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Abstract: Medical management of obesity represents a large unmet clinical need. Animal experiments
suggest a therapeutic potential for dietary capsaicin, the pungent ingredient in hot chili peppers,
to lose weight. This is an attractive theory since capsaicin has been a culinary staple for thousands
of years and is generally deemed safe when consumed in hedonically acceptable, restaurant-like
doses. This review critically evaluates the available experimental and clinical evidence for and against
capsaicin as a weight control agent and comes to the conclusion that capsaicin is not a magic “exercise
in a pill”, although there is emerging evidence that it may help restore a healthy gut microbiota.
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1. Introduction

With almost 40% of adults in the world being overweight or obese, obesity has reached
pandemic proportions [1]. Indeed, the worldwide prevalence of obesity nearly tripled
between 1975 and 2016 [1]. Even worse, childhood obesity is on the rise: already one in five
children are overweight. Most authorities agree that lifestyle changes (less exercise and
increased access to unhealthy fast food) are primarily to blame for this trend.

Type-2 diabetes (T2DM) is of particular concern in countries with a high prevalence of
obesity. For example, the US (the country with the 12th highest obesity rate in the world at
36%) already has 37 million T2DM patients with an estimated annual cost of USD327 billion
in medical care and lost productivity [2].

Maintaining normal body weight is essential in preventing common diseases such as
hypertension, hyperinsulinemia, insulin resistance, and T2DM, pathologies that comprise
the metabolic syndrome. Indeed, losing weight is the first step that is recommended by
doctors for overweight people with increased blood pressure. Unfortunately, it is easier said
than done. Many patients are unable to lose weight solely by changing diet and increasing
physical activity. Surgical means of weight loss (for example, bariatric surgery, gastric
banding, or stapling) may have serious side-effects [3]. Clearly, there is a pressing need
for drugs that can help people to lose weight, and for diet supplements that can prevent
weight gain and maintain a healthy body weight.

Capsaicin is the main ingredient in chili peppers, responsible for the characteristic
“hot” sensation that this spice evokes in the human mouth [4]. Capsaicin is eaten on a daily
basis by an estimated quarter of the world‘s population. This is surprising since the same
“hot” taste which is found pleasurable by many humans repels most animals [4]. It was
posited that the pepper pod uses capsaicin as a chemical weapon to deter herbivores [5].
Indeed, capsaicin is added to bird-feed to keep it safe from squirrels and other rodents [6].

Many theories were formulated to explain the popularity of culinary capsaicin. One the-
ory speculates that capsaicin may help keep the body lean [7]. This theory is probably
inspired the popular articles that promote capsaicin as a “magic bullet” for weight loss [8].
This is an attractive theory since capsaicin has been a culinary staple for thousands of years
and is generally deemed safe when it is consumed in hedonically acceptable, restaurant-like
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doses. But is this theory true? This review aims to critically evaluate the available evidence
for and against capsaicin as a weight control agent.

2. Dietary Capsaicin in Animal Experiments

A large number of studies have examined the effects of capsaicin on appetite control
and weight gain. These studies can be divided into three major groups: (1) per os capsaicin
in healthy rodents that are kept on normal chow, (2) capsaicin that is added to high fat diet
(HFD), and (3) dietary capsaicin in animal models of diabetes and obesity.

In early subchronic toxicity studies, pure capsaicin (50 mg/kg per day) or capsicum
crude fruit extract (0.5 g/kg day) that was given to rats via stomach tube for 60 days had
no effect on food intake but reduced the weight gain of the animals [9]. This was attributed
to decreased fat absorption from the gastro-intestinal (GI) tract [10]. In accord, after one
month of capsaicin administration, significant reductions in serum glucose, triglyceride,
and cholesterol levels were observed in these animals [9]. Interestingly, after two weeks
habituation to capsaicin (250 µg/g chow), the rats preferred the “hot” chow to plain
food [11]. This observation implies that the “hotness” of capsaicin is an acquired taste
in men.

In a 12-week study with mice kept on normal chow or HFD (32% animal lard, corre-
sponding to 60% energy from fat), capsaicin (2 mg/kg/day, per os) reduced weight gain by
approximately 50% in the HDF group (Figure 1A,B), but had no effect on the body weight
in animals that consumed normal chow (Figure 1A) [12]. Furthermore in rats, dietary
capsaicin (0.014–0.028%) suppressed visceral (for example, perirenal) fat accumulation
in a dose-dependent manner [13]. Dietary capsaicin also lowered the serum triglyceride
levels both in rats [13,14] and guinea pigs [15] on HFD. Importantly, the latter action was
accompanied by an up to 70% decrease in atherosclerotic plaque formation [15].
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Figure 1. In C57BL/6 mice, capsaicin (2 mg/kg/day, per os) reduced weight gain by approximately
50% in animals that were kept on HFD (A,B), but had no effect on body weight in the normal chow
group (B). Figure courtesy of Dr. Mahendra Bishnoi (based on [12]). ** p < 0.01 versus control animals,
## p < 0.01 versus HFD animals.

Some of these beneficial effects were recapitulated by dietary capsiate (10 mg/kg) [16]
and evodiamine (3 mg/kg) [17], two non-pungent capsaicin analogues.

In mice that were fed HFD for 12 weeks, capsiate (2 or 10 mg/kg) blocked weight gain
by reducing lipid accumulation in the white adipose tissue [18]. In other studies, however,
capsiate had no effect on weight gain of the animals that were fed a HFD ad libitum unless
combined with exercise training [19].

In male C3H mice, the evodiamine-induced visceral fat loss was accompanied by
serum free acid and liver triglyceride levels that were lower than those that were measured
in the control group [17]. Evodiamine is an alkaloid that is found in Evodia rutaecarpa, a fruit
that is used in traditional Chinese medicine for digestive problems. Evodiame activates the
capsaicin receptor Transient Receptor Potential, vanilloid-1 (TRPV1), although it lacks the
characteristic “hot” taste of capsaicin [20].

In C57BL/6J mice, capsaicin (0.4 mg/kg) that was fed in combination with menthol
(20 mg/kg) and cinnamaldehyde (2 mg/kg) also prevented HFD-induced weight gain [21].
This dietary protocol is known as the “triagonist regimen” since capsaicin is the archetypal
agonist of TRPV1 [22], menthol activates TRPM8 [23,24], and cinnamaldehyde acts via
TRPA1 [25]. When combined with eicosapentaenoic acid (an omega-3 fatty acid that is
found in cold-water fish), capsaicin (0.01%) reduced weight gain both in the HFD (32% fat)
and standard chow (5.3% fat) groups [26].
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In the NAFLD mouse (a murine model of non-alcoholic fatty liver disease [27]), dietary
capsaicin suppressed liver fat accumulation [28]. Furthermore, in congenic, spontaneously
obese, and diabetic KKAγ mice [29], capsaicin (0.015%) that was added to HFD for 3 weeks
reduced fasting glucose, increased adiponectin, and suppressed weight gain [30]. How-
ever, in the genetically obese ob/ob mice [31], capsaicin diet (0.02% for 6 weeks) had no
measurable effect on weight gain, despite the improved glucose homeostasis [32].

So how do these capsaicin doses compare to dietary capsaicin consumption in men?
An average female laboratory rat weighs approximately 250 g. Thus, a 50 mg/kg body
weight dose translates into 12.5 mg per day. This is somewhat higher than the average daily
dietary capsaicin consumption in Korea (0.6 to 3 mg), although some Koreans consume as
much as 20 mg capsaicin per day [33]. Moreover, the 0.01% capsaicin content that is used
in rat chow is comparable to the diet of rural Thai people [34].

In conclusion, dietary capsaicin in doses that are comparable to human consumption
may reduce body fat accumulation in rodents on HFD, but not on normal chow (Figure 1).
It is not clear, however, if animals that are already obese can lose weight if they are placed
on a capsaicin diet.

3. Dietary Capsaicin in Human Studies

In a cross-over study with 15 young, non-obese volunteers (average age, 29.7 years;
body mass index [BMI] = 23.3 kg/m2), dietary capsaicin (2.56 mg with every meal, cor-
responding to 39 thousand Scoville units) increased fullness and depressed the desire
to eat, resulting in a 25% reduction in the energy balance [35]. In a second study with
24 subjects with a normal body weight (12 males and 12 females; average BMI = 25 kg/m2),
0.25% capsaicin (80 thousand Scoville units) in either tomato juice or capsule increased
satiety and diminished the energy intake from 11.5 mega joules (MJ)/day (placebo group)
to 9.9 MJ/day (capsaicin group) [36]. The capsaicin effect on satiety was attributed to GI
distress [37].

Unlike in mice, this beneficial capsaicin effect was not mimicked by capsiate. In a
one-month study with 78 healthy volunteers, 3 or 9 mg dihydrocapsiate showed only
minimal thermogenic action (50 kcal/day) which was in the range of normal day-to-day
variability [38]. A meta-analysis of seven clinical studies confirmed the marginal effect of
dietary capsiate on weight gain, with uncertain long-term sustainability [39].

Interestingly, in 20 young men, dietary capsiate (12 mg per day) increased upper body
strength by 13.4% over a 6-week period, a significant increase (p = 0.041) over the placebo
effect (5.6%) [40]. This capsiate effect was, however, accompanied by a modest, on average
1 kg, increase in body weight [40].

In young obese individuals (BMI > 41.5 kg/m2), 2 mg capsaicin had no hypophagic
effect (that is, no noticeable change in hunger or satiety), although it increased the post-meal
resting energy expenditure from 1957 kcal/day to 2342 kcal/day as measured by computer-
ized calorimetry [41]. No change was noted in serum ghrelin, peptide YY, and glucagon-like
peptide levels [41].

