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Abstract
Obesity is acritical disorder due to which numerous deaths occur annually around the globe. Synthetic drugs for weight loss have low efficacy 
and high side effects. Apart from synthetic drugs in modern medicine, various other methods including the use of herbal medications are used 
to induce weight loss.

In this article, we aimed to review the ability of some medicinal plants derived compounds to act as antioxidant, anti-aging, anti-obesity or 
against harmful diseases from where recent knowledge about medicinal plants that are recommended for weight loss. These compounds are 
collectively referred to as phytocompounds or phytochemicals.
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Introduction
Phytocompounds against obesity induced inflammation 

Polyphenol
a. Curcumin

b. Resveratrol 

Secondary metabolite 
a. Capsaicin

b. Catechin

Isoflavones 
a. Genistein

Flavonoid 
a. Quercetin

Low grade chronic inflammation accompanied by the systemic 
inflammation, that mediates complex interplay between obesity, obesity 
induced inflammation, Insulin Resistance (IR), metabolic disorders, 
and Type 2 Diabetes Mellitus (T2DM) [1]. General mammals possess 
two different types of adipose tissues, which are further classified 
as White Adipose Tissue (WAT) and Brown Adipose Tissue (BAT). 
Functionally WAT is involved in store energy as triglycerides, while 
BAT is known for heat production from fat droplets, morphologically, 
WAT are having large lipid droplets while BAT has small lipid 
droplets, with expression of UCP-1. Other than storing lipids, these 

adipocytes produces cytokines like Interleukin (IL)-1β, IL-6, Tumor 
Necrosis Factor (TNF)-α, Monocyte Chemoattractant Protein-1 
(MCP-1), leptin, and adiponectin collectively called as adipokines. 
Obesity driven inflammation results in infiltration by macrophages, 
secretion of inflammatory and pro-inflammatory cytokines (IL-
1β, IL-6, TNF-α, and MCP-1), Reactive Oxygen Species (ROS) and 
increasing population of T-cell for defense against invading pathogens 
[2]. In addition to cytokines, ROS, other cells like T-cell, mast cells, 
natural killer cells and eosinophils also infiltrate adipose tissue, 
initiating cascade of cross talk between immune cells and adipocytes, 
amplifying inflammation via expression of pro-inflammatory genes 
via hypoxia [3-7]. According to Halberg et al. [8], Hypoxia-Inducible 
Factor (HIF-1) at lower O2 pressure results in inflammation of 
adipose tissue. Structurally HIF have two subunits HIF-1α and HIF-
1β, off which β subunit is constantly expressed while the activity of α 
subunits is monitored by the presence of O2 at post translation level 
[9]. While Regazzetti et al. [10] suggested that hypoxia (HIF-1) is also 
involved in IR by deprecating insulin signaling pathway, inhibiting 
glucose transport in adipocyte, and medicate Nuclear Factor-kappa B 
(NF-κB), c-Fos and activating transcription factor [11].

According to NIH, more than two third of American adult 
population are considered as overweight or obese, and is attributed 
to western diet, characterized by higher fat content, increased energy 
consumption, decreased plant based food and energy expenditure 
[12,13]. Suggesting that adipocytes can sense increased energy driven 
from over-nutrition, or the nutrition itself stimulates proinflammatory 
fatty acid to trigger inflammation or stimulate adipose tissue secrets 
cytokines and chemokines to recruit macrophages in adipose tissue. 
Meanwhile the balance between the energy consumed and energy 
stored is represented as ratio between AMP:ATP, and is ascertained 
through measuring AMP- Activated Protein Kinase (AMPK). 
Upon activation, increase cellular energy expenditure by AMPK 
induces blocking of anaerobic process (lipid, glucose and protein 
biosynthesis), and stimulate catabolic process to upregulate GLUT4, 
enhance insulin sensitivity, oxidation of fatty acids, absorption of 
glucose and glycolysis. Other factors contributing toward activation 
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of AMPK includes hypoxia, low glucose, leptin, adiponectin and 
phytochemicals [14,15]. Sugar rich western diet induce insulin 
production, which signals insulin/IGF-1 signaling (IIS), that stimulate 
Phosphatidylinositol 3-Kinase (PI3K) and activity of Akt kinase to 
inhibit Forkhead box O (FoxO), known to inhibit inflammation, 
suggesting strong correlation between western diet, obesity, T2DM 
and cancer [16,17].

