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Obesity is a chronic disease of increasing prevalence in most countries, 
which leads to substantial increase in morbidity, and mortality in asso-
ciation with diabetes, hyperlipidaemia, hypertension, and other cardio-
vascular diseases. Many factors have been attributed to an epidemic of 
obesity including sedentary lifestyle, high-fat diets (HFD), and consump-
tion of large amount of modern fast foods. Panax ginseng C. A. Meyer 
(PG) has several pharmacological and physiological effects. In particu-
lar, PG and saponin fractions from PG show a variety of efficacies such 
as antifatigue, hyperlipidemia, hypertension and noninsulin-dependent 
diabetes mellitus and obesity. We have revealed that ginseng and gin-
senosides can decrease food intake energy expenditure by stimulating 
appetite regulatory hormones and can reduce energy intake. Exercise/ 

physical activity is well known as modality for treating the disease of 
overweight and obesity. It is suggested that natural products and their 
combinations with exercise may produce a synergistic activity that in-
creases their bioavailability and action on multiple molecular targets, 
offering advantages over chemical treatments. This review is aimed at 
evaluating the antiobesity efficacy of ginseng and ginsenosides and de-
lineating the mechanisms by which they function. Finally, we review in-
formation regarding interactions between ginseng and physical exer-
cise in protecting against weight gain and obesity.
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INTRODUCTION

Most people agree that physical activity is an essential component 
to maintaining a healthy lifestyle. Epidemiological evidence has 
shown a positive relationship between obesity and dietary fat in-
take. Many studies reported that rats and mice prove a similar re-
lationship, and they showed an appropriate model for dietary obe-
sity studying (Park et al., 2019; van der Klaauw, 2018). Overweight 
and obesity are related as excessive fat accumulation or abnormal 
that presents a risk to health. An overview of animal studies had 
shown that increased fat intake is associated with metabolic disease 
and cardiovascular-related diseases. Obesity is defined medically as 
a state of increased body weight (Spiegelman and Flier, 2001) and 

is associated with several medical problems such as cardiovascular 
disease, type 2 diabetes, and several cancers (Haslam and James, 
2005). Body is need for energy which is obtained from food. If en-
ergy intake exceeds total body energy expenditure, stored energy 
increases. Thus, increased food intake explains the increase in body 
weight vice versa. During the last few decades, there is a need for 
better tolerated antiobesity drugs expanding the understanding of 
peripheral signals and central nervous system pathways involved 
in the regulation of adiposity to treat obesity. Many therapeutic 
herbs and nutrients have far fewer side effects and may provide an 
alternative treatment or could be used to enhance the effect of pre-
scription medications.

It has been demonstrated that saponins from Platycodi radix, 
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herbal supplement containing Ephedrae herba, dietary tea saponin, 
and ginseng berry extract, have antiobesity or antidiabetic actions 
(Han et al., 2001; Han et al., 2002). Korean red ginseng (KRG, 
Ginseng Radix Rubra), which is one of several types of Panax gin-
seng C. A. Meyer (PG), has several pharmacological and physiologi-
cal effects that are being gradually disclosed. In particular, KRG or 
its saponin fractions show a variety of efficacies such as anticancer, 
antihypertension, antidiabetes, antinociception, and improving 
weak body conditions as tonics (Choi, 2008).

Previous studies demonstrated that the crude saponin (CS) of 
KRG had an antiobesity effect (Kim et al., 2005; Park et al., 2019). 
Ginseng CS is known to contain a variety of bioactive saponins. 
Some pharmacological effects of ginseng were verified as being due 
to different types of ginsenosides. For example, the protopanaxadiol 
(PD)-type ginsenosides Rb1, Rb2, Rc, and Rd have an antioxidant 
activity, whereas the protopanaxatriol (PT)-type ginsenosides Re, Rf 
and Rg1 have efficacy on the improvement of learning and memory 
(Jaenicke et al., 1991). The antiobesity activity of PD- and PT-type 
saponins, major active compounds isolated from CS has been re-
ported (Kim et al., 2005). Furthermore, we have demonstrated that 
several ginsenosides, Rb1, Rd, Rg1, and Re reduced HFD-induced 
obesity. Persuasive evidence exists to indicate that gastrointestinal 
factors, cholecystokinin (CCK), and neuropeptide Y (NPY) release 
provide feedback that slows gastric empty and regulates energy in-
take in response to combinations of intradermal fat and or carbo-
hydrate (Luscombe-Marsh et al., 2013; Montgomery et al., 2013).