A meta-analysis of the various clinical studies yielded similar conclusions. In a meta-
analysis of nine clinical studies, capsaicin was found to increase energy expenditure by
70 kcal/day in men with a BMI > 25 kg/m2, but not in those with a BMI < 25 kg/m2 [42].
Another meta-analysis of 10 studies with 191 participants found decreased calorie intake
that was attributed to altered food preference from fat to carbohydrate [43]. A meta-
analysis of 13 studies that was performed between 1990 and 2019 concluded that both
“hot” capsaicin and “mild” capsinoid can increase the resting metabolic rate and energy
expenditure due to a rise in fat oxidation, although the reported changes were very modest
(Table 1) [44]. Importantly, this study also found bias (selection, performance, detection,
attrition, and/or reporting) in all of the clinical studies that were analyzed [44].
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Table 1. Weighted mean difference in the resting metabolic rate (kcal/day), energy expenditure
(kcal/day), fat oxidation (g/hour), and carbohydrate oxidation (g/hour), in seven clinical studies
with dietary hot pepper (capsaicin) [45–47] or non-pungent capsinoid [38,48–50]. These studies
reported a modest but consistent increase in the resting metabolic rate that may be attributed to a rise
in fat oxidation, with no difference between hot pepper and mild pepper consumption.

Reference Resting Metabolic
Rate (kcal) Energy Expenditure Fat Oxidation Carbohydrate

Oxidation

[45] 24.09 3.06 0.06 −1.05
[46] 34.41 6.96 0.12 −3.04
[47] 23.87 23.9 1.00 N.D.
[48] 47.51 N.D. 0.61 4.33
[49] 8.50 14.38 0.54 N.D.
[38] 43.00 N.D. 0.29 N.D.
[50] 53.60 N.D. 0.05 N.D.

Other studies combined capsaicin with other putative weight control agents. For ex-
ample, in the METABO study (dietary capsaicin combined with raspberry ketone, caffeine,
garlic, ginger, and citrus auratium), an 8-week clinical trial with 45 obese, but otherwise
healthy individuals, only a 2% reduction in weight gain compared to the placebo was
detected [51]. A second study involving 80 obese individuals with a BMI > 31 kg/m2

reported a 4% loss in body weight on a diet containing capsaicin, caffeine, tyrosine, and cat-
echines [52]. It is not clear to what degree capsaicin might have contributed to these modest
weight losses.

One should note that most of these studies used a capsaicin dose of 2 mg/meal or
higher. A meta-analysis even emphasized that capsaicin effects only occur with a minimal
dose of 2 mg per meal [43]. Indeed, CAPSIMAX (a product of OmniActive Health Tech.)
contains 2 mg capsaicin per tablet. This dose (4 mg per day, assuming two “hot” meals per
day) appears to be a bit high by Western standards since the estimated maximum daily
capsaicin intake by mild chili peppers in Europe is 1.5 mg/day.

In a clinical trial with 77 young (on average, 30 y.o.) overweight individuals (BMI,
27.5 kg/m2) who took CAPSIMAX, one or two tablets a day (2 or 4 mg) for 12 weeks,
the self-reported energy intake decreased by 257 kcal/day, resulting in a more favorable
waist to hip ratio by the end of the study [53].

There were two large epidemiologic studies that examined the BMI of people who
like “hot” cuisine and those who prefer their meals to be non-spicy, and neither found any
significant difference. The American study [54] was based on the National Health and Nu-
tritional Examination Survey, in which 16,179 participants were followed for 6 years (1988
to 1994). This study found an obesity rate of 23.9% among chili eaters (4107 individuals) as
opposed to 25.4% among non-eaters (12,071 individuals). Nonetheless, the mortality rate
among chili-eaters (21.6%) was clearly superior to that (33.6%) of the non-eaters. The Chi-
nese study [55] enrolled close to half-million people and reported BMI values (kg/m2) of
23.2, 23.5, 23.6, and 23.6, respectively, in groups that consumed less than 1, 1 to 2, 3 to 5,
or 6 to 7 weekly spice meals. Interestingly, this study also reported a health benefit for chili
eaters, for example, lower cancer and ischemic heart disease rates.

In healthy volunteers, capsicum (5 g per day) decreased plasma glucose levels com-
pared to a placebo [56]. Preclinical studies in diabetic animals suggested that dietary cap-
saicin may improve glycemic control [30,32], implying a therapeutic potential in patients
with T2DM. Indeed, traditional healers use hot pepper for this purpose [57]. Unfortunately,
a recent meta-analysis of 14 controlled clinical trials with capsaicin supplementation found
neither beneficial nor detrimental effects on blood glucose and insulin levels [58].

In conclusion, capsaicin effects on appetite are modest and their long-term influence on
body weight is questionable. Indeed, no significant difference in BMI was found between
chili-eaters and non-eaters [54,55].
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4. Dietary Capsaicin: Mechanisms of Action

There are four major models that have been promoted to explain the beneficial effects
of culinary capsaicin on weight gain (Figure 2). According to the first and oldest theory,
capsaicin exacerbates intestinal passage and thereby reduces the absorption of calories [59].
This model is in keeping with the well-known ability of hot, spicy food to cause diarrhea
in infants [60] and sensitive individuals [61]. The second theory posits that capsaicin can
boost thermogenesis [62,63]. The third model connects capsaicin-sensitive visceral afferents
to the arcuate nucleus [64], the center of appetite regulation. Finally, the fourth theory that
has gained popularity recently assumes that capsaicin can change the gut microbiota in a
way that may help maintain a healthy body weight [65]. Since the effect of capsaicin on
gut bacteria is not mediated by TRPV1 (so in a way it is non-specific), it will be discussed
below under a separate subheading.
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Figure 2. Molecular mechanisms of the anti-obesity effects of capsaicin. (A) Capsaicin can in-
hibit adipogenesis in preadipocyte and adipocyte by up-regulating the expression of peroxisome
proliferator-activated receptor gamma (PPARγ) and uncoupling protein-1 (UCP-1). Thus, it will
stimulate adiponectin secretion and increase body fat accumulation. (B) Capsaicin can activate
brown adipose tissue (BAT) activity, accompanied by increased expression of UCP-1 and PPAR-
coactivator-1α (PGC-1α). (C) Capsaicin can suppress appetite, increase satiety, and ameliorate insulin
resistance. (D) Capsaicin can modulate its function in the gastrointestinal tract and gut microbiome,
including stimulation of glucagon-like peptide-1 (GLP-1) secretion and increase in population of the
gut bacterium Akkermansia muciniphila. STAT-3, and signal transducer and activator of transcription-3
(STAT3). Reproduced with permission from [66].

The GI tract is densely innervated by capsaicin-sensitive (TRPV1-expressing) nerves
that sense visceral pain (afferent function) and regulate intestinal motility (efferent func-
tion) [67,68]. In rats, dietary capsaicin stimulates mucus production in the colon that,
in turn, may reduce fat absorption [12]. In men, capsaicin hastens the intestinal transit of
the meal [69,70], although it has no effect on gastric emptying [71]. This is in accord with the
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reduced fat absorption that was noted in rats when capsaicin was added to the chow [10].
Furthermore, capsaicin can cause gastrointestinal distress that, in turn, may suppress the
desire to eat more [37,72]. Somewhat unexpectedly, epithelial cells in the human gut were
also shown to express functional TRPV1 [73–75], implying a direct capsaicin effect on the
GI mucosa.

There is good evidence that capsaicin can boost thermogenesis, both shivering and
non-shivering [62,63]. In experimental animals, capsaicin can induce hypothermia and
initiate counter regulatory mechanisms, such as shivering, to generate heat [76,77]. In men,
dietary capsaicin is known to induce “gustatory sweating” [78]. To explain the popularity
of “hot” food under tropical climates, it was speculated that capsaicin can cool the body
(capsaicin as “natural air conditioner”) [79].

Of note, visceral TRPV1-expressing afferents have been implicated in the thermoregu-
latory action of capsaicin [80]. Thus, the activation by capsaicin of the same afferents may
reduce the calorie intake by speeding the intestinal transport of food, and, at the same time,
increase energy expenditure by lowering the body temperature. Furthermore, these vagal
afferents when stimulated by capsaicin may activate appetite-suppressant CART (cocaine,
amphetamine, and proopiomelanocortin-regulated) neurons in the arcuate nucleus [81].
It should be noted here that CART neurons themselves express TRPV1, therefore, they may
also be directly activated by capsaicin [82].

Brown adipose tissue (BAT) is a key player in non-shivering thermogenesis [83,84].
Indeed, there is an inverse relationship between BAT and obesity. Dietary capsaicin
was reported to “brown” the white adipose tissue [62,85,86]. For example, near-infrared
time-resolved spectroscopy (NITR) detected a 46% increase in brown adipose tissue in
20 volunteers on daily capsaicin for 8 weeks [87].

Both murine and human visceral adipose tissue seem to express TRPV1 [88]. In mice,
capsaicin increased the phosphorylation of sirtuin-1 (SIRT-1) [89], a protein that is involved
in lipid metabolism [90]. This effect was prevented by capsazepine, a TRPV1 antagonist [91],
and was absent in TRPV1-null mice [89], indicating a TRPV1-mediated capsaicin action.
Furthermore, capsaicin protected the expression of the thermogenic genes, ucp-1, bmp8b,
pgc-1α, and prdm-16, from HFD-induced downregulation [89]. In a second study, TRPV1 ac-
tivation elevated UCP-1 (uncoupling protein-1) protein content in the brown adipose tissue
of the mouse and protected the animals from HFD-induced visceral fat accumulation [92].
Since UCP-1 is a known player in the “browning” of the white adipose tissue [93], this
observation may provide a mechanistic explanation for fat “browning” by capsaicin [86].

This is interesting animal research, but is it relevant for dietary capsaicin actions in
men? In other words, can dietary capsaicin reach human adipose tissue in concentrations
that are high enough to replicate the effects that are seen in mice? Probably not. Although
capsaicin is readily absorbed from the GI tract of both rats [94] and men [95,96], it is rapidly
metabolized in the liver, producing 126 transformation products [97,98]. Although some
of the capsaicin metabolites were detected in human urine [98], it is not known if any of
these compounds may mimic capsaicin actions on adipose cells. In human volunteers,
the half-life of capsaicin in the blood was approximately 25 min with a peak concentration
of 8.2 nM [96]: this should be compared to the affinity of capsaicin for human TRPV1,
640 nM [99].

