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A B S T R A C T

Reducing the incidence of obesity is the focus of global attention, and traditional Chinese medicine (TCM) may
play an important role in achieving this goal. Numerous studies have shown that most individuals with obesity
have leptin resistance, exogenous leptin is ineffective in individuals with obesity, and the effect of leptin decreases
with increased serum leptin levels in individuals with obesity. At present, there are many hypotheses regarding
the mechanism of leptin resistance, but there is no definite conclusion. TCM has a long history of treating obesity,
and single and compound TCM is an effective obesity treatment method. However, TCM's mechanism of action is
complex and resists further weight loss drug development. In the last decade, network pharmacology has become
an important tool for exploring the mechanism of compound TCMs. In this study, we reviewed the interrelation
between TCM obesity treatment and leptin resistance, and network pharmacology studies of TCM intervention in
simple obesity revealed that their targets overlap with the leptin pathway. We also summarized TCM pairs that
effectively interfere with leptin resistance and their related intervention mechanisms, providing targets for anti-
obesity drug development.
1. Introduction

The global prevalence of obesity has nearly tripled since 1975 and
continues to increase at a pandemic rate (Yanovski et al., 2018; Bentham
et al., 2017). The prevalence of overweight, obesity, and abdominal
obesity in China has rapidly increased over the past 20 years, along with
improvements in living standards (Y.F Wang et al., 2019). Simple obesity
is an excess accumulation or abnormal distribution of body fat for which
there is no obvious endocrine, metabolic, or other etiology (Zou, 1999).
Western anti-obesity drugs have clinical side effects including increased
risk of depression, anxiety, stroke, cancer, and other diseases (Cao et al.,
2020), and the clinical effect may not be obvious when compared with
placebo. Surgical treatment with liposuction or gastrectomy is effective;
however, it is invasive, may have sequelae, and may even lead to death.
Leptin is a protein encoded by the obesity gene (Zhang et al., 1994), and
its anti-obesity effect depends on the reduction of food intake and the
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induction of energy expenditure (Pelleymounter et al., 1995). The dis-
covery of leptin has contributed the understanding simple obesity. Sta-
tistical analysis of clinical data revealed sex-related differences in leptin
levels in those with obesity (Kennedy et al., 1997; Saad et al., 1997), and
that most individuals with obesity have hyperleptinemia with reduced
leptin sensitivity or leptin resistance. However, the causes of leptin
resistance have not yet been clearly described and there are no clear
guidelines for its diagnosis and treatment. Traditional Chinese medicine
(TCM) has rich experience in the diagnosis of simple obesity and its
complications and has good clinical results in the treatment of simple
obesity. TCM includes prescriptions, acupuncture, massage, embedding
at acupoints, and other methods designed to treat the human body based
on syndrome differentiation (Jin et al., 2019). Compared to Western
medicine, TCM has fewer side effects, which can greatly reduce the
physical and mental pain experienced during treatment. Recent obesity
research has focused on network pharmacology to identify ways to
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increase leptin sensitivity and improve leptin resistance. An analysis of
the research results revealed that the pathways and targets of many TCMs
with fat-reducing effects overlap with the leptin signaling pathways.
Therefore, we reviewed recent studies on the mechanism of leptin
resistance and its correlation with simple obesity to provide new ideas for
the treatment of simple obesity with TCM and a network pharmacolog-
ical perspective as the core of the search for possible mechanisms of
herbal compound intervention in leptin resistance in simple obesity
(Figure 1).