Other studies have shown that ginseng root extract significantly 
decreased body weight and adipose tissue mass in other animal 
models of obesity, such as Otsuka Long-Evans Tokushima fatty 
rats, ob/ob mice, and HFD-fed Sprague-Dawley rats (Lee et al., 
2012; Mollah et al., 2009). In addition, Lee et al. (2013) demon-
strated that KRG decreases fat mass and inhibits obesity in HFD-
fed obese C57BL/6J mice. Based on ability of KRG to decrease 
body weight and adipocyte size and also, KRG inhibits obesity by 
regulating the expression of adipogenesis-associated genes.

Exercise/physical activity is well known as modality for treating 
the disease of overweight and obesity. It is suggested that natural 
products and their combinations with exercise may produce a syn-
ergistic activity that increases their bioavailability and action on 
multiple molecular targets, offering advantages over chemical treat-
ments. This review is aimed at evaluating the antiobesity efficacy 
of ginseng and ginsenosides and delineating the mechanisms by 
which they function. Finally, we review information regarding  
interactions between ginseng and physical exercise in protecting 
against weight gain and obesity.

EFFECT OF CRUDE SAPONIN KRG ON 
HIGH-FAT DIET-INDUCED OBESITY IN THE 
RAT

Several studies have shown that saponins from natural product 
have an antiobesity effect. CS isolated from Platycodi radix pre-
vented increases in the body weight, adipose tissue weight, and 
liver triacylglycerol in mice fed HFD (Han et al., 2002; Kim et al., 
2009). Diet is a major factor within the current obesogenic envi-
ronment, where energy dense, high fat, high sugar foods and bev-
erages engage both homeostatic and hedonic regulatory systems. 
A number of different types of diet-induced obesity model have 
been employed to induce obesity and research characterizing the 
outbred Sprague-Dawley rat has frequently employed a high ener-
gy diet (Levin and Dunn-Meynell, 1997; Levin and Keesey, 1998). 
The Sprague-Dawley rat represents a useful model of obesity on a 
Western diet. Phenotypic variation in HFD-induced obesity with-
in inbred strains of mice was observed by gene expression analyses. 
The over- or underexpression of selective genes before the HFD 
was correlated with adiposity (Koza et al., 2006).

We previously reported the antiobesity effects of CS of KRG in 
the rat fed a HF diet study (Kim et al., 2005). The antiobesity ef-
fects of CS were investigated in rats fed a normal or HFD by mea-
suring changes in body weight, food consumption, serum level of 
leptin, and neuronal response of NPY in the hypothalamus. Male 
Sprague-Dawley rats became obese by feeding the HF diet over  
5 weeks, while the control rats were fed a normal diet, and then 
both groups were treated with CS (200 mg/kg, intraperitoneally) 
for 3 weeks. The body weight, food consumption, adipose tissues, 
and expression of appetite peptides such as leptin and NPY were 
investigated in rats fed normal and HFD after treatment of CS. 
Administration of CS reduced body weight, food intake, and fat 
content in HFD rats in a manner similar to those of the normal 
diet-fed rats. The hypothalamic NPY expression and serum leptin 
level were reduced in HFD rats after CS treatment. These studies 
demonstrated that CS may be useful in the treatment of obesity 
and related disorders as antiobesity agents.

Tea saponin suppressed increases in body, parametrial adipose 
tissue weights, and diameter in adipose cell size induced by a HFD 
through delaying the intestinal absorption of dietary fat by inhib-
iting pancreatic lipase activity (Han et al., 2001). Administration 
of NPY in rats produced a substantial increase in body weight 
consisting primarily of increased fat mass (Zarjevski et al., 1993). 
The hypothalamus is well recognized for its importance in regu-
lating sympathetic activity and energy balance. A few discrete nu-
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clei in the basal hypothalamus are crucial in the regulation of dai-
ly energy homeostasis, especially those sites connected with neural 
mechanisms affecting appetite. The inference that hypothalamic 
sites, such as the arcuate nucleus (ARC), lateral hypothalamus (LH), 
ventromedial hypothalamus (VMH), paraventricular nucleus (PVN), 
and other nuclei, contain neural mechanisms affecting eating be-
havior was based on the results of numerous studies employing ei-
ther discrete lesion in the hypothalamus or surgical transection of 
neural pathways (Sclafani, 1971). This report suggests that the an-
orexigenic effect of CS in HFD-induced obese rats may be, in part, 
mediated through the NPY ARC-PVN projection.