Obesity induced inflammation cascades diverse events; 
foremost of it is activation of Peroxisome Proliferator Activator 
Receptor (PPAR). Known for its ability to regulate metabolism and 
inflammation, largely for the anti-inflammatory activity’s, [18]. 
Among the different subtypes of PPAR, PPARγ is shown to stimulate 
AMPK pathway for uptake of glucose and repress inflammatory 
genes like Inducible Nitric Oxide (iNOS), transcription factor AP-1 
and NF-kB [19]. Mechanistically PPARγ targets the Activator Protein 
(AP-1), to induce anti-inflammatory response. Further, AP-1 is 
dimeric transcription factor that can interact with other transcription 
factor families like Jun, FOS ad ATF, while according to Thompson 
et al. and Vogt [20-22], c-Jun can induce IR when phosphorylated 
by c-Jun Amino-Terminal Kinase (JNK). JNK belongs to the family 
of MAPK, that phosphorylate and activate transcription factors like 
ELK-1, ATF and JUN [23,24]. On the other hand, inflammation- and 
stress induced kinases JNK and IkB kinase-β (IKKβ) activates NF-
kB, activated NF-kB gets translocated into the nucleus followed by 
activation of transcription factor activating Cyclooxygenase (COX-2), 
which induce expression of Prostaglandin (PEG2), key molecule that 
mediates inflammation. However, according to Lee et al. [25], JNK is 
also activated by the presence of insulin, but its activity is mediated by 
feedback inhibition of insulin signaling, therefore contributing toward 
IR, whereby insulin/IGF-1 signaling contribute toward T2DM.

Phytocompound and its effects on obesity induced 
inflammation

Plant derived chemical compounds and their formulations, 
in pharmaceutical industries have gained serious attention from 
scientific community. Ability of these plants derived compounds to 
act as antioxidant, anti-aging, anti-obesity or against harmful diseases 
and pathogens is attributed by the presence and maintenance of 
pharmacophore [26]. These compounds are collectively referred to 
as phytocompounds or phytochemicals. Wide range of these plant 
extracts depicts anti-inflammatory activity, with significant effect on 
activation or suppression of various pathways responsible to propagate 
obesity induced inflammation.

Curcumin: Traditionally, turmeric have been used extensively 
against disorders like rheumatism, body ache, shin disease, wounds, 
intestinal worms, fever, hepatic disorder, inflammation, constipation 
and colic inflammation, and is integral part of Indian curry spice [27]. 
Naturally occurring plant is fortified with oils, polyphenols, protein, 
fat, minerals, and carbohydrates. Commercially, it’s being used by 
food industries as additive, flavoring, and coloring agent, while its 
aromatic property is attributed to its oil content [28]. The molecular 
targets of curcumin include transcription factors (like STAT3, NF-kB, 
PPARγ), growth factors (VEGF), inflammatory cytokines (IL-1, IL-6, 
TNF), protein kinases (AKT, MAPK, mTOR) and enzymes involved in 
inflammation (COX-2, COX-5 and LOX) [29]. While it (curcumin), 
can readily interact with adipocytes, immune system macrophages, 
pancreatic cells, hepatic cells, and muscles, to reduce obesity induced 
inflammatory markers [30].