2. TCM theory and studies of simple obesity

2.1. Etiology and pathogenesis

The earliest understanding of obesity in TCM can be traced back to
"Lingshu: Deficiency of Qi," in which obesity includes seven emotions,
such as yin and yang imbalance, internal resistance of phlegm, and blood
stasis, and emphasizes the status of phlegm, blood stasis, deficiency, and
stagnation at the onset of obesity (Lu and Wang, 2006). Zhu Danxi noted
that "fat people have more phlegm and dampness. Thin people have less.”
Zhang Jingyue noted that “fat people have more qi deficiency, more
dampness, and more stagnation.” Ancient doctors understood that the
causes of obesity are both internal and external, such as water, dampness,
phlegm, and stasis, which are related to dysfunction of the lungs, spleen,
kidneys, and other internal organs, caused by existing deficiencies. The
modern understanding of the etiology and pathogenesis of obesity is
based on preceding views and includes the involvement of six contrib-
uting factors: overeating and lack of movement, abnormal emotions,
sexual development factors, fertility factors, genetic factors, and use of
tobacco and alcohol (Yin et al., 2016).

2.2. Principles of governance

The pathology of obesity can be described by "the original deficiency,
the deficiency and the excess, and the interaction of deficiency and
excess." The treatment of obesity is primarily based on tonic and relieving
methods, such as strengthening the spleen and replenishing qi, stimu-
lating the kidney and qi, warming the spleen and kidney, and promoting
diuresis and dampness, dampness and heat release, expectoration, and
elimination (Li et al., 2019). Treatment is influenced by Zhu Danxi's
concept of "fat people have more phlegm." Modern experimental studies
have validated the ancient understanding that phlegm-dampness in-
fluences obesity (Gong et al., 2014) and treating phlegm is the basis of
obesity treatment (Li and Tang, 2018).

2.3. Correlation between phlegm and leptin

The "Lingshu Jing" describes the concept of "blood turbidity" as
confusion, or a change in the composition of blood, and chaos, or a dis-
order in the circulation of blood (Z. Wang et al., 2019). Obesity is often
Figure 1. Pathogenesis of simple
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accompanied by hyperleptinemia, and the syndrome differentiation of
obesity in TCM often belongs in the category of "phlegm turbidity" (Song
et al., 1995;Wen et al., 2008). A recent study described a leptin conjugate
in the serum with a molecular mass of 450 � 103 Da, and its reversible
combination with leptin weakened the biological activity of leptin
(Campfield et al., 2020). A study of the relationship between leptin,
hyperlipidemia, phlegm syndrome, and viscera (Hong et al., 2007) con-
formed the correlation of leptin with TCM phlegm syndrome differenti-
ation. Relevant animal studies showed that leptin levels are significantly
elevated in rats in a phlegm-damp model (Wu et al., 2016). Leptin levels
were significantly elevated in hyperlipidemic conditions (Liang et al.,
2020; Wang et al., 2014); and relevant clinical experiments demon-
strated that people with phlegm-damp accumulation in the body are
more likely to develop obesity (Wang et al., 2013). Dampness is also the
main pathogenesis of hyperlipidemia (Zhang et al., 2015), and leptin is
positively correlated with blood lipid indicators (You et al., 2017). A
clinical trial revealed that the symptom scores of the phlegm-dampness
obstruction group were positively correlated with leptin by carefully
observing patients' symptoms and making symptom scores according to
the relevant quantitative tables of phlegm-dampness (Qian, 2018). The
treatment of phlegm and dampness in TCM is very characteristic (Zhang
et al., 2016, Zhang and Hu, 2016), and the method of strengthening the
spleen and resolving phlegm can lead to weight loss and dyslipidemia
improvement (Zhang et al., 2015, 2020; Ding et al., 2018), as well as
lowering leptin and improving leptin resistance (Jiang, 2020, Zhou,
2017; Liu et al., 2020).

