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Abstract: Piper nigrum L. is examined as the king of species worldwide by virtue of its principle piperine. In Ayurveda, since from
the ancient times, it is known as “Yogvahi”. It is one of the important alkaloids of Pepper fruits (Family Piperaceae) and has been
found to have numerous medicinal properties such as antioxidant, antiplatelet, anti-inflammatory, antihypertensive, hepatoprotective,
antithyroid, antitumor, antiasthmatic activity and also have significant role as fertility enhancer. The present review discusses the
biosynthetic  pathway,  extraction  process,  chemistry  and  various  analytical  methods  of  piperine.  It  also  describes  the  structural
modification of piperine and its various effects on biological system. The utility of piperine as a bioenhancer for certain antibacterial-
antibiotics and a potent inhibitor of drug metabolism are also discussed. Thus,  review provides knowledgeable erudition on the
piperine which paves way for further work.
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1. INTRODUCTION

Piperine is an interesting compound because it is a good biomarker together with other pure bioactive components
or their derivatives or with drug molecules and hence proves to be potential drug compound. Since from the ancient
time, piperine the bioactive natural compound belongs to the Piperaceae family, detected in piper species such as Piper
nigrum L. (Black Pepper) and Piper longum L. (Long Pepper) [1] and has been investigated its utilization in various
applications. Apart from piper species, it also exists in the leaves of Rhdodendron faurie (Ericaceae) [2], Vicoaindica
(Asteraceae),  seeds  of  Anethumsowa  (Apiaceae),  Fructus  piperis  Longi  [3]  and  bark  of  Careya  arborea
(Lecythidaceae)  [4].  Piperine  is  an  alkaloid  with  a  formula  C17H19NO3  and  molecular  weight  of  285.34  daltons.  It
belongs to the largest class of plant secondary metabolite termed as alkaloids. It is a solid substance, insoluble in water,
and has  weak basicity  character,  tasteless  at  first,  but  leaves  a  burning taste  after  a  while.  The alkaloid  piperine  is
rationally used for the pungency of the plant [1] which belongs to the vanilloid family of compounds; i.e., capsaicin, the
pungent  substance  found  commonly  in  hot  chilli  peppers.  However,  plants  containing  the  alkaloid,  piperine  are
commonly found to be used in various traditional systems of medicines for curing an array of disorders and as spices
globally [1, 5]. This review presents all available information on the biosynthesis, extraction methodologies, chemical
synthesis,  analytical  data  reports  and  biological  properties  of  piperine  and  is  summarized  to  create  an  overview of
piperine content.

2. BIOSYNTHESIS OF PIPERINE

Piperine  belongs  to  the  alkaloidal  class  of  secondary  metabolite  whose  biosynthesis  is   probably   initiated   by
 sequence  of  reactions   i.e.  condensation,  decarboxylation,  oxidative  deamination  and  cyclization.  The  various
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investigation suggests that biosynthetic pathway enroute to piperine would involve the amino acid precursor L-lysine.
The whole biosynthetic process involves two steps. Step 1 primarily occurs through condensation reaction involving N-
heterocycle piperidine and thioester piperoyl- CoA, which provides the group-transfer potential required in the reaction
(Fig. 1b) [6]. The N-heterocycle piperidine generates from the decarboxylation of amino acid L-lysine in the presence
of pyridoxal phosphate (PLP) to cadaverine, which go through oxidative deamination directly by the enzyme diamine
oxidase  to  yield  an  amino  aldehyde.  Then  this  amino  aldehyde  further  put  up  cyclization  to  give  the  imine,  Δ1-
piperideine, which further reduces to piperidine (Fig. 1a) and then this generated piperidine reacts with piperoyl-CoA
(step  2)  to  give  piperine  [7].  However,  this  propose  mechanistic  study  has  not  been  proven  yet;  therefore,  various
enzymatic  studies  based  on  the  biosynthesis  of  analogous  compounds  such  as  coumaroylagmatine  [8,  9]  and
feruloyltyramine [10, 11] were carried out, which presents clear evidence that the formation of such type of acid amide
linkages can be met via intermediate acyl-CoA derivatives.

Fig. (1). (a) Biosynthesis of Piperidine from L-Lysine (b) Reaction catalysed by piperidine piperoyltransferase from Piper nigrum.

In case of concerning the biosynthesis of natural alkaloid piperine, the two major requirements are successfully
fulfilled by the preparation of piperoyl-CoA [12] and by this discovery it was demonstrated that a new acyltransferase
obtained from the shoots of Piper nigrum is capable to synthesize appreciable amount of piperine in the presence of
piperoyl-coenzyme A and 2 piperidine and thus represent a potential enzymatic source [13]. Various studies provides
information regarding the reaction rate while using different substrates and minor reaction rates are observed with bases
like pyrrolidine and 3-pyrroline where as other related heterocyclic nucleus like pyridine, pyrrole, tetrahydropyran etc.
are not accepted as good substrates.

3. EXTRACTION TECHNOLOGIES

Piperine is a pungent natural alkaloidal product and secondary metabolite extracted from the plant of the genus
Piper. It is an obtained or isolated from the oleoresin of P. nigrum or P. longum. Various extraction methodologies were
employed to isolate the piperine which depend upon the scale and as well as the purpose of the product and operation.
Maceration or Soxhlet extraction of fruit powder with polar organic solvents obtains dark-brown oily substance, which
on fractionation by column chromatography using hexane and diethylether (1:2) as mobile phase gives piperine and
related amides [14] (Figs. 2 and 3). Pure piperine can also be obtained by supercritical fluid extraction, followed by
crystallization from ethanol [3, 15]. However, Supercritical fluid extraction of Pepper generally requires high rate of
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pressures and temperatures and helpful in consuming the reduce amount of solvent. In addition, the molecule gains an
important position in today’s discovery programme and it is being tempted by the people to be developed or isolated in
its purest form by employing newer green technologies: using microwave [16] and by hydrotropic solubilisation [17], so
that  it  can  be  directly  used  medicinal  preparations  without  any  further  processing.  Furthermore,  piperine  like
compounds  from  Piper  species  have  been  extensively  isolated,  fractionated  and  identified  by  employing  High
performance  liquid  chromatography  [18,  19].  It  is  also  reported  in  literature  that  previously  developed  methods
measures the plasma as well as tissue levels of piperine in animals [20, 21]. In recent years, piperine content can be
detected upto nanogram/pictogram level using HPLC as well as HPTLC methods [22 - 24].

Fig. (2). Brief outline of obtained piperine.

4. CHEMICAL SYNTHESIS OF PIPERINE AND RELATED COMPOUNDS

Due to the most effective bioactive constituent, it received a potential greater interest in their synthesis so they can
be employed as  potential  pharmaceuticals.  Piperine  exits  as  trans-trans  isomer  of  1-piperoyl  piperidine.  The above
structure of piperine (Fig. 4) has been unambiguously confirmed by number of synthetic routes [25 - 32]. Piperine can
be stereo selectively synthesize by Horner- Wadsworth-Emmons Reaction (Fig. 5). Preparation of piperine involves
reaction of phosphonate ester of methyl-4-bromo-2-butenoate and piperonal in the presence of sodium methoxide. This
generates  the  phosphate  carbanion  which  further  undergoes  a  Wittig  type  reaction  to  form  the  trans  alkene,
methylpiperate  {(E,  E)-5-(3,  4-methylenedioxyphenyl)-2,4-  pentadienoate}.  Thus,  reaction  of  methyl  piperate  with
piperidine in the presence of sodium methoxide and methanol gives piperine [33]. A more recent preparation of piperine
analogues is given by Schobert which utilizes intermolecular three component reaction between aldehydes (alkyl or
aryl), amines (1° or 2°) and ketenylidenetriphenylphospharane (Fig. 6) [34]. Apart from this, various amide analogues
of  piperine  were  synthesized  by  using  substituted  aromatic  aldehydes  [35]  which  generally  undergoes  alkaline
hydrolysis in presence of ethanol and provides the basic units such as piperidine, pyrollidine or isobutyl amine and their
corresponding acids such as piperic acid or piperylinic acid or guineensic acid, depending on the nature of the carbon
chain of the respective amide [36, 37].
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Fig. (3). Piperine-type amides from the genus Piper.

Fig. (4). Structure of Piperine.

5. ANALYTICAL METHODS AND TECHNIQUES FOR DETERMINATION OF PIPERINE

From the commencement of any official  pharmaceuticals analytical assay methods were included in compendia
monographs with aim to characterize the drug molecule. In recent years, the assay methods in monographs include
titrimetry, spectrometry, chromatography, electrophoresis and other analytical methods can be seen in literature. An
analytical  method  plays  an  important  role  from  the  stage  of  drug  development  to  marketing.  Thus,  in  the  field  of
pharmaceutical  research,  the  analytical  investigation  of  any  active  constituent,  intermediates,  drug  products,  drug
formulations, degradation product and biological samples is very important. Considering these analytical principles,
chemical  degradation,  transformation,  analyses  by  spectroscopic  methods  have  been  extensively  useful  in  the
characterization of piperine analogues. Thus, in case of amides which possess full unsaturation in their hydrocarbon
chain or partly saturated hydrocarbon chain which possess an α, β- unsaturated amide carbonyl chromophore. It was
observed that the IR spectrum displays absorption bands at 1650 (α,β-unsaturated amide carbonyl), 1605 (conjugated
trans  CH=CH),  1000  (styryl  bond)  and  925  (methylenedioxy  group),  while  the  perhydro-  and  the  Δ  β,  γ  -
dihydropiperine and related amides lack the band at about 1605 [38]. The typical 1H spectroscopic analysis of piperine
analogs by NMR, UV, MS fragmentation had been extensively reported and discussed by a number of workers in the
past few decades. The 1H NMR signals are reported in low and as well as in high field region. Both the regions shows
significant peaks at chemical shift value of 6.25, 6.65-7.65 for ethylenic and aromatic protons and at chemical shift
value at  5.96 for methylenedioxy protons,  as recorded for piperlonguminine,  piperine,  wisanine,  trichostachine and
sylvatine [37, 39, 40]. The UV absorption peaks for piperine type chromophore is at 250, 304, 378 nm irrespective of
the aliphatic amino moiety such as piperine and piperlonguminine which display identical UV characteristics. However,
tetrahydropiperine  and  its  analogues  have  absorption  peak  at  232  and  285  nm  which  are  very  close  to  3,  4-
methylenedioxybenzenes  [38,  40].
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Fig. (5). Synthesis of Piperine from Methyl-4-bromo-2-butenoate.

Fig. (6). Three-component reaction between aldehydes, amines and ketenylidenetriphenylphosphorane.

The mass spectra of piperine analogs, including piperine, sylvatine, trichostachine, piperlonguminine were shows
M+ at 201 (C-N bond), 135 (formation of methylene dioxy tropylium ion) and the base peak at 173 and 172 representing
loss of -CO (28) from m/e 201 which is followed by the loss of a hydrogen atom, respectively (Fig. 7) [36, 41]. Thus, to
differentiate  the  conjugation and non-conjugation of  the  aromatic  ring with  the amide carbonyl  function present  in
piperine and related amides is characterized by IR and UV absorptions and in the MS fragmentation patterns (Table 1).
This  is  exemplified  by  the  reported  spectral  data  for  guineensine  and  sylvatine  that  the  peak  at  m/e  161  is  for
guineensine and related Piper amides, but does not for sylvatine and piperine (Table 1), (Fig. 7) [40, 42].

Table 1. UV, IR, MS spectral data for guineensine and sylvatine.

Compounds UV spectral data
Guineensine λmax(Ethanol) 214 261 302

Log C 4.15 4.92 3.81
Sylvatine λmax(Ethanol) - 259 304

Log C - 4.69 3.97
IR spectral data (cm-1)

Guineensine 3300 1655 1630 1605 1545 1000 965 925
Sylvatine 3279 - - 1605 - 1000 - 922

MS fragment mass ions (m/e)
Guineensine 383(M+) 248 161 135 131 103
Sylvatine 383(M+) 201 173 172 171
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Fig. (7). MS fragmentations of sylvatine (a) and a guineensine-type amide (b).

Piperine content was also estimated and quantified by UV spectrophotometry, TLC –UV Densitometry, HPTLC and
HPLC. Mukherjee et al., observed the presence of piperine content by HPLC in fruits of P. nigrum and P. longum was
3-6% and 0.6-1.6%. In the year 2005, Santosh et al. reports that content of piperine in fruit and root of P. longum was
0.879% and 0.31% and in fruit of P. nigrum was 4.5% by RP-HPLC. Hue et al. showed that the total yield of piperine
was 0.79% by RP-HPLC technique 0.99% in thin root and 0.14% in the thick root ; 0.44% in the cortex and 0.29% cm
in stele of root. The average count batches of pepper roots were in the range of 6.67 -6.77 mg-g. Hamrapurkar et al.
reports that this alkaloid can be quantified with excellent accuracy with in short time period through HPTLC method.
The accuracy values obtained to 98.57% in P. nigrum and 96.50% to 97.50% in P. longum [43].

6. STRUCTURE ACTIVITY RELATIONSHIP OF PIPERINE AND ITS ANALOGS

Piperine structure consists of: i) Methylenedioxyphenyl (MDP) ring. (ii) Side chain with conjugated double bonds.
(iii)  Basic  piperidine  moiety  attached  through  carbonyl  amide  linkage  to  side  chain  and  has  possible  number  of
conformers.  Numerous  researchers  reports  that  the  piperine  helps  in  inhibiting  both  constitutive  and  inducible
Cytochrome P450 (CYP)-dependent drug metabolizing enzymes. Total thirty eight analogs of piperine were prepared
by carrying out modification into the phenyl nucleus, side chain and the basic moiety to study the effect of different
types  of  moieties  in  analyzing  the  structure  activity  relationship.  The  prepared  analogs  were  subjected  to  mono-
oxygenase  reactions  namely  AHH  and  MOCD,  which  results  in  inhibition  of  cytochrome  P450  in  rat  microsomal
fraction which was prepared from untreated, 3- ethylcholanthrene and phenobarbital treated rat liver in vitro.

As a result, it was also observed that inhibitory potential of the parent molecule is mostly lost with modification in
any of the three components of piperine. The study concludes that if saturation is carried out in the side chain it results
in  significant  enhanced  inhibition  of  Cytochrome  P450  while  modifications  in  phenyl  and  basic  moieties  offered
selective inhibition either inconstitutive or inducible CYP [35]. In another study, a new series of piperine analogs were
evaluated  against  human  transient  receptor  potential  cation  channel  subfamily  V  member  1  (TrpV1)  expressed  in
HEK293  cells.  The  compound  piperine  founds  to  be  good  and  strong  activator  for  non-  selective  cation  channel
transient receptor potential vanilloid 1 (TRPV1), which in 1997 was identified and proved as the receptor for capsaicin.
The receptor TRPV1 functions as to detect  and regulate the body temperature.  In addition, it  provides sensation of
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scalding heat as well as pain. This study also concludes that the length of carbon chain in piperine amides effects the
agonistic potential of the same where as structure changes in double bond and in stereochemistry of aliphatic chain of
the prepared amides didn’t effect or change the potency or efficacy which indicates the presence of high level of rigidity
or planarity in the piperine molecule. It was also observed that the opening of methylenedioxy ring opening or change
in the heterocyclic nucleus of the parent molecule, piperine reduces or abolishes the biological response. Furthermore,
piperine  amides  which  are  inactive  or  doesn’t  possess  any  agonistic  potential,  which  were  further  investigated  for
antagonist activity; did not display any activity [44].