CS of KRG has been shown to exert antiobesity effects in rats 
fed with HF diet by reducing of body weight, food consumption, 
and fat storage. CS of KRG is also effective in the regulation of se-
rum leptin and NPY expression in the hypothalamus when obesi-
ty is induced with a HFD. These results suggest the possibility 
that the action of CS of KRG is related to the suppression of the 
desire for food.

It is known that CS contained nine major ginsenosides and oth-
er minor ginsenosides and components (Zarjevski et al., 1993), 
suggesting that these ginsenosides or their components may con-
tribute to the antiobesity activities of ginseng CS.

ANTIOBESITY EFFECTS OF THE 
PROTOPANAXADIOL- AND 
PROTOPANAXATRIOL-TYPE SAPONINS OF 
RED GINSENG

Ginseng CS contain a variety of bioactive saponins, including 
PD- and PT-type saponins, major active compounds isolated from 
CS. In our studies, it was demonstrated that two major red gin-
seng saponins, PD- and PT-type saponins, reduced the HFD-in-
duced obesity (Kim al., 2009). Treatment with PD and PT in the 
HFD group reduced the body weight, total food intake, fat con-
tents, serum total cholesterol and leptin to levels equal to or below 
the N diet group. The hypothalamic expression of orexigenic NPY 
was significantly decreased with PD or PT treatment, whereas that 
of anorexigenic cholecystokinin was increased, compared with the 
control HFD group. In addition, PD-type saponins had more po-
tent antiobesity properties than PT saponins, indicating that PD-
type saponins are the major components contributing to the anti-
obesity activities of ginseng CS. The results suggest that the anti-
obesity activity of PD- and PT-type saponins may result from in-
hibiting energy gain, normalizing hypothalamic neuropeptides 
and serum biochemicals related to the control of obesity.

A previous study reported that the administration of CS from 
red ginseng (200 mg/kg, intraperitoneally) for 3 weeks reduced 
the weight of the body, the parametrical adipose tissues and the 
levels of serum lipid and leptin in the HFD group (Kim et al., 
2005). It seems that the antiobese effects of CS are due to the ac-
tion of active compounds. Both the PD- and PT-type saponins, 
the representative compounds of RG, reduced the body weight, 
the body fats and the serum lipid and leptin levels in the HFD-in-
duced obesity rats. Specially, the results of this study are of worth 
in terms of the fact that visceral adipose tissue was decreased after 
treatment with the PD-type saponin. Also, PD-type saponin also 
reduced the NPY-immunoreactive neurons of the LH and PVN, 
and it increased the CCK-immunoreactive neurons of the PVN, 
compared with the HFD group, but the PT-type saponins reduced 
the CCK-immunoreactive neurons of the VMH. These results sug-
gested that PD was more effective than PT for the antiobesity ef-
fects related to the above factors. The reduced NPY immunoreac-
tivity in the LH and PVN, but not the ARC, after treatment with 
PD-type saponins supported a result that was similar to our previ-
ous study (Kim et al., 2005); that is, PD-type saponins may inhibit 
the release of NPY or its transport to the PVN, rather than NPY 
synthesis in the ARC.

Taken together, PD- and PT-type saponins from RG have been 
shown to exert antiobesity effects in the rats fed with a HF diet by 
reducing their body weight their food consumption and their fat 
storage. They were also effective in the regulation of serum lipid 
and leptin and the hypothalamic NPY and CCK expressions. In 
addition, PD-type saponins have more potent antiobesity proper-
ties than PT-type saponins for the factors related to HFD-induced 
obesity, indicating that PD-type saponins are the major compo-
nent contributing to the antiobesity activities of ginseng CS.