5. Capsaicin and Gut Microbiota

The effect of the gut microbiota on health and disease is subject to intense research.
Gut bacteria play a critical role in colonic health [100]. What we eat will either help
maintain a healthy microbiota in the colon, or cause disease by killing “good” bacteria
and supporting the growth of pathogens. There is a growing body of evidence linking
abnormal gut microbiota [101] and a malfunctioning gut-microbiota-brain axis [102] to
obesity. Indeed, a transplant of fecal microbiota from adult twins discordant for obesity to
germ-free mice recapitulated the phenotype (lean versus obese) of the fecal donor [103].
Importantly, the mice could be rescued from fecal transplant-induced weight gain by
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microbiota of the lean animals [103]. These findings reveal transmissible and modifiable
effects of the gut microbiota on obesity.

Body fat content seems to correlate with gut microbiota diversity: the higher the
fat, the lower the diversity [104]. For instance, obese people host more firmicutes and
fewer Akkermansia in their GI tract [105]. Conversely, weight loss interventions increase the
abundance of Akkermansia, an “antiobesity” bacterium, in the stool [106]. Many pre- and
probiotics that are used to treat obesity were shown to restore the normal diversity of the
gut microbiome [107]. Capsaicin may correct this “dysbacterosis” via multiple mechanisms
as an alternative to “fecal transplant” [108].

In the C57BL/6J mouse, capsaicin (2 mg per os) was reported to increase the contribu-
tion of Akkermansia to the gut microbiota, presumably by stimulating mucin production
in the colon [12]. In this context, it may be relevant that mucin-producing columnar ep-
ithelium in the colon expresses TRPV1 [109]. However, this capsaicin effect was seen both
in the TRPV1-null and wild-type animals, indicating a non-specific (that is, not capsaicin
receptor-mediated) action [108]. Capsaicin may also improve the bacterial diversity by
eliminating pathogens directly [110].

Chronic low-grade inflammation has been implicated in the pathomechanism of
obesity and metabolic syndrome [111]. The dysbacteriosis, in particular the overgrowth
of the S24-7 bacterium family that occurs in the obese, can lead to metabolic endotoxemia,
which, in turn, may maintain this low-grade inflammation [112]. Capsaicin may represent a
novel dietary strategy to prevent endotoxemia [113]. Indeed, dietary capsaicin was reported
to reduce the number of Gram-negative lipopolysaccharide (LPS)-producing bacteria in the
stool [113]. Importantly, in this study the capsaicin-fed animals gained less weight when
they were kept of HFD, and the protective effect of capsaicin was transferable to mice on a
control diet by fecal transplant [113].

Last, LPS has been shown to both directly activate TRPV1 [114] and to indirectly
sensitize capsaicin-sensitive afferents [115], creating a “microbe-gut-nerve-brain axis”. This
loop may be disconnected capsaicin-desensitization.

In conclusion, dietary capsaicin may aid in restoring the “pro-lean” gut microbiota.

6. Dermal Capsaicin Patch for Weight Loss?

The topical application of 0.075% capsaicin cream to the skin of mice that were fed
HFD significantly reduced weight gain and visceral fat [116]. Topical capsaicin also reduced
serum glucose and triglyceride levels [116]. Furthermore, ovalbumin-allergic mice that
were treated topically with a 0.075% capsaicin cream displayed attenuated food allergy
symptoms (e.g., reduced blood eosinophilia and IgE levels), restoring normal appetite and
body weight [117].

Topical capsaicin may be an attractive approach for people who either dislike “hot”
spicy food or experience GI symptoms such as abdominal pain and bloating after eating it.
However, this observation with low concentration (0.075%) capsaicin is difficult to apply to
men since the analgesic capsaicin patch employs a 100-fold higher (8%) concentration.

Although topical capsaicin is readily absorbed from the human skin [118], its concen-
tration in the blood probably stays low. Indeed, the horse-sensitive methods (e.g., UHPLC
and MS) failed to detect any capsaicin in the blood after treating the skin of the animals
with 0.1% capsaicin for 5 days [119]. Furthermore, dermal capsaicin evokes a blunted
pain and flare response in the skin of obese individuals, indicative of reduced capsaicin
sensitivity [120]. High-dose (8%) capsaicin patches are in clinical use to relieve chronic
neuropathic pain [121]. As yet, no clinical study with dermal capsaicin creams or patches
have been done to test any effect on body weight.

7. Capsaicin-Sensitive Nerves and Obesity

Capsaicin-sensitive neurons are bi-directional neurons with somata in sensory (dorsal
root and trigeminal) ganglia [4,67,68]. The peripheral terminals of these neurons are sites of
release for neuropeptides (for example, substance P, SP, and calcitonin gene-related peptide,
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CGRP) that initiate the biochemical cascade that is known as neurogenic inflammation [4,68].
The central efferents enter the spinal cord where they make synapse with second order
neurons of the dorsal horn [4,68]. These efferents convey nociceptive information into the
central nervous system. The role of these neurons in pain sensation, and the efforts to
develop clinically useful analgesic agents that block the capsaicin receptor TRPV1, were
detailed elsewhere [122–124]. Here it suffices to mention that the initial excitation by
capsaicin of these neurons is followed by a lasting refractory state, traditionally termed
“desensitization” [4,68]. Neonatal capsaicin administration can also kill these neurons [125].
As a tool to dissect the function of capsaicin-sensitive afferents, desensitization of adult
animals seems to be preferable since rodents that grow up without such nerves due to
neonatal treatment may develop compensatory mechanisms. Indeed, newborn rats whose
TRPV1-expressing neurons had been eliminated by capsaicin (50 mg/kg s.c.) show no
change in body weight as adults compared to solvent controls [126]. This is in sharp contrast
to rats that were desensitized to capsaicin as adults: these animals stay lean because they
resist aging-associated weight gain [127]. Gaining weight in the elderly has been linked to
increasing circulating CGRP levels [128]. Capsaicin desensitization depletes CGRP [4,68],
and thus may prevent the age-related increase in circulating CGRP.

With intraperitoneal capsaicin administration (5 mg/kg), the visceral vagal afferents
can be selectively desensitized with no global effect on capsaicin-sensitive neurons. After
this intervention, rats were deprived of food for 5 days. During these 5 days of food
deprivation, the capsaicin-treated animals lost 18.9 g whereas the controls lost 15.8 g: that
is, the capsaicin group showed 20% more weight loss [129].

Visceral fat is thought to be more deleterious than subcutaneous adipose tissue. Intact
capsaicin-sensitive intestinal afferent function seems to be essential for the redistribution of
fat from viscera to subcutis [130].

8. The Confusing Phenotype of the Trpv1-Null Mouse

Unlike wild-type mice that avoid capsaicin-flavored food [6], TRPV1-null animals
readily consume hot habanero pepper (Figure 3C). On low-fat (4.5%) diet, no difference in
weight gain was observed between the TRPV1-null and the wild-type mice [131]. By con-
trast, on HFD (11% fat), TRPV1-null mice gained less weight (34 g) than the wild-type
controls (51 g) [131]. Importantly, the TRPV1-null animals had less visceral fat and also
showed reduced fatty change in the liver [131]. This study concluded that a lack of TRPV1
protects against diet-induced obesity.

However, a second study [132] came to a very different conclusion. Young TRPV1-
null mice stayed lean and physically active (Figure 3A) but becoming old these animals
became obese (Figure 3B) and “lazy”, with enhanced hepatic steatosis [132,133]. The aging
TRPV1-null mice even gained more weight on normal chow (Figure 4). Adding to the
confusion, a third study found no difference in weight gain between TRPV1-null and
wild-type mice [134].

Three studies, three very different outcomes. The genetic background of TRPV1-null
mice may be a factor in the discrepant results, along with the age of the animals and the
dietary differences.

Moreover, it is not easy to reconcile the genetic Trpv1 inactivation studies with the cap-
saicin desensitization experiments: the first exacerbates aging-associated obesity whereas
the second seems to protect against it. One should keep in mind that the TRPV1-null
mice lack the capsaicin receptor but have otherwise functional capsaicin-sensitive neurons.
By contrast, in the capsaicin-desensitized animals these nerves are non-functioning.
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9. Obesity-Related Changes in Trpv1 Expression

As mentioned above, non-neuronal TRPV1 is expressed in fat cells [86]. When rats
were kept on HFD, diminished TRPV1 expression was noted both in the white and brown
adipose tissue. Human visceral adipose tissue also possesses TRPV1, with markedly
reduced expression in the obese [86]. Morbidly obese men also showed diminished pain
and flare response in the capsaicin skin test [120], though it is not completely clear if this
reflects reduced TRPV1 expression or obesity-induced small sensory fiber neuropathy.

TRPV1-like immunoreactivity was described in the human GI tract, from the stomach
(Figure 5) through the duodenum to the colon [73–75]. In epithelial cells, no difference in
TRPV1 expression was found between obese (BMI > 40 kg/m2) and control individuals [75].
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10. Conclusions

Based on the available literature, one may conclude that spicy food (culinary capsaicin),
though it may suppress appetite in the short run, does not protect against obesity in the
long run. Indeed, two large epidemiological studies found no significant difference in
BMI between chili eaters and non-eaters [54,55]. This is hardly unexpected since capsaicin
effects are known to undergo desensitization upon repeated challenge [4,68]. It also implies
that putative TRPV1 agonists that do not induce desensitization may prove clinically useful
in appetite control.

Furthermore, dietary capsaicin does not appear to be an effective weight loss agent
in the obese. This may in part be related to the reduced TRPV1 expression in the visceral
adipose tissue of fat people [87].

Dietary capsaicin reduced blood glucose, cholesterol, and triglyceride levels in experi-
mental animals [14,15,30,32], but not in clinical studies [58].

That said, dietary capsaicin is not without health benefits. Indeed, chili-eaters were found
to live longer and stay healthier than their compatriots who favored bland food [54,55].

In conclusion, dietary capsaicin is not a magic “exercise in a pill”, though there is
good evidence that capsaicin-sensitive afferents play an important role in body weight
regulation. The challenge is to manipulate these nerves for weight control without causing
unacceptable side-effects.
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11. Future Directions

For future research, there are several intriguing observations that may be worth
pursuing. First, experiments with laboratory animals suggest that dietary capsaicin can
reduce weight gain in the young and lean on HFD, but not in older individuals on HFD,
in the obese, or those (regardless of age or body weight) who are on a regular diet. Future
clinical studies will test the human relevance of these observations. If this model holds true
in men, capsaicin may help prevent childhood and juvenile obesity.

