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Abstract

The distinct biting quality of black pepper (Piper nigrum) widely used in human
dietary is attributed to the alkaloid piperine. Black pepper is also used as a food
preservative and as a vital component in traditional medicines in India and
China. Several physiological effects of black pepper and its bioactive alkaloid
piperine have been reported in recent decades. By stimulating the digestive
enzymes of pancreas, piperine enhances the digestive capacity. Piperine has
been documented to enhance the bioavailability of a number of therapeutic drugs
as well as phytochemicals by its inhibitory influence on drug transformation
reactions in liver and intestine. It strongly inhibits hepatic and intestinal aryl
hydrocarbon hydroxylase and glucuronyl transferase. Piperine’s bioavailability
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enhancing property is also partly attributed to increased absorption as a result of
its effect on the ultrastructure of intestinal brush border. Piperine has been
evidenced to have antidiarrheal property and an effect on intestinal motility
and on the ultrastructure of intestinal microvilli improving absorbability of
micronutrients. Piperine has been demonstrated in in vitro studies to protect
against oxidative damage by inhibiting or quenching reactive oxygen species.
Piperine treatment also lowers lipid peroxidation in vivo and beneficially influences antioxidant status in situations of oxidative stress. Piperine has been found
to possess antimutagenic and antitumor influences.
Capsaicin, the pungent alkaloid of red pepper (Capsicum annuum), has been
extensively studied for its biological effects which are of pharmacological relevance. These include cardioprotective influence, anti-lithogenic effect, antiinflammatory and pain-relieving effect, thermogenic influence, and effects on
gastrointestinal system. The involvement of neuropeptides, substance P, serotonin, and somatostatin in the pharmacological actions of capsaicin has been
extensively investigated. Tropical application of capsaicin is proved to alleviate
pain in arthritis, postoperative neuralgia, diabetic neuropathy, psoriasis,
etc. Toxicological studies on capsaicin administered by different routes are
documented. Capsaicin inhibits acid secretion and stimulates alkali and mucus
secretion and particularly gastric mucosal blood flow which helps in prevention
and healing of gastric ulcers. Antioxidant and anti-inflammatory properties of
capsaicin are established in a number of studies. Chemopreventive potential
of capsaicin is evidenced in cell line studies. The health beneficial hypocholesterolemic influence of capsaicin besides being cardioprotective has other implications, namely, prevention of cholesterol gallstones and protection of the
structural integrity of erythrocytes under conditions of hypercholesterolemia.
Beneficial influences of capsaicin on gastrointestinal system include digestive
stimulant action and modulation of intestinal ultrastructure so as to enhance
permeability to micronutrients.
Keywords

Alkaloids • biological activities • capsaicin • capsicum annuum • piperine • piper
nigrum

1

Piperine of Black Pepper (Piper nigrum)

1.1

Introduction

Black pepper (Piper nigrum)  the dried berries of the plant belonging to the family
Piperaceae – is one of the most widely used among spices, valued for its distinct
biting quality. Black pepper has been used as a spice in India since prehistoric
times; it is known to Indian cooking since at least 2000 BC [1]. Black pepper is
produced from the green unripe berries of the pepper plant by briefly cooking in hot
water [2]. White pepper which is commonly found in Western countries is produced
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Fig. 45.1 Black pepper and
piperine
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by soaking ripe pepper berries in water for about a week, during which the flesh of
the fruit softens and decomposes; rubbing off the skin would result in the naked
seed which is then dried [2] (Fig. 45.1).
Black pepper is historically used also in traditional medicines and home remedies in India [3]. Black pepper figures in remedies in Ayurveda, Siddha, and Unani
medicine in India for such illnesses as constipation, diarrhea, earache, gangrene,
heart disease, hernia, hoarseness, indigestion, insect bites, insomnia, joint pain,
liver problems, lung disease, oral abscesses, sunburn, tooth decay, and toothaches.
Black pepper was relied upon to treat specific conditions such as diarrhea and
fevers, but it appears that the extensive, generalized use was to enhance the effects
of many herbal remedies [3].
Long pepper (Piper longum) and black pepper (Piper nigrum) (both of which are
now known to contain piperine) have been prescribed in Ayurvedic system of
medicine in India for thousands of years, a practice which may have enhanced
pharmacological actions of other compounds in traditional herbal medicines. Black
pepper is a component of trikatu (three acrids) along with long pepper and ginger
(Zingiber officinale) in equal proportions; trikatu is widely used in combination with
other Ayurvedic medications. Black pepper is specifically cited in Ayurveda to
internally treat fevers, gastric and abdominal disorders, and urinary problems [4].
Medicinal external treatments with black pepper include treatments for rheumatism,
neuralgia, and boils [4]. Possible uses of black pepper in Indian folk medicine include
the treatment of respiratory diseases, dysentery, pyrexia, and insomnia [4]. Black
pepper is part of a herbal, folk remedy relied to treat diarrhea [5]. Black pepper is also
a constituent of traditional Chinese medicine for stimulation of digestion and relieving diarrhea [6]. Black pepper has been used in China as a folk remedy for epilepsy.
The spiciness of black pepper which is characterized by a distinct biting quality
is due to the alkaloid compound piperine, which is found both in the outer fruit and
in the seed [2]. Refined piperine is about 1 % as hot as the capsaicin of red chili
pepper. The bioactive and pungent ingredient of black pepper was identified as
piperine and isolated in 1820 by the Dutch chemist Hans Christian Oersted [2].

1.2

Biological Effects of Piperine

Many health beneficial physiological effects of black pepper or its bioactive
alkaloid  piperine – have been reported in recent decades and been reviewed [7].
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1.2.1 Inhibition of Drug-Metabolizing Enzyme System
In the context of piperine having been reported to enhance drug bioavailability, Atal
et al. studied the interaction of piperine with hepatic drug biotransformation
reactions in vitro and in vivo [8]. Piperine inhibited hydroxylation of aryl hydrocarbon, N-demethylation of ethylmorphine, O-deethylation of 7-ethoxy-coumarin,
and glucuronidation of 3-hydroxybenzo (a-) pyrene (3-OH-BP) in rat liver in vitro
in a dose-dependent manner. Piperine inhibited hepatic microsomal aryl hydrocarbon hydroxylase (AHH) noncompetitively from the untreated and 3-methylcholanthrene-treated rats with a Ki of 30 mM. Similarly, the kinetics of inhibition of
ethylmorphine-N-demethylase from control rat liver exhibited noncompetitive
inhibition with a Km of 0.8 mM and Ki of 35 mM. These studies demonstrated
that piperine is a nonspecific inhibitor of drug metabolism which shows little
discrimination between different cytochrome P450 forms. Oral administration of
piperine in rats strongly inhibited the hepatic AHH and UDP-glucuronyl transferase
activities. Pretreatment with piperine prolonged hexobarbital sleeping time and
zoxazolamine paralysis time in mice. These observations suggest that piperine
is a potent inhibitor of drug metabolism. The mechanism of inhibition of
glucuronidation by piperine has been explored by examining the rate
of glucuronidation of 3-OH-BP and UDP-glucuronic acid (UDPGA) concentration
in isolated epithelial cells of the guinea pig small intestine [9], and it was found that
glucuronidation of 3-OH-BP was dependent on duration of incubation, cellular
protein, and endogenous UDPGA concentration. Piperine caused a concentrationrelated decrease in UDPGA content and the rate of glucuronidation in these cells.
Piperine noncompetitively inhibited hepatic UDP-glucuronyltransferase with Ki of
70 mM. The study demonstrated that piperine modifies the rate of glucuronidation
by lowering the endogenous UDPGA concentration and also by inhibiting the
transferase activity (Table 45.1).
Twenty-four hours following intragastric administration of piperine (800 mg/kg)
in adult rats, a significant decrease in the hepatic levels of cytochrome P450,
benzphetamine N-demethylase, aminopyrine N-demethylase, and aniline hydroxylase has been observed [13]. An i.p. administration of rats with piperine
(100 mg/kg) produced a significant decrease in hepatic cytochrome P450 and
activities of benzphetamine N-demethylase, aminopyrine N-demethylase, and aniline hydroxylase 1 h after the treatment [15]. Twenty-four hours later, these
parameters along with cytochrome b5 and NADPH-cytochrome-C reductase
remained depressed in piperine-treated rats. Piperine noncompetitively inhibited
aromatic hydrocarbon hydroxylase (AHH) and 7-ethoxycoumarin deethylase activities in lung microsomes of rats and guinea pigs in vitro [10]. Piperine given at
a dose of 25 mg/kg to rats caused a maximal inhibition of both the enzymes at 1 h.
Similarly, upon daily treatment of piperine (15 mg/kg) to rats for 7 days, deethylase
activity was consistently inhibited, while AHH showed faster recovery. Piperine
thus appeared to cause differential inhibition of two forms of cytochrome P450 and
thus would accordingly affect the steady-state level of those drugs metabolized by
these pulmonary forms of cytochrome P450.
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Table 45.1 Inhibitory effects of piperine on drug-metabolizing enzyme system in vitro and in vivo
System
In vitro

Rats

Guinea
pig

Observed effect
(a) Inhibition of aryl hydroxylation, N-demethylation, O-deethylation, and
glucuronidation in vitro by piperine
(b) Decreased UDP-glucuronic acid concentration and rate of
glucuronidation in isolated epithelial cells of guinea pig small intestine by
piperine
(c) Inhibition of aryl hydroxylase and O-deethylase activities by piperine
in vitro in pulmonary microsomes
(d) Suppression of aryl hydroxylation in cell culture is mediated by direct
interaction of piperine with cytochrome P450 and not by downregulation of
its gene expression
(e) Piperine decreased the activities of liver microsomal aryl hydroxylase,
N-demethylase and UDP-glucuronosyl transferase, and cytochrome P450
(a) Lower aryl hydroxylase and UDP-glucuronyl transferase activities,
prolonged hexobarbital sleeping time in piperine-treated rats
(b) Inhibition of aryl hydroxylase and O-deethylase activities by piperine
in vivo in pulmonary microsomes
(c) Decreased activities of hepatic microsomal cytochrome P450, Ndemethylase, aryl hydroxylase by intragastric/intraperitoneal piperine
(d) Inhibition of UDP-glucose dehydrogenase and UDP-glucuronyl
transferase in liver and intestine by piperine
(e) Lowered activity of N-demethylase, UDP-glucuronosyl transferase, and
NADPH-cytochrome-C reductase as a result of piperine feeding
(a) Inhibition of UDP-glucose dehydrogenase and UDP-glucuronyl
transferase in liver and intestine by piperine

References
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Piperine caused a concentration-related strong noncompetitive inhibition of
UDP-glucose dehydrogenase (UDPGDH) reversibly and equipotently in rat and
guinea pig liver and intestine [14]. However, the UDPGA contents were decreased
less effectively by piperine in isolated rat hepatocytes compared with enterocytes of
guinea pig small intestine. Data on UDPGA content and rate of glucuronidation
suggested that piperine is a potent inhibitor of UDPGDH and it exerts stronger
effects on intestinal glucuronidation than in rat liver. The effect of dietary piperine
(0.02 %) on the activities of the liver drug-metabolizing enzyme system has been
examined in rats [12]. Piperine significantly stimulated the activity of aryl hydroxylase, while the activities of N-demethylase, UDP-glucuronyl transferase, and
NADPH-cytochrome-C reductase were lowered as a result of piperine feeding.
Piperine also significantly decreased the activities of liver microsomal AHH,
N-demethylase and UDP-glucuronosyl transferase, and cytochrome P450 in vitro
when included at 1  106 mol/L.
A study of the modulation of benzo(a-)pyrene metabolism and regulation of
cytochrome CYP1A1 gene expression by piperine in 5 L cells in culture revealed
that piperine-mediated inhibition of AHH activity and consequent suppression of
the procarcinogen activation results from direct interaction of piperine with

1402

K. Srinivasan

cytochrome P4501A1-protein and not because of downregulation of its gene expression [11]. Piperine was evaluated for beneficial effects in Alzheimer’s disease by
studying the potential for herb-drug interactions involving cytochrome P450, UDPglucuronosyl transferase, and sulfotransferase enzymes. Piperine was a relatively
selective noncompetitive inhibitor of CYP3A with less effect on other enzymes
evaluated [16]. Piperine inhibited recombinant CYP3A4 much more potently than
CYP3A5.

