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Abstract

A significant public health issue is the widespread prevalence of overweight
and obesity across all age groups. This common nutritional disorder affects
more than general appearance. Obesity is now recognized as a medical con-
dition that necessitates treatment to lower the risk of diabetes and other
metabolic diseases. Obesity is a prevalent global health problem that re-
requires urgent research and regulatory compliance. While synthetic anti-
obesity drugs are available, they pose significant risks of adverse effects and
variable outcomes. These drugs, which include single medications such as
orlistat, liraglutide, and Lorcaserin, and combination therapies like naltrex-
one/bupropion and Phentermine/topiramate are effective in reducing body
fat. However, patients often report side effects ranging from mild symptoms
like nausea, insomnia, and dizziness to severe complications such as an
increased risk of CVD or stroke. Conversely, there is a growing interest in
using anti-obesity natural compounds, including single agents such as vari-
ous types of tea, cinnamon, etc. This review highlights the various mecha-
nisms of anti-obesity action of natural plants and synthetic medications,
including metabolism and energy expenditure, appetite suppression, lipid
metabolism, gut microbiota, pancreatic lipase inhibition, amylase inhibi-
tion, enhancement of insulin sensitivity, inhibition of adipogenesis and
thermogenic stimulation. It provides insights into the metabolic effects of
both medicinal plants and pharmaceutical drugs on human health, examin-
ing their effectiveness and the prevention benefits of each type. Medicinal
plants are considered the best alternative for margining obesity due to their
cost-effectiveness and minimal adverse effects. While diet modification and
increased physical activity through regular exercise are often recommended
to prevent obesity, these measures can be challenging for many people. In
contrast, the administration of medicinal plants are relatively convenient,
making them an accurate and ideal alternative.
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Introduction

Publicly, obesity is one of the most critical health problems. Worldwide,
more deaths are attributed to being overweight and obese than to being
underweight. The majority of people globally are now obese rather than
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underweight. In 2016, over 650 million adults were obese,
while approximately 1.9 billion adults aged 18 years and
older were overweight. (1).

According to the World Health Organization (WHO)
classification, obesity is considered a non-infectious
chronic disease. Chronic diseases, such as diabetes, can-
cer, cardiovascular diseases (CVD) and some G.T.| diseas-
es, are the leading cause of death in both developed and
developing nations. These diseases not only increase
treatment costs but also reduce life expectancy (2).

Maintaining body weight requires a precise balance
of appropriate nutrition, adequate exercise, optimal sleep
and stress management (3). The COVID-19 pandemic, with
its staying-at-home and lockdown orders, presented un-
precedented challenges to individuals and families, for
which society was largely unprepared. This led to signifi-
cant lifestyles changes, including alternation in diet, de-
creased physical activity and increased stress levels, in
addition to changes in sleep duration and pattern. The
pandemic’s restrictions, aimed at preventing the spread of
virus, resulting in reduced outdoor activities, increased
screen time and a more sedentary lifestyle (4). Additional-
ly, elevated stress levels and decreased sleep time were
linked to the schools closures, with many families having
to stay home with their children while working simultane-
ously (4, 5). One of the important anthropometric meas-
urements for describing obesity is The Body Mass Index
(BMI), calculated by dividing an individual's weight in kilo-
grams by the square of their height in meters. Adults are
considered overweight when their BMI is equal to or great-
er than to 25 kg/ m? and they are classified as obese when
their BMI is equal to or greater than 30 kg/ m2. In addition,
waist circumference (WC) measurement has become in-
creasingly important in determining overweight or obesi-
ty. Hip and waist-hip ratios are also key indicators used to
assess the regional distribution of fat and have become
crucial in evaluating overweight or obesity (6-8). A seden-
tary lifestyle, increased levels of physical inactivity and
genetic predisposition are common characteristics of
obese patients. Adipocyte hypertrophy and hyperplasia,
which lead to lower levels of macrophage infiltration and
systemic inflammation within the adipose tissue, are pri-
mary causes of adipose tissue expansion. This expansion is
associated with an imbalance in the secretion of adipo-
cytokines and proinflammatory cytokines (9-11). This im-
balance contributes to the development of chronic diseas-
es, including type Il diabetes, atherosclerosis, hyperten-
sion, cardiovascular disease (CVD) and certain forms of
cancer, as illustrated in Fig. 1. Consequently, obesity is
now recognized as a major global public health issue (12,
13). To reduce adipose tissue expansion, the primary strat-
egy involves a restricted low-calorie diet combined with
increased physical activity in obese patients (14).

This review aims to elucidate the metabolic conse-
quences of anti-obesity drugs derived from both medicinal
plants and pharmaceuticals on human health as well as to
evaluate the efficacy and safety of each type.
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Fig. 1. Effects of obesity on human health (12).

Hormones regulate body weight
Leptin

Leptin is an adipocytokine produced not only by adipo-
cytes but also by other tissues, including the stomach,
skeletal muscles, pituitary gland and mammary gland. It
plays a crucial role in regulating energy equilibrium and
suppressing hunger, which leads to reduced fat storage in
adipocytes relative to the rate of triglycerides storage
through certain neural pathways, primarily in the hypo-
thalamus (15). The mechanism of leptin action is vital in
controlling obesity and insulin resistance (16). A recent
review article concluded that increased leptin levels are
indicative of leptin resistance in obese individuals (17).
Thus, it is evident that both increased BMI and insulin re-
sistance are associated with high levels of leptin. While no
efficient anti-obesity treatment based on the leptin hor-
mone has been developed to date, its efficacy in obesity
management remains under extensive study. Leptin is
considered a major appetite suppressant and a key factor
in obesity. Additionally, leptin also influences reproductive
process, blood pressure and immune function. These addi-
tional functions highlights leptin’s overall impact on ener-
gy metabolism and the body’s balance (18-20). In a nor-
mal, healthy response, high circulating leptin levels inhibit
food intake, leading to weight loss. However, individuals
with leptin deficiency or resistance tend to correlate with
obesity. Leptin resistance may arise from a reduction in
leptin's ability to bind to its receptors in the CNS or from
abnormalities in downstream signalling on the hypothala-
mus (21).