Second, capsaicin seems to have a beneficial direct effect on gut microbiota, by promoting
the growth of “anti-obesity” bacteria and eliminating undesired pathogens [108–110,113]. Here
the challenge is to deliver sufficiently high capsaicin doses without causing abdominal
discomfort or diarrhea. This will be no longer a concern if the capsaicin effects on the gut
microbiota can be replicated by non-pungent capsaicin congeners such as capsiates.

Third, capsaicin-desensitized animals are protected from aging-associated weight
gain [127]. Chronic, low-grade inflammation has been implicated in the pathomechanism
of obesity [135], and capsaicin-sensitive nerves may play a key role in maintaining this
inflammation by releasing pro-inflammatory neuropeptides such as CGRP [4,68]. If so,
molecules that block the activation of capsaicin-sensitive neurons may ameliorate aging-
associated obesity.

Fourth, small molecule TRPV1 antagonists are potential analgesic [122–124] and an-
tidiabetic [111] drugs. Some of these compounds have already entered Phase-3 clinical
trials. What effect, if any, can such drugs have on body weight, especially in the elderly?

Last, the topical application of capsaicin cream to the skin of mice that were fed HFD
significantly reduced weight gain and visceral fat accumulation, and normalized the serum
glucose and triglyceride levels [116]. Since high-dose capsaicin dermal patches are already
available for pain control [121], it would be interesting to see if these patches have a similar
beneficial action in men.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Obesity and Overweight. Available online: http://who.int/news-room/fact-sheets/detail/obesity-

and-overweight (accessed on 8 June 2022).
2. Centers for Disease Control and Prevention. Type 2 Diabetes. Available online: http://cdc.gov/diabetes/basics/type2.html

(accessed on 8 June 2022).
3. Eid, I.; Birch, D.W.; Sharma, A.M.; Sherman, V.; Karmali, S. Complications associated with adjustable gastric banding for morbid

obesity: A surgeon’s guide. Can. J. Surg. 2011, 54, 61–66. [CrossRef]
4. Szallasi, A.; Blumberg, P.M. Vanilloid (Capsaicin) receptors and mechanisms. Pharmacol. Rev. 1999, 51, 159–212. [PubMed]
5. Tewksbury, J.J.; Nabham, G.P. Seed dispersal. Directed deterrence by capsaicin in chilies. Nature 2001, 412, 403–404. [CrossRef]

[PubMed]
6. Fitzgerald, C.S.; Curtis, P.D.; Richmond, M.E.; Dunn, J.A. Effectiveness of capsaicin as a repellent to birdseed consumption by

gray squirrels. In Proceedings of the Natural Wildlife Research Center Repellents Conference, University of Nebraska-Lincoln,
Denver, CO, USA, 8–10 August 1995; Available online: https://digitalcommons.unl.edu/nwrcrepellants/16 (accessed on 8 June
2022).

7. Tremblay, A.; Arguin, H.; Panahi, S. Capsaicinoids: A spicy solution to the management of obesity? Int. J. Obes. 2016, 40,
1198–1204. [CrossRef] [PubMed]

8. Weight Loss “Magic Bullets” That Actually Work. Available online: https://cafemom.com/lifestyle/180536-effective_weight_
loss_magic_bullets (accessed on 8 June 2022).

9. Monsereenusorn, Y. Subchronic toxicity studies of capsaicin and capsicum in rats. Res. Commun. Chem. Pathol. Pharmacol. 1983,
41, 95–110.

10. Nopanitaya, W. Long term effects of capsaicin on fat absorption and the growth of the rat. Growth 1973, 37, 269–279.

http://who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://cdc.gov/diabetes/basics/type2.html
http://doi.org/10.1503/cjs.015709
http://www.ncbi.nlm.nih.gov/pubmed/10353985
http://doi.org/10.1038/35086653
http://www.ncbi.nlm.nih.gov/pubmed/11473305
https://digitalcommons.unl.edu/nwrcrepellants/16
http://doi.org/10.1038/ijo.2015.253
http://www.ncbi.nlm.nih.gov/pubmed/26686003
https://cafemom.com/lifestyle/180536-effective_weight_loss_magic_bullets
https://cafemom.com/lifestyle/180536-effective_weight_loss_magic_bullets


Pharmaceuticals 2022, 15, 851 13 of 17

11. Dib, B. After two weeks habituation to capsaicinized food, rats prefer this to plain food. Pharmacol. Biochem. Behav. 1990, 37,
649–653. [CrossRef]

12. Kumar, V.; Kumar, V.; Mahajan, N.; Kaur, J.; Devi, K.; Dharavath, R.N.; Singh, R.P.; Kondepudi, K.K.; Bishnoi, M. Mucin secretory
action of capsaicin prevents high fat diet-induced gut barrier dysfunction in C57BL/6 mice colon. Biomed. Pharmacother. 2021, 145,
112452. [CrossRef]

13. Kawada, T.; Hagihara, K.-I.; Iwai, K. Effects of capsaicin on lipid metabolism in rats fed a high fat diet. J. Nutr. 1986, 116,
1272–1278. [CrossRef]

14. Manjunatha, H.; Srinivasan, K. Hypolipidemic and antioxidant effects of dietary curcumin and capsaicin in induced hypercholes-
terolemic rats. Lipids 2007, 42, 1133–1142. [CrossRef]

15. Yang, S.; Liu, L.; Meng, L.; Hu, X. Capsaicin is beneficial to hyperlipidemia, oxidative stress, endothelial dysfunction,
and atherosclerosis in Guinea pigs fed on a high fat diet. Chem. Biol. Interact. 2019, 297, 1–7. [CrossRef] [PubMed]

16. Ohnuki, K.; Hararmizu, S.; Oki, K.; Watanabe, T.; Yazawa, S.; Fushiki, T. Administration of capsiate, a non-pungent capsaicin
analog, promotes energy metabolism and suppresses body fat accumulation in mice. Biosci. Biotechnol. Biochem. 2001, 65,
2735–2740. [CrossRef] [PubMed]

17. Kobayashi, Y.; Nakano, Y.; Kizaki, M.; Hoshikuma, K.; Yokoo, Y.; Kamiya, T. Capsaicin-like anti-obesity activities of evodiamine
from fruits of Evodia ruteacarpa, a vanilloid receptor agonist. Planta Med. 2001, 67, 628–633. [CrossRef] [PubMed]

18. Baboota, R.K.; Khare, P.; Mangal, P.; Singh, D.P.; Bhutani, K.K.; Kondepudi, K.K.; Kaur, J.; Bishnoi, M. Dihydrocapsiate
supplementation prevented high fat diet-induced adiposity, hepatic steatosis, glucose intolerance, and gut morphological
alterations in mice. Nutr. Res. 2018, 51, 40–56. [CrossRef]

19. Hwang, D.; Seo, J.-B.; Park, H.-Y.; Kim, J.; Lim, K. Capsiate intake with exercise training additively reduces fat deposition in mice
on a high-fat diet, but not without exercise training. Int. J. Mol. Sci. 2021, 22, 769. [CrossRef]

20. Pearce, L.V.; Petukhov, P.A.; Szabo, T.; Kedei, N.; Bizik, F.; Kozikowski, A.P.; Blumberg, P.M. Evodiamine functions as an agonist
for the vanilloid receptor TRPV1. Org. Biomol. Chem. 2004, 2, 2281–2286. [CrossRef]

21. Kaur, J.; Kumar, V.; Kumar, V.; Shafi, S.; Khare, P.; Mahajan, N.; Bhadada, S.K.; Kondepudi, K.K.; Bhunia, R.K.; Kuhad, A.; et al.
Combination of TRP channel dietary agonists induces energy expending and glucose utilizing phenotype in HFD-fed mice. Int. J.
Obes. Lond. 2022, 46, 153–161. [CrossRef]

22. Caterina, M.J.; Schumacher, M.A.; Tominaga, M.; Rosen, T.A.; Levine, J.D.; Julius, D. The capsaicin receptor: A heat-activated ion
channel in the pain pathway. Nature 1997, 389, 816–824. [CrossRef]

23. McKemy, D.D.; Neuhausser, W.M.; Julius, D. Identification of a cold receptor reveals a general role for TRP channels in
thermosensation. Nature 2002, 416, 52–58. [CrossRef]

24. Peier, A.M.; Moqrich, A.; Hergarden, A.C.; Reeve, A.J.; Andersson, D.A.; Story, G.M.; Earley, T.J.; Dragoni, I.; McIntyre, P.; Bevan,
S.; et al. A TRP channel that senses cold stimuli and menthol. Cell 2002, 108, 705–715. [CrossRef]

25. Bandell, M.; Story, G.M.; Hwang, S.W.; Viswanath, V.; Eid, S.R.; Petrus, M.J.; Earley, T.J.; Patapoutian, A. Noxious cold ion channel
TRPA1 is activated by pungent compounds and bradykinin. Neuron 2004, 41, 849–857. [CrossRef]

26. Hirotani, Y.; Fukamachi, J.; Ueyama, R.; Urashima, Y.; Ikeda, K. Effects of capsaicin coadministered with eicosapentaeonic acid on
obesity-related dysregulation in high fat-fed mice. Biol. Pharm. Bull. 2017, 40, 1581–1585. [CrossRef] [PubMed]

27. Zhong, F.; Zhou, X.; Xu, J.; Gao, L. Rodent models of nonalcoholic fatty liver disease. Digestion 2020, 101, 522–535. [CrossRef]
[PubMed]

28. Shin, M.K.; Yang, S.-M.; Han, I.-S. Capsaicin suppresses liver fat accumulation in high fat diet-induced NAFLD mice. Anim. Cells
Syst. 2020, 24, 214–219. [CrossRef]

29. Nishimura, M. Breeding of mice strains for diabetes mellitus. Exp. Anim. 1969, 18, 147–157. [CrossRef]
30. Kang, J.-H.; Tsuyoshi, G.; Ngoc, H.L.; Kim, H.-M.; Tu, T.H.; Noh, H.-J.; Kim, C.-S.; Choe, S.-Y.; Kawada, T.; Yoo, H.; et al. Dietary

capsaicin attenuates metabolic dysregulation in genetically obese diabetic mice. J. Med. Food 2011, 14, 310–315. [CrossRef]
31. Drasher, M.L.; Dickie, M.M.; Snell, G.D. Physiological differences in uteri of obese stock mice. A comparison between obese mice

and their thin sibs. J. Hered. 1955, 46, 209–212. [CrossRef]
32. Song, J.-X.; Ren, H.; Gao, Y.-F.; Lee, C.-Y.; Li, S.-F.; Zhang, F.; Li, L.; Chen, H. Dietary capsaicin improves glucose homeostasis and

alters the gut microbiota in obese diabetic ob/ob Mice. Front. Physiol. 2017, 8, 602. [CrossRef]
33. Kwon, Y. Estimation of dietary capsaicinoid exposure in Korea and assessment of its health effects. Nutrients 2021, 13, 2461.