1.2.2

Enhancing Effect on the Bioavailability of Drugs and
Phytochemicals
Piperine is now established as a bioavailability enhancer of various structurally and
therapeutically diverse drugs and other substances. Potential of piperine to increase
the bioavailability of drugs in humans is of great clinical significance. Most of the
clinical trials have shown that piperine increases levels of medications: phenytoin
(used in epilepsy), propranolol (used for hypertension), rifampicin (used in tuberculosis), theophylline (lung medication), and coenzyme Q10. This effect is due to
the inhibitory interaction of piperine with cytochrome P450 enzymes of the liver and
small intestine that are involved in drug metabolism, namely, CYP1A2, CYP1A1,
CYP2D6, CYP3A4, and P-glycoprotein [17] (Table 45.2).
The scientific basis of the use of acrids (long pepper, black pepper, and ginger as
constituents of trikatu) in a large number of medications in the indigenous
Ayurvedic system of medicine in India has been evaluated by Atal et al. [18]. The
observed >200 % increase in the blood levels of the test drug vasicine by Piper
longum and of test drug sparteine by >100 % under the influence of piperine in
a clinical study suggested that these acrids have the capacity to increase the
bioavailability of certain drugs. These authors concluded that the trikatu group of
drugs increases bioavailability of drugs either by promoting rapid absorption from
the gastrointestinal tract, or by protecting the drug from being metabolized in its
first passage through the liver after being absorbed, or by a combination of these
two mechanisms. The effect of piperine on the bioavailability of propranolol and
theophylline has been examined in a crossover study, wherein subjects received
a single oral dose of propranolol (40 mg) or theophylline (150 mg) alone or in
combination with piperine (20 mg/day for 7 days) [19]. An enhanced systemic
availability of oral propranolol and theophylline was evidenced as a result of
piperine treatment.
A pharmacokinetic study has examined the effect of piperine, a known inhibitor
of hepatic and intestinal glucuronidation on the bioavailability of curcumin, the
bioactive ingredient of the spice turmeric administered with piperine in healthy
human volunteers [20]. After a dose of 2 g curcumin taken without piperine, serum
levels were very low, while concomitant administration of piperine (20 mg)
produced 2,000 % higher concentrations from 0.25 to 1 h post-drug. The study
shows that in the dosages used, piperine enhances the serum concentration, extent
of absorption, and bioavailability of curcumin in humans. When curcumin was
given alone at 2 g/kg to rats, moderate serum concentrations were achieved over
a period of 4 h [20]. Concomitant administration of piperine (20 mg/kg) increased
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Table 45.2 Modulation of bioavailability of drugs, phytochemicals, and carcinogens by piperine
System Remarks
Humans (a) Increased bioavailability of vasicine and sparteine as a result of Piper
longum/piperine treatment
(b) Enhanced systemic availability of propranolol and theophylline as
a result of piperine treatment
(c) Increased serum concentration of curcumin by concomitant
administration of piperine
(d) Increased plasma levels of coenzyme Q10 by co-administration of
piperine
(e) Increased plasma concentration of phenytoin when co-administered
along with piperine
(f) Increased plasma concentration of antiretroviral agent nevirapine when
co- administered along with piperine
Rats
(a) Decreased metabolic activation of fungal toxin aflatoxin B1 and hence
its increased accumulation in plasma
(b) Enhanced bioavailability of b-lactam antibiotics – amoxicillin
trihydrate and cefotaxime – by co-administration of piperine
(c) Enhanced bioavailability of curcumin when administered
concomitantly with piperine
Mice
(a) Delayed elimination of antiepileptic drug – phenytoin – by treatment of
piperine
(b) Increased plasma levels and delayed excretion of epigallocatechin-3gallate from green tea as a result of intragastric co-treatment with piperine

References
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
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[27]
[28]

the serum curcumin concentration for a short period of 1–2 h post-drug, and the
bioavailability was increased by 154 %. Enhanced bioavailability of curcumin was
evidenced when the same was orally administered concomitant with piperine in rats
[26]. Intestinal absorption of curcumin was relatively higher when administered
concomitantly with piperine, and it stayed significantly longer in the body tissues.
This assumes importance in the context of diverse medicinal properties of
curcumin.
Black pepper extract consisting of 98 % piperine has been shown to increase
plasma levels of orally administered coenzyme Q10 in a clinical study [21]. The
relative bioavailability of 90 and 120 mg of coenzyme Q10 administered in a single
dose or for 14 and 21 days with placebo or with 5 mg of piperine was determined by
comparing measured changes in plasma concentration. Supplementation of 120 mg
coenzyme Q10 with piperine for 21 days produced a significant 30 % greater AUC
than with coenzyme Q10 plus placebo. Piperine has been reported to enhance the
oral bioavailability of phenytoin, an antiepileptic drug in human volunteers [22].
Piperine (20 mg administered along with phenytoin) increased significantly the
mean plasma concentration of phenytoin in patients receiving either a 150 or
200 mg twice daily dose of phenytoin. A similar effect of piperine in altering the
pharmacokinetics of phenytoin has been reported from a study on mice, where
pretreatment of piperine significantly delayed the elimination of phenytoin [27].
There was a significant increase in AUC, Cmax, and Ka. Enhanced bioavailability of
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nevirapine, a potent non-nucleoside inhibitor of HIV-1 reverse transcriptase indicated for use in combination with other antiretroviral agents for the treatment of
HIV-1 infection, has been evidenced when administered along with piperine [23].
Mean maximum plasma concentration, area under the plasma concentration-time
curve post-dose, was increased significantly when co-administered with piperine
(20 mg) in healthy male subjects.
It has been observed that intragastric co-treatment with dietary piperine
enhances the bioavailability of epigallocatechin-3-gallate (EGCG) from green tea
in mice [28]. Co-administration of 164 mmol/kg EGCG and 70 mmol/kg piperine to
mice increased the plasma Cmax and AUC by 1.3-fold compared to mice treated
with EGCG only. Piperine appeared to increase EGCG bioavailability by inhibiting
glucuronidation and gastrointestinal transit. Co-administration of piperine
enhanced the bioavailability of b-lactam antibiotics amoxicillin trihydrate and
cefotaxime significantly in rats [25]. The improved bioavailability is reflected in
various pharmacokinetic parameters, namely, tmax, Cmax, half-life, and AUC of
these antibiotics. The effect of piperine on the metabolic activation and distribution
of aflatoxin B1 (AFB1) in rats has been studied [24]. Rats pretreated with piperine
accumulated considerable AFB1 in plasma and in the tissues examined as compared
to the controls.

