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Abstract: Obesity is a widespread public health problem worldwide and is associated with numerous health 

risks, requiring effective prevention and treatment strategies. Although synthetic anti-obesity drugs are available, 

they often cause adverse side effects, thus generating interest in natural products as safer and more effective 

alternatives. Malaysian shrub plants thrive in the country’s tropical climate and offer a rich source of biological 

active compounds with potential anti-obesity effects. Several studies, including in vivo and clinical trials, have 

reported promising anti-obesity effects of these plants. Research on local plants not only aligns with public 

health priorities but also provides affordable interventions for the local population. This review systematically 

summarizes findings from 193 articles across electronic databases using relevant keywords, covering Malaysian 

herbaceous and shrub species with anti-obesity potential, their isolated compounds, proposed mechanisms of 

action, and supporting in vitro, animal model, and clinical evidence. In addition, toxicological data are discussed 

to provide a comprehensive perspective of the therapeutic potential of these plants. This review highlights the 

gaps in current knowledge and proposes future directions for leveraging Malaysian plants to combat obesity. 
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1. Introduction 

Obesity is a chronic disease characterized by excess body fat. It is defined by the International 

Classification of Diseases (ICD-11) [1]. Body mass index (BMI) is the standard tool for diagnosing 

obesity and calculated in kilograms of body weight per square metre [2]. According to the World 

Health Organization (WHO), a normal BMI for adults is 19.8 to 26.0, overweight is 26.0 to 29.9, and 

obesity is above 30.0 [2]. For children, BMI is adjusted for age and gender [3]. In 2022, WHO 

reported that 2.5 billion adults were overweight and more than 890 million were classified as obese 

[2]. These findings are associated with major non-communicable diseases (NCDs), such as 

cardiovascular disease, type-2 diabetes, hypertension, and cancers like breast and kidney cancer [4,5]. 

Obesity has multiple causes, including genetic predisposition, unhealthy diets, sedentary 

lifestyles, and environmental factors [6,7]. The main causes are physical inactivity and overeating, 

where calorie intake exceeds energy expenditure, leading to fat storage [8,9]. In fact, energy 

consumption depends on basal metabolism, the thermogenic effect of digestion and physical activity 

[10]. In addition, a high-calorie, carbohydrate-rich diets elevate blood sugar levels, triggering insulin 

release and fat accumulation [11]. Genetic factors, such as leptin deficiency, can also disrupt appetite 

regulation [8]. Furthermore, diseases such as polycystic ovarian syndrome and hypothyroidism, as 

well as certain medications, can lead to weight gain [12]. Emotional factors, such as stress and 

boredom, further influence overeating habits [13]. 
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Treating obesity is costly and challenging. While synthetic drugs, such as orlistat, liraglutide, 

and phentermine-topiramate, are available in treating obesity [14]. These drugs are expensive and 

often cause adverse side effects, such as cardiovascular issues, nausea, and liver damage [14]. 

Therefore, natural products are emerging as safer and more affordable alternatives for obesity 

management. These plant-based remedies offer promising potential to improve public health, reduce 

healthcare costs, and provide sustainable solutions to obesity [15]. 

 Natural products and their structural analogues have made significant contributions to many 

pharmacotherapies throughout history. Natural products are now preferred over synthetic drugs 

because they are effective in treating overweight and various chronic conditions and can reduce the 

side effects of synthetic drugs [16]. Traditional herbal remedies that have been widely used throughout 

history, along with other natural ingredients, have shown good promise in reducing appetite and 

promoting weight loss [17]. Generally, natural materials are perceived as more affordable and have 

fewer or no toxic side effects than synthetic ingredients [16,17]. Natural products differ from their 

pharmaceutical products in that they are often complex mixtures in which the identity and quantity of 

the bioactive components present are not fully known. Therefore, the isolation of bioactive chemical 

components from natural sources is an important step in natural product research. In addition, the 

isolated bioactive molecules can be used as chemical markers to assess the quality and safety of 

natural products and to determine their efficacy [18]. 

Malaysia is a home to a diverse range of plant species, many of which may offer natural 

solutions to obesity [19]. Malaysia’s year-round summers, tropical climate and flourishing ecosystems 

make many medicinal plants available throughout the year, providing optimal conditions for the 

continuous growth of numerous medicinal plants. In fact, many of the plants have been used 

historically for weight control and to promote health. In the modern era, research efforts have been 

increasingly focused on exploring the bioactive compounds in these plants that can be developed into 

modern products for the use in the fight against obesity. Herbaceous plants and shrubs are sustainable 

and accessible sources of bioactive compounds due to their small size, rapid growth, and widespread 

availability. This review focuses specifically on these plant types to highlight their potential as cost-

effective and scalable solutions to combat obesity, particularly in regions such as Malaysia, where the 

abundance and historical uses of these plants present promising opportunities for modern therapeutic 

applications. 

 

2. Methodology 

Well-established databases, such as SciFinder, Scopus, Web of Science, ScienceDirect, 

Google Scholar and ResearchGate, were used in this review. The literature search employed the 

following keywords to obtain relevant literature, including ‘anti-obesity’, ‘weight loss’, and 

‘Malaysian shrubs’. A total of 845 articles were initially downloaded. However, after careful 

screening, only 193 articles were considered relevant to the scope of this review. 

 

3. Mechanisms of Action of Anti-obesity Natural Compounds 

3.1. Appetite Suppression 

 

Increasing satiety is a way to suppress appetite and thus reduce food intake to control body 

weight, as hunger is always associated with excessive energy intake. The biological mechanism of 

appetite and satiety are controlled by a complex interaction of neural and hormonal signals. Potential 

mechanisms for suppressing appetite include increasing noradrenaline levels, which activates the 

sympathetic nervous system. This activation leads to increased satiety, increased energy expenditure, 

decreased hunger and enhanced fat oxidation. For example, the hormone leptin produced by adipose 

tissues, activates receptors in the central nervous system to reduce appetite and increase energy 

expenditure. In addition, insulin sends signals to the brain to maintain energy balance and reduce 

appetite. Leptin and insulin signals synergistically to suppress the urge to eat [20]. Moreover, some 

studies have shown that neuropeptides (such as serotonin, histamine, and dopamine) and their 

respective receptor activity play a role in regulating satiety. Targeting these neuropeptides and 
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receptors may be a promising approach to developing supplements designed to reduce energy intake 

and treat obesity by enhancing satiety [21]. Therefore, further research should explore natural 

substances that can alter brain signals involved in regulating appetite, thereby potentially providing 

new avenues for treating obesity. 

 

3.2. Increase in Energy Expenditure 

  

An imbalance between energy intake and energy expenditure is the primary cause of body fat 

accumulation [11]. Energy intake refers to the calories consumed through diet, while energy 

expenditure refers to the calories burned through physical activity and metabolic processes. When 

energy intake exceeds energy expenditure, the excess energy is stored in adipose tissue in the form of 

triglycerides (TG). To lose weight, energy expenditure must be greater than energy intake, resulting in 

a negative energy balance. This can be achieved by increasing physical activity through regular 

exercise and adaptive thermogenesis.  

Adaptive thermogenesis refers to changes in energy expenditure that occur in respond to 

environmental conditions, dietary changes, or hormonal variations. It includes processes such as heat 

production through brown fat (non-shivering thermogenesis) or muscle contraction (shivering 

thermogenesis), in response to cold (cold-induced thermogenesis) or after eating (diet-induced 

thermogenesis) [22]. This mechanism helps regulate body weight by influencing how much energy the 

body expends in different situations. For example, in non-shivering thermogenesis, brown adipose 

tissue plays a key role in converting energy from food into heat. Thermogenic proteins are essential 

for this thermogenic function within brown adipose tissue. Therefore, a substance that can increase 

energy expenditure by enhancing the expression of thermogenic genes may have an anti-obesity effect 

[23] 

 

3.3. Inhibition of Pancreatic Lipase (PL) 

  

Pancreatic lipase (PL) is the most important enzyme in the digestive process because it 

directly affects the absorption of fatty acids in the intestine. It is the major lipase secreted by the 

pancreas and is present in visceral and subcutaneous adipocytes. Its function is to break down dietary 

fat (triglycerides) into fatty acids and glycerol, thereby facilitating fat absorption in the human 

intestine [24]. One possible approach to treating obesity is to disrupt the absorption of fat in the 

gastrointestinal tract. Natural products that can inhibit pancreatic lipase activity have been extensively 

studies as an important indicator for evaluating their potential to treat obesity and promote weight loss 

[25]. An example of a PL inhibitor is Orlistat, which has a half-maximal inhibitory concentration 

(IC50) of 0.7 μM and is one of the FDA-approved weight loss drugs that has been reported to reduce 

dietary fat absorption by up to 30% [1]. However, Orlistat has several unacceptable side effects [14]. 

Therefore, there is a need to discover new and effective pancreatic lipase inhibitors from natural 

products. 

 

3.4. Inhibition of Adipocyte Differentiation 

  

Adipocytes are essential for regulating lipid balance and energy homeostasis. They have a 

remarkable ability to store triglycerides and to release free fatty acids in response to varying energy 

demands. As adipose tissue grows, adipocytes increase in both number (hyperplasia) and size 

(hypertrophy). This has prompted the exploration of natural products in anti-obesity treatments 

focused on inhibiting adipogenesis. In addition, some studies have shown that blocking certain 

transcription factors may hamper adipocyte differentiation [26]. 
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3.5. Regulation of Lipid Metabolism 

  

Enhanced lipolysis increases hydrolysis of triglyceride, thereby reducing fat storage in adipose 

tissue and helping to control obesity. Therefore, improving lipolysis is one of the potential approaches 

to treat obesity. Many studies have revealed some methods to enhance lipolysis. For example, 

activation of adenosine monophosphate-activated protein kinase (AMPK) enhances fatty acid 

oxidation and glucose transport in skeletal muscle. In addition, activation of β-adrenergic receptors in 

white adipocytes promotes lipolysis and non-shivering thermogenesis in brown fat. Therefore, 

transcription factors that mimic these effects are becoming increasingly important in the development 

of anti-obesity treatments [16]. 

 

4. Malaysian Plants Studied that Show Anti-obesity Activity 

Growing concerns about the impact of obesity on global health have prompted scientists and 

researchers to focus more on discovering new, effective, and safe anti-obesity drugs, especially those 

from natural sources. The biological advantages of these natural products mainly come from their rich 

phytochemicals [27]. Although the anti-obesity properties of many plants have been investigated 

through ethnobotanical and ethnopharmacological studies [28], information on their chemical entities 

remains scarce. The potential of natural products to combat obesity remains largely undiscovered and 

represents a promising alternative for the development of safe and effective weight loss therapies. 

Ethnopharmacological studies have shown that many plants that have been traditionally used in 

different cultures for weight control have potential anti-obesity effects. These plants contain bioactive 

compounds that affects metabolic processes, reduce fat absorption, promote thermogenesis and 

suppress appetite. Plant extract plays an important role in anti-obesity analysis as it determines the 

potential of the plant as anti-obesity candidate. In this review, researchers in previous studies first 

analysed plant extracts followed by isolated compounds from their respective potential extracts. Most 

of the analyses performed by researchers were lipase inhibition assay, especially pancreatic lipase and 

adipocyte differentiation inhibition. Table 1 summarizes the anti-obesity properties of different 

herbaceous and shrubs plant species studied in Malaysia, either crude extracts or purified single 

compounds. 

 

4.1. Alpinia officinarum 

 Alpinia officinalis belongs to the Zingiberaceae family and is a perennial herb commonly used 

in traditional Chinese medicine [29]. It is widely distributed in China, Indonesia, Thailand, and 

Malaysia, and is also cultivated in Bangladesh and southern India. It has a wide range of therapeutic 

effects, such as treating colds, coughs, respiratory tract and digestive system diseases, female 

infertility, rheumatism, antitussive, influenza, malaria, stomach pain, diabetes, and epilepsy [29].  

A study by Shin et al. [30] showed that the ethyl acetate extract of the rhizome of A. officinalis 

exhibited the highest PL inhibitory activity in vitro. In their study, 3-methylethergalangin (1) (Figure 1) 

was isolated and found to have PL inhibitory activity with an IC50 value of 1.3 mg/mL, while Orlistat 

was used as a positive control (IC50 value = 0.8 mg/mL). In their in vivo experiment, serum 

triglyceride levels in corn oil-fed mice (induced hypertriglyceridemia) were significantly reduced 

compared with the control group after administration of the ethyl acetate fraction at dose of 500 mg/kg. 

In addition, a reduction of serum triglyceride (TG) and cholesterol levels were observed in Triton WR-

1339-induced hyperlipidemic mice. When 3-methylethergalangin was administrated at dose of 20 

mg/kg, triglyceride and cholesterol levels in Triton WR-1339-induced hyperlipidemic mice were 

significantly reduced by 81.3% and 81.0%, respectively. It also increased high-density lipoprotein 

(HDL) levels compared with the control group [30]. However, the extract (500 mg/kg, p.o.) and 

isolated compound (20 mg/kg, p.o) were used only at extremely high doses. Although we assume that 

the extract and the isolated compound will have the same effects in humans and mice, the result 

obtained are therapeutically irrelevant in any case. For a meaningful pharmacological study, the upper 

limit of the in vivo study dose range should be assumed to be 100 – 200 mg/kg for the extract, and 200 
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µg/kg for the pure compound, respectively [31]. In addition, both the studies used high single-dose 

experiments (500 mg/kg, p.o. for the extract and 20 mg/kg for the isolated compound) which led to an 

obvious issue in their data reproducibility. 

In a subsequent study by the same authors [32], another compound, 5-5-hydroxy-7-(4’-

hydroxy-3’-methoxyphenyl)-1-phenyl-3-heptanone (2) (Figure 1), was isolated and found to have an 

inhibitory effect on pancreatic lipase with an IC50 value of 1.5 mg/mL. Serum triglyceride levels were 

significantly reduced in corn oil-fed mice, while serum triglyceride and cholesterol levels were 

reduced in Triton WR-1339-induced hyperlipidemic mice. However, no lipid-lowering activity was 

observed in hyperlipidemic mice induced by a high cholesterol diet. Regarding pancreatic lipase 

inhibition, both compounds showed good efficacy compared to the positive control (Orlistat) across 

parameters such as triglyceride, cholesterol, and high-density lipoprotein (HDL) levels. Nevertheless, 

Orlistat remained the most effective overall [32].  

Jung et al. [33] investigated the anti-obesity effect of A. officinarum ethanol extract and 

galangin (3) from the extract on lipid accumulation in 3T3-L1 cells and their effects on obesity in mice 

fed a high-fat diet. The ethanol extract significantly inhibited 3T3-L1 adipocyte differentiation in a 

dose-dependent experiment. The ethanol extract suppressed the levels of C/EBPa, SREBP-1, and 

PPAR-c, which promote adipogenesis. Galangin (3) (Figure 1) suppressed the accumulation of 

triglyceride during cell differentiation. Galangin (3) significantly inhibited the protein levels of some 

adipogenic genes such as FAS, C/EBPa, CD36, and PPAR-c in a dose dependent manner. In vivo 

study was further conducted to confirm the anti-obesity effect of ethanol extract [33]. After 

administration of the ethanol extract, the body weight of mice fed a high-fat diet was significantly 

reduced compared with the group receiving only a high-fat diet under similar daily food intake 

conditions. In addition, the epididymal and perirenal fat pad weights of the high-fat diet-fed mice 

group supplemented with the ethanol extract were reduced, and the levels of liver lipids, insulin, 

leptin, triglycerides, and total cholesterol were also reduced. These results indicate that the ethanol 

extract is effective in reducing liver fat accumulation in obese mice, demonstrating the anti-obesity 

effects of the A. officinarum ethanol extract [33]. To date, no adverse side effects have been reported 

in toxicity studies [34,35]. Further studies on optimum dose and molecular mechanisms of action of 

the extract or its compounds should be focused on. 

 

 

 

Figure 1. Anti-obesity compounds isolated from A. officinarum 
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Table 1. Malaysian herbaceous and shrub plant species that show anti-obesity activity. 

Name of plants 

(common name) 

Plants 

parts 

Isolated anti-obesity 

compounds 

Proposed 

mechanism of action 

In vitro studies In vivo studies 

animal 

In vivo studies 

human 

Toxicity Ref. 

Herbaceous Plants         

Alpinia officinarum 

Hance 

(Galangal) 

Rhizomes 3-Methylethergalangin 1 

5-Hydroxy-7-(4’-hydroxy-

3’-methoxyphenyl)-1-

phenyl-3-heptanone 2 

Galangin 3 

Pancreatic lipase 

inhibition, reduce 

cholesterol, plasma 

triglyceride, hepatic 

leptin and lipid levels 

Compound 1 and 2 

showed PL inhibitory, 

IC50 = 1.3 and 1.5 

mg/mL, respectively. 

4.2% (w/w) of 

compound 3 in 70% 

EtOH extract showed 

antiadipogenic effect in 

3T3-L1 cells.  

