32

USIUIYNTY

)
gwu%y‘aaiiwQmﬁﬁwﬁmmﬂmxnsmﬂ']iéﬁ.mmazmaqmmlﬁ%umﬁﬂumLquT,U'im
http://www.medplant.mahidol.ac.th/index.asp
Aviram, M., Kaplan, M. and Fuhrmzn, B. (2005) Dietary antioxidants and paraoxonases

against LDL oxidation and atherosclerosis development. Handb Exp Pharmacol, 263-
300.

Bang JS, Oh da H, Choi HM, Sur BJ, Lim SJ, Kim JY, Yang Hl, Yoo MC, Hahm DH and Kim
KS. Anti-inflammatory and antiarthritic effects of piperine in human interleukin 1beta-
stimulated fibroblast-like synoviocytes and in rat arthritis models. Arthritis Res Ther.
2009;11(2):R49.

Das B, Kundu J, Bachar SC, Uddin MA and Kundu JK. Antitumor and antibacterial activity
of ethylacetate extract of Ludwigia hyssopifolia linn and its active principle piperine.
Pak J Pharm Sci. 2007 Apr;20(2):128-31.

de Mattos Duarte C, Verli H, de Araujo-Junior JX, de Medeiros IA, Barreiro EJ and Fraga CA.
New optimized piperamide analogues with potent in vivo hypotensive properties. Eur
J Pharm Sci. 2004 Dec;23(4-5):363-9.

Dhuley JN, Raman PH, Mujumdar AM and Naik SR. Inhibition of lipid peroxidation by
piperine during experimental inflammation in rats. Indian J Exp Biol. 1993
May;31(5):443-5.

disease/2004 report_update/en/index.html)

Esper RJ, Nordaby RA, Vilarifio JO, Paragano A, Cacharrén JL and Machado RA. Endothelial
dysfunction: a comprehensive appraisal. Cardiovascular Diabetology. 2006. 5:4 doi:
10.1186/1475-2840-5-4.

Félétou M. and Vanhoutte P. M. Endothelial dysfunction: a multifaceted disorder. Am J
Physiol Heart Circ Physiol. 2006. 291:985-1002. doi:10.1152/ajpheart.00292.

Gori T, Dragoni S, Stolfo GD and Forconi S. Endothelium and haemorheology. Ann Ist
Super Sanita. 2007. Vol. 43, No. 2: 124-129.

Gulgin I. The antioxidant and radical scavenging activities of black pepper (Piper nigrum)
seeds. Int J Food Sci Nutr. 2005 Nov;56(7):491-9.

Hu Y, Guo DH, Liu P, Rahman K, Wang DX and Wang B. Antioxidant effects of a
Rhodobryum roseum extract and its active components in isoproterenol-induced
myocardial injury in rats and cardiac myocytes against oxidative stress-triggered
damage. Pharmazie. 2009 Jan;64(1):53-7.

Hu Y, Liao HB, Liu P, Guo DH and Wang YY. Antidepressant effects of piperine and its _
neuroprotective mechanism in rats. Zhong Xi Yi Jie He Xue Bao. 2009. Jul; 7(7):667-70.

Inchan A., Promma P, Chintana P and Chootip K. Cardiovascular action of Piper longum.
Planta Med.. 2008. 74: 9, P:942.



33

Inchan, A. and Chootip, K. Vascular action and mechanism of action of black pepper
(Piper nigrum L). Proceedings of Naresuan Research Conference 2006. p7-13.

iwashita M., Oka N., Ohkubo S., Saito M. and Nakahata N. Piperiongumine, a constituent
of Piper longum L., inhibits rabbit p(atelet aggregation as a thromboxane A2 receptor
antagonist. Eur. J. Pharmacol. 2007a. 570, 38-42.

Iwashita M., Saito M., Yamaguchi Y., Takagaki R. and Nakahata N. Inhibitory effect of
ethanol extract of Piper longum L. on rabbit platelet aggregation through antagonizing
thromboxane A2 receptor. 2007b. Biol. Pharm. Bull. 30 (7), 1221-1225.

