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Bhut Jolokia (Capsicum chinense), popularly known as the “ghost chili,” renowned for its extreme heat and distinctive
flavor is a hybrid derived from a cross between C. chinense and Capsicum frutescens. This review aims to provide
a comprehensive overview of the applications of C. chinense in pharmacy and its potential benefits in managing
different diseases. Through an extensive literature search, this review explores the phytochemical composition of C.
chinense, with a particular focus on its active compound, capsaicin. The pharmacological properties of capsaicin,
including its analgesic, anti-inflammatory, antioxidant, antimicrobial, and anticancer activities, are discussed
in detail. Moreover, the review highlights the potential mechanisms of action underlying the therapeutic effects
of C. chinense. Several disease conditions are examined in this review, including pain management, arthritis,
gastrointestinal disorders, cardiovascular diseases, obesity, diabetes, and cancer. The evidence from preclinical
studies, and in vitro experiments supporting the use of C. chinense and capsaicin in these diseases is summarized.
Recent advancements in capsaicin-based formulation approaches for managing diseases are described in this work.
However, further research is warranted to elucidate the optimal dosage, formulation, and long-term safety profile of

C. chinense-based therapies.

INTRODUCTION

Capsicum species are cultivated for their culinary
and medicinal purposes, with documented use in ancient
literature from various regions worldwide. The cultivation
of chili peppers, a member of the Capsicum genus, dates
back to 7500 BC and has played a significant role in human
cuisine throughout history. Excavations in South Western
Ecuador have revealed evidence of chili pepper cultivation
more than 6,000 years ago [1]. Chili peppers, which are
members of the Solanaceae family and Capsicum genus, are
taken globally as vegetables and spices due to their pungent
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aroma and the presence of health-promoting metabolites/
compounds. These fruits contain a range of favorable chemical
compounds, including capsaicinoids, carotenoids (pro-vitamin
A), flavonoids, essential oils, vitamins (C and E), as well as
several antifungal, antibacterial compounds (hydroxycinnamic
and hydroxybenzoic acids), and mineral elements. These
compounds contribute to the medicinal value and nutritional
benefits associated with Capsicum fruits. The Capsicum
genus encompasses over 200 varieties, exhibiting significant
variations in fruit size, shape, flavor, and sensory heat. One of
the domesticated Capsicum species worldwide, the five major
ones are Capsicum annuum, Capsicum frutescens, Capsicum
chinense, Capsicum baccatum, and Capsicum pubescens [2].
These species are commonly used as culinary spices and are
also employed in various medicinal applications within Indian,
Native American, and traditional Chinese medicine (TCM).
They have been traditionally utilized for treating ailments
such as arthritis, rheumatism, stomach aches, skin rashes, and
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even dog/snake bites and wounds. Various ethnic communities
in northeastern India have also traditionally utilized it to
treat these human illnesses. In Nagaland, hot infusions are
used to treat toothaches and muscular aches, while Capsicum
species, particularly the naga chili, are used to tone up body
muscles after strenuous exercise [3]. In Eastern Nicaragua, a
decoction of C. chinense fruit is applied topically to give relief
in postpartum abdominal and backpain, fever, body aches,
pulmonary disorders (cold, coughs, and so on), skin rashes, and
soreness [3]. Because of its bronchodilation effect, C. chinense
has also been proven to be useful in the symptomatic treatment
of asthma. In certain gastrointestinal disorders, consuming tiny
amounts of C. chinense pepper pods on a regular basis is quite
useful [4]. Capsaicin can act as a topical analgesic, providing
relief from pain associated with arthritis, muscle aches, and
migraines. It may boost metabolism and reduce appetite,
potentially aiding in weight management efforts. In addition,
capsaicin may improve blood circulation and reduce the risk of
heart disease. Capsaicin exhibits antimicrobial activity against
certain bacteria and fungi, potentially aiding in wound healing
and infection prevention [3]. Capsicum annuum, C. chinense,
and C. frutescens are particularly rich in phytochemicals known
for their antioxidant properties. These include carotenoids,
capsaicinoids, and phenolic compounds, with notable flavonoids
such as quercetin and luteolin. Capsaicin, a lipophilic alkaloid,
serves as the principal component responsible for the pungent
sensation associated with these peppers. Capsicum peppers are
native to and widely available in several countries including
Sri Lanka, Bangladesh, India, Mexico, Australia, the United
Kingdom, and the United States. In India, particularly in the
northeastern region such as Assam, Capsicum peppers are
extensively cultivated and consumed, and they are known
by various names such as Bhut joloia, Bih Jolokia, and Naga
Jolokia. The hottest chili pepper found in Assam, known as bhut
joloia or Ghost Chili, is a hybrid derived from a cross between
C. chinense and C. frutescens. It is also commonly referred to
as Naga Jolokia, Ghost Chili, Ghost Pepper, or simply Naga
Chili. The cultivation of C. chinense is prominent in the Indian
state of Assam, and other northeastern Indian states such as
Nagaland and Manipur [S]. The Scoville heat unit (SHU) is
a measurement of pungency or spiciness in chili peppers and
other substances. It is a widely used scale to compare the heat
levels of different pepper varieties. Indian capsicums, which
belong to the Capsicum species, can have varying levels of
pungency, as measured in SHU. For example, the SHU value
for Indian capsicums, also known as chiltepin peppers, ranges
from 100,000 to 200,000 SHU. In 2007, C. chinense gained
recognition in the Guinness World Records as the world’s
hottest chili pepper, with a SHU rating of 1,001,304 [6]. On the
other hand, the jalapeno pepper (C. annuum, J, which originated
in Jalapa, Mexico, is mildly hot with a heat rating of 5,000 SHU
and is popular among American consumers [7]. The Scotch
Bonnet (SB) or Habanero pepper (C. chinense, SB), with a heat
rating of 250,000-300,000 SHU, is cultivated in the United
States and Jamaica for its distinctive spiciness and flavor [5,8].