Quantitative structure activity relationship (QSAR) analysis of new chemical entities obtained from natural and
synthetic one has been performed in order to generate highly accurate model as inhibitors of effluxpump NorA for
Staphylococcus aureus.  To generate  the  model  variables  are  selected by genetic  function approximation method in
Cerius 2.

Among  them,  various  types  of  descriptors  were  considered;  out  of  which  partial  negative  surface  area  of  the
compounds, area of the molecular shadow in the XZ plane and heat of formation are important descriptors responsible
for describing the activity of S. aureus NorA efflux pump inhibitors.

This  theoretical  approach  indicates  that  on  increasing  the  exposed  partial  negative  surface  area,  the  inhibitory
activity of the compound also increases against NorA whereas on increasing the area of the molecular shadow in the XZ
plane  decreases  the  inhibitory  activity.  However,  the  model  relates  and  explains  the  relationship  between  heat  of
formation and inhibitory potential but the generated model doesn’t able to predict the activity of new compounds it only
explains the important regions of the molecules quantitatively [45].

7. BIOLOGICAL ACTIVITIES

Piperine has a broad spectrum of biological properties, many of them have been confirmed by in vivo and in vitro
studies. Piperine contains three major moieties or sites in their structure which are found to be responsible for various
bioactivities. Thus, a brief description of some pharmacological activities is provided as best.

7.1. Effects on CNS and Nerve Conductivity

Earlier reports showed that both Pepper (Black and Long) have been used as nervine stimulants. Previous studies
have shown that pepper can stimulate CNS activity in various experimental animals [46 - 48]. The research concludes
that piperine is responsible for the analeptic activity which may expressed through due to its effect on nerve impulse
transmission in the brain stem. Recently, pharmacological action of piperine and capsaicin has been proved to be shown
due to its interaction with various transmitters, i.e., neuropeptides: substance P, neurokinins and calcitonin gene related
peptide. These neurotransmittors are the agents of nerve transmission or communication present in various parts of the
body [49 - 55].

Interaction of piperine and capsaicin with nerve transmissions comes into existence due to various studies carried on
recently discovered Vanilloid receptors [56].  Vanilloid receptors are generally known as the group of the receptors
which are located in both central and peripheral nervous systems and can accept or bind them with naturally occurring
compounds having the chemical structure similar to vanillin e.g. piperine, capsaicin and gingerols.

Vanilloid  compounds  like  piperine  bind  to  specific  receptor  sites  which  results  in  a  decreasing  the  levels  of
transmitters of pain sensation such as substance P,  and  certain  amino  acids like glutamate and aspartate [56]. Kawada
et  al.  in  another  study concludes  that  Piperine  may also  be  involved in  neuroregulation  process  by  stimulating  the
secretion of catecholamine neurohormones, especially epinephrine [57]. It may also affect both CNS and peripheral
nervous system function by altering or modifying the blood levels of some neurotropic and muscle relaxing compounds
[58, 59]. Piperine also potentiates barbiturate (hexabarbital) –induced sleeping time in various experimental animals
[58, 59].

It was equally effective in counter acting respiratory depressions induced by barbiturates in mongrel dogs [60] when
compared with known analeptic drugs such as metrazol and nikethamide. It was also observed that piperine had more
prolonged action of reversing the respiratory depression induced either by morphine or by barbiturates. Another study
shows  that  piperine  posseess  promising  CNS  action  when  it  fed  to  rats  decreases  the  pain  perception  relieving  β-
endophins in brain [61]. Recently, an interesting study shows that piperine was also effective in mood and cognitive
disorder [62]. Piperine and their derivatives showed anticonvulsant action which had been demonstrated in mice and
rats [63, 64].



82   Open Chemistry Journal, 2016, Volume 3 Chopra et al.

7.2. Antioxidant Property

Piperine, naturally occurring spice component have good potential as antioxidant and hence utilized in nutritional
and therapeutical preparations [65, 66]. Piperine is used as co-adjuvant for both treating as well as preventing the aging
process  and  its  related  conditions  like  atherosclerosis,  hypertension,  diabetes,  tumors,  obesity,  and  overweight,
hypertriglyceridemia,  hypercholesteromia,  skin  aging,  alopecia,  panniculopathia  (cellulite),  osteroporosis,  cerebral
aging (Alzheimer, Parkinson, senile dementia etc.) and loss of memory, stress, depression, menopausal syndromes and
benign  prostate  hypertrophy  [67].  Another  study  concludes  that  against  diabetes  induced  oxidative  stress  can  be
protected with piperine treatment for 14 days using diabetes mellitus as a model of oxidative damage [68].

7.3. Effect of Piperine on the GIT and Broncho-Pulmonary System

Piperine promptly affects the nutrient absorption as well as the absorption of gastrointestinal xenobiotics by exerting
the effect on intestinal, liver and tissue metabolism. It was, however, proven that piperine form polar complexes with
xenobiotics and nutrients, thus act as a polar molecule. Hence the compounds have proper partitioning due to this they
are able to cross the membrane barriors [69, 70]. The studies also reports neuroregulation of the entire GI tract [71 - 73]
was affected by piperine as it interacts directly with the intestinal epithelial layer which further affects the absorption of
food, nutrients and drugs [74, 75]. Piperine also inhibits the gastric emptying and GIT in rats and mice [76, 77].

7.4. Piperine and its role in the Metabolism of Xenobiotics in the Liver

Bioenhancers  are  drug  facilitators  which  itself  don’t  show any  drug  activity,  but  when  given  in  combination  it
enhances the activity of drug molecules which includes: a) increasing the bioavailability of the drug molecule across the
membrane. b) Potentiating the drug molecule by conformational interaction. c) Act as a receptor for drug molecule. d)
By making target cells more receptive to drugs.

Literature concludes that piperine was used as effective bioavailability enhancer, inhibits the human P-glycoprotein
and CYP3A4 a class of enzyme belonging to cytochrome P450 family [78] and enable the particular molecule to remain
in biological system for much longer period. In various experimental studies, it has been shown that piperine when
compounded with different molecules (drugs) enhances the bioavalibilty of β- lactumantibiotics [79, 80], amoxicillin
trihydrate and cefotaxime sodium [81], paeoniflorin [82], rifampicin [83, 84], phenytoin [85], oxyphenolbutazone [86],
nimesulide [87] and NSAIDS [88] or derivatives significantly. Co-administration of piperine reduces nephrotoxicity
[89] and the availability of a catalytic iron source in glomeruli for treating glomerular disorders [89], inhibits prostate
specific antigen production [90], in a breast cancer cell lines, BT-474 and a prostate cancer cell line, transfected with
the human androgen receptor DNA, PC-3 (AR)2.

Piperine, tetrahydropiperine, its analogs and derivatives also act as bioavailability enhancer of various nutrients
including  vitamins,  β  -carotene  and  selenium  [78]  and  pharmaceuticals  [91].  Various  in  vitro  and  in  vivo  studies
concludes  that  the  biotransformation  of  both  water  soluble  and  lipid  soluble  xenbiotics  catalysed  by  pulmonary
cytochrome P450 was likely to be affected or inhibited by presence of piperine [92]. Table 2 shows example of various
drugs which on combination with piperine act as bioenhancer. Recently the number of scientific groups reports that
Bioperine (98% pure piperine), standard extract of black pepper increases the gastrointestinal absorption of β-carotenes
in humans [93] and thus proves clinically bioperine acts as an excellent nutrient bioavailability enhancer of curcumin
and beta carotene [93, 94]. Piperine supplemented orally when evaluated in rats causes the inhibition of hepatic mixed
function oxidase enzyme, hepatic aryl hydrocarbon hydroxylase (AAH) [95, 96]. Inhibition of these enzymes results in
increasing the availability of numerous compounds absorbed in GI tract [92, 96 - 98]. Piperine from Black pepper also
increases  the  plasma  levels  of  co-enzymes  Q10  [99]  and  serum  response  of  beta  carotenes  followed  by  oral
supplementation  [100]  and  thus  proves  to  be  thermogenic  by  nature.

Table 2. Bioenhancer effect of piperine with some medicines.

Drug Class References
Rifampicin Bactericidal antibiotic [84]
Isoniazid Antibacterial agent [143]
Pefloxacin Antibacterial [144]
Tetracyclines Broad-spectrum antibiotic [145]
Sulfadiazine Sulphonamide [145]
Oxytetracyclines Broad-spectrum antibiotic [146]
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Drug Class References
Ampicillin β-lactam antibiotic [147]
Norfloxacin Antibacterial agent [147]
Nevirapine NNRTI [148]
Metronidaole Nitroimidazole antibiotic [149]
Diclofenac Sodium NSAID’s [150]
Pentazocine Opioid analgesic [150]
Nimusulide NSAID’s [151]
Phenytoin Antiepileptic [152]
Pentobarbitone Short-acting barbiturate [97]
Propranolol β-adrenoceptor blocker [153]
Theophylline Bronchodilators [153]
Carbamazepine Anticonvulsant [154]

7.5. Analgesic and Anti-inflammatory Activity

Pipierine also shows good potential for anti-inflammatory activity in a model with hind paw tissue swelling and
arthritis in rats [101]. Moreover, piperine administration reduces the histologic damage and myeloperoxidase activity in
the pancreas and ameliorates numerous parameters which include the pancreatic weight to body weight ratio, as well as
serum levels of amylase, lipase and trypsin activity. Studies with piperine pretreatment concludes that it reduces the
production of tumor necrosis factor (TNF)-a, interleukin (IL) - 1b, and IL-6 during cerulein-induced acute pancreatitis
(AP). In vivo results also prove that piperine reduces cell death, activity of enzyme amylase and lipase and production
of  cytokine  in  isolated  cerulein-treated  pancreatic  acinar  cells.  In  addition,  piperine  also  inhibits  the  activation  of
mitogenactivated protein kinases [102].

In  another  study also proves  the anti-  inflammatory action of  piperine comparable  with  curcumin derived from
Curcuma longa [103]. Along with anti-inflammatory activity piperine also shows antiarthritic activity [104]. Piperine
was also isolate from the bark of Careya arborea, found to possess significant central and peripheral analgesic activity
at oral doses of 10, 20 and 30 mg/kg body weight against acetic acid induced writhing in mice. However,  piperine
shows prolongation of tail flicking time at doses of 20 and 30mg/Kg body weight by radiant heat method in mice [105].
Tasleem et al. evaluate and compare the analgesic and anti-inflammatory activity of pure compound, piperine along
with hexane and ethanol extracts of Piper nigrum L. fruit in mice and rats and concludes that it possess potent analgesic
and anti-inflammatory activity at different doses by different methods [106]. Piperine intraperitoneally shows at 20 and
30 mg/kg by hot plate reaction test and acetic acid test in mice using indomethacin as a standard drug for reference
[107].

7.6. Antidepressant Potential

Piperine  and  its  derivative,  antiepilepsirine  possesses  antidepressant  activity  which  was  investigated  in  the
depressive  models  like  forced  swimming  test  and  tail  suspension  test.  During  this  study  determination  of  brain
monoamine levels and the activities of monoamine oxidase A and B were carried out. The results show that in an assay
of  monoamines,  chronic  antiepilepsirine  administration  significantly  elevates  the  dopamine  level  in  striatum,
hypothalamus  and  hippocampus,  and  also  increases  the  serotonin  level  in  the  hypothalamus  and  hippocampus.  In
contrast, chronic treatment only with piperine enhances the level of serotonin in the hypothalamus and hippocampus but
didn’t show any significant influence on the dopamine level. Moreover, both antiepileppsirine and piperine didn’t show
any effect in the nonadrenaline level particularly in brain areas. The MAO activity assay also indicates that piperine and
antiepilepsirine shows a minor MAO inhibitory activity. Liet in his study says that antidepressant potential of piperine
was to  be  mediated via  the  regulation of  serotonergic  system,  whereas  antilepsirine  antidepressant  action might  be
mediated via dual regulation of both serotonergic and dopaminergic systems [108]. In another study, piperine shows
antidepressant like activity and cognitive effect during entire duration of treatment in Wister male rats at various doses
ranging from 5, 10 and 20 mg/kg/day [62].

7.7. Piperine as Efflux Pump Inhibhitor

In 2006, Inshad Ali Khan reported that piperine (a trans trans isomer of 1- piperoyl-piperidine), a major constituent
of Piper nigrum, when administered in combination with ciprofloxacin markedly reduces the MICs and also prevents
the mutation concentration of ciprofloxacin for Staphylococcus aureus, including methicillin-resistant S. aureus. The

(Table 2) contd.....
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enhanced accumulation of ethidium bromide and thus decreased efflux of same in the wild-type and mutant (CIPr-1)
strains was observed in the presence of piperine which suggest its involvement in bacterial efflux pumps inhibition and
thus prove its role as an Efflux Pump Inhibitor [109].

7.8. Renal and Hepatic Effect of Piperine

Presently a study by Begum et al. 2015 investigates the effect of Piperine and Metformin alone and in combination
in gentamicin induced renal and hepatotoxicity [110] and the results suggest that the Piperine (50mg/kg and 100mg/kg),
Metformin (100mg/kg) and a combination of Piperine (50mg/kg) and Metformin (50mg/kg) proves to be beneficial in
treating Gentamicin induced renal and hepatotoxicity.

7.9. Antiplatelet Effect of Piperine

Fruits  of  the  Piper  longum  contain  piperine,  piperonaline,  piperoctadecalidine,  piperlongumine  which  shows
inhibitory potential on washed rabbit platelet aggregation [111]. All these acid amides shows dose-dependent inhibitory
activity on washed rabbit platelet aggregation and the acid amide Piperlongumine shows stronger inhibitory effect than
other acid amides to rabbit platelet aggregation induced by collagen, AA and PAF.

7.10. Effect on the Lipid Peroxidation

Study  carried  out  by  Dhuley  in  1993  concludes  that  the  pretreatment  with  piperine  reduces  the  liver  lipid
peroxidation,  acid  phosphatase  and  oedema  induced  by  carrageenin  in  rats.  Thus  the  study  suggests  that  the  liver
enzymes are inhibited but they are non specific in nature [112]. Lipid peroxidation content, measured as thiobarbituric
reactive substances (TBARS), was increased with piperine treatment although conjugate diene levels were not altered in
a study carried out to determine the toxicity of piperine via free-radical generation by determining the degree of lipid
peroxidation and cellular thiol status in the rat intestine. The study suggests that increased TBARS levels may not be a
relevant index of cytotoxicity, since thiol redox was not altered, but increased synthesis transport of intracellular GSH
pool  may  play  an  important  role  in  cell  hemostasis  [113].  Oxidative  stress  occurs  in  association  with  painful
exacerbations of chronic pancreatitis and antioxidant supplementation appears to benefit this condition. Thus in another
study, oral therapy of curcumin with piperine reverses the lipid peroxidation in patients with tropical pancreatitis. It was
also observed that there was a significant reduction in the erythrocyte MDA levels and significant increase in GSH
levels. There was no corresponding improvement in pain [114].