1.2.3 Beneficial Influences on the Gastrointestinal System
Digestive Stimulant Action
While studying the effect of spices on the secretion and composition of saliva in
human subjects, it has been observed that black pepper enhances the secretion of
saliva and the activity of salivary amylase [29]. The digestive stimulant action of
spices is exerted through (1) a beneficial stimulation of the liver to produce and
secrete bile rich in bile acids, which play a very important role in fat digestion and
absorption, or (2) a beneficial stimulation of the activities of enzymes of pancreas
and intestine that participate in digestion [30]. Black pepper and its bioactive
alkaloid piperine, examined for their effect on bile secretion as a result of dietary
intake for a period of time in experimental rats, did not show any beneficial
stimulatory influence on bile acid production by the liver and its secretion into
bile [31]. On the other hand, oral administration of piperine as a single dose
significantly increased bile acid secretion. Influence of dietary intake of piperine
on the pancreatic digestive enzymes and the terminal digestive enzymes of the
small intestinal mucosa has been examined in experimental rats. Significantly
increased activities of pancreatic lipase, amylase, chymotrypsin, and trypsin were
observed as a result of dietary intake of piperine in these experimental rats [32].
Such beneficial influence of this spice on the activity of these enzymes was not
evident when administered as a single oral dose. Piperine also significantly
enhanced the activity of intestinal lipase and amylase in animals given single oral
dose of piperine [33] (Table 45.3).
Dietary piperine (0.02 %) was examined for its influence on bile secretion,
digestive enzymes of pancreas, and absorption of dietary fat in rats fed high fat
(30 %) for 8 weeks [34]. Piperine enhanced the activity of pancreatic lipase and
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Table 45.3 Beneficial influences of piperine on gastrointestinal system
System Observed effect
Digestive stimulant action
Rats
(a) Stimulation of digestive enzymes of pancreas by dietary piperine
(b) Stimulation of digestive enzymes of intestine by dietary piperine
(c) Oral administration of piperine increases biliary bile acid secretion
(d) Enhanced activity of pancreatic lipase, higher secretion of bile acids in
high-fat-fed rats which was associated with enhanced fat absorption
Influence on intestinal motility and food transit time
Humans (a) Increased orocecal transit time after black pepper consumption
Rats
(a) Gastrointestinal food transit time shortened by dietary piperine
(b) Piperine inhibited gastric emptying of solids/liquids
Mice
(a) Piperine inhibited gastrointestinal transit
(b) Piperine dose-dependently delayed gastrointestinal motility
Effect on gastric mucosa
Humans (a) Black pepper caused increases in gastric parietal and pepsin secretion
and increased gastric cell exfoliation in humans
Rats
(a) Black pepper increased gastric acid secretion in anesthetized rats
(b) Piperine increased gastric acid secretion
(c) Piperine had protective action against stress-induced gastric ulcer
(d) Dietary piperine showed protective effect on gastric and intestinal
mucosa with respect to activities of antioxidant enzymes and gastric mucin
content
(e) Dietary piperine alleviated the diminished activities of antioxidant
enzymes in gastric and intestinal mucosa during ethanol-induced oxidative
stress
Mice
(a) Piperine had protective action against stress-induced gastric ulcer
Antidiarrheal property
Mice
(a) Piperine inhibited diarrhea produced by castor oil, arachidonic acid, etc.
(b) Piperine reduced castor oil-induced intestinal fluid accumulation
Influence on absorptive function
Rats
(a) Piperine stimulated g-glutamyl transpeptidase activity and enhanced
uptake of amino acids in isolated epithelial cells of rat jejunum
(b) Piperine modulated membrane dynamics and permeation
characteristics, increasing absorptive surface and induction of synthesis of
proteins associated with cytoskeletal function
(c) Dietary piperine induced alteration in BBM fluidity and permeability
property, associated with increased microvilli length, resulting in higher
absorptive surface of the small intestine
(d) Duodenum, jejunum, and ileum portions of small intestines isolated
from rats pre-fed piperine showed higher uptake of iron, zinc, and calcium
(e) Higher in vitro absorption of b-carotene in the intestines was evidenced
in piperine-fed animals
(f) Dietary piperine improved intestinal absorption of orally administered
b-carotene
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caused higher secretion of biliary bile acids in high-fat-fed rats which was associated with enhanced fat absorption. Stimulation of lipid mobilization from adipose
tissue was suggested by the decrease in perirenal adipose tissue weight by dietary
piperine. This was also accompanied by prevention of the accumulation of triglyceride in liver and serum in high-fat-fed rats. Activities of key lipogenic enzymes
in liver were reduced which was accompanied by an increased activity of
hormone-sensitive lipase. Thus, dietary piperine enhances fat digestion and absorption in high-fat-fed situation through enhanced secretion of bile salts and
a stimulation of the activity pancreatic lipase. At the same time, the energy
expenditure is facilitated to prevent the accumulation of absorbed fat.
Influence on Absorptive Function
Piperine (25–100 mM) has been shown to significantly stimulate g-glutamyl
transpeptidase (g-GT) activity in vitro and enhance the uptake of amino acids in
freshly isolated epithelial cells of rat jejunum [44]. The kinetic behavior of g-GT
was altered in the presence of piperine, suggesting that this alkaloid may interact
with the lipid environment to produce effects leading to increased permeability of
the intestinal cells. It is hypothesized that piperine’s bioavailability-enhancing
property may be partly attributed to increased absorption [45]. Piperine also caused
an increase in intestinal brush border membrane fluidity and stimulated the activities of leucine aminopeptidase and glycyl-glycine dipeptidase due to the alteration
in enzyme kinetics. This suggests that piperine modulates the membrane dynamics
due to its apolar nature by interacting with surrounding lipids and hydrophobic
portions in the protein vicinity, which may decrease the tendency of membrane
lipids to act as stearic constrains to enzyme proteins and thus modify enzyme
conformation. Ultrastructural studies with piperine showed an increase in microvilli
length with a prominent increase in free ribosomes and ribosomes on the endoplasmic reticulum in enterocytes, suggesting that synthesis or turnover of cytoskeletal
components or membrane proteins may be involved in the observed effect. Thus,
piperine may induce alterations in membrane dynamics and permeation characteristics, along with induction of the synthesis of proteins associated with cytoskeletal
function, resulting in an increase in the absorptive surface, thus assisting efficient
permeation through the epithelial barrier.
Beneficial influence of black pepper and its bioactive alkaloid piperine on the
small intestinal ultrastructure has been revalidated in a recent study [46]. Groups of
rats were maintained on dietary black pepper (0.5 %) or piperine (0.02 %) for
8 weeks. Membrane fluidity study using an apolar fluorescent probe showed
increased BBM fluidity in these spice-fed animals. This was corroborated by
decreased cholesterol: phospholipid ratio in jejunal and ileal regions of the intestine.
The dietary spice or its bioactive compound stimulated the activities of BBM
enzymes – glycyl-glycine dipeptidase, leucine aminopeptidase, and g-glutamyl
transpeptidase – in jejunal mucosa, suggesting a modulation in membrane dynamics
due to the apolar spice bioactive compounds interacting with surrounding lipids and
hydrophobic portions in the protein vicinity and thus modify enzyme conformation.
Scanning electronic microscopy of the intestinal villi in these spice treatments
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revealed alteration in the ultrastructure, especially an increase in microvilli length
which would mean a beneficial increase in the absorptive surface of the small
intestine, providing for an increased bioavailability of micronutrients. Thus, dietary
black pepper and piperine were evidenced to induce alteration in BBM fluidity and
passive permeability property, associated with the induction in the increased microvilli length, resulting in increased absorptive surface of the small intestine.
In view of dietary black pepper and piperine specifically altering the ultrastructure and permeability characteristics of small intestines, these dietary interventions
have been examined for their possible influence on intestinal absorption of minerals
[47]. Everted segments of duodenum, jejunum, and ileum portions of small intestines isolated from rats pre-fed this spice for 8 weeks and examined for the uptake
of iron, zinc, and calcium from incubations containing digesta of finger millet
showed higher absorption of these minerals. Dietary black pepper and piperine
have also been studied for their possible influence on absorption of b-carotene by
examining its uptake by the intestinal segments from rats pre-fed these spices [48].
Higher in vitro absorption of b-carotene in the intestines was evidenced in piperinefed animals which was 47 % higher than control, while dietary black pepper
produced 59 % increase. An animal study has also evaluated the influence of dietary
piperine on the absorption of orally administered b-carotene and its conversion to
vitamin A [49]. Concentration of b-carotene significantly increased in serum, liver,
and intestine of piperine-fed rats 4 h after single oral administration of b-carotene
suggesting improved intestinal absorption of b-carotene. Retinol concentration was
not however changed in these animals suggesting that bioconversion of b-carotene
to vitamin A was not similarly influenced. Activities of the two enzymes involved
in the bioconversion of b-carotene to vitamin A, namely, b-carotene15,150 -dioxygenase and retinal reductase in intestines and liver, remained
unaffected by dietary piperine. Activities of these two enzymes involved in the
bioconversion of b-carotene to retinal were inhibited by piperine in vitro, thus
corroborating with in vivo observation.
Influence on Gastrointestinal Motility and Food Transit Time
An increase in orocecal transit time has been observed in human subjects after black
pepper (1.5 g) consumption in a study of the effect on small intestinal peristalsis
[50]. Piperine inhibited gastric emptying of solids/liquids in rats and gastrointestinal transit in mice in a dose- and time-dependent manner [36]. It significantly
inhibited gastric emptying of solids and gastrointestinal transit at the doses extrapolated from humans (1 and 1.3 mg/kg p.o. in rats and mice, respectively). One week
oral treatment with the same dose in rats and mice did not produce a significant
change compared to single dose administration. Gastric emptying inhibitory activity of piperine is independent of gastric acid and pepsin secretion. Piperine which
activates vanilloid receptors (0.5  20 mg/kg i.p.) dose-dependently delayed
gastrointestinal motility in mice [37]. The inhibitory effect of piperine (10 mg/kg)
was strongly attenuated in capsaicin (75 mg/kg)-treated mice. The study indicated
that the vanilloid ligand piperine can reduce upper gastrointestinal motility. The
effect of piperine involves capsaicin-sensitive neurons but not vanilloid receptors.
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The gastrointestinal food transit time in experimental rats was significantly
shortened by dietary piperine [35]. The reduction in food transit time produced by
dietary piperine roughly correlated with its beneficial influence on digestive enzymes
[30]. Thus, dietary piperine which has enhanced the activity of digestive enzymes
also has markedly reduced the food transit time at the same level of consumption.
This reduction in food transit time could probably be attributed to acceleration in the
overall digestive process as a result of increased availability of digestive enzymes.
Antidiarrheal Property
Peppers are added in traditional antidiarrheal formulations of different herbs. In
a study made in experimental mice, the antidiarrheal activity of piperine against
diarrhea produced by castor oil, MgSO4, and arachidonic acid has been evidenced
at 8 and 32 mg/kg p.o. dose [51]. Inhibition of castor oil-induced entero pooling by
piperine suggests its inhibitory effect on prostaglandins. Piperine (2.5–20 mg/kg,
i.p.) dose-dependently reduced castor oil-induced intestinal fluid accumulation in
experimental mice; piperine reduces castor oil-induced fluid secretion with
a mechanism involving capsaicin-sensitive neurons [43].
Effect on Gastric Mucosa
Pungent spices have long been implicated to cause gastric mucosal injury. The
effects of black pepper on the gastric mucosa were assessed using double-blind
intragastric administration of the spice (1.5 g) to healthy human volunteers and
found to be similar to aspirin [38]. Black pepper caused significant increases in
parietal secretion, pepsin secretion, and potassium loss. Gastric cell exfoliation
(as reflected in DNA loss in gastric contents) was increased after black pepper
administration and mucosal micro bleeding was also observed.
On the other hand, protective action of piperine against experimental gastric ulcer
has been evidenced in rats and mice wherein the gastric mucosa damage was induced
by stress, indometacin, HCl, and pyloric ligation [41]. Piperine at 25  100 mg/kg i.g.
protected animals from gastric ulceration in a dose-dependent manner as indicated by
inhibition of the volume of gastric juice, gastric acidity, and pepsin activity. Black
pepper has been reported to significantly increase gastric acid secretion in anesthetized
rats [39]. Piperine has been shown to produce dose-dependent (20–142 mg/kg)
increase in gastric acid secretion in rats [40]. Involvement of cholinergic receptors
in the observed piperine-induced increase in gastric acid secretion is ruled out as the
effect of piperine was significantly antagonized by cimetidine (1 mg/kg) but not by
atropine (1 mg/kg). There is however an indication that increased acidity induced by
piperine could be due to stimulation of histamine H2 receptors by this pepper alkaloid.
In a recent study, the protective effect of dietary black pepper (0.5 %) and
piperine (0.02 %) with respect to activities of antioxidant enzymes in gastric and
intestinal mucosa was examined [42]. These dietary interventions significantly
enhanced the activities of antioxidant enzymes  superoxide dismutase, catalase,
glutathione reductase, and glutathione-S-transferase – in both gastric and intestinal
mucosa, suggesting a gastrointestinal protective role for black pepper and piperine.
In a separate study, these were found to alleviate the diminished activities of
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antioxidant enzymes in gastric and intestinal mucosa under conditions of ethanolinduced oxidative stress. The gastro protective effect was also reflected in their
positive effect on mucosal glycoproteins, thereby lowering mucosal injury. The
amelioration of the ethanol-induced decrease in the activities of antioxidant
enzymes in gastric and intestinal mucosa by dietary spices suggests their beneficial
gastrointestinal protective role.

1.2.4 Antioxidant Effects
Piperine has been demonstrated in in vitro experiments to protect against oxidative
damage by quenching free radicals and reactive oxygen species and inhibiting lipid
peroxidation [52]. Piperine is reported to have marginal inhibitory effects on
ascorbate/Fe2+-induced lipid peroxidation in rat liver microsomes even at high
concentrations (600 mM) when compared to the beneficial inhibition of lipid
peroxidation by antioxidants  vitamin E, t-butylhydroxy toluene and
t-butylhydroxy anisole [53]. Both water and ethanol extract of black pepper
exhibited strong total antioxidant activity and significant inhibition of peroxidation
of linoleic acid emulsion [54]. Piperine is shown to be an effective antioxidant and
offers protection against oxidation of human low-density lipoprotein (LDL) [55].
The aqueous extract of black pepper and piperine have been examined for their
effect on human PMNL 5-lipoxygenase (5-LO), the key enzyme involved in
biosynthesis of leukotrienes [56]. The formation of 5-LO product was significantly
inhibited in a concentration-dependent manner. Thus, piperine might exert an
antioxidant physiological role by modulating 5-LO pathway (Table 45.4).
Piperine treatment (10 mg/kg/day, i.p. for 14 days) has been assessed for
protection against diabetes-induced oxidative stress in streptozotocin-induced diabetic rats [58]. Treatment with piperine reversed the diabetic effects on glutathione
concentration in brain, on renal glutathione peroxidase and superoxide dismutase
activities, and on cardiac glutathione reductase activity and lipid peroxidation.
Thus, treatment with piperine for 14 days is only partially effective as an antioxidant in diabetes. The ability of piperine to reduce the oxidative changes induced by
chemical carcinogens (7,12-dimethyl benzanthracene, dimethyl aminomethyl
azobenzene, and 3-methyl cholanthrene) has been investigated in rat intestinal
model [57]. A protective role of piperine against the oxidative alterations by
these carcinogens was indicated by the observed inhibition of TBARS,
a significant increase in the glutathione levels and restoration in g-glutamyl
transpeptidase and Na+, K+-ATPase activity in intestinal mucosa. Oral supplementation of piperine (50 mg/kg) effectively suppressed lung carcinogenesis by benzo
(a)pyrene as revealed by a decrease in the extent of mitochondrial lipid peroxidation and concomitant increase in the activities of enzymatic antioxidants and
nonenzymatic antioxidant levels when compared to lung carcinogenesis-bearing
mice [61]. This suggests that piperine may extend its chemopreventive effect by
modulating lipid peroxidation and augmenting antioxidant defense system.
The effect of supplementation of black pepper or piperine for a period of
10 weeks on tissue lipid peroxidation and enzymic and nonenzymic antioxidants
has been examined in rats fed a high-fat diet (20 % coconut oil and 2 % cholesterol),
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Table 45.4 Antioxidant effects of piperine
System
In vitro