Jin Z, Borjihan G, Zhao R, Sun Z, Hammond GB and Uryu T. Antihyperlipidemic
compounds from the fruit of Piper longum L. Phytother Res. 2009 Aug;23(8):1194-6.
Kapoor IP, Singh B, Singh G, De Heluani CS, De Lampasona MP and Catalan CA. Chemistry
and in vitro antioxidant activity of volatile oil and oleoresins of black pepper (Piper

nigrum). J Agric Food Chem. 2009 Jun 24;57(12):5358-64.

Khajuria A, Thusu N, Zutshi U and Bedi KL. Piperine modulation of carcinogen induced
oxidative stress in intestinal mucosa. Mol Cell Biochem. 1998 Dec;189(1-2):113-8.

Khazaei M, Moien-afshari F and Laher I. Vascular endothelial function in health and
diseases. Pathophysiology. 2008. 15: 49-67.

Koul I.B. and Kapil A. Evaluation of the liver protective potential of piperine, an active
principle of black and long peppers. Planta. Med. 1993. 59, 413-417.

Krishnakumar N, Manoharan S, Palaniappan PR, Venkatachalam P and Manohar MG.
Chemopreventive efficacy of piperine in 7, 12-dimethyl benz [a] anthracene (DMBA) -
induced hamster buccal pouch carcinogenesis: An FT-IR study. Food Chem Toxicol.
2009. doi:10.1016/j.fct.2009.08.017

Kumar S, Arya P, Mukherjee C, Singh BK, Singh N, Parmar VS, Prasad AK and Ghosh B.
Novel aromatic ester from Piper longum and its analogues inhibit expression of cell
adhesion molecules on endothelial cells. Biochemistry. 2005 Dec 6;44(48):15944-52.

Kumar S, Singhal V, Roshan R, Sharma A, Rembhotkar GW and Ghosh B. Piperine inhibits
TNF-alpha induced adhesion of neutrophils to endothelial monolayer through
suppression of NF-kappaB and lkappaB kinase activation. Eur J Pharmacol. 2007 Dec
1,575(1-3):177-86. '

Lapointe, A., Couillard, C. and Lemieux, S. (2006) Effects of dietary factors on oxidation of
low-density lipoprotein particles. J Nutr Biochem, 17, 645-658.

Lee SW., Rho M.C., Nam J.Y., Lim EH., Kwon O.E,, Kim Y.H., Lee H.S. and Kim Y K.
Guineensine, an Acyl-CoA: cholesterol acyltransferase inhibitor, from the fruits of Piper
longum. Planta Med. 2004. 70, 678-679.

Lee SA, Hong SS, Han XH, Hwang JS, Oh GJ, Lee KS, Lee MK, Hwang BY and Ro JS.
Piperine from the fruits of Piper longum with inhibitory effect on monoamine oxidase
and antidepressant-like activity. Chem Bharm Bull (Tokyo). 2005 Jul;53(7):832-5.



34

Li'S, Wang C, Li W, Koike K, Nikaido T and Wang MW. Antidepressant-like effects of
piperine and its derivative, antiepileririne. J Asian Nat Prod Res. 2007 Apr-Aug;9(3-
5).421-30. '

Manoharari S, Balakrishnan S, Menon VP, Alias LM and Reena AR. Chemopreventive
efficacy of curcumin and piperine during 7,12-dimethylbenz[alanthracene-induced
hamster buccal pouch carcinogenesis. Singapore Med J. 2009 Feb;50(2):139-46.

Matsuda, D., Ohte, S., Ohshiro, T., Jiang, W., Rudel, L., Hong, B., Si, S. and Tomoda, H.
(2008) Molecular target of piperine in the inhibition of lipid droplet accumulation in
macrophages. Biol Pharm Bull, 31, 1063-1066.