7.11. Effect of Piperine on Lipid Profile

A study carried out by Peela focuses on the individual effect on biochemical parameters like blood sugar and lipid
profile before and after the administration of piperine and concludes that it beneficially effects of piperine in lowering
the level of triglycerides but increasing the HDL cholesterol. This study has shown it does not have any role in reducing
blood  sugar  and  total  cholesterol  [115].  Piperine  also  prevents  the  accumulation  of  plasma  lipids  and  lipoproteins
significantly by modulating the enzymes of lipid metabolism [116]. In 2011 a study explores the effect of piperine in
obesity-induced dyslipidemia. It concludes that the supplementation of piperine with high fat diet significantly reduces
not only body weight, triglycerides level, total cholesterol, LDL, VLDL, and fat mass at a small doses of 40 mg/kg but
also increases the HDL levels  without  causing prominent  change in food intake.  This  action may be guessed to be
involvement of MC- 4 receptors [117]. Piperine effects the lipid composition and some lipogenic enzymes in the rat
testis.  An  oral  dose  of  5  and  10  mg/kg  body  weight  depletes  the  total  lipid  content  which  was  mainly  due  to  the
diminution of the phospholipid concentration and free cholesterol level where as there was marked increase in total
cholesterol and cholesterol ester. Similarly total glyceride level and triacyl glycerol level shows a significant increase at
an expense of diacyl glcyerol in rats treated with the high dose of piperine. In contrast, Lipogenic enzymes, malate
dehydrogenase (MDH), malic enzyme (ME) and isocitrate dehydrogenase (ICDH) were inhibited by the high dose and
only MDH and ME activities were inhibited by the low dose treatment of piperine [118]. The various other properties
possessed by piperine has been mentioned in Table 3.

8. EVIDENCE TO PROVE PIPERINE AS A BIOENHANCER

Recently  the  piperine  action  as  bioenhancer  has  been  found  by  Indian  Institute  of  Science,  Bangalore  using
Mycobacterium smegmatis as the test organism [73]. The study provides an interesting observation that piper alone even
at  high  concentrations  does’nt  inhibits  the  growth  of  mycobacteria  but  it  shows  a  remarkable  growth  reduction
/inhibition on the microorganism and this inhibition is higher than that of rifampicin alone. As rifampicin acts on RNA
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polymerase  where  as  piperine  abrogates  the  non  specific  transcription  which  is  catalysed  by  M.  smegmatis  RNA
polymerase. When RNA polymerase was purified from a rifampicin resistant strain of M. smegmatis, the enzymatic
activity, otherwise resistant to rifampicin, found 12 to be significantly decreased in presence of piperine along with
Rifampicin.

Table 3. Some important role of piperine.

Different effect of Piperine References
Piperine inhibit pulmonary cytochrome P450 activities [92]
Piperine inhibit UDP-glucose dehydrogenase and UDP- glucuronyl transferase [98]
Piperine shows antileishmanic activity [155]
Piperine increases serum response of β-carotene [100]
Piperine inhibit alfatoxins B1 (AFB1)biosynthesis [156]
Piperine shows antimalarial activity [157]
Piperine reduced the production of alfatoxins [158]
Thermogenic action of piperine via adrenal catecholamine secretion [159]
Piperine inhibit monoamine oxidase [160]
Piperine inhibit ascorbate-Fe++-induced lipid peroxidation [161]
Piperine protected against oxidative stress induced carcinogenesis [162]
Piperine modulated membrane dynamics and permeation characteristics [162]
Piperine shows chemopreventive effectin carcinogenesis [163, 164]
Piperine inhibited mitochondrial oxidative phosphorylation [165]
Piperine exerted protection against t-butyl hydroperoxide [166]
Piperine protects cisplatin-induced apoptosis via heme oxygenase-1 [167]
Piperine potentiate hepatotoxicity of carbon tetrachloride in rats [168]
Inhibition /quenching of super oxides and hydroxyl radicals by piperine [169]
Piperine reduces high fat diet induced oxidative stress [170]
Anti-metastatic activity of piperine on lung metastasis [171]
Piperine inhibits platelet aggregation as a TXA2receptor antagonist [172]
Piperine decreased mitochondrial lipid peroxidation [173]
Piperine alleviates hypertension induced by NO synthase inhibition [174]
Piperine reduced D-galactosamine induced hepatotoxicity [175]
Piperine inhibited cholesteryl ester (CE) synthesis [176]
Piperine enhances bioavailability of the tea polyphenol [177]
Piperine shows anti mutagenic activity [178, 179]
Piperine shows anti-thyroid activity [180]
Piperine modulates hormonal and apo lipoprotein profiles [181]
Blood pressure lowering and effects of piperine [182]
Piperine shows cytoprotective and immunomodulating properties [183]
Piperine protects against neurodegeneration and cognitive impairment [184]
Piperine inhibit mitochondrial dysfunction and cell death in PC12 cells [185]
Piperine shows antibacterial and fungicidal activity [186, 187]
Piperine shows insecticidal activity [188, 189]
Piperine stimulates melanocyte replication in vitro and useful in treating the depigmenting disease, vitiligo. [190, 191]
Piperine shows antidiarrhoel activity [76, 192]

The study carried out by Reen’s observes and concludes that methylenedioxyphenyl ring founds to be responsible in
inhibiting the drug metabolizing enzymes [119]. Another study by Atal in 1985 concludes that we can enhance the in-
vivo drug bioavailability by inhibiting the hepatic and non hepatic drug metabolizing enzymes [59]. The property of
enhancing the bioavailability of drugs is partly due to the increased blood supply to the intrinsic vessels as a result of
local vasodilation. In case of enzymatic activity, Glucoronyl transferase inhibits the endogenous UDP glucoronic acid
content and by decreasing transferase activity [119]. One more mechanism of action of piperine was also explains by
IIIM, Jammu, which states that Piperine act as a cell membrane modulator and thus helps in transportation of the drugs
molecules across the barriers. It was speculated that piperine may also called as thermonutrient as it increases the GIT
absorption of certain nutritional substances and thus helpful in production of local thermogenic action. To enhance the
mechanism for drug bioavailability, following possible explanations’ are:
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Increased  blood  supply  to  GIT,  b)  Increased  enzymatic  activities   like   gamma- glutamyl   transpeptidasea.
c)  Non-specific  mechanisms  inhibiting  enzymes  involving  in  biotransformation  of  drugs,  preventing  their
inactivation and elimination [70, 120].

9. METABOLIC IMPLICATIONS OF PIPERINE

A study proves that Piperine interacts and interferes both in vitro and in vivo with the metabolism and degradation
related enzymes and thus act as a nonspecific inhibitor of drug metabolism. Piperine inhibits a series of enzymes mainly
related to P-gp and cytochrome P 450 family other ezymes are: Aryl hydrocarbon hydroxylase (Microsomal enzyme
system),  Ethyl  morphine-N  demethylatse,  7-Ethoxycoumarin-O-de-ethylase,  3-  Hydroxy-benzo(a)pyrene  glucou-
ronidase,  Uridine  di  phosphate  glucose  dehydrogenase  (UDP-GDH),  Uridine  di  phosphate  glucuronyl  transferase
(UDP-GT), 5-Lipoxegenase (5-LOX) and Cyclo-oxegenase-I (COX-I) [121].

10. METABOLIC CHANGES AFTER ADMINISTRATION WITH PIPERINE

The  study  concludes  that  a  supplementation  of  piperine  to  fat,  carbohydrate,  fructose  and  cornstarch  fed  rats
normalizes  the  blood  pressure,  improve  glucose  tolerance  and  reduce  plasma  parameters  of  oxidative  stress  and
inflammation. In addition to this, it also improves the liver function [122].

11. PHARMACOKINECTICS

To study the pharmacokinetic parameters and tissue distribution of piperine, lipid nanospheres of piperine (LN-P),
pegylated lipid nanospheres LN-P-PEG and positively charged stearylamine LN-P- SA were prepared by process of
homogenization  which  was  further  followed  by  ultrasonication  and  evaluated  on  male  albino  mice.  The
pharmacokinetic  parameters  of  LN-P-  PEG  and  LN-P-  SA  were:  AUC(0-24):  372.1  +/-  71.6  and  162.2  +/-  36.4
microgram/ hour/ ml, clearance 13 +/- 2.5 and 32 +/- 7.5 ml/ hour, Cmax: 24.7 +/- 1.5 and 22.3 +/- 1.0 microgram/ ml,
Vd: 0.45 +/- 0.02 and 0.66 +/- 0.06 liter/ Kg. Pharmacokinetics of lipid nanospheres of piperine shows a biexponential
decline with significantly high AUC, lower rate of clearance with a smaller volume of distribution than piperine [123].

10. MARKETED PREPARATIONS OF PIPERINE

Ayurvedic formulation: ChitrakadiVati [124], Trikatu Churna [125, 126], Pippli Churna [127], Sitopaladichurna
(STPLC)  [128],  Ajmodadichurna  (AJC)  [129,  130],  Triphalaguggulu  [131],  Eladi  Gutika  [132],  LasunadiVati,
Marichyadivati and Kaphaketu rasa [133]. Unani formulation: Hab-e-Azarakhi [134], Jawarish-e-Bisbasa [135], Habb-
e- Khardel [136].  Dosage forms 1) Vista Nutrition Curcumin with Piperine (Capsule) Description: Vista Nutritions
Curcumin with Piperine capsules has anti-oxidant, anti- inflammatory effects. It contains curcumin and piperine that
restrains the enzyme called CYP3A4 to increase the oral bioavailability of compounds. Vista Nutritions Curcumin with
Piperine  helps  in  maintaining  the  healthy  liver  and  protecting  the  brain  cells.  2)  Zenith  Nutrition  Curcumin  with
Piperine (Capsules) Description: Zenith Nutrition Curcumin with Piperine contains curcumin and piperine. The active
component  of  turmeric  (curcumin)  is  responsible  for  its  rich  color  and  potential  health  benefits.  The  powerful
antioxidant  helps  in  protection  of  cells  from free  radical  damage,  in  maintaining  a  healthy  inflammatory  response,
protection  of  brain  cells,  in  maintaining  a  healthy  liver  even  under  challenging  circumstances.  Standardization  of
preparation also ensures the consistent levels of active ingredients in every dose.

12. CLINICAL STUDIES

The clinical studies of piperine shows that it may enhance the bioavailability of resveratrol a substance commonly
found  in  red  grapes,  peanuts  and  chocolate  which  help  in  translating  the  potential  benefit  of  the  same  to  humans.
Resveratrol (3, 5, 4′-trihydroxystilbene) is chemically a phytoalexin possess numerous health-promoting properties in
pre-clinical studies. On comparing the resveratrol alone, combination with piperine increases the degree of exposure of
resveratrol to 229%, while exposure to the compound principal metabolite decreased by about 80%. Piperine enhances
the reservatol pharmacokinetic parameters via inhibiting its glucuronidation, and hence thereby slows the process of
elimination [137]. Recent studies, in collaboration with Oregon Health and Science University (OHSU) dermatologists,
the  combination  piperine  with  narrow  band  ultra  violet  B  (NBUVB)  was  applied  to  National  Institutes  of  Health/
National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIH/NIAMS) to fund a Phase I clinical trial for
vitiligo disease. Moreover, the reviewers expressed enthusiasm for piperine as a novel treatment for vitiligo, and for the
design of the clinical trial, a major concern was piperine unknown effect on melanoma development, particularly if used
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in conjunction with UVB. This concern is a major hurdle to the future clinical investigation of piperine in vitiligo, and
clearly must be addressed. Therefore the effect of piperine, alone or with UV radiation, on melanoma development
using the HGF-BL6 mouse model of melanoma was investigated. However, the result shows, despite its stimulatory
effects  on  normal  melanocyte  proliferation,  PIP  will  not  promote,  and  may even reduce,  melanoma formation  in  a
murine model of UV-induced melanoma [138, 139].

13. TOXICITY

Piperine is used as spice and nutrient enhancer. The study conclude that, consecutive administration of piperine
(2.25 and 4.5 mg/kg, p.o.) for five days causes a significant reduction in total leukocyte counts, increases the percentage
of  neutrophils  and  suppresses  the  mitogenic  response  of  B-lymphocyte  to  lipopolysaccharide  in  swiss  male  mice.
Moreover, the treatment at higher dose results into significant decrease in the weight of spleen, thymus and mesenteric
lymph nodes.

However,  at  lower  dose  (1.12  mg/kg,  p.o.)  it  may  be  considered  as  immunologically  safe  [140].  The  previous
research concludes and suggests that piperine should be co-administered with drugs i.e. P-gp substrates, particularly for
patients whose diet heavily relies on Pepper.

Piperine concentration ranging from 10 to 100 μM, inhibits P-gp mediated efflux transport of [3H ]-digoxin across
LMDR1  and  Caco-2  cell  monolayers.  This  acute  inhibitory  effect  depends  on  concentration  of  piperine  with
abolishment of [3H]-digoxin polarized transport which was attained at 50 μM of piperine. In contrast, the prolonged (48
and 72 h) co- incubation of Caco-2 cell monolayers with piperine (50 and 100 μM), increases P-gp activity through an
up-regulation of cellular P-gp protein and MDR1 mRNA levels. The up-regulated protein was functionally active, as it
is demonstrated with a higher degree of [3H]-digoxin efflux across the cell monolayers, but the induction was totally
readily reversed by the removal of piperine as spice from the culture medium. Oral administration of piperine (112
μg/kg)  for  14  consecutive  days  increases  intestinal  P-gp  levels  in  male  wistar  rats.  Thus,  it  was  observed  that
concomitant  reduction  in  the  rodent  liver  P-gp  whereas  kidney  P-gp  level  remains  unaffected  [141].

It was well that Cadmium (Cd) is an industrial and environmental ubiquitous pollutant, and it is toxic to several
tissues, most notably hepatic and renal acute administration results its chronic exposure thus, a study by Khandelwal
evidences that piperine at 2.5 mg/kg/day significantly decreases the hepatic and renal Cadium levels in mice [142].

14. CONCLUSION AND FUTURE ASPECTS OF PIPERINE

In  the  present  review,  an  attempt  has  been  made  to  congregate  the  erudition  of  versatile  molecule,  PIPERINE.
Although  it  have  medicinal  applications  from time  immemorial,  but  todays  need  is  to  develop  modern  drugs  with
effective extensive investigation for its bioactivity, mechanism of action, pharmacotherapeutics, and toxicity and after
proper standardization and clinical trials. Reviewed interest among the researchers all around the world in the structural
modification and synthesis of novel analogues of the privileged molecule piperine is attributed to the wide array of
biological activities it possesses. It appears to top in the list of bioenhancers as it has been used as bioenhancer for
Allopathic, Ayurvedic and Unani drugs. Several therapeutically as well as industrially useful preparations have been
marketed which generates encouragement among the scientists in exploring this medicinal important moiety. As it is
very well evident from the literature that piperine has got tremendous potential, thus the appropriate modification in the
molecule  and  synthesis  of  its  analogues  to  attenuate  the  toxicity  with  better  economic  investment  and  with  good
therapeutic utilization presents greater benefit particularly in various treatments and therapies.

