotensive rats via nitric oxide dependent mechanisms. Peperomia 
pellucida aqueous extract displayed poor in vitro inhibition on 
CYP3A4 enzyme making it unlikely to impart clinically significant 
pharmacokinetic drug interactions via the inhibition of this enzyme. 
This data validate the use of this plant extract as a traditional medicine 
against hypertension. 

Acknowledgement 

This research was funded by the University of West Indies New Initiative grant 
No: 15053P and by the Forest Conservation Fund and International Foundation 
for Science (IFS). We also thank Mr. Patrick Lewis and Dr Sylvia Mitchell for the 
identification and verification of the plant. 

Conflict of Interest 

The authors declare that there is no conflict of interest. 

References 

1.	 Nwokocha CR, Ajayi IO, Ebeigbe AB (2011) Altered Vascular Reactivity Induced 
By Malaria Parasites. West Indian Med J 60: 13-18. 

2.	 Mancia G, Bertinieri G, Stella ML, Grassi G (1999) Significance of ambulatory 
pressure monitoring in the assessment of antihypertensive agents. Cardiologia 
44: 335-338. 

3.	 Mitchel SA, Ahmad, MH (2006) A review of medicinal plant research at the 
University of the West Indies, Jamaica, 1948–2001. West Indian Med J 55: 
243-269. 

4.	 Aziba PI, Adedeji A, Eko M, Adeyemi O (2001) Analgesic activity of Peperomia 
pellucida aerial parts in mice. Fitoterapia 72: 57-58. 

5.	 Khan MR, Omoloso AD, (2002) Antibacterial activity of Hygrophila stricta and 
Peperomia pellucida. Fitoterapia 73: 251-254. 

6.	 de Fátima Arrigoni-Blank M, Dmitrieva EG, Franzotti EM, Antoniolli AR, Andrade 
MR, et al. (2004) Anti-inflammatory and analgesic activity of Peperomia 
pellucida (L.) HBK (Piperaceae). J Ethnopharmacol 91: 215-218. 

7.	 Wei LS, Wee W, Siong JY, Syamsumir DF (2011) Characterization of anticancer, 
antimicrobial, antioxidant properties and chemical compositions of Peperomia 
pellucida leaf extract. Acta Med Iran 49: 670-674. 

8.	 Bojo AC, Garcia EA, Pocsidio GN (1994) The antibacterial activity of Peperomia 
pellucida (L.) HBK (Piperaceae). Asia Life Sci 3: 35-44. 

9.	 Khan A, Rahman M, Islam S (2008) Antipyretic activity of Peperomia pellucida 
leaves in rabbit. Turkey J Biol 32: 37-41. 

10. Melendez PA, Capriles VA (2006) Antibacterial properties of tropical plants from 
Puerto Rico. Phytomedicine 13: 272-276. 

11. Xu S, Li N, Ning MM, Zhou CH, Yang QR, et al. (2006) Bioactive compounds 
from Peperomia pellucida. J Natl Prod 69: 247-250. 

12. Moreira DL, De Souza PO, Kaplan MA, Guimaraes EF (1999) Essential oil 
analysis of four Peperomia species (Piperaceae). Acta Horticulture. 500: 65-69. 

13. da Silva MH, Zoghbi MG, Andrade EH, Maia JG (1999) The essential oils of 
Peperomia pellucida Kunth and P. circinnata link var circinnata. Flav Fragr J 
14: 312-314. 

14. de Lira PN, da Silva JK, Andrade EH, Sousa PJ, Silva NN, et al. (2009) 
Essential oil composition of three Peperomia species from the Amazon, Brazil. 
Natl Prod Commun 4: 427-430. 

15. Aqil M, Khan IZ, Ahmad MB (1993) Flavonoids from Peperomia pellucida. 
Scient Physic Sci 5: 213-215. 

16. Aqil M, Rahman FA, Ahmad MB (1994) A new flavonol glycoside from 
Peperomia pellucida. Scient Physic Sci 6: 141-143. 

17. Lewis DF (2004) 57 varieties: The human cytochromes P450. Pharmacogenom 
5: 305-318. 

18. Nwokocha CR, Owu DU, Ufearo CS, Iwuala MOE (2011) Comparative study on 
the efficacy of Garcinia kola in reducing some heavy metal accumulation in liver 
of Wistar rats. J Ethnopharmacol 135: 488-491. 

19. Clarke SE, Jones BC (2008) Human cytochromes P450 and their role in 
metabolism based drug-drug interactions. In: Rodrigues AD Drug Drug 
interactions (2ndedn), Informa Health Care, New York, USA 53-86. 

20. Delgoda R, Westlake ACG (2004) Herbal interactions involving cytochrome 
P450 enzymes: a mini review. Toxicol Rev 23: 239-249. 

21. Furchgott RF, Zawadzki JV (1980) The obligatory role of endothelial cells in 
the relaxation of arterial smooth muscle by acetylcholine. Nature 299: 373-376. 

22. Crespi CL, Miller VP, Penman BW (1997) Microtitre plate assays for inhibition 
of human, drug metabolising cytochromes P450. Analyt Biochem 248: 188-190. 

23. Badal S, Williams SA, Huang G, Francis S, Vendantam P, 	et al. (2011) 
Cytochrome P450 1 enzyme inhibition and anticancer potential of chromene 
amides from Amyris plumieri. Fitoterapia 82: 230-236. 

