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Abstract

Black pepper (Piper nigrum (L.), Family: Piperaceae) which is considered as the king of spices is well known for its pungent
odour and has gained a global consideration. Traditional uses of pepper include the treatment of piles, worms, diarrhoea,
intermittent fever, cough, cold, dyspnea, and throat conditions. The bioactive components of pepper like pungent alkaloid
piperine as well as its essential oil possess numerous pharmacological properties, including hypolipidemic, antibacterial,
neuroprotective, anticancer, anticonvulsant, analgesic, with anti-inflammatory effects and so on. This review focuses on
the research that has been carried out on black pepper’s chemical content, recent advancements in chemistry and its

pharmacological effects.

Keywords: Black Pepper, Piperine, Pharmacological Activity

1. Introduction

Black pepper, with the botanical name Piper nigrum
L., is commonly referred to as the “King of Spices”.
Black pepper, despite its use in enhancing taste and
unique flavour, has undergone extensive investigation
for its biological characteristics and bioactive plant
components. In the past, P nigrum was utilized in
India for treating throat, nasal, and stomach problems.
Additionally, it was discovered that P. nigrum and its
bioactive components, like piperine, possess significant
pharmacological traits. However, the plant also contains
other bioactive substances, including piperine, piperic
acid, piperlonguminine, piperamide, piperolein B, and
(-)-kusunokinin. Given its status as the king of spices, it
also has strong nutraceutical and medicinal uses with its
pharmacological properties, including hypolipidemic,
antibacterial, neuroprotective, antioxidant, anticancer,
anticonvulsant, hypoglycaemic,
anti-inflammatory effects. This review deals with
the pharmacological properties of piperine and its
biological activities'.
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1.1 Anti-microbial Activity of Piperine

Piperine in pepper has antimicrobial properties due to
the phenolic compounds which help in inhibiting the
growth of S. aureus, Salmonella typhimurium, Bacillus,
and E. coli’. The accumulation of pyruvic acid and the
reduction of ATP proved that chloroform extracts of
black pepper can change cell membrane permeability,
destroy bacterial respiratory metabolism, and ultimately
lead to pyknosis and death. Although the antibacterial
mechanism of pepper is unknown, there are several
experimental results which provide an approach for
utilizing pepper as a safe natural antimicrobial agent
with applications in the food industry’.

1.2 Pharmacokinetic Activity of
Black Pepper

The pharmacokinetic of Piperine, a
bioavailability booster in the clinical setting, has big
effects on the way metabolic enzymes work in the
liver and intestine. These effects can change depending
on the dose, method of administration, and species.
Piperine taken by mouth may have a significant effect
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Figure 1. Chemical structure of Piperine.

on pharmacokinetic drug-food interactions with both
natural and man-made drugs. As one of the most
potentialbioavailabilityenhancers, piperinemayprovide
a therapeutic benefit to improve the pharmacokinetics
of poorly bioavailable drugs. Piperine taken by mouth
may have a significant effect on pharmacokinetic drug-
food interactions with both natural and man-made
drugs. As one of the most potential bioavailability
enhancers, piperine may provide a therapeutic benefit
to improve the pharmacokinetics of poorly bioavailable
drugs.

1.3 Hepatic Biotransformation

The effect of black pepper the hepatic
biotransformation system has been studied in mice for
10 and 20 days by giving 0.5, 1 and 2% dosages of black
pepper. It was identified that glutathione S-transferase
and sulthydryl levels went up in a dose-dependent
way in mice fed black pepper-containing diets for 10
days, except for a 0.5% black pepper diet. Cytochrome
b5 and cytochrome P450 levels were also significantly
and dose-dependently raised. As a possible way to get
the body’s detoxification system going, black pepper
has been mentioned as a possible way to stop chemical
carcinogenesis. Several studies have looked at how
black pepper or piperine affects the digestive enzymes
in the liver and intestines. This suggests that there could
be food-drug interactions with prescription drugs
through changes in biotransformation pathways".

on

1.4 Antioxidant Activity of Piperine
Essential Oils

The essential oil or extract of black pepper displays
various pharmacological activities. Essential oils are
made up of different organic compounds that have
conjugated carbon double bonds and hydroxyl groups,
which can give hydrogen to stop free radicals and
reduce oxidative stress it was found that flavonoids,
phenols and piperine are important for the antioxidant
properties in black pepper. The antioxidant activities of
pepper were mainly due to catechin, rutin, epicatechin,
and resveratrol. However, other compounds like
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ascorbic acid could also contribute to the antioxidant
activity”.