[CrossRef]
34. Leung, F.W. Capsaicin-sensitive intestinal mucosal afferent mechanisms and body fat distribution. Life Sci. 2008, 83, 1–5.

[CrossRef]
35. Janssens, P.L.H.R.; Hursel, R.; Martens, E.A.P.; Westerterp-Plantenga, M.S. Acute effects of capsaicin on energy expenditure and

fat oxidation in negative energy balance. PLoS ONE 2013, 8, e67786. [CrossRef] [PubMed]
36. Westerterp-Plantenga, M.S.; Smeets, A.; Lejeune, M.P.G. Sensory and gastrointestinal satiety effects of capsaicin on food intake.

Int. J. Obes. Lond. 2005, 29, 682–688. [CrossRef] [PubMed]
37. Van Avesaat, M.; Troost, F.J.; Westerterp-Plantenga, M.S.; Helyes, Z.; Le Roux, C.W.; Dekker, J.; Keszthelyi, D. Capsaicin-induced

satiety is associated with gastrointestinal distress but not the release of satiety hormones. Am. J. Clin. Nutr. 2016, 103, 305–313.
[CrossRef] [PubMed]

http://doi.org/10.1016/0091-3057(90)90541-O
http://doi.org/10.1016/j.biopha.2021.112452
http://doi.org/10.1093/jn/116.7.1272
http://doi.org/10.1007/s11745-007-3120-y
http://doi.org/10.1016/j.cbi.2018.10.006
http://www.ncbi.nlm.nih.gov/pubmed/30342015
http://doi.org/10.1271/bbb.65.2735
http://www.ncbi.nlm.nih.gov/pubmed/11826971
http://doi.org/10.1055/s-2001-17353
http://www.ncbi.nlm.nih.gov/pubmed/11582540
http://doi.org/10.1016/j.nutres.2017.11.006
http://doi.org/10.3390/ijms22020769
http://doi.org/10.1039/b404506h
http://doi.org/10.1038/s41366-021-00967-3
http://doi.org/10.1038/39807
http://doi.org/10.1038/nature719
http://doi.org/10.1016/S0092-8674(02)00652-9
http://doi.org/10.1016/S0896-6273(04)00150-3
http://doi.org/10.1248/bpb.b17-00247
http://www.ncbi.nlm.nih.gov/pubmed/28867743
http://doi.org/10.1159/000501851
http://www.ncbi.nlm.nih.gov/pubmed/31600750
http://doi.org/10.1080/19768354.2020.1810771
http://doi.org/10.1538/expanim1957.18.4_147
http://doi.org/10.1089/jmf.2010.1367
http://doi.org/10.1093/oxfordjournals.jhered.a106559
http://doi.org/10.3389/fphys.2017.00602
http://doi.org/10.3390/nu13072461
http://doi.org/10.1016/j.lfs.2008.04.018
http://doi.org/10.1371/journal.pone.0067786
http://www.ncbi.nlm.nih.gov/pubmed/23844093
http://doi.org/10.1038/sj.ijo.0802862
http://www.ncbi.nlm.nih.gov/pubmed/15611784
http://doi.org/10.3945/ajcn.115.123414
http://www.ncbi.nlm.nih.gov/pubmed/26718419


Pharmaceuticals 2022, 15, 851 14 of 17

38. Galgani, J.E.; Ravussin, E. Effect of dihydrocapsiate on resting metabolic rate in humans. Am. J. Clin. Nutr. 2010, 92, 1089–1093.
[CrossRef] [PubMed]

39. Ludy, M.-J.; Moore, G.E.; Mattes, R.D. The effects of capsaicin and capsiate on energy balance: Critical review and meta-analysis
of studies in humans. Chem. Senses 2012, 37, 103–121. [CrossRef]

40. Silva, V.E.L.D.M.E.; Cholewa, J.M.; Jäger, R.; Zanchi, N.E.; de Freitas, M.C.; de Moura, R.C.; Barros, E.M.L.; Antunes, B.M.;
Caperuto, E.C.; Ribeiro, S.L.G.; et al. Chronic capsiate supplementation increases fat-free mass and upper body strength but not
the inflammatory response to resistance exercise in young untrained men: A randomized, placebo-controlled and double-blind
study. J. Int. Soc. Sports Nutr. 2021, 18, 50. [CrossRef]

41. Rigamonti, A.E.; Casnici, C.; Marelli, O.; De Col, A.; Tamini, S.; Lucchetti, E.; Tringali, G.; De Micheli, R.; Abbruzzese, L.; Bortolotti,
M.; et al. Acute administration of capsaicin increases resting energy expenditure in your obese subjects without affecting energy
intake, appetite, and circulating levels of orexigenic/anorexigenic peptides. Nutr. Res. 2018, 52, 71–79. [CrossRef]

42. Zsiborás, C.; Mátics, R.; Hegyi, P.; Balaskó, M.; Pètervári, E.; Szabó, I.; Sarlós, P.; Mikó, A.; Tenk, J.; Rostás, I.; et al. Capsaicin and
capsiate could be appropriate agents for treatment of obesity: A meta-analysis of human studies. Crit. Rev. Food Sci. Nutr. 2018,
58, 1419–1427. [CrossRef]

43. Whiting, S.; Derbyshire, E.J.; Tiwari, B. Could capsaicinoids help to support weight management? A systemic review and
meta-analysis of energy intake data. Appetite 2014, 73, 183–188. [CrossRef]

44. Irandoost, P.; Yagin, N.L.; Namazi, N.; Keshtkar, A.; Farsi, F.; Alamdari, N.M.; Vafa, M. The effect of capsaicinoids or capsinoids
in red pepper on thermogenesis in healthy adults: A systematic review and meta-analysis. Phytother. Res. 2021, 35, 1358–1377.
[CrossRef]

45. Yoshioka, M.; Kim, K.; Kikuzato, S.; Kiyonaga, A.; Tanaka, H.; Shindo, M.; Suzuki, M. Effects of red-pepper diet on energy
metabolism in men. J. Nutr. Sci. Vitaminol. 1995, 41, 647–656. [CrossRef] [PubMed]

46. Yoshioka, M.; St-Pierre, S.; Suzuki, M.; Tremblay, A. Effects of red pepper added to high-fat and high-carbohydrate meals on
energy metabolism and substrate utilization in Japanese women. Br. J. Nutr. 1998, 80, 503–510. [CrossRef] [PubMed]

47. Lejeune, M.P.; Kovacs, E.M.; Westerterp-Plantenga, M.S. Effect of capsaicin on substrate oxidation and weight maintenance after
modest body weight loss in human subjects. Br. J. Nutr. 2003, 90, 651–659. [CrossRef] [PubMed]

48. Kawabata, F.; Inoue, N.; Yazawa, S.; Kawada, T.; Inoue, K.; Fushiki, T. Effects of CH-19 sweet, a non-pungent cultivar of red
pepper, in decreasing the body weight and suppressing body fat accumulation by sympathetic nerve activation in humans. Biosci.
Biotechnol. Biochem. 2006, 70, 2824–2835. [CrossRef] [PubMed]

49. Inoue, N.; Matsunaga, Y.; Satoh, H.; Takahashi, M. Enhances energy expenditure and fat oxidation in humans with high BMI
scores by the ingestion of novel and non-pungent capsaicin analogues (capsinoids). Biosci. Biotechnol. Biochem. 2007, 71, 380–389.
[CrossRef]

50. Snitker, S.; Fujishima, Y.; Shen, H.; Ott, S.; Pi-Sunyer, X.; Furuhata, Y.; Takahashi, M. Effects of novel capsinoid treatment on
fatness and energy metabolism in humans: Possible pharmacogenetic implications. Am. J. Clin. Nutr. 2009, 89, 45–50. [CrossRef]

51. Lopez, H.L.; Ziegenfuss, T.N.; Hofheins, J.E.; Habowski, S.M.; Arent, S.M.; Weir, J.P.; Ferrando, A.A. Eight weeks of supplementa-
tion with a multi-ingredient weight loss product enhances body composition, reduces hip and waist girth, and increases energy
levels in overweight men and women. J. Int. Soc. Sports Nutr. 2013, 10, 22. [CrossRef]

52. Belza, A.; Frandsen, E.; Kondrup, J. Body fat loss achived by stimulation of thermogenesis by a combination of bioactive food
ingredients: A placebo-controlled, double-blind 8-week intervention in obese subjects. Int. J. Obes. Lond. 2007, 31, 121–130.
[CrossRef]

53. Urbina, S.L.; Roberts, M.D.; Kephart, W.C.; Vilal, K.B.; Santos, E.N.; Olivencia, A.M.; Bennett, H.M.; Lara, M.D.; Foster, C.A.;
Purpura, M.; et al. Effects of twelve weeks of capsaicinoid supplementation on body composition, appetite and self-reported
caloric intake in overweight individuals. Appetite 2017, 113, 264–273. [CrossRef]

54. Chopan, M.; Littenberg, B. The association of hot red chili pepper consumption and mortality: A large population-based cohort
study. PLoS ONE 2017, 12, e0169876. [CrossRef]

55. Lv, J.; Qi, L.; Yu, C.; Yang, L.; Guo, Y.; Chen, Y.; Bian, Z.; Sun, D.; Du, J.; Ge, P.; et al. Consumption of spicy foods and total and
cause specific mortality: Population based cohort study. BMJ 2015, 351, h3942. [CrossRef] [PubMed]

56. Chaiyasit, K.; Khovidhunkit, W.; Wittayalertpanya, S. Pharmacokinetics and the effect of capsaicin in Capsicum frutescens on
decreasing plasma glucose level. J. Med. Assoc. Thail. 2009, 92, 108–113.

