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Objectives: The purpose of this study is to analyze the research trends of herbal medicine
for obesity in animal experiments over the past 5 years.
Methods: 5 Databases (Science on, Oriental Medicine Advanced Searching Integrated

System, Research Information Sharing Service, PubMed, Cochrane) were searched from
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Results: A total of 50 studies were selected and analyzed. 21 single herbs and 25 complex
formula were used in the studies. The most commonly used herbal material was Poria
cocos. As a result, there were significant improvements in the indicators related to obesity
or metabolic abnormalities accompanied by obesity in all studies.

Conclusions: These results suggest the efficacy and mechanism of herbal medicine for
obesity treatment in animal models. Also, there should be more clinical trials in the future,

Key Words: Obesity, Herbal medicine, Animal experimentation, Review
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Records identified from
Databases (n=5,399) ;
- Science On (n=135)

Records removed before

- OASIS (n=91)
RISS (n=147)
PubMed (n=4,960)
- Cochrane (n=66)

Records screened

screening
- duplicates (n=288)

Records excluded after

by title/abstract (n=5,111)

Full-text article assessed

\ 4

screening title and abstract
(n=5,040)

Full-text articles excluded,

for eligibility (n=71)

Studies included in review (n=50)

With reasons (n=21)

= In vitro (n=3)

- Not focused on obesity
(n=2)

- Herbal component (n=1)
- Not on The Korean
Pharmacopoeia (n=14)

- Not oral administration

(n=1)

Fig. 1. Flow chart of study selection process. OASIS: Oriental Medicine Advanced Searching Integrated System, RISS: Research

Information Sharing Service.
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Table 2. Frequency of Herbal Materials Used in Studies

Frequency Herbal Material

11 Poria cocos

8 Glyeyrrhizae Radlix

7 Atractylodis Rhizoma Alba, Atractylodis Rhizoma

5 Ephedrae Herba, Puerariae Radix

5 Cinnamomi Cortex, Scutellariae Radlix, Cinnamomi Ramulus, Citri Pericaroium, Rhei Rhizoma

4 Coptidis Rhizoma, Anemarrhenae Rhizoma, Alismatis Rhizoma, Gypsum Fibrosum, Saposhnikovia Radix, Zingiberis
Rhizoma Recens, Ophiopogonis Radlix, Platycodi Radix, Angelicae Gigantis Radlix

3 Rehmanniae Radlix, Ginseng Radlix, Moutan Cortex, Schizonepetae Spica, Paeoniae Radix, Astragali Radix, Cimicifugae
Rhizoma, Plantaginis Semen

2 Cyperi Rhizoma, Salviae Miltiorrhizae Radix, Jujubae Fructus, Massa Medicata Fermentata, Notopterygii Rhizoma,
Polyporus, Persicae Semen, Menthae Herba, Forsythiae Fructus, Gardeniae Fructus, Sinomenii Radix, Lithospermi
Radlix, Ligustici Tenuissimae Radix, Acori Graminei Rhizoma, Schizandrae Fructus, Raphani Semen, Castaneae Semen,
Coicis Semen, Aurantii Fructus Pericarpium, Plantaginis Herba, Pulvis Aconiti Tuberis Purificatum

1 Arisaemae Radix cum Fel, Phyllostachydis Folium, Magnoliae Cortex, Akebiae Caulis, Pinelliae Rhizoma, Phellodendri
Cortex, Zanthoxyli Pericarpium, Aconiti Koreani Tuber, Zingiberis Rhizoma Siccus, Asari Herba Cum Radlix, Bupleuri
Radlix, Mume Fructus, Amomi Fuctus, Lonicerae Folium, Litchi Semen, Lycii Radicis Cortex, Epimedi Herba, Eupatorii
Herba, Corni Fructus, Polygoni Multiflori Radix, Sophorae Radix, Polygonati Odorati Rhizoma, Armeniacae Semen,
Hordei Fructus Germiniatus, Angelicae Pubescentis Radix, Kaolinum, Natri sulfas, Ligustici Rhizoma, Angelicae
Dahuricae Radlix, Achyranthis Radix, Crataegii Fructus, Taraxci Herba, Amomi Tsao—Ko Fructus, Rubi Fructus,
Nelumbinis Semen, Pharbitidis Semen, Spatholobi Caulis, Ganodermae Folyporus, Phaseoli Semen, Chaenomelis
Fructus, Dolichoris Semen
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Table 4. Studies Evaluating the Composition of Gut Microbiota