CONFLICT OF INTEREST

The authors confirm that this article content has no conflict of interest.

ACKNOWLEDGEMENTS

The authors extend their heartful thanks to IK Gujral Punjab Technical University, Kapurthala, Punjab, India for
valuable suggestions and support.

REFERENCES

[1] Singh, Y.N. Kava: an overview. J. Ethnopharmacol., 1992, 37(1), 13-45.
[http://dx.doi.org/10.1016/0378-8741(92)90003-A] [PMID: 1453702]

http://dx.doi.org/10.1016/0378-8741(92)90003-A
http://www.ncbi.nlm.nih.gov/pubmed/1453702


88   Open Chemistry Journal, 2016, Volume 3 Chopra et al.

[2] Kirtikar, K.R.; Basu, B. Indian Medicinal Plants, 2nd ed; Dehradun, 1995.

[3] Li, X.; Yuan, H.; Gou, K.; Liu, Z.; Zhang, C. Study of piperine in Fructus piperis Longi by supercritical fluid extraction. Zhongguo Yiyuan
Zazhi., 2000, 20(10), 597-599.

[4] Ahmed, M.; Rahman, M.W.; Rahman, M.T.; Hossain, C.F. Analgesic principle from the bark of Careya arborea. Pharmazie, 2002, 57(10),
698-701.
[PMID: 12426952]

[5] Warrier, P.K. The importance of black pepper in Ayurveda. Indian Spices, 1981, 18(2-4), 3-5.

[6] Geissmann, T.A.; Crout, D.H. Organic Chemistry of Secondary Plant Metabolism; Freeman, Cooper & Company: San Francisco, 1969, p.
170.

[7] Simon, K.O.; Henry, O.; Piperine-Type Amides, E. Review of the Chemical and Biological Characteristics. Int. J. Chem., 2013, 5(3), 99-122.

[8] Bird, C.R.; Smith, T.A. The biosynthesis of coumarylagmatine in barley seedlings. Phytochemistry, 1989, 20, 2345-2346.
[http://dx.doi.org/10.1016/S0031-9422(00)82662-X]

[9] Bird, C.R.; Smith, T.A. Agmatine coumaroyltransferase from barley seedlings. Phytochemistry, 1983, 22, 2401-2403.
[http://dx.doi.org/10.1016/0031-9422(83)80127-7]

[10] Negrel, J.; Martin, C. The biosynthesis of feruloyltyramine in Nicotiana tabacum. Phytochemistry, 1984, 23, 2797-2801.
[http://dx.doi.org/10.1016/0031-9422(84)83018-6]

[11] Negrel, J.; Jeandet, P. Metabolism of tyramine and feruloyltyramine in TMV inoculated leaves of Nicotiana tabacum. Phytochemistry, 1987,
26, 2185-2190.
[http://dx.doi.org/10.1016/S0031-9422(00)84681-6]

[12] Semler, U.; Schmidtberg, G.; Gross, G.G. Synthesis of piperoyl-CoA-thioester. Z. Naturforsch., B. J. Chem. Sci., 1897, 42c, 1070-1074.

[13] Semler, U.; Gross, G.G. Distribution of piperine in vegetative parts of Piper nigrum. Phytochemistry, 1988, 27, 1566.
[http://dx.doi.org/10.1016/0031-9422(88)80249-8]

[14] De Paula, V.F.; Barbosa, L.C.; Demuner, A.J. Synthesis and insecticidal activity of new amide derivatives of piperine. Pest Manag. Sci.,
2000, 56, 168-174.
[http://dx.doi.org/10.1002/(SICI)1526-4998(200002)56:2<168::AID-PS110>3.0.CO;2-H]

[15] Yuan, Y.F.; Bian, J.; Zhou, J.; Shi, L. Supercritical fluid extraction in quality control of piperine. Zhongguo Yaoke Daxue Xuebao, 2000,
31(3), 199-202.

[16] Girija, R.; Vilas, G.G. Extraction of piperine from Piper nigrum (Black pepper) by hydrotropic solubilization. Ind. Eng. Chem. Res., 2000,
41(12), 2966-2976.

[17] Girija, R.; Vilas, G.G. Microwave- Assisted extraction of piperine from Piper nigrum. Ind. Eng. Chem. Res., 2002, 41(10), 2521-2528.
[http://dx.doi.org/10.1021/ie010359b]

[18] Kulkarni, D.; Apte, S.P.; Mary, F.; Sane, R.T. High performance thin layer chromatographic method for the determination of piperine from
piper nigrum linn. Indian Drugs, 2001, 38, 323-326.

[19] Scott, I.M.; Puniani, E.; Jensen, H.; Livesey, J.F.; Poveda, L.; Nchez-Vindas, P.S. Analysis of piperaceae germplasm by HPLC and LCMS: a
method  for  isolating  and  identifying  unsaturated  amides  from Piper  spp.  Extracts.  Ontario  Ministry  of  Science  and  Technology  funded
research, 2005. Available at: http://www.aseanbiodiversity.info/abstract/51005573.pdf

[20] Sunkara,  G.;  Mada,  S.R.;  Vobalaboina,  V.  Pharmokinetics  and  tissue  distribution  of  piperine  in  animals  after  i.v.  bolus  administration.
Pharmazie, 2001, 56, 640-642.
[PMID: 11534342]

[21] Bajad,  S.;  Singla,  A.K.;  Bedi,  K.L.  Liquid  chromatographic  method  for  determination  of  piperine  in  rat  plasma:  application  to
pharmacokinetics.  J.  Chromatogr.  B  Analyt.  Technol.  Biomed.  Life  Sci.,  2002,  776(2),  245-249.
[http://dx.doi.org/10.1016/S1570-0232(02)00352-5] [PMID: 12138007]

[22] Santosh, M.K.; Shaila, D.; Rajyalakshmi, I.; Rao, I.S. RP - HPLC Method for Determination of Piperine from Piper longum Linn. And Piper
nigrum Linn. J. Chem., 2005, 2, 131-135.

[23] Ternes, W.; Krause, E.L. Characterization and determination of piperine and piperine isomers in eggs. Anal. Bioanal. Chem., 2002, 374(1),
155-160.
[http://dx.doi.org/10.1007/s00216-002-1416-6] [PMID: 12207258]

[24] Shanmugasundaram, P.; Maheswari, R.; Vijayaanandhi, M. Quantative estimation of Piperine in herbical cough syrup by HPTLC method.
Rasayan J. Chem., 2008, 1, 212-217.

[25] Rugheimer, L. Berichte der deutschen chemischen Gesellschaft; , 1882, pp. 1390-1391.

[26] Grewe, R.; Freist, W.; Neumann, H.; Kersten, S. Uber die inhaltestoffe des Schwarzen Pfeffers. Chem. Ber., 1970, 103, 3752-3770.
[http://dx.doi.org/10.1002/cber.19701031204]

[27] Wenkert, E.; Cochran, D.W.; Hagaman, E.W.; Lewis, R.B.; Schellet, F.M. Carbon-13 nuclear magnetic resonance spectroscopy of naturally
occurring substances. VII. Carbon-13 nuclear magnetic resonance spectroscopy with the aid of a paramagnetic shift agent. J. Am. Chem. Soc.,

http://www.ncbi.nlm.nih.gov/pubmed/12426952
http://dx.doi.org/10.1016/S0031-9422(00)82662-X
http://dx.doi.org/10.1016/0031-9422(83)80127-7
http://dx.doi.org/10.1016/0031-9422(84)83018-6
http://dx.doi.org/10.1016/S0031-9422(00)84681-6
http://dx.doi.org/10.1016/0031-9422(88)80249-8
http://dx.doi.org/10.1002/(SICI)1526-4998(200002)56:2<168::AID-PS110>3.0.CO;2-H
http://dx.doi.org/10.1021/ie010359b
http://www.ncbi.nlm.nih.gov/pubmed/11534342
http://dx.doi.org/10.1016/S1570-0232(02)00352-5
http://www.ncbi.nlm.nih.gov/pubmed/12138007
http://dx.doi.org/10.1007/s00216-002-1416-6
http://www.ncbi.nlm.nih.gov/pubmed/12207258
http://dx.doi.org/10.1002/cber.19701031204


Piperine and Its Various Physicochemical and Biological Aspects Open Chemistry Journal, 2016, Volume 3   89

1971, 93, 6271-6273.
[http://dx.doi.org/10.1021/ja00752a049]

[28] Grynpas, M.; Lindley, P.F. The crystal and molecular structure of 1-piperoylpiperidine. Acta Crystallogr. B, 1975, 31, 2663-2667.
[http://dx.doi.org/10.1107/S0567740875008412]

[29] Tsuboi, S.; Takeda, A. A new synthesis of piperine and isochavicine. Tet. Lett., 1979, 20, 1043-1044.
[http://dx.doi.org/10.1016/S0040-4039(01)87185-9]

[30] Kaga, H.; Ahmed, Z.; Gotoh, K.; Orito, K. New access to conjugated dien- and enamides. Synthesis of dehydropipernonaline, pipernonaline
and related biologically active amides. Synlett, 1994, 8, 607-608.
[http://dx.doi.org/10.1055/s-1994-22943]

[31] Schulze,  A.;  Oediger,  H.  New approaches of  aldol-type reactions demonstrated by simple syntheses of  piperine.  Liebigs.  Annalen.  Der.
Chemie., 1981, 9, 1725-1727.

[32] Naskar, D.; Roy, S. Catalytic hunsdiecker reaction and one-pot catalytic hunsdiecker–heck strategy: synthesis of α,β-unsaturated aromatic
Halides,  α-(Dihalomethyl)benzenemethanols,  5-Aryl-2,4-pentadienoic  acids,  dienoates  and  dienamides.  Tetrahedron,  2000,  56(10),
1369-1377.
[http://dx.doi.org/10.1016/S0040-4020(99)01035-2]

[33] Rogoski,  J.M.;  Nagornyy,  P.  A  Stereoselective  Synthesis  of  Piperine  via  a  Horner  Wadsworth-Emmons  Reaction.,  Available  from:
http://www.geocities.ws/justin_m_r/papers/piperine.pdf

[34] Schobert, R.; Siegfrieda, S.; Gordon, G.J. Three-component synthesis of (E)-α,β-unsaturated amides of the piperine family. J. Chem. Soc.
Perkin Trans, 2001, 19, 2393-2397.
[http://dx.doi.org/10.1039/b105745f]

[35] Koul, S.; Koul, J.L.; Taneja, S.C.; Dhar, K.L.; Jamwal, D.S.; Singh, K.; Reen, R.K.; Singh, J. Structure-activity relationship of piperine and its
synthetic analogues for their inhibitory potentials of rat hepatic microsomal constitutive and inducible cytochrome P450 activities. Bioorg.
Med. Chem., 2000, 8(1), 251-268.
[http://dx.doi.org/10.1016/S0968-0896(99)00273-4] [PMID: 10968285]

[36] Chatterjee, A.; Dutta, C.P. Alkaloids of Piper longum Linn. I. Structure and synthesis of piperlongumine and piperlonguminine. Tetrahedron,
1967, 23(4), 1769-1781.
[http://dx.doi.org/10.1016/S0040-4020(01)82575-8] [PMID: 6047519]

[37] Singh, J.; Dhar, K.L.; Atal, C.K. Studies on the genus piper-IX. Structure of trichostachine, an Alkaloid from Piper trichostachyon. Tet Letts,
1969, 56, 4975-4978.
[http://dx.doi.org/10.1016/S0040-4039(01)88862-6]

[38] Loder, J.W.; Moorhouse, A.; Russell, E.B. Tumor-Inhibiting Plants.Amides of Piper novae-Holliandae (Piperaceae). Aust. J. Chem., 1969,
22, 1531-1538.
[http://dx.doi.org/10.1071/CH9691531]

[39] Okogun, J.I.; Sodengam, B.L.; Kimbu, S.F. New amides from the extracts of Piper guineense. Phytochemistry, 1977, 16, 1295.
[http://dx.doi.org/10.1016/S0031-9422(00)94379-6]

[40] Banerji, A.; Ghosh, P.C. Sylvatine, a new alkamide from Piper sylvaticum ROXB (Piperaceae). Tetrahedron, 1973, 29, 977-979.
[http://dx.doi.org/10.1016/0040-4020(73)80048-1]

[41] Ivan, A.M.; Frank, G.T. Wisanine, a novel alkaloid from the roots of Piper guineense. Tetrahedron Lett., 1976, 17(35), 3049-3050.
[http://dx.doi.org/10.1016/0040-4039(76)80066-4]

[42] Okwute, S.K. Synthesis of Amides From Piper guineense, Schum and Thonn: The Case of Insecticidal guineensine (A Thesis Submitted in
Partial  Fulfilment  of  the  Requirements  for  the  Award the  Degree  of  Doctor  of  Philosophy (Ph.D)  of  the  University  of  Ibadan,  Nigeria,
Department of Chemistry). 1978.

[43] Vasavirama, K.; Mahesh, U.M. Piperine: a valuable alkaloid from piper species. Int. J. Pharm. Pharm. Sci., 2014, 6(4), 34-38.

[44] Correa, E.A.; Högestätt, E.D.; Sterner, O.; Echeverri, F.; Zygmunt, P.M. In vitro TRPV1 activity of piperine derived amides. Bioorg. Med.
Chem., 2010, 18(9), 3299-3306.
[http://dx.doi.org/10.1016/j.bmc.2010.03.013] [PMID: 20381363]

[45] Nargotra, A.; Sharma, S.; Koul, J.L.; Sangwan, P.L.; Khan, I.A.; Kumar, A.; Taneja, S.C.; Koul, S. Quantitative structure activity relationship
(QSAR) of piperine analogs for bacterial NorA efflux pump inhibitors. Eur. J. Med. Chem., 2009, 44(10), 4128-4135.
[http://dx.doi.org/10.1016/j.ejmech.2009.05.004] [PMID: 19523722]

[46] Kulshreshta, V.K.; Srivastava, R.K.; Singh, N.; Kohli, R.P. A study of central stimulant effect of Piper longum. Indian J. Pharmacol., 1969,
1, 8-11.

[47] Singh, N.; Kulshreshtha, V.K.; Srivastava, R.K.; Kohli, R.P. Studies on the analeptic activity of some Piper longum alkaloids. J. Res. Indian
Med., 1973, 8(1), 1-9.

[48] Singh, N.; Kulshrestha, V.K.; Srivastava, R.K.; Kohli, R.P. A comparative evaluation of piperine and nalorphine against morphine induced
respiratory depression and analgesia. J. Res. Indian Med., 1973, 8, 21-26.