1.5 Tobacco Withdrawal

Small clinical studies suggest that the essential oil of
black pepper may help in treating nicotine withdrawal
and cravings. The exact reason how it acts, is not
known. Researchers proved that inhaling combusted
black pepper may have helped in tobacco withdrawal
and cravings by reducing the automatic motor desire to
smoke, calming the anxiety that comes with withdrawal,
and giving the same sensorimotor experience as
smoking tobacco cigarettes. The vaporized black pepper
essential oil may be an effective way to help individuals
quit smoking even though black pepper that has been
burned is probably not appealing outside®.

1.6 Metabolic Action of Piperine on
Mitochondria

Piperine has been found to exhibit inhibitory effects
on various enzymatic processes involved in the
biotransformation of drugs, which play a crucial role
in both the creation of energy in mitochondria and the
metabolism of toxins. Studies have provided evidence
for the suppression of bioenergetic processes, such
as ATPase activity, oxidative phosphorylation, and
calcium transport, in isolated rat liver mitochondria
with the application of piperine in an in vitro setting.
The observed effects are associated with concentration,
exhibit specificity to sites, and impact the functioning
of mitochondria. The inhibitory half-life (I50) values
of piperine on oxidative phosphorylation were
determined to be 22, 12 mcg and 1mg of mitochondrial
protein in the presence of glutamate, malate, and
succinate, respectively. Thus, it indicates that piperine
can hinder mitochondrial oxidative phosphorylation,
bioenergetics, and enzymes involved in energy
metabolism’.

1.7 Anti-inflammatory and Anti-nociceptive
Effects

Balb/C mice exhibited pronounced anti-inflammatory
and anti-nociceptive properties after the administration
of black pepper essential oil via intraperitoneal
injection over a consecutive period of five days. The
extracts of P. nigrum exhibited inhibitory effects on the
generation of pro-inflammatory nuclear factor (NF-B),
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cyclooxygenase-1 (COX-1), and cyclooxygenase-2
(COX-2), as well as the proliferation of tumour cells.
The administration of P. nigrum essential oil through
inhalation for 15 minutes was found to exhibit
analgesic properties®. Ethanolic extract of Piper nigrum
novels amide alkaloids such as pipernigramides,
pipernigrester, and seven other compounds are
extracted, which shows anti-inflammatory properties
in the carrageenan-induced paw oedema test’.

1.8 Nutritional and Biomedical Properties

Piperine essential oils of black pepper and ginger in
combination have extensively been reported for their
nutritional and biomedical properties. Bacillus cereus,
Salmonella typhimurium, S. aureus and E. coli growth
were strongly suppressed by piperine and they also act
as promising substitutes for food packaging materials
and bandages'".

1.9 Cholesterol-lowering Activity

Piperine has been utilized to potentially mediate these
effects due to its observed ability to decrease blood lipids
in living organisms and inhibit cholesterol absorption
in laboratory settings. The experiment revealed that
the uptake of cholesterol into CaCo-2 cells exhibited a
reduction that was dependent on the dosage of piperine
and black pepper extract. Notably, both substances
contained an equivalent amount of piperine. The study
utilized differentiated CaCo-2 cells to investigate the
impact of black pepper extract and piperine on the
absorption of cholesterol in the intestinal lumen. This
finding demonstrates that piperine exerts an influence
on the process of cholesterol metabolism®!.

2. Combined Effects of Piperine

2.1 Iron and Piperine

The potential of piperine to enhance bioavailability
could potentially facilitate the absorption of iron by the
human body. Research conducted on the iron content
of black pepper has demonstrated advantageous effects
on markers related to iron metabolism, without any
observed adverse reactions'”.