Matsuura, E., Hughes, G. R. and Khamashta, M. A. (2008) Oxidation of LDL and its clinical
implication. Autoimmun Rev, 7, 558-566.

Mittal Rand Gupta RL. In vitro antioxidant activity of piperine. Methods Find Exp Clin
Pharmacol. 2000 Jun;22(5):271-4.

Mittal, R. and Gupta, R. L. (2000) In vitro antioxidant activity of piperine. Methods Find
Exp Clin Pharmacol, 22, 271-274.

Mujumdar AM, Dhuley JN, Deshmukh VK, Raman PH and Naik SR. Anti-inflammatory
activity of piperine. Jpn J Med Sci Biol. 1990 Jun;43(3):95-100.

Naidu KA and Thippeswamy NB. Inhibition of human low density lipoprotein oxidation by
active principles from spices. Mol Cell Biochem. 2002 Jan;229(1-2):19-23.

Naidu, K. A. and Thippeswamy, N. B. (2002) Inhibition of human low density lipoprotein
oxidation by active principles from spices. Mol Cell Biochem, 229, 19-23.

Naseri MK and Yahyavi H. Pak J Biol Sci. Antispasmodic effect of Piper nigrum fruit hot
water extract on rat ileum. 2008 Jun 1;11(11):1492-6.

Ononiwu IM, Ibeneme CE and Ebong OO. Effects of piperine on gastric acid secretion in
albino rats. Afr J Med Med Sci. 2002 Dec;31(4):293-5.

Panda S and Kar A. Piperine lowers the serum concentrations of thyroid hormones,
glucose and hepatic 5'D activity in adult male mice. Horm Metab Res. 2003
Sep;35(9):523-6.

Park BS, Son DJ, Park YH, Kim TW and Lee SE. Antiplatelet effects of acidamides isolated
from the fruits of Piper longum L. Phytomed. 2007. 4: 853-855.

Pradeep CR and Kuttan G. Piperine is a potent inhibitor of nuclear factor-kappaB (NF-
kappaB), c-Fos, CREB, ATF-2 and proinflammatory cytokine gene expression in B16F-10
melanoma cells. Int Immunopharmacol. 2004 Dec 20:4(14):1795-803.

Raghavendra RH and Naidu KA. Spice active principles as the inhibitors of human platelet
aggregation and thromboxane biosynthesis. Prostaglandins Leukot Essent Fatty Acids.
2009 Jul;81(1):73-8.



35

Rho, M. C, Lee, S. W,, Park, H. R, Choi, J. H,, Kang, J. Y, Kim, K, Lee, H. S. and Kim, Y. K.
(2007) ACAT inhibition of alkamides identified in the fruits of Piper nigrum.
Phytochemistry, 68, 899-903.

Singh TU, Kumar D, Tandan SK and Mishra SK. Inhibitory effect of essential oils of Allium
sativum and Piper longum on spontaneous muscular activity of liver fluke, Fasciola
gigantica. Exp Parasitol. 2009. Aug 11. [Epub ahead of print]

Sunila ES and Kuttan G. Immunomodulatory and antitumor activity of Piper longum Linn.
and piperine. J Ethnopharmacol. 2004 Feb;90(2-3):339-46.

Taqvi SI, Shah AJ and Gilani AH. Blood pressure lowering and vasomodulator effects of
piperine. J Cardiovasc Pharmacol. 2008 Nov;52(5):452-8.

Thomas M, Sujatha KS and George S. Protective effect of Piper longum Linn. on
monosodium glutamate induced oxidative stress in rats. Indian J Exp Biol. 2009
Mar;47(3):186-92.

Unnikrishnan MC and Kuttan R, Tumor reduceing and anticarcinogenic activity of selected
spices. Cancer Lett. 1990. 51; 85-89

Vijayakumar RS and Nalini N. Efficacy of piperine, an alkaloidal constituent from Piper
nigrum on erythrocyte antioxidant status in high fat diet and antithyroid drug induced
hyperlipidemic rats. Cell Biochem Funct. 2006a. 24(6):491-8.