Ghrelin

Initially, the ghrelin peptide was identified as a growth
hormone that exerts its effect on the hypothalamus. Re-
searchers later discovered that ghrelin levels increased
before meals, playing a crucial role in obesity and earning
in the designation "hunger hormone." In the hypothala-
mus, ghrelin activates the lateral area responsible for hun-
ger. Many studies have attempted to adjust the equilibri-
um between ghrelin and leptin for therapeutic purposes
Beyond its role in appetite stimulation, ghrelin also regu-
lates the sleep-wake cycle, taste sensitivity and glucose
metabolism (22, 23). In obese individuals, ghrelin levels
are typically decreased but return to normal after weight
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loss (24). This fluctuation explains why maintaining weight
loss can be challenging; as ghrelin levels rise, they increase
appetite. Additionally, there is a possibility that obese indi-
viduals may have an over sensitivity to the ghrelin hor-
mone (25).

Sex hormones

Female body weight regulation is significantly influenced
by the reproductive system. Changes in food intake and
the menstrual cycle are interconnected, with a notable
decrease in food consumption among women during the
peri-menstrual phase. Women with menstrual cycle disor-
ders are at an increased risk for obesity due to the absence
of this typical period of “reduced appetite”. This illustrates
the link between reproductive process and body weight
management, which is largely dependent on levels of fe-
male sex hormones, particularly estradiol and progester-
one. Generally, homeostatic nutrition in women is regulat-
ed by estradiol, which increases energy expenditure and
decreases food intake. Additionally, luteal progesterone
levels in non-pregnant obese women are approximately 75
%-80 % lower than those of non-obese women (26).

In obese men, reduced testosterone levels can lead
to an increase in body weight. There is also an inverse rela-
tionship between weight loss and testosterone level (27,
28). Several studies suggest that change in sex hormone
levels in men can lead to variations in fat mass. A reduc-
tion in testosterone levels results in the accumulation of
visceral adipose tissue (VAT). Consequently, testosterone
therapy can reduce total body fat mass and VAT (29-31).

Medicinal herbs with anti-obesity properties

The use of medicinal plants is increasingly gaining promi-
nence as a means to promote overall health and well-
being due to their reduced side effects. Recently, the num-
ber of medicinal plants identified for treating obesity has
grown significantly. Researchers have elucidated the exact
mechanisms of action of these plants in combating obesi-
ty, demonstrating their beneficial effects with fewer ad-
verse outcomes compared to pharmacological drugs such
as diethylpropion, sibutramine, orlistat, phentermine,
fluoxetine or bupropion. Furthermore, medicinal plants
have been shown to possess additional benefits, serving as
anti-inflammatory, antidiabetic, antihyperlipidemic, anti-
obesity and antioxidant agents (32, 33).

Plant species have become essential in providing
extracts and bioactive chemicals that serve as raw materi-
als for developing obesity treatments (34). However, it is
necessary to thoroughly evaluate these variables to ensure
the robustness, safety and reliability of the outcomes,
thereby establishing a plant as a viable alternative medi-
cine for managing various diseases (35). During the formu-
lation process, it is imperative to consider cultural, social,
environmental and economic disparities among nations to
develop treatment solutions that account for these differ-
ences. This approach is crucial for the development of evi-
dence-based public policies. Translational research plays
a key role in validating the factors necessary for effective
knowledge exchange among researchers, producers, de-
velopers and companies (36).
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Different plants contain numerous natural second-
ary metabolites, including flavonoids, saponins, terpe-
noids, alkaloids, polyphenols, carboxylic acids, glycosides
and tannins. These compounds are effective against obesi-
ty through various mechanisms of action.

Several edible plants contain bioactive compounds
that inhibit factors causing obesity, such as epigallocate-
chin in green tea, nobiletin in citrus peel, resveratrol and
pterostilbene in berries, anthocyanins in Hibiscus
sabdariffa and curcumin in turmeric (37).

The vegetal tissues of plants, including seeds, flow-
ers, roots and other edible parts, contain secondary me-
tabolites such as phenolic compounds (PC). These com-
pounds are involved in the plant defense system and ad-
aptation response to the environment, also presenting
structural functions. The beneficial activities of PCs
against many diseases such as oxidative stress, inflamma-
tion and cancer, in addition to their antimicrobial activi-
ties, are widely studied. Shikimic acid is the main precur-
sor of these compounds, which are produced through
different biochemical pathways. PCs are classified as fla-
vonoids and non-flavonoids (namely, phenolic acids,
lignans, stilbenes and other lower molecular weight com-
pounds) based on the number and arrangement of their
carbon atoms (38).

Plants contain phenolic compounds

Phenolic acids are widely distributed in foods such as
grains, wine and berries, which contain high concentra-
tions of these compounds. Examples include caftaric acid,
caffeic acid, ferulic acid, chlorogenic acid and benzoic ac-
id. The bioaccessibility and bioavailability of phenolic ac-
ids are influenced by their physicochemical properties,
such as plant matrix, molecular mass, polarity and digesti-
bility by gastrointestinal enzymes. Foods high in phenolic
acid have beneficial anti-obesity effects, primarily through
the modulation of gut microbiota (39). Lignans, which in-
cludes components like secoisolariciresinol, pinoresinol,
syringaresinol, matairesinol and lariciresinol, are phenolic
compounds characterised by a 1,4-diaryl butane structure.
These are primarily found in cereal products, fruits, vege-
tables, coffee and tea.

The anti-obesity mechanism of lignans involves
suppressing the expression of lipid metabolism-regulating
factors and adipogenic factors during the differentiation
process of adipocytes (40).

The most consumed dietary polyphenols are found
in edible vegetables, fruits cereals and legumes. A suitable
method for finding an alternative treatment against obesi-
ty from natural compounds is incorporating active com-
pounds that can restrict lipid bioavailability, induce ener-
gy expenditure and modulating gut microbiota and com-
position in food products. This strategy is effective for
body weight management. To enhance the effectiveness
of foods containing active anti-obesity ingredient such as
polyphenols, technologies like encapsulation, food enrich-
ment and formulation can be used to deliver these bioac-
tive constituents in processed foods (41) as shown in Fig.
2.
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Fig. 2. Natural anti-obesity agents (41).