Theobjective ofthiswork isto provide acomprehensive
overview of the applications of C. chinense in pharmacy and its
potential benefits in managing various diseases. The paper delves

into the role of capsaicin, the chief constituent of C. chinense
that underlies the therapeutic effects in pain management,
arthritis, gastrointestinal disorders, cardiovascular diseases,
obesity, diabetes, and cancer. In addition, this work describes
recent advancements in developing efficacious formulations for
therapeutic effect which will cater the source of information for
the formulation scientists.

PLANT DESCRIPTION

Capsicum chinense is primarily a self-pollinated plant
(Fig. 1), but when insect populations are high, cross-pollination
can occur to some extent, reaching up to 10%. When grown
under suitable conditions, it behaves as a semi-perennial herb.
In the northeastern states of India, it typically reaches a height
of 50-130 cm, although it can grow taller under semi-perennial
conditions. The stem of the plant is green, and the nodes exhibit
pigmentation with anthocyanin, resulting in a dark color. The
flowers of C. chinense are pendant and have creamy white
corollas, occasionally displaying a hint of pale green. They bloom
in clusters, with 1-2 flowers per node, but typically produce no
more than two fruits per node once they reach maturity. The
filaments of the flowers are purple, while the anthers exhibit
a blue coloration. The elongated fruits of C. chinense have
an undulating surface and measure approximately 5-9 cm in
length and 2.5-3.0 cm in diameter. Table 1 gives a detailed
description of C. chinense plant. These fruits come in a variety
of colors, ranging from mild green to brilliant crimson to blazing
orange. Capsicum chinense fruits contain 4-5 predominant
capsaicinoids, which are the most significant phytoconstituents
found in the fruit. Capsaicinoids are characterized as the acid
amide of vanillyl amide and C9-CI11 branched fatty acids.

Figure 1. Capsicum chinense plant.
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Table 1. Description of C. chinense plant.

Observations

57-129 cm

Plant particulars

Plant height at 6 months
Fruit color Orange, red, light red, and chocolate

Flower color (before anthesis) Greenish white and light brown

Anther color (before anthesis) Light purple
Fruit length 5.95-8.54 cm
Stem color Green

Leaf color Green

Fruit surface Rough, uneven, or smooth

Capsaicin, dihydrocapsaicin (DHC), norhydrocapsaicin,
homocapsaicin, and homodihydrocapsaicin are five naturally
occurring capsaicinoids reported. In a single season, a plant
produces around 15-20 full-sized fruits and 10—14 smaller fruits
as shown in Figure 2. The color changes observed in C. chinense
fruits during maturation are as follows [9,10].

a) Young light green-colored fruits transition to orange
when they reach maturity.

b) Young dark green-colored fruits transform into dark
red as they mature.

¢) Young green-colored fruits turn light red when they
reach maturity.

d) Young dark green-colored fruits change to dark
chocolate color at maturity.

These color transformations as shown in Figure 3
indicate the ripening process of C. chinense fruits and are
characteristic of different varieties within the species.

CULTIVATION OF C. CHINENSE

Chili cultivation is extensively practiced in the
northeastern states of India, including Assam, Nagaland, and
Manipur. In this region, two planting seasons are followed:
Kharif and Rabi. Kharif cultivation primarily takes place in
the hilly states, commencing from February to March, with
harvesting carried out from May to June. Table 2 enlist some
specifications for cultivating C. chinense [11,12].

For C. chinense to retain its quality and shelf life,
postharvest handling is crucial. Research suggests that storage
conditions, such as temperature and packaging, can affect the
weight loss, vitamin C content, and overall quality of chili
peppers [15]. In addition, postharvest diseases such as Black
Mold and Grey Mold can affect the quality of bell peppers,
which belong to the same genus as C. chinense [16,17]. For
postharvesting handling, it is suggested that the fruits should
be sorted according to quality, size, and color and were then
washed with fresh water to get rid of dirt and debris. However,
it is also recommended to eliminate the ill or damaged fruits.
It is well known that the presence of moisture supports
microorganisms’ growth, thus, to avoid this the fruits need to be
dried completely and stored in somewhere dry and cool place.
Fruit deterioration can occur if it is kept in an area with high
humidity or direct sunshine. Fruit from the C. chinense plant
can be kept for several weeks [16,17]. Fruit should be packaged

Red fruit

Greenwfruit 3

Orange fruit

‘‘‘‘‘

Figure 2. Capsicum chinense fruit showing different colors as per maturity
(green—immature and unripened fruit; orange—partially matured and ripened
fruit; and red—completely matured and ripened fruit).

Figure 3. Dried Capsicum chinense fruit (red and chocolate in color; for
retaining therapeutic efficacy avoid storing them in high humidity or direct
sunshine).

in dry and clean containers. To promote airflow, use cardboard
boxes or perforated plastic bags. Take extra care when moving
the fruit to prevent harm. To safeguard the fruit while it is being
transported, use padded boxes or containers.

CHEMICAL COMPOSITION OF C. CHINENSE AND
ITS RECEPTOR INTERACTION

The spiciness or heat of C. chinense is predominantly
derived from a substance called capsaicin, which is primarily
found inside the placenta or flesh of the chili fruit. Chemically
classified as a phenolic compound, capsaicin exhibits
remarkable potency, providing a strong flavor even when highly
diluted. Capsicum fruits also contain a group of five distinct
and highly pungent compounds called capsaicinoids. These
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Table 2. Specifications for the cultivation of C. chinense.

Table 3. Chemical structure of various capsaicinoids present in capsicum.

S.No. Specifications Description

1 Soil and watering Full light, well-drained, fertile, and
organically rich soils are ideal for the growth
of C. chinense. In dry periods, keep the soil
wet and water it liberally.