57. Saleh, B.K.; Omer, A.; Teweldemedhin, B. Medicinal uses and health benefits of chili pepper (Capsicum annuum): A review. MOJ
Food Process Technol. 2018, 6, 325–328. [CrossRef]

58. Foshati, S.; Moradi, S.; Tavassoly, M.; Rouhani, M.H. Short- and long-term effects of capsaicin supplementation on glycemic
control: A systematic review and meta-analysis of controlled trials. Food Funct. 2021, 12, 5236–5246. [CrossRef]

59. Shibara, C.; Sasaki, I.; Naito, H.; Tsuchiya, T.; Takahashi, M.; Ohtani, N.; Matsuno, S. Intragastric capsaicin stimulates colonic
motility via a neural reflex in conscious dogs. Gastroenterology 1995, 4, 1197–1205. [CrossRef]

60. Snyman, T.; Stewart, M.J.; Steenkamp, V. A fatal case of pepper poisoning. Forensic Sci. Int. 2001, 124, 43–46. [CrossRef]
61. Farmer, J. Why Spicy Food Can Trigger Diarrhea. Available online: http://www.telegraph.co.uk/food-and-drink/fodmap-

advice-and-recipes/does-spicy-food-cause-diarrhoea/ (accessed on 8 June 2022).
62. Saito, M.; Yoneshiro, T. Capsinoids and related food ingredients activating brown fat thermogenesis and reducing body fat in

humans. Curr. Opin. Lipidol. 2013, 24, 71–77. [CrossRef]

http://doi.org/10.3945/ajcn.2010.30036
http://www.ncbi.nlm.nih.gov/pubmed/20826626
http://doi.org/10.1093/chemse/bjr100
http://doi.org/10.1186/s12970-021-00446-0
http://doi.org/10.1016/j.nutres.2018.02.002
http://doi.org/10.1080/10408398.2016.1262324
http://doi.org/10.1016/j.appet.2013.11.005
http://doi.org/10.1002/ptr.6897
http://doi.org/10.3177/jnsv.41.647
http://www.ncbi.nlm.nih.gov/pubmed/8926537
http://doi.org/10.1017/S0007114598001597
http://www.ncbi.nlm.nih.gov/pubmed/10211048
http://doi.org/10.1079/BJN2003938
http://www.ncbi.nlm.nih.gov/pubmed/13129472
http://doi.org/10.1271/bbb.60206
http://www.ncbi.nlm.nih.gov/pubmed/17151481
http://doi.org/10.1271/bbb.60341
http://doi.org/10.3945/ajcn.2008.26561
http://doi.org/10.1186/1550-2783-10-22
http://doi.org/10.1038/sj.ijo.0803351
http://doi.org/10.1016/j.appet.2017.02.025
http://doi.org/10.1371/journal.pone.0169876
http://doi.org/10.1136/bmj.h3942
http://www.ncbi.nlm.nih.gov/pubmed/26242395
http://doi.org/10.15406/mojfpt.2018.06.00183
http://doi.org/10.1039/D1FO00595B
http://doi.org/10.1016/0016-5085(95)90579-0
http://doi.org/10.1016/S0379-0738(01)00571-0
http://www.telegraph.co.uk/food-and-drink/fodmap-advice-and-recipes/does-spicy-food-cause-diarrhoea/
http://www.telegraph.co.uk/food-and-drink/fodmap-advice-and-recipes/does-spicy-food-cause-diarrhoea/
http://doi.org/10.1097/MOL.0b013e32835a4f40


Pharmaceuticals 2022, 15, 851 15 of 17

63. Uchida, K.; Dezaki, K.; Yoneshiro, T.; Watanabe, T.; Yamazaki, J.; Saito, M.; Yada, T.; Tominaga, T.; Iwasaki, Y. Involvement of
thermosensitive TRP channels in energy metabolism. J. Physiol. Sci. 2017, 67, 549–560. [CrossRef]

64. Park, E.S.; Jo, S.; Yi, S.J.; Kim, J.S.; Ee, H.S.; Lee, I.S.; Seo, K.M.; Sung, J.K.; Lee, I.; Yoon, Y.S. Effect of capsaicin on cholecystokinin
and neuropeptide Y expressions in the brain of high-fat diet fed rats. J. Vet. Med. Sci. 2004, 66, 107–114. [CrossRef]

65. Rosca, A.E.; Iesanu, M.I.; Zahiu, C.D.M.; Voiculescu, S.E.; Paslaru, A.C.; Zagrean, A.-M. Capsaicin and gut microbiota in health
and disease. Molecules 2020, 25, 5681. [CrossRef]

66. Zheng, J.; Zheng, S.; Feng, X.; Zhang, Q.; Xiao, X. Dietary capsaicin and its anti-obesity potency: From mechanisms to clinical
implications. Biosci. Rep. 2017, 37, BSR20170286. [CrossRef] [PubMed]

67. Maggi, C.A. Capsaicin-sensitive nerves in the gastrointestinal tract. Arch. Int. Pharmacodyn. Ther. 1990, 303, 157–166. [PubMed]
68. Holzer, P. Capsaicin: Cellular targets, mechanisms of action, and selectivity for thin sensory neurons. Pharmacol. Rev. 1991, 43,

143–201. [PubMed]
69. Mózsik, G.; Szolcsányi, J.; Dömötör, A. Capsaicin research as a new tool to approach of the human gastrointestinal physiology,

pathology, and pharmacology. Inflammopharmacology 2007, 15, 232–245. [CrossRef]
70. Gonzalez, R.; Dunkel, R.; Koletzko, B.; Schusdziarra, V.; Allescher, H.D. Effect of capsaicin-containing red pepper sauce suspension

on upper gastrointestinal motility in healthy volunteers. Dig. Dis. Sci. 1998, 43, 1165–1171. [CrossRef] [PubMed]
71. Rodriguez-Stanley, S.; Collings, K.L.; Robinson, M.; Owen, W.; Miner, P.B., Jr. The effects of capsaicin on reflux, gastric emptying,

and dyspepsia. Aliment. Pharmacol. Ther. 2000, 14, 129–134. [CrossRef]
72. Hammer, J.; Vogelsang, H. Characterization of sensations induced by capsaicin in the upper gastrointestinal tract. Neurogastroen-

terol. Motil. 2007, 19, 279–287. [CrossRef]
73. Atas, U.; Erin, N.; Tazegul, G.; Elpek, G.O.; Yildirim, B. Distribution of transient receptor potential vanilloid-1 channels in

gastrointestinal tract of patients with morbid obesity. World J. Clin. Cases 2022, 10, 79–90. [CrossRef]
74. Choi, Y.J.; Kim, N.; Kim, J.; Lee, D.H.; Park, J.H.; Jung, H.C. Upregulation of vanilloid receptor-1 in functional dyspepsia with or

without Helicobacter pylori infection. Med. Baltim. 2016, 95, e3410. [CrossRef]
75. Dömötör, A.; Kereskay, L.; Szekeres, G.; Hunyady, B.; Szolcsányi, J.; Mózsik, G. Participation of capsaicin-sensitive afferent nerves

in the gastric mucosa of patients with Helicobacter pylori-positive or negative chronic gastritis. Dig. Dis. Sci. 2007, 52, 411–417.
[CrossRef]

76. Jancsó-Gábor, A.; Szolcsányi, J.; Jancsó, N. Irreversible impairment of thermoregulation induced by capsaicin and similar pungent
substances in rats and guinea-pigs. J. Physiol. 1970, 206, 495–507. [CrossRef] [PubMed]

77. Szolcsányi, J. Effect of capsaicin on thermoregulation: An update with new aspects. Temperature 2015, 2, 277–296. [CrossRef]
[PubMed]

78. Smith, M. Can What You Eat Make You Sweat? Available online: https://webmd.com/skin-problems-and-treatments/sweat-
how-food-affects (accessed on 8 June 2022).

79. Szallasi, A. Some like it hot (even more so in the tropics): A puzzle with no solution. Temperature 2016, 3, 54–55. [CrossRef]
[PubMed]

80. Gavva, N.R.; Bannon, A.W.; Surapaneni, S.; Hovland, D.N., Jr.; Lehto, S.G.; Gore, A.; Juan, T.; Deng, H.; Han, B.; Klionsky, L.; et al.
The vanilloid receptor TRPV1 is tonically activated in vivo and involved in body temperature regulation. J. Neurosci. 2007, 27,
3366–3374. [CrossRef] [PubMed]

81. Chu, J.Y.S.; Cheng, C.Y.Y.; Sekar, R.; Chow, B.K.C. Vagal afferent mediates the anorectic effect of peripheral secretin. PLoS ONE
2013, 8, e64859. [CrossRef]

82. Jeong, J.H.; Lee, D.K.; Liu, S.-M.; Chua, S., Jr.; Schwartz, G.J. Activation of temperature-sensitive TRPV1-like receptors in ARC
POMC neurons reduces food intake. PLoS Biol. 2018, 16, e2004399. [CrossRef]

83. Smith, R.E.; Horwitz, B.A. Brown fat and thermogenesis. Physiol. Rev. 1969, 49, 330–425. [CrossRef]
84. Jansky, L. Non-shivering thermogenesis and its thermoregulatory significance. Biol. Rev. Camb. Philos. Soc. 1973, 48, 85–132.

[CrossRef]
85. Saito, M. Capsaicin and related food ingredients reducing body fat through the activation of TRP and brown fat thermogenesis.

Adv. Food Nutr. Res. 2015, 76, 1–28.
86. Baskaran, P.; Krishan, V.; Ren, J.; Thyagarajan. B. Capsaicin induces browning of white adipose tissue and counters obesity by

activating TRPV1 channel-dependent mechanisms. Br. J. Pharmacol. 2016, 173, 2369–2389. [CrossRef]
87. Nirengi, S.; Homma, T.; Inoue, N.; Sato, H.; Yoneshiro, T.; Matsushita, M.; Kameya, T.; Sugie, H.; Tsuzaki, K.; Saito, M.; et al.