In addition to their anti-obesity properties, poly-
phenol-enriched foods can also prevent obesity-
associated disorders. A recent study showed that the anti-
oxidant potential of noodles fortified with polyphenol-rich
buckwheat and amaranth powders was higher than that of
the control (42). Another study observed that biscuit sup-
plemented with hesperidin and naringenin resulted in re-
duced body weight, total cholesterol, total body fat and
oxidative stress. These supplements also positively influ-
enced metabolic syndrome in obese rats (43).

Curcuma longa

The most bioactive polyphenol in Curcumalonga is curcu-
min, which is commonly consumed as a spice in India and
other Asian countries. It has been used in Ayurvedic medi-
cine for thousands of years; means “science of long life”.
Today, curcumin is widely regarded as a dietary spice in
international cuisine (44). There is substantial evidence
supporting the effectiveness of curcumin in inhibiting fatty
acid synthesis, stimulating B-oxidation and reducing fat
storage. Numerous preclinical and clinical studies have
demonstrated the beneficial effects of curcumin in pre-
venting body weight gain. These effects are largely due to
the polyphenol metabolites found in curcumin, which
have beneficial effects on the CNS, improve insulin sensi-
tivity and help prevent the development of diabetes (45,
46).

Metabolic dysfunction in obesity can stem from the
infiltration of lipopolysaccharide (LPS) produced by bacte-
ria, which breaches the compromised intestinal barrier
and spreads throughout the body via systemic circulation.
This triggers pro-inflammatory signalling, involving inter-
leukin-6 and monocyte chemoattractant protein-1, in
obese individuals, prompted by the presence of LPS in
white adipose tissue (47). In a recent study, potential asso-
ciations between adipose tissue inflammation, alterations
in gut microbiota and the consumption of a high-fat diet
(HFD) supplemented with curcumin were investigated.
Specially, Curcumin supplementation was anticipated to
lead to a significant reduction in adiposity and total mac-
rophage infiltration in white adipose tissue compared to

the group receiving only a high-fat diet (HFD). It has been
established that curcumin confers preventive metabolic
benefits in the context of an obese diet, partially by down-
regulating inflammation in adipose tissue. This effect may
be attributed to the manipulation of gut microbiota com-
position and the conversion of curcumin into curcumin-O-
glucuronide (48).

Tea

Tea stands as one of the most widely consumed beverages
globally and holds significant economic value, particularly
originating from the developing world. Both black and
green teas stem from the leaves of Camellia sinensis, un-
dergoing various processing methods such as full fermen-
tation, semi-fermentation and non-fermentation, which
impart distinct characteristics to each type of tea (49).

Black tea

Black tea contains polyphenols, which confer specific
health benefits, including its efficacy against various dis-
eases such as diabetes, atherosclerotic, cancer and obesi-
ty, along with its anti-bacterial properties. Studies have
indicated that the polyphenols in black tea are more effec-
tive in preventing Alzheimer's and Parkinson's diseases
compared to those in green tea (50). Both animal and hu-
man research has demonstrated the effectiveness of black
tea polyphenols in obesity treatment (51).

One study suggested 3 potential mechanisms un-
derlying the anti-obesity effects of polyphenols in black
tea. These mechanisms include reducing the intake, diges-
tion and absorption of fats and carbohydrates. Additional-
ly, polyphenols promote lipid metabolism and mitigate
obesity-related comorbidities and pathological processes
by reducing oxidative stress (52). Moreover, black tea poly-
phenols inhibit the activity of emulsion droplets of gluco-
sidases, pancreatic lipase and a-amylase, thereby reduc-
ing energy assimilation by decreasing food intake. They
also attenuate lipid biosynthesis and enhance lipolysis,
with nuclear receptors and AMPK playing crucial roles in
this process. Finally, black tea polyphenols inhibit both the
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proliferation and differentiation of preadipocytes to de-
crease lipid accumulation (50, 52).

Green Tea

Green tea has been consumed for millennia and recog-
nized for its numerous health benefits, including combat-
ing ailments such as cancer, atherosclerosis, oxidative
stress, inflammation and possessing antibacterial proper-
ties. Given the significant role of obesity as a risk factor for
cardiovascular disease (CVD), there has been increasing
interest in exploring the potential of green tea for manag-
ing obesity. It enhances metabolic rate and fat-burning
ability, offering relief for conditions like hyperlipidemia
and hyperglycemia and has long been used for slimming
or as a prospective therapy for obesity control. While the
available evidence suggests that green tea has a potential
impact on reducing body weight, the specific mechanisms
underlying its anti-obesity benefits remain incompletely
understood. Extensive research has focused on the effects
of green tea and its primary catechin, Epigallocatechin
Gallate (EGCG), on metabolic adipose tissue hormones
known as adipocytokines, particularly leptin and adi-
ponectin (53, 54). Both animal and human research has
provided evidence supporting the anti-obesity effects of
green tea catechins, indicating their potential utility in
obesity treatment. Animal studies has demonstrated that
EGCG (epigallocatechin gallate) can reduce food intake,
lower energy absorption, disrupt lipid emulsification and
absorption processes and enhance energy expenditure
through mechanisms like thermogenesis, fat oxidation
and fecal lipid excretion (55, 56). Green tea consumption is
associated with multiple beneficial biological outcomes,
including the reduction of body weight through modula-
tion of leptin and adiponectin. Leptin influences body
weight by increasing energy expenditure and promoting
fat oxidation, while green tea or its catechins have shown
to elevate adiponectin levels, potentially enhancing insu-
lin sensitivity and contributing to weight reduction (57).
Studies have demonstrated the efficacy of green tea ex-
tract in reducing low-density lipoprotein (LDL) levels and
increasing leptin levels in overweight and obese women
following a 6-week treatment period. However, statistical-
ly significant alterations were not observed in other over-
weight-associated biochemical markers (58).