In nature curcumin exist as polyphenolic compound, isolated 

and extracted from the roots of Curcuma longa, and accounts for 
approximately 3% to 5% of turmeric preparation. Alcoholic extract 
of roots from Curcuma longa roots results in three type of curcumin 
namely curcumin, curcumin II and curcumin III [31]. Structurally and 
functionally, curcumin can either act as donor of H-atom (in acidic or 
natural condition) or electron donner (alkaline solution), contributing 
toward medicinal value (anti-oxidant and anti-carcinogenic activity) 
[32-34]. Inhibitory effect of curcumin is attributed to the inactivation 
of HIF-1, repress NF-kB, and enhance secretion of adiponectin 
to inhibit insulin-regulated GLUT4 translocation and glucose 
transport [34-36]. According to Ahn et al. [37], 10 µM to 25 µM of 
curcumin inhibits differentiation of mouse adipocyte, and, enhance 
Wnt signaling pathway. However, at increased (10 µM to 50 µM) 
concentration, curcumin enhanced AMPK signaling to inhibit 
MAPK pathways JNK, p38 MAPK, and ERK in adipocyte, suggesting 
proliferation of adipose tissue, but inhibit accumulation of lipids 
and adipogenesis [35,37-39]. Further, Woo et al. [40], suggests that 
curcumin decreases obesity induced inflammation, by modulating 
release, migration of MCP-1 and TNF-α in adipocyte, to improve 
metabolic disorders like IR, hyperglycemia, hyperlipidemia, and 
hypercholesterolemia [30]. Reduced infiltration of macrophages in 
WAT induces expression of adiponectin to counteract NF-kB pathway, 
simultaneously, lowering free fatty acid content, lipid oxidation, 
triglyceride content, accumulation of cholesterol, blood glucose level 
and lipid accumulation [41-44].

Resveratrol: Resveratrol, is a non-flavonoid polyphenol occurring 
naturally in plants fruits, flowers and in whole plant, fresh grapes 
yields 50 µg/g to 100 µg/g, while red wine consist of 0.1 mg/l to 14 mg/l 
of resveratrol [45,46]. Production of resveratrol in plants is governed 
by the stress it faces during the growth period, suggesting that 
resveratrol is synthesized by plants as protective mechanism. The anti-
inflammatory activity of resveratrol is mediated by down regulation 
of NF-kB signaling pathway, ameliorate TNF-α induced effect, 
attenuate mRNA expression and secretion of adipokines like PAL-1, 
IL-1β, IL-6, IL-8 and MCP-1, inhibits prostaglandin E2 production, 
repress iNOS-2 and COX-2 and quench free radicals (reactive 
oxygen species and reactive nitrogen species) [47-55]. Subsequently 
it suppress of dimerization, and expression of JNK in adipose 
tissue, supporting notation of down regulation of NF-kB signaling 
pathway [56,57]. Further, in plasma resveratrol inhibits p38MAPK 
phosphorylation to stimulate production of NO in blood platelets 
[55]. Moreover resveratrol is known for down regulation of PPARγ 
thereby minimizing activity of GLUT4; also counteract dilapidation, 
IR and inflammation in humans mediated by linoleic acid [58]. In 
mature adipocytes, resveratrol promotes secretion of adipokines to 
improve insulin sensitivity mediated by the modification in Ser/Thr 
phosphorylation in IRS-1, to suppress AKT activity [59]. While in 
human adipocytes it inhibits adipogenic differentiation in SIRT1 that 
promotes fat metabolism by represses PPARγ [60].

Furthermore, resveratrol at concentration higher than 10 µM, 
induces downregulation of lipogenic gene, counteract antilipolytic 
action of insulin to inhibit lipogenesis, by mimicking the effect of 
caloric restriction [61, 62]. While according to Szkudelska et al. [63], 
resveratrol at concentration of 6 µM to 50 µM inhibits accumulation 
of ATP in adipocyte by inhibiting ATP synthase and complex III 
of electron transport chain, the respiratory chain presents at inner 
mitochondrial membrane. Decreased ATP concentration then 
mediates AMPK dependent alteration in metabolic pathways [64,65]. 
According to Ghanim et al. [66], resveratrol in obese human can 
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suppress oxidative stress and mimics effect of calorie restrictions, 
while in T2DM patients; it improves IR. 