24. Gerhäuser C, Klimo K, Heiss E, Neumann I, Gamal-Eldeen A, et al. (2003) 
Mechanism-based in vitro screening of potential cancer chemopreventive 
agents. Mutat Res 523-524: 163-172. 

25. Quignard JF, Frapier JM, Harricane MC, Albat B, Nargeot J, et al. (1997) 
Voltage-gated calcium channel currents in human coronary myocytes. 
Regulation by cyclic GMP and nitric oxide. J Clin Invest 99: 185-193. 

26. Villar IC, Vera R, Galisteo M, O’Valle F, Romero M, et al. (2005) Endothelial 
nitric oxide production stimulated by the bioflavonoid chrysin in rat isolated 
aorta. Planta Med 71: 829-834. 

27. Vanhoutte PM, Rubanyi GM, Miller VM, Houston DS (1986) Modulation of 
vascular smooth muscle contraction by the endothelium. Annu Rev Physiol 48: 
307-320. 

28. Rapoport RM, 	 Murad F (1983) Agonist induced endothelium-dependent 
relaxation in rat thoracic aorta may be mediated through cyclic GMP. Circulat 
Res 52: 352-357. 

29. Martínez-Orgado J, González R, Alonso MJ, Marín J (1999) Nitric oxide-
dependent and -independent mechanisms in the relaxation elicited by 
acetylcholine in fetal rat aorta. Life Sci 64: 269-277. 

30. Shields M, Niazi U, Badal S, Yee T, Sutcliffe MJ, et al. (2009) Inhibition of 
CYP1A1 by quassinoids found in Picrasma excelsa. Planta Medica 75: 137­
141. 

31. Tam TW, Liu R, Arnason JT, Krantis A, Staines WA, et al. (2009) Actions of 
ethnobotanically selected Cree anti-diabetic plants on human cytochrome 
P450 isoforms and flavin-containing monooxygenases 3.J Ethnopharmacol 
126: 119-126. 

32. Agbonon A, Eklu-Gadegbeku K, Aklilolou K, Gbeassor M, Akpagana K, et al., 
(2010) In vitro inhibitory effect of West African medicinal and food plants on 
human cytochrome P450 3A subfamily. J Ethnopharmacol 128: 390-394. 

http://www.ncbi.nlm.nih.gov/pubmed/21809705
http://www.ncbi.nlm.nih.gov/pubmed/12497930
http://www.ncbi.nlm.nih.gov/pubmed/17249314
http://www.ncbi.nlm.nih.gov/pubmed/11163942
http://www.ncbi.nlm.nih.gov/pubmed/12048020
http://www.ncbi.nlm.nih.gov/pubmed/15120441
http://www.ncbi.nlm.nih.gov/pubmed/22071643
http://agris.fao.org/agris-search/search/display.do?f=1995%2FPH%2FPH95011.xml%3BPH9411356
http://journals.tubitak.gov.tr/biology/issues/biy-08-32-1/biy-32-1-6-0705-1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16492531
http://www.ncbi.nlm.nih.gov/pubmed/16499324
http://agricola.nal.usda.gov/cgi-bin/Pwebrecon.cgi?Search_Arg=IND23323414%20&DB=local&CNT=25&Search_Code=GKEY&STARTDB=AGRIDB
http://www.ncbi.nlm.nih.gov/pubmed/19413127
http://www.ncbi.nlm.nih.gov/pubmed/15102545
http://www.ncbi.nlm.nih.gov/pubmed/21458555
http://www.ncbi.nlm.nih.gov/pubmed/15898829
http://www.ncbi.nlm.nih.gov/pubmed/6253831
http://www.ncbi.nlm.nih.gov/pubmed/9177742
http://www.ncbi.nlm.nih.gov/pubmed/20951188
http://www.ncbi.nlm.nih.gov/pubmed/12628514
http://www.ncbi.nlm.nih.gov/pubmed/9005986
http://www.ncbi.nlm.nih.gov/pubmed/16206037
http://www.ncbi.nlm.nih.gov/pubmed/2871807
http://www.ncbi.nlm.nih.gov/pubmed/6297832
http://www.ncbi.nlm.nih.gov/pubmed/10027761
http://www.ncbi.nlm.nih.gov/pubmed/19016402
http://www.ncbi.nlm.nih.gov/pubmed/19665535
http://www.ncbi.nlm.nih.gov/pubmed/20109542

	Title
	Corresponding author
	Abstract
	Keywords
	Background
	Methods
	Chemicals and reagents
	Plant material and extraction
	Experimental animals
	Measurement of blood pressure and heart rate
	Dose response effects of Peperomia pellucida extract on bloodpressure and heart rate
	Effect of Peperomia pellucida on atropine, propranolol,mepyramine and eNOS blockade
	Preparation of rat aorta rings
	Characterization of the vasorelaxant responses to Peperomiapellucida
	Characterization of vasorelaxant action
	Data analysis
	CYP inhibition assays

	Results
	Effect of graded doses of Peperomia pellucida on bloodpressure and heart rates
	Mechanism of hypotensive effect of Peperomia pellucida
	Effect of Peperomia pellucida on phenylephrine-inducedcontraction
	Effect of Peperomia pellucida on relaxation of aorta
	Effect of Peperomia pellucida aqueous extract on calciuminduced contraction
	Effect of Peperomia pellucida extract on CYP enzyme activities

	Discussion
	Conclusion
	Acknowledgement
	Conflict of Interest
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	References