Vijayakumar RS and Nalini N. Piperine, an active principle from Piper nigrum, modulates
hormonal and apo lipoprotein profiles in hypertipidemic rats. J Basic Clin Physiol
Pharmacol. 2006b. 17(2):71-86.

Vijayakumar RS, Surya D and Nalini N. Antioxidant efficacy of black pepper (Piper nigrum
L.) and piperine in rats with high fat diet induced oxidative stress. Redox Rep.
2004;9(2):105-10.

Vijayakumar, R. S., Surya, D. and Nalini, N. (2004) Antioxidant efficacy of black pepper
(Piper nigrum L.) and piperine in rats with high fat diet induced oxidative stress. Redox
Rep, 9, 105-110.

Wattanathorn J, Chonpathompikunlert P, Muchimapura S, Priprem A and Tankamnerdthai
O. Piperine, the potential functional food for mood and cognitive disorders. Food
Chem Toxicol. 2008. Sep;46(9):3106-10.

Witztum, J. L. and Steinberg, D. (2001) The oxidative modification hypothesis of
atherosclerosis: does it hold for humans? Trends Cardiovasc Med, 11, 93-102.

Woo HM, Kang JH, Kawada T, Yoo H, Sung MK and Yu R. Active spice-derived components
can inhibit inflamsmatory responses of adipose tissue in obesity by suppressing
inflammatory actions of macrophages and release of monocyte chemoattractant
protein-1 from adipocytes. Life Sci. 2007 Feb 13;80(10):926-31.



36

Output #ildanlasenig

1
]

1. adwesdanuilwiiRefugnives piperine lunsanteddsavsansiialsalussuy
Mlasiuvasaiden

2. ihiauenasiluiuszepAninisseduend Poster presentation Tuiuseguaisaanusis
Useinalny 2-4 wowniau 2555

3. ARUANANUSEAUIRA



37

ATANUIN

Manuscript (Accepted and published in Journal of Physiological and Biomedical

Sciences)
Piperine Is Antihyperlipidemic And Improves Endothelial-dependent Vasorelaxation In
Rats On A High Cholesterol Diet
Putcharawipa Maneesai', C. Norman Scholfield?, Krongkarn Chootip'".
lDepartmem of Physiology, Faculty of Medical Science, Naresuan University,
Phitsanulok 65000, Thailand
2Depal‘tment of Pharmaceutical Chemistry and Pharmacognosy, Faculty of
Pharmaceutical Sciences, Phitsanulok 65000, Thailand
E-mail: krongkarnc@nu.ac.th (Dr. Krongkarn Chootip)
Key words: piperine, cholesterol, lipid, vasodilatation

Introduction. Piperine is a major ingredient of black pepper and long pepper, which are
widely used as a spice and in Ayurvedic medicine. As an anti-hyperlipidemic, some
reports show clear blood lipid reductions whilst others failed to show any effect.
Therefore, we aimed to resolve this discrepancy and to show whether piperine could
improve vascular endothelial function in cholesterol fed rats.

Methods. Male Sprague-Dawley rats (180-250g) were made hypercholesterolemic by
daily intragastric gavage of emulsified cholesterol for 8 weeks and piperine was given 8
hr after cholesterol as appropriate to prevent digestive/absorptive interactions. Animals
were divided into 4 groups: (i) sham (control), (ii) cholesterol (HC) (iii) the cholesterol
plus 40mg/kg piperine (Pip40), and (iv) cholesterol plus 80mg/kg piperine (Pip80).
Serum total cholesterol (TC), triglycerides (TG) and high density lipoprotein (HDL) were
measured at weekO and week8. At week8, rats were killed and endothelium-dependent
vasorelaxation induced by acetylcholine in isolated aortic rings.