Capsaicin: Structural resemblance between curcumin and 
capsaicin is attributed to their anti-inflammatory activity, and is 
well known to induces AMPK pathway to inhibit adipogenesis in 
mouse models [67,68]. Anti-inflammatory activity of capsaicin 
was demonstrated in murine macrophage, where in capsaicin was 
able to repress expression of iNOS, and COX2, thereby inhibiting 
PGE2 production and inactivation of NF-kB, by blocking IkBα 
degradation, or readily binds with PPARγ to inhibit production of 
TNF-α, inactivating NF-kB pathway [69,70]. Other than participation 
in molecular events, capsaicin mediates thermogenesis and lipolysis 
to increase the energy expenditure [71]. Concentration as low as 0.1 
µM to 10 µM can upregulate expression of mitochondrial Uncoupling 
Protein 2 (UCP-2), while according to Zhang et al. [72] concentration 
of 10 nM promotes expression of VR1 [73]. Functionally, UCP-2 is a 
mitochondrial transporter, separates oxidative phosphorylation from 
ATP to dissipate energy as heat, while, VR1 promotes calcium influx 
to prevent adipogenesis and obesity [72,73]. According to Kang et 
al. [74], dietary capsaicin (0.015% or diet) can remarkably decrease 
fasting glucose, insulin and triglyceride level, cascading suppression 
of IL-6 and MCP-1 production and induce secretion of adiponectin 
and adipokine to mediate obesity induced inflammation [75]. Further 
Choi et al. [76] suggested that capsaicin reduces JNK activation 
through inhibition of pro-inflammatory effects of saturated fatty acid 
(palmitic acid).

Catechin: Catechin is flavonoids, consisting of catechin, 
epicatechin, gallocatechin and epigallocatechin with gallates. Cocoa 
is rich source of catechin and procyanidins (flavanol-based oligomer). 
The Procyanidins obtained from cocoa is known to reduce IL-6, 
MCP-1 expression, and enhance adiponectin secretion [77]. Other 
than cocoa, catechin and its oligomer can be obtained from green 
tea, grapes and red wines. Green tea derived catechin is principally 
composed of Epigallocatechin Gallate (EGCG), known to limit 
differentiation and proliferation of adipocyte in cell culture studies. 
Further, confers anti-inflammatory activity through blocking of 
MAPK, and NF-kB (inhibiting IkBα degradation), thereby inhibit 
expression of MCP-1 [78,79]. Additionally, other catechin with 
gallocathechin moiety and EGCG induces expression of AMPK, and 
activation of HIF-1α to activate PPARβ/δ to decrease NO production 
in cardiomyocytes [80]. Specificity of EGCG (IC50=86 nM to 194 nM, 
at 1 µM to10 µM), to inhibit proteasome and interruption of cellular 
signal, makes it an ideal candidate for anti-inflammatory activity 
[81,82]. According to Sakurai et al. [82], EGCG at 5 µM to 10 µM 
promotes expression of respiratory mitochondrial ATP synthesis, 
insulin sensitive gene, and thermogenic genes regulating energy 
expenditure [82-84]. Recently, Kim and Sakamato [83], showed that 
EGCG also participates in activation of PI3K/AKT and inactivate 
MEK/ERK, resulting in inactivation of FoxO1, therefore inhibiting 
differentiation of pre-adipocyte to mature adipocyte [85,86]. Some of 
the human studies conclude that, catechins ameliorate blood pressure, 
accumulation of cholesterol, improves T2DM and obesity [87].

Genistein: Genistein is an Isoflavones; occur naturally in soy 
and soy derivatives, importance of genistein lies on its ability to 
inhibit protein kinase and eukaryotic DNA topoisomerase II, by 
inducing apoptosis [88-90]. In adipose tissue, 50 µM of genistein 
inhibits inflammation and downregulate leptin secretion, while 
at concentration of 12.5 µM, it counteracts anti-lipolytic action of 

insulin [91,92]. Health benefits of genistein in obese individuals are 
attributed, by its ability to act as ligand and activator [93]. In mice, 
feed with 2 g or 4 g genistein/kg diet significantly decreased fat 
pads; ameliorate lipid and cholesterol level, with decreased mRNA 
expression of PPARγ, leptin, TNFα. However, it enhanced expression 
of PPARα, AMPK, adiponectin and fatty acid oxidation genes that 
triggers UCP-2 expression to mediate proton leakage by uncoupling 
ATP synthesis [94,95]. 