[49] Micevych, P.E.; Yaksh, T.L.; Szolcsanyi, J. Effect of intrathecal capsaicin analogues on the immunofluorescence of peptides and serotonin in

http://dx.doi.org/10.1021/ja00752a049
http://dx.doi.org/10.1107/S0567740875008412
http://dx.doi.org/10.1016/S0040-4039(01)87185-9
http://dx.doi.org/10.1055/s-1994-22943
http://dx.doi.org/10.1016/S0040-4020(99)01035-2
http://dx.doi.org/10.1039/b105745f
http://dx.doi.org/10.1016/S0968-0896(99)00273-4
http://www.ncbi.nlm.nih.gov/pubmed/10968285
http://dx.doi.org/10.1016/S0040-4020(01)82575-8
http://www.ncbi.nlm.nih.gov/pubmed/6047519
http://dx.doi.org/10.1016/S0040-4039(01)88862-6
http://dx.doi.org/10.1071/CH9691531
http://dx.doi.org/10.1016/S0031-9422(00)94379-6
http://dx.doi.org/10.1016/0040-4020(73)80048-1
http://dx.doi.org/10.1016/0040-4039(76)80066-4
http://dx.doi.org/10.1016/j.bmc.2010.03.013
http://www.ncbi.nlm.nih.gov/pubmed/20381363
http://dx.doi.org/10.1016/j.ejmech.2009.05.004
http://www.ncbi.nlm.nih.gov/pubmed/19523722


90   Open Chemistry Journal, 2016, Volume 3 Chopra et al.

the dorsal horn in rats. Neuroscience, 1983, 8(1), 123-131.
[http://dx.doi.org/10.1016/0306-4522(83)90031-3] [PMID: 6188075]

[50] Franco-Cereceda, A.; Henke, H.; Lundberg, J.M.; Petermann, J.B.; Hökfelt,  T.; Fischer, J.A. Calcitonin gene-related peptide (CGRP) in
capsaicin-sensitive substance P-immunoreactive sensory neurons in animals and man: distribution and release by capsaicin. Peptides, 1987,
8(2), 399-410.
[http://dx.doi.org/10.1016/0196-9781(87)90117-3] [PMID: 2438668]

[51] Lundberg, J.M.; Franco-Cereceda, A.; Hua, X.; Hökfelt, T.; Fischer, J.A. Co-existence of substance P and calcitonin gene-related peptide-like
immunoreactivities in sensory nerves in relation to cardiovascular and bronchoconstrictor effects of capsaicin. Eur. J. Pharmacol., 1985,
108(3), 315-319.
[http://dx.doi.org/10.1016/0014-2999(85)90456-X] [PMID: 2580718]

[52] Saria, A.; Theodorsson-Norheim, E.; Gamse, R.; Lundberg, J.M. Release of substance P- and substance K-like immunoreactivities from the
isolated perfused guinea-pig lung. Eur. J. Pharmacol., 1984, 106(1), 207-208.
[http://dx.doi.org/10.1016/0014-2999(84)90699-X] [PMID: 6085050]

[53] Rózsa, Z.; Varró, A.; Jancsó, G. Use of immunoblockade to study the involvement of peptidergic afferent nerves in the intestinal vasodilatory
response to capsaicin in the dog. Eur. J. Pharmacol., 1985, 115(1), 59-64.
[http://dx.doi.org/10.1016/0014-2999(85)90584-9] [PMID: 2412858]

[54] Theodorsson-Norheim,  E.;  Hua,  X.Y.;  Brodin,  E.;  Lundberg,  J.M.  Capsaicin  treatment  decreases  tissue  levels  of  neurokinin  A-like
immunoreactivity in the guinea pig. Acta Physiol. Scand., 1985, 124(1), 129-131.
[http://dx.doi.org/10.1111/j.1748-1716.1985.tb07642.x] [PMID: 2990165]

[55] Miyauchi, T.; Ishikawa, T.; Sugishita, Y.; Saito, A.; Goto, K. Involvement of calcitonin gene-related peptide in the positive chronotropic and
inotropic effects of piperine and development of cross-tachyphylaxis between piperine and capsaicin in the isolated rat atria. J. Pharmacol.
Exp. Ther., 1989, 248(2), 816-824.
[PMID: 2783973]

[56] Szallasi, A.; Blumberg, P.M. Characterization of vanilloid receptors in the dorsal horn of pig spinal cord. Brain Res., 1991, 547(2), 335-338.
[http://dx.doi.org/10.1016/0006-8993(91)90982-2] [PMID: 1884211]

[57] Kawada, T.; Sakabe, S.; Watanabe, T.; Yamamoto, M.; Iwai, K. Some pungent principles of spices cause the adrenal medulla to secrete
catecholamine in anesthetized rats. Proc. Soc. Exp. Biol. Med., 1988, 188(2), 229-233.
[http://dx.doi.org/10.3181/00379727-188-2-RC1] [PMID: 3375268]

[58] Mujumdar,  A.M.;  Dhuley,  J.N.;  Deshmukh,  V.K.;  Raman,  P.H.;  Thorat,  S.L.;  Naik,  S.R.  Effect  of  piperine  on  pentobarbitone  induced
hypnosis in rats. Indian J. Exp. Biol., 1990, 28(5), 486-487.
[PMID: 2401524]

[59] Atal, C.K.; Dubey, R.K.; Singh, J. Biochemical basis of enhanced drug bioavailability by piperine: evidence that piperine is a potent inhibitor
of drug metabolism. J. Pharmacol. Exp. Ther., 1985, 232(1), 258-262.
[PMID: 3917507]

[60] Kulshreshta, V.K.; Singh, N.; Srivastava, R.K.; Rastogi, S.K.; Kohli, R.P. Analysis of central stimulant activity of Piper nigrum. J. Res.
Indian Med., 1971, 6, 17-23.

[61] Eun, J.S. A study on the mechanism of analgesic action of piperine. Yakhak Hoeji, 1986, 30(4), 169-173.

[62] Wattanathorn, J.; Chonpathompikunlert, P.; Muchimapura, S.; Priprem, A.; Tankamnerdthai, O. Piperine, the potential functional food for
mood and cognitive disorders. Food Chem. Toxicol., 2008, 46(9), 3106-3110.
[http://dx.doi.org/10.1016/j.fct.2008.06.014] [PMID: 18639606]

[63] Pei, Y.Q.; Cao, L. The pharmacological action of 3,4-dichlorophenyl propenoyl isobutylamide on the central nervous system. Yao. Hsueh.
Pao., 1982, 17, 736-743.

[64] Liu, G.Q.; Algeri, S.; Ceci, A.; Garattini, S.; Gobbi, M.; Murai, S. Stimulation of serotonin synthesis in rat brain after antiepilepsirine, an
antiepileptic piperine derivative. Biochem. Pharmacol., 1984, 33(23), 3883-3886.
[http://dx.doi.org/10.1016/0006-2952(84)90055-8] [PMID: 6210090]

[65] Webb, G.A.; Belton, P.S.; Gil, A.M.; Delgadillo, I.; Milic, B.L.; Djilas, S.M.; Milic, N.B. Suppression effects of spice plants on free radical
formation. Mag. Res. Food Sci., 2001.

[66] Naidu, K.A.; Thippeswamy, N.B. Inhibition of human low density lipoprotein oxidation by active principles from spices. Mol. Cell. Biochem.,
2002, 229(1-2), 19-23.
[http://dx.doi.org/10.1023/A:1017930708099] [PMID: 11936843]

[67] Pistolesim, E. Nutritional and therapeutical preparation having antioxidant activity. PCT Int Appl., 2002. WO 2002052955 A1, 22.

[68] Rauscher, F.M.; Sanders, R.A.; Watkins, J.B., III Effects of piperine on antioxidant pathways in tissues from normal and streptozotocin-
induced diabetic rats. J. Biochem. Mol. Toxicol., 2000, 14(6), 329-334.
[http://dx.doi.org/10.1002/1099-0461(2000)14:6<329::AID-JBT5>3.0.CO;2-G] [PMID: 11083086]

[69] Khajuria,  A.;  Zutshi,  U.;  Bedi,  K.L.  Permeability  characteristics  of  piperine  on  oral  absorptionan  active  alkaloid  from  peppers  and  a
bioavailability enhancer. Indian J. Exp. Biol., 1998, 36(1), 46-50.
[PMID: 9536651]

http://dx.doi.org/10.1016/0306-4522(83)90031-3
http://www.ncbi.nlm.nih.gov/pubmed/6188075
http://dx.doi.org/10.1016/0196-9781(87)90117-3
http://www.ncbi.nlm.nih.gov/pubmed/2438668
http://dx.doi.org/10.1016/0014-2999(85)90456-X
http://www.ncbi.nlm.nih.gov/pubmed/2580718
http://dx.doi.org/10.1016/0014-2999(84)90699-X
http://www.ncbi.nlm.nih.gov/pubmed/6085050
http://dx.doi.org/10.1016/0014-2999(85)90584-9
http://www.ncbi.nlm.nih.gov/pubmed/2412858
http://dx.doi.org/10.1111/j.1748-1716.1985.tb07642.x
http://www.ncbi.nlm.nih.gov/pubmed/2990165
http://www.ncbi.nlm.nih.gov/pubmed/2783973
http://dx.doi.org/10.1016/0006-8993(91)90982-2
http://www.ncbi.nlm.nih.gov/pubmed/1884211
http://dx.doi.org/10.3181/00379727-188-2-RC1
http://www.ncbi.nlm.nih.gov/pubmed/3375268
http://www.ncbi.nlm.nih.gov/pubmed/2401524
http://www.ncbi.nlm.nih.gov/pubmed/3917507
http://dx.doi.org/10.1016/j.fct.2008.06.014
http://www.ncbi.nlm.nih.gov/pubmed/18639606
http://dx.doi.org/10.1016/0006-2952(84)90055-8
http://www.ncbi.nlm.nih.gov/pubmed/6210090
http://dx.doi.org/10.1023/A:1017930708099
http://www.ncbi.nlm.nih.gov/pubmed/11936843
http://dx.doi.org/10.1002/1099-0461(2000)14:6<329::AID-JBT5>3.0.CO;2-G
http://www.ncbi.nlm.nih.gov/pubmed/11083086
http://www.ncbi.nlm.nih.gov/pubmed/9536651


Piperine and Its Various Physicochemical and Biological Aspects Open Chemistry Journal, 2016, Volume 3   91

[70] Khajuria,  A.;  Thusu,  N.;  Zutshi,  U.  Piperine  modulates  permeability  characteristics  of  intestine  by  inducing  alterations  in  membrane
dynamics: influence on brush border membrane fluidity, ultrastructure and enzyme kinetics. Phytomedicine, 2002, 9(3), 224-231.
[http://dx.doi.org/10.1078/0944-7113-00114] [PMID: 12046863]

[71] Takaki, M.; Jin, J.G.; Lu, Y.F.; Nakayama, S. Effects of piperine on the motility of the isolated guinea-pig ileum: comparison with capsaicin.
Eur. J. Pharmacol., 1990, 186(1), 71-77.
[http://dx.doi.org/10.1016/0014-2999(90)94061-2] [PMID: 1704311]

[72] Cole, O.F. Pharmacological studies of piperine; I. Effects of piperine on transmural nerve stimulation. Planta Med., 1985, 2(2), 153-156.
[http://dx.doi.org/10.1055/s-2007-969433] [PMID: 4034732]

[73] Annamalai, A.R.; Manavalan, R. Effects of Trikatu and its individual components and piperine on gastrointestinal tracts; - a bioavailability
enhancer. IDrugs, 1990, 27(12), 595-604.

[74] Johri, R.K.; Thusu, N.; Khajuria, A.; Zutshi, U. Piperine-mediated changes in the permeability of rat intestinal epithelial cells. The status of
gamma-glutamyl transpeptidase activity, uptake of amino acids and lipid peroxidation. Biochem. Pharmacol., 1992, 43(7), 1401-1407.
[http://dx.doi.org/10.1016/0006-2952(92)90195-O] [PMID: 1348936]

[75] Khajuria, A.; Johrn, R.K.; Zutshi, U. Piperine mediated alterations in lipid peroxidation and cellular thiol status of rat intestinal mucosa and
epithelial cells. Phytomedicine, 1999, 6(5), 351-355.
[http://dx.doi.org/10.1016/S0944-7113(99)80058-0] [PMID: 11962543]

[76] Bajad, S.; Bedi, K.L.; Singla, A.K.; Johri, R.K. Antidiarrhoeal activity of piperine in mice. Planta Med., 2001, 67(3), 284-287.
[http://dx.doi.org/10.1055/s-2001-11999] [PMID: 11345706]

[77] Bajad, S.; Bedi, K.L.; Singla, A.K.; Johri, R.K. Piperine inhibits gastric emptying and gastrointestinal transit in rats and mice. Planta Med.,
2001, 67(2), 176-179.
[http://dx.doi.org/10.1055/s-2001-11505] [PMID: 11301872]

[78] Bhardwaj, R.K.; Glaeser, H.; Becquemont, L.; Klotz, U.; Gupta, S.K.; Fromm, M.F. Piperine, a major constituent of black pepper, inhibits
human P-glycoprotein and CYP3A4. J. Pharmacol. Exp. Ther., 2002, 302(2), 645-650.
[http://dx.doi.org/10.1124/jpet.102.034728] [PMID: 12130727]

[79] Khamar, B. 1, 3-benodioxole derivatives for chemsensitizers.. PCT Int. Appl., 2002. WO2002000164A2, 16.

[80] Hiwale, A.R.; Dhuley, J.N.; Naik, S.R. Effect of co-administration of piperine on pharmacokinetics of beta-lactam antibiotics in rats. Indian J.
Exp. Biol., 2002, 40(3), 277-281.
[PMID: 12635696]

[81] Shah, S.V.; Ballaga, R. Composition and methods using agents that reduce availability of a catalytic iron source in glomeruli for treating
glomerular disorders. US Pat. Appl. Publ., 2002.

[82] Tang, X. Compound traditional medicine with piperine for increasing bioavailability of paeoniflorin and its preparing methods. Faming
Zhuanli Shenging Gongkui Shuomingshu , 2002. US2002091146A1, 20.

[83] Singh,  A.;  Jain,  R.  Novel  pharmaceutical  composition  of  antitubercular  drugs  and  process  for  their  preparation.  Pat.  Int.  Appl.,  2002.
CN1339298 A: 16.

[84] Balakrishan, V.; Varma, S.; Chatterji, D. Piperine auguments transcription inhibitory activity of rifampicin by several fold in Mycobacterium
smegmatis. Curr. Sci., 2001, 80(10), 1302-1305.

[85] Velpandian, T.; Jasuja, R.; Bhardwaj, R.K.; Jaiswal, J.; Gupta, S.K. Piperine in food: interference in the pharmacokinetics of phenytoin. Eur.
J. Drug Metab. Pharmacokinet., 2001, 26(4), 241-247.
[http://dx.doi.org/10.1007/BF03226378] [PMID: 11808866]

[86] Mujumdar, A.M.; Dhuley, J.N.; Deshmukh, V.K.; Naik, S.R. Effect of piperine on bioaaavailability of oxyphenyl butazone in rats. IDrugs,
1999, 36(2), 123-126.

[87] Gupta, S.K.; Bansal, P.; Bhardwaj, R.K.; Velpandian, T. Comparative anti-nociceptive, anti-inflammatory and toxicity profile of nimesulide
vs nimesulide and piperine combination. Pharmacol. Res., 2000, 41(6), 657-662.
[http://dx.doi.org/10.1006/phrs.1999.0640] [PMID: 10816335]

[88] Singh, A.; Jain, R. Pharmaceuticals composition NSAID’S and piperene. Eur. Pat. Appl., 1999, 935-964. EP Cl.AG1K31/4457.