Rats
Streptozotocindiabetic rats
High-fat-fed rats

Mice

Observed effect
(a) Inhibition/quenching of superoxides and hydroxyl radicals by
piperine; inhibition of lipid peroxidation
(b) Marginal inhibitory effect of piperine on ascorbateFe++-induced lipid peroxidation in rat liver microsome
(c) Water and ethanol extract of black pepper exhibited strong
total antioxidant activity and inhibited peroxidation of linoleic
acid emulsion
(d) Piperine protects Cu++-induced lipid peroxidation of human
LDL
(e) Black pepper aqueous extract and piperine inhibit human
PMNL 5-lipoxygenase
Piperine treatment protected against oxidative stress induced in
intestinal lumen by carcinogens
i.p. administration of piperine for 2 weeks partially protected
against diabetes-induced oxidative stress
Dietary black pepper/piperine reduces high-fat diet-induced
oxidative stress by lowering lipid peroxidation, restoring
activities of antioxidant enzymes and GSH
Piperine treatment decreased mitochondrial lipid peroxidation
and augmented antioxidant defense system during benzo(a)
pyrene- induced lung carcinogenesis

Reference
[52]
[53]
[54]

[55]
[56]
[57]
[58]
[59]

[60]

and it was observed that these can reduce high-fat diet-induced oxidative stress
[59]. Simultaneous supplementation with black pepper or piperine lowered TBARS
and conjugated diene levels and maintained antioxidant enzymes and glutathione
levels in the liver, heart, kidney, intestine, and aorta near to those of control rats.

1.2.5 Antimutagenic and Tumor Inhibitory Effects
Black pepper has been shown to be effective in reducing the mutational events
induced by the promutagen ethyl carbamate in Drosophila melanogaster [62].
Suppression of metabolic activation or interaction with the active groups of mutagens could be mechanism by which this spice exerts its antimutagenic action. While
studying piperine for its immunomodulatory and antitumor activity, piperine was
found to be cytotoxic toward Dalton’s lymphoma ascites (DLA) and Ehrlich ascites
carcinoma (EAC) cells at 250 mg/mL [63]. Piperine was also found to be cytotoxic
toward L929 cells in culture at a concentration of 50 mg/mL. Administration of
piperine (1.14 mg/animal) could inhibit the solid tumor development in mice
induced with DLA cells and increase the life span of mice-bearing Ehrlich ascites
carcinoma tumor (Table 45.5).
The effect of piperine on the cytotoxicity and genotoxicity of aflatoxin B1 (AFB1)
has been studied in rat hepatoma cells H4IIEC3/G-(H4IIE) using cellular growth and
formation of micronuclei as endpoints [64]. Piperine markedly reduced the toxicity
of aflatoxin. That is, AFB1-induced formation of micronuclei in a concentrationdependent manner probably by suppressing cytochromes P450 mediated bioactivation
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Table 45.5 Antimutagenic and cancer preventive effects of piperine
System
In vitro and
cell lines

Rats

Mice

Observed effect
(a) Black pepper is effective in reducing mutational events induced
by procarcinogen – ethylcarbamate in Drosophila
(b) Piperine markedly reduced the AFB1-induced formation of
micronuclei in H4IIE cells in a concentration-dependent manner
(c) Piperine counteracts CYP4502B1-mediated toxicity of AFB1 in
Chinese hamster cells and therefore has chemopreventive effect
against procarcinogens activated by CYP4502B1
(a) Piperine administration effectively reduced cyclophosphamideinduced chromosomal aberrations in bone marrow cells
(b) Dietary black pepper was evidenced to suppress colon
carcinogenesis induced by the procarcinogen 1,2dimethylhydrazine
(a) Tumor inhibitory activity of black pepper in mice implanted
with Ehrlich ascites tumor
(b) Piperine inhibited tumor development in mice induced with
Dalton’s lymphoma cells and increased the life span of afflicted
mice
(c) Anti-metastatic activity of piperine on lung metastasis induced
by melanoma cells
(d) Chemopreventive effect of piperine on benzo(a)pyrene induced
experimental lung cancer

References
[62]
[64]
[65]

[66]
[67]

[68]
[63]

[69]
[61, 70, 71]

of the mycotoxin. The potential of piperine for inhibiting the activity of cytochrome
P4502B1 and protecting against AFB1 has been investigated in Chinese hamster r2B1
cells engineered for the expression of rat CYP4502B1 [65]. Piperine at 60 mM
completely counteracted cytotoxicity and formation of micronuclei by 10 mM
AFB1 and reduced the toxic effects of 20 mM AFB1 by > 50 %. The results suggest
that (1) piperine is a potent inhibitor of rat CYP4502B1 activity, (2) AFB1 is activated
by r2B1 cells to cytotoxic and genotoxic metabolites, and (3) piperine counteracts
CYP4502B1-mediated toxicity of AFB1 in the cells and might, therefore, offer
a potent chemopreventive effect against procarcinogens activated by CYP4502B1.
The antimutagenic effect of piperine has been studied with respect to its influence on chromosomes in rat bone marrow cells [66]. Wistar rats orally administered
piperine (100, 400, and 800 mg/kg) were challenged with cyclophosphamide
(i.p. 50 mg/kg). Piperine (100 mg/kg) produced significant reduction in cyclophosphamide-induced chromosomal aberrations, suggesting that it may have
antimutagenic potential. Black pepper extracts have been demonstrated to possess
tumor inhibitory activity [72]. Tumor-reducing activity of orally administered
extracts of black pepper was studied in mice transplanted i.p. with Ehrlich ascites
tumor, wherein life span was increased in these mice by 65 % [68]. The
antimetastatic activity of piperine has been demonstrated by the inhibition of lung
metastasis induced by B16F-10 melanoma cells in C57BL/6 mice [69].
The cytoprotective effect of piperine on benzo(a-)pyrene-induced lung cancer
has been investigated in mice and observed that piperine may extend its
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chemopreventive effect by modulating lipid peroxidation and augmenting antioxidant defense system [70]. Oral administration of piperine (100 mg/kg) effectively
suppressed this experimental lung cancer. The protective role of piperine was
examined during experimental lung carcinogenesis with reference to its effect on
DNA damage and detoxification enzyme system [73]. The activities of detoxifying
enzymes such as glutathione transferase, quinone reductase, and UDP-glucuronyl
transferase were decreased while the hydrogen peroxide level was increased in the
lung cancer-bearing animals. Supplementation of piperine (50 mg/kg) enhanced
these detoxification enzymes and reduced DNA damage. These results explain the
association between anti-peroxidative effect of piperine and ultimately the capability of piperine to prevent cancer. A significant suppression in the micronuclei
formation induced by benzo(a-)pyrene and cyclophosphamide following oral
administration of piperine at doses of 25, 50, and 75 mg/kg in mice has been
reported [74].
Piperine has been evidenced to show chemopreventive effects when administered orally on lung cancer-bearing animals [61]. The beneficial effect of piperine is
primarily exerted during initiation phase and post-initiation stage of benzo(a-)
pyrene-induced lung carcinogenesis, via beneficial modulation of lipid peroxidation and membrane-bound ATPase enzymes. The ability of piperine to prevent lung
carcinogenesis induced by benzo(a-)pyrene in mice and its effects on cell proliferation has been studied [60, 71]. Administration of piperine significantly decreased
the levels of lipid peroxidation, protein carbonyls, nucleic acid, and polyamine
synthesis that were found to be increased in lung cancer-bearing animals. Piperine
could effectively inhibit benzo(a-)pyrene-induced lung carcinogenesis in albino
mice by offering protection from protein damage and also by suppressing cell
proliferation. Dietary (0.5 %) black pepper has been evidenced to suppress colon
carcinogenesis induced by 1,2-dimethylhydrazine in rats [67].

1.2.6 Negative Influence on Reproductive System
Black pepper is used as contraceptive in folk medicine in parts of India. The
reproductive toxicity of piperine has been studied in albino mice with respect to
the effect on estrous cycle, toxicity to male germ cells, fertilization, implantation,
and growth of pups [75]. Piperine (10 and 20 mg/kg) increased the period of the
diestrous phase resulting in decreased mating performance and fertility. Postpartum
litter growth was not affected by the piperine treatment, and sperm shape abnormalities were not induced at doses up to 75 mg/kg. Considerable anti-implantation
activity was recorded after 5 days post-mating oral treatment with piperine. These
results suggest that piperine interferes with several crucial reproductive events in
a mammalian model. The effect of piperine on the fertilization of eggs with sperm
has been investigated in female hamsters intragastrically treated with piperine at
doses of 50 or 100 mg/kg from day 1 through day 4 of the estrous cycle [76]. During
piperine treatment, these females were superovulated and artificially inseminated
(AI) with spermatozoa from untreated male hamsters at 12 h after hCG injection.
Administration of piperine to the superovulated animals markedly enhanced the
percent fertilization at 9 h after AI (Table 45.6).
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Table 45.6 Other biological effects of piperine
System Observed effect
Effect on reproductive system
In vitro (a) Piperine decreased fertilizing ability of hamster sperms and degree of
polyspermia in vitro
Rats
(b) Continued oral intake of piperine produced reduction in weights of testis,
fall in sperm concentration, decrease in intra-testicular testosterone
Mice
(c) Oral intake of piperine decreased fertility due to interference with crucial
reproductive events in albino mice
Anti-inflammatory activity
Rats
Anti-inflammatory activity of piperine in experimental models:
carrageenan- induced rat paw edema, cotton pellet granuloma, croton oilinduced granuloma pouch
Hepatoprotective activity
Mice
Piperine exerted protection against t-butyl hydroperoxide and carbon
tetrachloride in hepatotoxicity by reducing lipid peroxidation
Melanocyte stimulation
In vitro Growth stimulatory activity of black pepper extract in cultured melanocytes
Neuropharmacological activity
Rats
(a) Piperine-administered animals possessed antidepression-like activity
and cognitive-enhancing effect
(b) Antidepressant-like effects of chronically administered piperine depend
on the augmentation of the neurotransmitter synthesis
Anticonvulsant effects
Human Piperine treatment reduced the number of seizures in epileptic children

References
[77]
[78]
[75]

[79]

[80]

[81]
[82]
[83]

[84]

Piperine administration (10 mg/kg for 30 days) in mature male albino rats caused
a significant reduction in the weights of testis and accessory sex organs [78].
Histological studies revealed that piperine caused severe damage to the seminiferous tubule, decrease in seminiferous tubular and Leydig cell nuclear diameter, and
desquamation of spermatocytes and spermatids. The effect of piperine on the
fertilizing ability of hamster sperm was investigated in vitro [77]. Addition of
0.18  1.05 mM piperine reduced both the percentage of eggs fertilized and the
degree of polyspermia in a dose-dependent manner. Rats orally administered
piperine at doses of 1, 10, and 100 mg/kg for 30 consecutive days showed a decrease
in the activity of antioxidant enzymes and sialic acid levels in the epididymis and
thereby increased reactive oxygen species levels that could damage the epididymal
environment and sperm function [85].