2.2 Curcumin and Piperine

Both curcumin and piperine work in a synergistic
way. The combination of piperine and curcumin (in
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a 1:1 ED50 ratio) resulted in a synergistic interaction,
as seen by the significantly lower experimental ED50
values compared to the theoretical ED50 values. This
effect was observed in the formalin, tail-flick, and cold
plate tests. The combination of curcumin and piperine
exhibits significant synergistic antinociceptive benefits
in mice models, while also lacking any discernible
detrimental effects on the central nervous system'”.
The potential impact of co-supplementation with
curcumin and piperine on the severity, duration,
and clinical manifestations of coronavirus illness
(COVID-19), as well as on inflammatory mediators in
affected patients. Experimental trial of a randomized,
placebo-controlled, double-blind, and parallel-arm
design encompass the efficacy of co-supplementation
with  curcumin-piperine  about the
manifestations, duration, intensity, and inflammatory
mediators associated with coronavirus disease, as
observed over two weeks'*. Combining curcumin and
piperine can considerably increase its effects, avoiding
the formation of gallbladder stones, and lowering blood
lipid and cholesterol bile saturation. The bioavailability
of curcumin can be increased by piperine, which will
elevate curcumin’s effectiveness'”. Dietary bioactive
compounds that possess the potential to improve
metabolic profiles would be highly beneficial for
those who are overweight and following a Calorie
Restriction (CR) plan. It includes the regulation of
body fat, metabolism, and low-grade inflammation
encompassing curcumin (Cur), a promising chemical
compound with possible anti-obesity properties,
and piperine, a plausible enhancer of curcumin’s
bioavailability and effectiveness. There is a potential
for the acceleration of fat reduction and reduction of
inflammation induced by a High-Fat Diet (HFD) in
mice subjected to caloric restriction by the addition of
curcumin + piperine. The concomitant administration
of such drugs may potentially enhance the efficacy of
CR in mitigating the onset of metabolic syndrome'®.

clinical

3. Cardioactive Effects

The primary terpene of black pepper, such as humulene,
caryophyllene, limonene, pinene, and sabinene, have
demonstrated cardioprotective properties using anti-
inflammatory, antioxidant, anti-hypertensive, and
anti-atherosclerotic mechanisms. These terpenes are
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present in PhytoCann BP. To address the prevalence
of cardiovascular diseases, researchers are currently
exploring natural interventions aimed at reducing
risk factors associated with cardiovascular disease'’.
Alterations in the architecture and functionality of
the vascular wall coincide with an elevation in blood
pressure. Piperine showed the ability to reduce the
myofibril content while moderately increasing actin
levels. Additionally, curcumin effectively prevented the
depletion of elastin. The effects of the mixture of spices
on aorta morphology were found to be like those of
curcumin. Piperine can modify the remodelling process
of the aorta’s wall that is induced by hypertension and
curcumin therapy is more effective in preventing the
adverse changes in blood vessel structure that are
commonly observed in individuals with hypertension'®.

Gemfibrozil is an antihyperlipidemic drug that
is primarily used for lowering high Triglyceride and
cholesterol content. Gemfibrozil also has a strong
ability to increase levels of high-density lipoprotein.
The half-life of this medicine is around 2 hours, and
an increase in dosage has been observed to result in
liver damage. Piperine is a pharmacological agent that
possesses the ability to enhance the bioavailability
of co-administered medicinal compounds, without
changing the inherent characteristics and therapeutic
effects. Piperine as a bio-enhancer was employed
to augment the bioavailability of gemfibrozil and
mitigate its potential adverse effects, hence enhancing
its efficacy. The concurrent administration of piperine
and gemfibrozil was conducted on rats to evaluate
the antihyperlipidemic effects in the context of a
high-fat diet. The results indicated that the combined
administration of gemfibrozil and piperine had a
significantly enhanced efficacy in normalizing elevated
levels of triglycerides and cholesterol, compared to
their administration'.

4. Myocardial Infarction

The treatment of Myocardial Infarction/Ischemia
(MI) involves the use of many pharmacological
therapeutic strategies. However, the effectiveness of
these treatments is hindered by their toxicity and
lack of selectivity in their pharmacological effects. In
this work, the protective effects of piperine against
Myocardial Infarction (MI) induced by isoproterenol
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(ISO) were demonstrated. In this study, rats were
employed as experimental subjects to simulate
isoproterenol (ISO)-induced myocardial ischemia.
The efficacy of piperine in preventing this condition
was evaluated by modulating mitochondrial activity.
The results indicate that the administration of piperine
before treatment prevents the alterations generated
by ISO in the antioxidant status of mitochondria,
as well as in the Krebs cycle and the activity of
Mitochondrial Respiratory Chain Enzymes (MRCEs).
The experimental group that received pretreatment
with piperine before injection with ISO exhibited a
significant decrease in the structural changes induced
by ISO in the mitochondria of the heart. It shows that
piperine could be used as a nutritional intervention
against ISO-induced myocardial ischemia®.