[89] Shah,  S.V.;  Baliga,  R.  Compositions  and  method  for  chemotherapy  having  reduced  nephrotoxicity.  US  Pat.  Appl.  Publ.,  2002.  US
2002183333 AI, 15.

[90] Rosenberg Zand, R.S.; Jenkins, D.J.; Brown, T.J.; Diamandis, E.P. Flavonoids can block PSA production by breast and prostate cancer cell
lines. Clin. Chim. Acta, 2002, 317(1-2), 17-26.
[http://dx.doi.org/10.1016/S0009-8981(01)00698-2] [PMID: 11814454]

[91] Majeed, M.; Badmaev, V.; Bammi, R.K.; Prakash, S.; Natarajan, S. Methods for increased bioavailability of nutrients and pharmaceuticals by
tetrahydropiperine and its analogue and derivatives., 2005. USA Patent No 6849645 B2.

[92] Reen, R.K.; Singh, J. In vitro and in vivo inhibition of pulmonary cytochrome P450 activities by piperine, a major ingredient of piper species.
Indian J. Exp. Biol., 1991, 29(6), 568-573.
[PMID: 1889831]

http://dx.doi.org/10.1078/0944-7113-00114
http://www.ncbi.nlm.nih.gov/pubmed/12046863
http://dx.doi.org/10.1016/0014-2999(90)94061-2
http://www.ncbi.nlm.nih.gov/pubmed/1704311
http://dx.doi.org/10.1055/s-2007-969433
http://www.ncbi.nlm.nih.gov/pubmed/4034732
http://dx.doi.org/10.1016/0006-2952(92)90195-O
http://www.ncbi.nlm.nih.gov/pubmed/1348936
http://dx.doi.org/10.1016/S0944-7113(99)80058-0
http://www.ncbi.nlm.nih.gov/pubmed/11962543
http://dx.doi.org/10.1055/s-2001-11999
http://www.ncbi.nlm.nih.gov/pubmed/11345706
http://dx.doi.org/10.1055/s-2001-11505
http://www.ncbi.nlm.nih.gov/pubmed/11301872
http://dx.doi.org/10.1124/jpet.102.034728
http://www.ncbi.nlm.nih.gov/pubmed/12130727
http://www.ncbi.nlm.nih.gov/pubmed/12635696
http://dx.doi.org/10.1007/BF03226378
http://www.ncbi.nlm.nih.gov/pubmed/11808866
http://dx.doi.org/10.1006/phrs.1999.0640
http://www.ncbi.nlm.nih.gov/pubmed/10816335
http://dx.doi.org/10.1016/S0009-8981(01)00698-2
http://www.ncbi.nlm.nih.gov/pubmed/11814454
http://www.ncbi.nlm.nih.gov/pubmed/1889831


92   Open Chemistry Journal, 2016, Volume 3 Chopra et al.

[93] Badmaev, V.; Majeed, M.; Rajendran, R. Use of piperine to increase the bioavailability of nutritional compounds., 1996. USA patent No.
5536506 A.

[94] Majeed, M.; Badmaev, V.;  Rajendran, R. Use of piperine to increase the bioavailability of nutritional compounds.,  1996.  United States
Patents: 5744161, 5972382.

[95] Atal, C.K.; Zutshi, U.; Rao, P.G. Scientific evidence on the role of Ayurvedic herbals on bioavailability of drugs. J. Ethnopharmacol., 1981,
4(2), 229-232.
[http://dx.doi.org/10.1016/0378-8741(81)90037-4] [PMID: 7311598]

[96] Shin, K.H.; Woo, W.S. Studies on crude drugs acting on drug metabolizing enzymes: effect of piperine on hepatic microsomal mixed function
oxidase system. Korean Biochem. J, 1985, 18, 9-15.

[97] Mujumdar,  A.M.;  Dhuley,  J.N.;  Deshmukh,  V.K.;  Raman,  P.H.;  Thorat,  S.L.;  Naik,  S.R.  Effect  of  piperine  on  pentobarbitone  induced
hypnosis in rats. Indian J. Exp. Biol., 1990, 28(5), 486-487.
[PMID: 2401524]

[98] Reen, R.K.; Jamwal, D.S.; Taneja, S.C.; Koul, J.L.; Dubey, R.K.; Wiebel, F.J.; Singh, J. Impairment of UDP-glucose dehydrogenase and
glucuronidation activities in liver and small intestine of rat and guinea pig in vitro by piperine. Biochem. Pharmacol., 1993, 46(2), 229-238.
[http://dx.doi.org/10.1016/0006-2952(93)90408-O] [PMID: 8347144]

[99] Badmaev, V.; Majeed, M.; Prakash, L. Piperine derived from black pepper increases the plasma levels of coenzyme Q10 following oral
supplementation. J. Nutr. Biochem., 2000, 11(2), 109-113.
[http://dx.doi.org/10.1016/S0955-2863(99)00074-1] [PMID: 10715596]

[100] Badmaev, V.; Majeed, M.; Edward, P.N. Piperine, an alkaloid derived from black pepper, increases serum response of beta-carotene during 14
days of oral beta-carotenesupplementation. Nutr. Res., 1999, 19, 381-388.
[http://dx.doi.org/10.1016/S0271-5317(99)00007-X]

[101] Sharma, A.K.; Singh, R.H. Screening of anti-inflammatory activity of certain indigenous drugs on carragenin induced hind paw oedema in
rats. Bull. Medico. Ethenobot. Res., 1980, 1(2), 262-271.

[102] Bae, G.S.; Kim, M.S.; Jeong, J.; Lee, H.Y.; Park, K.C.; Koo, B.S.; Kim, B.J.; Kim, T.H.; Lee, S.H.; Hwang, S.Y.; Shin, Y.K.; Song, H.J.;
Park, S.J. Piperine ameliorates the severity of cerulein-induced acute pancreatitis by inhibiting the activation of mitogen activated protein
kinases. Biochem. Biophys. Res. Commun., 2011, 410(3), 382-388.
[http://dx.doi.org/10.1016/j.bbrc.2011.05.136] [PMID: 21663734]

[103] Sharma, S.C.; Mukhtar, H.; Sharma, S.K.; Krishna Murt, C.R. Lipid peroxide formation in experimental inflammation. Biochem. Pharmacol.,
1972, 21(8), 1210-1214.
[http://dx.doi.org/10.1016/0006-2952(72)90118-9] [PMID: 5034204]

[104] Bang, J.S.; Oh, D.H.; Choi, H.M.; Sur, B.J.; Lim, S.J.; Kim, J.Y.; Yang, H.I.; Yoo, M.C.; Hahm, D.H.; Kim, K.S. Anti-inflammatory and
antiarthritic effects of piperine in human interleukin 1β-stimulated fibroblast-like synoviocytes and in rat arthritis models. Arthritis Res. Ther.,
2009, 11(2), R49.
[http://dx.doi.org/10.1186/ar2662] [PMID: 19327174]

[105] Ahmed, M.; Rahman, M.W.; Rahman, M.T.; Hossain, C.F. Analgesic principle from the bark of Careya arborea. Pharmazie, 2002, 57(10),
698-701.
[PMID: 12426952]

[106] Tasleem, F.; Azhar, I.; Ali, S.N.; Perveen, S.; Mahmood, Z.A. Analgesic and anti-inflammatory activities of Piper nigrum L. Asian Pac. J.
Trop. Med., 2014, 7S1(14), S461-S468.
[http://dx.doi.org/10.1016/S1995-7645(14)60275-3] [PMID: 25312168]

[107] Sabinaa, E.P.; Nasreen, A.; Vedi, M.; Rasool, M. Analgesic, antipyretic and ulcerogenic effects of piperine: an active ingredient of pepper. J.
Pharm. Sci. & Res., 2013, 5(10), 203-206.

[108] Li, S.; Wang, C.; Li, W.; Koike, K.; Nikaido, T.; Wang, M.W. Antidepressant-like effects of piperine and its derivative, antiepilepsirine. J.
Asian Nat. Prod. Res., 2007, 9(3-5), 421-430.
[http://dx.doi.org/10.1080/10286020500384302] [PMID: 17701559]

[109] Khan, I.A.; Mirza, Z.M.; Kumar, A.; Verma, V.; Qazi, G.N. Piperine, a phytochemical potentiator of ciprofloxacin against Staphylococcus
aureus. Antimicrob. Agents Chemother., 2006, 50(2), 810-812.
[http://dx.doi.org/10.1128/AAC.50.2.810-812.2006] [PMID: 16436753]

[110] Begum, N.; Bakshi, V.; Vijayalaxmi, A.; Gaud, D.P.; Sunand, K.; Kumar, K.S. Protective role of piperine and metformin on gentamicin
induced hepatorenal toxicity. Int. J. Pharm. Sci. Rev. Res., 2015, 35(2), 3-89.

[111] Park,  B.S.;  Son,  D.J.;  Park,  Y.H.;  Kim,  T.W.;  Lee,  S.E.  Antiplatelet  effects  of  acidamides  isolated  from the  fruits  of  Piper  longum  L.
Phytomedicine, 2007, 14(12), 853-855.
[http://dx.doi.org/10.1016/j.phymed.2007.06.011] [PMID: 17689230]

[112] Dhuley, J.N.; Raman, P.H.; Mujumdar, A.M.; Naik, S.R. Inhibition of lipid peroxidation by piperine during experimental inflammation in
rats. Indian J. Exp. Biol., 1993, 31(5), 443-445.
[PMID: 8359852]

http://dx.doi.org/10.1016/0378-8741(81)90037-4
http://www.ncbi.nlm.nih.gov/pubmed/7311598
http://www.ncbi.nlm.nih.gov/pubmed/2401524
http://dx.doi.org/10.1016/0006-2952(93)90408-O
http://www.ncbi.nlm.nih.gov/pubmed/8347144
http://dx.doi.org/10.1016/S0955-2863(99)00074-1
http://www.ncbi.nlm.nih.gov/pubmed/10715596
http://dx.doi.org/10.1016/S0271-5317(99)00007-X
http://dx.doi.org/10.1016/j.bbrc.2011.05.136
http://www.ncbi.nlm.nih.gov/pubmed/21663734
http://dx.doi.org/10.1016/0006-2952(72)90118-9
http://www.ncbi.nlm.nih.gov/pubmed/5034204
http://dx.doi.org/10.1186/ar2662
http://www.ncbi.nlm.nih.gov/pubmed/19327174
http://www.ncbi.nlm.nih.gov/pubmed/12426952
http://dx.doi.org/10.1016/S1995-7645(14)60275-3
http://www.ncbi.nlm.nih.gov/pubmed/25312168
http://dx.doi.org/10.1080/10286020500384302
http://www.ncbi.nlm.nih.gov/pubmed/17701559
http://dx.doi.org/10.1128/AAC.50.2.810-812.2006
http://www.ncbi.nlm.nih.gov/pubmed/16436753
http://dx.doi.org/10.1016/j.phymed.2007.06.011
http://www.ncbi.nlm.nih.gov/pubmed/17689230
http://www.ncbi.nlm.nih.gov/pubmed/8359852


Piperine and Its Various Physicochemical and Biological Aspects Open Chemistry Journal, 2016, Volume 3   93

[113] Khajuria, A.; Johrn, R.K.; Zutshi, U. Piperine mediated alterations in lipid peroxidation and cellular thiol status of rat intestinal mucosa and
epithelial cells. Phytomedicine, 1999, 6(5), 351-355.
[http://dx.doi.org/10.1016/S0944-7113(99)80058-0] [PMID: 11962543]

[114] Durgaprasad,  S.;  Pai,  C.G.;  Vasanthkumar,  ;  Alvres,  J.F.;  Namitha,  S.  A  pilot  study  of  the  antioxidant  effect  of  curcumin  in  tropical
pancreatitis. Indian J. Med. Res., 2005, 122(4), 315-318.
[PMID: 16394323]

[115] Peela, J.R.; Elshaar, F.; Awamy, H.M.E.; Srikumar, S. Effect of piperine on lipid profile of non-transgenic mice. Int. Rev. Biophys. Chem.,
2012, 3(4)

[116] Vijayakumar,  R.S.;  Nalini,  N.  Piperine,  an  active  principle  from  Piper  nigrum,  modulates  hormonal  and  apo  lipoprotein  profiles  in
hyperlipidemic rats. J. Basic Clin. Physiol. Pharmacol., 2006, 17(2), 71-86.
[http://dx.doi.org/10.1515/JBCPP.2006.17.2.71] [PMID: 16910313]

[117] Shah, S.S.; Shah, G.B.; Singh, S.D.; Gohil, P.V.; Chauhan, K.; Shah, K.A.; Chorawala, M. Effect of piperine in the regulation of obesity-
induced dyslipidemia in high-fat diet rats. Indian J. Pharmacol., 2011, 43(3), 296-299.
[http://dx.doi.org/10.4103/0253-7613.81516] [PMID: 21713094]

[118] Malini, T.; Arunakaran, J.; Aruldhas, M.M.; Govindarajulu, P. Effects of piperine on the lipid composition and enzymes of the pyruvate-
malate cycle in the testis of the rat in vivo. Biochem. Mol. Biol. Int., 1999, 47(3), 537-545.
[PMID: 10204091]

[119] Reen, R.K.; Roesch, S.F.; Kiefer, F.; Wiebel, F.J.; Singh, J. Piperine impairs cytochrome P4501A1 activity by direct interaction with the
enzyme and not by down regulation of CYP1A1 gene expression in the rat hepatoma 5L cell line. Biochem. Biophys. Res. Commun., 1996,
218(2), 562-569.
[http://dx.doi.org/10.1006/bbrc.1996.0100] [PMID: 8561796]

[120] Goldstein, D.B. The effects of drugs on membrane fluidity. Annu. Rev. Pharmacol. Toxicol., 1984, 24, 43-64.
[http://dx.doi.org/10.1146/annurev.pa.24.040184.000355] [PMID: 6329077]

[121] Jhanwar, B.; Gupta, S.S. Biopotentiation using herbs: novel technique for poor bioavailable drugs. Int. J. Pharm. Tech. Res., 2014, 6(2),
443-454.

[122] Diwan, V.; Poudyal, H.; Brown, L. Piperine attenuates cardiovascular, liver and metabolic changes in high carbohydrate, high fat-fed rats.
Cell Biochem. Biophys., 2013, 67(2), 297-304.
[http://dx.doi.org/10.1007/s12013-011-9306-1] [PMID: 22038304]

[123] Veerareddy, P.R.; Vobalaboina, V. Pharmacokinetics and tissue distribution of piperine lipid nanospheres. Pharmazie, 2008, 63(5), 352-355.
[PMID: 18557418]

[124] Singh, N.K.;  Kumar,  P.;  Gupta,  D.K.;  Singh, S.;  Singh, V.K. UV-spectrophotometric method development for estimation of piperine in
Chitrakadi Vati. Der Pharmacia Lettre., 2011, 3(3), 178-182.

[125] Shailajan, S.; Sayed, N.; Joshi, H.; Tiwary, B. Standardization of an Ayurvedic Formulation: Trikatu Churna using Bioanalytical tools. Int. J.
Res. Ayur Pharma., 2011, 2(6), 1676-1678.