1st Author Analysis of microbiota Next-generation sequencing Gut microbiota analysis tool
Zhang c® 16S rRNA sequencing Pyrosequencing -
Kim MJ* 16S rRNA sequencing - QIIME

QIIME: Quantitative insights into microbial ecology.

Table 5. Results of Studies

1st Author Results
Suh DH™ 1. Inhibitory effects on obesity

- Reduced weight gain

- Reduced serum ALT and total bilirubin

2. Attenuated the amino acid, lipid, glucose, and bile acid metabolism in both serum and liver
Kwan HY'? 1. Inhibitory effects on obesity

- Reduced weight gain and the mass adipose tissue

2. Browning effect in subcutaneous adpocytes

- Increased UCP1 expression in subcutaneous adipose tissue
Yang Q™ 1. Inhibitory effects on obesity

- Reduced abdominal white adipose tissue ratio

- Reduced serum TC, TG, LDL, FFA, hepatic TG, fasting blood glucose and glucose tolerance

- Reduced white/brown adipocyte size

2. Enhancing fatty acid metabolism and energy expenditure

- Upregulated PPARs mRNA and target genes expression in liver and adipose tissue
Zhong T'9 1. Inhibitory effects on obesity

- Reduced weight gain

- Reduced the mean diameter and area of adipocytes

2. Increased FTO mRNA expression and reduced methylation
Choi JY™ 1. Inhibitory effects on obesity

- Reduced weight gain

- Reduced insulin resistance, dyslipidemia, and hepatic steatosis

- Attenuated the high—fat diet-induced inflammatory response

2. Enhancing mitochondrial function

- Upregulated mitochondrial oxidative phosphorylation—associated genes in epididymal white adipose tissue
Jung HW'® 1. Inhibitory effects on obesity

- Reduced weight gain

- Reduced serum lipid levels, glucose, insulin, and glucose tolerance

- Reduced hepatic lipid accumulation, adipocyte size and prevented muscle atrophy

2. Upregulating energy metabolism in skeletal muscle

- Increased PGC-1a expression and phosphorylation of AMPK in skeletal muscle tissues
Song MY 1. Inhibitory effects on obesity

- Reduced weight gain, food intake,

- Reduced total cholesterol, ALT, glucose, insulin, oral glucose tolerance and insulin resistance

- Reduced hepatic lipid accumulation, adipocyte size and prevented muscle atrophy

2. Upregulating energy metabolism in skeletal muscle

- Increased MyHC and PGC1la expressions and the phosphorylation of AMPK in skeletal muscle tissues
Song MY'® 1. Inhibitory effects on obesity

- Reduced weight gain, adipose tissue weight

- Reduced serum lipid levels, fasting glucose and glucose tolerance

- Reduced hepatic lipid accumulations
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Table 5. Continued

1st Author

Results

Go GY'

Kim DH?

Baek SY?"

Song MY?

Yoo HJ®

Kwak JY?¥

Tseng HH?®

Akaki J%®

Song MY?”

Kim MA%

Jang SW?