The impact of black pepper on blood pressure in a
rat model was studied and it was found that piperine
found in black pepper, has the potential to generate
a notable reduction in blood pressure in rats with
normal blood pressure levels. During the study, Wistar
rats were subjected to several treatments including the
administration of clear water, L-NAME, and piperine in
maize oil. The rats were orally gavaged with L-NAME
(LP) or without it (P) for Piperine for 6 weeks. Piperine
exhibited a reduction in the elevation of blood pressure
starting from the third week of therapy. Additionally, it
shows an impact on the production of elastin as well as
the percentage and absolute content of PTAH-positive
myofibrils. The administration of piperine through
oral means has demonstrated the ability to partially
mitigate the rise in blood pressure resulting from the
chronic administration of L-NAME?'.

5. Piperine for Atherosclerosis and
Aortic Inflammation

The effects of Piperine on the proliferation and
migration of vascular smooth muscle cells triggered by
platelet-derived growth factors were assessed by various
experimental techniques and were observed to be
significant. This was achieved through the upregulation
of p27kip1 expression, modulation of mRNA expression
of cell cycle enzymes (cyclin D, cyclin E, and PCNA),
and reduction in the phosphorylation of extracellular
signal-regulated kinase (ERK)1/2. Notably, these
effects were observed within a concentration range of
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30-100 uM, without inducing cytotoxicity. Piperine in
a specific concentration and dose-dependent inhibits
cell proliferation and decreases cell migrations and
production of Reactive Oxygen Species (ROS) by
inducing cell cycle arrest. On behalf of these findings,
piperine can be used for treating vascular-related
disorders and diseases’”.

Atherosclerosis, a
by immunoinflammatory processes, is

characterized
widely
acknowledged asaleading contributor to cardiovascular
and peripheral artery disorders, significantly
impacting global death rates””. Curcumin, a highly
strong polyphenol found in the plant Curcuma longa,
has demonstrated significant efficacy in combating
atherosclerosis through its anti-inflammatory and anti-
oxidative characteristics. Because of the low solubility
and bioavailability, the clinical translational applications
of curcumin are limited’*. Bioperine, a bioactive
component of piperine can be co-administered along
with curcumin in polymeric nano drug formulation
which induces rapid absorption and elevates curcumin’s
bioavailability since it is used as a potent bioenhancer,
it will easily target the atherosclerotic plaque site and
decrease the foam cell formation™.

The circulatory system assumes a vital part in
the regulation and sustenance of several biological
processes. Vascular injury is responsible for the
development of various aortic pathologies, including
atherosclerosis, aortic dissection, and aneurysm.
Sudden deaths can be attributed to various aortic
illnesses, underscoring the importance of timely
diagnosis and proper management in those afflicted
with aortic diseases™.

Aortic malfunctioning is mostly due to smoking
which
B-caryophyllene, a natural bioactive terpene, present in
essential oil, is obtained from Black pepper and several
other spices”. The act of smoking is a significant
risk factor for the development of vascular illnesses.
According to reports, BCP has strong pharmacological
properties in mice and rats by effectively reducing
nicotine reward and nicotine addiction, while without
inducing any sedative effects. B-caryophyllene effects
on nicotine-induced degeneration of the aortic wall
were studied with mice and cultured aorta wall, in
which group of mice inhaled B-caryophyllene showed
a decrease in nicotine-induced aortic wall degeneration

condition

causes chronic aortic inflammation®’.
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and cultured aorta, the effect is inhibited by blocking
the CB2 receptor dependant pathway™.

5.1 Anti-tumour Activity

Extracts of black pepper having a high mitotic index,
high rate of metastasis, poor prognosis, and triple-
negative breast cancer have gained attention, and
essential oils of black pepper show good Anti-cancer
activity. Due to its poor stability, nanoparticles
containing black pepper essential oil were created
using nanoprecipitation, employing Eudragit L100 as
the carrier, which inhibited the expression of cancer
cell lines™.

5.2 Osteosarcoma (Bone Cancer)

Survival of patients with metastasis has been stabilized,
with a broad-spectrum medication doxorubicin, which
shows a restricted therapeutic window because of its
cardiotoxicity. Piperine can cause the death of some
cancer cells, and it increases the chemosensitivity
of doxorubicin. Combined therapy of piperine and
doxorubicin has reduced tumour growth and cell
proliferation which is proved by in vivo and in vitro
studies’.

5.3 Mesothelioma Cancer

A combination of curcumin-C3 complex and bioperine
(A bioactive form of piperine) has shown significant
effects in in vitro studies as it inhibits the mesothelioma
cells forming tumour growth by limiting cell motility,
proliferative cell rate, and self-renewal, and also slows
tumour growth in a xenograft mice model by decreasing
angiogenesis and boosting apoptosis™.