Quercetin: Quercetin is an important dietary flavonoid, 
present in variety of plants and plant based food like apple, red 
onion, oliv oil, tea, nuts, broccoli, red grapes, red wine, blueberries, 
carries and berries [96]. Multiple biological function of quercetin 
includes anti-inflammatory and antioxidant and anti-mutagenic 
properties. According to Kobori et al. [97] and Panchal et al. [98], 
it can ameliorate hepatic fat accumulation and metabolic changes 
induced by western diet. At molecular level quercetin targets Jak2-
Stat3 pathway, repairs leptin signaling to upregulate p-STAT3 in beta 
cells of fructose fed mice [99]. Further in human primary adipocytes, 
quercetin can inhibit, inflammation induced by TNF-α treatment to 
ameliorates IR and down-regulate inflammation attenuating IL-6, IL-
1β, IL-8 and MCP-1 expression [100]. Furthermore, quercetin can 
reduce membrane potential, upregulate AMPK to inhibit MAPK and 
induce apoptosis in adipocyte to attenuate adipogenesis. Inhibition of 
JNK- and ERK-phosphorylation and activation inhibits activation of 
AP-1 and NF-kB, by blocking IkBα [100,101]. Results in, decreased 
body weight and reduced TNF-α production to improve dyslipidemia, 
hypertension and hyperinsulinemia [102]. Further, Stewart et al. [103] 
suggested that administration of 0.8% of quercetin with HFD food 
decreased inflammatory markers and enhanced energy expenditure, 
while increases in quantity (12.5 mg to 25 mg quercetin/kg BW) of 
quercetin stimulates mitochondrial biogenesis in mice (Figure 1) 
[104].

Chalcones
Chalcones, they are open chained flavonoids with two aromatic 

rings connected via α β- unsaturated carbonyl system, and is known 
for its anti-inflammatory, antioxidant and anti-cancerous activity 
[27]. Dihydrochalcone phlorizin belongs to chalcones and is well 
known for its antidiabetic activity and obesity [105]. Major resources 
of chalcones include Lithocarpus polystachyus Rehd (Sweet tea) and 
apple, mechanistically the naringenin chalcones limits breakdown of 
I-kB-α, and infiltration of macrophages, via inhibition of TLR4 and 
activation of PPARγ [106-108].

Figure 1: A- Curcumin; B- Resveratrol; C- Capsaicin; D- Catechin; E- 
Genistein; F- Quercetin.
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Artemisia iwayomogi
Artemisia iwayomogi (Haninjin) or AI, is a perennial herb found 

throughout Korea, belongs to family compositae. Traditionally it 
has been known for anti-allergic, anti-apoptotic, anti-inflammatory 
and antioxidant activities [109-111]. Chemically AI consists of 
flavonoids such as genkwanin and jaceosidin [112], essential oils that 
include eugenol and 1,8-cineole [113], some coumarin compounds 
like scopoletin (standard for comparison of AI) and scopolin 
[112,114]. Coumarin compounds isolated from other plants Fraxinus 
rhynchophylla [115], Angelica gigas [116] and Iodinum suffruticosum 
[117] have been shown to inhibit differentiation of 3T3-L1 cells and 
reduce obesity, weight gain and plasma lipid level in HFD mice. 
According oral dosage of AI can reduce serum lipid level in HFD mice, 
further Cho et al. [118], suggested that AI induces the expression of 
PPARβ, gene involved in fatty acid oxidation in skeletal muscles [119].

According to Cho et al. [109] AI Extract-supplemented Diet 
(AED) at a concentration of 0.5% (11 weeks) was able to reduce weight 
gain, visceral and hypertrophy adiposity. Reduced visceral adiposity 
is directly correlated with leptin level, an ideal parameter to address 
obesity in human and animals [109]. Mechanistically, AI was able to 
decrease plasma FFA, inhibiting adipogenesis by suppressing PPARγ2 
and C/EBPα activity, which further suppress their targeted gene such 
as FAS, CD36, and aP2 [120-124]. Ability of AI to suppress visceral 
adiposity, can also be correlated with suppression of proinflammatory 
cytokines (TNFα, MCP I, IL-6, IFN α and IFN β) and decreased 
plasma level of TNFα, MCP I, contributing toward inhibition of 
obesity induced inflammation and insulin resistance [109,125,126]. 
Thus anti-obesity activity of AI may be attributed to the presence 
of higher level of coumarin compounds (scopoletin (0.38%) and 
scopolin (1.21%) [109]. 