Coffee and Cocoa

Cocoa contains 10 psychoactive compounds among its
more than known 380 bioactive components. The original
forms of cocoa beans are inedible because of the high con-
centrations polyphenols, which are primarily responsible
for their bitter flavor. These polyphenols include 3 groups:
catechins, anthocyanidins and proanthocyanins, which
are dominant in cocoa (59). In recent years, considerable
efforts have been made to evaluate the effectiveness of
cocoa beans and other cocoa derivatives, particularly
when included in a cocoa-enriched diet, against obesity.
The reduction in body weight is mainly attributed to de-
crease adipose tissue synthesis. A meta-analysis of human
studies demonstrated that consuming 30 g/day of various
forms of cocoa or chocolate products for 4-8 weeks signifi-
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cantly reduced body weight and BMI (60). According to the
results of a previous study, the adults had a significantly
lower BMI and smaller WC when they were in the highest
quartile of flavonoid intake. Also, flavonoid consumption
has an inverse relationship with the C-reactive protein lev-
el, which is an inflammatory marker (61). Previous studies
indicated that adults in the highest quartile of flavonoid
intake had significantly lower BMI and smaller waist cir-
cumference. Furthermore, flavonoid consumption is in-
versely related to C-reactive protein levels, an inflammato-
ry marker (61). Coffee, another popular plant consumed
worldwide, is rich in phyto-compounds with significant
antioxidant activity. Coffee beans contain phenolic com-
pounds like chlorogenic acids, which have been shown to
have numerous beneficial effects against diseases such as
diabetes mellitus, hypertension, obesity and cancer, in
addition to their antioxidant, anti-inflammatory, antimi-
crobial and neuroprotective properties (62-64). Naturally
green coffee consists of unroasted coffee beans that turn
brown during the roasting process. Chlorogenic acids, a
key component of green coffee bean extract (GCBE), are a
group of antioxidant compounds responsible for many of
its health benefits. The different effects of coffee beans
when roasted or unroasted stem from the chemical chang-
es that occur during roasting, with the chlorogenic acids
mostly lost when the coffee beans are heated to high tem-
peratures. Green coffee has much less caffeine than roast-
ed coffee, but it can still cause side effects similar to those
of regular coffee due to its caffeine content (65, 66).

Several studies and reviews have shown that GCBE
may have anti-obesity effect and assist in weight manage-
ment. In a study involving obese females, administrating
400 mg of green coffee bean extract in conjunction with an
energy-restricted diet over 8 weeks yielded greater weight
reduction compared to following an energy-restricted diet
alone. GCBE is efficient as an anti-obesity agent by inhibit-
ing intestinal fat absorption and activating fat metabolism
in the liver (67). Caffeine has been demonstrated to inhibit
fat absorption, while chlorogenic acid reduces hepatic
triglyceride (TG) levels (68). Furthermore, animal studies
have shown that GCBE and caffeine can lower increased
TG level in olive oil-loaded mice (69, 70).

A previous animal study concluded that caffeic acid
acts as an anti-obesity agent by stimulating lipolysis in rat
adipocytes and reducing lipid biosynthesis. This effect is
achieved through the modulation of genes and proteins
related to lipid metabolism in white adipose tissue and the
liver, resulting in body weight loss (71).

The study suggested several mechanisms for the
GCBE effects on body weight loss. These include adipocyte
lipolysis, reduced pancreatic lipase activity, enhanced f3-
oxidation of fatty acids and increased liver expression of
PPAR-a. Additionally, GCBE inhibits key enzymes of lipid
metabolism, such as fatty acid synthase, hydroxymethyl-
glutaryl-coenzyme A reductase (HMG-COA Reductase) and
acyl-coenzyme A: cholesterol acyltransferase (ACAT) (72).
Furthermore, GCBE intake has been shown to control ap-
petite, leading to decreased body weight (73). Recent
studies concluded that both chlorogenic acid and caffeine
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are less effective than GCBE in restricting body weight
gain, suggesting a synergistic effect when both com-
pounds are present in GCBE (74). Overall, research
confirms the beneficial efficacy of GCBE supplementation
in controlling body weight control, BMI and waist circum-
ference (WC), providing a safe and cost-effective alterna-
tive for obesity treatment (75).

Cinnamon

Cinnamon and C. cassia have a long history as spices and
preservatives. Various forms of cinnamon are sold and the
most important factor in its administered is its form, as the
pulverized bark used to make extracts (aqueous and/or
organic solvent extraction) and powders contain diverse
phytochemicals that may differ in bioavailability (76). The
main bioactive compounds in cinnamon, including cin-
namic acid, cinnamaldehyde (CIN) and eugenol, may have
anti-obesity effects and improve insulin sensitivity. How-
ever, there have been conflicting results regarding the
effects of cinnamon against obesity.

Systematic reviews and meta-analysis indicate that
cinnamon supplementation results in statistically signifi-
cant, albeit clinically modest, reductions in body mass
index (BMI), waist circumference (WC) and waist-hip ratio
(WHR) among individuals with chronic illnesses (77). The
anti-obesity effect was observed to be greater in over-
weight or obese patients who were supplemented with
2000-3000 mg of cinnamon powder per day for 12 weeks or
longer. The study proposed several mechanisms by which
cinnamon and its bioactive components combat obesity,
including cinnamaldehyde's effect on satiety, thermogen-
esis, fatty acid oxidation and enhanced insulin sensitivity.
Researchers also recommended investigating the efficacy
of cinnamon supplementation in promoting weight loss in
overweight or obese but metabolically healthy individuals
(78). A recent study found that administering cinnamon at
a dose of =3 g/day yielded favorable outcomes, suggesting
its potential as a supplementary agent for weight manage-
ment. The findings indicated a significant decrease in both
body mass index (BMI) and overall body weight following
cinnamon supplement (79).

Ginger (Zingiber officinale)

The plant in question belongs to the Zingiberaceae family,
known for its ginger-like characteristics. It is native to sub-
tropical and tropical regions and is widely used in Asian
cuisine as a versatile spice and flavor enhancer. Ginger's
primary bioactive component is gingerol, which is present
in high quantities and exhibits notable biological activity.
Research has established that derivatives of gingerol, spe-
cifically 6-gingerol, 8-gingerol and 10-gingerol, are respon-
sible for ginger's therapeutic properties. Additionally, gin-
ger has a modest level of pungency (80-82). There is little
evidence comparing the effects of ginger to a placebo on
weight management, particularly concerning BMI, hip cir-
cumference, and waist-to-hip ratio reduction. However, in
vivo studies have detected significant outcomes from ginger
supplementation (83-86).