Kim JM3

1. Inhibitory
- Reduced
- Reduced

effects on obesity
food efficiency ratio, weight gain, adipose tissue weight and size
creatinine, glucose, ALP, TC, TG, LDL, leptin, IGF-1, and increased HDL, FFA and adiponectin

2. Enhancing energy expenditure
- Increased AMPK-a1, UCP2 and adiponectin mRNA in liver

- Reduced

1. Inhibitory
- Reduced
- Reduced
- Reduced

1. Inhibitory
- Reduced
- Reduced
- Reduced

1. Inhibitory
- Reduced

1. Inhibitory
- Reduced

AP2/FABP4, AMPK-a2 and PPAR-7 mRNA in liver

effects on obesity

weight gain

TG level

hepatic lipid accumulation and adipocyte size

effects on obesity

weight gain, fat mass, feeding efficiency ratio

LDL, TC, FFA, and insulin

the size of adipocytes, hepatic lipid accumulation and liver weight

effects on diet induced glucose tolerance in obesity mouse models
fasted plasma glucose and glucose tolerance

effects on obesity
weight gain, organ weight, food efficiency ratio

- Reduced GOT, GPT, LDH, TG, TC, LDL, leptin, glucose, insulin, glucose tolerance, and increased HDL, adiponectin

- Reduced

1. Inhibitory
- Reduced
- Reduced
- Reduced

hepatic lipid accumulation

effects on obesity

weight gain and liver weight
LDL, and increased HDL
the size of adipocyte

2. Regulating differentiation of adipocytes and enhancing energy expenditure
- Reduced leptin, PPAR-7, AP2/FABP4 mRNA expression and increased adiponectin, UCP-2 mRNA expression in liver

- Reduced

1. Inhibitory
- Reduced
- Reduced
- Reduced
2. Browning

leptin, C/EBP-a and AP2/FABP4 mRNA expression in epididymal white adipose tissue

effects on obesity

weight gain and adipose tissue weight
serum glucose and prevented dyslipidemia
the size of adipocytes and lipid accumulation
effect in white adipose tissue

- Upregulated UCP1 and HSP60 expression

1. Inhibitory
- Reduced
- Reduced

effects on obesity
weight gain and adipose tissue weight
serum TG, glucose and HbAlc

- Increased the amounts of lipid and cholesterol in the feces

1. Inhibitory
- Reduced
- Reduced

effects on obesity
weight gain
hepatic lipid levels and serum TC, fasting glucose, insulin and glucose intolerance

- Prevented muscle atrophy
2. Upregulating energy metabolism in skeletal muscle
- Increased PGC1la expression and the phosphorylation of AMPK in skeletal muscle tissues

3. Browning

effect in brown adipose tissue

- Increased the number of brown adipocytes and PGCla and UCP1 expression

1. Inhibitory
- Reduced
- Reduced

effects on obesity
weight gain, food efficiency ratio and adipose tissue weight
serum LDL

2. Enhancing fatty acid B-oxidation and inhibiting lipogenesis
- Increased MCAD, VLCAD mRNA expression

- Reduced

1. Inhibitory
- Reduced
- Reduced
- Reduced

PPARy, SCD1 mRNA expression

effects on obesity

weight gain and food efficiency ratio, organ weight, adipose tissue weight
serum ALT, TC, TG, LDL, HDL, IGF-1, leptin, and increased adiponectin
adipocytes area in the liver and epididymal adipose tissue