0.5% (g/kg dietary 

weight) of 70% EtOH 

extract reduced body 

weight, fat mass, 

serum insulin, leptin, 

hepatic lipid, TG and 

total cholesterol levels 

in mice dose 

dependently.  

No None observed [30,

32-

35] 

Arachis hypogaea 

(Peanut) 

Nuts, shells Luteolin 4 Pancreatic lipase 

inhibition (peanut 

shell), lipolysis of 

3T3-L1 adipocytes 

(peanut shell), 

increases satiety, 

energy efficiency and 

expenditure, dietary 

compensation 

Compound 4 showed 

PL inhibitory, IC50 = 7.1 

μM. 95% EtOH shell 

extract showed highest 

PL inhibition of 92% at 

10 mg/mL dose 

dependently. The 

extract also reduced 

glycerol release from 

3T3-L1 adipocytes. 

1% (dietary weight) of 

95% EtOH shell 

extract reduced weight 

gain and increased 

fecal lipid excretion in 

rats. 

Lower body 

mass index, little 

or no weight 

change and 

lower LDL 

cholesterol in 

people who eat 

nuts for 8 weeks, 

1-6 months and 

2 weeks, 

respectively. 

None observed 

in peanut shell 

and not reported 

for peanuts 

[37-

42] 

Cosmos caudatus 

(Ulam raja, kenikir, 

cosmos, 

daoruangpharma) 

Leaves No Pancreatic lipase 

inhibition 

EtOH extract showed 

PL inhibition of 21.7 ± 

1.3% at 1000 ppm. 

100% EtOH extract at 

a dose level of 175 or 

350 mg/kg reduced 

body weight gain, 

visceral fat mass, TG 

and leptin levels, but 

increased fecal fat 

excretion in rats. 

No Acute 

hepatotoxicity 

effects at high 

dose 

[99-

104] 

Curcuma longa 

(Turmeric) 

Rhizomes Curcumin 13 

Demethoxycurcumin 14 

Bisdemethoxycurcumin 15 

Inhibits adipokine-

induced angiogenesis 

and 3T3-L1 

differentiation, 

Compound 13 

attenuated lipolysis at 

10-20 µM; inhibits FAS 

with IC50 value of 26.8 

Compound 13 

suppressed body 

weight gain, serum, 

total cholesterol 

No Gastrointestinal 

upsets at high 

dose 

[105

-

114] 
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increases oxidation 

and fatty acid 

esterification, down 

regulates the 

expression of key 

transcription factors, 

inhibits MAPK, 

inhibits FAS, 

activates PPARg, 

increases glycerol 

release 

µM; nearly completely 

suppress adipocyte 

differentiation and lipid 

accumulation at 20 µM 

dose dependently. EA 

fraction from MeOH 

extract reduced lipid 

accumulation by 46.6% 

and reduced 

intracellular TG level by 

37.9% at 20 μg/mL. 

concentration in mice 

at a dose level of 500 

mg/kg; reduced lipid 

levels in white adipose 

tissue of obese mice at 

0.1% (w/w dietary 

weight). Curcuminoids 

(73.4% of compound 

13, 16.1% of 

compound 14 and 

10.5% of compound 

15) reduced 

epididymal adipose 

tissue weight, TG and 

cholesterol 

concentration dose 

dependently. 

Phaseolus vulgaris 

(Bean) 

Beans Phytohemagglutinin 

(PHA) 

Phaseolamin 

Inhibits α-amylase, 

3T3-L1 adipocytes 

differentiation, 

phytohemoagglutinin-

mediated (lectin) 

release of 

cholecystokinin and 

glucagon-like 

peptides, appetite 

suppression, 
suppressed the 

mRNA expression 

level and the protein 

expression level of 

PPARγ, C/EBPα, 

SREBP1c, LPL and 

fatty acid binding 

protein. 

70% (w/v) EtOH extract 

inhibit 3T3-L1 

adipocytes 

differentiation by 

reducing lipid content in 

the mature adipocytes to 

79.29% at 150 µg/mL 

and 35.13% at 300 

µg/mL. 

PHA at a dose level 

above 0.32g/kg 

reduced body dry 

weight of the rats. 
Aqueous extract from 

bean seeds reduced 

body weight gain of 

obese rats. 

Aqueous extract 

reduced body 

weight, BMI and 

fat mass in 

males and 

females; Extract 

reduced body 

weight, BMI, 

waist 

circumference, 

adipose tissue 

thickness and fat 

mass in 

overweight men 

and women. 

Toxic in high 

dose 

[143

-

153] 

Taraxacum 

officinale 

(Dandelion) 

Roots, 

Leaves 

No Reduces adipogenesis 

and TG level in 

3T3L1 adipocytes, 

pancreatic lipase 

60% EtOH leaf and root 

extract reduced 

intracellular lipid 

droplet accumulation at 

400 mg/kg of 95% 

EtOH extract 

decreased incremental 

plasma triglyceride 

No Unknown [172

-

178] 



 

Anti-obesity properties Malaysian herbaceous and shrub species 

 

8 

inhibition the highest 

concentration of 600 

μg/mL by ~20% 

compared with control 

cells, reduced cellular 

TG content by ~65% in 

cells treated with the 

leaf extract, and ~20% 

in cells treated with root 

extract. 95% EtOH leaf 

extract showed PL 

inhibitory, IC50 = 78.2 

µg/mL. 

levels in ICR mice at 

90 and 180 min. 

Shrubs Plants         

Camellia sinensis Leaves (-)-Epigallocatechin-3 

gallate 5 

(-)-Epicatechin-3-gallate 6 

Caffeine 

Stimulates 

sympathetic nervous 

system, increases 

thermogenesis and fat 

oxidation, inhibit 

gastric and pancreatic 

lipase, suppresses 

leptin, increases 

triacylglycerol 

excretion, suppresses 

adipocyte 

differentiation, 

increases expression 

of genes involved in 

fatty acid synthesis 

and oxidation, 

decreases lipoprotein 

lipase, hormone-

sensitive lipase, 

decrease UCP2, 

activation of AMPK, 

increases adiponectin 

and ghrelin level, 

modulation of 

intestinal microbiota 

Compound 5 and 6 

exhibited PL inhibitory, 

IC50 = 0.16, 0.14 

μg/mL, respectively. 

Oolong tea water extract 

exhibited PL inhibitory, 

IC50 = 0.97 μg/mL. 

Compound 5 inhibited 

lipid accumulation and 

induced apoptosis of 

maturing 3T3-L1 

preadipocytes dose 

dependently. 

20 g/kg of water 

extract of green tea 

reduced fat gain and 

body fat in rats. 2% 

and 4% green tea 

powder reduced body 

weight gain, fat 

accumulation, food 

intake, total cholesterol 

and TG in female ICR 

mice. 5% oolong tea 

powder reduced the 

body weight gain and 

accumulation of liver 

TG in mice. 1000 

mg/kg of water extract 

of aged oolong tea 

reduced body weight, 

TG, total cholesterol, 

HDL and LDL in 

mice. 1 or 3% purple 

leaf tea reduced food 

intake, lipid 

accumulation, fat 

deposition in the fatty 

Reduced body 

weight, waist 

size and 

subcutaneous fat 

content in obese 

men and women 

who consume 8 

g of oolong tea 

water extract a 

day for 6 weeks. 

Reduced body 

weight and 

increased energy 

expenditure in 

obese Thai who 

consumed 250 

mg green tea 

extract 

according to 

requested dose 

for 12 weeks. 

Reduction in 

LDL and TG in 

obese women 

who consume 

Hepatotoxicity [43-

64] 
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tissue of mice. 0.25% 

(w/w) green tea 

reduced body weight 

gain in obese mice. 

400 mg of green 

tea extract three 

times daily for 

12 weeks. 

Reduction in 

weight, BMI and 

waist 

circumference in 

obese women 

who consumed 

856.8 mg/day of 

compound 5 for 

12 weeks.  

Capsicum annuum 

(Red pepper, hot 

pepper, paprika) 

Fruits, 

seeds, 

flowers 

9-Oxooctadeca-10,12-

dienoic acids 7 

Capsaicin 8 

Capsiate 9 

Dihydrocapsiate 10 

Improving satiety, 

thermogenesis, fat 

oxidation, increased 

energy expenditure, 

inhibition of 

adipocyte 

differentiation, 

prevention of 

adipogenesis, 

inhibition of 

lipoprotein lipase and 

pancreatic lipase, 

activation of AMPK, 

stimulation of 

lipolysis in adipose 

tissue and modulation 

of adipokine secretion 

from adipose tissue 

Fraction 5-6-1 and 

fraction 6-6-1 from 

green pepper water 

extract decreased 

lipoprotein lipase 

mRNA expression level 

by 26.6% and 29.7%, 

respectively in 3T3-L1 

cells. 70% EtOH flower 

extract inhibited PL 

inhibitory, IC50 = 3.54 

± 0.18 mg/mL. 

Compound 7 inhibited 

ACC with IC50 = 1.4 x 

10-6 M. 100 µM of 

compound 8 inhibit 

adipocyte differentiation 

in 3T3-L1 cells via 

AMPK activation. 

MeOH extract increased 

glycerol release from 

adipocytes dose 

dependently. 50 and 250 

µg/mL of compound 8 

increased glycerol 

release from adipocytes. 

MeOH hot pepper seed 

0.014% of compound 8 

decreased visceral fat 

mass by 29% in 

rodents. Compound 8-

chitosan microsphere 

reduced body weight 

of obese rats at 3382 

mg/kg/day for 5 

weeks. 10 mg/kg of 

compound 9 increased 

oxygen consumption, 

carbohydrate and fat 

oxidation, while 

decreased body 

weight, abdominal fat 

accumulation, 

epididymal and 

perirenal fat weights. 

Reduced energy 

intake in people 

who consumed 

CH-19 sweet 

pepper and a 

combination of 

compound 8 and 

green tea. 

Compound 8 

suppressed 

hunger and 

increased satiety 

in patients. 

Compound 8 or 

compound (9 

and 10) 

increased energy 

expenditure by 

245 kJ/day, 

58.56 kcal/day 

respectively 

meanwhile 

decreased the 

respiratory 

quotient by 

0.216. 

Possible hepatic 

effects 

[65-

85] 
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extract reduced lipid 

accumulation in 3T3-L1 

adipocyte. 

Cassia mimosoides 

L. var. nomame 

Makino 

Leaves, 

fruits, aerial 

parts 

Proanthocyanidin 

Flavan dimers 

(2S)-3’,4’,7’-

Trihydroxyflavan-(48)-

catechin 11 

Pancreatic lipase 

inhibition, decreases 

triacylglycerol levels, 

suppress adipogenesis 

and lipogenesis via 

AMPK pathway, 

downregulating the 

expression levels of 

CCAAT/enhancer-

binding protein-alpha, 

PPARγ, SREBP1c, 

FAS and upregulating 

the acetyl-CoA 

carboxylase. 

30% EtOH leaf extract 

reduced lipid 

accumulation of 

differentiated 3T3-L1 

cells at 6.25 to 25 

µg/mL. Aqueous EtOH 

aerial part extract which 

contain primarily 

proanthocyanidin 

exhibited PL inhibitory, 

IC50 = 0.1 to 0.071 

mg/mL. Compound 11 

exhibited PL inhibitory, 

IC50 = 5.5 mM. 

100 mg/kg and 300 

mg/kg of 30% EtOH 

leaf extract reduced 

body weight gain and 

body fat accumulation 

in mice dose 

dependently. 2.5% 

(dietary weight) of 

aqueous EtOH aerial 

part extract which 

contain primarily 

proanthocyanidin 

reduced body weight 

gain and fat content of 

the rats dose 

dependently.  

No None observed [88-

90] 

Coleus forskohlii Roots Forskolin 12 Activates cAMP, 

promotes breakdown 

of stored fat, 

increases basal 

metabolic rate, 

reduces food intake 

Compound 12 activated 

cAMP by increasing 

glycerol release at 

50µM. 

50 g/kg of extract 

reduced body weight, 

food intake and fat 

accumulation in rats. 

205.41 mg/kg and 

308.25 mg/kg of 

standardized extract 

reduced adipose tissue 

accumulation, blood 

cholesterol, TG and 

LDL levels while 

increasing HDL levels 

in obese mice.  

Reduced weight 

gain in 

overweight 

women who 

consume capsule 

containing 250 

mg of 10% 

extract 

according to the 

requested dose. 

BMI, body 

weight, fat 

content, lean 

body mass and 

basal metabolic 

rate was reduced 

in volunteers 

who received 

500 mg of 

extract (10% 

Not significant [91-

98] 
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compound 12) 

twice a day with 

their meals. 

Gymnema sylvestre 

(Periploca of the 

woods, gurmar, 

meshashringi, 

madhunashini, 

kavali, kalikardori, 

dhuleti, 

mardashingi, 

adigam, 

cherujurinja, 

podapatri and 

sannagerasehambu) 

Leaves Gymnemic acid 16 

Gymnemate 

Decreases fat 

digestibility 

promoting faecal 

excretion, decreases 

food and water intake 

No 100, 250 and 500 

mg/kg of extract 

reduced body weight 

gain, serum lipid 

levels, insulin, leptin, 

adipose tissue and liver 

inflammation dose 

dependently. 120 

mg/kg of water-soluble 

fraction of EtOH 

extract reduced body 

weight gain and 

visceral fat pad weight 

in obese rats. 62.5 g/kg 

of water extract 

(contain gymnemate) 

reduced body weight, 

total cholesterol, food 

and water intake in 

rats. 

Reduction in 

body weight, 

BMI, serum 

leptin levels in 

obese patients 

who received a 

combination of 

HCA-SX plus 

niacin-bound 

chromium and 

standardized 

extract 

containing 25% 

compound 16. 

Cause liver and 

kidney problems 

at high dose  

[115

,118

-

123] 

Hibiscus sabdariffa 

(Roselle, Karkade 

and Red Sorrel) 

Calyces, 

flowers 

Hydroxycitric acid 17 Inhibition of 

expression of 

adipogenic 

transcription factors 

C/EBPα and PPARγ, 

reduces food intake, 

blocks MAPK 

pathway 

Aqueous flower extract 

inhibited adipocyte 

differentiation of 3T3-

L1 preadipocytes dose 

dependently. 

Polyphenolic extract 

and its fraction inhibited 

lipid accumulation dose 

dependently. 

15% (dietary weight) 

of 96% EtOH calyx 

extract reduced weight 

gain, food intake and 

food efficiency in rats. 

25, 50 and 100 mg of 

water extract reduces 

fat accumulation, liver 

cholesterol, TG levels 

of hamsters dose 

dependently. 

Reduced body 

weight, BMI, 

body fat, waist 

circumference in 

males and 

females who 

consumed 450 

mg aqueous 

flowers extract 

according to 

requested dose 

for 12 weeks. 

Reduced TG, 

HDL and LDL 

in elderly 

women who 

None observed [124

,127

-

134] 
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consume 2 g of 

aqueous calyx 

extract for 21 

days. 

Melastoma 

malabathricum 

(Malabar 

melastome, 

Singapore 

rhododendron, 

Indian 

rhododendron, 

planter’s 

rhododendron, 

phutkola, phutuka, 

phutki, longumpu, 

senduduk and 

yemudan) 

 

Leaves No Unknown No 5% (w/w per 100 g 

diest) of MeOH extract 

reduced body weight 

gain, cholesterol, LDL, 

HDL and total lipids, 

epididymal fat, 

retroperitoneal fat 

weights and 

phospholipid 

concentration.  

No None observed [135

,136

,140

-

142] 

Polygonum minus 

(kesum, phakphai, 

Kleiner Knoterich, 

Chakhong-machain 

Manipuri) 

Aerial parts No Unknown 99.8% EtOH aerial parts 

extract exhibited PL 

inhibitory activity, IC50 

= 40 mg/mL. 

200 and 400 mg/kg of 

99.8% EtOH aerial 

parts extract reduced 

weight gain and 

abdominal fat 

percentage in rats dose 

dependently. 

No None observed [154

,156

-

158] 

Salvia officinalis 

(Common sage, 

garden sage, 

maramia) 

Leaves Carnosic acid 18 

Carnosol 19 

7-Methoxyrosmanol 20 

Royleanonic acid 21 

Oleanolic acid 22 

Pancreatic lipase 

inhibition, inhibits 

adipocyte 

differentiation in 

3T3-L1 cells 

MeOH extract exhibited 

PL inhibitory, IC50 = 94 

μg/mL. 

Compound 18, 19, 20, 

21 and 22 exhibited PL 

inhibitory, IC50 = 12, 

4.4, 32, 35 and 83 

μg/mL, respectively. 

500 and 1000 mg/kg of 

MeOH extract reduced 

serum TG elevation in 

mice. Compound 18 

inhibited TG elevation 

in mice at a dose level 

of 5-20 mg/kg, and 

also reduced the body 

weight gain and 

accumulation of 

epididymal fat weight 

No Neurotoxicity 

and convulsions 

of essential oil 

due to thujone at 

high dose 

[159

-

166] 
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in mice at 20 

mg/kg/day. 