2 Planting Plant seeds 8-10 weeks before the last

anticipated frost date in peat pots 3 inches
deep in a sunny, warm spot indoors. Plant
seedlings outside after there is no longer a
risk of frost.

3 Fertilizing During the growing season, fertilize C.
chinense every 2-3 weeks with a balanced

fertilizer.

When the C. chinense reaches its ideal size
and color, it is considered fully mature and
harvested. Usually, this happens 90-120
days after planting. The fruit should be

fully colored and firm to the touch before
harvesting. It is recommended to avoid using
pruning shears or scissors to cut the fruit
from the stem as it may damage the plant.
Plants of the genus Capsicum are capable of
bearing fruit all year round. To encourage
the plant to produce more fruit, regularly
harvest the fruit [13].

4 Harvesting

5 Pruning Remove any dead branches, then
periodically heavily prune the plant so that
there are just a few major branches left.

6 Pest and Diseases  Aphids, spider mites, powdery mildew,

and other pests and diseases can affect C.
chinense. To manage pests and stop the
spread of disease, remove contaminated
leaves and use fungicides or insecticides.
This preventive measure safeguards the
seeds and ensures successful germination
[14].

capsaicinoids, namely capsaicin, DHC, nordihydrocapsaicin,
homocapsaicin, and homodihydrocapsaicin are created by chili
peppers as secondary metabolites. Table 3 enlist the chemical
structure of various capsaicinoids present in capsicum. They
are believed to serve as repellents against certain mammals and
fungi. Chemically, capsaicinoids are classified as branched-
chain fatty acid amides of vanillyl amine and typically range
from C9 to C12 in length. The placental epidermal tissue of
the pepper stores and produces capsaicinoids. Among the
capsaicinoids present in capsicum, capsaicin, and DHC make
up over 80% of their composition. The content of capsaicinoid,
particularly capsaicin, is often used as an indicator of the heat
or pungency level of capsicum, ensuring both functional and
nutritional quality. Capsicum chinense contains approximately
5.36% capsaicin and DHC [18,19]. Moreover, capsicum fruits
are an excellent source of essential nutrients such as ascorbic
acid known as vitamin C (an essential antioxidant that supports
the immune system and overall health), numerous minerals, or
natural colorants such as anthocyanins as well as carotenoids,
flavonoids (quercetin, kaempferol, luteolin, and apigenin),
triterpenoids (B-amyrin, a-amyrin, ursolic acid, and oleanolic
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404-86-4

Chemical structure

OH
1 X
MN o~
o

1 Capsaicin

2 Nordihydro- 28789-35-7
capsaicin

3  Homocap- 58493-48-4

,CHs
v o o) CH,
N CH,
H
(0]

4 Homodihy- 20279-06-5
drocapsaicin
H

)\/\/\/\)L (N
X

OH
o
Mv@i/
!

acid), and steroids (B-sitosterol, stigmasterol, and campesterol)
[20]. Capsicum chinense is rich in carotenoids, including
beta-carotene, which is a precursor of vitamin A. Carotenoids
contribute to the vibrant colors of the peppers and have
antioxidant properties.

Upon consumption, capsaicin diffuses through the
lingual epithelium of the oral cavity and specifically binds to
a receptor called the transient receptor potential vanilloid 1
(TRPV1), also known as the vanilloid receptor [21]. Most nerve
cells that are sensitive to pain and heat activate this receptor.
Acting as a nonspecific calcium channel, capsaicin activates the
TRPV1 receptor, causing it to open after which the initial influx
of calcium triggers the release of neurotransmitters, leading to
sensations of warmth when capsaicin concentrations are low and
burning pain when concentrations are higher [22]. Prolonged
activation of the receptor results in the depletion of substance
P, a neurotransmitter involved in pain transmission, and
subsequent desensitization, which reduces the responsiveness
to capsaicin [23].

5 DHC 19408-84-5

PHYSICOCHEMICAL PROPERTIES OF CAPSAICIN

The primary aromatic component of chili peppers is
capsaicin, anaturally occurring proto-alkaloid. It is characterized
as an off-white, crystalline solid with lipophilic properties.
The chemical, also known as trans-8-methyl-N-vanillyl-6-
nonenamide, has no color or smell and is lipophilic in nature.
While it is not water soluble, it can dissolve in ethanol, acetone,
and fatty oils. The melting point of capsaicin ranges from
62°C to 65°C. Structurally, capsaicin belongs to the vanilloid
family, which includes compounds such as zingerone (found
in ginger), eugenol, vanillin (derived from vanilla), bay leaves,
and cloves. These vanilloids share common features such as an
aromatic ring and a long hydrophobic chain with a polar amide
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group. It is worth noting that capsaicin can also be found in
the fruits of other Capsicum plant species. The extraction of
capsaicin in solution was first achieved by Bucholtz in 1816,
who successfully isolated the spicy component of peppers [24].

TRADITIONAL MEDICINAL USE

While the primary use of capsicum is in culinary
applications for adding flavor and heat to dishes, it has also
been traditionally utilized for medicinal and cultural purposes.
Here are some traditional uses of capsicum.

Asthma

In North America, C. annuum fruits and leaves part
are blended with other herbs to give relief from asthma [3].
Capsaicin, the fiery component has been found to potentially
have benefits in reducing asthma symptoms. Studies have
shown that extract containing capsaicin can dilate blood vessels
and alleviate chronic congestion. However, it is important to
note that capsaicin should be consumed in smaller amounts
regularly for these potential benefits to be realized [25,26].