3. Modern medicine studies of simple obesity

Simple obesity is a chronic metabolic disease influenced by eating
disorders and physical activity in addition to genetic, environmental, and
socioeconomic variables (Manna and Jain, 2015). Obesity can be
improved through TCM therapy, and the mechanism of TCM intervention
in obesity is a popular research topic. We believe that the search for
overlapping targets through network pharmacology and related media
will facilitate the exploration of TCM mechanisms in the treatment of
obesity. Current TCM research on the mechanism of obesity (Table 1)
focuses on changes in the intestinal flora (Torres-Fuentes et al., 2017),
hormone secretion (�Alvarez et al., 2011), expression of adipocyte
proinflammatory factors (Maurizi et al., 2017), and obesity-related genes
(Fall and Ingelsson, 2014). Chai-Udom et al. (2018) found that hypo-
thalamic injury, which alters the secretion of glucagon-like peptide-1
(GLP-1) participated in the pathogenesis of obesity. Because the mech-
anism of obesity is extremely complicated and there are countless related
media involved, we only selected presently popular research topics to
highlight, and there is other content not included in this review. For
example, hypothalamic inflammation has been reported to not only cause
energy imbalance but also aggravate central insulin resistance and leptin
resistance associated with fat accumulation and obesity (You and Shen,
2020). Baldini and Phelan (2019) described the involvement of the
obesity and potential targets.



Table 1. Intervention mechanism of traditional Chinese medicine on obesity.

Factors influencing
obesity

Mechanism Related medium Chinese medicine Experiment type Reference

Regulate fat metabolism Increases lipid decomposition MPK
SIRT3 autonomic nerves, or
β-adrenoceptors.

Trigonella foenum-
graecum
Rhizoma coptidis
Nucifera-leaves
Green tea

Animal
experiment
Human
experiment

(Cheng et al., 2018)
(Jiang et al., 2016)
(Ono Y et al., 2006)
(Murase et al., 2002)

Inhibits fat production and accumulation Inhibiting the proliferation
and differentiation of
adipocytes

Carthami Flos
Radix Asteris Ganoderma
Lucidum
Polygoni cuspidati
-rhizoma
Cordyceps militaris
Curcumin
Rhubarb
Trigonella foenum-
graecum

Animal
experiment
Human
experiment

(Zhu et al., 2014)
(Han et al., 2017)
(Chang et al., 2018)
(Izdebskaet al., 2018)
(Tran et al., 2019)
(Lone et al., 2016)
(Lim et al., 2016)
(Cheng et al., 2018)

Promotes thermogenic fat activation Heat shock transcriptional
factor 1
Receptor-gamma coactivator
1 alpha
Mitochondrial uncoupling
protein 1

Tripterygium wilfordii
Rhubarb
Curcuma longa
Spatholobi caulis

Animal
experiment

(Ma et al. 2015)
(Wang et al., 2020)
(Wang et al., 2017)
(Zhang et al., 2019)

Gut microbes Increases the level of short-chain fatty
acids (SCFA)

Mediate inflammation
SCFA

Rhizoma coptidis
Chili pepper
Ephedra sinica
Ginseng

Animal
experiment
Human
experiment

(Zhao. et al., 2018)
(Tremaroli et al., 2015)
(Visconti et al., 2019)
(Trøseid et al., 2013)
(Fei and Zhao, 2013)

Induces a reduction in the number of
branched-chain amino acids

CYP7A1
TGR5
BCKDC

Pueraria lobata
Scutellaria baicalensis
Rhizoma coptidis
Luffa cylindrica

(Chambers KF et al.,
2019)
(Han K et al., 2017)
(Yue SJ et al., 2019)
(Zhang L et al., 2020)

Regulate hormone level Enhances leptin sensitivity Leptin-JAK2-STAT3 signaling
and AMPK signaling
Brain-derived neurotrophic
factor

Tripterygium wilfordii
Orange peel
Poria
Lotus leaf
Astragalus
Rhubarb
Ginseng
Curcuma longa

Animal
experiment
Human
experiment

(Fu et al., 2020)
(Huang et al., 2019)
(Lee et al., 2020)
(Li.G et al., 2018)
(Li.X et al., 2016)
(Meng et al., 2020)
(Chen.Y et al., 2003)
(Zhou.P et al., 2019)
(Chang.C et al., 2018)

Regulates the level of adiponectin AMPK, S6K1
PKA-HSL
AdipoR1

Pepper
Green tea
Ginger

Animal
experiment
Human
experiment

(Li et al., 2014)
(Bolin et al., 2020)
(Liu L et al., 2019)