Clinical trials have shown a significant reduction in
body weight and body fat with ginger supplementation.
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For example, a 12-week randomized, double-blind, place-
bo-controlled clinical trial involving obese healthy individ-
uals demonstrated that consuming an ethanolic extract of
steamed ginger, which contains high levels of 6-shogaol,
led to increased physical activity efficacy. Thus, combining
lifestyle modifications such as diet control and physical
activity with 6-shogaol-enriched steamed ginger ethanolic
extract (SGE) supplementation may enhance weight and
body fat reduction (87-89). The study highlighted numer-
ous bioactive components in ginger that inhibit metabolic
parameters induced by a high-fat diet, such as increased
body weight, fasting blood glucose and total cholesterol
levels. The bioactive components of ginger also alter the
remodeling of HFD-mediated adipose tissue by reducing
the size of adipose tissue and decreasing adipose tissue
inflammation. The anti-obesity effects of ginger are likely
partially due to the activation of antioxidant effects and
the oxidation of fatty acids (90). According to the US Food
and Drug Administration, the consumption of up to 4000
mg of ginger per day is generally recognized as safe (91).

Anti-Obesity drugs

The U.S. National Institutes of Health recommends the use
of medications with demonstrated anti-obesity effects for
patients classified as obese, with a body mass index (BMI)
of 30 kg/m? or higher, or a BMI of 27 kg/m? or higher in the
presence of obesity-related disorders such as type 2 diabe-
tes mellitus (T2DM), hypertension, dyslipidemia or sleep
apnea (92). In contrast, the Asia-Pacific obesity treatment
guidelines advocates for prescribing anti-obesity drugs to
overweight adults with a BMI of 25 or 23 kg/m? or higher,
who present with at least one obesity-related comorbidity
(93).

A pharmacological program should be tailored to
the type of obesity, associated comorbidities and the
drug’s effectiveness and safety profile. According to FDA
guidelines, a compound must demonstrate a statistically
significant effect, leading to at least 5 % mean body weight
loss compared to the placebo group, to be considered an
effective anti-obesity drug. Additionally, it is expected that
a minimum of 35 % of patients will achieve a weight reduc-
tion of 5 % or more after one year of treatment.

Furthermore, the FDA also requires anti-obesity
medications to show improvement in primary cardiometa-
bolic measures, including glycemic control, blood pressure
regulation and cholesterol level management (94, 95).

Suitable treatment for reducing excessive body fat
is necessary for obese men (BMI =30 kg/m?, 227 kg/m? with
comorbidities) and those with central obesity, indicating
by a waist circumference (WC) 2102 cm. Although the first
approach to ameliorating obesity involves intensive life-
style modification, such as calorie-restricted diets and
increased physical activities, maintaining these changes
over the long term can be challenging and the improve-
ments are often insufficient (96, 97). As a result, pharma-
cotherapy is recommended by most guidelines as a sec-
ond-line therapy for obesity treatment, in conjunction
with lifestyle modifications (98). Numerous medications
have been developed to manage obesity long-term, target-
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ing different factors and pathways to positively affect en-
ergy balance (99).

Over the past decades, some anti-obesity drugs
have been used to treat morbid obesity, but many have
been withdrawn from the market due to severe long-term
adverse effects, particularly cardiovascular-related issues
(100).

Therefore, the priority for developing anti-obesity
drugs has shifted to focusing on reducing the risk of cardi-
ovascular disease (CVD) and ensuring cardiovascular safe-
ty, alongside weight loss efficacy. In recent years, the US
Food and Drug Administration (FDA) has approved new
pharmacological options after conducting more thorough
studies to confirm the efficacy and safety of these medica-
tions (101).

Approved anti-obesity drugs
Orlistat (tetrahydroxy lipostatine)

One of the few drugs registered for obesity management in
patients with a BMI = 30 kg/m? or 228 kg/m? and at risk of
obesity-related comorbidities is orlistat. This drug is a spe-
cific, potent irreversible inhibitor of gastric and pancreatic
lipases, which reduces fat absorption from the gastrointes-
tinal tract, thereby limiting the calorie content of con-
sumed foods. Its pharmacological effect involves the for-
mation of covalent bond with the serine residue at the
active site of gastric and pancreatic lipases in the lumen of
the gastrointestinal tract. This bond interferes with the
catalytic activity of these lipases, preventing the break-
down of fat and the subsequently decreasing systemic
absorption of dietary fats by about 30 %. By inhibiting li-
pase activity, orlistat prevents the hydrolysis of dietary fat
(triglycerides) into absorbable free fatty acids and mono-
glycerides. Orlistat is indicated for obese or overweight
individuals with associated risk factors and is intended to
be used in combination with a low-calorie diet (102, 103).

A study examining the effect of orlistat in 3305 pa-
tients found that, after 4 years, participants experienced
an average weight loss of about 2.4 % of their total body
weight. More importantly, the study revealed a significant
reduction in the risk of type 2 diabetes (T2DM) over the 4-
year period when compared with a placebo (6.2 % vs. 9.0
%). Additionally, orlistat improved blood pressure, insulin
sensitivity and lipid profiles due to its primary mechanism
of decreasing intestinal fat absorption.

However, 91 % of participants taking orlistat report-
ed at least one gastrointestinal event and 8 % withdrew
from the study due to these adverse effects. There is also a
potential risk of colorectal cancer associated with the
presence of excess fat in the colon (104). The over-the-
counter (OTC) formulation of orlistat includes guidelines
advising individuals to take a daily multivitamin at bed-
time. This recommendation is due to orlistat's potential to
limit the absorption of fat-soluble vitamins A, D, E and K.
Additionally, defecation-related symptoms such as oily
spotting and flatus with discharge may occur as adverse
effects when taking orlistat (105).

Liraglutide
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An analog of human glucagon-like peptide-1 (GLP-1), pro-
duced by post-translational processing of the pre-
proglucagon gene, is converted into its physiologically
active form, GLP-1 amide, which constitutes about 80 % of
circulating GLP-1. This hormone regulates glucose-
dependent insulin secretion and glucagon release and it
also modulates appetite, satiety modulation and energy
intake (106). Initially approved at subcutaneous doses of
1.2 mg or 1.8 mg daily for the treatment of type 2 diabetes
mellitus (T2DM), a higher dose of 3.0 mg per day has been
approved for obesity management, in conjunction with a
restricted diet and exercise interventions (107-109).