Gastro-intestinal abnormalities

Dried fruits of C. chinense are widely used in the
northeast region of India for getting relief from stomach
pain. Similarly, in Taiwan and the Batanes Islands, the fruits
of C. frutescens are used in stomach aches and diarrhea [3].
Consuming capsaicin-containing capsicum pulp has been
shown to increase saliva and gastric juice output. In addition, it
protects the mucous membrane against physical and chemical
damage. Capsaicin is frequently used to achieve these effects in
tiny doses [27].

Toothache and muscle pain

In traditional remedies of Orissa (India), treating tooth
pain and pain in the muscles includes warm infusions made
from capsicum fruits. The heat generated by the capsaicin can
help relieve external pain in the muscles [3,28]. In addition, the
leaves of C. chinense are traditionally used for treating ailments
such as headaches [29]. Capsaicin-sensitive cells are thought
to have peripheral ends that, when activated, can trigger the
discharge of various inflammatory mediators neuropeptides,
including Calcitonin gene-related peptide (CGRP).

Eliminating the pus from boils

In Cuba, Fiji, and Assam (India), to make it easier to
eliminate pus from boils, a thin layer of a finely powdered paste
made from delicate C. chinense leaves is put on the area [3].

Arthritis

Capsicum chinense, along with other ingredients such
as garlic, ginger, betel nut leaf, sesame, and salt, is commonly
used to treat arthritis in older individuals. The preparation
involves grinding these ingredients into a fine paste, which
is then heated. The heated paste is applied as a patch directly
over the painful joints and left in place for 60 minutes. After
removing the paste, the area is cleaned with lukewarm water
and then massaged with oil. This therapy is typically repeated
daily, and within 10 days, it often begins to provide relief

from arthritis symptoms. It is important to note that individual
experiences may vary, and consulting a healthcare professional
is advisable before trying any treatment approach [30].

Pain reliever

Topical application of capsicum extract is recommended
as a useful adjunct treatment for various conditions, including
rheumatoid arthritis, osteoarthritis (OA), neuralgias, diabetic
neuropathy, and several painful and inflammatory skin conditions
brought on by cancers, surgery, or other trauma in Southern
Spain, Eastern Cuba, and Southern Italy [3]. Recent research
conducted by Jolayemi and Ojewole [31] has demonstrated that
capsaicin exhibits a dose-dependent anti-inflammatory effect
comparable to the inflammation-reducing ability of diclofenac.
This highlights the medicinal use of capsaicin as a therapeutic
option for managing inflammation and associated symptoms.

Gastrointestinal benefit

The gastrointestinal tract contains various types of
sensory nerves, including capsaicin-sensitive sensory nerves.
These nerves are essential for preserving the gastrointestinal
mucosa’s health. The presence of capsaicin in C. chinense can
contribute to the strength and integrity of the mucosal lining
of the gastrointestinal tract. By supporting the upkeep of the
gastrointestinal mucosa, capsaicin in C. chinense may help
promote a healthy digestive system [32] and is traditionally used
in the Amazon and northeast region of India to get relief [3].

Cardiovascular activity

In southern and central Italy, capsicum extract
is used as cardiotonic to improve the contraction of heart
muscles as well as to maintain blood pressure [3]. Capsaicin
has been found to possess properties that can potentially lower
the risk of cardiovascular disorders. It may prevent platelet
aggregation and clotting factors VIII and IX from doing their
function, both of which contribute to the development of
blood clots. By crossing the plasma membrane of platelets,
capsaicin can change its fluidity, affecting platelet function.
Studies suggest that capsaicinoids, including capsaicin,
have possible beneficial effects on heart function, offering
potential treatment options for conditions such as coronary
heart disease, myocardial infarction, hypertension, and
atherosclerosis.

One specific effect of capsaicin is its capability
to enhance the resistance of low-density lipoprotein (LDL)
to oxidation [33]. LDL oxidation is an important step in
the development of atherosclerosis. LDL oxidation can be
demonstrated to be both delayed and slowed down by capsaicin.
Regular consumption of chili over four weeks was observed to
reduce the resistance of blood lipoproteins to decomposition in
both men and women. These findings suggest that capsaicin may
have a positive impact on cardiovascular health by promoting
the stability of LDL particles and potentially reducing the risk
of atherosclerosis-related complications.

Cancer prevention

Peppers play a significant role in the production
of secondary metabolites with a variety of pharmacological
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characteristics. For example, traditional medicines from ancient
civilizations (such as Chinese, Mayan, and Caribbean) have
included ingredients from the genera of Piper, Capsicum, and
Pimenta in their formulations for treating cancer [34]. Studies
have indicated that consuming C. chinense or ghost pepper
may have potential benefits in preventing cancer. Capsaicin,
the active compound in C. chinense, has been found to exhibit
anticancer properties by inhibiting the growth of cancer cells.
It can interfere with the metabolism of cancer cells and induce
their destruction. Specifically, capsaicin has shown promising
effects for eliminating the spread of breast cancer cells to other
cells as well as killing cancer cells in the prostate gland. In
research conducted in laboratories on breast cancer, capsaicin
was found to prevent the spread of the disease’s cells. For
prostate cancer, both using in vitro (inside the laboratory) and
in vivo (in living organisms) capsaicin can stop prostate cancer
cells from proliferating. According to these results, capsaicin
could help prevent as well as treat both breast and prostate
cancer.

Furthermore, it has been discovered that DHC,
another capsaicinoid present in C. chinense, can induce
a process called autophagy in human colon cancer cells.
Autophagy is a cellular mechanism that involves the
degradation by itself or regeneration of the components of
cells, and its activation can potentially inhibit the growth
of cancer cells. While these findings are promising, it is
significant to remember that further investigation is required
to completely comprehend the mechanisms and potential
therapeutic applications of capsaicin and capsaicinoids in
cancer prevention and treatment [35].