Upregulation of GLP-1 and PYY Glucagon-like peptide 1 (GLP-
1)
Peptide YY(PYY)

Capsicum annuum
Rhubarb
Salvia miltiorrhiza
Rhizoma coptidis

Animal
experiment

(Knudsen et al., 2019)
(Bays et al., 2017)
(Østergaard et al., 2017)
(Tamborlane et al.,
2019)
(Larabee et al. 2020)
(Wang Yet al., 2020)
(Wang Ret al., 2018)
(Tung et al., 2017)
(Sun Yet al., 2018)

Obese cell
proinflammatory factor

Mediates mild systemic inflammation Pro-
obesity

Th1 cell
lymphocyte
Neutrophil

Rhizoma coptidis
Scutellaria baicalensis
Siraitia grosvenorii
Polygonatum odoratum
Lotus seed
Radix polygalae
Flos lonicera
Lotus leaf
Fallopia multiflora
Pomegranate peel
Loquat leaves
Flos Caryophylli

Animal
experiment
Human
experiment

(Hamjane et al., 2020)
(Brestoff et al., 2015)
(Talukdar et al., 2012)
(Cohen et al., 2015)
(Grill et al. ., 2020)
(Huang et al., 2019)
(Wang et al., 2020)
(Song et al. ., 2019)
(Zhu et al., 2021)
(Wang Z.Y., 2019)
(Wang et al., 2017)
(Wang et al., 2014)
(Xiong et al., 2021)
(Park et al., 2016)
(Fan et al., 2013)
(Wang et al., 2018)
(Li, 2019)

Anti-
obesity

exogenous IL-
33

(continued on next page)
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Table 1 (continued )

Factors influencing
obesity

Mechanism Related medium Chinese medicine Experiment type Reference

Obesity-related gene
expression

Genetic Melanocortin-4 receptor
rs17782313 genotype

Cross-sectional
survey

(Yu et al., 2020)
(L�opez-Rodríguez et al.,
2020)
( Gao et al., 2019)
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melanocortin pathway in the development of obesity in mice. During
feeding, α-melanocyte stimulating hormone released by
pro-opiomelanocortin (POMC) neurons binds to melanocortin-4 re-
ceptors, which then bind to the paraventricular nucleus (PVN) to send
out signals to reduce energy intake. Thus, leptin and insulin receptors
send signals from POMC neurons to regulate energy intake. Deepening
our understanding of the leptin resistance mechanism will open new
horizons for the treatment of obesity.