1.2.7 Other Physiological Effects
Anti-inflammatory activity of piperine has been reported in rats employing different
experimental models like carrageenan-induced rat paw edema, cotton pellet granuloma, and croton oil-induced granuloma pouch [79]. Piperine acted significantly
on early acute changes in inflammatory processes and chronic granulative changes.
Pungent principles of dietary spices including piperine have been reported to induce
a warming action via adrenal catecholamine secretion [86].

1414

K. Srinivasan

Piperine has been reported to exert a significant protection against t-butyl
hydroperoxide and carbon tetrachloride-induced hepatotoxicity by reducing lipid
peroxidation, by leakage of enzymes – alanine aminotransferase and alkaline
phosphatase – and by preventing the depletion of glutathione and total thiols in
the intoxicated mice [80]. The neuropharmacological activity of piperineadministered Wistar rats (5, 10, and 20 mg/kg once daily) was determined after
single, 1, 2, 3, and 4 weeks of treatment [82]. Piperine showed antidepression-like
activity and cognitive-enhancing effect at all treatment duration, suggesting its
potential to improve brain function. Antidepressant-like effects of piperine have
been demonstrated in two depressive models: forced swimming test and tail
suspension test [83]. The results indicated that after 2 weeks of chronic administration, piperine (10  20 mg/kg) significantly reduced the duration of immobility
in both the models. The study demonstrated that the antidepressant-like effects of
piperine and antiepilepsirine might depend on the augmentation of the neurotransmitter synthesis or the reduction of the neurotransmitter reuptake.
Melanocyte stimulants are of interest as potential treatments for the
depigmentary skin disorder vitiligo. Black pepper water extract and piperine promote melanocyte proliferation in vitro. Black pepper extract was found to possess
growth-stimulatory activity in cultured melanocytes [81]. Its aqueous extract at
0.1 mg/mL was observed to cause nearly 300 % stimulation of the growth of
a cultured mouse melanocyte line, in 8 days; hence, it is inferred that piperine is
a potential repigmenting agent for the treatment of vitiligo.
A study of the in vitro effects of piperine on three bioenergetic reactions, namely,
oxidative phosphorylation, ATPase activity, and calcium transport by isolated rat
liver mitochondria, suggested that piperine inhibits mitochondrial oxidative phosphorylation at the level of respiratory chain [87]. Piperine did not inhibit the mitochondrial ATPase activity induced by dinitrophenol and was found to diminish
calcium uptake. The influence of piperine on the enzymes and bioenergetic functions
in isolated rat liver mitochondria and hepatocytes has been studied, and it was
observed that piperine produces concentration-related site-specific effects on mitochondrial bioenergetics and enzymes of energy metabolism [88].
Piper longum and Piper nigrum are conventionally used as immuno-enhancers
in Indian system of medicine. The underlying mechanism however remains
unknown. Pepper has been used in China as a folk remedy for epilepsy. Piperine
has been identified by researchers as having anticonvulsant effects in animal
models, and antiepilepsirine, a derivative of piperine, has been used in China to
treat epilepsy since 1975. A clinical trial on epileptic children-tested antiepilepsirine (10 mg/kg; two or three times a day) decreased the number of seizures
in majority of subjects [84].

1.3

Absorption and Metabolism of Piperine

Tissue distribution and elimination of piperine has been examined following its oral
intake in rats. Piperine administered to rats at a dose of 170 mg/kg by gavage or
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85 mg/kg i.p. was absorbed to an extent of about 97 % [26, 89]. A maximum of
10.8 % of administered piperine was seen in tissues at 6 h. Only 3 % of the
administered dose was excreted as piperine in the feces, while it was not detectable
in urine. When rat intestinal segments were incubated with 100–1,000 mg of
piperine, about 44–63 % of the added piperine disappeared from the mucosal side
[89, 90]. Absorption of piperine in this in vitro system which was maximum at
800 mg per 10 mL was about 63 % [89]. The absorbed piperine could be traced in
both the serosal fluid and in the intestinal tissue. When piperine was associated with
mixed micelles, its in vitro intestinal absorption was relatively higher [90].
Highest concentration in stomach and small intestine was attained at about 6 h
post-piperine dosage [91]. Only traces of piperine were detected in serum, kidney,
and spleen from 30 min to 24 h. About 1  2.5 % of the i.p.-administered piperine
was detected in the liver during 0.5  6 h after administration as contrasted with
0.1  0.25 % of the orally administered dose. The increased excretion of conjugated
uronic acids, conjugated sulfates, and phenols indicated that scission of the
methylenedioxy group of piperine, glucuronidation, and sulfation appear to be the
major steps in the disposition of piperine in the rat. After oral administration of
piperine (170 mg/kg) to rats, the metabolites in urine were identified to be
piperonylic acid, piperonyl alcohol, and piperonal and vanillic acid in the free
form, whereas only piperic acid was detected in 0  6 h bile [91]. Kidney appears to
be the major excretion route for piperine metabolites in rats as no metabolite could
be detected in feces. In a later investigation [92], a new major urinary metabolite
5-(3,4-methylenedioxy phenyl)-2,4-pentadienoic acid-N-(3-yl propionic acid)amide was detected in rat urine and plasma using HPLC. This metabolite has
a unique structure in that it retains methylenedioxy ring and conjugated double
bonds while the piperidine ring is modified to form propionic acid group.
The absorption dynamics of piperine in intestine has been studied, and the data
suggested that piperine is absorbed very fast across the intestinal barrier [93]. It may
act as an apolar molecule and form apolar complex with drugs and solutes. It may
modulate membrane dynamics due to its easy partitioning thus helping in efficient
permeability across the barriers. Being essentially water insoluble, piperine is
presumed to be assisted by serum albumin for its transport in blood after its
intestinal absorption. The binding of piperine to serum albumin has confirmed by
employing steady-state and time-resolved fluorescence techniques [94]. These
observations are significant in understanding the transport of piperine in blood
under physiological conditions.

1.4

Conclusions

Black pepper or its main bioactive alkaloid piperine, the ingredients used in
a number of ancient and folk medicines, is now demonstrated to possess diverse
health beneficial physiological effects. The most far-reaching attribute of piperine
has been its inhibitory influence on hepatic and intestinal drug-metabolizing
system. It strongly inhibits a particular cytochrome P450 and hence phase-I reactions
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ENHANCING OF BIOAVAILABILITY
OF DRUGS & PHYTOCHEMICALS

ANTI-MUTAGENIC AND
ANTI-CANCER EFFECTS

EFFECTS ON GI SYSTEM
a) Digestive stimulant action
b) Enhances absorptive function of
intestine
c) Influence on intestinal motility
d) Anti-diarrhoeal property
e) Protective to gastric ulcer

INHIBITION OF DRUG
METABOLIZING SYSTEM

PROTECTIVE EFFECT ON
CYTOTOXICITY BY CARCINOGENS

PIPERINE

NEGATIVE INFLUENCE ON
REPRODUCTIVE SYSTEM
Decreases fertility by interference
with crucial events

ANTIOXIDANT INFLUENCE

OTHER PHYSIOLOGICAL EFFECTS
a) Anti-inflammatory activity
b) Growth stimulatory effect on
melanocytes
c) Antidepressant-like effects
d) Anticonvulsant effects

Fig. 45.2 Summary of the diverse physiological effects of piperine

mediated by the same, especially aromatic hydroxylation. It also strongly retards
glucuronidation reactions of phase-II. As a result of interference with crucial drugmetabolizing reactions in the liver, piperine enhances the bioavailability of therapeutic drugs, i.e., increases their plasma half-life and delays their excretion. This
particular inhibitory effect of piperine on drug metabolism and hence on drug
bioavailability may be harnessed for increasing therapeutic effects. Gastrointestinal
system is affected by black pepper and piperine in many ways. Both black pepper
and piperine have been evidenced to have antidiarrheal property and an effect on
intestinal motility and on the ultrastructure of intestinal microvilli improving
absorbability of micronutrients. Piperine has been evidenced to protect against
oxidative damage by inhibiting or quenching free radicals and lower lipid peroxidation and beneficially influence cellular antioxidant status in different situations of
oxidative stress. Piperine also possesses cytoprotective effect by retarding the
activation of certain procarcinogens by the drug-metabolizing system.
Antimutagenic and antitumor properties of piperine have been evidenced in a few
animal and cell line studies. Among other physiological effects piperine exerts, its
potential antifertility influence on reproductive system has been clearly established
in in vitro and animal systems (Fig. 45.2).

2

Capsaicin of Red Pepper (Capsicum annuum)

2.1

Introduction

Capsaicin (8-methyl-N-vanillyl-6-nonenamide) is the major pungent principle of
chili peppers, belonging to the genus Capsicum. Dihydrocapsaicin and nordihydrocapsaicin are the other two alkaloids in the order of relative abundance. Chili
peppers are extensively used in food as pungent spice, particularly in tropical
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Fig. 45.3 Red pepper and capsaicinoids

countries. This alkaloid responsible for the pungency of the spice is also an irritant
that produces a burning sensation with which it comes into contact. Capsaicin and
several related compounds are called capsaicinoids and are produced as a secondary
metabolite by chili peppers, probably as deterrents against certain herbivores and
fungi. Pure capsaicin is a hydrophobic, colorless, odorless, crystalline compound.
Capsaicin is the main capsaicinoid in chili peppers, followed by dihydrocapsaicin
(Fig. 45.3).
Capsaicin is present in large quantities in the placental tissue (which holds the
seeds), the internal membranes, and, to a lesser extent, the other fleshy parts of
the fruits of Capsicum plants. The seeds themselves do not produce any capsaicin,
although the highest concentration of capsaicin can be found in the white pith of the
inner wall, where the seeds are attached [95]. Capsaicin is believed to be synthesized in the interlocular septum of chili peppers by addition of a branched-chain
fatty acid to vanillylamine; specifically, capsaicin is made from vanillylamine and
8-methyl-6-nonenoyl Coenzyme-A [96].