Salvia miltiorrhiza and Gardenia jasminoides (SGE)
Chinese Herbal Medicine (CHM), have been practiced since ages 

in Asia and other parts of the world. Formulation of these medicinal 
plants is often used alone or in combination to restrict proliferation 
of pathogens/pathogenesis [127]. These formulations are largely 
fortified with Salvia miltiorrhiza and Gardenia jasminoides and were 
believed to impart health benefits. Grounded herbs were extracted 
with 65% ethanol, and 6 week HFD fed mice were administrated 
orally with 2 g/kg body weight, for 4 weeks [127]. Pharmacological 
property of S. miltiorrhiza and G. jasminoidesis governed by the 
presence of 3,4-dihydroxyphenyl lactic acid (named as Danshensu), 
diterpenoid quinines (tanshinone IIA) and Geniposide, Genipin 
respectively [127]. Pharmacologically active component of S. 
miltiorrhiza are known to improve lipid profile, reduce oxidant stress, 
inhibits inflammatory cytokine [128-130]. While iridoid glucosides 
(Geniposide, and Genipin), obtained from Gjasminoides is known to 
possess anti-inflammatory, anti-obesity activity, enhance expression 
of gene related to lipid metabolism [131,132].

NAFLD’s pathogenesis is still under investigation; however 
accumulation of fat (TGA infiltration in hepatocyte) leads to the 
development of NAFLD [133]. Accumulation of TGA, FFA, facilitate 
visceral obesity, de novo synthesis of ceramides and diglycerides 
which triggers apoptosis of lipid-laden hepatocyte and impaired 
insulin signaling pathway, from lipolysis of visceral tissue and 
decreased oxidative capacity. According to Tan et al. [127] 10 weeks 
old mice fed with HFD showed increased atherogenic dyslipidemia, 
elevated TGA and LDL-C, and low HDL-C. However administration 
of SGE for 4 weeks was able to inhibit adipose lipolysis, enhance FFA 
utilization, reduced visceral fat mass, prevent NAFLD.

Interplay between obesity and IR leads to NAFLD, hepatic 
fibrosis and assist in adipocytokines-induced inflammation [134]. 
These adipocytokines are secreted from adipose tissue, that includes 
adiponectin, leptin, and resist in, TNF-α, and interleukin’s. Leptin is 
known to regulated food intake and satiety, inhibiting excess food 
intake and controlling weight gain, here feeding mice with SGE was 
able to enhance leptin expression and contribute toward ameliorating 
NAFLD and hepatic fibrosis in HFD rats [127]. Treatment of HFD 
mice with SEG and rosiglitazone, significantly inhibit expression of 
TNF-α and IL-6, but only SEG was able to elevate increase leptin 
concentration that may contribute toward HFD-induced liver 
pathology. 

Boehmeria nivea
Obesity is characterized by imbalance between energy intake and 

energy expenditure, besides higher fat mass and body weight, obesity 
introduce a risk factor for the development of CVD, IR, diabetes 
mellitus, hyperlipidemia, arthrosis and different form of cancer. 
Proliferation and progression of diabetes is associated with loss of 
insulin production, from beta cells of pancreas, of which 95% develop 
T2D characterized by IR.

Boehmeria nivea (L.) Gaud., (BN) is a flowering plant that belongs 
to nettle family in Urticaceae, and has been cultivated widely in 
eastern Asia (India, China and Korea). Leafs and roots of this plant is 
believed to possesses anti-inflammatory, antioxidant and anti-fungal 
activity [135,136]. Chemically B nivea consists of 3640 mg/100 g 
phenolics, 46.48 mg/100 gm rutin, 1.96 mg/100 gm chlorogenic acid, 
11.29 mg/100 g luteolin-7-glucoside, 1.13 mg/100 g naringin, 23.69 
mg/100 g hesperidin and 1.59 mg/100 g tangeretin [137]. Leaves of B 
nivea were extracted using 70% ethanol. Ethanolic Extract of B nivea 
(EBN) stimulates expression of PPARγ in HEK293 and C2Cl2 cells 
and was independent of Akt or AMPK pathway [138]. The 9 week 
old mice feed with HFD + 0.5% EBN showed reduced body weight, 
decreased fat mass, total serum cholesterol and more significantly fat 
depo on liver were reduced, further it also improved fasting glucose 
and HFD-induces fasting glucose level [138].