Results. Throughout the 8 week trial, treatment with piperine (40, 80mg/kg) reduced
body weight gain and food intake per day compared with control. The HC group
exhibited elevation of both TC and TG. Piperine at 80mg/kg but not low dose (40mg/kg)
partially reduced TC, while both doses effectively normalised the elevated TG. HDL was
decreased in all animals including controls. Hypercholesterolemic  and
hypertriglyceridemic rats showed significant reduction of acetylcholine-induced
vasorelaxation of isolated aortae and this was prevented by treatment with piperine.
Conclusion. This study showed that piperine reduced body weight gain, lowered TC and
fully normalised TG and endothelial-mediated vasorelaxation of aorta. Thus piperine
could provide beneficial effects in weight control, antihyperlipidemia and counteracted
the poor vascular endothelial function in hyperlipidemia.
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Introduction

Black pepper (Piper nigrum) and long pepper (Piper longum) have been widely used as
spices and in Ayurvedic medicine mainly for its actions on the gastrointestinal tract.
Their major active constituent, piperine, possesses various pharmacological actions
including antioxidant (1, 2, 3), anti-inflammatory (4, 5), and anti-hypertensive (6) effects.
Previous studies also showed it to reduce obesity and hyperlipidemia (7, 8, 9, 10), major
risk factors for cardiovascular disease which has become global health problem.
However, the findings for rodents are controversial: some studies reported that
supplementing piperine with high fat diet reduced body weight, total cholesterol (TC) and
triglycerides (TG) (8, 10). In contrast, others demonstrated that a high carbohydrate, hi gh
fat diet with piperine produced no effect on both plasma TC and TG (9). These
discrepancies are likely to be due to differences in experimental protocol including
method of administration.

A consistent pathology resulting from hypercholesterolemia is endothelial dysfunction
(11). Thus, we hypothesize that if piperine could normalise blood cholesterol, endothelial
function would benefit. The present study was designed to demonstrate a hypolipidemic
effect of piperine given as daily bolus doses separate from cholesterol. Such a protocol
reduces the confounding influences that piperine might have on the utilisation of the
normal diet. After 8 weeks on the diet, the endothelial-dependent vasorelaxant responses
were characterised.

Methods

Animals

Male Sprague-Dawley rats (180-250g) were obtained from the National Laboratory
Animal Centre, Mahidol University, Salaya, Nakhorn Pathom, Thailand and maintained
under standard conditions: 25+2°C, 12 hours light-dark cycle and received tap water and
commercial rat diet ad libitum. Experimental protocols were approved by the Animal
Ethics Committee, Naresuan University, Phitsanulok, Thailand.

Experimental design

To induce hypercholesterolemia, a freshly prepared cholesterol emulsion (12) was which
comprised cholesterol 1500mg (Carlo Erba Reactifs, Italy), bile extract 750mg (Sigma
Chemicals, MO, USA), coconut oil 750mg (PN Natural Products, Thailand) and distilled
water 3ml. The given dose of cholesterol in each animal was 1500mg/kg/ administered
every morning for 8 weeks to each animal, except controls, as single intragastric feedings.
Piperine (Sigma Chemicals) was also given by gavage 8 hr after the cholesterol to prevent
piperine interfering with absorption.

Animals were divided into 4 groups: (i) sham (control, n=6), (ii) cholesterol (HC, n=8)
(iii) cholesterol plus 40mg/kg piperine (Pip40, n=8), and (iv) cholesterol plus 80mg/kg
piperine (Pip80, n=6). Piperine at 40mg/kg was previously shown to have an
antihyperlipidemic effect (7), thus 40 and 80mg/kg were chosen in this study in order to
evaluate its dose dependency. Body weight and food consumption were recorded daily,
while the lipid profile was measured at week0 and week8. At week8, rats were
anesthetized (Nembutal 20mg/kg, ip injection) and killed by exsanguination.

Lipid profile measurement

The rats were fasted overnight and then ~0.5ml of blood collected from the tail vein (12).
Serum samples were centrifuged (7000g, 10min). Serum lipid levels of TC, HDL and TG
were determined using a commercial kit (HUMAN Gesellschaft fiir Biochemica und
Diagnostica GmbH, Germany).