2.2

Biological Effects of Capsaicin

Many health beneficial physiological effects of red pepper or its bioactive alkaloid
 capsaicin – have been reported in recent decades which are summarized below:

2.2.1 Hypocholesterolemic and Hypolipidemic Effects
Red pepper, known for its characteristic pungency and its pungent principle
capsaicin have been reviewed for their biological activity [97, 98] was probably
the first investigator who studied the metabolic changes caused by feeding red
pepper. The beneficial influence of red pepper or its pungent principle capsaicin on
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lipid metabolism is documented by several investigators. While studying the
influence of red pepper and capsaicin on fat absorption in rats on a choline-free
high hydrogenated fat (40 %) diet, Sambaiah et al. [99] observed that 5 % red
pepper or equivalent levels of capsaicin (15 mg%) included in the diet had a tendency to lower serum and liver cholesterol levels. In another investigation,
Srinivasan et al. [100] have reported a reduction in serum total cholesterol levels
in rats on a 10 % groundnut oil diet incorporated with 1.5, 3.0, or 15 mg% capsaicin.
In yet another study, capsaicin at as low as 0.2 mg% in the diet led to a lowering of
serum total cholesterol in both 10 % and 30 % fat-fed rats [101]. An increase in
LDL-cholesterol and a reduction in HDL-cholesterol were also observed in the
30 % hydrogenated fat group. In a subchronic toxicity study [102], rats were
administered 50 mg/kg/day of capsaicin by gavage or 0.5 g/kg/day of a crude
extract of capsicum fruit for 60 days. At 30, 40, 50, and 60 days, plasma total
cholesterol levels were significantly reduced along with triglycerides and phospholipids (Table 45.7).
The effect of 14 mg% capsaicin in a diet containing 30 % lard has been studied
[103]. The dose of capsaicin fed to rats was reported to be related to that commonly
ingested by the Thai people. At the end of the 10-day isocaloric feeding period,
serum cholesterol and pre-b-lipoprotein levels were not altered. The influence of
capsaicin has also been studied in sucrose-induced hypertriglyceridemia in rats
[112]. Capsaicin was fed at 0.15, 1.5, and 15 mg% levels in the diet (the lowest dose
is comparable to human intake) for a period of 1 week. Total cholesterol and
HDL-cholesterol were either significantly elevated.
The efficacy of capsaicin as a hypocholesterolemic agent has also been investigated in animals fed cholesterol in their diets. Sambaiah and Satyanarayana [104]
have reported that the serum cholesterol levels in rats on a 1 % cholesterol + 5 % red
pepper diet were lower than those not fed with red pepper. Liver cholesterol was
lower in the red pepper- as well as capsaicin (an equivalent level of 15 mg%)-fed
groups. Fecal excretion of free cholesterol and of bile acids was enhanced in
animals fed the spice and capsaicin. The anti-hypercholesterolemic efficacy of
dietary capsaicin has been evidenced in rats fed an atherogenic high-cholesterol
diet, and such an influence also resulted in countering of the changes in membrane
lipid profile in the erythrocytes [105]. In streptozotocin-induced diabetic
situation however, dietary capsaicin did not show any beneficial hypolipidemic
property [106].
Intubation of rabbits with 8 mg capsaicin/rabbit (body wt of about 850 g/day for
35 days) did not have any effect with regard to plasma cholesterol, triglyceride, and
HDL-cholesterol when they were on a normal diet [108]. In contrast, in rabbits on
a 0.5 % cholesterol diet, capsaicin had a beneficial effect in that the plasma
cholesterol, triglycerides, and total cholesterol: HDL-cholesterol ratio were significantly lower than in animals fed cholesterol only. Turkeys on a 2–3 mg capsaicin/
kg feed for 9 days along with 0.5 % cholesterol had lower total serum cholesterol
than the controls [109]. Hypercholesterolemia was produced by feeding a 0.2 %
cholesterol-supplemented diet, and capsaicin and dihydrocapsaicin were administered daily via the buccal route at dose of 4 mg per bird for 6 weeks [110]. In
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Table 45.7 Hypolipidemic effects of capsaicin and red pepper in animal models
Animal model
Rats on 40 % fat

Effect demonstrated
5 % red pepper or 0.015 % capsaicin lowered serum and
liver cholesterol
Rats
1.5, 3, and 15 mg% capsaicin reduced serum cholesterol
Rats on 10 % or 30 % 0.2 % capsaicin effectively lowered serum cholesterol
fat
Rats
Subchronic levels of capsaicin (50 mg/kg for 60 days)
lowered cholesterol and triglycerides
Rats on 30 % lard
14 mg% capsaicin produced hypocholesterolemic effect
Rats on 1 %
Effective hypocholesterolemic effect; higher excretion of
cholesterol
fecal sterols and bile acids
Rats on 0.5 %
15 mg% capsaicin produced anti-hypercholesterolemic
cholesterol
effect
Diabetic rats
15 mg% dietary capsaicin did not reverse
hypercholesterolemia and hypertriglyceridemia
Hypercholesterolemic Dietary capsaicin stimulated activity of hepatic cholesterolrats
7a-hydroxylase
Hypercholesterolemic Reduced blood cholesterol, triglycerides
rabbits
Hypercholesterolemic Reduced blood cholesterol; ameliorated aortic
turkeys
atherosclerotic lesions by capsaicin
Gerbils
75 mg oleoresin/kg decreased blood cholesterol and
triglycerides; prevented lipid accumulation in liver and aorta

References
[99]
[100]
[101]
[102]
[103]
[104]
[105]
[106]
[107]
[108]
[109, 110]
[111]

animals on a normal diet, total cholesterol, LDL-cholesterol, and HDL-cholesterol
concentrations in plasma were increased, whereas VLDL-cholesterol was significantly decreased. Plasma total and LDL-cholesterol were significantly lower in
birds on the cholesterol diet administered dihydrocapsaicin. Both the compounds
brought about a reduction in VLDL-cholesterol and an increase in HDL-cholesterol
in the cholesterol-fed group. Dihydrocapsaicin was more effective than capsaicin.
The effect of capsicum oleoresin on dietary hypercholesterolemia was observed in
gerbils at a dose of 75 mg/kg body weight/day [111]. The oleoresin reduced serum
cholesterol and triglycerides as well as liver cholesterol and triglycerides. Capsaicin
oleoresin feeding prevented the accumulation of cholesterol and triglycerides in the
liver and aorta. The fecal excretion of cholesterol and triglycerides was significantly increased in oleoresin-fed gerbils.
The possible mechanism of action of capsaicinoids is the net effect of decreased
cholesterol absorption and increased excretion of cholesterol and bile acids in the
feces which may lead to a decrease in plasma LDL-cholesterol concentration by
induced expression of hepatic LDL receptors [110]. These authors also have
discussed the differences in response between normal and cholesterol-fed animals
to possible hypocholesterolemic compounds. It has been demonstrated that dietary
capsaicin stimulates hepatic conversion of cholesterol to bile acids through
a stimulation of the activity of cholesterol-7a-hydroxylase, an important pathway
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for elimination of cholesterol from the body [107]. However, simultaneous stimulation of cholesterol synthesis as well through the activity of HMG-CoA reductase
by this spice principle suggests that there may not be any significant contribution of
the stimulation of bile acid biosynthesis to the hypocholesterolemic action of this
spice principle, and the latter action may solely be due to interference with
exogenous cholesterol absorption.
Heat processing of red pepper results in a significant loss of active principle
[113, 114]. The hypocholesterolemic potency of raw and pressure-cooked red
pepper was evaluated in experimental rats rendered hypercholesterolemic by feeding cholesterol-enriched diet and maintained for 8 weeks on 5 % spice diet [115].
The results suggested that although heat processing of red pepper by pressure
cooking resulted in a considerable loss of capsaicin, the hypolipidemic potency of
the parent spice was not significantly compromised.

2.2.2

Influence of Capsaicin on Biliary Cholesterol and Bile Acids:
Anti-lithogenic Influence
Feeding of 7.5 and 15 mg% capsaicin to rats led to a significant increase in biliary
total bile acids [116]. One of the implications of hypocholesterolemic influence is
anti-lithogenic potential. Since capsaicin, besides being hypocholesterolemic agent,
also enhances bile secretion and influences its composition, its influence on gallstone formation has been examined. Dietary capsaicin (0.015 %) caused a significant reduction in the formation of gallstones in mice and hamsters maintained on
a lithogenic diet [117, 118]. Further, capsaicin effected a marked regression of
preestablished gallstones in mice [119]. Increased cholesterol saturation index,
cholesterol: Phospholipid ratio, and cholesterol: bile acid ratio in the bile caused
by lithogenic diet was countered by dietary capsaicin. The anti-lithogenic influence
of this spice compound was attributable to the cholesterol-lowering effect of these
in blood and liver and their ability to lower cholesterol saturation index by altering
the bile composition. When a combination of capsaicin and curcumin were given
during experimental induction of cholesterol gallstone (CGS) in mice, there was no
additive influence in reducing the incidence of CGS; nevertheless, the combination
was more beneficial in reducing the oxidative stress in lithogenic situation [120].
The antilithogenecity of capsaicin has been considered to be due not merely to their
ability to lower cholesterol saturation index but also to their influence on biliary
proteins [121].
2.2.3 Protective Effect on Erythrocyte Integrity
Hyperlipidemic conditions are believed to affect the fluidity of red blood cells
[122]. Hypolipidemic spice compound capsaicin in the diet might offer beneficial
protective influence on the integrity of erythrocyte membranes, which are presumably altered in hyperlipidemic situation. In rats rendered hypercholesterolemic by
feeding a cholesterol-enriched diet for 8 weeks, erythrocyte membranes were
relatively enriched in cholesterol, resulting in elevated cholesterol: phospholipid
ratio of their membranes affecting their structural integrity [105]. Inclusion of
capsaicin (0.015 %) along with high cholesterol in the diet produced not only the
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hypolipidemic effect but also countered this altered lipid profile of erythrocyte
membranes and thus corrected the increased osmotic fragility of erythrocytes [105].
Dietary capsaicin partially countered the changes in erythrocytes of hypercholesterolemic rats, namely, fatty acid profile of the membranes, phospholipid composition of the membrane bilayer, and reduced Ca2+, Mg2+-ATPase [123]. ESR
spectra and fluorescence anisotropy parameters also revealed altered fluidity of
erythrocytes in hypercholesterolemic rats which was significantly reversed by
dietary capsaicin. In rats rendered hypertriglyceridemic by maintaining them on
a high (30 %)-fat diet for 8 weeks, the lipid profile of erythrocyte membranes was
not affected, but the erythrocytes displayed a resistance to osmotic lysis [124].
Inclusion of capsaicin (0.015 %) along with high fat in the diet which produced the
hypotriglyceridemic effect appeared to beneficially correct this altered osmotic
fragility of erythrocytes.

2.2.4 Antioxidant Effects
Lipid peroxidation in human erythrocyte membranes was found to be inhibited
by capsaicin [125]. The antioxidant property of capsaicin in terms of inhibiting
lipid peroxidation in rat liver [53] and in soybean phosphatidylcholine liposomal biomembrane has been reported [126]. Capsaicin is observed to inhibit
copper ion-induced lipid peroxidation of human LDL [55]. The data suggested
that capsaicin is an effective antioxidant and offers protection against oxidation
of human LDL. Capsaicin inhibited the lipid peroxidation in rat liver mitochondria induced by ADP/Fe2+ significantly, more than the well-known antioxidant
a-tocopherol [127]. Capsaicin was also found to scavenge 1,10 -diphenyl2-picrylhydrazyl (DPPH) radicals in membranes. Capsaicin was found to
scavenge radicals both at/near the membrane surface and in the interior of the
membrane. Vanillin and 8-methyl-6-noneamide were major reaction products
of capsaicin with DPPH radicals, thus suggesting that the radical scavenging
site of capsaicin is the C7-benzyl carbon. Phenolic compounds of various
spices, including capsaicin, modulate 5-lipoxygenase (5-LO) in human PMNL
cells, the key enzyme involved in the biosynthesis of leukotrienes [56]
(Table 45.8).
Wistar rats administered capsaicin (i.p. 3 mg/kg body weight) for three consecutive days showed a reduction of oxidative stress measured as malondialdehyde in
the liver, lung, kidney, and muscle [128]. From this study, it is hypothesized that
capsaicin can be a potent antioxidant even when consumed for a short period. The
influence of capsaicin on the antioxidant status of red blood cells and liver tissue in
hyperlipidemic rats is reported [129]. Capsaicin (0.015 %) in the diet which
produced the hypotriglyceridemic effect was also effective in reducing the oxidant
stress, which was indicated by countering of the depleted antioxidant molecules and
antioxidant enzymes in erythrocytes and liver, and decreasing of the elevated lipid
peroxide content. The beneficial influence of capsaicin on the antioxidant status of
red blood cells and liver in induced hypercholesterolemic rats is also evidenced
[130]. The depletion in intracellular thiols and GSH in red blood cells under
hypercholesterolemic situation was effectively countered by dietary (0.015 %)
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Table 45.8 Antioxidant influence of capsaicin in in vitro and in vivo systems
Animal model
Human erythrocyte
membranes
Rat liver microsomes