[126] Vyas, A.; Jain, V.; Singh, D.; Singh, M.; Shukla, S.S.; Pandey, R.; Swarnlata, S.; Saraf, S. TLC Densitometric Method for the Estimation of
Piperine in Ayurvedic Formulation Trikatu Churna. Orient. J. Chem., 2011, 27(1), 301-304.

[127] Gupta,  V.;  Jain,  U.K.  Estimation  of  piperine  by  UV-spectrophotometric  method  in  herbal  formulation,  Pippli  Churna.  Int.  J  Res.
Pharmaceutica Biomed. Sci., 2011, 2(2), 550-553.

[128] Gupta, V.; Jain, U.K. Quantitative analysis of piperine in ayurvedic formulation by UV Spectrophotometry. Int. J Pharma Sci. Res, 2011,
2(2), 58-61.

[129] Gupta, V.; Jain, U.K. Status of piperine content in Ayurvedic formulation: Method standardization by HPTLC. Res. J. Pharma Biol Chem Sci,
2011, 2(2), 524-532.

[130] Sarkar,  B.;  Tiwari,  S.;  Patel,  R.;  Dubey,  G.  High  performance  thin  layer  chromatographic  method  for  quantification  of  piperine  in  an
ayurvedic formulation. Asian J. Pharmacy Life Sci., 2011, 1(2), 128-132.

[131] Patel, S.G.; Patel, J.K.; Patel, K. Comparison and quantification of marker compound of triphala guggulu by using HPTLC method. Am. J.
Pharm. Tech. Res., 2012, 2(4), 999-1013.

[132] Rode, S.; Bhujbal, P.; Sandhya, P. Quantification of Piperine and 18-β Glycyrrhetinic Acid in Herbal Formulation “Eladi Gutika”. Acta
Chromatogr., 2013, 25(1), 135-146.
[http://dx.doi.org/10.1556/AChrom.25.2013.1.8]

[133] Rout, K.K.; Rout, O.P.; Mishra, S.K. Estimation of piperine in commercial Ayurvedic formulations. J. Planar Chromat., 2007, 20, 447-450.
[http://dx.doi.org/10.1556/JPC.20.2007.6.10]

[134] Jain, T.; Dashora, K. Spectrophotometric fingerprinting method for Unani formulation Hab-e-Azarakhi. Asian J. Pharm. Tech., 2012, 2(1),
1-3.

[135] Shailajan, S.; Menon, S.; Sayed, N.; Joshi, H.; Tiwari, B. Phytochemical, safety and pharmacokinetic profile of Jawarish-e-Bisbasa: a potent
unani medicine for gastric disorders. Asiain J. Trad. Med, 2012, 7(4), 168-177.

http://dx.doi.org/10.1016/S0944-7113(99)80058-0
http://www.ncbi.nlm.nih.gov/pubmed/11962543
http://www.ncbi.nlm.nih.gov/pubmed/16394323
http://dx.doi.org/10.1515/JBCPP.2006.17.2.71
http://www.ncbi.nlm.nih.gov/pubmed/16910313
http://dx.doi.org/10.4103/0253-7613.81516
http://www.ncbi.nlm.nih.gov/pubmed/21713094
http://www.ncbi.nlm.nih.gov/pubmed/10204091
http://dx.doi.org/10.1006/bbrc.1996.0100
http://www.ncbi.nlm.nih.gov/pubmed/8561796
http://dx.doi.org/10.1146/annurev.pa.24.040184.000355
http://www.ncbi.nlm.nih.gov/pubmed/6329077
http://dx.doi.org/10.1007/s12013-011-9306-1
http://www.ncbi.nlm.nih.gov/pubmed/22038304
http://www.ncbi.nlm.nih.gov/pubmed/18557418
http://dx.doi.org/10.1556/AChrom.25.2013.1.8
http://dx.doi.org/10.1556/JPC.20.2007.6.10


94   Open Chemistry Journal, 2016, Volume 3 Chopra et al.

[136] Kamal, Y.T.; Mohammed Musthaba, S.; Singh, M.; Parveen, R.; Ahmad, S.; Baboota, S.; Ali, I.; Siddiqui, K.M.; Arif Zaidi, S.M.; Zaidi, A.
Development and validation of HPLC method for simultaneous estimation of piperine and guggulsterones in compound Unani formulation
(tablets) and a nanoreservoir system. Biomed. Chromatogr., 2012, 26(10), 1183-1190.
[http://dx.doi.org/10.1002/bmc.2676] [PMID: 22213335]

[137] Johnson, J.J.; Nihal, M.; Siddiqui, I.A.; Scarlett, C.O.; Bailey, H.H.; Mukhtar, H.; Ahmad, N. Enhancing the bioavailability of resveratrol by
combining it with piperine. Mol. Nutr. Food Res., 2011, 55(8), 1169-1176.
[http://dx.doi.org/10.1002/mnfr.201100117] [PMID: 21714124]

[138] Soumyanath,  A.  Piperine  and  melanoma-a  crucial  issue  for  future  clinical  studies.,  Available  at:
http://www.ohsu.edu/xd/research/centers-institutes/octri/funding/upload/Soumyanathabstract.pdf

[139] Thuillier, P.; Sonka, J.; Phillips, K.; Samatham, R.; Yelma, A.; Reddy, N.; Vanka, M.; Tatapudi, S.; Williams, J.; Sankar, V.; Jacques, S.;
Soumyanath,  A.  Piperine  and  melanoma:  A  crucial  issue  for  future  clinical  trials  in  vitiligo  [OCTRI].  2012.  Available  at:
http://www.ohsu.edu/xd/education/library/upload/Research-Week-Abstracts-2.pdf

[140] Dogra, R.K.; Khanna, S.; Shanker, R. Immunotoxicological effects of piperine in mice. Toxicology, 2004, 196(3), 229-236.
[http://dx.doi.org/10.1016/j.tox.2003.10.006] [PMID: 15036749]

[141] Han, Y.; Chin Tan, T.M.; Lim, L.Y. In vitro and in vivo evaluation of the effects of piperine on P-gp function and expression. Toxicol. Appl.
Pharmacol., 2008, 230(3), 283-289.
[http://dx.doi.org/10.1016/j.taap.2008.02.026] [PMID: 18417181]

[142] Khandelwal, S.; Pathak, N.; Singh, M. Protective role of Piperine against Cadmium induced hepatic and renal toxicity in mice. Toxicol. Int.,
2008, 15(2), 85-89.

[143] Karan,  R.S.;  Bhargava,  V.K.;  Garg,  S.K.  Effect  of  Trikatu  (Piperine)  on  the  pharmacokinetic  profile  of  isoniazid  in  rabbits.  Indian  J.
Pharmacol., 1998, 30, 254-256.

[144] Dama, M.S.; Varshneya, C.; Dardi, M.S.; Katoch, V.C. Effect of trikatu pretreatment on the pharmacokinetics of pefloxacin administered
orally in mountain Gaddi goats. J. Vet. Sci., 2008, 9(1), 25-29.
[http://dx.doi.org/10.4142/jvs.2008.9.1.25] [PMID: 18296885]

[145] Atal, C.K.; Manavalan, R.; Nighojkar, R.; Sareen, A.N.; Gupta, O.P. Studies on Piper chaba as a bioavailable agents. IDrugs, 1980, 17,
266-268.

[146] Singh, M.; Varshneya, C.; Telang, R.S.; Srivastava, A.K. Alteration of pharmacokinetics of oxytetracycline following oral administration of
Piper longum in hens. J. Vet. Sci., 2005, 6(3), 197-200.
[PMID: 16131821]

[147] Janakiraman, K.; Manavalan, R. Studies on effect of piperine on oral bioavailability of ampicillin and norfloxacin. Afr. J. Tradit. Complement.
Altern. Medicines, 2008, 5(3), 257-262.
[http://dx.doi.org/10.4314/ajtcam.v5i3.31281] [PMID: 20161946]

[148] Kasibhatta, R.; Naidu, M.U. Influence of piperine on the pharmacokinetics of nevirapine under fasting conditions: a randomised, crossover,
placebo-controlled study. Drugs R D., 2007, 8(6), 383-391.
[http://dx.doi.org/10.2165/00126839-200708060-00006] [PMID: 17963429]

[149] Singh,  A.;  Pawar,  V.K.;  Jakhmola,  V.;  Parabia,  M.H.;  Awasthi,  R.;  Sharma,  G.  In  Vivo  assessment  of  enhanced  bioavailability  of
metronidazole with piperine in rabbits. Res. J. Pharm. Biol. Chem. Sci., 2010, 1, 273-278.

[150] Pooja, S.; Agrawal, R.P.; Nyati, P.; Savita, V.; Phadnis, P. Analgesic activity of Piper nigrum extract per se and its interaction with diclofenac
sodium and pentazocine in albino mice. Int. J. Pharmacol, 2007, 5(1), 30.

[151] Gupta, S.K.; Velpandian, T.; Sengupta, T.S.; Mathur, P.; Sapra, P. Influence of piperine on nimesulide induced antinociception. Phyto. Res.,
1998, 12, 266-269.
[http://dx.doi.org/10.1002/(SICI)1099-1573(199806)12:4<266::AID-PTR291>3.0.CO;2-S]

[152] Bano, G.; Amla, V.; Raina, R.K.; Zutshi, U.; Chopra, C.L.; Chopra, C.L. The effect of piperine on pharmacokinetics of phenytoin in healthy
volunteers. Planta Med., 1987, 53(6), 568-569.
[http://dx.doi.org/10.1055/s-2006-962814] [PMID: 3444866]

[153] Bano,  G.;  Raina,  R.K.;  Zutshi,  U.;  Bedi,  K.L.;  Johri,  R.K.;  Sharma,  S.C.  Effect  of  piperine  on  bioavailability  and  pharmacokinetics  of
propranolol and theophylline in healthy volunteers. Eur. J. Clin. Pharmacol., 1991, 41(6), 615-617.
[http://dx.doi.org/10.1007/BF00314996] [PMID: 1815977]

[154] Pattanaik, S.; Hota, D.; Prabhakar, S.; Kharbanda, P.; Pandhi, P. Pharmacokinetic interaction of single dose of piperine with steady-state
carbamazepine in epilepsy patients. Phytother. Res., 2009, 23(9), 1281-1286.
[http://dx.doi.org/10.1002/ptr.2676] [PMID: 19283724]

[155] Kapil, A. Piperine: a potent inhibitor of Leishmania donovani promastigotes in vitro. Planta Med., 1993, 59(5), 474.
[http://dx.doi.org/10.1055/s-2006-959737] [PMID: 8255940]

[156] Lee,  S.E.;  Mahoney,  N.E.;  Campbell,  B.C.  Inhibition of  aflatoxin B1 biosynthesis  by piperlongumine isolated from Piper longum  L.  J.
Microbiol. Biotechnol., 2002, 12, 679-682.

[157] Kirk, K.; Ashworth, K.J.; Elford, B.C.; Pinches, R.A.; Ellory, J.C. Characteristics of 86Rb+ transport in human erythrocytes infected with

http://dx.doi.org/10.1002/bmc.2676
http://www.ncbi.nlm.nih.gov/pubmed/22213335
http://dx.doi.org/10.1002/mnfr.201100117
http://www.ncbi.nlm.nih.gov/pubmed/21714124
http://dx.doi.org/10.1016/j.tox.2003.10.006
http://www.ncbi.nlm.nih.gov/pubmed/15036749
http://dx.doi.org/10.1016/j.taap.2008.02.026
http://www.ncbi.nlm.nih.gov/pubmed/18417181
http://dx.doi.org/10.4142/jvs.2008.9.1.25
http://www.ncbi.nlm.nih.gov/pubmed/18296885
http://www.ncbi.nlm.nih.gov/pubmed/16131821
http://dx.doi.org/10.4314/ajtcam.v5i3.31281
http://www.ncbi.nlm.nih.gov/pubmed/20161946
http://dx.doi.org/10.2165/00126839-200708060-00006
http://www.ncbi.nlm.nih.gov/pubmed/17963429
http://dx.doi.org/10.1002/(SICI)1099-1573(199806)12:4<266::AID-PTR291>3.0.CO;2-S
http://dx.doi.org/10.1055/s-2006-962814
http://www.ncbi.nlm.nih.gov/pubmed/3444866
http://dx.doi.org/10.1007/BF00314996
http://www.ncbi.nlm.nih.gov/pubmed/1815977
http://dx.doi.org/10.1002/ptr.2676
http://www.ncbi.nlm.nih.gov/pubmed/19283724
http://dx.doi.org/10.1055/s-2006-959737
http://www.ncbi.nlm.nih.gov/pubmed/8255940


Piperine and Its Various Physicochemical and Biological Aspects Open Chemistry Journal, 2016, Volume 3   95

Plasmodium falciparum. Biochim. Biophys. Acta, 1991, 1061(2), 305-308.
[http://dx.doi.org/10.1016/0005-2736(91)90296-K] [PMID: 1998699]

[158] Madhyastha, M.S.; Bhat, R.V. Aspergillus parasiticus growth and aflatoxin production on black and white pepper and the inhibitory action of
their chemical constituents. Appl. Environ. Microbiol., 1984, 48(2), 376-379.
[PMID: 6435523]

[159] Bhutani, M.K.; Bishnoi, M.; Kulkarni, S.K. Anti-depressant like effect of curcumin and its combination with piperine in unpredictable chronic
stress-induced behavioral, biochemical and neurochemical changes. Pharmacol. Biochem. Behav., 2009, 92(1), 39-43.
[http://dx.doi.org/10.1016/j.pbb.2008.10.007] [PMID: 19000708]

[160] Lee, S.A.; Hong, S.S.; Han, X.H.; Hwang, J.S.; Oh, G.J.; Lee, K.S.; Lee, M.K.; Hwang, B.Y.; Ro, J.S. Piperine from the fruits of Piper
longum with inhibitory effect on monoamine oxidase and antidepressant-like activity. Chem. Pharm. Bull. (Tokyo), 2005, 53(7), 832-835.
[http://dx.doi.org/10.1248/cpb.53.832] [PMID: 15997146]

[161] Selvendiran, K.; Singh, J.P.; Krishnan, K.B.; Sakthisekaran, D. Cytoprotective effect of piperine against benzo[a]pyrene induced lung cancer
with reference to lipid peroxidation and antioxidant system in Swiss albino mice. Fitoterapia, 2003, 74(1-2), 109-115.
[http://dx.doi.org/10.1016/S0367-326X(02)00304-0] [PMID: 12628402]

[162] Muhtaseb, M.S.; El Talwar, D.; Duncan, A.; St, J. Oreilly, D.; Mckee, R.F.; Anderson, J.H.; Foulisa, F.I.G. Free radical activity and lipid
soluble anti-oxidant vitamin status in patients with long-termileal pouch-anal anastomosis. Colorectal Dis., 2008, 11, 67-72.
[http://dx.doi.org/10.1111/j.1463-1318.2008.01517.x] [PMID: 18400037]

[163] Manoharan, S.; Balakrishnan, S.; Menon, V.P.; Alias, L.M.; Reena, A.R. Chemopreventive efficacy of curcumin and piperine during 7,12-
dimethylbenz[a]anthracene-induced hamster buccal pouch carcinogenesis. Singapore Med. J., 2009, 50(2), 139-146.
[PMID: 19296028]

[164] Selvendiran, K.; Sakthisekaran, D. Chemopreventive effect of piperine on modulating lipid peroxidation and membrane bound enzymes in
benzo(a)pyrene induced lung carcinogenesis. Biomed. Pharmacother., 2004, 58(4), 264-267.
[http://dx.doi.org/10.1016/j.biopha.2003.08.027] [PMID: 15183854]

[165] Nirala, S.K.; Bhadauria, M.; Mathur, R.; Mathur, A. Influence of alpha-tocopherol, propolis and piperine on therapeutic potential of tiferron
against beryllium induced toxic manifestations. J. Appl. Toxicol., 2008, 28(1), 44-54.
[http://dx.doi.org/10.1002/jat.1250] [PMID: 17429802]

[166] Ibrahim, M.; Khaja, M.N.; Aara, A.; Khan, A.A.; Habeeb, M.A.; Devi, Y.P.; Narasu, M.L.; Habibullah, C.M. Hepatoprotective activity of
Sapindus mukorossi and Rheum emodi extracts: in vitro and in vivo studies. World J. Gastroenterol., 2008, 14(16), 2566-2571.
[http://dx.doi.org/10.3748/wjg.14.2566] [PMID: 18442207]

[167] Choi, B.M.; Kim, S.M.; Park, T.K.; Li, G.; Hong, S.J.; Park, R.; Chung, H.T.; Kim, B.R. Piperine protects cisplatin-induced apoptosis via
heme oxygenase-1 induction in auditory cells. J. Nutr. Biochem., 2007, 18(9), 615-622.
[http://dx.doi.org/10.1016/j.jnutbio.2006.11.012] [PMID: 17418561]

[168] Khan, M.; Siddiqui, M. Antimicrobial activity of fruits of Piper longum. Nat. prod. Rad., 2007, 6, 111-113.