Vasorelaxant activity
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Immediately after, the rats were euthanised, the thoracic aorta was rapidly removed and
cleaned of surrounding loose connective tissue and cut into rings 2-5 mm in length for
tension measurements. The rings were mounted on a pair of wires in organ baths
containing aerated Krebs’ solution (mM): NaCl, 122; KCl, 5; [N-(2-hydroxyethy!)
piperazine N'-(2-ethanesulfonic acid)] (HEPES), 10; KH,POq, 0.5; NaH,POy, 0.5; MgCls,
1; glucose, 11; and CaCl,, 1.8 (pH 7.3), at 37 °C and bubbled with air. The vessel
segments were allowed to stabilise for 1 hr at a resting tension of 1 g during which time
the solution was refreshed every 15 min. Following stabilisation, acetylcholine (Ach,
0.01-10pM) induced endothelial mediated-relaxations were evaluated in phenylephrine
(10ptM) pre-contracted arterial rings. Changes in isometric tension were measured using a
force transducer (CB Sciences Inc., Milford, USA) connected to a MacLab A/D converter
(Chart V5), stored and displayed on a personal computer.

Statistical analysis

All data are expressed as mean + standard error of mean (SEM) of n animals. Statistical
significance was assessed using paired or un-paired Student’s /-test or analysis of variance
(ANOVA) followed by Tukey’s test, as appropriate. In all comparisons, p values less
than 0.05 were accepted as significant.

Results

Effect of piperine on body weight and food intake

Control animals progressively gained weight from 243.3+7.6 to 444.8+£10.9¢ (mean+SDs,
n=6) throughout the 8 week trial, but all the treated rats showed a lower weight gain
compared to controls (p<0.01 for HC (n=8), <0.001 for HC+Pip40 (n=8) and <0.01 for
HC+Pip80 (n=06), Figure 1A). For group HC+Pip80 the weight reduction was more
pronounced than the HC and HC+Pip40 groups (p<0.05, Figure 1A). The food intake per
day reduced in all treatment groups compared to control (Figure 1B). Piperine at
40mg/kg appeared to cause greater effect than other treatments.

Piperine improved the lipid profile

Oral administration of cholesterol produced a clear increase of both serum TC (from
89.6+3.4 (week0) to 148.34+8.8 (week8) mg/dL, p<0.001) and TG (from 76.2+5.7 (week0)
to 124.9£11.1 (week8) mg/dL, p<0.01, Table 1). Serum TC was increased (68%) but
with piperine at 80mg/kg, this effect was smaller (to 45%), while 40mg/kg was apparently
ineffective. For triglycerides, both low (40mg/kg) and high doses (80mg/kg) of piperine
normalised the elevated serum TG (Table 1). HDL was consistently decreased across all
groups of animal studied (Table 1).

Piperine improved vasorelaxation

Rats given cholesterol showed a reduced Ach-relaxations of isolated aorta (p<0.01
compared to controls, Figure 2). Thus the % maximum relaxation was decreased from
100% to 84.7+3.2% (HC) of controls but the IDsy was unaffected. Piperine at both low
(40mg/kg) and high (80mg/kg) doses normalized the vasorelaxation of the aorta (p<0.05
compared to HC, Figure 2).