Another GLP-1 liraglutide, can be administered sub-
cutaneously and orally. While it functions similarly to lirag-
lutide, it does not produce glycemic control. Compared to
once-daily subcutaneous liraglutide administration, once-
weekly subcutaneous semaglutide administration resulted
in significant weight loss over 68 weeks in overweight or
obese individuals without diabetes (110).

A recent study concluded combining liraglutide
with exercise enhances treatment efficacy. This combina-
tion can mitigate adverse effects associated with lirag-
lutide, such as increased resting heart rate, cholelithiasis
and gastrointestinal issues like nausea, vomiting and diar-
rhea (111).

Lorcaserin

To aid in weight loss for obese individuals with a BMI of 30
or higher as well as overweight individuals with weight-
related comorbidities, lorcaserin, a serotonin 2C receptor
agonist, is taken in conjunction with physical exercise and
calorie restriction. By activating the proopiomelanocortin
(POMC) receptors in the arcuate nucleus of the hypothala-
mus, lorcaserin exerts its serotonin agonist action, thereby
reducing appetite and energy intake while promoting feel-
ings of fullness. Lorcaserin's specificity for the serotonin
2C receptor allows it to decrease appetite and hunger
without causing pulmonary hypertension or valvular heart
abnormalities (112, 113). Approved for obesity treatment
in 2012 (114, 115), lorcaserin was recently withdrawn from
clinical use due to findings from long-term studies sug-
gesting an increased risk of lung and pancreatic cancer,
although not colon cancer (116, 117).

Semaglutide (Ozempic)

Approved for the treatment of type 2 diabetes mellitus
(T2DM), this medication targets the glucagon-like peptide-
1 receptor. It is administered orally in multiple doses (3, 7,
and 14 mg) once daily or as subcutaneous injections in
doses of 0.25, 0.5 and 1 mg once weekly (118, 119). In 2021,
the FDA approved the long-term subcutaneous admin-
istration of semaglutide for weight management at higher
doses (1.7 and 2.4 mg) once weekly. The Semaglutide
Treatment Effect in People with Obesity (STEP) trials has
affirmed the efficacy of semaglutide in addressing obesity.
Large randomized controlled trials (RCTs) have shown that
patients administered 2.4 mg of semaglutide experience
approximately a 6 % reduction in body weight by week 12
and around a 12 % reduction by week 28 (110, 120). Re-
sults from a recent cohort study suggest that semaglutide
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is clinically effective as an anti-obesity drug for overweight
or obese individuals over a period of 3 to 6 months (121).

Semaglutide induces overall body weight loss, lead-
ing to improved insulin sensitivity (122). While semaglutide
does not decrease energy expenditure or increase the rest-
ing metabolic rate, its anti-obesity effect stems from a re-
duction in energy intake and a decrease in cravings for
high-fat foods due to appetite suppression (123, 124). It
has been hypothesized that semaglutide's appetite-
inhibiting effect may be mediated by a central mechanism
involving the hypothalamus, similar to that of liraglutide
(125). Additionally, a peripheral mechanism linked to na-
tive GLP-1 may contribute to appetite suppression through
a decrease in gastric motility and activation of gastro
mechanoreceptors, which inhibit the satiation center in
the brainstem by transmitting signals via the vagus nerve
(126). There are differences in the adverse effects profiles
between the subcutaneous and oral formulations of
semaglutide. Notably, oral tablets do not cause injection-
site reactions, but they may induce more gastrointestinal
disturbances due to higher portal levels. Furthermore, the
maximum oral dosage results in lower plasma levels (~25
nM with oral 20 mg) compared to the maximal subcutane-
ous dose (~45 nM with 1 mg subcutaneous), although di-
rect comparison data for the pharmacokinetic profile of
both dosage forms is currently unavailable (127).

Patients prescribed semaglutide should be in-
formed about possible adverse effects and provided with
guidelines on how to manage them. While no clear rela-
tionship has been identified linking pancreatic cancer or
acute pancreatitis to incretin-based therapies, the FDA
and EMA advise considering pancreatitis as a potential risk
factor with these medications until further data are availa-
ble. Elevated serum levels of both lipase and amylase have
been observed with semaglutide use, typically in a small,
asymptomatic and dose-dependent manner. The most
commonly reported side effects among patients treated
with semaglutide compared to placebo include gastroin-
testinal disorders such as diarrhea, nausea, vomiting and
constipation. Additionally, a slightly higher incidence of
gallbladder-related diseases and malignant neoplasms
was observed in the semaglutide-treated group compared
to the placebo group (128, 129).

Patients experiencing symptoms such as suicidal
thoughts, mood swings, depression or suicidal behavior
should discontinue semaglutide use. Therefore, individu-
als with a history of suicide attempts or those currently
contemplating suicide should not be prescribed semag-
lutide (130).

Combination of anti-obesity medications

To ensure maximum efficacy in controlling body weight
while maintaining safety and acceptability, combination
therapies comprising multiple anti-obesity agents with
complementary modes of action are essential. These com-
bination remedies are designed to target regulatory ener-
gy systems through various mechanisms (131). Currently,
phentermine/topiramate and naltrexone/bupropion are
the only combination medications approved for the treat-
ment of obesity with validated data. However, compound-
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ed medications have also been studied to assess their long
-term efficacy and adverse effects (99, 100).

Naltrexone/bupropion

In September and December of 2014 respectively, the Eu-
ropean Medicines Agency (EMA) and the US Food and Drug
Administration (FDA) approved the co-administration of
naltrexone and bupropion as medications for obesity man-
agement. However, despite its clinical and financial effec-
tiveness, the National Institute for Health and Care Excel-
lence declined to recommend the use of this combination
drug in the UK in July 2017. A reassessment of the data
supporting its usefulness is scheduled for 2020 (100).