Weight loss

Capsicum has been traditionally used to reduce fat in
China, as it has been used in various therapeutic customs in
TCM [36]. Indeed, there is evidence to suggest that capsaicin can
have a positive impact on metabolism and weight management.
Studies have indicated that capsaicin can increase the rate of
energy expenditure and enhance fat oxidation. By increasing
thermogenesis, capsaicin may contribute to burning stored fat
and potentially aid in weight loss efforts [36,37].

Furthermore, capsaicin has been found to have appetite-
suppressing effects. It may help reduce feelings of hunger and
decrease calorie intake, which can support weight management
goals. In addition, some research suggests that capsaicin can
reduce cravings for fatty, sweet, and salty foods, which may
contribute to overall reduced food consumption. It is important
to note that while capsaicin may have potential benefits for
metabolism and appetite control, it should not be considered
a magic solution for weight loss [38]. It can be viewed as one
component of a comprehensive weight management strategy
that includes a balanced diet and regular physical activity.

Inhibition of bacterial growth

In Eastern Nicaragua, fever and vaginal infection are
cured by applying capsicum extract obtained from the decoction
of fruits and leaves [3]. Studies have suggested that capsaicin
may possess antimicrobial properties, including activity against
Helicobacter pylori (H. pylori), a bacterium known to cause

gastric ulcers and associated with certain gastrointestinal
disorders [39]. In particular, capsaicin has shown potential in
inhibiting both metronidazole-resistant and metronidazole-
sensitive strains of H. pylori in laboratory settings.

The findings indicate that capsaicin could be a
potential alternative or adjunct treatment for antibiotic-resistant
H. pylori infections, providing an option for patients who prefer
nonsynthetic antibiotics or who have developed resistance to
conventional antibiotics. However, it is significant to emphasize
that additional research is required to completely comprehend
the efficacy and safety of capsaicin as a therapeutic agent
against human H. pylori infections [39,40].

THE TRPV1/VR1 CAPSAICIN RECEPTOR

There is indeed substantial evidence supporting the
discovery of a capsaicin receptor and a capsicum receptor,
which dates back to the late 1980s. A novel cation channel
gated by capsaicin has been uncovered through patch clamp
research, triggering substantial endeavors toward isolating,
identifying, and cloning this membrane protein. In 1997, the
David Julius group successfully replaced it, referred to be the
“capsaicin receptor” or “vanilloid receptor 17 (VR1) at that
time. The IUPHAR Nomenclature Committee has revised the
naming of this receptor due to its structural resemblance to
the “transient receptor potential vanilloid 1” (TRPV1). Hence,
it is now commonly referred to as TRPV1. Regarding its
endogenous chemical ligands, there has been an ongoing debate.
Initially, anandamide or lipoxygenase products were proposed
as potential ligands for TRPV1. However, the exact nature of
the endogenous ligands is still a subject of investigation. Recent
research suggests that N-oleoyl dopamine or its structural variants
may also act as putative endogenous ligands for the TRPV1
capsaicin receptor. These ligands have a lower counteracting
effect on cannabinoid receptors compared to anandamide and
other arachidonoyl amides. It is vital to highlight that further
study is required to completely understand the specific ligands
and mechanisms associated with TRPV1, as well as its broader
physiological functions and implications [41].

PHARMACOKINETICS

The skin readily absorbs topical capsaicin. When used
topically, capsaicin rapidly reaches its maximum cutaneous
concentrations. Compared to preparations using propylene
glycol or mineral oil, these amounts are higher in isopropyl
formulations. The half-life of capsaicin is around 24 hours. In
a 12-subject trial, the topical administration of 3% solutions of
capsaicin—consisting of 55% capsaicin, 35% hydro capsaicin,
and 10% other analogs—in three various vehicle preparations—
mineral oil, propylene glycol containing 20% alcohol, and 70%
isopropyl alcohol—was assessed. At 1 minute of application,
capsaicinoids have been found in the stratum corneum, and
a steady state was quickly attained. In comparison to the
participants who received mineral oil or propylene glycol
formulations, the participants who got the 70% isopropyl alcohol
formulation had roughly three times the greatest concentration.
This demonstrated that the capsaicinoids were more relatively
soluble in the bigger volume ofalcohol. In all three formulations,
the half-life of capsaicin was approximately 24 hours. After
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being administered intravenously to mice, capsaicin is broadly
disseminated throughout the brain, spinal cord, and liver. By
way of cytochrome p450 enzymes, capsaicinoids are converted
to macrocyclic, alkyl dehydrogenated, omega- and omega-1
hydroxylated products. The principal metabolite of capsaicin
is DHC. The kidney removes DHC and its metabolites. The
kidneys also eliminate capsaicin [42].

INTERACTIONS

Adenosine prevents capsaicin from attaching to its
receptor; however, it is unclear what therapeutic significance
this interaction has. Capsaicin produces mucosal vasodilation,
which can change how other medications are absorbed when
used topically or orally at the same time. However, it has little
effect on the transfer of water and electrolytes across the jejunal
mucosa [43].

MECHANISM OF ACTION

Although it has been demonstrated that capsaicin
lowers the quantity of substance P (a neurotransmitter that
delivers signals of pain to the brain) linked to inflammation, this
is not thought to be the primary mechanism for pain alleviation.
The “defunctionalization” of nociceptor fibers caused by
capsaicin’s ability to cause a topical hypersensitivity reaction on
the skin is thought to be the substance’s mode of action. Many
causes, including a transitory decrease of membrane potential, a
lack of neurotrophic substance transport that results in an altered
phenotypic, and reversible nerve fiber terminal retraction of the
outermost layer and superficial layer, contribute to this change
in pain mechanisms [44].