4. Leptin resistance

Leptin is a hormone secreted by white adipocytes, and binding of
leptin to its receptor activates a variety of intracellular signal trans-
duction pathways, such as Janus kinase 2 signal transducer and tran-
scription activator 3 (JAK2-STAT3) (Bates et al., 2003; Moon et al.,
2015). Leptin receptors are ubiquitous in the body. Consequently, leptin
has a wide range of effects (Gu et al., 1999), including reduced food
intake and increased energy consumption (Ravussin et al., 2014), blood
pressure and heart rate regulation Marsh et al. (2015); Simonds, Pryor,
and Cowley (2017), reduced blood sugar (Anna et al., 2017), improved
bone density (Reid et al. 2017), immune regulation, and regulation of
reproductive function (Malik, Durairajanayagam, and Singh 2019;
Donato et al., 2011). The lateral hypothalamus and ventral medial,
dorsal, ventral premastoid, and arcuate nuclei are the primary sites of
leptin binding. Activation of these areas leads to changes in cognition,
mood, and memory (Swieten et al., 2014). Leptin binding in the meta-
bolic regulation center of the hypothalamus is followed by a reduction in
food intake and inhibition of fat synthesis (Qin and Tong, 2010). A slight
increase in leptin levels can suppress appetite and induce weight loss;
high leptin levels are often accompanied by obesity (Considine et al.,
1996, Robert, 1996). Leptin resistance refers to a high level of serum
leptin but insensitivity to leptin, which results in the absence of expected
weight control and possible development of overweight and obesity (Liu
et al., 2018). Hyperleptinemia and leptin resistance coexist, and the
restoration of leptin sensitivity requires a reduction in body fat and serum
leptin levels (Andreoli et al., 1999). The mechanism underlying leptin
resistance has not yet been fully elucidated. Most studies on leptin
resistance have evaluated leptin receptor mutations, intravascular de-
fects, and defects in leptin transport, leptin signaling systems, and leptin
conversion (Cao et al., 2020). The current results indicate that the
expression of suppressor of cytokine signaling 3 (SOCS3) leads to the
inhibition of the effects of leptin. The advantages of TCM include its
activity against multiple targets for the treatment of leptin resistance,
such as the STAT3, adenosine monophosphate activated protein (AMPK),
and mitogen-activated protein kinase (MAPK) signaling pathways. As
leptin research has intensified recently, more potential targets and
signaling pathways have emerged in addition to the classical signaling
pathways. An unidentified LepR neuron Sh2b1/SNS/BAT/thermogenic
axis was recently identified, and the hypothalamic overexpression of
SH2B1may reportedly prevent high-fat diet-induced obesity (Jiang et al.,
2020). Skeletal glucocorticoid signaling determines leptin resistance and
obesity in aging mice and regulates NMDARs via Src to modulate β-cell
excitability, suggesting that NMDARs may be a potential target to over-
come leptin resistance (Henneicke et al., 2020; Cochrane et al., 2020).
C1qTNF-related protein 4 reverses leptin resistance by inhibiting
4

NF-κB-dependent microglial activation and hypothalamic inflammation
(Ye et al., 2021).

How leptin enters the central nervous system and crosses the blood-
brain barrier (BBB) has also been extensively researched in recent
years. Experiments showed that increasing the access of hormones to the
brain by managing ciliary neurotrophic factor may overcome obesity-
induced leptin resistance (Banks et al., 2021). The ability to exploit
neuronal plasticity in brain circuits can enhance leptin sensitivity (Maffei
M et al., 2021). At the same time, in addition to enhancing leptin passage
at the BBB through drugs, it has been demonstrated that leptin brain
entry via a tanycytic LepR-EGFR shuttle controls lipid metabolism and
pancreas function (Duquenne et al., 2021). This experiment provides
further evidence that leptin can enter the brain through channels other
than the BBB, providing a new approach for improving leptin resistance.

Lifestyle changes are also important factors for improving leptin
resistance. However, the mechanisms underlying this phenomenon
require further exploration. For example, physical exercise is effective in
improving leptin resistance and improving leptin resistance through
resistance training has been a hot research topic in recent years (Lopes
et al., 2020; Rios et al., 2021). In addition, the circadian clock plays an
important role in leptin secretion and leptin resistance (Russo et al.,
2021; Adhikary et al., 2016). However, disruption of the circadian clock
may alter the circadian rhythm and synthesis of leptin and induce leptin
resistance; thus, the restoration of the circadian rhythmmay be beneficial
for improving leptin resistance (Dibner et al., 2015). Leptin resistance
induced by a high-fat diet is a temporary phenomenon that occurs only at
certain times of the day; therefore, eating during leptin-sensitive periods
may be metabolically beneficial (Boucsein et al., 2019).

Simultaneously, the combination of leptin with other obesity-related
hotspots has provided new ideas for improving leptin resistance. For
instance, the combination of leptin with gut flora has also become a new
research top of interest (Al-Muzafar et al., 2017; Ji et al., 2018). Pro-
biotics can reduce circulating leptin levels by altering the gut micro-
biome. Supplementation with high doses of Lactobacillus rhamnosus GG
can alleviate leptin resistance in obese mice on a high-fat diet, which may
be associated with improved digestive health (Cheng et al., 2020). It is
also possible that endoplasmic reticulum stress is reduced by biochanin A
to improve leptin resistance (Horiuchi et al., 2021).