Effect demonstrated
Lipid peroxidation was inhibited by capsaicin

Ascorbate-Fe++-induced lipid peroxidation was
inhibited by capsaicin
Soybean phospholipid
Inhibition of oxidation of methyl linoleate micelles by
liposomal membrane
capsaicin
Rat liver mitochondria
Inhibition of lipid peroxidation induced by ADP/Fe2+
and scavenging of DPPH radicals by capsaicin
Human low-density
Inhibition of Cu2+ induced lipid peroxidation by
lipoprotein
capsaicin
Human PMNL cells
Inhibition of 5-lipoxygenase
Rats
Capsaicin administration reduced oxidative stress in the
liver, lung, kidney, and muscle
High-fat-fed rats
Beneficial influence of dietary capsaicin on antioxidant
status of red blood cells
Hypercholesterolemic rats Beneficial influence of dietary capsaicin on antioxidant
status of red blood cells

References
[125]
[53]
[126]
[127]
[55]
[56]
[128]
[129]
[130]

capsaicin. Glutathione reductase activity that was lowered in hypercholesterolemic
conditions was completely countered by the dietary spice principle. Decreased
hepatic total thiols in the hypercholesterolemic situation were partially corrected
by dietary capsaicin treatment. Similarly, the lowered activities of hepatic antioxidant enzymes – GSH-reductase, GSH-transferase, catalase, and superoxide
dismutase – in hypercholesterolemic rats were effectively countered by the dietary
capsaicin.

2.2.5 Anti-inflammatory Property
With increasing interest in alternatives to nonsteroidal anti-inflammatory agents in
the management of chronic inflammation, the use of food-based approaches is
emerging. Lipid peroxides play a crucial role in arthritis and other inflammatory
diseases. Both in vitro and in vivo animal studies have documented the antiinflammatory potential of capsaicin (of red pepper). Animal studies have revealed
that capsaicin also lowers the incidence and severity of paw inflammation and also
delays the onset of adjuvant-induced paw edema in rats [131, 132]. This spice
principle inhibited the formation of arachidonate metabolites (PgE2, leukotrienes)
and increased the secretion of lysosomal enzymes – elastase, collagenase,
and hyaluronidase – by macrophages. It is noteworthy that the levels of 6-keto
PgF1a – a vasodilator – increased [133].
Natural anti-inflammatory compound capsaicin appears to operate by inhibiting
one or more of the steps linking pro-inflammatory stimuli with COX activation,
such as the blocking by capsaicin of NF-kB translocation into the nucleus [134].
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It has been shown recently that the natural anti-inflammatory compounds such as
capsaicin were as effective as indomethacin (a nonsteroidal anti-inflammatory
drug) in inhibiting aberrant crypt foci in the rat.

2.2.6 Chemopreventive Potential
This phytochemical has been found to interact with microsomal xenobioticmetabolizing enzymes in rodents. Capsaicin has been proposed to inactivate cytochrome P-450 HE1 by irreversibly binding to the active sites of the enzyme [135].
Besides cytochrome P-450 HE1, other isoforms of the P-450 super family are also
reported to be inhibited by capsaicin. The inhibition by capsaicin of microsomal
monooxygenases involved in carcinogen activation implies its chemopreventive
potential.
Studies suggest that capsaicin is able to kill prostate cancer cells by causing them
to undergo apoptosis [136]. The studies were performed on tumors formed by human
prostate cancer cell cultures grown in mouse models, and showed tumors treated
with capsaicin were about one fifth the size of the untreated tumors. There have been
several clinical studies conducted in Japan and China that showed capsaicin directly
inhibits the growth of leukemic cells [137]. Another study suggests capsaicin is able
to trigger apoptosis in human lung cancer cells as well. An epidemiological study has
found significantly higher rates for stomach and liver cancer in counties inhabited by
groups with high consumption of capsaicin-rich foods [138].
2.2.7 Antidiabetic Potential
Substance P, a neuropeptide released by capsaicin, has been shown to reverse
diabetes in mice [139], but the effects to insulin secretion seem to be species
dependent. In humans, substance P seems to decrease insulin release and cause
fluctuations in blood sugar levels [140]. Capsaicin is also being explored as
a possible prophylaxis for type 1 diabetes. Capsaicin was injected subcutaneously
in neonatal diabetes-prone NOD mice to permanently remove a prominent subset of
pancreatic sensory neurons, which express the transient vanilloid receptor protein
(TRPV1). Insulin resistance and b cell stress of prediabetic NOD mice are
prevented when TRPV1+ neurons are eliminated. In other words, mice which
were genetically predisposed to type 1 diabetes were prevented from developing
type 1 diabetes via removal of these neurons, which are thought to attract pathogenic T cells to attacking pancreatic b cells thus causing type 1 diabetes [141].
2.2.8 Thermogenic and Weight-Reducing Influence
According to animal and human studies, the oral intake of capsaicin increases the
production of heat by the body for a short time. Dietary red pepper or its pungent
principle capsaicin affects satiety and has a promising thermogenic influence that
could play an important role in the prevalence and severity of obesity [103],
although more data are required to substantiate this benefit. The use of this spice
to displace fats and salt in the diet (to make the food palatable) may reduce
cardiovascular risk. Although there is no evidence showing that weight loss is
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directly correlated with ingesting capsaicin, there is a positive correlation between
ingesting capsaicin and a decrease in weight regain. Capsaicin is said to cause
a shift in substrate oxidation from carbohydrate to fat oxidation [142] which leads
to a decrease in appetite as well as a decrease in food intake. Both oral and
gastrointestinal exposure to capsaicin increase satiety and reduce energy as well
as fat intake [143]. Oral exposure proves to yield stronger reduction suggesting that
capsaicin has sensory effects. Short-term studies suggest that capsaicin aids in the
decrease of weight regain. However, long-term studies are limited because of the
pungency of capsaicin [144]. Another recent study has suggested that the ingestion
of capsaicinoids can increase levels of brown adipose tissue through an increase in
energy expenditure and oxidation caused by the capsaicin [145]. In yet another
recent study, the beneficial effects of dietary tender cluster beans (Cyamopsis
tetragonoloba) in checking the weight gain and adverse changes in lipid profile
in high-fat-fed condition were potentiated by co-administration of capsaicin in
rats [146].

2.2.9 Antiulcer Activity
In recent years, infection of the stomach with Helicobacter pylori which disrupts
the normal inhibitory control for acid secretion resulting in excess acid destroying
the mucosal barrier has been understood to be the main cause of gastric ulcers
[147]. Excessive acid secretion in the stomach and reduction in gastric mucosal
blood flow are considered responsible for ulcer formation. The colonization of H.
pylori in the stomach is associated with a phospholipase likely to damage the
protective layer of stomach. H. pylori thrives in the stomach by producing the
enzyme urease.
In view of its irritant and likely acid-secreting nature, persons with ulcers were being
advised to avoid consumption of red pepper (chili). However, recent studies have
revealed that capsaicin of red pepper is not the cause for ulcer formation but
a benefactor. Numerous studies suggest that eating hot peppers regularly is protective
against stomach cancer [148]. Detailed studies have revealed that capsaicin per se does
not stimulate but inhibits acid secretion, stimulates alkali and mucus secretions and
gastric mucosal blood flow which help in disposing of acid from the stomach, thus
prevention and healing of ulcers [149]. Capsaicin acts by stimulating afferent neurons
in the stomach and signals for protection against injury causing agents. An epidemiological study has found three times higher peptic ulcer incidence among Chinese
population in Singapore as compared to Malaysians and Indians who are in the habit
of consuming more pungent chili in their daily diets [150].
Interestingly, capsaicin has been found to specifically inhibit the growth of H.
pylori. Capsaicin inhibits also the release of gastrin and stimulates that of somatostatin, the physiological inhibitor of acid secretion. It is also a potent inhibitor of
NF-kB whose activation may lead to various pathological conditions and reactive
oxygen species. Phosphodiesterase inhibitors are powerful vasodilatory agents and
their likely increase of cAMP levels has an antiulcer effect. Capsaicin is
a phosphodiesterase inhibitor and may exert its protective effect in this way besides
its stimulation of gastric mucosal blood flow. Numerous studies have substantiated
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the protective role of capsaicin. Seminal to these studies is the discovery about the
selective sensitization and desensitization of unmyelinated neurons by capsaicin
[151]. Reactive oxygen species are known to be involved in the pathogenesis of
gastritis, gastric ulcers, and gastric cancer. Capsaicin has proved to be an antioxidant protecting cellular membranes, cardiac and skeletal muscles, etc., against
reactive oxygen species. Capsaicin inhibited lipid peroxidation induced by ethanol
in the gastric mucosa [152].