[169] Naseri,  M.K.;  Yahyavi,  H.  Spasmolytic Activity of  Piper nigrum  fruit  aqueous extract  on rat  Non-Pregnant  Uterus.  Iranian J.  Pharma.
Therapeut, 2007, 6, 35-40.

[170] Prasad, N.S.; Raghavendra, R.; Lokesh, B.R.; Naidu, K.A. Spice phenolics inhibit human PMNL 5-lipoxygenase. Prostaglandins Leukot.
Essent. Fatty Acids, 2004, 70(6), 521-528.
[http://dx.doi.org/10.1016/j.plefa.2003.11.006] [PMID: 15120715]

[171] Appiah,  I.;  Milovanovic,  S.;  Radojicic,  R.;  Nikolic-Kokic,  A.;  Orescanin-Dusic,  Z.;  Slavic,  M.;  Trbojevic,  S.;  Skrbic,  R.;  Spasic,  M.B.;
Blagojevic,  D.  Hydrogen  peroxide  affects  contractile  activity  and  anti-oxidant  enzymes  in  rat  uterus.  Br.  J.  Pharmacol.,  2009,  158(8),
1932-1941.
[http://dx.doi.org/10.1111/j.1476-5381.2009.00490.x] [PMID: 19917063]

[172] Iwashita, M.; Saito, M.; Yamaguchi, Y.; Takagaki, R.; Nakahata, N. Inhibitory effect of ethanol extract of Piper longum L. on rabbit platelet
aggregation through antagonizing thromboxane A2 receptor. Biol. Pharm. Bull., 2007, 30(7), 1221-1225.
[http://dx.doi.org/10.1248/bpb.30.1221] [PMID: 17603157]

[173] Vijayakumar, R.S.; Surya, D.; 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), 105-110.
[http://dx.doi.org/10.1179/135100004225004742] [PMID: 15231065]

[174] Hlavackova, L.; Urbanova, A.; Ulicna, O.; Janega, P.; Cerna, A.; Babal, P. Piperine, active substance of black pepper, alleviates hypertension
induced by NO synthase inhibition. Bratisl. Lek Listy (Tlacene Vyd), 2010, 111(8), 426-431.
[PMID: 21033621]

[175] Shukla, R.; Surana, S.J.; Tatiya, A.U.; Das, S.K. Investigation of hepatoprotective effects of piperine and silymarin on D-galactosamine
induced hepatotoxicity in rats. RJPBCS, 2011, 2, 975-982.

[176] Matsuda, D.; Ohte, S.; Ohshiro, T.; Jiang, W.; Rudel, L.; Hong, B.; Si, S.; Tomoda, H. Molecular target of piperine in the inhibition of lipid
droplet accumulation in macrophages. Biol. Pharm. Bull., 2008, 31(6), 1063-1066.
[http://dx.doi.org/10.1248/bpb.31.1063] [PMID: 18520030]

[177] Lambert,  J.D.;  Hong,  J.;  Kim,  D.H.;  Mishin,  V.M.;  Yang,  C.S.  Piperine  enhances  the  bioavailability  of  the  tea  polyphenol  (-)-

http://dx.doi.org/10.1016/0005-2736(91)90296-K
http://www.ncbi.nlm.nih.gov/pubmed/1998699
http://www.ncbi.nlm.nih.gov/pubmed/6435523
http://dx.doi.org/10.1016/j.pbb.2008.10.007
http://www.ncbi.nlm.nih.gov/pubmed/19000708
http://dx.doi.org/10.1248/cpb.53.832
http://www.ncbi.nlm.nih.gov/pubmed/15997146
http://dx.doi.org/10.1016/S0367-326X(02)00304-0
http://www.ncbi.nlm.nih.gov/pubmed/12628402
http://dx.doi.org/10.1111/j.1463-1318.2008.01517.x
http://www.ncbi.nlm.nih.gov/pubmed/18400037
http://www.ncbi.nlm.nih.gov/pubmed/19296028
http://dx.doi.org/10.1016/j.biopha.2003.08.027
http://www.ncbi.nlm.nih.gov/pubmed/15183854
http://dx.doi.org/10.1002/jat.1250
http://www.ncbi.nlm.nih.gov/pubmed/17429802
http://dx.doi.org/10.3748/wjg.14.2566
http://www.ncbi.nlm.nih.gov/pubmed/18442207
http://dx.doi.org/10.1016/j.jnutbio.2006.11.012
http://www.ncbi.nlm.nih.gov/pubmed/17418561
http://dx.doi.org/10.1016/j.plefa.2003.11.006
http://www.ncbi.nlm.nih.gov/pubmed/15120715
http://dx.doi.org/10.1111/j.1476-5381.2009.00490.x
http://www.ncbi.nlm.nih.gov/pubmed/19917063
http://dx.doi.org/10.1248/bpb.30.1221
http://www.ncbi.nlm.nih.gov/pubmed/17603157
http://dx.doi.org/10.1179/135100004225004742
http://www.ncbi.nlm.nih.gov/pubmed/15231065
http://www.ncbi.nlm.nih.gov/pubmed/21033621
http://dx.doi.org/10.1248/bpb.31.1063
http://www.ncbi.nlm.nih.gov/pubmed/18520030


96   Open Chemistry Journal, 2016, Volume 3 Chopra et al.

epigallocatechin-3-gallate  in  mice.  J.  Nutr.,  2004,  134(8),  1948-1952.
[PMID: 15284381]

[178] El  Hamss,  R.;  Idaomar,  M.;  Alonso-Moraga,  A.;  Muñoz  Serrano,  A.  Antimutagenic  properties  of  bell  and  black  peppers.  Food  Chem.
Toxicol., 2003, 41(1), 41-47.
[http://dx.doi.org/10.1016/S0278-6915(02)00216-8] [PMID: 12453727]

[179] Abo-Zeid,  M.A.;  Farghaly,  A.A. The anti-mutagenic activity of  piperine against  mitomycine C induced sister  chromatid exchanges and
chromosomal aberrations in mice. Nature and Science., 2009, 7, 72-78.

[180] Panda, S.; Kar, A. Piperine lowers the serum concentrations of thyroid hormones, glucose and hepatic 5'D activity in adult male mice. Horm.
Metab. Res., 2003, 35(9), 523-526.
[http://dx.doi.org/10.1055/s-2003-42652] [PMID: 14517767]

[181] Vijayakumar,  R.S.;  Nalini,  N.  Lipid-lowering  efficacy  of  piperine  from  Piper  nigrum  L.  In  high-fat  diet  and  antithyroid  drug-induced
hypercholesterolemic rats. J. Food Biochem., 2006, 30(4), 405-421.
[http://dx.doi.org/10.1111/j.1745-4514.2006.00074.x]

[182] Taqvi, S.I.; Shah, A.J.; Gilani, A.H. Blood pressure lowering and vasomodulator effects of piperine. J. Cardiovasc. Pharmacol., 2008, 52(5),
452-458.
[http://dx.doi.org/10.1097/FJC.0b013e31818d07c0] [PMID: 19033825]

[183] Pathak, N.; Khandelwal, S. Cytoprotective and immunomodulating properties of piperine on murine splenocytes: An in vitro study. Eur. J.
Pharmacol., 2007, 576(1-3), 160-170.
[http://dx.doi.org/10.1016/j.ejphar.2007.07.033] [PMID: 17706638]

[184] Chonpathompikunlert,  P.;  Wattanathorn,  J.;  Muchimapura,  S.  Piperine,  the  main  alkaloid  of  Thai  black  pepper,  protects  against
neurodegeneration and cognitive impairment in animal model of cognitive deficit like condition of Alzheimers disease. Food Chem. Toxicol.,
2010, 48(3), 798-802.
[http://dx.doi.org/10.1016/j.fct.2009.12.009] [PMID: 20034530]

[185] Lee, C.S.; Han, E.S.; Kim, Y.K. Piperine inhibition of 1-methyl-4-phenylpyridinium-induced mitochondrial dysfunction and cell death in
PC12 cells. Eur. J. Pharmacol., 2006, 537(1-3), 37-44.
[http://dx.doi.org/10.1016/j.ejphar.2006.03.026] [PMID: 16624279]

[186] Reddy, P.S.; Jamil, K.; Madhusudhan, P.; Anjani, G.; Das, B. Antibacterial activity of isolates from Piper longum and Taxus baccate. Pharm.
Biol., 2001, 39(3), 236-238.
[http://dx.doi.org/10.1076/phbi.39.3.236.5926]

[187] Lee, S.E.; Park, B.S.; Kim, M.K.; Choi, W.S.; Kim, H.T.; Cho, K.Y.; Lee, S.G.; Lee, S.H. Fungicidal activity of pipernonaline,a piperidine
alkaloid derived from long pepper against phytopathogenic fungi. Crop Prot., 2001, 20(6), 523-528.
[http://dx.doi.org/10.1016/S0261-2194(00)00172-1]

[188] Choudhary, B.; Das, B.P. Larvicidal activity of some compounds. Curr. Sci., 1983, 52(23), 1130-1132.

[189] Siddiqui, B.S.; Gulzar, T.; Begum, S. Amides from the seeds of Piper nigrum L. and their insecticidal activity. Heterocyles, 2002, 57(9),
1653-1658.
[http://dx.doi.org/10.3987/COM-02-9518]

[190] Faas, L.; Venkatasamy, R.; Hider, R.C.; Young, A.R.; Soumyanath, A. In vivo evaluation of piperine and synthetic analogues as potential
treatments for vitiligo using a sparsely pigmented mouse model. Br. J. Dermatol., 2008, 158(5), 941-950.
[http://dx.doi.org/10.1111/j.1365-2133.2008.08464.x] [PMID: 18284389]

[191] Lin, Z.; Raman, A. Use of piperine for treating skin pigmentation disorders 2001. EP 1094813 A2.

[192] Stöhr,  J.R.;  Xiao,  P.G.;  Bauer,  R.  Constituents  of  Chinese  Piper  species  and  their  inhibitory  activity  on  prostaglandin  and  leukotriene
biosynthesis in vitro. J. Ethnopharmacol., 2001, 75(2-3), 133-139.
[http://dx.doi.org/10.1016/S0378-8741(00)00397-4] [PMID: 11297843]

© Chopra et al.; Licensee Bentham Open

This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License
(CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/legalcode), which permits unrestricted, non-commercial use, distribution and
reproduction in any medium, provided the work is properly cited.

http://www.ncbi.nlm.nih.gov/pubmed/15284381
http://dx.doi.org/10.1016/S0278-6915(02)00216-8
http://www.ncbi.nlm.nih.gov/pubmed/12453727
http://dx.doi.org/10.1055/s-2003-42652
http://www.ncbi.nlm.nih.gov/pubmed/14517767
http://dx.doi.org/10.1111/j.1745-4514.2006.00074.x
http://dx.doi.org/10.1097/FJC.0b013e31818d07c0
http://www.ncbi.nlm.nih.gov/pubmed/19033825
http://dx.doi.org/10.1016/j.ejphar.2007.07.033
http://www.ncbi.nlm.nih.gov/pubmed/17706638
http://dx.doi.org/10.1016/j.fct.2009.12.009
http://www.ncbi.nlm.nih.gov/pubmed/20034530
http://dx.doi.org/10.1016/j.ejphar.2006.03.026
http://www.ncbi.nlm.nih.gov/pubmed/16624279
http://dx.doi.org/10.1076/phbi.39.3.236.5926
http://dx.doi.org/10.1016/S0261-2194(00)00172-1
http://dx.doi.org/10.3987/COM-02-9518
http://dx.doi.org/10.1111/j.1365-2133.2008.08464.x
http://www.ncbi.nlm.nih.gov/pubmed/18284389
http://dx.doi.org/10.1016/S0378-8741(00)00397-4
http://www.ncbi.nlm.nih.gov/pubmed/11297843
https://creativecommons.org/licenses/by-nc/4.0/legalcode

	Piperine and Its Various Physicochemical and Biological Aspects: A Review 
	1. INTRODUCTION
	2. BIOSYNTHESIS OF PIPERINE
	3. EXTRACTION TECHNOLOGIES
	4. CHEMICAL SYNTHESIS OF PIPERINE AND RELATED COMPOUNDS
	5. ANALYTICAL METHODS AND TECHNIQUES FOR DETERMINATION OF PIPERINE

	6. STRUCTURE ACTIVITY RELATIONSHIP OF PIPERINE AND ITS ANALOGS
	7. BIOLOGICAL ACTIVITIES
	7.1. Effects on CNS and Nerve Conductivity
	7.2. Antioxidant Property
	7.3. Effect of Piperine on the GIT and Broncho-Pulmonary System
	7.4. Piperine and its role in the Metabolism of Xenobiotics in the Liver
	7.5. Analgesic and Anti-inflammatory Activity
	7.6. Antidepressant Potential
	7.7. Piperine as Efflux Pump Inhibhitor
	7.8. Renal and Hepatic Effect of Piperine
	7.9. Antiplatelet Effect of Piperine
	7.10. Effect on the Lipid Peroxidation
	7.11. Effect of Piperine on Lipid Profile

	8. EVIDENCE TO PROVE PIPERINE AS A BIOENHANCER
	9. METABOLIC IMPLICATIONS OF PIPERINE
	10. METABOLIC CHANGES AFTER ADMINISTRATION WITH PIPERINE
	11. PHARMACOKINECTICS
	10. MARKETED PREPARATIONS OF PIPERINE
	12. CLINICAL STUDIES
	13. TOXICITY
	14. CONCLUSION AND FUTURE ASPECTS OF PIPERINE 
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