ANTIOBESITY EFFECTS OF GINSENOSIDES 
IN HIGH-FAT DIET-FED RATS

Since PD- and PT-type saponins from RG were shown to pro-
duce antiobesity effects, the antiobesity effects of several single 
ginsenosides in KRG have been studied. Treatment of Rd, Re, and 
Rb1 markedly decreased body fat mass and body weight (Park et 
al., 2019). Ginsenosides (Rb1, Rd, Rg1, and Re) reduced HFD- 
induced obesity. Body weight, total food intake, and serum leptin 
were reduced in the groups treated with Rb1, Re, Rd, Rg1 and 
total regional fat storage was reduced in the group treated with 
Rb1, Rd, Re, Rg1 in order. Serum nitric oxide (NO) was reduced 
in the groups treated with Re, Rd, Rb1, Rg1, in that order. In 
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addition, Rb1 reduced NPY-immunoreactive neurons of the PVN 
and increased CCK-immunoreactive neurons of the PVN. Rb1 tend-
ed to increase physical activity in the early period after treatment. 
These results suggest that Rb1 may have the most effective anti-
obesity activity.

PD-type ginsenoside Rb1 from the CS of KRG may be a useful 
compound for the treatment of obesity and related disorders through 
the modulation of peripheral and central appetite-regulating sig-
nals. The HFD (40% of calories as fat) used in this study induced 
obesity through increased body weight and fat accumulation. Al-
though cumulative food intake over the experimental period was 
similar in both groups, the HFD resulted a marked increase in 
body weight and body fat mass after 8 weeks relative to the N diet 
group. These results were similar to those of our previous study. 
However, the treatment of ginsenosides (Rb1, Re, Re) normalized 
the body weight and the fat mass in the rats. Previously, it was re-
ported that the ginsenoside Rb1 reduced fatty liver through the 
activation of adenosine monophosphate-activated protein kinase 
(AMPK) in obese rats (Shen et al., 2013). The activation of AMPK 
indicated an increase in ATP usage. Xiong et al. (2010) reported 
the antiobesity and antihyperglycemic effect of ginsenoside Rb1 
in rats. Collectively, these data suggest that the ginsenoside Rb1 
may be helpful in the prevention of diet-induced obesity and met-
abolic syndrome.

Also, food intake is regulated through the central nervous sys-
tem pathway, mediated by various neurotransmitters including 
NPY and CCK. Hypothalamic NPY potentially stimulates food 
intake (Fan et al., 2016) and CCK has been reported to reduce ap-
petite and inhibits food intake. Add Reference. In this study, there 
were few differences between the high fat and normal diets with 
respect to the hypothalamic NPY and CCK expression, but there 
was a tendency for lower NPY levels and higher CCK levels in 
the HFD group through diet composition, leptin, and NO level. 
In this study, it is more likely that decreased serum leptin and 
NO after the treatment of ginsenoside Rb1 resulted from decreased 
body fat. In contrast, leptin acts partly through interactions with 
NPY in the hypothalamus (Lin et al., 2000). The lower NPY lev-
el in the hypothalamus of the HFD group than the normal diet 
group was closely associated with an increase in circulating leptin 
levels. The decreased expression of NPY in the HFD group after 
treatment with ginsenoside Rb1 may also reflect the reduced leptin 
levels related to body fat mass.

Also, food intake is regulated through the central nervous sys-
tem pathway, mediated by various neurotransmitters including 
NPY and CCK. Hypothalamic NPY potentially stimulates food 