2.2.10 Capsaicin in Pain Relief
Capsaicin has received considerable attention as a pain reliever. In two trials with
70 and 21 patients with osteoarthritis and rheumatoid arthritis, topical application
of creams containing 0.025 % or 0.075 % capsaicin was an effective and safe
alternative to analgesics employed in systemic medications which are often associated with potential side effects [153, 154]. Capsaicin has also been suggested for
the initial management of neuralgia consequent to herpes infection [155].
Capsaicin has been shown to be useful in diabetic neuropathy. In a study
involving 219 patients, topical application of 0.075 % capsaicin cream was effective in pain management [156]. Capsaicin is currently used in topical ointments, as
well as a high-dose dermal patch (under the trade name Qutenza), to relieve the pain
of peripheral neuropathy such as post-herpetic neuralgia caused by shingles [157].
It may be used in concentrations of between 0.025 % and 0.075 % as a cream for the
temporary relief of minor aches and pains of muscles and joints associated with
arthritis, simple backache, strains, and sprains, often in combination with other
rubefacients [157]. Capsaicin creams are used to treat psoriasis as an effective way
to reduce itching and inflammation [158, 159]. Capsaicin is also the key ingredient
in the experimental drug Adlea, which is in Phase 2 trials as a long-acting analgesic
to treat postsurgical and osteoarthritis pain [157]. Moreover, it reduces pain resulted
from rheumatoid arthritis [160] as well as joint or muscle pain from fibromyalgia.
2.2.11 Beneficial Influences on Gastrointestinal System
Beneficial Modulation of Small Intestinal Ultrastructure
The beneficial influence of dietary capsaicin has been examined in experimental
rats with respect to (i) the membrane fluidity of intestinal brush-border membranes
(BBM), (ii) the activity of intestinal membrane-bound enzymes, and (iii) the
ultrastructural alterations in the intestinal epithelium [46]. In this study, Wistar
rats were maintained on dietary red pepper (3·0 %) and its bioactive compound
capsaicin (0·01 %) for 8 weeks. A membrane fluidity study using an apolar
fluorescent probe showed increased BBM fluidity in the spice-fed or capsaicinfed animals. This was corroborated by decreased cholesterol: phospholipid ratio in
the jejunal and ileal regions of the intestine. These dietary spices stimulated the
activities of BBM enzymes (glycyl-glycine dipeptidase, leucine amino peptidase,
and g-glutamyl transpeptidase) in the jejunal mucosa, suggesting a modulation in
membrane dynamics due to the apolar spice bioactive compound interacting with
surrounding lipids and hydrophobic portions in the protein vicinity, which may
decrease the tendency of membrane lipids to act as steric constraints to enzyme
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proteins and thus modify enzyme conformation. Scanning electronic microscopy of
the intestinal villi in these spice treatments revealed alterations in the ultrastructure,
especially an increase in microvilli length which would mean a beneficial increase
in the absorptive surface of the small intestine, providing for an increased bioavailability of micronutrients. Thus, dietary red pepper or capsaicin was evidenced to
induce alterations in BBM fluidity and passive permeability property, associated
with the induction of an increased microvilli length, resulting in an increased
absorptive surface of the small intestine.
Digestive Stimulant Action
The digestive stimulant action of spices is probably exerted through stimulation of the
liver to produce and secrete bile rich in bile acids, which play a very important role in
fat digestion and absorption. Capsaicin has been examined for its effect on bile
secretion in rats, after dietary intake for a period of time or as a one-time oral intake
[116]. The hypocholesterolemic spice compound capsaicin stimulated bile acid
production by the liver and its secretion into bile. The influence of dietary intake
and single-dose administration of capsaicin on the pancreatic digestive enzymes and
the terminal digestive enzymes of the small intestinal mucosa has been reported
[32, 33]. Dietary intake of capsaicin stimulated pancreatic lipase activity significantly. In contrast to the continued intake, single oral dose consumption of capsaicin
failed to exert a stimulatory effect on pancreatic lipase. Pancreatic amylase activity
was elevated by dietary capsaicin (72 %) as well as single-dose administration of
capsaicin. Capsaicin when incorporated in the diet, stimulated trypsin activity by over
100 %. Chymotrypsin was also significantly higher in animals fed capsaicin. Similar
influence of the spice compound on the activity of proteases was not evident when
administered as a single oral dose. Capsaicin prominently enhanced the activity of
intestinal lipase. The stimulation of this enzyme activity was more than 100 % of the
control in spice principle-treated group. Similarly, dietary capsaicin significantly
increased the activity of intestinal amylase. Dietary capsaicin moderately stimulated
the activities of intestinal disaccharidases.
Based on the evidences from animal studies, the well-recognized digestive
stimulant action of red pepper or its active compound capsaicin may be considered
to be mediated through two possible modes: (1) stimulation of the liver to secrete
more bile enriched in bile acids and (2) stimulation of enzyme activities that
participate in digestion, both of pancreatic and intestinal origin. Such stimulation
of bile secretion and of the activities of digestive enzymes leads to an accelerated
overall digestive process, resulting in a significant reduction in the duration of
passage of food through the gastrointestinal tract [35].
Since capsaicin is known to stimulate secretion of bile with higher amount of
bile acids which play a major role in digestion and absorption of dietary lipids,
capsaicin has been studied to verify if it enables efficient digestion and absorption
during high-fat intake [34]. In this context, dietary capsaicin (0.015 %) has been
examined for its influence on bile secretion, digestive enzymes of pancreas, and
absorption of dietary fat in high-fat (30 %)-fed rats for 8 weeks. Dietary capsaicin
enhanced the activity of pancreatic lipase, amylase, trypsin, and chymotrypsin and
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enhanced dietary fat absorption. It also increased bile secretion with higher bile acid
content. Stimulation of lipid mobilization from adipose tissue was suggested by the
decrease in perirenal adipose tissue weight by dietary capsaicin. This was also
accompanied by prevention of the accumulation of triglyceride in liver and serum
in high-fat-fed rats. Activities of key lipogenic enzymes in liver were reduced
which was accompanied by an increased activity of hormone-sensitive lipase.
Thus, dietary capsaicin enhances fat digestion and absorption in high-fat-fed
situation through enhanced secretion of bile salts and a stimulation of the activity
pancreatic lipase. At the same time, the energy expenditure is facilitated by this
spice compound to prevent the accumulation of absorbed fat.
Enhanced Absorption of Micronutrients
Since dietary pungent spices may alter the ultrastructure and permeability characteristics of intestines, capsaicin has been examined for a possible influence on
intestinal absorption of iron, zinc, and calcium by examining their uptake by the
intestines from rats pre-fed spice compound for 8 weeks [47]. Everted segments of
duodenum, jejunum, and ileum portions of small intestines isolated from these rats
were examined for ex vivo uptake of iron, zinc, and calcium from incubations
containing digesta of finger millet. Higher in vitro absorption of iron, zinc, and
calcium in the intestines was evidenced in capsaicin-fed animals. The positive
influence of dietary capsaicin on the mineral uptake by the intestinal segments
was highest for calcium. The positive influence of dietary capsaicin was more
pronounced on zinc uptake as compared to that of iron. These pungent spices
alter permeation characteristics presumably by increasing absorptive surface and
thereby enhance intestinal absorption of micronutrients.
Dietary red pepper and capsaicin which alter the ultrastructure and permeability
characteristics of intestines are also reported to favorably enhance the intestinal
uptake of b-carotene in vitro [48]. In an animal study conducted to evaluate the
influence of dietary spice compounds on the absorption of orally administered
b-carotene and its conversion to vitamin A, hepatic b-carotene was significantly
increased in capsaicin-fed rats suggesting improved absorption of b-carotene [49].
Retinol concentration was not however changed in these animals suggesting that
bioconversion of b-carotene to vitamin A was not similarly influenced. Among the
two enzymes involved in the bioconversion of b-carotene to vitamin A, activity of
intestinal and hepatic b-carotene-15,150 -dioxygenase was lowered in capsaicin
treatment, while the activity of intestinal and hepatic retinal reductase was unaffected. Activity of intestinal and hepatic b-carotene-15,150 -dioxygenase was also
inhibited by capsaicin in vitro, thus corroborating with in vivo observation.

2.3

Mechanism of Burning and Painful Sensation of Capsaicin

Capsaicin causes a burning sensation when it comes in contact with mucous
membranes. The burning and painful sensations associated with capsaicin result
from its chemical interaction with sensory neurons. Capsaicin, as a member of the
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vanilloid family, binds to a vanilloid receptor (TRPV1) [161], an ion channel-type
receptor that resides on the membranes of pain and heat sensing neurons [162].
VR1, which can also be stimulated with heat and physical abrasion, permits cations
to pass through the cell membrane and into the cell when activated. The resulting
depolarization of the neuron stimulates it to signal the brain. By binding to the VR1
receptor, capsaicin produces the same sensation that excessive heat or abrasive
damage would cause.
The TRPV1 ion channel has been shown to be a member of the super family of
TRP ion channels. There are a number of different TRP ion channels that have been
shown to be sensitive to different ranges of temperature. Thus, capsaicin does not
actually cause a chemical burn, or indeed any direct tissue damage at all, consequent to exposure to chili peppers. The inflammation resulting from exposure to
capsaicin is believed to be the result of the body’s reaction to nerve excitement.
TRPV1 is a heat-activated calcium channel, which opens between 37  C and 45  C.
When capsaicin binds to TRPV1, it causes the channel to open at temperature below
37  C (normal human body temperature), which is why capsaicin is linked to the
sensation of heat. Prolonged activation of these neurons by capsaicin depletes
presynaptic substance P, one of the body’s neurotransmitters for pain and heat.
Neurons that do not contain TRPV1 are unaffected. Thus, capsaicin mimics
a burning sensation, the nerves being overwhelmed by the influx. Capsaicin will
be unable to evoke pain for an extended period of time since with chronic exposure,
neurons are depleted of neurotransmitters, leading to reduction in sensation of pain
and blockade of neurogenic inflammation. If capsaicin is removed, the neurons
recover [163, 164]. The mode of action of capsaicin in inducing bronchoconstriction is thought to involve stimulation of C fiber culminating in the release of
neuropeptides [165]. Essentially, the body inflames tissues as if it has undergone
a burn or abrasion, and the resulting inflammation can cause tissue damage in cases
of extreme exposure.

2.4

Absorption and Metabolism of Capsaicin

Capsaicin fed to rats was rapidly absorbed from the stomach, with 85 % of a 3-mg
dose absorbed within 3 h [166]. Doses of 5.12 mg/mouse/week led to maximum
plasma concentrations of 51.5 ng/mL and 84.8 ng/mL in male and female mice,
respectively [167]. Little absorption of capsaicin also occurs across the skin. When
0.8 g of gel containing 0.075 % of capsaicin was applied to the skin of human
volunteers, the average absorbed dose after 8 h of exposure was 22.7 mg/cm2 [168].
Topical application of pure capsaicin to the skin of mice resulted in peak plasma
concentrations occurring 4–12 h later, and capsaicin was detectable in the blood
24 h after dosing [167].
Rats injected intravenously accumulated capsaicin primarily in the brain and
spinal cord 3 min after dosing, with lower levels found in the liver and blood, while
10 min after dosing, the greatest concentrations remained in the spinal cord [169].
Subcutaneously injected capsaicin was detected in all tissues of rat 10 min
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Fig. 45.4 Summary of the diverse physiological effects of capsaicin

following dosing, but residues were undetectable in any tissues 17 h later. Blood
concentrations peaked 5 h following dosing, and brain and spinal cord tissue
concentrations were somewhat lower. Kidneys contained the greatest concentrations and liver concentrations were low presumably due to metabolic breakdown of
the capsaicin [169]. Tissue distribution and elimination of capsaicin has been
examined following its oral intake (30 mg capsaicin/kg body weight) in rats [26].
Maximum distribution of 24.4 % of administered capsaicin was seen at 1 h, while
no intact capsaicin was detectable after 4 days. Absorption of capsaicin was about
94 % and very rapid.
Metabolism of capsaicin occurs primarily in the liver in the rat [170, 171].
Although the same metabolites were produced, the relative amounts of each
metabolite were species dependent. Metabolism of capsaicin by P450 enzymes
may follow a number of pathways and produce a variety of metabolites, some of
which may be associated with increased toxicity [172]. Less than 10 % of an oral
dose of capsaicin given to rats was excreted unchanged 48 h after dosing [166].

2.5

Conclusions

The pungent principle of red pepper (hot chili) capsaicin is endowed with several
biological activities which are of pharmacological relevance. These include thermogenic influence, effects on gastrointestinal system, cardioprotective influence,
anti-lithogenic effect, and anti-inflammatory and pain-relieving effect.
The involvement of neuropeptide substance P, serotonin, and somatostatin in the
pharmacological actions of capsaicin has been extensively investigated. Tropical
application of capsaicin has been proved to alleviate pain in arthritis, postoperative
neuralgia, diabetic neuropathy, psoriasis, etc. Contrary to the general belief,
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capsaicin inhibits acid secretion, stimulates alkali and mucus secretion, and stimulates gastric mucosal blood flow, all of which help in prevention and healing of
gastric ulcers. Antioxidant and anti-inflammatory properties of capsaicin are
established in a number of in vitro and in vivo studies. Chemopreventive potential
of capsaicin has been evidenced in a few animal and cell line studies. The
hypocholesterolemic influence of capsaicin has additional implications in the
prevention of cholesterol gallstone disease and protection of the structural integrity
of erythrocytes under conditions of hypercholesterolemia. Beneficial influences of
capsaicin on gastrointestinal system include digestive stimulant action and modulation of small intestinal ultrastructure so as to enhance permeability to
micronutrients (Fig. 45.4).
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