PHARMACOLOGICAL ACTION OF C. CHINENSE

Anti-arthritic activity

A nanovesicle external product developed with
the semipurified capsaicinoids herbal extract of C. chinense
outperformed a commercially available formulation of capsaicin
in terms of anti-arthritic efficacy in rat models. During the
monitoring period, it also decreased joint pain and swelling. In
both animal and human models, the nanovesicle formulation
demonstrated improved toleration and acceptability. This strong
favorable outcome and less irritating effect indicate that it may
be a single of the alternatives for production growth for anti-
arthritic therapy [45].

Gastric ulcer protective activity

Ranitidine and the ethanolic extract of C. chinense Jacq
were tested for their ability to prevent aspirin-induced stomach
ulcers in albino mice. According to the research, ranitidine and
C. chinense Jacq both prevent ulcers in a comparable way [46].

Anticancer activity

Research by Amruthraj et al. [38,47], on the ability
of capsaicinoids produced from C. chinense to treat cancer
showed that HepG2 cell viability is decreased when exposed
to acetonitrile extract. In addition, the extract’s capsaicinoids
reduced the development of nitric oxide, lipid peroxidation
(LPO), and lactate dehydrogenase depending on the dose.

Consequently, the research established both the anti-
inflammatory potential and the anticancer properties of the
capsaicinoids in acetonitrile extract by controlling the release
of free radicals [38,47]. Recently in a study, it was found
that defensin y-thionin, a group of small, cysteine-rich, basic,
antimicrobial plant proteins from C. chinense is cytotoxic to
the K562 leukemia cells with an IC,; = 290 pg/ml (50.26 uM)
which clearly signifies that apart from capsaicin other phyto
constituents of C. chinense also poses therapeutic potential [48].

Antioxidant and anti-inflammatory activities

Capsaicinoids, which are found in hot peppers, have
major medical uses. Capsicum chinense DHC and capsaicin
(C) levels in comparison to those of the SB and Jalapeno (C.
annuum), two popularly consumed spicy peppers (C. chinense).
Capsicum chinense had a C and DHC content of 5.36%, it is
338 times greater than SB and 18 times higher than Jalapeno. In
the same research, the researchers also separated pure forms of
capsaicin (C) and DHC and calculated the inhibitory amounts
of the cyclooxygenase (COX-1 and -2) and LPO enzymes. The
analysis of capsaicin and DHC in C. chinense has been reported
for the first time, along with a comparison of the hot peppers’
capsaicinoids content with those in Jalapeno and SB varieties
and their COX and LPO inhibitory properties [7].

SOME LATEST RESEARCH ON CAPSAICIN-BASED
FORMULATIONS

There are various formulations reported in the
literature that contain capsaicin. The resulting capsaicin-based
formulation showed promising results with respect to the
pharmacodynamic activity. One of the formulations is emulgel
which is a novel formulation, and it is the mixture of emulsion
and gel. The advantages of emulgel like the ease of spreading,
greaseless, long shelf life, and so on, over other systems
make it a suitable system for the delivery of various drugs.
Therefore, in a recent study, Rompicherla et al. [49] developed
a transemulgel by combining capsaicin and carbopol 934 with
aqueous aloe vera gel. They assessed the prepared formulation
with respect to pH, viscosity, in vitro diffusion, spreadability,
in vitro and ex vivo studies. In addition, a skin irritancy test
was also performed on rat skin. They found that the formulation
showed a pH of 6.1 £ 0.1 which ensures nonirritancy of the
formulation as it is compatible with the skin pH of skin. The
formulation showed good spreadability (20.33 g) and enhanced
permeation characteristics when applied topically. The skin
irritancy test indicated that the formulation containing capsaicin
did not cause any irritation. They concluded that these topical
gel formulations have the potential to serve as an alternative to
oral formulations for relieving OA pain while reducing systemic
exposure [49].

Similarly, in another study, Burki et al. [50] also
developed and characterized dexibuprofen-capsaicin emulgel
for transdermal drug delivery, with enhanced anti-inflammatory
and analgesic properties. They prepared the emulgel
formulations and subjected them to various evaluations,
including ex vivo tests, FTIR analysis, physical inspection,
stability assessment, spreadability measurement, rheological
behavior analysis, viscosity determination, and drug content
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analysis. They also performed pharmacodynamic activity
(analgesic and anti-inflammatory) of the prepared formulation
on Sprague-Dawley rats. The result of their study showed that
dexibuprofen-capsaicin emulgel exhibited satisfactory physical
appearance and stability, with pH values ranging between 5.5 and
6.0, conductivity ranging between 73 and 76 s/m, spreadability
between 12 and 17 g cm/s, and drug contents of 102.84% =+
0.53 for capsaicin and 94.09% + 0.41 for dexibuprofen. They
also found that capsaicin levels were 86.956% + 1.46 (with
100 mg menthol), 76.687% =+ 1.21 (with 75 mg menthol),
and 65.543% + 1.71 (without menthol) after 6.5 hours after
performing in the in vitro release assay. The improved emulgel
effectively prevented rat paw edema induced by carrageenan.
Moreover, they also observed that the dexibuprofen-capsaicin
emulgel exhibited superior analgesic activity compared to a
commercially available diclofenac sodium emulgel [50].

In another study by Goci et al. [51], prepared a
hydrogel containing capsaicin extract. The objective of
their study was to develop a hydrogel formulation utilizing
carbopol that incorporates capsaicin and evaluate its in vitro
release as well as its antibacterial and antifungal activities.
They extracted capsaicin using a 98% ethanol extraction
process from C. annuum fruits and identified the capsaicin
present in the extract using high-performance liquid
chromatography (HPLC). The results of in vitro investigations
of the formulation indicated 50% of the capsaicin release
within a 52-hour period. Furthermore, they also showed that
the formulation based on carbopol significantly enhanced the
antibacterial properties of capsaicin against various types of
bacteria and fungi that were examined in the study. Their study
suggested that the carbopol-based formulation can effectively
augment the antimicrobial effects of capsaicin against a broad
range of microorganisms [51].