This combined formulation is utilized for the long-
term treatment of overweight and obese individuals,
alongside increased physical activity and a calorie-
restricted diet. Naltrexone acts as an anti-obesity agent by
inhibiting pro-opiomelanocortin neurons in the hypothala-
mus, while bupropion is believed to enhance dopamine
effects at specific brain sites. Together, their combined
actions are thought to reduce food cravings. Generally,
these combinations focus on reducing peripheral calorie
absorption and regulating hunger, appetite and satiety
(131). Researchers have noted a significantly higher risk of
adverse effects with Naltrexone-bupropion administra-
tion.

Common adverse reactions associated with Nal-
trexone-bupropion include central nervous system (CNS),
psychiatric, vascular, gastrointestinal (GIT), ear and laby-
rinth issues. Another study concluded that even a small
dose of naltrexone-bupropion leads to significant weight
loss but also increases the risk of adverse effects. There-
fore, intensive and rigorous post-marketing surveillance is
required (132).

Phentermine/topiramate

When used alongside a controlled diet and exercise regi-
men, this combination drug is prescribed for treating obe-
sity in individuals with starting BMIs greater than 30 kg/m?
or those with BMIs greater than 27 kg/m?who also have at
least one obesity-related condition. In 2012, the United
States FDA approved the use of the combination of phen-
termine and topiramate drugs for obesity treatment (133).
However, the European Medicines Agency (EMA) has not
approved it due to concerns about its potential for misuse.
Additionally, there has been no long-term research con-
ducted on the cardiovascular effects of phentermine or the
negative cognitive consequences of topiramate, including
memory, attention and language impairment (134). The
possible mechanism of action for this combination drug's
anti-obesity effects primarily involves appetite suppres-
sion through subtle mechanisms. Phentermine acts as a
noradrenergic agonist with central sympathetic action,
leading to increased release of norepinephrine, dopamine
and serotonin. It is primarily used for short-term manage-
ment of obesity. On the other hand, topiramate functions
as a gamma-aminobutyric acid agonist, a long-acting neu-
rotherapeutic drug, a carbonic anhydrase inhibitor, and a
glutamate antagonist. Originally approved for epilepsy
treatment and migraine prophylaxis, significant weight
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loss was observed in epileptic patients treated with
topiramate, leading to its evaluation for obesity treatment
in clinical studies (135, 136).

Dry mouth and constipation are commonly report-
ed side effects of topiramate/phentermine. Additionally,
the resting heart rate may increase by up to 20 beats per
min. Caution should be exercised when prescribing this
medication to patients with a history of heart disease or
stroke. Monitoring the heart rate is essential for all pa-
tients taking phentermine/topiramate. Valvular heart dis-
ease has been associated with appetite-suppressant drugs
such as phentermine. Psychiatric and cognitive disturb-
ances, including mood disorders such as anxiety, depres-
sion or insomnia, may occur with phentermine/topiramate
administration. Clinicians should carefully monitor pa-
tients for signs of suicidal ideation and behaviors, such as
depressed mood and increased anxiety. Patients are ad-
vised to avoid substances like alcohol and other central
nervous system depressants to reduce the risk of adverse
effects such as dizziness and impaired coordination. Grad-
ual discontinuation of the phentermine/topiramate com-
bination therapy is recommended to minimize the poten-
tial increase in seizure frequency. This cautious approach
is advised because abrupt discontinuation of the therapy
may trigger seizures (137-139).

The safety and efficacy of mixed medicinal plant anti-
obesity preparations

In recent times, there has been a resurgence of interest in
the formulation of medicinal plants, which have been used
in various traditional systems of medicine since ancient
times, as potent therapeutic approaches in the search for
effective and safe remedies. The combination of medicinal
plants in polyherbal formulations has emerged as a pre-
ferred method to achieve synergistic effects and mitigate
the toxicity associated with individual phytochemicals
obtained from a single plant. Utilizing herbal resources
offers numerous advantages, including cost-effectiveness,
eco-friendliness and ready availability (140, 141). In the
realm of obesity management and adipogenesis, the effec-
tiveness of polyherbal formulations has been bolstered by
a diverse array of scientific studies (142, 143). Herbal medi-
cine exhibits anti-obesity activity through various mecha-
nisms, including the inhibition of lipase activity and food
intake, enhancement of energy expenditure through sup-
pression of adipogenesis, promotion of diuresis, regula-
tion of lipid metabolism, induction of thermogenesis, in-
crease in satiety, stimulation of insulin secretion and mod-
ulation of the central nervous system via leptin (141, 144).
In some cases, these herbal medicines are incorporated
into nutraceuticals to tailor them for specific dietary use or
therapeutic purposes, particularly in the treatment of obe-
sity, overweight individuals and patients with conditions
such as high blood pressure (145).

A previous investigation revealed favorable out-
comes in overweight females who underwent an 8-week
intervention involving the consumption of co-supplements
containing green tea, capsaicin and ginger. These partici-
pants experienced improvements in body weight, body
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mass index (BMI), indicators of insulin metabolism and
plasma glutathione (GSH) levels (146). Results from a re-
cent study introduced 2 polyherbal formulations. Formula-
tion A consisted of 30 g of fruit peels containing Camellia
reticulata, 9 g of seeds containing Senna obtusifolia, 15 g of
aerial parts containing Houttuyniacordata, 20 g of fruit
peels containing Benincasa hispida and 10 g of leaves
containing Pennisetum ciliare. These ingredients were
mixed and pulverized into a coarse powder of 40 mesh
size. Both herbal formulations exhibited a significant anti-
obesity effect on diet-induced obesity (DIO) in a mice mod-
el, effectively reducing body weight compared to control
mice fed a high-fat diet (HFD). This reduction was mainly
attributed to a decrease in the food efficiency ratio (FER).
Furthermore, both formulations improved lipoprotein dis-
turbances associated with obesity, leading to a decrease
in the atherogenic index. Additionally, there was a signifi-
cant decrease in the weight of both liver and epididymal
white adipose tissue (WAT) with the use of both formula-
tions. Moreover, these formulations effectively regulated
fasting blood glucose levels, possibly by mitigating HFD-
induced insulin resistance. These findings suggest that
formulations A and B could be potentially effective and
safe herbal interventions for managing obesity and its
comorbidities. Further studies are recommended to evalu-
ate these formulations in clinical trials to confirm their
efficacy in humans (147). Additionally, the results of a
study demonstrated that the combination of red pepper
and black pepper had an anti-obesity effect in high-fat diet
rats (148). Possible mechanisms of the anti-obesity effect
of capsaicin, the main alkaloid in both black and red pep-
pers, include induction of lipolysis in adipocytes, promo-
tion of satiety and reduction of energy and fat intake (149).