Sida rhomboidea, 

sida rhombifolia 

(Mahabala, Uhan, 

Country Mallow) 

Leaves No Inhibit 3T3-L1 

differentiation, 

reduces adipocytes 

size, decreases 

triglyceride 

accumulation and 

leptin release, 

decreases food intake, 

down regulated 

mRNA expression 

PPARγ2, SREBP1c, 

fatty acid synthase 

and leptin release and 

up-regulated carnitine 

palmitol transferase-1 

Aqueous extract 

inhibited adipogenesis 

in 3T3L1 preadipocytes 

while reduced TG 

accumulation and leptin 

release. 

1% (g/kg dietary 

weight) of aqueous 

extract reduced weight 

gain and food intake 

but increase plasma 

lipids and leptin levels, 

visceral fat and 

adipocyte hypertrophy 

in mice. 

No Increase plasma 

AST and ALT 

levels 

[167

-

171] 

Vitis vinifera Seeds, 

leaves, 

stems, roots 

Vanillic acid 23 

Gallic acid 24 

Syringic acid 25 

o-Coumaric acid 26 

Caffeic acid 27 

Ferulic acid 28 

Sinapic acid 29 

Resveratrol 30 

Stilbesterol 31 

Ampelopsin A 32 

Vitisin B 33 

3,4’,5-Trimethoxy stilbene 

34 

Vitisin A 35 

Pancreatic lipase 

inhibition, inhibits 

lipoprotein lipase, 

inhibits adipogenesis, 

adipocyte 

differentiation in 

3T3-L1 adipocytes, 

increase adiponectin, 

decreases serum 

lipids, insulin and 

leptin, reduces food 

intake, reduces 

PPARγ and C/EBPα, 

inhibits adipocyte 

differentiation 

through cell cycle 

arrest, activation of 

AMPK pathway, 

protects against high 

fat diet-induced DNA 

damage 

Leaf extract exhibited 

PL inhibitory, IC50 = 

1.18 mg/mL. 

Compound 23 inhibited 

lipid accumulation, 

decreased 

differentiation of 3T3-

L1 adipocytes and 

suppressed adipogenic 

factors at concentrations 

of 0.1-10 μM dose 

dependently. 270 μM of 

compound 24 

suppressed 3T3-L1 

adipocyte hypertrophy 

and inflammatory 

mediator expression. 

Compound 25 inhibited 

differentiation of 3T3-

L1 preadipocytes, 

reduced lipid 

accumulation and 

400 mg/kg/day of leaf 

extract reduced food 

intake, body weight 

and tissue fat 

accumulation in obese 

mice. 10 and 200 

mg/kg/day of 

compound 23 reduced 

body weights in obese 

mice. 1% (w/w dietary 

weight) of compound 

24 reduced serum 

cholesterol levels and 

3T3-L1 adipocyte size 

in obese mice. 

Compound 26 

decreased body, liver 

organ, adipose tissue 

weights of peritoneal 

and epididymal fat 

pads, TG, cholesterol 

levels in rats at 100 

Reduced body 

weight, BMI, 

waist 

circumference 

and waist to hip 

ratio in obese or 

overweight 

participants who 

received grape 

seed extract at 

300 mg/day for 

12 weeks. 

Lowered body 

weight, BMI, fat 

mass and waist 

circumference in 

patients who 

consumed 500 

mg of compound 

30 three times 

per day before 

meals for 90 

None observed [183

-

195] 
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ameliorated ROS 

accumulation dose 

dependently. Compound 

30, 31, 32, 33, 34 and 

35 inhibited adipocyte 

differentiation with IC50 

values of 38.4, 34.3, 

25.4, 21.7, 7.7 and 5.0 

μM, respectively. 

mg/kg. 0.02% and 

0.08% (w/w dietary 

weight) of compound 

27 reduced body 

weight, visceral fat 

mass, gonadal fat pad 

mass, serum 

cholesterol and serum 

TG in mice. 200 

mg/kg/day of 

compound 30 reduced 

body, WAT weight 

gain, WAT expansion 

and inflammation in 

obese mice. 

days. 
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4.2. Arachis hypogaea  

 Arachis hypogaea is a leguminous plant of Fabaceae family that is cultivated primarily for its 

edible seeds and consumed worldwide. Peanuts are the seeds of this plant and contain a lot of energy 

and nutritional value due to the present of variety of phytonutrients, such as resveratrol, phenolic acids, 

isoflavonoids and phytosterols [36].  

In fact, peanut shells contain a variety of useful compounds, including luteolin (4) (Figure 2), 

caffeic acid, ferulic acid, benzoic acid and certain fatty acids, all of which are known to inhibit 

pancreatic lipase. However, the inhibitory activity of these compounds has not been studied 

individually, except for luteolin [37, 38]. Shimura et al. [37] reported that luteolin showed PL 

inhibitory activity with an IC50 value of 7.1 μM. A study by Moreno et al. [38] showed that an ethanol 

extract of peanut shell (A. hypogaea) reduced glycerol release from 3T3-L1 adipocytes in an in vitro 

assay. In addition, it exhibited a dose-dependent inhibition of pancreatic lipase and a mild inhibition of 

lipoprotein lipase. In an in vivo study, high-fat diet fed rats supplemented with 1% w/w peanut shell 

extract gained significantly less weight than the group fed a high-fat diet alone. Furthermore, while 

food consumption did not differ between the two group, fecal lipid levels were higher in the treated 

group. However, this study lacked positive control [38].  

 

 
Figure 2. Luteolin from A. hypogaea 

Despite being classified as a high-fat and high-energy food, including peanuts in the diet does 

not appear to lead to weight gain. Peanuts contain primarily monounsaturated fatty acids (MUFAs), 

which have many benefits, such as increasing HDL levels, reducing LDL levels, and a phenomenon 

called diet-induced thermogenesis [39-41]. A study of lean and overweight adults investigated the 

effects of peanut oil intake on appetite, body composition, energy expenditure, and lipid profile [40]. 

Mechanisms by which peanut intake does not lead to weight gain include increased satiety, meal 

compensation, reduced efficiency of energy absorption, and increased energy expenditure. The studies 

showed that people who eat nuts have a lower body mass index than those who do not eat nuts [40, 41]. 

Clinical studies have shown that people who eat nuts gain less weight, and moderate-fat diets 

containing nuts have been shown to improve compliance and nutritional status compared with low-fat 

diets. These dietary patterns also lead to favorable changes in lipid profiles and reduce the risk of 

cardiovascular disease and type 2 diabetes [40]. Peanuts may be beneficial for weight management 

because they have a low glycemic index and are high in fiber [39-41]. Further research should focus 

on determining the optimal dose and molecular mechanism of action. However, another clinical study 

done by Claesson et al. [42] showed that the consumption of peanuts as snacks does not result in the 

same negative metabolic effects as the snacking based on candy. Significant increased body weight 

and waist circumference was observed in the group of snacking based on candy [42].  

 

4.3. Camellia sinensis 

 Camellia sinensis, commonly known as green tea, belongs to the family Theaceae and is a 

shrub with a yellow-white flowers and light-green leaves. It is native to mainland China, South and 

Southeast Asia, but is now cultivated in tropical and subtropical regions around the world. There are 

six forms of tea: green, oolong, black, white, dark and yellow tea, each of which is made through 

fermentation, which changes the colour and phytochemical composition of the tea, in addition to its 

natural green color [43]. Green tea is a non-fermented tea made by inactivating the polyphenol oxidase 
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enzyme at high temperatures, thereby retaining the polyphenol content of the dried leaves. As a result, 

green tea is the richest in catechins compared to the other two forms [43].  

This plant is reported to contain nearly 4000 bioactive compounds, one third of which are 

polyphenols. In addition to this group of compounds, it also contains alkaloids such as caffeine, 

theobromine and theophylline, amino acids, proteins, carbohydrates, chlorophyll, phenolic compounds, 

such as (-)-epigallocatechin-3-gallate (EGCG) (5), (-)-epicatechin-3-gallate (ECG) (6) (Figure 3), and 

proanthocyanidins. as well as volatile organic compounds [44]. The anti-obesity effects of green tea 

extract and its compounds have been extensively studied, and different mechanisms of action have 

been proposed. These include enhanced thermogenesis and fat oxidation due to its high caffeine 

content [45,46], reduced levels of leptin which regulates appetite [47], inhibition of gastric and 

pancreatic lipase [46, 48, 49], stimulation of the sympathetic nervous system [50], enhanced 

triglyceride excretion [51], reduced levels of lipoprotein lipase, hormone-sensitive lipase, and UCP2 

expression [52], reduced adipocyte size and inhibited adipocyte differentiation [53, 54], increased 

expression of genes involved in fatty acid synthesis and oxidation [55], modulation of the intestinal 

microbiota [56], increased levels of adiponectin and ghrelin [57], which have been shown to contribute 

to weight loss in many in vivo studies involving animals and humans.  

Choi’s group reported that feeding a high fat-diet supplemented with 0.25% (w/w) green tea 

extract for 12 weeks improved obesity, hepatic steatosis, dyslipidemia, and insulin resistance in diet-

induced obese (DIO) mice [58]. In this study, green tea extract played a role in regulating overall 

metabolic balance by affecting transcriptional responses related to lipid, glucose, and amino acid 

metabolism. Another group of researchers found that obese women lost significant weight after taking 

a high dose of EGCG (856.8 mg/day) [59]. In contrast, a study involving 60 Caucasian subjects found 

that taking green tea extract (540 mg/day EGCG) for 12 weeks while on a normal diet did not result in 

weight loss [60]. The authors suggested that the energy expenditure induced by catechins is related to 

increased fat oxidation, but that this effect may not persist with long-term green tea consumption. 

Studies investigating the anti-obesity effects of green tea or catechins have shown that most trials have 

demonstrated weight loss, and that this effect was more pronounced in Asian populations than in 

Caucasians [50]. Although catechins have anti-obesity activity, the weight loss may also be attributed 

to the caffeine content of green tea. Studies have shown that when habitual caffeine intake is high, 

higher catechin intake may be required to achieve significant effects [50,51]. However, it is important 

to recognize that tea consumption may have adverse effects. The main adverse effects documented in 

human studies include hepatotoxicity and gastrointestinal disturbances such as vomiting and diarrhea, 

especially after high-dose supplementation [61-63]. A study by Gaeini et al. [64] showed that the 

addition of sweeteners, milk, or other additives, as well as changes in polyphenol content, significantly 

affected the health benefits of tea. Therefore, further clinical studies should be conducted to determine 

the effects of tea by considering various factors such as gender, optimal dose, and route of 

administration. 

 

 
Figure 3. Anti-obesity compounds isolated from C. sinesis 

4.4. Capsicum annuum 

 Capsicum annuum, also known as red pepper, paprika, or chili pepper, belongs to the 

Solanaceae family and is a small shrub with blue or white flowers and berries of various colors, 

including red, green, and yellow, native to the northern region of South America. It is not only a 

medicinal plant with different pharmacological effects, but also a culinary plant due to its ability to 
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produce the spicy and pungent flavor of the pepper [65]. Historically, it has been used to relieve 

coughs, toothaches, sore throats, parasitic infections, rheumatism, and to promote wound healing [66]. 

It is also recognized for its uses as an antiseptic, counterirritant, appetite enhancer, antioxidant, and 

immunomodulator [67]. Several studies have reported that C. annuum exhibits different anti-obesity 

mechanisms, such as improving satiety [68], thermogenesis, fat oxidation, increasing energy 

expenditure [69], inhibiting lipoprotein lipase and pancreatic lipase [70,71], inhibiting adipocyte 

differentiation [72], preventing adipogenesis [73], activating AMPK [74], stimulating lipolysis in 

adipose tissue [75], and regulating the secretion of adipokines in adipose tissue [76]. 

A study by Baek et al. [70] showed that the green pepper water extract inhibited the activity of 

lipoprotein lipase (LPL) in 3T3-L1 cells. The results showed a significant decrease of the LPL mRNA 

expression level of up to 50.9% compared to the control group [70]. Another study conducted by Jeon 

et al. [77] also showed that when C. annuum seed extract was added to 3T3-L1 cells at concentrations 

of 50, 100, and 200 μg/mL from day 0 to day 6, C. annuum seed methanol extract exhibited excellent 

anti-adipogenic properties and significantly reduced the expression of important adipogenic 

transcription factors C/EBPβ, C/EBPα, and PPARγ compared with the control group [77]. Similarily 

to another study involving 3T3-L1 cells [78], the methanolic extract of C. annuum showed a decrease 

in glycerol 3-phosphate dehydrogenase (G3PD) activity.  

An in vitro study has shown that 9-oxooctadeca-10,12-dienoic acid (7) (Figure 4) isolated 

from methanol extract of C. annuum can effectively slow down fat accumulation by inhibiting fatty 

acid biosynthesis through inhibition of acetyl-CoA carboxylase (ACC) [79]. However, the source of 

all materials was not determined in this study and lack of positive control. Capsaicin (8) (Figure 4) is 

the main compound in C. annuum and has been reported to have anti-obesity effects [76,80,81]. In a 

study by Leung [80], rodents supplemented with 0.014% capsaicin in their diet showed a significant 

decrease in visceral fat mass despite no change observed in calorie intake [80]. A 5-week study in 

obese rats showed that high-dose chitosan capsaicin microspheres (CCM) (3382 mg/kg/day) was 

superior to orlistat (75 mg/kg/day) in controlling body weight [81]. However, no rationale was 

provided for choosing a high dose (over 200 mg/kg/day), and therefore no relevant experimental data 

could be provided for further study. In one study, mice were administered capsiate (9) for two weeks. 

The result showed that oxygen consumption, carbohydrate oxidation, and fat oxidation increased 

significantly in the treated group. Increased oxygen consumption indicates increased calorie burning, 

indicating increased energy expenditure. In addition, the average body weight of the treated group 

decreased significantly, and the relative weight of epididymal and perirenal fat also decreased. In 

addition, capsiate administration inhibited abdominal fat accumulation [82]. A meta-analysis of human 

studies also showed that oral administration of capsaicin (8) and capsaicin derivatives (9 and 10) 

increased energy expenditure (245 kJ/day) and decreased the respiratory quotient by 0.216, indicating 

enhanced fat oxidation [83].  

The toxicity of capsaicin is primarily related to its topical application, which causes a burning 

sensation. However, systemic toxicity following oral administration is rare. Studies in dogs using 

chemically synthesized pure trans-capsaicin did not show significant toxicity. Transient tachycardia 

(increased heart rate) and hypertension (high blood pressure) were observed, but these effects were 

minor because trans-capsaicin is rapidly eliminated from the body even after intravenous infusion [84]. 

However, excessive consumption of a mixture containing ginger, cloves, red chili pepper, and black 

pepper has been shown to induce hepatocellular necrosis and lead to acute hepatitis in adult rabbits. 

Red chili pepper alone has also been observed to cause mild swelling of hepatocytes [85]. Further 

investigation of its molecular mechanism of action and determination of optimal dosage are warranted. 
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Figure 4. Anti-obesity compounds isolated from C. annuum 

4.5. Cassia mimosoides 

 Cassia mimosoides is a low-growing annual or short-lived perennial plant of the Fabaceae 

family, commonly known as Japanese tea or tea senna, and is common in China and Japan. It has a 

variety of therapeutic uses, such as treating oral ulcers, diarrhea, headaches, and stomach cramps, as 

well as dressing wounds and sores [86,87].  

A study by Heo et al. [88] showed that treatment of 3T3-L1 adipocytes with a standardized 

ethanol extract of C. mimosoides leaves inhibited lipogenesis and adipogenesis by decreasing the 

expression of CCAAT/enhancer binding protein-α, peroxisome proliferator-activated receptor 

(PPAR)-γ, sterol regulatory element binding protein-1, and fatty acid synthase, while increasing the 

levels of acetyl-CoA carboxylase. Oral administration of the ethanol extract for 10 weeks reduced 

weight gain and body fat accumulation in mice fed a high-fat diet. The extract not only attenuated 

lipogenesis and lipid accumulation in white adipose and liver tissues of mice, but also regulated 

plasma levels of insulin, leptin, and adipokines [88].  

Yamamoto et al. [89] investigated the effect of a proanthocyanidin-rich aqueous ethanolic 

extract of the aerial parts of C. mimosoides (CT-II) on pancreatic lipase activity. The extract inhibited 

pancreatic lipase by 50% at concentrations ranging from 0.1 mg/mL to 0.071 mg/mL. Lean rats fed a 

high-fat diet containing 2.5% CT-II had reduced body weight, fat, and liver fat compared with rats fed 

a high-fat diet alone, despite similar food intake. Higher levels of dietary CT-II significantly 

suppressed body weight in a dose-dependent manner and reduced triglyceride levels after 14 days. In 

obese rats, CT-II reduced body weight and fat content, increased fecal cholesterol and fat excretion, 

and effectively inhibited pancreatic lipase without causing side effects such as diarrhea. Blood 

chemistry parameters remained normal compared with orlistat treatment. However, the underlying 

mechanism of CT-II's inhibition of lipase is unclear. 