5. Mechanisms of TCM interventions to restore leptin sensitivity

5.1. Enhanced activation of AMPK signaling by adiponectin

Yasuo et al. (2001) described the relationship between the effect of
Fang Feng Tong Sheng San on weight loss and leptin activity, and Jin
et al. (2017) found that it could regulate leptin secretion by fat cells.
Leptin and adiponectin (APN) act within the hypothalamus to regulate
AMPK activity (Handy et al., 2010, Wu, 2016b), and leptin reduces
appetite by inhibiting AMPK activity. In the skeletal muscle and liver,
APN phosphorylation activates AMPK, phosphorylates acetyl-CoA
carboxylase (ACC), promotes fatty acid oxidation, and reduces fat
deposition. Inhibition of the hypothalamic ACC inhibits the mediation of
food intake by leptin (Gao et al., 2007). Fang Feng Tong Sheng San ac-
tivates AMPK signaling by enhancing APN expression (Wu et al., 2016)
and activates brown fat metabolism (Xu, 1995), resulting in weight loss.
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5.2. Increased expression of JAK2 and STAT3

Recent reviews on the use of TCMs have reported that Jianpi Huatan
prescriptions are widely used for the treatment of simple obesity (Si.
et al., 2016; Zhou et al., 2015) considering that obesity is primarily a
consequence of phlegm and dampness (Wu et al., 2020). Other reviews
(Zhao et al., 2018; Yu et al., 2018) have summarized the evidence that
activation of the JAK2-STAT3-Bcl-2 pathway in gastrointestinal mucosal
cells is part of the mechanism of strengthening the spleen and resolving
phlegm. Sheng et al. (2017) reported that the Jianpi Shugan Jiangzhi
decoction significantly reduced serum leptin levels and body weight (P<

0.05) in 70 individuals with simple obesity. Wu et al. (2015) found that
Jiawei Xiaoyao San, which is used to soothe the liver and invigorate the
spleen, significantly improved leptin resistance and hypo-
adiponectinemia (p < 0.05) in patients with simple fatty liver, liver
depression, and spleen deficiency. Kong et al. (2016) reported that the
Liujunzi decoction significantly reduced serum leptin, body mass index,
and body fat percentage (P < 0.01). A study on weight loss and the
physiological effects of sibutramine, spleen-invigorating, qi-regulating
prescriptions (Citrus reticulata, Radix Aucklandiae, and Citrus aur-
antium), and Shengqing prescriptions (Bupleurum, Cimicifuga, and
Pueraria lobata) demonstrated body weight loss with each treatment.
Shengqing was better than sibutramine at increasing leptin levels and
reducing body weight and neuropeptide Y (NPY) and suppressor of
cytokine signaling-3 (SOCS-3) levels. Shengqing drugs inhibit leptin
resistance by reducing the levels of NPY and SOCS-3 and ultimately
reducing body weight (Jiang et al., 2014). A study conducted in a mouse
model of simple obesity reported that medium- and high-dose Huaji
Jianpi decoctions had stronger effects on LEPRb, JAK2, and STAT3
expression than orlistat (P < 0.05), which was used as the control drug
(Zhu and Zhan, 2019a,b). A 12-week intervention with Jiawei Banxia-
baizhu Tianma decoction showed a significant (P < 0.05) reduction in
body weight and leptin level in obese, hypertensive rats that was cen-
trally regulated by the JAK2-STAT3 pathway (Wu et al., 2016). In a
placebo-controlled study, after 6-weeks of gavage administration, the
Wendan decoction resulted in a significantly greater weight loss
compared with distilled water gavage (P < 0.01). The decoction regu-
lated the JAK2-STAT3 signaling pathway, which adjusted the leptin level
to achieve the weight loss goal. Dunn et al. (2015) found that knockdown
of the expression of SOCS-3 by short interfering RNA led to increased
phosphorylation of JAK2 and STAT3 and increased leptin sensitivity.