On the contrary, patients have exhibited main ad-
verse effects such as musculoskeletal, gastrointestinal,
dermatological or neurological problems when subjected
to the administration of anti-obesity plants in combination
formulas. Interestingly, these undesirable effects have not
been observed individually with the effective plants used
in isolation. This comparison underscores how the mixing
of potent natural ingredients can compromise the efficacy,
safety and quality of the original preparation (150). Such
effects may arise due to interactions between specific ac-
tive constituents found in different medicinal plants, re-
sulting in either synergistic or antagonistic effects (151), or
due to interactions with other medications due to plant-
drug pharmacokinetic interactions. Moreover, the complex
nutraceutical phytoconstituents present in these plants
may act on different target cells, leading to synergistic
effects that could potentially cause various side effects in
the human body (152). Interestingly, these medicinal
plants may exhibit higher effectiveness and safety when
taken individually compared to when they are mixed and
administered together. Furthermore, in line with recom-
mendations from various health organizations advocating
for the regular consumption of natural ingredients, espe-
cially vegetables and selected herbs such as turmeric, cap-
saicin, ginger and green tea. However, factors such as the
therapeutic dosage, route of administration, presence and
concentration of various bioactive components, quality of
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botanical preparations, their respective functions, experi-
mental methods, study design and duration of treatment
can all influence the results of such studies, thus affecting
the effectiveness and safety of ingested plants. Introduc-
ing such potential plants could assist patients in adopting
them as an alternative approach alongside other remedies
such as hypnotherapy and acupuncture for obesity treat-
ment (153).

Advantages of medicinal plants as anti-obesity prod-
ucts

Currently, the use of herbal plants for treating obesity is
gaining considerable attention. While only a small fraction
of their active constituents have been identified, under-
standing the precise mechanism of action is crucial as the
composition of medicinal plants becomes better under-
stood. Herbal medications offer several advantages over
pharmaceutical drugs for treating obesity, including mini-
mal or no adverse events. Numerous preclinical and clini-
cal studies have demonstrated the medicinal benefits of
herbal plants against various diseases, including hyper-
lipidemia and diabetes mellitus, alongside their antioxi-
dant and anti-inflammatory effects (154). Moreover, due to
their minimal side effects, easy availability, low cost and
richness in bioactive compounds, medicinal plants have
been regarded as alternative preventive agents (155).
However, the popularity of herbal remedies can lead to
misuse, with users sometimes neglecting proper dosage
and timing, potentially resulting in harmful effects. Thus,
medicinal plants deemed effective and safe may not al-
ways be suitable for all individuals or when consumed in
arbitrary amounts as prescribed. Several cases have high-
lighted potential adverse effects, underscoring the im-
portance of exercising caution with herbal products (156,
157). While moderate tea consumption is generally consid-
ered beneficial for most people, excessive intake, exceed-
ing 3-4 cups per day, may lead to adverse effects. The pre-
cise amount of tannin in tea can vary significantly depend-
ing on the type and preparation method. It is generally
advised to limit consumption to 3 or fewer cups per day,
ideally between meals, to stay within a safe range for most
individuals (158). Studies examining the impact of tannin
consumption, specifically hydrolyzed and oligomeric cate-
chin and epicatechin tannin (found in tea and tannic acid),
generally support the idea that tannin consumption reduc-
es bioavailability. However, these findings do not consist-
ently demonstrate reduced bioavailability resulting from
the consumption of condensed tannin, which is more
prevalent in food. Additionally, the effect of tannin con-
sumption on iron levels lacks consistent support across
long-term animal models, epidemiological studies and
research examining multiple meals.

Studies suggest that long-term tannin consumption
may affect iron status differently than predicted by single-
meal studies or iron bioavailability models. Moreover, con-
densed tannins, commonly found in food and utilized in
iron bioavailability studies, may better predict mealtime
iron bioavailability (158, 159). The adverse effects of exces-
sive black tea consumption are primarily attributed to its
caffeine content. Caffeine is known to stimulate wakeful-
ness, act as a diuretic and reduce fatigue. Additionally,
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theanine and y-aminobutyric acid contribute to lowering
blood pressure and regulating brain and nerve function
(160). Numerous epidemiological studies have confirmed
the beneficial effects of tea and its catechins on obesity
(49,161, 162). Meanwhile, pharmaceutical anti-obesity
drugs available on the market are associated with adverse
effects such as headache, nervousness, blurred vision, dry
mouth, insomnia and diarrhea as well as more serious side
effects including kidney and liver problems, increased
blood pressure and elevated heart rate. Therefore, there is
a growing interest in natural herbal medications as anti-
obesity alternatives due to their potentially lower cost and
fewer adverse effects compared to pharmaceutical drugs
(55, 163, 164). Although anti-obesity drugs approved by
the FDA in the USA are effective in treating diet-induced
obesity, they are less common among overweight individ-
uals due to their higher cost and severe adverse effects.
Many medicinal herbs and their bioactive components
have garnered attention from researchers for their poten-
tial anti-obesity activity in various in vivo, in vitro and clini-
cal studies. Additionally, medicinal plants are considered a
preferable alternative due to their lower cost and minimal
adverse effects (165, 166).

Conclusion

The effectiveness of bioactive compounds derived from
plants lies in their capacity to induce apoptosis and lipoly-
sis, thereby reducing lipid accumulation. The signaling
pathways involved in this process are interconnected and
complex. Therefore, the use of botanical remedies instead
of synthetic pharmaceuticals for treating and controlling
obesity holds significant promise. This potential is at-
tributed to the combined or additive effects of various
constituents found in medicinal plants, which target adi-
pocytes at multiple points in their life cycles and across
different cellular, molecular and metabolic levels. Medici-
nal plants have emerged as a preferred alternative due to
their cost-effectiveness and minimal adverse effects. Un-
like modifying one's diet or increasing physical activity
through regular exercise, which can be challenging for
some individuals, the administration of medicinal plants is
relatively convenient, making them accurate and ideal
alternatives.
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