Five flavan dimers extracted from fruit showed inhibitory effects on pancreatic lipase. Among 

them, (2S)-3’,4’,7-trihydroxyflavan-(4α→8)-catechin (11) (Figure 5) exhibited the highest potency, 

with an IC50 value of 5.5 mM [90]. This study did not indicate the source of research materials and its 

molecular mechanism of action and was lacked a positive control. Further studies are needed to 

determine the optimum dose and molecular mechanism of action for pancreatic lipase inhibition. Also, 

clinical studies should be conducted to demonstrate any pharmacological effects. 

 

 
Figure 5. Anti-obesity compounds isolated from C. mimosoides 
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4.6. Coleus forskohlii 

 Coleus forskohlii, belongs to the Lamiaceae family and is a well-known native medicinal plant 

that is widely distributed in India, Nepal, Thailand and Malaysia. It has been used in traditional 

Ayurvedic medicine since ancient times to treat insomnia, epilepsy, eczema, psoriasis, cardiovascular 

disease, hypertension, bronchitis and asthma because it contains the diterpenoid compound forskolin 

(12) from the root of C. forskohlii (Figure 6) [91]. Forskolin (12) directly acts on adenylate cyclase, 

thereby activating cyclic adenosine monophosphate (cAMP) [92]. cAMP activation promotes the 

breakdown of stored fat, increases the basal metabolic rate, enhances the utilization of body fat, and 

regulates the thermogenic response to food [93].  

Han et al. [94] observed a decrease in body weight, food intake, and fat accumulation in 

ovariectomized rats treated with C. forskohlii extract. Anzar et al. [95] also found that administration 

of C. forskohlii extract reduced adipose tissue accumulation and lowered blood cholesterol, 

triglyceride, and LDL levels, while increasing HDL levels in mice with high-fat diet-induced obesity. 

A clinical study suggested that C. forskohlii may help reduce weight gain in overweight women 

without any clinically significant side effects, but it does not appear to actively promote weight loss 

[93]. In one 8-week study, six overweight women administering C. forskohlii extract orally 

experienced significant reductions in body weight and fat mass and increase in muscle mass [96]. In 

another 8-week study conducted by Kamohara and Noparatanawong [97], 15 healthy volunteers who 

took an extract of C. forskohlii had a decrease in body mass index, weight and fat content compared to 

baseline after 8 weeks. However, three subjects reported abdominal discomfort, such as increased 

bowel movement frequency, diarrhea and soft stool [97]. Apart from increased HDL cholesterol levels, 

no other clinically significant side effects were observed in extensive blood and marker screening and 

the oral lethal dose (LD50) of forskolin (12) was found to be 3100 mg/kg, and no detectable 

mutagenicity [93,98]. The molecular mechanism of action and determination of optimal dose should 

be studied. 

 

 
Figure 6. Forskolin from C. forskohlii 

4.7. Cosmos caudatus  

 Cosmos caudatus, also known locally as "ulam raja", "kenikir", "cosmos" or 

"daoruangpharma", belongs to the Asteraceae family and is an herbaceous plant with pink or purple 

flowers and edible leaves that have many therapeutic properties. It was originally grown in Latin 

America but is now cultivated around the world, including Malaysia [99]. It is often called the king of 

salads as it is one of the most edible leafy vegetables in Malaysia. It is used to treat infections, 

promote blood circulation, clear heat and other ailments [100]. Rahman et al. investigated the 

pancreatic lipase inhibitory activity of an ethanolic extract of C. caudatus leaves and found an 

inhibition activity of 21.7 ± 1.3% at 1000 ppm [101]. A subsequent study by the same researchers [102] 

showed that an ethanolic extract from C. caudatus leaves significantly reduced body weight gain, 

visceral fat mass, triglycerides and leptin levels, but increased fecal fat excretion in rats fed in high fat 

diet. The possible mechanism suggested is pancreatic lipase inhibition [102]. Rahman et al. found no 

signs of toxicity in rats [102], but another study [103] showed that the ethanol extracts of C. caudatus 

exhibited weak cytotoxic activity against P388 murine leukemia cells with an IC50 value of 25 µg/mL 

[103]. Furthermore, another study using male rats showed that a high dose of 2000 mg/kg of the 

aqueous extract had acute hepatotoxic effects [104]. Further studies are needed to identify the active 

ingredients, the detailed mechanism of action, and determine the optimal dose. Furthermore, only 

clinical studies can provide evidence of any pharmacological effects in humans. 
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4.8. Curcuma longa 

 Curcuma longa, commonly known as turmeric, belongs to the Zingiberaceae family and is a 

flowering plant native to southwestern India. The rhizome of turmeric is the source of a popular 

yellow spice that is widely used for its medicinal properties, such as the treatment of diabetes, 

inflammation, microbial infections, cancer, arthritis, anorexia, cough, sinusitis, diabetic wounds, 

muscle disorders, biliary disorders, and liver diseases [105]. Curcumin (13) (Figure 7), one of the main 

components of turmeric, has been reported to exhibit anti-obesity effects by regulating lipolysis [106], 

lipogenesis [107, 108], and inflammation [109, 110]. However, the low bioavailability and limited 

systemic absorption of curcumin have hampered its clinical application. 

An in vivo study proposed mechanisms of action for curcumin such as blocking adipokine-

induced angiogenesis, inhibiting 3T3-L1 cell differentiation, enhancing oxidation and fatty acid 

esterification, and reducing the expression of essential transcription factors [108]. Similar to other 

traditional FAS inhibitors, curcumin impeded 3T3-L1 cell differentiation, thereby reducing lipid 

accumulation. In addition, curcumin reduced FAS expression during adipocyte differentiation and 

decreased the mRNA levels of PPARγ and CD36 [107]. Kobori et al. [111] found that curcumin did 

not significantly reduce weight gain or fat accumulation in the liver and hepatic tissue, but it 

significantly reduced non-fasting blood glucose levels in mice fed a Western diet and reduced 

oxidative stress markers in the liver and epididymal white adipose tissue. However, curcumin reduced 

the size of individual adipocytes in epididymal white adipose tissue. In addition, it significantly 

suppressed the accumulation of macrophages. A curcumin mixture consisting of 73.4% curcumin (13), 

16.1% demethoxycurcumin (14), and 10.5% bisdemethoxycurcumin (15) (Figure 7) at concentrations 

of 0.2% and 1% fed to rats fed a high-fat diet inhibited triglyceride accumulation in the liver, reduced 

weight gain in epididymal adipose tissue, and decreased plasma levels of very low-density lipoprotein 

triglycerides [112]. The ethyl acetate fraction from the methanol extract of C. longa partially inhibited 

lipogenesis in 3T3-L1 adipocytes by decreasing the expression of GLUT-4 [113]. In addition, it 

promoted lipolysis by inducing the expression of HSL and/or ATGL genes, thereby increasing 

glycerol release [113]. Turmeric and curcumin are neither mutagenic nor genotoxic. Oral 

administration of turmeric and curcumin at specific doses did not cause reproductive toxicity in 

animals. Human studies have shown that oral administration of 6 g/day of curcumin for 4 to 7 weeks 

did not produce toxic effects and is therefore considered safe. Of note, curcumin may be only poorly 

absorbed in the gastrointestinal tract and may cause some adverse effects, such as gastrointestinal 

discomfort. However, bioavailable preparations of curcumin have not shown significant toxicity in 

both animals and humans [114]. Further studies are needed to confirm these findings and better 

understand this issue. 

 
 

Figure 7. Anti-obesity compounds isolated from C. longa 

4.9. Gymnema sylvestre 

 Gymnema sylvestre has many names including gymnema, gurmar, meshashringi, 

madhunashini, kavali, kalikardori, dhuleti, mardashingi, adigam, cherujurinja, podapatri, and 

sannagerasehambu [115]. It is a perennial woody climbing shrub belonging to the Asclepiadaceae 

family, native to India. It has been used for decades to treat eye diseases, asthma, diuresis, anemia, 

family planning, snake bites, stomach problems, urinary tract diseases, chronic cough, hemorrhoids, 
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dyspnea, chronic cough, heart disease, colic, constipation, hemorrhoids, and indigestion [116, 117]. It 

has also been found to inhibit the perception of sweet tastes due to its effects on the taste buds of the 

tongue, resulting in a decreased ability to taste sweet and bitter flavors. This effect is thought to be 

related to gymnemic acid (16) (Figure 8) and gurmarin (a type of peptide), which may help to reduce 

the intake of sugary foods [118].  

 Kim et al. [119] investigated the effects of G. sylvestre extract on mice fed a high-fat diet and 

found that the extract significantly reduced body weight gain, serum lipid levels, insulin, leptin, and 

inflammation in adipose tissue and liver. In addition, G. sylvestre extract in different doses of 100, 250 

and 500 mg/kg body weight exhibited hypoglycemic effects by inhibiting amylase activity. Notably, a 

dose range of 100-200 mg/kg for an in vivo study of extracts should be considered as being the upper 

limit for a meaningful pharmacological study [31]. Another study showed that the water-soluble 

fraction of the ethanol extract of G. sylvestre significantly reduced body weight gain and visceral fat 

pad weight in obese rats fed a high-fat diet [120]. According to an in vivo study by Luo et al. [121], 

gymnemate were fed to rats with progressive obesity, hyperlipidemia, and hyperglycemia. The results 

showed that these rats had a decrease in body weight, food and water consumption, and improved lipid 

profile, including a decrease in low-density lipoprotein and very low-density lipoprotein levels.  

A clinical study using a combination of (-)-hydroxycitric acid, niacin-bound chromium, and G. 

sylvestre extract in moderately obese patients showed a 6.1% reduction in body weight and BMI, 

compared to a 5% reduction in BMI in patients taking (-)-hydroxycitric acid alone. Serum leptin levels 

were reduced by 44.3% and 39.2%, respectively, in these two groups. It is unclear whether the greater 

weight loss observed was due to the presence of the combination of G. sylvestre, niacin-bound 

chromium, or the effectiveness of the combination of these elements [122]. An acute and subacute 

toxicity study in rats using crude extracts and fractions of the plant showed that subacute doses of 300 

and 600 mg/kg body weight may be harmful to the liver and kidneys. Therefore, oral doses of G. 

sylvestre of 100 mg/kg or less are recommended [123]. Further studies should focus on elucidating the 

molecular mechanism of action and the optimal dose 

 

Figure 8. Anti-obesity compounds isolated from G. sylvestre 

4.10. Hibiscus sabdariffa 

 Hibiscus sabdariffa, also known as Roselle, kakad flower, and Red Sorrel, belonging to the 

family of Malvaceae is a shrub with red edible calyces and native to Angola in Africa but now grown 

in India, China, Mexico, North Africa, Malaysia and Thailand. In the old days, it was used as a 

diuretic, laxative, cholerectic, febrifugal, hypotensive, antibacterial agent and antifungal agent [124]. 

Besides, it can be used to treat sore throats, coughs, genital problems, liver disorders, high blood 

pressure, cardiac and nerve diseases [124-126].  

Several studies have shown that H. sabdariffa has anti-obesity effects both in vitro and in vivo 

[127-132]. In an in vitro study, an aqueous extract of H. sabdariffa not only dose-dependently reduced 

cytoplasmic lipid accumulation by 46.6% (at a concentration of 2 mg/mL) but also decreased the 

expression of leptin mRNA and transcription factors (C/EBPa and PPARg). Furthermore, the 

reduction in lipid accumulation led to the inhibition of the insulin signaling cascade (PI3-K), and the 

MAPK pathway in adipocyte differentiation was also blocked. In an earlier study, the same 

researchers showed that Hibiscus sabdariffa extract directly inhibited cytoplasmic lipid accumulation 

and adipogenic differentiation of preadipocytes [127,128]. 
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Another group of researchers found that the group of rats that received the highest dose of 

ethanolic extract of calyx (15 g per 100 g diet) had a significant decrease in weight gain, food intake, 

and food efficiency compared to the control group [129]. They suggested that the reduction in food 

intake may be related to palatability issues, while the anti-obesity effect may be due to the inhibition 

of α-amylase and pancreatic amylase, possibly due to the presence of hydroxycitric acid (17) (Figure 

9). Meanwhile, the lowest dose group (5 g per 100 g diet) had a significant increase in fatty acid 

excretion, but no significant weight loss [129]. H. sabdariffa polyphenolic extract can dose-

dependently reduce the effects of high-fat diet in hamsters [130]. In addition, it can inhibit 

adipogenesis in adipocytes [131]. Clinical studies have demonstrated that H. sabdariffa extract and its 

tea can help people aged 18-65 years and elderly women lose weight, respectively [132,133]. H. 

sabdariffa is considered safe food as no side effects or adverse reactions have been reported [134]. 

Further study is needed to investigate its molecular mechanism of action and determine the optimum 

dose. 

 

 
Figure 9. Hydroxycitric acid from H. sabdariffa 

4.11. Melastoma malabathricum  

 Melastoma malabathricum, also known as Malabar melastome, Singapore rhododendron, 

Indian rhododendron, planter’s rhododendron, phutkola, phutuka, phutki, longumpu, senduduk and 

yemudan, is a medicinal plant with purple, pink or white flowers belonging to the family 

Melastomataceae, native to tropical and temperate Asia and the Pacific Islands, but now also found in 

Southeast Asia such as Malaysia [135]. M. malabathricum has traditionally been used in Malaysia, 

Indonesia and India for its miraculous healing properties in the treatment of diarrhea, dysentery, 

inflammation, hemorrhoids, cuts and wounds, toothache, stomachache, oxidative stress, microbial 

infections and cancer [136-139].  

The methanolic extract of M. malabathricum leaves prevented the increment in body weight, 

cholesterol, LDL, HDL and total lipids of high-fat diet fed rat group with treatment [140]. In addition, 

a decrease in epididymal fat, retroperitoneal fat weights and phospholipid concentration induced by 

high-fat diet was found [140]. A 14-day in vivo acute toxicity study showed that the ethanol extract of 

M. malabathricum was safe even at a high dose of 5000 mg/kg, and did not exhibit any oral toxicity 

[141]. Another recent acute and subacute dermal toxicity study showed that the ethanolic extract of M. 

malabathricum leaves did not exert acute and subacute adverse effects on skin or systemic toxicity 

reaction in rats [142]. Further studies are needed, such as validating the optimal dose, active 

ingredients, and a mechanism of action. In addition, clinical studies should be conducted to 

demonstrate any pharmacological effects. 

 

4.12. Phaseolus vulgaris 

 Phaseolus vulgaris, also known as white kidney bean or common bean, is an annual 

herbaceous plant in the family Fabaceae, native to tropical America but now cultivated worldwide. It 

has small white or pink flowers and kidney-shaped seeds in narrow rectangular pods. It has been one 

of the most valued foods in Mexican culture since pre-Hispanic times, recognized for its nutritional 

qualities as a source of protein, fiber, calcium, and iron [143]. Polyphenols are the main bioactive 

components of various common beans and have a variety of biological activities, including anti-

obesity properties. Shi et al. [144] reported that ethanolic extract of common bean which is rich in 

polyphenol could inhibit 3T3-L1 adipocytes differentiation. The extract reduced lipid content in the 

mature adipocytes to 79.29% at 150 µg/mL and 35.13% at 300 µg/mL. In addition, the extract also 

suppressed the mRNA expression level and the protein expression level of peroxisome proliferator-
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activated receptor γ (PPARγ), CCAAT-enhancer-binding protein α (C/EBPα), sterol-regulatory 

element binding proteins 1 c (SREBP-1c), lipoprotein lipase (LPL), and fatty acid binding protein. An 

in vivo study using young growing rats showed that oral administration of low or moderate doses of 

the kidney bean lectin, phytohemagglutinin (PHA), up to 0.2 g/kg body weight/day, resulted in 

decreased body and skeletal muscle weight [145]. The attachment of phytohemagglutinin to stomach 

epithelial cells and the brush border membrane of the small intestine, cecum, and colon triggers the 

release of cholecystokinin and glucagon-like peptides [146]. This process reduces appetite, thereby 

reducing energy intake and leading to weight loss. Another in vivo study stated that α-amylase 

inhibitor enriched aqueous extract from white common bean seeds could reduced body weight gain of 

high fat diet-induced obese rats [147]. Several clinical trials have been conducted on kidney bean 

extracts [148-151]. A 12-week clinical trial showed that taking P. vulgaris aqueous extract in 

conjunction with a balanced diet and exercise resulted in significant reductions in body weight, BMI 

and fat mass in male and female participants with a BMI of 25 to 34.9 kg/m2 [148]. Their results 

suggest that the weight loss effect is based on the inhibition of α-amylase (an enzyme necessary for the 

digestion of carbohydrates) by the natural α-amylase inhibitor (also known as starch blocker) 

phaseolamin in kidney bean extract, thereby reducing carbohydrate digestion and absorption [152,153]. 