intake (Fan et al., 2016) and CCK has been reported to reduce ap-
petite and inhibits food intake. As leptin is known to act on the 
ARC-PVN feeding regulatory pathway, the inhibition of the sig-
nal that produces a balance involving NPY arcuato-paraventricu-
lar projection by leptin may be one of the potential mechanisms 
underlying antiobesity action of ginsenoside Rb1 (Kalra and Kalra, 
2003). There were few differences between the HF and normal di-
ets with respect to the hypothalamic NPY and CCK expression, 
but there was a tendency for lower NPY levels and higher CCK 
levels in the HFD group through diet composition, leptin, and 
NO level. It is more likely that decreased serum leptin and NO 
after the treatment of ginsenoside Rb1 resulted from decreased 
body fat. In contrast, leptin acts partly through interactions with 
NPY in the hypothalamus (Lin et al., 2000). The lower NPY lev-
el in the hypothalamus of the HFD group than the normal diet 
group was closely associated with an increase in circulating leptin 
levels. The decreased expression of NPY in the HFD group after 
treatment with ginsenoside Rb1 may also reflect the reduced leptin 
levels related to body fat mass. Furthermore, the ARC contains a 
high density of neurons that produce the orexigenic and anorexi-
genic peptides and the terminal fields of neurons in the ARC ex-
tend into various hypothalamic sites, such as LH, VMH, and PVN 
(Bischof and Park, 2015; Grundmann et al., 2005). In the HFD-
fed rats, increased CCK-immunoreactive neurons of the ARC, 
VMH, and PVN were shown. The treatment of ginsenoside Rb1 
significantly increased the CCK-immunoreactive neurons in the 
VMH and PVN. Consistent with behaviors as food intake and lo-
comotor activity, the treatment of ginsenoside Rb1 acts as an obe-
sity-related neuromodulator.

In conclusion, ginsenoside Rb1 was found to exert antiobesity 
effects in the rats fed HFD through the reduction of their body 
weight, food intake, and fat storage. It was also effective in the 
regulation of serum leptin and NO secretion, and CCK and NPY 
expression in the hypothalamus. Rb1 may be a useful agent for 
the control of obesity via the peripheral and central appetite mod-
ulators.

EFFECT OF COMBINATION TREATMENT OF 
PG OR ITS COMPOUNDS WITH EXERCISE

Obesity represents a significant public health concern with one-
third of adults classified as living with obesity in the United States. 
It correlates with cardio-metabolic comorbidities that can decrease 
the quality of life. PG is medicinal herb which has been used for 
over 2,000 years in Asia. Also, PG has been used for benefiting Qi 
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for thousand years. Researchers have proposed that exercise is an 
important lifestyle measure to maintain a healthy weight. This 
part of review covers the role of exercise in obesity and fitness.

An enhancing effect of black ginseng extract (BGE) was report-
ed on exercise capacity in an endurance exercising animal model. 
It was shown that when experimental animals were treated with 
BGE and their exercise ability in the maximal running distance 
test was examined using a treadmill every week for 6 weeks, the 
exercise capacity of 150 and 300 mg/kg administrated group was 
significantly increased, and blood lactic acid level was decreased. 
BGE is known to contain a large amount of ginsenoside Rh, Rg2, 
and Rg3, which reported higher effects such as anti-inflammatory, 
anticancer, antistress, and antioxidant than red ginseng in humans 
and animals (Leung et al., 2007). In addition, recent studies have 
reported that administration of ginseng can increase maximum 
oxygen intake and long-term exhaustion exercise, decrease heart 
rate during rest, and increase arteriovenous blood oxygen intersec-
tion (Bucci, 2000). It is believed that the administration of BGE 
increased the activity of CS in the muscles, resulting in increased 
muscle oxidation and respiratory capacity (Fu and Ji, 2003). In 
general, exercise-related muscle metabolism undergoes major chang-
es that increase oxidation power and delay muscle fatigue condi-
tions. Therefore, it seems that BGE administration along with 
regular exercise significantly reduces serum lactic acid concentra-
tion and increases maximum exercise distance due to increased 
muscle oxidation and respiratory capacity due to increased CS ac-
tivity in muscles. These results also suggested that BGE can be 
used as a candidate supplement of health food products for pro-
moting endurance exercise capacity in human athletes.

In human study, PG extract intake influenced exercise-induced 
muscle damage and inflammation responses. Eighteen male college 
students were randomly assigned to either an RG intake group or 
a placebo group. All subjects performed a high-intensity uphill 
treadmill running task (two rounds of 45 min at 10 km/hr speed 
with 15o uphill slope separated by 5 min of rest). The RG group 
ingested 20 g/day of KRG extract (mixed with 200 mL of water) 
3 times/day for 7 days prior to performing the uphill treadmill 
exercise test and for 4 days after the treadmill test, while the P 
group ingested 200 mL of water containing Agastachis Herba on 
the same schedule (Jung et al., 2011). Plasma creatine kinase ac-
tivity (CK) and interleukin (IL)-6 levels were measured at pre-ex-
ercise and 24-, 48-, 72-, and 96-hr postexercise; the IL-6 level was 
also measured at 1- and 2-hr postexercise. To evaluate insulin sen-
sitivity, the oral glucose tolerance test was performed 24-hr postex-
ercise. Plasma CK level in RG was significantly lower than that in 

P 72-hr postexercise, and IL-6 level was significantly decreased in 
RG during the 2- and 3-hr recovery period compared to that of P. 
Plasma glucose and insulin responses in RG were significantly re-
duced compared to those of P.