2. Regulating differentiation of adipocytes and enhancing energy expenditure

- Reduced

C/EBP-3, leptin, and SREBP1c/ADD1 mRNA expression

- Increased UCP-2 and adiponectin mRNA expression

1. Inhibitory
- Reduced
- Reduced

effects on obesity
weight gain, liver weight and food intake
hepatic TC, TG
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1st Author Results
Jeong MJ3V 1. Inhibitory effects on obesity
- Reduced weight gain and adipose tissue weight
- Reduced ROS, AST, ALT, TC, TG, LDL, and increased HDL
2. Regulating lipolysis and antioxidation
- Increased catalase, GPx and HO-1 expression
- Increased PPAR-a, p—~AMPK expression, but reduced FAS expression
- Reduced SREBP-1, p-ACC, but increased CPT-1, UCP-2 expression
Cho EJ® 1. Inhibitory effects on obesity
- Reduced weight gain
- Reduced serum TC, LDL, TG, FFA and phospholipids
Kim SY% 1. Inhibitory effects on obesity
- Reduced weight gain, adipose tissue weight and food efficiency ratio
- Reduced serum TG, TC, LDL, AST, ALT, hepatic TG, and increased fecal TG
- Reduced the activity of pancreatic lipase
Kim SY®¥ 1. Regulating fatty acid oxidation and inhibiting lipogenesis
- Increased hepatic p~AMPK, p—ACC and CPT-1 expression
- Reduced PPAR7, SREBP-1c and HMG-CoA expression
Zhang C® 1. Inhibitory effects on obesity
- Reduced weight gain
- Maintained glucose homeostasis, reduced insulin resistance and improved hepatic steatosis
2. Inducing brown adipose tissue activity and beige generation in subcutaneous white adipose tissue
- Increased UCP1, PRDM16, PGC-1a and MCAD mRNA expression
- Increased UCP1 and OXPHOS expression
3. Modulating the composition of gut microbiota
Zhang H%® 1. Inhibitory effects on obesity
- Reduced weight gain and adipose tissue weight
- Maintained glucose and lipid homeostasis, and improved hepatic steatosis and inflammation
2. Inducing brown adipose tissue activity
- Increased UCP1, PGC-1a and OXPHOS expression
Buhlmann E*” 1. Inhibitory effects on obesity
- Reduced weight gain
- Improved glucose metabolism
2. Inducing brown adipose tissue activity and beige generation in inguinal white adipose tissue
- Increased UCP1 mRNA, UCP1 expression
- Increased UCP1, PPARY1, PPART2, PPARa mRNA expression
Xiao S 1. Inhibitory effects on obesity
- Reduced weight gain
- Corrected lipid metabolism disorders, alleviated systematic inflammation, improved insulin sensitivity
2. Enhancing energy expenditure
- Increased gut microbiota—derived SCFAs—producing capacity
- Increased PGC-1a/UCP2
3. Regulating fatty acid oxidation and inhibiting lipogenesis
- Increased AMPK expression and blocked mTOR signaling pathway
Park JB* 1. Inhibitory effects on obesity
- Reduced body weight, adipose tissue weight
- Reduced serum cholesterol
Koh YM*® 1. Inhibitory effects on obesity
- Reduced weight gain, food efficiency ratio, adipose tissue weight and organ weight
- Reduced serum aminotransferase, glucose, TC, TG, and LDL, and increased HDL
- Reduced lipid accumulation in liver, adipocyte size in epididymal adipose tissue
2. Inhibiting lipogenesis and inducing brown adipose tissue activity
- Reduced AP2/FABP4, C/EBP-, leptin, and SREBP1c/ADD1 mRNA expression
- Increased UCP2 and adiponectin mRNA expression
Park YJ*" 1. Inhibitory effects on obesity
- Reduced weight gain and adipose tissue weight
2. Inhibiting lipogenesis
- Increased AMPK expression
- Reduced C/EBPs, SREBP1 and PPARY expression
Kim TR*?

1. Inhibitory effects on obesity

- Reduced weight gain, adipose tissue weight and liver weight

- Reduced serum ROS, ONOO-, ALT, AST, TC, TG and LDL, and increased HDL
2. Promoting antioxidant protein expression in liver

- Increased SOD, catalase, Gpx, HO-1 expression
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Table 5. Continued