Another 60-day clinical trial tested 101 volunteers with a BMI between 25 and 40 and showed that the 

active group experienced significant weight loss and decreased waist measurement compared to the 

placebo group [150]. Importantly, no adverse side effects have been reported [148-151]. Further 

research is needed, such as identification of the active components and the determination of the 

optimum dose. 

 

4.13. Polygonum minus 

 Polygonum minus, commonly known as kesum, phakphai, Kleiner Knoterich or Chakhong-

machain Manipuri, is a tropical herb with edible leaves native to Southeast Asian countries, 

particularly Malaysia, Thailand, Vietnam and Indonesia [154]. In addition to being used as a flavoring 

agent for its sweet and pleasant aroma, it is also a traditional medicine for a variety of ailments, 

including fungal infections, vision problems, and body pain [155]. Arshad et al. [156] evaluated the 

anti-obesity potential of aerial parts of P. minus in vitro and in vivo. In an in vitro study with Orlistat 

as a control, the IC50 value of P. minus harvested at 12 weeks against pancreatic lipase was 40 mg/mL, 

but Orlistat showed a relatively better IC50 value. Their results showed that ethanol extract of P. minus 

harvested at 12 weeks could reduce weight gain and abdominal fat percentage in rats. However, the 

potential mechanism of action leading to weight loss is not well investigated. They stated that the 

reduction in weight gain was not primarily related to inhibition of pancreatic lipase in the 

gastrointestinal tract in vivo or any significant changes in food and calorie consumption patterns, thus 

suggesting that other factors may also play a role in the observed reduction in weight gain. In addition, 

acute oral toxicity evaluation of P. minus extracts showed no mortality or clinical signs of toxicity in 

rats [156]. Other studies also supported safe consumption of natural products from P. minus [157,158]. 

Further research on this plant is needed to reveal its active components, optimal dosage and 

mechanism of action. Only clinical studies can provide evidence of any pharmacological effects in 

humans. 

 

 

4.14. Salvia officinalis 

 Salvia officinalis, also known as common sage, garden sage or maramia, is an aromatic 

medicinal shrub in the Lamiaceae family with blue-purple flowers and white leaves. It is native to the 

Mediterranean region but is now grown throughout the world [159]. It is widely used in traditional 

medicine and cooking. In traditional medicine, it has been used to treat epilepsy, ulcers, gout, 

rheumatism, skin and throat inflammation, dizziness, tremors, paralysis, diarrhea, high blood sugar, 

and mild indigestion [160]. Sage is used to make herbal teas and infusions for its unique aroma. Its 

essential oil and various phytochemical constituents, including α-thujone, β-thujone, camphor, 1,8-

cineole, and phenolic compounds such as caffeic acid, carnosic acid (18), carnosol (19), and 
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rosmarinic acid, play important roles in its wide range of biological activities [161–163]. Carnosic acid 

(18) and carnosol (19) are examples of phenolic diterpenes that are known to protect against obesity 

(Figure 10).  

 

Figure 10. Anti-obesity compounds isolated from S. officinalis 

An in vivo study has shown that the methanol leaf extract of this plant able to inhibit 

pancreatic lipase (IC50 = 94 mg/mL) and significantly reduced serum triglyceride levels in mice fed an 

olive oil diet. Subsequently, four abietan-type diterpenes (carnosic acid (18), carnosol (19), 7-

methoxyrosmanol (20) and royleanonic acid (21)), and a triterpene (oleanolic acid (22)) were isolated 

and tested separately. Carnosic acid (18) and carnosol (19) exhibited the strongest pancreatic lipase 

inhibition with IC50 values of 12 mg/mL and 4.4 mg/mL, respectively. In contrast, 7-methoxyrosmanol 

(20) (IC50 = 32 mg/mL), royleanonic acid (21) (IC50 = 35 mg/mL), and oleanolic acid (22) (IC50 = 83 

mg/mL) showed lower levels of inhibition. Notably, only carnosic acid (18, at doses of 5–20 mg/kg) 

significantly inhibited the increase in serum triglycerides after oral administration of olive oil and 

resulted in reduced body weight gain and epididymal fat accumulation in mice fed a high-fat diet after 

administion at a dose of 200 mg/kg to for 14 days [164]. However, only two independent sets of in 

vitro experiments (n = 2) were performed in the study and thus impaired the validity of the findings. 

The analysis of three or more independent replicates is needed to reflect the validity of the observation 

[165]. Carnosic acid (18) and carnosol (19) also inhibited adipocyte differentiation in 3T3-L1 cells. 

Although S. officinalis essential oil has been recognized for its neurotoxic effects, which have been 

attributed to its presence of thujone, the toxicity of carnosic acid (18) and carnosol (19) remain unclear. 

A recent toxicity study reported a no-adverse-effect level of 1000 mg/kg for S. officinalis essential oil 

in female rats [166]. Further investigation of the exact mechanism of action and optimal dose is 

needed. In addition, clinical studies on the anti-obesity effects of this plant are lacking. 

                       

4.15. Sida rhomboidea 

 Sida rhomboidea, also known as sida rhombifolia, and commonly named as Mahabala, Uhan 

or Country Mallow, is a tropical shrub in the Malvaceae family that is widely used in northeastern 

India to relieve the symptoms of diabetes and obesity [167,168]. It is traditionally used to treat heart 

diseases, fever, cardiovascular diseases, urinary disorders, burning sensations, piles and all types of 

inflammation [169]. Studies by Thounaojam et al. [170, 171] showed that S. rhomboidea leaf extract 

inhibited adipogenesis in 3T3L1 preadipocytes and reduced triglyceride accumulation and leptin 

release. In mice fed a high-fat diet, the extract prevented weight gain and increased plasma lipid and 

leptin levels, visceral fat, and adipocyte hypertrophy. It also reduced food intake, downregulated 

mRNA expression of PPARγ2, SREBP1c, FAS, and leptin, and upregulated CPT-1 in epididymal 

adipose tissue. Acute and subchronic toxicity studies showed no major behavioral or toxic effects, no 

abnormalities or deaths at doses up to 5000 mg/kg. However, a dose of 3000 mg/kg resulted in 
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elevated AST and ALT levels. Further studies are needed to identify the active ingredients, determine 

the optimal dose, and conduct clinical trials. 

 

4.16. Taraxacum officinale 

 Taraxacum officinale, also known as dandelion, is an edible herb in the Asteraceae family, 

with single yellow flowers and cotton-like fruits containing many seeds that are easily dispersed by the 

wind. It is native to Europe but is now grown throughout the world and used in salads [172]. It has 

traditionally been used as a remedy for diabetes, kidney disease, diuretic, bacterial infections, and 

diseases of the spleen, kidneys, and liver [173]. González-Castejón et al. [174] reported T. officinale 

leaf and root extracts could inhibit 3T3-L1 preadipocyte differentiation and reduce triglycerides 

content in adipocytes during 3T3-L1 adipogenesis. Zhang et al. [175] investigated the inhibitory 

effects of the ethanol extract on pancreatic lipase. They found that the in vitro inhibition rate was 

significantly lower at lower concentrations, but at 250 mg/mL, the extract had an inhibition rate of 

86.3%, while Orlistat had an inhibition rate of 95.7% [175]. The IC50 values were 78.2 µg/mL for the 

extract and 0.22 µg/mL for Orlistat. In an in vivo experiment, the extract significantly reduced the 

plasma triglyceride levels in the test group at 90 and 180 minutes compared to the control group, 

indicating its potential as a pancreatic lipase inhibitor [175]. Both the in vitro studies by González-

Castejón et al. were not pharmacologically relevant as the dose level used in the study was 300 – 600 

µg/mL. For a meaningful pharmacological study, a dose range of 100 - 200 µg/mL for an in vitro 

study of extracts should be assumed as being the upper limit [31]. Based on toxicity studies, no 

adverse effects were reported during the consumption of dandelion extract, and it is therefore 

considered safe [176]. However, the authors did not indicate the animal strain and source of the 

substance. Furthermore, oral administration of dandelion water extract to mice at doses of 100, 250, 

300, 500, and 750 mg/kg was found to be safe throughout the study. Moreover, the mice showed good 

prognosis in terms of associated lesions, indicating that these doses were within the safe range 

[177,178]. The optimal dose needs to be determined, and the detailed molecular mechanisms 

elucidated. Further studies are needed to identify the compounds responsible for the inhibition. 

Furthermore, no clinical studies have been demonstrated for the anti-obesity effects of this plant. 

 

4.17. Vitis vinifera 

 Vitis vinifera, also known as grapevines, are deciduous climbing shrubs in the family Vitaceae 

with tendrils and edible fruit. They are native to the Mediterranean region, western Asia, and southern 

Europe, but are now grown in most temperate regions of the world, including Malaysia. There are 

more than 10,000 varieties of grapes grown worldwide. Grapes have traditionally been used in 

medicines such as carminatives, laxatives, anemia, allergies, wound care, bronchitis, colds, and flu 

[179–182]. 

In vitro experiments showed that V. vinifera leaf extract inhibited pancreatic lipase in a 

concentration-dependent manner with an IC50 of 1.18 mg/mL, but Orlistat had a better IC50 value of 

0.21 mg/mL [183]. In vivo experiment, V. vinifera leaf extract reduced food intake, body weight and 

tissue fat accumulation in obese mice [183]. However, the rationale for the selection of high in vitro 

doses (more than 200 µg/mL) was not given, thus unable to provide relevant experimental data for 

further investigation. A total of 13 compounds was shown to have anti-obesity effects, including 

vanillic acid (23), gallic acid (24), syringic acid (25), o-coumaric acid (26), caffeic acid (27), ferulic 

acid (28), sinapic acid (29), resveratrol (30), stilbesterol (31), ampelopsin A (32), vitisin B (33), 

3,4’,5-trimethoxy stilbene (34) and vitisin A (35) (Figure 11).  

Previous studies have shown that these phenolic acids may have different mechanisms of 

action for the treatment of obesity, such as by activating the AMPK pathway [184], preventing high-

fat diet-induced DNA damage [185,186], inhibiting adipogenesis and promote lipolysis in adipocytes 

[187-189], down-regulating serum lipids, insulin and leptin [190], suppression of lipogenic enzymes 

and hepatic lipid accumulation [191], regulating lipolytic activity [192]. In another study, six isolated 

compounds were found to inhibit the differentiation of 3T3-L1 adipocytes. These include resveratrol 

(30) (IC50 = 38.4 μM), stilbesterol (31) (IC50 = 34.3 μM), ampelopsin A (32) (IC50 = 25.4 μM), vitisin 
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B (33) (IC50 = 21.7 μM), 3,4,5-trimethoxystilbene (34) (IC50 = 7.7 μM), and vitisin A (35) (IC50 = 5.0 

μM) (Figure 20). Among them, vitisin A (35) demonstrated the strongest anti-adipogenic effect, 

reducing the expression of PPARγ and C/EBPα, and inhibiting adipocyte differentiation through cell 

cycle arrest [193]. Recent clinical studies have demonstrated that the grape seed extract and isolated 

compounds like resveratrol (30) have anti-obesity properties and could be used to treat obesity 

[194,195]. No adverse effects have been reported [195]. To our knowledge, the optimal dose has not 

yet been established. 

 

 

Figure 11. Anti-obesity compounds isolated from V. vinifera 

5. Conclusions and Future Perspective 

Obesity is a global epidemic that affects public health, the economy, and society, requiring 

urgent attention and action. This article explores the anti-obesity properties of Malaysian shrub plants 

studied to date in vitro and in vivo and their toxicological profiles, with the aim of providing a 

reference for future research and development. 

Despite advances in plant research, major gaps remain in the study of herbaceous and shrub 

species in Malaysia. Many plants lack thorough clinical evaluation, and their ecological roles, benefits, 

and unique properties remain underexplored, limiting their potential applications in medicine, 

agriculture, and conservation. In addition, there is a lack of molecular-level studies, which require the 

isolation and analysis of individual compounds to better understand their specific effects. This could 

help improve treatments, increase efficacy, or minimize side effects. In addition, the mechanisms 
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underlying the anti-obesity effects of natural products are poorly understood. While preclinical studies 

show promise, the exact pathways and differences in individual responses complicate conclusions 

about their efficacy. 

Comprehensive clinical research is essential to elucidate molecular mechanisms and ensure 

effective, evidence-based obesity interventions. As herbal and dietary supplements become 

increasingly popular, it is equally important to understand their safety profile. Bioactive compounds in 

natural products may have powerful benefits but may also present risks of toxicity or adverse drug 

interactions. It is critical to prioritize toxicology studies during drug discovery and development. 

Addressing these research gaps is essential for sustainable development, preserving plant diversity, 

and discovering new Malaysian plants with potential anti-obesity effects. These efforts may lead to 

more effective formulations and treatments for clinical applications in the fight against obesity. 

 

Acknowledgments 

Authors acknowledge the Ministry of Higher Education (MOHE) for funding under the 

Fundamental Research Grant Scheme (FRGS) (FRGS/1/2023/STG04/TARUMT/02/2) with a vote 

head number 76041. 

 

Supporting Information 

Supporting information accompanies this paper on http://www.acgpubs.org/journal/records-of-

natural-products  

 

ORCID  

 

Win-Nie Ng: 0009-0005-0356-6063 

Siow-Ping Tan: 0000-0002-5861-6962 

 

References 

[1] D.A. Katimbwa, J. Oh, C.H. Jang and J. Lim (2022). Orlistat, a competitive lipase inhibitor used as an 

antiobesity remedy, enhances inflammatory reactions in the intestine, Appl. Biol. Chem. 65, 47-56. 

[2] World Health Organization (2021). Obesity and overweight, viewed 16 September 2023, 

<https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight>. 

[3] M.W. Schwartz, R.J. Seeley, L.M. Zeltser, A. Drewnowski, E. Ravussin, L.M. Redman and R.L. Leibel 

(2017). Obesity pathogenesis: An endocrine society scientific statement, Endocrin. Rev. 38, 267-296. 

[4] Y. Zhou, H. Li and N. Xia (2021). The interplay between adipose tissue and vasculature: Role of 

oxidative stress in obesity, Front. Cardiovas. Medicin. 8, 1-14. 

[5] S. Pati, W. Irfan, A. Jameel, S. Ahmed and R.K. Shahid (2023). Obesity and cancer: A current overview 

of epidemiology, pathogenesis, outcomes, and management, Cancers 15, 1-21. 

[6] NHMS (2019). NHMS Fact sheet, viewed 16 September 2023, <https://iku.nih.gov.my/nhms-2019>. 

[7] G.A. Mohamed, S.R.M. Ibrahim, E.S. Elkhayat and R.S.E. Dine (2014). Natural anti-obesity agents, 

Bull. Faculty of Pharm. Cairo University 52, 269-284. 

[8] S. Karri, S. Sharma, K. Hardware and K. Patil (2019). Natural anti-obesity agents and their therapeutic 

role in management of obesity: A future trend perspective, Biomedicin. Pharmacotherap. 110, 224-238. 

[9] K. Bora (2016). Obesity: Causes and consequences, Metabolic Bone Diseas.  Rel. Res. 30, 223-242. 

[10] National Academies of Sciences, Engineering, and Medicine (2023). Dietary reference intakes for 

energy. Washington, DC: The National Academies Press. https://doi.org/10.17226/26818. 

[11] M. Marrelli, G. Statti and F. Conforti (2020). A review of biologically active natural products from 

Mediterranean wild edible plants: Benefits in the treatment of obesity and its related disorders, 

Molecules 25, 649-669. 

[12] S.M. Wright and L.J. Aronne (2012). Causes of obesity. Abdominal Imaging, 37, 730–732. 

[13] R. Pradeepa, R.M. Anjana, S.R. Joshi, A. Bhansali, M. Deepa and P.P. Joshi (2015). Prevalence of 

generalized and abdominal obesity in urban and rural India – the ICMR INDIAB Study (Phase 1), Ind. J. 

Med. Res. 142, 139-150. 

http://www.acgpubs.org/journal/records-of-natural-products
http://www.acgpubs.org/journal/records-of-natural-products
https://orcid.org/0009-0005-0356-6063
https://orcid.org/0000-0002-5861-6962
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://iku.nih.gov.my/nhms-2019


 

Anti-obesity properties Malaysian herbaceous and shrub species 

 

28 

[14] R.M. Jamous, S.Y. Abu-Zaitoun, R.J. Akkawi and M.S. Ali-Shtayeh (2018). Antiobesity and 

antioxidant potentials of selected Palestinian medicinal plants, Evid. Based Complement. Alternat. Med., 

8426752. 

[15] C. Fu, Y. Jiang, J. Guo and Z. Su (2016). Natural products with anti-obesity effects and different 

mechanisms of action, J. Agric. Food Chem. 64, 9571-9585. 

[16] Y. Chan, S.W. Ng, J. Tan, G. Gupta, P. Negi, D. Lakshmi, S. Balusamy, H. Perumalsamy, W.H. Yap, S. 

Singh and et al. (2021). Natural products in the management of obesity: Fundamental mechanisms and 

pharmacotherapy, S. Afr. J. Bot. 143, 176-197. 