Apart from the gel, nanocarriers such as nanocrystals,
nanoliposomes, nanoparticles, nanoemulsion, and so on, are also
formulated by various researchers. The use of nano-crystallization
as a strategy to increase the solubility, dissolution rate, and
consequently bioavailability is a novel approach to address the
problem associated with poorly soluble drugs. Since capsaicin is
also a poorly soluble drug, Khan et al. [52] formulated capsaicin
nanocrystals with the objective of enhancing the water solubility,
dissolution, and adhesiveness to the skin’s epidermal layer. They
subjected the formulations to various physicochemical, in vitro,
ex vivo, and in vivo analyses. The development of capsaicin
nanocrystals via high-speed homogenization was successfully
demonstrated by X-ray diffraction (XRD). According to in vitro
studies, 89.94% + 1.9% of the drug was released in 24 hours.
Similar to this, after 12 hours, drug permeation was 68.32% =+
1.83%, drug retention in the skin was 16.13% =+ 1.11%, and drug
retention on the skin was 9.12% =+ 0.14%. The anti-inflammatory
activity of the nanocrystals was greater than that of the commercial
medication (Dicloran®). The results of their study demonstrated
that enhancing capsaicin’s solubility rate has the potential to pave
the way for the development of far more cost-effective dosage
forms, which will yield the same or better pharmacological benefits
than current products, but at significantly lower doses [52].

Another group of researchers focused on the anticancer
activity of capsaicin and to evaluate it prepared a nanoliposomes

model which supposed to improve capsaicin’s pharmacokinetic
qualities. Al-Samydai ef al. [53], prepared nanoliposomes
using the thin-film method, and the properties of prepared
formulations were investigated, followed by qualitative and
quantitative assessments of encapsulation effectiveness and
drug loading using HPLC at various lipid/capsaicin ratios.
3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide
(MTT; cell viability assay) was utilized to calculate IC,.
They found that capsaicin-loaded nanoliposomes exhibited
optimal shape, particle size, zeta potential, and stability.
Capsaicin-loaded nanoliposomes demonstrated significantly
improved anticancer efficacy against the cancer cell lines
examined (p < 0.001), with higher selectivity against cancer
cells when compared to capsaicin alone. When compared to
capsaicin, the encapsulated capsaicin nanoliposomes improved
pharmacokinetic characteristics, increasing antitumor efficacy
and selectivity. Their proposed model appears to have the
potential for creating capsaicin formulations for cancer
prevention and treatment [53].

Anantaworasakul et al. [54,55] also developed a lipid-
based nanoparticle that retained a significant amount of capsaicin
(0.25%) from an extract of capsicum oleoresin. They prepared
two types of lipid-based particles (solid lipid nanoparticles and
nanostructured lipid carriers). This study concentrated on the
selective capture of capsaicin from oleoresin in amorphous chili
extract-loaded nanostructured lipid carriers with entrapment
efficiencies of 85.27% + 0.12% and loading capacities of 8.53%
+ 0.01%. Based on the results of an in vitro skin irritant test, the
reduced skin irritation of the concentrated capsaicin NLCs can
be due to their zero-order kinetics, which extended capsaicin
release, and their substantially faster transdermal penetration
[54]. In another study, they reported that a nanomaterial lipid-
based carrier for noninvasive capsaicin (extracted from C.
chinense) delivery was produced in a size range of 106-156
nm by high-shear homogenization at a high intensity of 10,000
rpm. Compared to the free chili formulation, the NLC C and
Gel NLC C formulations displayed higher levels of physical
and chemical stabilities. Research on drug release and swine
biopsies showed that the NLCs had a prolonged release
period and significantly penetrated the outer layer of the
skin, dispersing in the dermis more effectively than the free
compounds. It was demonstrated that the chili extract-loaded
NLCs could be used to distribute capsaicin transdermally while
reducing skin irritation, which is the main reason why patients
do not comply [55].

Capsaicin-loaded nanoemulsions were prepared by
Nigam et al. [56] in a reported literature. Before the preparation
of formulation, they extracted capsaicin utilizing liquid-liquid
extraction techniques and solid-liquid extraction procedures.
They also characterized the extracts and reported that dried
chilies plant extracts have more alkaloid and capsaicinoid
content and higher yields than their fresh counterparts.
Oleic acid, labrasol, and tween 20 were used to prepare o/w
nanoemulsion. The zeta potential, PDI, and particle size of the
produced capsaicin nanoemulsion were measured. They also
performed in vitro, cytotoxicity, and cell viability studies on
the prepared emulsion. They observed above 90% cell viability
with the prepared capsaicin nanoemulsion. They concluded that
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the dissolution of capsaicin was enhanced after encapsulation
in nanoemulsion and this system of capsaicin-loaded
nanoemulsion can serve as a viable carrier for the delivery of
capsaicin to enhance its analgesic effects [56].

Capsaicin is used in plant biotechnology to
control phytopathogens. However, its low solubility limits
its use. Therefore, Sanchez-Arreguin et al. [57] prepared
nanoparticles to address this issue. The aim of their research
was to investigate the effect of high doses of capsaicin on the
formation of nanoparticles as well as their inhibitory effect
on the growth of Rhodotorula mucilaginosa yeast. They
prepared bovine serum albumin (BSA)-capsaicin nanoparticles
with varying concentrations of capsaicin. Rhodotorula
mucilaginosa cell cultures were treated with nanoparticles and
their effects on cell viability were measured. They discovered
that higher capsaicin concentrations changed a number of
physicochemical properties. These changes were likely brought
on by modifications made to the hydrophobicity sites of the
albumin during nanostructuration. The ratios of capsaicin to
BSA were 0, 16.2, 32.5, 48.7, and 65.0 g/mg of BSA. Due to
the nano-structural characteristics of the capsaicin in the BSA
molecules, the nanoparticles responded differently throughout
the absorption process. The results showed that R. mucilaginosa
cells are stimulated to proliferate and multiply at a concentration
of only 16.2 g/mg capsaicin, suggesting that the impact of
the encapsulated capsaicin is concentration dependent. Yeast
cultures only showed a substantial death and growth inhibition
rate at the maximum concentration of capsaicin (65.0 g/mg). A
hormesis effect was visible in R. mucilaginosa cells in response
to the dose of applied nanoparticles. They concluded that BSA-
capsaicin nanoparticles are an advance in nanobiotechnology
that could be a beneficial tool for controlling pathogen fungus
[57].