5.3. Passage of leptin through the BBB

Treatment with pingwei powder and ear acupoints reduced body
weight and body fat percentage in a group of 64 individuals with simple
obesity. Serum NPY and leptin levels were also reduced (Deng et al.,
2018). In obesity, Fangji Huangqi treatment improved leptin sensitivity
(Liu et al., 2016). A water extract of Scutellaria baicalensis Georgi
significantly increased leptin levels in the rat hypothalamus and
decreased leptin levels in the peripheral blood. A decrease in blood leptin
suggested that Astragalus root increased the transport of leptin across the
BBB, thereby inhibiting obesity (Yang et al., 2008). The blood leptin
concentration is three times higher in people with obesity than in lean
people, but the leptin concentration in the cerebrospinal fluid of people
with obesity is only 30% of that of lean people (Caro et al., 1996). In
people with obesity and hyperleptinemia, leptin levels are much lower in
the hypothalamus than in the serum, which is consistent with the lack of
transport across the BBB. Tracking the transport of fluorescently labeled
leptin demonstrated that the choroid plexus plays a key role in trans-
porting leptin to the cerebrospinal fluid, leading to a significant differ-
ence in leptin levels between obese and lean mice (Harrison et al., 2018).
The coexistence of hyperleptinemia and low leptin concentrations in the
cerebrospinal fluid of individuals with obesity may result from a lack of
transport across the blood-cerebrospinal fluid barrier. Further research is
needed to improve leptin transport into the cerebrospinal fluid.
5

5.4. Inhibiting IKKβ/NF-κB mediated inflammatory reaction and
preventing leptin resistance

Hypothalamic leptin resistance is mainly attributed to the direct ef-
fects of hypothalamic inflammation and the indirect effects of peripheral
inflammation. Chronic hypertrophic disease leads to activation of the
IKKβ/NF-κB pathway and production of proinflammatory cytokines in
peripheral adipose tissue. In turn, the production of proinflammatory
cytokines cross back over the BBB, activating hypothalamic IKKβ/NF-κB,
resulting in a chronic inflammatory response. Chronic hypothalamic
IKKβ/NF-κB activation leads to selective leptin resistance through upre-
gulation of SOCS3 and PTP1B production. As negative regulators of
leptin signaling, both SOCS3 in PTP1B induce central leptin resistance by
disrupting the phosphorylation of JAK2-STAT3 (de Git and Adan, 2015;
Mark, 2013; Wang et al., 2012). In contrast, studies have shown that
nicotine-induced activation of α7nAChR significantly alleviates periph-
eral inflammation by blocking the IKKβ/NF-κB pathway and contributes
to improving leptin resistance in obese rats (Wang et al., 2011). However,
due to the negative effects of nicotine, it is not a suitable agent for alle-
viating metabolic inflammation. Therefore, alternatives to activate the
α7nAChR should be explored. Astragaloside IV (As IV) is a major
bioactive compound derived from Astragalus membranaceus. It crosses
the BBB and is detected in the brain parenchyma. At the same time, As IV
prevents obesity by inhibiting IKKβ/NF-κB-mediated inflammatory re-
sponses and suppressing leptin resistance, and these results are associ-
ated with upregulation of α7nAChR expression (Chen et al., 2006; Wu
et al., 2016).

5.5. Leptin-brain-derived neurotrophic factor pathway

Leptin is unusual in that it is the only peptide hormone whose primary
site of action is the brain (Friedman and Halaas, 1998; Cohen et al.,
2001). In the adult brain, brain-derived neurotrophic factor (BDNF) is the
most abundant and widely distributed neurotrophic factor (Kolbeck
et al., 1999; Patapoutian et al., 2001). Wang et al. (2020) described a
direct role for BDNF þ neurons in the PVN of the hypothalamus, where
leptin controls the neural architecture of adipose organs by regulating
BDNF-expressing neurons in the hypothalamic paraventricular nucleus,
thereby facilitating lipolysis and utilization. Ginseng is a traditional
Chinese herb, and ginsenoside Rb1 is one of the main bioactive saponins
in ginseng, which has the effect of "lightning the body and prolonging
life" according to "Shen Nong's Materia Medica." Recent pharmacological
studies revealed that ginsenoside Rb1 increases the expression of
leptin-induced BDNF, promotes leptin-BDNF axon growth and synapse
formation, and contributes to weight loss by improving leptin sensitivity,
which can reverse leptin resistance (Wu et al., 2018; Zhou et al., 2019).