Benincasae semen, Laminaria japonica Areschon, Pini Folium, 
Moli Folium, Citrus aurantium Linn, and Ephedra herb (OB-1)

OB-1 was prepared by mixing six different herbs in the ratio of 
1:1:1: 1:1:1, and extracted with 80% ethanol. For the first 5-week 
mice were fed with HFD, followed by 0.5% OB-1 or saline for next 5 
weeks. OB-1 was able to reduce the size of the adipocyte, while there 
was no significant effect on reduction of body weight, suggesting the 
involvement of AMPK and related mechanism that control body 
weight or food intake but energy metabolism [139-141]. AMPK is 
known to regulate energy balance within a cell, and liver is known 
for maintenance of energy metabolism and glucose metabolism. 
Activation of AMPK by OB-1 is correlated with decreased 
gluconeogenesis and lipogenesis, and facilitates fat oxidation and 
glucose uptake by switching on ATP-generation pathway and 
inhibiting ATP consumption (Table 1) [142-144].

OB-1 showed no direct effect on anti-obesity and regulation 
of adiponectin, however individually each plant is known to exert 
clinical effect on human body, regulate lipid metabolism, reduce fat 
mass, anti-obesity activity and eliminate toxic compounds [139]. 
According to Bent et al. [145] and Haaz et al. [146], Citrus aurantum, 
Ephedra herb was able to reduce obesity and promote weight loss and 
metabolic rate [147].
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Medicinal plants
Naturally occurring plan products have been used to treat human 

disease and metabolic disorders. Formulation and prescription of these 
naturally occurring medicinal plants are based on total concentration, 

and composition of its pharmacologically active ingredient or 
pharmacophore [26]. Quantification of these ingredients allows us to 
use specific dosages of this complex compound against obesity (Table 
2).

Table 1: Plants and its effects.
Plant Extract and dosage Active constituent Effect
Artemisia iwayomogi 
(Haninjin) Leaf, ethanol, 0.5% Scopoletin (0.38%) and scopolin (1.21%) Suppressing PPARγ2 and C/EBPα [109]

Salvia miltiorrhiza Root
3,4-dihydroxyphenyl lactic acid (named 
as Danshensu), diterpenoid quinines 
(tanshinone IIA)

Ischemic heart disease, hyperlipidaemia [128,129], and 
chronic liver disease [127,129,148]

Gardenia jasminoides Fruits Geniposide and genipin Anti-obesity [127], Reduce NAFLD [127,132]

S. miltiorrhiza and G. 
jasminoides (SGE)

Grounded herb, 65% 
ethanol, 2 g/kg body 
weight

  Inhibit adipose lipolysis, enhance FFA utilization, 
reduced visceral fat mass, Prevent NAFLD [127]

Boehmeria nivea Leaves, 70% ethanol, 
0.5% for 9 weeks   Stimulates PPARγ activity and stimulate glucose uptake, 

without affecting Akt and AMPK [138]
Cornus kousa F. Buerger 
ex Miquel     Stimulates PPARγ activity and stimulate glucose uptake 

independent of AMPK [149]
Aegle marmelos Fruit, aqueous extract   Anti-diabetic, activate and express PPARγ [149]
Syzygium aromaticum 
(Clove) Flower bud extract   Anti-diabetic, activate and express PPARγ [150]

Sambucus nigra 
(elderflower)     Anti-diabetic, activate and express PPARγ [151]

OB-1* 40 mg/100 gm body 
weight, 5 weeks   Prevents accumulation of fat droplets in liver tissue, 

increase AMPK activity [139].