[17] C.V. Chandrasekaran, M.A. Vijayalakshmi, K. Prakash, V.S. Bansal, J. Meenakshi and A. Amit (2012). 

Review article: Herbal approach for obesity management, Am. J. Plant Sci. 3, 1003-1014. 

[18] A. Balekundri and V. Mannur (2020). Quality control of the traditional herbs and herbal products: a 

review, Futur. J. Pharm. Sci. 6, 67-77. 

[19] K. Benchoula, M.S. Vohra, I.S. Parhar and W.E. Hwa (2022). Metabolomics based biomarker 

identification of anti-diabetes and anti-obesity properties of Malaysian herbs, Metabolomics 18, 1-12. 

[20] M. Singh, T. Thrimawithana, R. Shukla and B. Adhikari (2020). Managing obesity through natural 

polyphenols: A review, Future Foods 1-2, 100002. 

[21] T. Buchholz and M.F. Melzig (2015). Polyphenolic compounds as pancreatic lipase inhibitors, Planta 

Med. 81, 771-783. 

[22] M. Rosenbaum and R.L. Leibel (2010). Adaptive thermogenesis in humans, Int. J. Obes. 34, S47-S55. 

[23] S. Kajimura and M. Saito (2014). A new era in brown adipose tissue biology: Molecular control of 

brown fat development and energy homeostasis, Annu. Rev. Physiol. 76, 225-249. 

[24] T. Zhu, L. Wang, W. Wang, Z. Hu, M. Yu and Z. Cui (2014). Enhanced production of lipstatin from 

Streptomyces toxytricini by optimizing fermentation conditions and medium, J. Gen. Appl. Microbiol. 

60, 106-111. 

[25] M. Mulzer, B. J. Tiegs, Y. Wang, G.W. Coates and G.A. O’Doherty (2014). Total synthesis of 

tetrahydrolipstatin and stereoisomers via a highly regio- and diastereoselective carbonylation of 

epoxyhomoallylic alcohols, J. Am. Chem. Soc. 136, 10814-10820. 

[26] M. Bordicchia, A. Pocognoli, M.D’Anzeo, W. Siquini, D. Minardi, G. Muzzonigro, P. Dessì-Fulgheri 

and R. Sarzani (2014). Nebivolol induces, via β3 adrenergic receptor, lipolysis, uncoupling protein 1, 

and reduction of lipid droplet size in human adipocytes, J. Hypertens. 32, 389-396. 

[27] S. Sasidharan, Y. Chen, D. Saravanan, K.M. Sundram and L. Yoga Latha (2011). Extraction, isolation 

and characterization of bioactive compounds from plants’ extracts, Afr. J. Tradit. Complement. Altern. 

Med. 8, 1-10. 

[28] L.M. de Freitas Junior and E.B. de Almeida Jr (2017). Medicinal plants for the treatment of obesity: 

ethnopharmacological approach and chemical and biological studies, Am. J. Transl. Res. 9, 2050-2064. 

[29] I.B. Abubakar, I. Malami, Y. Yahaya and S.S. Manga (2018). A review on the ethnomedicinal uses, 

phytochemistry and pharmacology of Alpinia officinarum Hance, J. Ethnopharmacol. 224, 45-62. 

[30] J.E. Shin, M.J. Han and D.H. Kim (2003). 3-Methylethergalangin isolated from Alpinia officinarum 

inhibits pancreatic lipase, Biol. Pharm. Bull. 26, 854-857. 

[31] H. Michael, A. Giovanni, E. Thomas, Fü. Robert, A. Izzo Angelo, K. Oliver, M. Pezzuto John and V. 

Alvaro (2020). Best practice in research – overcoming common challenges in phytopharmacological 

research, J. Ethnopharmacol. 246, 112230. 

[32] J.E. Shin, M.J. Han, M.C. Song, N.I. Baek and D.H. Kim (2004). 5-Hydroxy-7-(4’-hydroxy-3’-

methoxyphenyl)-1-phenyl-3-heptanone: A pancreatic lipase inhibitor isolated from Alpinia officinarum, 

Biol. Pharm. Bull. 27, 138-140. 

[33] C.H. Jung, S.J. Jang, J. Ahn, S.Y. Gwon, T. Jeon, T.W. Kim and T.Y. Ha (2012). Alpinia officinarum 

inhibits adipocyte differentiation and high-fat diet-induced obesity in mice through regulation of 

adipogenesis and lipogenesis, J. Med. Food 15, 959-967. 

[34] F.A. Alasmary, E.A. Assirey, R.M. El-Meligy, A.S. Awaad, L.A. El-sawaf, M.M. Allah and S.I. 

Alqasoumi (2019). Analysis of Alpina officinarum Hance, chemically and biologically, Saudi Pharm. J. 

27, 1107-1112. 

[35] J. Fu, Y. Wang, M. Sun, Y. Xu and L. Chen (2022). Antibacterial activity and components of the 

methanol-phase extract from rhizomes of pharmacology plant Alpinia officinarum Hance, Molecules 27. 

[36] O. T. Toomer (2017). Nutritional chemistry of the peanut (Arachis hypogaea), Crit. Rev. Food Sci. Nutr. 

58, 3042-3053. 

[37] S. Shimura, Y. Itoh, A. Yamashita, A. Kitano, T. Hatano, T. Yoshida and T. Okuda (1994). Inhibitory 

effects of flavonoids on lipase, J. Jpn. Soc. Food Sci. 41, 847-850. 

[38] D.A. Moreno, N. Ilic, A. Poulev and I. Raskin (2006). Effects of Arachis hypogaea nutshell extract on 

lipid metabolic enzymes and obesity parameters, Life Sci. 78, 2797-2803. 

https://pubmed.ncbi.nlm.nih.gov/?term=Dess%C3%AC-Fulgheri+P&cauthor_id=24256707


 

Lin et.al., Rec. Nat. Prod. (202X) X:X XX-XX 

 

29 

[39] J. Higgs (2005). The potential role of peanuts in the prevention of obesity, Nutr. Food Sci. 35, 353-358. 

[40] S.B. Coelho, R.L. de Sales, S.S. Iyer, J. Bressan, N.M.B. Costa, P. Lokko and R. Mattes (2006). Effects 

of peanut oil load on energy expenditure, body composition, lipid profile, and appetite in lean and 

overweight adults, Nutrition 22, 585-592. 

[41] R.D. Mattes, P.M. Kris-Etherton and G.D. Foster (2007). Impact of peanuts and tree nuts on body 

weight and healthy weight loss in adults, J. Nutr. 138, 1741-1745. 

[42] A. Claesson, G. Holm, A. Ernersson, T. Lindstrom and F.H. Nystrom (2009). Two weeks of 

overfeeding with candy, but not peanuts, increases insulin levels and body weight, Scand. J. Clin. Lab. 

Invest. 69, 598-605. 

[43] H. Jiang, M. Zhang, D. Wang, F. Yu, N. Zhang, C. Song and D. Granato (2020). Analytical strategy 

coupled to chemometrics to differentiate Camellia sinensis tea types based on phenolic composition, 

alkaloids, and amino acids, J. Food Sci. 85, 3253-3263. 

[44] A. Rashidinejad, S. Boostani, A. Babazadeh, A. Rehman, A. Rezaei, S. Akbari-Alavijeh, R. Shaddel 

and S.M. Jafari (2021). Opportunities and challenges for the nanodelivery of green tea catechins in 

functional foods, Food Res. Int. 142, 110186. 

[45] J.J. Choo (2003). Green tea reduces body fat accretion caused by high-fat diet in rats through β-

adrenoceptor activation of thermogenesis in brown adipose tissue, J. Nutr. Biochem. 11, 671-676. 

[46] P. Chantre and D. Lairon (2002). Recent findings of green tea extract AR25 (Exolise) and its activity 

for the treatment of obesity, Phytomedicine 9, 3-8. 

[47] K. Sayama, S.X. Lin, G. Zheng and I. Oguni (2000). Effects of green tea on growth, food utilization and 

lipid metabolism in mice. In Vivo 14, 481-484. 

[48] S.L. Glisan, K.A. Grove, N.H. Yennawar and J.D. Lambert (2017). Inhibition of pancreatic lipase by 

black tea theaflavins: Comparative enzymology and in silico modeling studies, Food Chem. 216, 296-

300. 

[49] R. He, L. Chen, B. Lin, Y. Matsui, X. Yao and H. Kurihara (2009). Beneficial effects of oolong tea 

consumption on diet-induced overweight and obese subjects, Chin. J. Integr. Med. 15, 34-41. 

[50] T.M. Rains, S. Agarwal and K.C. Maki (2011). Antiobesity effects of green tea catechins: a mechanistic 

review, J. Nutr. Biochem. 22, 1-7. 

[51] S.S. Tan, K.A. Grove and J.D. Lambert (2011). Weight control and prevention of metabolic syndrome 

by green tea, Pharmacol. Res. 64, 146-154. 

[52] L.K. Han, T. Takaku, J. Li, Y. Kimura and H. Okuda (1999). Anti-obesity action of oolong tea, Int. J. 

Obes. Relat. Metab. Disord. 23, 98-105. 

[53] E. Yuan, X. Duan, L. Xiang, J. Ren, X. Lai, Q. Li, L. Sun and S. Sun (2018). Aged oolong tea reduces 

high-fat diet-induced fat accumulation and dyslipidemia by regulating the AMPK/ACC signaling 

pathway, Nutrients 10, 187. 

[54] J. Lin, M.A. Della-Fera and C.A. Baile (2005). Green tea polyphenol epigallocatechin gallate inhibits 

adipogenesis and induces apoptosis in 3T3-L1 adipocytes, Obes. Res. 13, 982-990. 

[55] P. Auvichayapat, M. Prapochanung, O. Tunkamnerdthai, B. Sripanidkulchai, N. Auvichayapat, B. 

Thinkhamrop, S. Kunhasura, S. Wongpratoom, S. Sinawat and P. Hongprapas (2008). Effectiveness of 

green tea on weight reduction in obese Thais: A randomized, controlled trial, Physiol. Behav. 93, 486-

491. 

[56] Y. Lin, H. Lu, J. Chen, H. Huang, Y. Chen, Y. Su, C. Tung and C. Huang (2020). Purple-leaf tea 

(Camellia sinesis L.) ameliorates high-fat diet induced obesity and metabolic disorder through the 

modulation of the gut microbiota in mice, BMC Complement. Med. Ther. 20, 1-12. 

[57] C. Hsu, T. Tsai, Y. Kao, K. Hwang, T. Tseng and P. Chou (2008). Effect of green tea extract on obese 

women: A randomized, double-blind, placebo-controlled clinical trial, Clin. Nutr. 27, 363-370. 

[58] J. Choi, Y.J. Kim, R. Ryu, S. Cho, E. Kwon and M. Choi (2016). Effect of green tea extract on systemic 

metabolic homeostasis in diet-induced obese mice determined via RNA-seq transcriptome profiles, 

Nutrients 8, 640. 

[59] I. Chen, C. Liu, J. Chiu and C. Hsu (2016). Therapeutic effect of high-dose green tea extract on weight 

reduction: A randomized, double-blind, placebo-controlled clinical trial, Clin. Nutr. 35, 592-599. 

[60] P.L.H.R. Janssens, R. Hursel and M.S. Westerterp-Plantenga (2015). Long-term green tea extract 

supplementation does not affect fat absorption, resting energy expenditure, and body composition in 

adults, J. Nutr. 145, 864-870. 

[61] A. Keller and T.C. Wallace (2021). Tea intake and cardiovascular disease: An umbrella review, Ann. 

Med. 53, 929-944. 

[62] Z. Bedrood, M. Rameshrad and H. Hosseinzadeh (2018). Toxicological effects of Camellia sinesis 

(green tea): A review, Phytother. Res. 32, 1163-1180. 



 

Anti-obesity properties Malaysian herbaceous and shrub species 

 

30 

[63] J.D. Lambert, M.J. Kennett, S. Sang, K.R. Reuhl, J. Ju and C.S. Yang (2010). Hepatotoxicity of high 

oral dose (-)-epigallocatechin-3-gallate in mice, Food Chem. Toxicol. 48, 409-416. 

[64] Z. Gaeini, Z. Bahadoran, P. Mirmiran and F. Azizi (2019). Tea, coffee, caffeine intake and the risk of 

cardiometabolic outcomes: Findings from a population with low coffee and high tea consumption, Nutr. 

Metab. 16, 1-10. 

[65] T. Hernández-Pérez, M.D.R. Gómez-García, M.E. Valverde and O. Paredes-López (2020). Capsicum 

annuum (hot pepper): An ancient Latin-American crop with outstanding bioactive compounds and 

nutraceutical potential. A review, Compr. Rev. Food Sci. Food Saf. 19, 2972-2993. 

[66] K. Singletary (2011). Red pepper, Nutr. Today 46, 33-47. 

[67] A.K. Maji and P. Banerji (2016). Phytochemistry and gastrointestinal benefits of the medicinal spice, 

Capsicum annuum L. (Chilli): a review, J. Complement. Integr. Med. 13, 97-122. 

[68] H.C. Reinbach, A. Smeets, T. Martinussen, P. Moller and M.S. Westerterp-Plantenga (2009). Effects of 

capsaicin, green tea and CH-19 sweet pepper on appetite and energy intake in humans in negative and 

positive energy balance, Clin. Nutr. 28, 260-265. 

[69] M. Ludy, G.E. Moore and R.D. Mattes (2011). The effects of capsaicin and capsiate on energy balance: 

Critical review and meta-analyses of studies in humans, Chem. Senses 37, 103-121. 

[70] J. Baek, J. Lee, K. Kim, T. Kim, D. Kim, C. Kim, K. Tsutomu, S. Ochir, K. Lee, C.H. Park and et al. 

(2013). Inhibitory effects of Capsicum annuum L. water extracts on lipoprotein lipase activity in 3T3-L1 

cells, Nutr. Res. Pract. 7, 96-102. 

[71] M. Marrelli, F. Menichini and F. Conforti (2016). Hypolipidemic and antioxidant properties of hot 

pepper flower (Capsicum annuum L.), Plant Foods Hum. Nutr. 71, 301-306. 

[72] H. Woo, J. Kang, T. Kawada, H. Yoo, M. Sung and R. Yu (2007). Active spice-derived components can 

inhibit inflammatory responses of adipose tissue in obesity by suppressing inflammatory actions of 

macrophages and release of monocyte chemoattractant protein-1 from adipocytes, Life Sci. 80, 926-931. 

[73] H. Zhang, H. Matsuda, S. Nkamura and M. Yoshikawa (2008). Effects of amide constituents from 

pepper on adipogenesis in 3T3-L1 cells, Bioorg. Med. Chem. Lett. 18, 3272-3277. 

[74] J. Hwang, I. Park, J. Shin, Y.K. Lee, S.Y. Lee, H. W. Baik, J. Ha and O.J. Park (2005). Genistein, EGCG, 

and capsaicin inhibit adipocyte differentiation process via activating AMP-activated protein kinase, 

Biochem. Biophys. Res. Commun. 338, 694-699. 

[75] M. Do, S. Hong, J. Ha, S. Choi, I. Ahn, J. Yoon and K. Park (2004). Increased lipolytic activity by high-

pungency red pepper extract (var. Chungyang) in rat adipocytes in vitro, J. Food Sci. Nutr. 9, 34-38. 

[76] J. Kang, C. Kim, I. Han, T. Kawada and R. Yu (2007). Capsaicin, a spicy component of hot peppers, 

modulates adipokine gene expression and protein release from obese-mouse adipose tissues and isolated 

adipocytes, and suppresses the Inflammatory responses of adipose tissue macrophages, FEBS Lett. 581, 

4389-4396. 

[77] G. Jeon, Y. Choi, S. Lee, Y. Kim, H. Jeong and J. Lee (2010). Anti-obesity activity of methanol extract 

from hot pepper (Capsicum annuum L.) seeds in 3T3-L1 adipocyte, Food Sci. Biotechnol. 19, 1123-1127. 

[78] C.I. Gamboa-Gómez, N.E. Rocha-Guzmán, J.A. Gallegos-Infante, M.R. Moreno-Jiménez, B.D. 

Vázquez-Cabral and R.F. González-Laredo (2015). Plants with potential use on obesity and its 

complications, EXCLI J. 14, 809-831. 

[79] J. Watanebe, J. Kawabata and T. Kasai (1999). 9-Oxooctadeca-10,12-dienoic acids as acetyl-CoA 

carboxylase inhibitors from red pepper (Capsicum annuum L.), Biosci. Biotechnol. Biochem. 63, 489-

493. 

[80] F.W. Leung (2008). Capsaicin-sensitive intestinal mucosal afferent mechanism and body fat distribution, 

Life Sci. 83, 1-5. 

[81] S. Tan, B. Gao, Y. Tao, J. Guo and Z. Su (2014). Antiobese effects of capsaicin-chitosan microsphere 

(CCMS) in obese rats induced by high fat diet, J. Agric. Food Chem. 62, 1866-1874. 