1st Author Results
Kim HR* 1. Inhibitory effects on obesity
- Reduced weight gain, adipose tissue weight and liver weight
- Reduced serum TG and LDL
2. Inhibiting lipogenesis
- Increased p—ACC, and reduced FAS expression
Shin MH* 1. Inhibitory effects on obesity
- Reduced serum TC, LDL, TG, FFA, total lipid, phosphlipid, and increased HDL
2. Regulating differentiation of adipocytes
- Reduced PPAR-7 and leptin expression
Kim MJ* 1. Inhibitory effects on obesity
- Reduced weight gain, adipose tissue weight
- Reduced serum TG
2. Inhibiting lipogenesis and inducing brown adipose tissue activity
- Reduced PPAR-7 and LPL mRNA expression in liver
- Increased UCP1T mRNA expression in adipose tissue
3. Inhibiting inflammation
- Reduced IL-18 and TNF-a mRNA expression in intestine
4. Modulating the composition of gut microbiota
Wua F*© 1. Inhibitory effects on obesity
- Reduced weight gain
- Reduced lipid accumulation
2. Inhibiting lipogenesis and enhancing energy expenditure
- Reduced PPAR7y, C/EBPa, Adiponectin and FABP4 expression
3. Inducing brown adipose tissue activity
- Increased CPT1, UCP1 and PGC-1a expression
Hwang SB*” 1. Inhibitory effects on obesity
- Reduced weight gain, adipose tissue weight
- Reduced serum TG, ALT, and improved glucose tolerance and insulin resistance
- Reduced lipid accumulation in liver
2. Inhibiting lipogenesis, regulating differentiation of adipocytes, regulating blood glucose and inhibiting inflammation
- Increased PPAR-a, PPAR-7, GLUT4 expression
- Reduced TNF-a expression
Lee SM*® 1. Inhibitory effects on obesity
- Reduced weight gain
- Reduced serum TC and LDL
- Reduced inflammation and improved insulin resistance
2. Regulating the expression of lipid metabolites
- Changed ceramides and TG
- Increased adiponectin, and reduced leptin expression
Park YJ* 1. Inhibitory effects on obesity
- Reduced weight gain and adipose tissue weight
2. Inhibiting lipogenesis
- Reduced PPAR7, C/EBPa, and SREBP1T mRNA expression in epididymal adipose tissue and liver
Kim KJ* 1. Inhibitory effects on obesity
- Reduced weight gain, adipose tissue weight
2. Regulating lipolysis
- Increased ATGL, p-HSL, and PLINT expression in epididymal white adipose tissue
3. Enhancing energy expenditure
- Increased PPARa, CPT1, UCP1, and PGCla expression in inguinal white adipose tissue
Jung SM® 1. Inhibitory effects on obesity
- Reduced weight gain, calorie intake, and FBG
- Reduced serum glucose, insulin, TC, AST, and ALT
- Reduced lipid accumulation in liver and structural destruction of pancreatic tissue
Kim HR®? 1. Inhibitory effects on obesity
- Reduced weight gain, liver weight, adipose tissue weight
- Reduced serum insulin, adiponectin and hyperlipidemia
2. Inhibiting lipogenesis
- Reduced ACC and FAS expression in liver
Sung YY® 1. Inhibitory effects on obesity

- Reduced weight gain, adipose tissue weight, liver weight,

- Reduced serum glucose, TG, non-esterified fatty acids, TC, LDL, ALT, leptin, and uric acid, and increased

adiponectin
- Reduced lipid accumulation, adipocyte size in liver
2. Inhibiting lipogenesis
- Reduced PPARY, SREBP1, and fatty acid synthase, and xanthine oxidoreductase expression
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Table 5. Continued

1st Author Results

Park JH* 1. Inhibitory effects on obesity
- Reduced weight gain, adipose tissue weight
- Reduced serum TC, TG, LDL, and increased HDL
- Reduced hepatic lipid accumulation

Park YJ® 1. Inhibitory effects on obesity
- Reduced adipose tissue weight, food intake
2. Inhibiting lipogenesis
- Increased AMPK expression in epididymal white adipose tissue and liver
3. Suppressing orexigenic peptides
- Reduced AgRP, NPY and AMPK mRNA expression in brain
4. Inhibiting inflammation
- Reduced macrophage infiltration in epididymal white adipose tissue