Assessment of human brown adipose tissue density during daily ingestion of thermogenic capsinoids using near-infrared
time-resolved spectroscopy. J. Biomed. Opt. 2016, 21, 091305. [CrossRef] [PubMed]

88. Zhang, L.L.; Liu, D.Y.; Ma, L.Q.; Luo, Z.D.; Cao, T.B.; Zhong, J.Z.; Yan, Z.C.; Wang, L.J.; Zhao, Z.G.; Zhu, S.J.; et al. Activation of
transient receptor potential vanilloid type-1 channel prevents adipogenesis and obesity. Circ. Res. 2007, 100, 1063–1070. [CrossRef]
[PubMed]

89. Baskaran, P.; Krishnan, V.; Fettel, K.; Gao, P.; Zhu, Z.; Ren, J.; Thyagarajan, B. TRPV1 activation counters diet-induced obesity
through sirtuin-1 activation and PRDM-16 deacetylation in brown adipose tissue. Int. J. Obes. Lond. 2017, 41, 739–749. [CrossRef]

90. Schug, T.; Li, X. Sirtuin 1 in lipid metabolism and obesity. Ann. Med. 2011, 43, 198–211. [CrossRef] [PubMed]
91. Dickenson, A.H.; Dray, A. Selective antagonism pf capsaicin by capsazepine: Evidence for a spinal receptor site in capsaicin-

induced antinociception. Br. J. Pharmacol. 1991, 104, 1045–1049. [CrossRef] [PubMed]

http://doi.org/10.1007/s12576-017-0552-x
http://doi.org/10.1292/jvms.66.107
http://doi.org/10.3390/molecules25235681
http://doi.org/10.1042/BSR20170286
http://www.ncbi.nlm.nih.gov/pubmed/28424369
http://www.ncbi.nlm.nih.gov/pubmed/2196856
http://www.ncbi.nlm.nih.gov/pubmed/1852779
http://doi.org/10.1007/s10787-007-1584-2
http://doi.org/10.1023/A:1018831018566
http://www.ncbi.nlm.nih.gov/pubmed/9635602
http://doi.org/10.1046/j.1365-2036.2000.00682.x
http://doi.org/10.1111/j.1365-2982.2007.00900.x
http://doi.org/10.12998/wjcc.v10.i1.79
http://doi.org/10.1097/MD.0000000000003410
http://doi.org/10.1007/s10620-006-9180-7
http://doi.org/10.1113/jphysiol.1970.sp009027
http://www.ncbi.nlm.nih.gov/pubmed/5498502
http://doi.org/10.1080/23328940.2015.1048928
http://www.ncbi.nlm.nih.gov/pubmed/27227029
https://webmd.com/skin-problems-and-treatments/sweat-how-food-affects
https://webmd.com/skin-problems-and-treatments/sweat-how-food-affects
http://doi.org/10.1080/23328940.2016.1139964
http://www.ncbi.nlm.nih.gov/pubmed/27227097
http://doi.org/10.1523/JNEUROSCI.4833-06.2007
http://www.ncbi.nlm.nih.gov/pubmed/17392452
http://doi.org/10.1371/journal.pone.0064859
http://doi.org/10.1371/journal.pbio.2004399
http://doi.org/10.1152/physrev.1969.49.2.330
http://doi.org/10.1111/j.1469-185X.1973.tb01115.x
http://doi.org/10.1111/bph.13514
http://doi.org/10.1117/1.JBO.21.9.091305
http://www.ncbi.nlm.nih.gov/pubmed/27135066
http://doi.org/10.1161/01.RES.0000262653.84850.8b
http://www.ncbi.nlm.nih.gov/pubmed/17347480
http://doi.org/10.1038/ijo.2017.16
http://doi.org/10.3109/07853890.2010.547211
http://www.ncbi.nlm.nih.gov/pubmed/21345154
http://doi.org/10.1111/j.1476-5381.1991.tb12547.x
http://www.ncbi.nlm.nih.gov/pubmed/1810591


Pharmaceuticals 2022, 15, 851 16 of 17

92. Iwasaki, Y.; Tamura, Y.; Inayoshi, K.; Narukawa, M.; Kobata, K.; Chiba, H.; Muraki, E.; Tsunoda, N.; Watanabe, T. TRPV1 agonist
monoacylglycerol increases UCP1 content in brown adipose tissue and suppresses accumulation of visceral fat in mice fed a
high-fat and high-sucrose diet. Biosci. Biotechnol. Biochem. 2011, 75, 904–909. [CrossRef] [PubMed]

93. Bargut, T.C.; Souza-Mello, V.; Aguila, M.B.; Mandarim-de-Lacerda, C.A. Browning of white adipose tissue: Lessons from
experimental models. Horm. Mol. Biol. Clin. Investig. 2017, 31, 20160051. [CrossRef]

94. Kawada, T.; Suzuki, T.; Takahashim, M.; Iwai, K. Gastrointestinal absorption and metabolism of capsaicin and dihydrocapsaicin
in rats. Toxicol. Appl. Pharmacol. 1984, 72, 449–456. [CrossRef]

95. Dömötör, A.; Szolcsányi, J.; Mózsik, G. Capsaicin and glucose absorption and utilization in healthy human subjects. Eur. J.
Pharmacol. 2006, 534, 280–283. [CrossRef]

96. Donnerer, J.; Amann, R.; Schuligoi, R.; Lembeck, F. Absorption and metabolism of capsaicinoids following intragastric adminis-
tration in rats. Naunyn-Schmiedeberg’s Arch. Pharmacol. 1990, 342, 357–361. [CrossRef]

97. Reilly, C.; Yost, G.S. Metabolism of capsaicinoids by P450 enzymes: A review of recent findings on reaction mechanisms,
bio-activation, and detoxification processes. Drug Metab. Rev. 2006, 38, 685–706. [CrossRef] [PubMed]

98. Kreidl, M.; Rainer, M.; Bonn, G.K.; Oberacher, H. Electrochemical simulation of the oxidative capsaicin metabolism. Chem. Res.
Toxicol. 2021, 34, 2522–2533. [CrossRef] [PubMed]

99. Hayes, P.; Meadows, H.J.; Gunthorpe, M.J.; Harries, M.H.; Duckworth, M.D.; Cairns, W.; Harrison, D.C.; Clarke, C.E.; Ellington,
K.; Prinjha, R.K.; et al. Cloning and functional expression of a human orthologue of rat vanilloid receptor-1. Pain 2000, 88, 205–215.
[CrossRef]

100. O’Keefe, S.J. Nutrition and colonic health: The critical role of the microbiota. Curr. Opin. Gastroenterol. 2008, 24, 51–58. [CrossRef]
[PubMed]

101. Tilg, H.; Moschen, A.R.; Kaser, A. Obesity and the microbiota. Gastroenterology 2009, 136, 1476–1483. [CrossRef]
102. Asadi, A.; Shadab Mehr, N.; Mohamadi, M.H.; Shokri, F.; Heidary, M.; Sadeghifard, N.; Khoshnood, S. Obesity and gut-microbiota-

brain axis: A narrative review. J. Clin. Lab. Anal. 2022, 36, e24420. [CrossRef]
103. Ridaura, V.K.; Faith, J.J.; Rey, F.E.; Cheng, J.; Duncan, A.E.; Kau, A.L.; Griffin, N.W.; Lombard, V.; Henrissat, B.; Bain, J.R.; et al.

Gut microbiota from twins discordant for obesity modulate metabolism in mice. Science 2013, 341, 1241214. [CrossRef]
104. Bäckhed, F.; Ding, H.; Wang, T.; Gordon, J.I. The gut microbiota as an environmental factor that regulates fat storage. Proc. Natl.

Acad. Sci. USA 2004, 101, 15718–15723. [CrossRef] [PubMed]
105. Pinart, M.; Dötsch, A.; Schlicht, K.; Laudes, M.; Bouwman, J.; Forslund, S.K.; Pischon, T.; Nimptsch, K. Gut microbiome

composition in obese and non-obese persons: A systemic review and meta-analysis. Nutrients 2021, 14, 12. [CrossRef] [PubMed]
106. Koutoukidis, D.A.; Jebb, S.A.; Zimmerman, M.; Otunla, A.; Henry, J.A.; Ferrey, A.; Schofield, E.; Kinton, J.; Aveyard, P.; Marchesi,

J.R. The association of weight loss with changes in the gut microbiota diversity, composition, and intestinal permeability:
A systematic review and meta-analysis. Gut Microbes 2022, 14, 2020068. [CrossRef]

107. Aoun, A.; Darwish, F.; Hamod, N. The influence of the gut microbiome on obesity in adults and the role of probiotics, prebiotics,
and synbiotics for weight loss. Prev. Nutr. Food Sci. 2020, 25, 113–123. [CrossRef] [PubMed]

108. Wang, Y.; Tang, C.; Tang, Y.; Yin, H.; Liu, X. Capsaicin has an anti-obesity effect through alterations in gut microbiota populations
and short-chain fatty acid concentrations. Food Nutr. Res. 2020, 64, 3615. [CrossRef] [PubMed]

109. Luo, C.; Wang, Z.; Mu, J.; Zhu, M.; Zhen, Y.; Zhang, H. Upregulation of transient receptor potential vanilloid-1 in colonic
epithelium of patients with active inflammatory bowel disease. Int. J. Clin. Exp. Pathol. 2017, 10, 11335–11344. [PubMed]

110. Füchtbauer, S.; Mousavi, S.; Bereswill, S.; Heimesaat, M. Antibacterial properties of capsaicin and its derivatives and their
potential to fight antibiotic resistance—A literature survey. Eur. J. Microbiol. Immunol. 2021, 11, 10–17. [CrossRef]

111. Gram, D.X.; Holst, J.J.; Szallasi, A. TRPV1: A potential therapeutic target in Type 2 diabetes and comorbidities? Trends Mol. Med.
2017, 23, 1002–1013. [CrossRef]

112. Fuke, N.; Nagata, N.; Suganuma, H.; Ota, T. Regulation of gut microbiota and metabolic endotoxemia with dietary factors.
Nutrients 2019, 11, 2277. [CrossRef]

113. Kang, C.; Wang, B.; Kaliannan, K.; Wang, X.; Lang, H.; Hui, S.; Huang, L.; Zhang, Y.; Zhou, M.; Chen, M.; et al. Gut microbiota
mediates the protective effects of dietary capsaicin against chronic low-grade inflammation and associated obesity induced by
high-fat diet. mBio 2017, 8, e00470-17. [CrossRef]