Capsaicin has a wide range of therapeutic applications;
however, it has a poor pharmacokinetic profile, is rapidly
eliminated by the body, and has toxic metabolites with a short
half-life. Nanoencapsulation, a method that optimizes the
pharmacokinetics of drugs and chemicals and allows them to
target specific organs, is an essential strategy for dealing with this
problem. Therefore, in another study, De Freitas et al. [58], also
formulated capsaicin-loaded albumin nanoparticles using the
desolvation-coacervation process and optimized using factorial
design. They reported that the prepared nanoparticles had an
average diameter of approximately 200 nm with encapsulation
efficiency of 98.3% + 7.4% and exhibited a quasi-spherical
shape. The in vitro release assay revealed a biphasic profile,
wherein there was a rapid release of capsaicin during the initial
12 hours, followed by a decreased release rate thereafter. This
suggests a controlled release behavior of capsaicin from the
nanoparticles over time.

In addition, in a concentration- and time-dependent
in vitro assay, the nano-encapsulated capsaicin demonstrated
potent antioxidant activity. Their study indicated that the
capsaicin-loaded albumin nanoparticles exhibited strong
antioxidant properties, which could have potential implications
for various applications in antioxidant therapy [58].

According to the ethnobotanical study, C. chinense
may have anti-arthritic properties, but its usability is limited by

its topical side effects. The semipurified capsaicinoids extract
of C. chinense was developed as a topical formulation using
an ethosomal nanovesicle method in a study by Sarwa et al.
[45], which improved the effectiveness. They characterized
the developed formulation for various physicochemical
characteristics, permeation, and penetration tests, and optimized
it utilizing surface response methods. On the basis of Freund’s
full adjuvant-induced chronic arthritis model, the experimental
formulations were evaluated. Their research revealed that
ethosomal nanovesicles made with semipurified capsaicinoids
extract had better anti-arthritic activity in rats than Thermagel
(a commercially available capsaicin formulation) in terms
of reducing joint swelling and pain over the course of the
observation period. Better toleration and acceptability were
demonstrated by nanovesicle formulation in both animal and
human models. The semipurified capsaicinoids extract of
C. chinense-loaded ethosomal nanovesicle carrier showed
substantial favorable results with a reduced irritating effect,
indicating that it could be one of the options for formulation
development in anti-arthritic therapy [45].

Similarly, the same group of researchers, Sarwa
et al. [59], developed a novel nanolipid approach based on
elastic phospholipid vesicles to encapsulate a semi-purified
extract of C. chinense for topical drug delivery application.
The notion was that by enclosing the irritant extract in elastic
nanolipid vesicles, the skin would be more receptive to the
formulation and the vesicles would be able to penetrate deeper
and more quickly. Different physicochemical parameters
were used to characterize the prepared formulations. As in
the previous study, Freund’s adjuvant-induced arthritis model
was used to evaluate the effectiveness of the formulation.
They also conducted a Phase I clinical trial to test the novel
formulations on volunteers from the human population and
confirmed them to be acceptable. According to their study,
this method has a great deal of potential for topical delivery
of the C. chinense bioactive and may open the door to its use
in clinical settings [59].

CONCLUSION

The review highlights the significant therapeutic
potential of C. chinense in medicine, specifically focusing on its
applications in managing various diseases. The phytochemical
composition of C. chinense, particularly the active compound
capsaicin, exhibits a range of pharmacological properties such
as analgesic, anti-inflammatory, antioxidant, antimicrobial, and
anticancer activities. These properties contribute to its potential
efficacy in the management of pain, arthritis, gastrointestinal
disorders, cardiovascular diseases, obesity, infection, diabetes,
and cancer.

The available evidence from experimental research
findings supports the use of C. chinense and capsaicin in the
treatment and management of these disecases. However, it is
essential to conduct further research to determine the optimal
dosage, formulation, and long-term safety of C. chinense-based
therapies. By harnessing the unique properties of C. chinense
and capsaicin, new opportunities arise for the development
of innovative formulations and interventions in the field of
pharmacy.
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Despite the promising therapeutic effects, potential
drug interactions and adverse effects should be taken into
consideration. Therefore, proper caution and monitoring are
necessary when incorporating C. chinense into pharmaceutical
interventions.

In summary, C. chinense holds immense potential
as a valuable resource in managing various diseases, offering
a promising avenue for future research and the development
of pharmaceutical interventions. Continued investigation
into the therapeutic applications of C. chinense will further
contribute to its integration into evidence-based healthcare
practices, ultimately benefiting patients and improving their
quality of life.

LIST OF ABBREVIATIONS

C. chinense: Capsicum  chinense; ~ DHC:
dihydrocapsaicin;, H. pylori: Helicobacter pylori; LDL: low-
density lipoprotein, NLC- Nano Lipid Carrier; LPO: lipid
peroxidation; OA: osteoarthritis; PDI- Polydispersity index;
SB: Scotch Bonnet; SHU: Scoville heat unit; TCM: traditional
Chinese medicine; TRPV1: transient receptor potential vanilloid
1; VR1: vanilloid receptor 1.
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