5.4 Stomach Carcinogen

Helicobacter pylori is designated as a stomach
carcinogen. The effects of piperine on H. pylori
adhesion and growth were studied by using the
broth macro dilution method and the urease assay
to confirm adherence to gastric cancer cells, it was
possible to measure the amount of H. pylori growth
inhibition. The motility test by motility agar beside
piperine administration was evaluated by RT-PCR
and immunoblotting. Piperine on administration
in dose dependant has reduced adhesion to gastric
adenocarcinoma cells and inhibition was statistically
significant by student T-test™.
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5.5 Anti-cancer Activity of Natural
Piperine Derivatives

Two series of piperine-derived amides and ureas
have been synthesized, utilizing the native piperine
molecule, with potential applications as anti-cancer
agents. The anti-cancer efficacy was assessed against
ovarian A2780CP, Triple-Negative Breast Cancer
(TNBC) MDA-MB-231, and HepG2 cancer cell lines
derived from the liver. These actions have undergone
clinical evaluation and have been demonstrated to
show that modifying natural piperine can potentially
have significant anti-cancer effects’. Due to its ability
to induce cell cycle arrest, promote autophagy and
apoptosis, and disrupt redox homeostasis, piperine
has a high potential for chemopreventive effects.
An alkaloid derivative of piperine has a direct and
indirect impact on tumour cell survival and inhibits
normal cells. Piperine has a good therapeutic index for
administering anti-cancer medications.

5.6 Anti-malarial Activity

The antimalarial efficacy of piperine is considered
limited but the concurrent administration of piperine
and curcumin demonstrated in vivo antimalarial activity
in a mouse model infected with Plasmodium chabaudi
has shown moderate activity when administered
orally. Piperine, administered concurrently at a lesser
dose for the same duration, was found to enhance
the bioavailability of curcumin, hence augmenting its

antimalarial activity” >

6. Piperine on Neuroprotective Activity

Neurological illnesses have a significant impact on
about one billion individuals globally, with advancing
age being a prominent risk factor. The current age-
related neurological disorders medications just relieve
symptoms by altering neurotransmission’®**. Natural
products have efficiently evolved in treating age-related
neurological disorders with multiple medicinal values
and with a multi-targeted approach®’. Piperine owing
to its chemical composition, is an effective drug in
treating neurological disorders which will enhance
efficacy, solubility, and bioavailability along with
neuroprotective properties, proving vital in animal
modules and clinical trials**. Black pepper contains
pungent alkaloids like piperine, piperlonguminine,
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piperazine, piperocaine, pipercallosine, guineensine,
dehydropipernonaline, retrofractamide A and B,
carbamide, piperazine, etc., amide alkaloids, and
alkamides like pellitorine, piperettyline, piperidine,
and feruperine that protects the brain®.

6.1 Activity on Alzheimer’s Disease

Alzheimer’s disease resulted due to the alteration in
neural region® on treatment with black-pepper fruit
extractata concentration of 35 ug/mL has demonstrated
the ability to decrease the levels of phosphorylated
forms of pro-apoptotic proteins. Pepper extract
inhibits the working of acetylcholinesterase (AChE)
and the aggregation of amyloid-beta (Af) in SH-
SY5Y cells produced by hydrogen peroxide (H,0,,".
In AlICl;-induced AD rats, supplementation by black
pepper orally reduced amyloidal plaque development
and cholinesterase levels and improved memory
performance®.

6.2 Activity on Parkinson’s Disease

Parkinson’s Disease (PD) primarily arises from the
progressive degeneration of dopaminergic neurons and
is closelylinked to the development of motor deficits and
cognitive decline in individuals*. The findings from the
in vitro experiments indicate that the administration of
piperine promotes the survival of cells and mitigates
their toxicity. Furthermore, administration of the
therapy demonstrated a protective effect on SK-N-
SH cells that were experiencing impaired autophagy
flux because of the expression of SNCA, through the
activation of the purinergic receptor P2X 4 (P2RX4).
The observed protective benefits were achieved by
promoting autophagy flux through the enhancement

of autophagosome-lysosome membrane fusion™.