[82] Y. Masuda, S. Haramizu, K. Oki, K. Ohnuki, T. Watanabe, S. Yazawa, T. Kwada, S. Hashizume and T. 

Fushiki (2003). Upregulation of uncoupling proteins by oral administration of capsiate, a nonpungent 

capsaicin analog, J. Appl. Physiol. 95, 2408-2415. 

[83] C. Zsiborás, R. Mátics, P. Hegyi, M. Balaskó, E. Pétervári, I. Szabó, P. Sarlós, A. Mikó, J. Tenk, I. 

Rostás and et al. (2017). Capsaicin and capsiate could be appropriate agents for treatment of obesity: A 

meta-analysis of human studies, Crit. Rev. Food Sci. Nutr. 58, 1419-1427. 

[84] S. Chanda, A. Mould, A. Esmail and K. Bley (2005). Toxicity studies with pure trans-capsaicin 

delivered to dogs via intravenous administration, Regul. Toxicol. Pharmacol. 43, 66-75. 

[85] A.O. Nwaopara, M.A.C. Odike, U. Inegbenebor and M.I. Adoye (2007). The combined effects of 

excessive consumption of ginger, clove, red pepper and black pepper on the histology of the liver, Pak. J. 

Nutr. 6, 524-527. 



 

Lin et.al., Rec. Nat. Prod. (202X) X:X XX-XX 

 

31 

[86] G. Fichadiya and C.R. Harisha (2017). Detailed cyto-anatomy and cytometry of Cassia mimosoides L. 

leaf - An unexplored plant, J. Res. Ayu. 38, 153-157. 

[87] C.A. Ezeabara, L.N. Umeka and W.C. Anyanele (2023). Phytochemical and proximate studies of leaf, 

stem and root of Cassia mimosoides L, Int. J. Sci. Res. Multidisciplinary Studies 9, 38-45. 

[88] S. Heo, K. Chung, Y. Yoon, S. Kim, H. Ahn, Y. Shin, S. Lee and K. Lee (2023). Standardized ethanol 

extract of Cassia mimosoides var. nomame Makino ameliorates obesity via regulation of adipogenesis 

and lipogenesis in 3T3-L1 cells and high-fat diet-induced obese mice, Nutrients 15, 613. 

[89] M. Yamamoto, S. Shimura, Y. Itoh, T. Ohsaka, M. Egawa and S. Inoue (2000). Anti-obesity effects of 

lipase inhibitor CT-II, an extract from edible herbs, Nomame Herba, on rats fed a high-fat diet, Int. J. 

Obes. Relat. Metab. Disord. 24, 758-764. 

[90] T. Hatano, A. Yamashita, T. Hashimoto, H. Ito, N. Kubo, M. Yoshiyama, S. Shimura, Y. Itoh, T. Okuda 

and T. Yoshida (1997). Flavan dimers with lipase inhibitory activity from Cassia nomame, 

Phytochemistry 46, 893-900. 

[91] C. Kavitha, K. Rajamani and E. Vadivel (2010). Coleus forskohlii: A comprehensive review on 

morphology, phytochemistry and pharmacological aspects, J. Med. Plant. Res. 4, 278-285. 

[92] N.K. Canová, D. Lincová, E. Kmoníbková, L. Kameníková and H. Farghali (2006). Nitric oxide 

production from rat adipocytes is modulated by β3-adrenergic receptor agonists and is involved in a 

cyclic AMP-dependent lipolysis in adipocytes, Nitric Oxide 14, 200-211. 

[93] S. Henderson, B. Magu, C. Rasmussen, S. Lancaster, C. Kerksick, P. Smith, C. Melton, P. Cowan, M. 

Greenwood, C. Earnest and et al. (2005). Effects of Coleus forskohlii supplementation on body 

composition and hematological profiles in mildly overweight women, J. Int. Soc. Sports Nutr. 2, 54-62. 

[94] L. Han, C. Morimoto, R. Yu and H. Okuda (2005). Effects of Coleus forskohlii on fat storage in 

ovariectomized rats, Yakugaku Zasshi 125, 449-453. 

[95] C.A. Anzar, M.V. Joseph, R. Sundaram, G.B. Vadiraj, C.P. Prasad and B. Eranimose (2024). Effect of 

forskolin from Coleus forskohlii (Colegex®) on diet-induced obesity in mice and weight management by 

reducing adipogenesis: An in vivo study, J. Pharm. Sci. Bioscientific Res. 12, 32-39. 

[96] V. Badmaev, M. Majeed, A.A. Conte and J.E. Parker (2002). Diterpene forskolin (Coleus forskohlii, 

Benth.): A possible new compound for reduction of body weight by increasing lean body mass, 

Nutraceuticals 1, 6-7. 

[97] S. Kamohara and S. Noparatanawong (2013). A Coleus forskohlii extract improves body composition in 

healthy volunteers: An open-label trial, Pers. Med. Universe 2, 25-27. 

[98] S. Lieberman (2004). A new potential weapon for fighting obesity: Forskolin-the active diterpene in 

Coleus, Altern. Complement. Ther. 10, 330-333. 

[99] G. Bodeker (2009). Health & beauty from the rainforest: Malaysian traditions of ramuan. Editions Didier 

Millet, Kuala Lumpur. 

[100] H. Bunawan, S.N. Baharum, S.N. Bunawan, N.M. Amin and N.M. Noor (2014). Cosmos caudatus 

Kunth: A traditional medicinal herb, Global J. Pharmacol. 8, 420-426. 

[101] H.A. Rahman, N. Saari, F. Abas, A. Ismail, M.W. Mumtaz and A.A. Hamid (2017). Anti-obesity and 

antioxidant activities of selected medicinal plants and phytochemical profiling of bioactive compounds, 

Int. J. Food Prop. 20, 2616-2629. 

[102] H.A. Rahman, N.G. Sahib, N. Saari, F. Abas, A. Ismail, M.W. Mumtaz and A.A. Hamid (2017). Anti-

obesity effect of ethanolic extract from Cosmos caudatus Kunth leaf in lean rats fed a high fat diet, BMC 

Complement. Altern. Med. 17, 1-18. 

[103] T.K. Lee and C.S. Vairappan (2011). Antioxidant, antibacterial and cytotoxic activities of essential oils 

and ethanol extracts of selected Southeast Asian herbs, J. Med. Plant. Res. 5, 5284-5290. 

[104] M. Norazlina, S.Z. Ehsan, K.N. Adilah, C.P. Lee, E. Farhana, P. Derrick, S. Ima-Nirwana, A.S. Nazrun 

and M. Norliza (2013). Acute toxicity study of Cosmos caudatus on biochemical parameters in male rats, 

Sains Malays. 42, 1247-1251. 

[105] L.K. Omosa, J.O. Midiwo and V. Kuete (2017). Curcuma longa, Medicinal Spices and Vegetables from 

Africa, 425-435. 

[106] X. Xie, P. Kong, J. Wu, Y. Li and Y. Li (2012). Curcumin attenuates lipolysis stimulated by tumor 

necrosis factor-α or isoproterenol in 3T3-L1 adipocytes, Phytomedicine 20, 3-8. 

[107] J. Zhao, X. Sun, F. Ye and W. Tian (2011). Suppression of fatty acid synthase, differentiation and lipid 

accumulation in adipocytes by curcumin, Mol. Cell. Biochem. 351, 19-28. 

[108] A. Ejaz, D. Wu, P. Kwan and M. Meydani (2009). Curcumin inhibits adipogenesis in 3T3-L1 adipocytes 

and angiogenesis and obesity in C57/BL mice, J. Nutr. 139, 919-925. 

[109] B.B. Aggarwal (2010). Targeting inflammation-induced obesity and metabolic diseases by curcumin and 

other nutraceuticals, Annu. Rev. Nutr. 30, 173-199. 



 

Anti-obesity properties Malaysian herbaceous and shrub species 

 

32 

[110] W. Shao, Z. Yu, Y. Chiang, Y. Yang, T. Chai, W. Foltz, H. Lu, I.G. Fantus and T. Jin (2012). Curcumin 

prevents high fat diet induced insulin resistance and obesity via attenuating lipogenesis in liver and 

inflammatory pathway in adipocytes, PLoS One 7, e28784. 

[111] M. Kobori, Y. Takahashi, H. Takeda, M. Takahashi, Y. Izumi, Y. Akimoto, M. Sakurai, H. Oike, T. 

Nakagawa, M. Itoh and et al. (2018). Dietary intake of curcumin improves elF2 signaling and reduces 

lipid levels in the white adipose tissue of obese mice, Sci. Rep. 8, 1-13. 

[112] A. Akira and M. Teruo (2001). Dietary curcuminoids prevent high-fat diet-induced lipid accumulation in 

rat liver and epididymal adipose tissue, J. Nutr. 131, 2932-2935. 

[113] J. Lee, H. Yoon, Y. Lee, J. Park, Y. You, K. Kim, J. Jang, J. Yang and W. Jun (2010). The potential 

effects of ethyl acetate fraction from Curcuma longa L. on lipolysis in differentiated 3T3-L1 adipocytes, 

J. Med. Food 13, 364-370. 

[114] V. Soleimani, A. Sahebkar and H. Hosseinzadeh (2018). Turmeric (Curcuma longa) and its major 

constituent (curcumin) as nontoxic and safe substance: Review, Phytother. Res. 32, 985-995. 

[115] The Wealth of India Raw Materials Vol. IV (1956). A Dictionary of Indian Raw materials and Industrial 

products. Council of Scientific and Industrial Research, New Delhi. 

[116] H. Zhen, S. Xu and X. Pan (2001). The pharmacognostical identification of peel pf Gymnema sylvestre, 

Zhong Yao Cai 24, 95-97. 

[117] P. Tiwari, B.N. Mishra and N.S. Sangwan (2014). Phytochemical and pharmacological properties of 

Gymnema sylvestre: An important medicinal plant, BioMed Res. Int. 2014, 1-18. 

[118] P. Kanetkar, R. Singhal and M. Kamat (2007). Gymnema sylvestre: A memoir, J. Clin. Biochem. Nutr. 

41, 77-81. 

[119] H. Kim, S. Kim, A.Y. Lee, Y. Jang, O. Davaadamdin, S. Hong, J.S. Kim and M. Cho (2017). The 

effects of Gymnema sylvestre in high-fat diet-induced metabolic disorders, Am. J. Chin. Med. 45, 813-

832. 

[120] V. Kumar, U. Bhandari, C.D. Tripathi and G. Khanna (2013). Anti-obesity effect of Gymnema sylvestre 

extract on high fat diet-induced obesity in Wistar rats, Drug Res. 63, 625-632. 

[121] H. Luo, A. Kashiwagi, T. Shibahara and K. Yamada (2006). Decreased bodyweight without rebound 

and regulated lipoprotein metabolism by gymnemate in genetic multifactor syndrome animal, Mol. Cell. 

Biochem. 299, 93-98. 

[122] H.G. Preuss, D. Bagchi, M. Bagchi, C.V.S. Rao, D.K. Dey and S. Satyanarayana (2004). Effects of a 

natural extract of (-)-hydroxycitric acid (HCA-SX) and a combination of HCA-SX plus niacin-bound 

chromium and Gymnema sylvestre extract on weight loss, Diabetes Obes. Metab. 6, 171-180. 

[123] R.O. Raji, H.L. Muhammad, A. Abubakar, S.S. Maikai and H.F. Raji (2021). Acute and sub-acute 

toxicity profile of crude extract and fractions of Gymnema sylvestre, Clin. Phytosci. 7, 56. 

[124] J.F. Morton (1987). Fruits of warm climates. Creative Resource Systems, Miami. 

[125] H.D. Neuwinger (2000). African traditional medicine: A dictionary of plant use and applications with 

supplement: Search system for diseases. Medpharm Scientific Publishers, St. Leon-Rot, Germany. 

[126] A.Y. Leung and S. Foster (1996). Encyclopedia of common natural ingredients used in food, drugs, and 

cosmetics. No. Ed. 2. John Wiley & Sons, Inc., New York, USA. 

[127] M. Kim, J. Kim, H. Kim, S. Moon, B. Shin, K. Park, H. Yang, S. Kim and R. Park (2003). Hibiscus 

extract inhibits the lipid droplet accumulation and adipogenic transcription factors expression of 3T3-L1 

preadipocytes, J. Altern. Complement. Med. 9, 499-504. 

[128] J. Kim, H. So, M. Youn, H. Kim, Y. Kim, C. Park, S. Kim, Y. Ha, K. Chai, S. Kim and et al. (2007). 

Hibiscus sabdariffa L. water extract inhibits the adipocyte differentiation through the PI3-K and MAPK 

pathway, J. Ethnopharmacol. 114, 260-267. 

[129] O. Carvajal-Zarrabal, P.M. Hayward-Jones, Z. Orta-Flores, C. Nolasco-Hipólito, D.M. Barradas-

Dermitz, M.G. Aguilar-Uscanga and M.F. Pedroza-Hernández (2009). Effect of Hibiscus sabdariffa L. 

dried calyx ethanol extract on fat absorption-excretion, and body weight implication in rats, J. Biomed. 

Biotechnol. 2009, 1-5. 

[130] T. Huang, C. Chang, E. Kao and J. Lin (2015). Effect of Hibiscus sabdariffa extract on high fat diet-

induced obesity and liver damage in hamsters, Food Nutr. Res. 59, 29018. 

[131] E. Kao, M. Yang, C. Hung, C. Huang and C. Wang (2016). Polyphenolic extract from Hibiscus 

sabdariffa reduces body fat by inhibiting hepatic lipogenesis and preadipocyte adipogenesis, Food 

Funct. 7, 171-182. 

[132] H. Chang, C. Peng, D. Yeh, E. Kao and C. Wang (2014). Hibiscus sabdariffa extract inhibits obesity 

and fat accumulation, and improves liver steatosis in humans, Food Funct. 5, 734-739. 

[133] Y. Yusni and F. Meutia (2020). Action mechanism of Rosella (Hibiscus sabdariffa L.) used to treat 

metabolic syndrome in elderly women, Evid. Based Complement. Alternat. Med. 2020, 1-6. 

https://onlinelibrary.wiley.com/authored-by/Nolasco-Hip%C3%B3lito/C.
https://onlinelibrary.wiley.com/authored-by/Barradas-Dermitz/D.+M.
https://onlinelibrary.wiley.com/authored-by/Barradas-Dermitz/D.+M.
https://onlinelibrary.wiley.com/authored-by/Aguilar-Uscanga/M.+G.
https://onlinelibrary.wiley.com/authored-by/Pedroza-Hern%C3%A1ndez/M.+F.


 

Lin et.al., Rec. Nat. Prod. (202X) X:X XX-XX 

 

33 

[134] S. Guardiola and N. Mach (2014). Therapeutic potential of Hibiscus sabdariffa: A review of the 

scientific evidence, Endocrinol. Nutr. 61, 274-295. 

[135] L.S. de Padua, N. Bunyapraphatsara and R.H.M.J. Lemmens (1999). Plant Resources of South-East 

Asia. No 12(1). Backhuys Publishers, Leiden, The Netherlands. 

[136] Z.A. Zakaria, R.N.S.R.M. Nor, G.H. Kumar, Z.D.F.A. Ghani, M.R. Sulaiman, G.R. Devi, A.M.M. Jais, 

M.N. Somchit and C.A. Fatimah (2007). Antinociceptive, anti-inflammatory and antipyretic properties 

of Melastoma malabathricum leaves aqueous extract in experimental animals, Can. J. Physiol. 

Pharmacol. 84, 1291-1299. 

[137] H.K. Sharma, L. Chhangte and A.K. Dolui (2001). Traditional medicinal plants in Mizoram, India, 

Fitoterapia 72, 146-161. 

[138] F. Lohézic-Le Dévéhat, A. Bakhtiar, C. Bézivin, M. Amoros and J. Boustie (2002). Antiviral and 

cytotoxic activities of some Indonesian plants, Fitoterapia 73, 400-405. 

[139] S. Mohandoss and P. Ravindran (1994). Flavonoids from Melastoma melabathricum, Fitoterapia 64, 

277-278. 

[140] S. Karupiah and Z. Ismail (2015). Anti-obesity effects of Melastoma malabathricum var Alba Linn in 

rats fed with a high-fat diet, AAPS PharmSciTech 16, 548-553. 

[141] Z.A.A. Alnajar, M.A. Abdulla, H.M. Ali, M.A. Alshawsh and A.H.A. Hadi (2012). Acute toxicity 

evaluation, antibacterial, antioxidant and immunomodulatory effects of Melastoma malabathricum, 

Molecules 17, 3547-3559. 

[142] F.H. Reduan, R.M. Shaari, N.S.A. Sayuti, N.M. Mustapha, M.Z.A. Bakar, S. Sithambaram and H. 

Hamzah (2020). Acute and subacute dermal toxicity of ethanolic extract of Melastoma malabathricum 

leaves in Sprague-Dawley rats, Toxicol. Res. 36, 203-210. 

[143] Q. Yang, R. Gan, Y. Ge, D. Zhang and H. Corke (2018). Polyphenols in common beans (Phaseolus 

vulgaris L.): Chemistry, analysis, and factors affecting composition, Compr. Rev. Food Sci. Food Saf. 