Discussion

The present study showed that dosing with piperine for 8 weeks following a cholesterol
gavage slowed the gain in body weight, partially reduced serum TC and completely
restored serum TG. Similar findings have been reported by previous studies using
hyperlipidemic rat model by Shah et al (10) who demonstrated that piperine reduced body
weight, TC, TG, and fat mass, but not food intake in obesity-induced dyslipidemia in
high-fat diet rats. This accords with the reduced adipose tissue mass with dietary piperine
in rats (10). In contrast, rats consuming piperine in the food showed increased food
consumption (9). Thus the difference might arise from gustatory drive.
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Piperine may modulate cholesterol absorption (13). However, in the present study the
cholesterol was administered 8 hr before the piperine by which time the cholesterol wilt
have been absorbed. Thus, piperine is fikely to be acting beyond the absorptive phase.
Because of its structural simiiarity with a melanocortin (MC)-4 agonist, it was previously
suggested that piperine might activate hypothalamic MC-4 receptors thus leading to
decreased appetite and increase insulin sensitivity (10). Other possible mechanisms of
anti-obesity and lipid lowering effects of piperine might involve (i) the inhibitory action
of piperine on cholesteryl ester (CE) synthesis, (i) lipid and lipoprotein accumulation by
modulating lecithin cholesterol transferase, lipoprotein lipase and acyl-CoA cholesterol
acyltransferase (ACAT) (9) and (iii) anti-inflammatory actions (4, 5).

In the present study, HDL was decreased across all animal groups. The effects on HDL
were ambiguous but there is an increasing realization that statins are also inadequate in
high risk CVD patients who require additional therapy to raise HDLs (14). Clearly,
piperine would need similar supplementation.

It is well known that hyperlipidemia plays a crucial role in endothelial dysfunction.
Several lines of evidence demonstrated the impairment of endothelial-mediated
vasorelaxation in dyslipidemic animal models (9, 15, 16), which is in agreement with our
findings. In the present study, treatment with piperine successfully restored the
vasorelaxant function of aorta, consistent with the previous report (9). Apart from its anti-
hyperlipidemia, several other mechanisms of action of piperine could be involved in
vascular function improvement including: (i) piperine inhibited macrophage ACAT to
decrease CE synthesis leading to a reduction of lipid droplets and foam cell formation,
which prevent endothelial dysfunction (3), (ii) piperine possessed antioxidant activity,
lowered lipid peroxidation, increased glutathione peroxidase and superoxide dismutase
activity, thus protecting against oxidative damage of endothelial cells (1, 2, 3) and (iii)
piperine inhibits expression of cell adhesion molecules and tumor necrosis factor-o
induced adhesion of neutrophils to endothelial cells, thus preventing or delaying the
inflammatory process (4, 5). Evidently, piperine has multiple actions but at this stage,
clinical studies are needed to determine the effect(s) which have some impact on human
disease.

Conclusion

We conclude that piperine reduced body weight gain, lowered TC and fully normalised

TG, restored endothelial-mediated vasorelaxation of aorta and acts in the post-absorptive

stage. Thus piperine could provide beneficial effects in weight control, anti-

hyperlipidemia and vascular endothelial function.
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Figure 1

Effect of piperine on (A) weight gain (comparing week( and week8) and (B) food intake
(the averaged daily intake during the 8 week period). Rats were fed daily with water
(control), cholesterol (HC) or cholesterol with either 40mg/kg piperine (Pip40), or
80mg/kg piperine (Pip80) as indicated. All points are means+SEMSs of all animals from
groups as indicated (n=6-8). P-values are indicated as "p<0.01, " p<0.001, mp<().0001
compared to control; 'p<0.05 compared to HC+Pip80; “p<0.00001, **»<0.000001
compared to control; “p<0.05, **p<0.01 compared to HC+Pip40. All data points are
mean+SEM (n=6-8).
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Figure 2
Concentration-response curves for acetylcholine (0.01-10uM) induced-relaxations of
isolated aortae removed from the animals immediately after killing at week8. Rats were
fed daily with water (control), cholesterol (HC) or cholesterol with either 40mg/kg
piperine (Pip40), or 80mg/kg piperine (Pip80) as indicated. The relaxations are expressed
as % reduction of tension in vessels pre-contracted with phenylephrine: 100% relaxation
= vessel tension before adding phenylephrine (10uM). P-values using ANOVA are
indicated *p<0.05, **p<0.01 (compared to control); “p<0.05 (compared to HC+Pip80);

"p<0.05 (compared to HC+Pip40). All data points are mean+SEM (n=6-8).
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