6.3 Activity on Huntington’s Disease (HD)

HD is a complicated neurodegenerative disorder caused
by striatal neuron degeneration that causes motor
function impairment and mental irregularity”'. The
occurrence of HD may be instigated by oxidative stress
and mitochondrial malfunction since they give rise to
the generation of ROS. These ROS can induce protein
misfolding, subsequently resulting in the aggregation
of inclusion bodies that impede neurotransmission™.
The protective effects of piperine were observed in rats
treated with 3-nitro propionic acid (3-NP) and piperine
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demonstrated its protective action by restoring the
levels of 5-HT (5-hydroxytryptamine), improving
neurobehavioral performance as assessed by various
tests like grip strength, narrow-beam walk, rotarod,
gait analysis and elevated plus maze test. Additionally,
piperine enhanced the activity of Monoamine Oxidase
(MAO) and reduced neuron degeneration in the striatal
tissue of the rats. Additionally, there have been reports
indicating that the administration of piperine results in
aconsiderable decrease in Glial Fibrillary Acidic Protein
(GFAP) staining. This treatment also serves to protect
against neuronal malfunction and mortality in animals
subjected to toxin-induced insults™. A combination of
curcumin with piperine with defined doses can be used
to treat Huntington’s disease by reducing the effects
caused by quinolinic acid moiety™*.

6.4 Activity on Multiple Sclerosis

Multiple Sclerosis (MS) stands as the prevailing
chronic immune-mediated neurodegenerative
disorder of the Central Nervous System (CNS)™. Rats
were subjected to immunization using a suspension
consisting of guinea-pig spinal cord homogenized
in complete Freund’s adjuvant and toxin, to induce
Experimental Autoimmune Encephalomyelitis (EAE).
The examination of lumbar spinal cord cross-sections
revealed that the administration of piperine resulted
in a notable decrease in inflammation, immune cell
infiltration, and demyelination, as well as the activation
of microglia and astrocytes™.

6.5 Activity on Epilepsy

Neurological disorder (epilepsy) defined by chronic
and persistent neuronal activity in the Central
Nervous System (CNS), resulted from a decreased
seizure threshold”’. Essential oil extracts of several
natural species have become an alternate way to treat
epilepsy™. The potential anticonvulsant effects of
piperine on inflammation, memory function, and
oxidative stress in a rat model of epilepsy produced by
pilocarpine resulted in a decrease in status epilepticus
and memory impairment. This effect was attributed to
the enhancement of catalase and superoxide dismutase
(SOD) activities, as well as an increase in glutathione
(GSH) content. Additionally, in the pilocarpine-
induced rat epilepsy model, piperine supplementation
was found to reduce levels of proinflammatory
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cytokines, malondialdehyde as well as caspase-3
activity. Additionally, it was found to modulate the
expression of Bax and Bcl-2, key proteins involved in
apoptosis’” and reduce the onset and increase of the
electroshock-induced Epilepsy model®’.

6.6 Activity on Stroke

Ischemic brain injury, resulting from either stroke or
cardiac arrest, is a significant contributor to neurological
disability in the human population. Acute ischemic
stroke occurs when a cerebral vessel is obstructed by
thrombosis or embolism, leading to a sudden deprivation
of blood flow to a specific region of the brain®'. Black
pepper and its derivatives can be used to treat cerebral
ischemic injury by modulating the signalling pathways.
The administration of 100 or 200 mg/kg/bw of
dichloromethane fraction derived from black-pepper
fruit extracts demonstrated a mitigating effect on
neurological deficits. Additionally, it resulted in elevated
levels of calmodulin, p-CaMKII (phosphorylated
calmodulin-dependent protein kinase II), PSD-95
(postsynaptic density protein 95) and NR2B (N-methyl
D-aspartate receptor subtype 2B). Furthermore, it
exhibited a protective effect against cellular damage
induced by ischemia. In addition, the immuno-
histochemical study resulted in a notable elevation of
SYN-I (synapsin-I) and PSD-95 protein levels, while
concurrently reducing the expression of a-synuclein
in the brains of rats with produced ischemia®*®’. The
experimental findings of the neuroprotective impact
on cerebral ischemia injury upon administration of
dichloromethane fraction of piperine at varying doses
exhibited over 14 days suggested that piperine can lead to
enhanced neurological recovery and improved neuronal
morphological structure in rats afflicted with ischemic
stroke®’. Piperine formulated in nanoparticle carriers
can easily deliver the drug with enhanced bioavailability
and cross-blood-brain barrier®>°.

7. Conclusion

The various pharmacological activities of the pungent
alkaloid piperine from pepper and its essential oil have
been reviewed. In conclusion, P. nigrum is not only a
popular spice but also a significant medicinal plant
that has the potential to be used in pharmaceutical and
nutraceutical products.
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