17, 1518-1539. 

[144] Z. Shi, X. Zhang, Y. Zhu, Y. Yao and G.X. Ren (2021). Natural extracts from white common bean 

(Phaseolus vulgaris L.) inhibit 3T3-L1 adipocytes differentiation, Appl. Sci. 11, 167. 

[145] S. Bardocz, G. Grant and A. Pusztai (1996). The effect of phytohaemagglutinin at different dietary 

concentrations on the growth, body composition and plasma insulin of the rat, Br. J. Nutr. 76, 613-626. 

[146] A. Pusztai (2012). Plant lectins. Cambridge University Press. 

[147] Z.X. Shi, Y.Y. Zhu, C. Teng, Y. Yao, G.X. Ren and A. Richel (2020). Anti-obesity effects of α-amylase 

inhibitor enriched-extract from white common beans (Phaseolus vulgaris L.) associated with the 

modulation of gut microbiota composition in high-fat diet-induced obese rats, Food Funct. 11, 1624-

1634. 

[148] R. Jäger, S.A. Sawan, M. Purpura, B. Grube, Y. Röske, P.D. Costa and P. Chong (2024). Proprietary 

alpha-amylase inhibitor formulation from white kidney bean (Phaseolus vulgaris L.) promotes weight 

and fat loss: a 12-week, double-blind, placebo-controlled, randomized trial, Sci. Rep. 14, 1-12. 

[149] J. Udani, M. Hardy and D.C. Madsen (2004). Blocking carbohydrate absorption and weight loss: A 

clinical trial using phase 2TM brand proprietary fractionated white bean extract, Altern. Med. Rev. 9, 63-

69. 

[150] X. Wu, X. Xu, J. Shen, N. Perricone and H.G. Preuss (2010). Enhanced weight loss from a dietary 

supplement containing standardized Phaseolus vulgaris extract in overweight men and women, J. Appl. 

Res. 10, 73-79.  

[151] L. Celleno, M.V. Tolaini, A.D’Amore, N.V. Perricone and H.G. Preuss (2007). A dietary supplement 

containing standardized Phaseolus vulgaris extract influences body composition of overweight men and 

women, Int. J. Med. Sci. 4, 45-52. 

[152] R. Nolan, O.M. Shannon, N. Robinson, A. Joel, D. Houghton and F.C. Malcomson (2020). It’s no has 

bean: A review of the effects of white kidney bean extract on body composition and metabolic health, 

Nutrients 12, 1398. 

[153] J.J. Marshall and C.M. Lauda (1975). Purification and properties of phaseolamin, an inhibitor of alpha-

amylase, from the kidney bean, Phaseolus vulgaris, J. Biol. Chem. 250, 8030-8037. 

[154] N.A. Rusdi, H. Goh and S.N. Baharum (2016). GC-MS/Olfactometric characterisation and aroma 

extraction dilution analysis of aroma active compounds in ‘Polygonum minus’ essential oil, Plant Omics 

9, 289-294. 

[155] A. Baradaran, H.L. Foo, C.C. Sieo and R.A. Rahim (2012). Isolation, Identification and Characterization 

of Lactic Acid Bacteria from Polygonum minus, Rom. Biotechnol. Lett. 17, 7245-7252. 

[156] Z. Arshad, N.S.S. Seng, A. Afzan, N.M. Misnan, N. Alias, N. Kamal, A. Mediani and H.A. Rahman 

(2024). Anti-obesity potential of Polygonum minus Huds.: In vitro and in vivo evaluation, Int. J. Food 

Sci. Technol. 59, 7897-7906. 

https://www.nature.com/articles/s41598-024-63443-8#auth-Ralf-J_ger-Aff1
https://www.nature.com/articles/s41598-024-63443-8#auth-Sidney-Abou_Sawan-Aff2
https://www.nature.com/articles/s41598-024-63443-8#auth-Martin-Purpura-Aff1
https://www.nature.com/articles/s41598-024-63443-8#auth-Barbara-Grube-Aff3
https://www.nature.com/articles/s41598-024-63443-8#auth-Yvette-R_ske-Aff4
https://www.nature.com/articles/s41598-024-63443-8#auth-Patricia-Costa-Aff5
https://www.nature.com/articles/s41598-024-63443-8#auth-Pee_Win-Chong-Aff5


 

Anti-obesity properties Malaysian herbaceous and shrub species 

 

34 

[157] J.K. Udani, A.A. George, M. Musthapa, M.N. Pakdaman and A. Abas (2014). Effects of a proprietary 

freeze-dried water extract of Eurycoma longifolia (Physta) and Polygonum minus on sexual performance 

and well-being in men: A randomized, double-blind, placebo-controlled study, Evid. Based Complement. 

Alternat. Med. 2014, 1-10. 

[158] Y.K. Ming, N.B.T. Zulkawi, V.K. Cy and Y.K. Choudhary (2012). Acute and sub-acute oral toxicity of 

Polygonum minus aqueous extract (biotropics®PM101) in wistar rats, Int. J. Pharm. Pharm. Sci. 5, 120-

124. 

[159] B. Clebsch (2003). The new book of salvias: Sages for every garden. Timber Press. 

[160] M.B. Farhat, M.J. Jordán, R, Chaouech-Hamada, A, Landoulsi and J.A. Sotomayor (2009). Variations in 

essential oil, phenolic compounds, and antioxidant activity of tunisian cultivated Salvia officinalis L, J. 

Agric. Food Chem. 57, 10349-10356. 

[161] Y. Lu and L.Y. Foo (2000). Flavonoid and phenolic glycosides from Salvia officinalis, Phytochemistry 

55, 263-267. 

[162] I. Hamrouni-Sellami, F.Z. Rahali, I.B. Rebey, S. Bourgou, F. Limam and B. Marzouk (2012). Total 

phenolics, flavonoids, and antioxidant activity of sage (Salvia officinalis L.) plants as affected by 

different drying methods, Food Bioprocess Technol. 6, 806-817. 

[163] I. Generalić, D. Skroza, J. Šurjak, S.S. Možina, I. Ljubenkov, A. Katalinić, V. Šimat and V. Katalinić 

(2012). Seasonal variations of phenolic compounds and biological properties in sage (Salvia officinalis 

L.), Chem. Biodivers. 9, 441-457. 

[164] K. Ninomiya, H. Matsuda, H. Shimoda, N. Nishida, N. Kasajima, T. Yoshino, T. Morikawa and M. 

Yoshikawa (2004). Carnosic acid, a new class of lipid absorption inhibitor from sage, Bioorg. Med. 

Chem. Lett. 14, 1943-1946. 

[165] K. Mullane and M. Williams (2015). Unknown unknowns in biomedical research: Does an inability to 

deal with ambiguity contribute to issues of irreproducibility? Biochem. Pharmacol. 97, 133-136. 

[166] S. Rhaimi, S. Brikat, M. Lamtai and M. Ouhssine (2023). Acute oral toxicity and neurobehavioral 

effects of Salvia officinalis essential oil in female wistar rats, Adv. Anim. Vet. Sci. 11, 654-662. 

[167] D.K. Patel, K.A. Patel, U.K. Patel, M.C. Thounaojam, R.N. Jadeja, Ansarullah, G.S. Padate, S.P. 

Salunke, R.V. Devkar and A.V. Ramachandran (2009). Assessment of lipid lowering effect of Sida 

rhomboidea. Roxb methanolic extract in experimentally induced hyperlipidemia, J. Young Pharm. 1, 

233-238. 

[168] M. Thounaojam, R. Jadeja, Ansarullah, R. Devkar and A.V. Ramachandran (2009). Dysregulation of 

lipid and cholesterol metabolism in high fat diet hyperlipidemic rats: Protective effect of Sida 

rhomboidea. Roxb leaf extract, J. Health Sci. 55, 413-420. 

[169] S.K.R. Rao, S.R. Sudarshan and V.P.C. Trust (2005). Encyclopaedia of Indian medicine. Popular 

Prakashan, Bangalore, Bombay. 

[170] M.C. Thounaojam, R.N. Jadeja, U.V. Ramani, R.V. Devkar and A.V. Ramachandran (2011). Sida 

rhomboidea. Roxb leaf extract down-regulates expression of PPARγ2 and leptin genes in high fat diet 

fed C57BL/6J mice and retards in vitro 3T3L1 pre-adipocyte differentiation, Int. J. Mol. Sci. 12, 4661-

4677. 

[171] M.C. Thounaojam, R.N. Jadeja, D.K. Patel, R.V. Devkar and A.V. Ramachandran (2010). Acute and sub 

chronic oral toxicity of Sida rhomboidea. Roxb leaf extract, J. Complement. Integr. Med. 7, Article 1. 

[172] B. García-Carrasco, R. Fernandez-Dacosta, A. Dávalos, J.M. Ordovás and A. Rodriguez-Casado (2015). 

In vitro hypolipidemic and antioxidant effects of leaf and root extracts of Taraxacum officinale, Med. Sci. 

3, 38-54. 

[173] D. Esiyok, S. Ötles and E. Akcicek (2004). Herbs as a food source in Turkey, Asian Pac. J. Cancer Prev. 

5, 334-339. 

[174] M. González-Castejón, B. García-Carrasco, R. Fernández-Dacosta, A. Dávalos and A. Rodriguez-

Casado (2013). Reduction of adipogenesis and lipid accumulation by Taraxanum officinale (Dandelion) 

extracts in 3T3L1 adipocytes: An in vitro study, Phytother. Res. 28, 745-752. 

[175] J. Zhang, M. Kang, M. Kim, M. Kim, J. Song, Y. Lee and J. Kim (2008). Pancreatic lipase inhibitory 

activity of Taraxacum officinale in vitro and in vivo, Nutr. Res. Prac. 2, 200-203. 

[176] E. Racz-Kotilla, G. Racz and A. Solomon (1974). The action of Taraxacum officinale extracts on the 

body weight and diuresis of laboratory animals, Planta Med. 26, 212-217. 

[177] A. Karakuş, Y. Değer and S. Yildirim (2016). Protective effect of Silybum marianum and Taraxanum 

officinale extracts against oxidative kidney injuries induced by carbon tetrachloride in rats, Ren. Fail. 39, 

1-6. 

[178] H.H. Fallah, M.A. Zareei, S.A. Ziai, M. Mehrazma, S.M, Alavian, S. Kianbakht and M. Mehdizadeh 

(2010). The effects of Taraxacum officinale L. and Berberis vulgaris L. root extracts on carbon 

tetrachloride induced liver toxicity in rats, J. Med. Plant. 9, 45-52. 

https://pubmed.ncbi.nlm.nih.gov/?term=Jord%C3%A1n+MJ&cauthor_id=19886685
https://onlinelibrary.wiley.com/authored-by/Generali%C4%87/Ivana
https://onlinelibrary.wiley.com/authored-by/Skroza/Danijela
https://onlinelibrary.wiley.com/authored-by/%C5%A0urjak/Jana
https://onlinelibrary.wiley.com/authored-by/Mo%C5%BEina/Sonja+Smole
https://onlinelibrary.wiley.com/authored-by/Ljubenkov/Ivica
https://onlinelibrary.wiley.com/authored-by/Katalini%C4%87/Ana
https://onlinelibrary.wiley.com/authored-by/%C5%A0imat/Vida
https://onlinelibrary.wiley.com/authored-by/Katalini%C4%87/Vi%C5%A1nja


 

Lin et.al., Rec. Nat. Prod. (202X) X:X XX-XX 

 

35 

[179] F. Tetik, S. Civelek and U. Cakilcioglu (2013). Traditional uses of some medicinal plants in Malatya 

(Turkey), J. Ethnopharmacol. 146, 331-346. 

[180] S. Hayta, R. Polat and S. Selvi (2014). Traditional uses of medicinal plants in Elazığ (Turkey), J. 

Ethnopharmacol. 154, 613-623. 

[181] M. Ishtiaq, A. Mahmood and M. Maqbool (2015). Indigenous knowledge of medicinal plants from 

Sudhanoti district (AJK), Pakistan, J. Ethnopharmacol. 168, 201-207. 

[182] S.A. Sargin, S. Selvi and V. López (2015). Ethnomedicinal plants of Sarigöl district (Manisa), Turkey, J. 

Ethnopharmacol. 171, 64-84. 

[183] L. Meng, Y. Jiao, X. Zhou, C. Liang, K. Yan, Y. Zhao, X. Deng, X. Han, Y. Yang, H. Liu and et al. 

(2021). Leaf extract from Vitis vinifera L. reduces high fat diet-induced obesity in mice, Food Funct. 12, 

6452-6463. 

[184] Y. Jung, J. Park, H. Kim, J. Sim, D. Youn, J. Kang, S. Lim, M. Jeong, W.M. Yang, S. Lee and et al. 

(2018). Vanillic acid attenuates obesity via activation of the AMPK pathway and thermogenic factors in 

vivo and in vitro, FASEB J. 32, 1388-1402. 

[185]  T. Setayesh, A. Nersesyan, M. Misik, R. Noorizadeh, E. Haslinger, T. Javaheri, E. Lang, M. Grusch, W. 

Huber, A. Haslberger and et al. (2019). Gallic acid, a common dietary phenolic protects against high fat 

diet induced DNA damage, Eur. J. Nutr. 58, 2315-2326. 

[186] M. Tanaka, A. Sugama, K. Sumi, K. Shimizu, Y. Kishimoto, K. Kondo and K. Iida (2020). Gallic acid 

regulates adipocyte hypertrophy and suppresses inflammatory gene expression induced by the paracrine 

interaction between adipocytes and macrophages in vitro and in vivo, Nutr. Res. 73, 58-66. 

[187] A.P. Dalmagro, A. Camargo and A.L.B. Zeni (2017). Morus nigra and its major phenolic, syringic acid, 

have antidepressant-like and neuroprotective effects in mice, Metab. Brain Dis. 32, 1963-1973. 

[188] C.M. John and S. Arockiasamy (2020). Syringic acid (4-hydroxy-3,5-dimethoxybenzoic acid) inhibits 

adipogenesis and promotes lipolysis in 3T3-L1 adipocytes, Nat. Prod. Res. 34, 3432-3436. 

[189]  C. Seo, B. Yi, S. Oh, S. Kwon, S. Kim, N. Song, J. Cho, K. Park, J. Ahn, J. Hong and et al. (2015). 

Aqueous extracts of hulled barley containing coumaric acid and ferulic acid inhibit adipogenesis in vitro 

and obesity in vivo, J. Funct. Foods 12, 208-218. 

[190] C. Hsu, C. Wu, S. Huang and G. Yen (2009). Phenolic compounds rutin and o-coumaric acid ameliorate 

obesity induced by high-fat diet in rats, J. Agric. Food Chem. 57, 425-431. 

[191] C. Liao, T. Ou, C. Wu and C. Wang (2013). Prevention of diet-Induced Hyperlipidemia and Obesity by 

Caffeic Acid in C57BL/6 Mice through Regulation of Hepatic Lipogenesis Gene Expression, J. Agric. 

Food Chem. 61, 11082-11088. 

[192] M. Mahanna, M.C. Milian-Linares, E. Grao-Cruces, C. Claro, R. Toscano, N.M. Rodriguez-Martin, M. 

C. Naranjo and S. Montserrat-de la Paz (2019). Resveratrol enriched grape seed oil (Vitis vinifera L.) 

protects from white fat dysfunction in obese mice, J. Funct. Foods 62, 1-10. 

[193] S. Kim, H. Park, M. Lee, Y. Cho, Y. Kim, J. Hwang, M.J. Sung, M.S. Kim and D.Y. Kwon (2008). 

Vitisin A inhibits adipocyte differentiation through cell cycle arrest in 3T3-L1 cells, Biochem. Biophys. 

Res. Commun. 372, 108-113. 

[194] M. Parandoosh, P. Yousefi, H. Khorsandi, O. Nikpayam, A. Saidpour and H. Babaei (2020). The effects 

of grape seed extract (Vitis vinifera) supplement on inflammatory markers, neuropeptide Y, 

anthropometric measures, and appetite in obese or overweight individuals: A randomized clinical trial, 

Phytother. Res. 34, 379-387. 

[195] M.M. del Villar, M. González-Ortiz, E. Martínez-Abundis, K.G. Pérez-Rubio and R. Lizárraga-Valdez 

(2014). Effect of resveratrol administration on metabolic syndrome, insulin sensitivity, and insulin 

secretion, Metab. Syndr. Relat. Disord. 12, 497-501. 

 

 
© 202X ACG Publications 

 

 

 

 

https://www.liebertpub.com/doi/abs/10.1089/met.2014.0082#con1
https://www.liebertpub.com/doi/abs/10.1089/met.2014.0082#con2
https://www.liebertpub.com/doi/abs/10.1089/met.2014.0082#con3
https://www.liebertpub.com/doi/abs/10.1089/met.2014.0082#con4
https://www.liebertpub.com/doi/abs/10.1089/met.2014.0082#con5