IL-6 is a pleiotropic cytokine that has important roles in the 
regulation of the immune response, inflammation, and hemato-
poiesis (Nishimoto and Kishimoto, 2006). It has drawn a lot of 
attention from researchers in recent years since it is markedly in-
creased after exercise, a response that is considered to be associated 
with inflammation (Fischer et al., 2007). Also, the reason for this 
improvement in insulin sensitivity may be associated with re-
duced muscle damage resulting from RG intake. Many studies 
have suggested that muscle damage due to strenuous muscle con-
traction may reduce insulin sensitivity in humans and rats (Ide et 
al., 1996; King et al., 1993), while others have found some indi-
cations that ginseng administration improves insulin sensitivity 
in humans and rats (Lin et al., 2008). In the human study, one 
possible mechanism of exercise-induced muscle damage reduction 
due to RG supplementation might be associated with the anti-ox-
idative effects of ginseng. Some studies reported the intense bouts 
of exercise induce oxidative stress, suggesting that muscle tissue is 
a target for damage via free radical medicated mechanisms (Hsu 
et al., 2005; Kendall and Eston, 2002). Also, high intensity exer-
cise may result in a markedly enhanced an attack of free radicals 
on the cell membranes may lead to a decrease in cell viability. The 
results of this study suggest that RG supplementation could re-
duce exercise-induced muscle damage and inflammatory respons-
es, resulting in improvements in insulin sensitivity

CONCLUSIONS

Ginseng or ginsenosides may help control appetite and prevent 
the over-intake of food energy by attenuating the HFD-induced 
chronic inflammation of the hypothalamus, improving leptin re-
sistance, and reducing the secretion of NPY. CS of KRG has been 
shown to exert antiobesity effects in rats fed with HFD by reduc-
ing of body weight, food consumption, and fat storage. CS of KRG 
is also effective in the regulation of serum leptin and NPY expres-
sion in the hypothalamus when obesity is induced with a HFD. 
Also, ginsenosides, PD- and PT-type saponins from RG have been 
shown to exert antiobesity effects in the rats fed with a HFD by 
reducing their body weight their food consumption and their fat 
storage. They were also effective in the regulation of serum lipid 
and leptin and the hypothalamic NPY and CCK expressions. Fur-
thermore, ginsenoside Rb1 was found to exert antiobesity effects 
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in the rats fed HFD through the reduction of their body weight, 
food intake, and fat storage. It was also effective in the regulation 
of serum leptin and NO secretion, and CCK and NPY expression 
in the hypothalamus.

These results suggest the possibility that the action of CS of 
KRG is related to the suppression of the desire for food. In addi-
tion, PD-type saponins have more potent antiobesity properties 
than PT-type saponins for the factors related to HFD-induced 
obesity, indicating that PD-type saponins are the major compo-
nent contributing to the antiobesity activities of ginseng CS. Rb1 
may be a useful agent for the control of obesity via the peripheral 
and central appetite modulators There is limited evidence sup-
porting the suggestion that ginseng showed an antiobesity effect 
in humans. Additional study and verification through longitudi-
nal human studies are required to elucidate the antiobesity effects 
of ginseng in humans. Overall view of action mechanisms of red 
ginseng with exercise is summarized in the Fig. 1.

In conclusion, these results indicate that BGE have a potential 
for promoting exercise capacity by increasing CS activity in the 
muscle of rats. In human study, these results also suggested that 
BGE can be used as a candidate supplement of health food prod-
ucts for promoting endurance exercise capacity in human athletes. 
The results of this study suggest that RG supplementation could 
reduce exercise-induced muscle damage and inflammatory re-
sponses, resulting in improvements in insulin sensitivity.
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