Trigonella foenum-
graecum (fenugreek)

Seeds, 50% ethanol, 100 
mg/kg body weight for 
3 weeks

Nicotinic acid, trigonelline, and GII Anti-diabetic [152]

Olea europaea (olive) Olive leaf, 50% ethanol, 
16 mg/kg Oleuropein and phenolics Hypoglycemic (Hypotensive and hypolipidemic), 

antiaging, antifungaland anti-inflammatory [152]

Allium sativum (garlic) Garlic cloves, 50% 
ethanol Allyl propyl and diallyl sulfide Anti-diabetic, Increase insulin secretion from pancreas 

[152]

Allium cepa (onion) Bulbs, 50% ethanol Allyl propyl and diallyl sulfide Anti-diabetic, Increase insulin secretion from pancreas 
[152]

Nigella sativa (black seed) Seeds, 50% ethanol Thymoquinone, dithymquinone, 
thymohydroquinone, and thymol Anti-diabetic, inhibit hepatic gluconeogenesis [152]

Cinnamomum cassia 
(cinnamon) Bark, 50% ethanol methyl hydroxy chalcone polymer (MHCP Increase insulin secretion and body cell sensitivity for 

glucose uptake [152]
*Benincasae semen, Laminaria japonica Areschon, Pini Folium, Moli Folium, Citrus aurantium Linn, and Ephedra herb, (Mixed in the ratio of 1:1:1:1:1:1) [139].

Table 2: Plants against treatment of obesity.
Plant Active ingredient Dosages Therapeutic potential
Amorphophalluskoniac Koch 
(Araceae) Fiber 1800 mg/day to 2400 

mg/day Anti-obesity, maintain glucose and lipid metabolism [26]

Camellia thea Link. (Theaceae) Caffeine, theine, theophylline 36 mg/day to 87 mg/
day Anti-obesity, cellulite, protein metabolism [26]

Carica papaya L. (Caricaceae) Papain   Anti-obesity, digestive complications [26]
Citrus aurantium L. (Rutaceae) Adrenergic amine (synephrine) 32 mg/day Anti-obesity [26]
Citrus decumana Murr. (Rutaceae) Fiber, flavonoids, phenylalanine   Anti-obesity, cellulite [26]

Fucus vesiculosus L. (Fucaceae) Tetraterpenes, phytosterol, 
mucilage, iodine

0.070 mg/day to 0.080 
mg/day Anti-obesity, cellulite [26]

Garcinia cambogia Desr. (Clusiaceae) Hydrocitric acid 208 mg/day to 360 
mg/day

Anti-obesity, altered lipid metabolism and weight maintenance 
[26]

Gelidium amansii Lamour. (Algae) Agar-Agar 2100 mg/day Anti-obesity, gastritis, irritable colon [26]
Gymnema sylvestre R. Br. 
(Asclepiadaceae) Gymnemic acid 15 mg/day Anti-obesity, altered lipid and glucose metabolism [26]

Hieracium pilosella L. (Asteraceae) Polyphenolic acid, tannins, 
flavonoids 60 mg/day Anti-obesity, hypertension and water retention [26]

Ortosiphonstamineus Benth. 
(Lamiaceae)

Lipophylic flavones, potassium, 
glucoside 3 mg/day Anti-obesity, weight maintenance and water retention [26]

Paullinia sorbilis Mat. (Sapindaceae) Tannic acid, choline, catechin, 
caffeine 44-55 Anti-obesity, improve mental and physical strength [26]

Phaseolus vulgaris L.(Fabaceae) Fiber 992 mg/day to 1800 
mg/day

Anti-obesity, weight maintenance, lipid and glucose 
metabolism [26]

Plantago ovata Forsk. 
(Plantaginaceae) Mucilage 540 mg/day to 1620 

mg/day Anti-obesity, constipation, lipid and glucose metabolism [26]

Curcuma longa Curcumin 200 mg/kg diet Improve insulin resistance and hyperglycemia, ameliorate 
diabetes [40]
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Conclusion
In conclusion, these data indicate that naturally occurring plant 

derived compounds are able to inhibit obesity induced inflammation 
to ameliorate chronic condition in diabetes, however, efficiency of 
these phytocompounds under normal physiological condition trends 
to deviate from estimated effects, largely because of its low solubility 
and poor bioavailability.
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