Shin MR®® 1. Inhibitory effects on obesity
- Reduced weight gain
- Reduced serum AST, ALT, TG, TC, and increased HDL
2. Inhibiting lipogenesis
- Increased p—AMPK expression
- Reduced ACC expression
3. Enhancing fatty acid B-oxidation
- Increased CPT-1, UCP-2, PPARa expression

Park YJ* 1. Inhibitory effects on obesity
- Reduced weight gain
2. Inhibiting lipogenesis and enhancing fatty acid B-oxidation
- Reduced SREBP1, ChREBP, and FAS expression in white adipose tissue and liver
- Increased Acox, PPARa, PGC-1a, AMPK and SIRT1 expression in white adipose tissue

Jung SM®® 1. Inhibitory effects on obesity
- Reduced calorie intake
- Reduced serum glucose, insulin, FBG, TC, AST, and ALT
- Reduced hepatic lipid accumulation, hyperplasia of pancreatic islets, and enlargement of adipocytes in adipose
tissue

Kim SH> 1. Inhibitory effects on obesity
- Reduced weight gain
- Reduced serum TC, LDL, TG, FFA
2. Regulating differentiation of adipocytes
- Reduced adiponectin, PPAR7, leptin mRNA expression

Choi JW® 1. Inhibitory effects on obesity
- Reduced weight gain and liver weight
- Reduced serum AST, ALT, TG and TC

UCP1: uncoupled protein 1, ALT: alanine aminotransferase, TC: total cholesterol, TG: triglyceride, LDL: low density lipoprotein, FFA:
free fatty acid, PPARs: peroxisome proliferators—activated receptors, mRNA: messenger ribonucleic acid, FTO: fat mass and
obesity—associated protein, PGC-1a: peroxisome proliferator-activated receptor gamma coactivator 1-alpha, AMPK: adenosine
monophosphate—activated protein kinase, MyHC: myosin heavy chain, IGF-1: insulin like growth factor 1, HDL: high density
lipoprotein, AP2: fatty acid binding protein 4, FABP4: fatty acid binding protein 4, GOT: glutamic oxaloacetic transaminase, GPT:
glutamic pyruvic transaminase, LDH: lactate dehydrogenase, C/EBP: CCAAT-enhancer-binding proteins, HSP60: chaperonin,
HbAlc: glycated hemoglobin, MCAD: medium-chain acyl-coenzyme A dehydrogenase, VLCAD: very long-chain specific acyl—
Coenzyme A dehydrogenase, SCD1: stearoyl-Coenzyme A desaturase—1, SREBP: sterol regulatory element-binding protein, ADD1:
adducin 1, ROS: reactive oxygen species, AST: aspartate aminotransferase, GPx: glutathione peroxidase, HO-1: heme oxygenase
, p~AMPK: phospho-adenosine monophosphate—activated protein kinase, FAS: fatty aicd synthase, p—ACC: phospho acetyl-coenzyme
A carboxylase, CPT-1: carnitine palmitoyltransferase 1, HMG-CoA: 3-hydroxy-3—-methylglutaryl coenzyme A, PRDM16: PR domain containing
16, OXPHOS: oxidative phosphorylation, SCFAs: short chain fatty acids, ONOO-: peroxynitrite, SOD: superoxide dismutase, LPL:
lipoprotein lipase, IL-18: interleukin-18, TNF-a: tumor necrosis factor-a, GLUT4: glucose transporter type 4, ATGL: adipose
triglyceride lipase, p—HSL: phosphorylated hormone-sensitive lipase, PLIN1: perilipin1, FBG: fasting blood glucose, AgRP: agouti-related
peptide, NPY: neuropeptide Y, ChREBP: carbohydrate-responsive element-binding protein, SIRT1: sirtuin 1.
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