114. Tobita, N.; Tsuneto, K.; Ito, S.; Yamamoto, T. Human TRPV1 and TRPA1 are receptors for bacterial quorum sensing molecules. J.
Biochem. 2022, 170, 775–785. [CrossRef]

115. Diogenes, A.; Ferraz, C.C.; Akopian, A.N.; Henry, M.A.; Hargreaves, K.M. LPS sensitizes TRPV1 via activation of TLR4 in
trigeminal sensory neurons. J. Dent. Res. 2011, 90, 759–764. [CrossRef]

116. Lee, G.-R.; Shin, M.K.; Yoon, D.-J.; Kim, A.-R.; Yu, R.; Park, N.-H.; Han, I.-S. Topical capsaicin reduces visceral adipose fat by
affecting adipokine levels in high fat diet-induced obese mice. Obesity 2013, 21, 115–122. [CrossRef]

117. Santos, E.A.; Coelho, B.S.L.; Teixiera, L.G.; Roffe, E.; Santiago, H.C.; Alvarez Leite, J.I. Topical application of capsaicin reduces
weight loss, allergen aversion and intestinal mucosa inflammation in food allergy experimental model. Biomed. J. Sci. Tech. Res.
2018, 10, 8147–8151. [CrossRef]

118. Wang, Y.Y.; Hong, C.T.; Chiu, W.T.; Fang, I.J. In vitro and in vivo evaluations of topically applied capsaicin and nonivamide from
hydrogels. Int. J. Pharm. 2001, 224, 89–104. [CrossRef]

http://doi.org/10.1271/bbb.100850
http://www.ncbi.nlm.nih.gov/pubmed/21597186
http://doi.org/10.1515/hmbci-2016-0051
http://doi.org/10.1016/0041-008X(84)90121-2
http://doi.org/10.1016/j.ejphar.2006.01.017
http://doi.org/10.1007/BF00169449
http://doi.org/10.1080/03602530600959557
http://www.ncbi.nlm.nih.gov/pubmed/17145696
http://doi.org/10.1021/acs.chemrestox.1c00288
http://www.ncbi.nlm.nih.gov/pubmed/34879203
http://doi.org/10.1016/S0304-3959(00)00353-5
http://doi.org/10.1097/MOG.0b013e3282f323f3
http://www.ncbi.nlm.nih.gov/pubmed/18043233
http://doi.org/10.1053/j.gastro.2009.03.030
http://doi.org/10.1002/jcla.24420
http://doi.org/10.1126/science.1241214
http://doi.org/10.1073/pnas.0407076101
http://www.ncbi.nlm.nih.gov/pubmed/15505215
http://doi.org/10.3390/nu14010012
http://www.ncbi.nlm.nih.gov/pubmed/35010887
http://doi.org/10.1080/19490976.2021.2020068
http://doi.org/10.3746/pnf.2020.25.2.113
http://www.ncbi.nlm.nih.gov/pubmed/32676461
http://doi.org/10.29219/fnr.v64.3525
http://www.ncbi.nlm.nih.gov/pubmed/32180694
http://www.ncbi.nlm.nih.gov/pubmed/31966488
http://doi.org/10.1556/1886.2021.00003
http://doi.org/10.1016/j.molmed.2017.09.005
http://doi.org/10.3390/nu11102277
http://doi.org/10.1128/mBio.00470-17
http://doi.org/10.1093/jb/mvab099
http://doi.org/10.1177/0022034511400225
http://doi.org/10.1002/oby.20246
http://doi.org/10.26717/BJSTR.2018.10.002023
http://doi.org/10.1016/S0378-5173(01)00755-4


Pharmaceuticals 2022, 15, 851 17 of 17

119. Zak, A.; Siwinska, N.; Slowikowska, M.; Borowicz, H.; Szpot, P.; Zawadzki, M.; Niedzwiedz, A. The detection of capsaicin and
dihydrocapsaicin in horse serum following long-term local administration. BMC Vet. Res. 2018, 14, 193. [CrossRef]

120. Herman, R.M.; Brower, J.B.; Stoddard, D.G.; Casano, A.R.; Targovnik, J.H.; Herman, J.H.; Tearse, P. Prevalence of somatic small
fiber neuropathy in obesity. Int. J. Obes. Lond. 2007, 31, 226–235. [CrossRef]

121. Mankowski, C.; Poole, C.D.; Ernault, E.; Thomas, R.; Berni, E.; Currie, C.J.; Treadwell, C.; Calvo, J.I.; Plastira, C.; Zafeiropoulou,
E.; et al. Effectiveness of the capsaicin 8% patch in the management of peripheral neuropathic pain in European clinical practice:
The ASCEND study. BMC Neurol. 2017, 17, 80. [CrossRef]

122. Szallasi, A.; Cortright, D.N.; Blum, C.A.; Eid, S.R. The vanilloid receptor TRPV1: 10 years from channel cloning to antagonist
proof-of-concept. Nat. Rev. Drug Discov. 2007, 6, 357–372. [CrossRef]

123. Tabrizi, M.A.; Baraldi, P.G.; Baraldi, S.; Gessi, S.; Merighi, S.; Borea, P.A. Medicinal chemistry, pharmacology, and clinical
implications of TRPV1 receptor antagonists. Med. Res. Rev. 2017, 37, 936–983. [CrossRef] [PubMed]

124. Gao, M.; Wang, Y.; Liu, L.; Qiao, Z.; Yan, L. A patent review of transient receptor potential vanilloid type 1 modulators
(2014–present). Expert. Opin. Ther. Pat. 2021, 31, 169–187. [CrossRef]

125. Jancsó, G.; Király, E. Sensory neurotoxins: Chemically induced selective destruction of primary sensory neurons. Brain Res. 1981,
210, 83–89. [CrossRef]

126. MacLean, D.B. Abrogation of peripheral cholecystokinin-satiety in the capsaicin treated rat. Regul. Pept. 1985, 11, 321–333.
[CrossRef]

127. Melnyk, A.; Himms-Hagen, J. Resistance to aging-associated obesity in capsaicin-desensitized rats one year after treatment. Obes.
Res. 1995, 3, 337–344. [CrossRef] [PubMed]

128. Zelissen, P.M.; Koppeschaar, H.P.; Hackeng, W.H. Calcitonin gene-related peptide in human obesity. Peptides 1991, 12, 861–863.
[CrossRef]

129. Garami, A.; Balaskó, M.; Szèkely, M.; Solymár, M.; Pètervári, E. Fasting hypometabolism and refeeding hyperphagia in rats:
Effects of capsaicin desensitization of the abdominal vagus. Eur. J. Pharmacol. 2010, 644, 61–66. [CrossRef] [PubMed]

130. Leung, F.W.; Gom, V.L.W.; Scremin, O.U.; Obenaus, A.; Tuck, M.L.; Golub, M.S.; Eggena, P.; Leung, J.W. Pilot studies to
demonstrate that intestinal mucosal afferent nerves are functionally linked to visceral adipose tissue. Dig. Dis. Sci. 2007, 52,
2695–2702. [CrossRef]

131. Motter, A.L.; Ahern, G.P. TRPV1-null mice are protected from diet-induced obesity. FEBS Lett. 2008, 582, 2257–2262. [CrossRef]
132. Garami, A.; Pakai, E.; Oliveira, D.L.; Steiner, A.A.; Wanner, S.P.; Almeida, M.C.; Lesnikov, V.A.; Gavva, N.R.; Romanovsky, A.A.

Thermoregulatory phenotype of the Trpv1 knockout mouse: Thermoeffector dysbalance with hyperkinesis. J. Neurosci. 2011, 31,
1721–1733. [CrossRef]

133. Wanner, S.P.; Garami, A.; Romanovsky, A.A. Hyperactive when young, hypoactive and overweight when aged: Connecting the
dots in the story about locomotor activity, body mass, and aging in Trpv1 knockout mice. Aging Albany NY 2011, 3, 450–454.
[CrossRef]

134. Marshall, N.J.; Liang, L.; Bodkin, J.; Dessapt-Baradez, C.; Nandi, M.; Collot-Teixeira, S.; Smillie, S.-J.; Lalgi, K.; Fernandes, E.S.;
Gnudi, L.; et al. A role for TRPV1 in influencing the onset of cardiovascular disease in obesity. Hypertension 2013, 61, 246–252.
[CrossRef]

135. Das, U.N. Is obesity as inflammatory condition? Nutrition 2001, 17, 953–966. [CrossRef]

http://doi.org/10.1186/s12917-018-1518-9
http://doi.org/10.1038/sj.ijo.0803418
http://doi.org/10.1186/s12883-017-0836-z
http://doi.org/10.1038/nrd2280
http://doi.org/10.1002/med.21427
http://www.ncbi.nlm.nih.gov/pubmed/27976413
http://doi.org/10.1080/13543776.2021.1854225
http://doi.org/10.1016/0006-8993(81)90886-6
http://doi.org/10.1016/0167-0115(85)90204-6
http://doi.org/10.1002/j.1550-8528.1995.tb00159.x
http://www.ncbi.nlm.nih.gov/pubmed/8521150
http://doi.org/10.1016/0196-9781(91)90147-H
http://doi.org/10.1016/j.ejphar.2010.07.002
http://www.ncbi.nlm.nih.gov/pubmed/20637192
http://doi.org/10.1007/s10620-006-9645-8
http://doi.org/10.1016/j.febslet.2008.05.021
http://doi.org/10.1523/JNEUROSCI.4671-10.2011
http://doi.org/10.18632/aging.100306
http://doi.org/10.1161/HYPERTENSIONAHA.112.201434
http://doi.org/10.1016/S0899-9007(01)00672-4

	Introduction 
	Dietary Capsaicin in Animal Experiments 
	Dietary Capsaicin in Human Studies 
	Dietary Capsaicin: Mechanisms of Action 
	Capsaicin and Gut Microbiota 
	Dermal Capsaicin Patch for Weight Loss? 
	Capsaicin-Sensitive Nerves and Obesity 
	The Confusing Phenotype of the Trpv1-Null Mouse 
	Obesity-Related Changes in Trpv1 Expression 
	Conclusions 
	Future Directions 
	References