6. Treatment of leptin resistance with Chinese herbal compounds

6.1. Potential targets of TCM for leptin resistance

Network pharmacology analysis found many TCMs described in
ancient books as having "lightweight" effects that overlap with leptin
signaling pathways and targets. In addition, we appended the more
interestingmolecules in the current study to the names of the herbal
medicines (Table 2).

6.2. Compatibility of TCM with leptin resistance

Experimental research showed that herbal medicines and their ex-
tracts can reduce body weight by lowering the leptin levels in the body.
Herbal and TCM formulas contain numerous active molecules. Essen-
tially, they are a type of cocktail therapy. The interactions between herbs
and TCM formulas are complex, and compounding links single herbs to
compound prescriptions, which is required for the drugs to be fully
effective and for the disease to be treated more effectively. It is common



Table 2. Similarities between the action pathways of Chinese herbal medicines and leptin pathways and targets.

Chinese medicine Mode of action Target/
medium

Ancient literature support Application
prescription

Animal/
human
experiment

Type References

Tripterygium
wilfordii (Celastrol)

1. Improves leptin sensitivity
2. Inhibits adipocyte differentiation
3. Promotes body fat metabolism
4. Improves endoplasmic reticulum
stress to increase leptin sensitivity

STAT3
Interleukin 1
Receptor I

\ \ \ In
vitro

(Fu et al., 2020)
(Hu.et al., 2018)
(Feng et al., 2019)
(Crunkhorn et al.,
2016)
(Zhang et al., 2019)
(Hou et al., 2020)
(Abu-Bakar et al.,
2020)
(Sait et al., 2019)
(De et al., 2020)

Orange peel
(Tangeretin)

1. cAMP and PI3K-Akt autophagy
signaling pathways are involved in
leptin signaling
2. Rich digestive system related
pathways

STAT3
MAKP

"Materia Medica
Annotation"
"Light body for many years"

Er Chen Tang
Ping Chen Tang
Sanzi Yangqin
Tang

\ In
vitro

(Lin.Y et al., 2018)
(Liu.W et al., 2012)
(Huang et al., 2019)

Poria
(Pachymaran)

cAMP, AMPK pathway overlap with
leptin action pathway cAMP

AMPK cAMP "Shen Nong's Materia
Medica" Do not starve and
prolong the year

Five skin drink
Poria Soup
Small distinction
drink

YES In
vitro (Zhang.X et al.,

2019)(Huang et al.,
2020)

Lotus leaf
(Nuciferin)

Regulates PPAR-γ and leptin levels AMPK “Syndrome and Treatment”
“The lotus leaf gray suit is
thin”…"

Shanhe Lipid-
lowering Granules

YES In
vitro

(Liu et al., 2018)
(Huang.J., 2007)
(Li.M., 2017)
(Sun.C,2014)(Li,
2018)

Astragalus
(Astragaloside IV)

1. Inhibits activation of STAT3 and
MAPK pathways
2. Inhibits the production of SOCS-3
3. Inhibits the proinflammatory
response mediated by IKKβ/NF-kB in
the hypothalamus and peripheral
adipose tissue
4. Up-regulates the expression of LepR
mRNA in the hypothalamus and
phosphorylation of p-STAT3
5. Improves the transport rate of leptin
through the blood-brain barrier

STAT3 MAPK Long muscle, strong
physique but deficiency of
Qi, excess in shape but
deficiency in Qi

Fangji Huangqi
Decoction

YES In
vitro

(Li.X et al., 2016)
(Ma et al., 2018)
(Meng et al., 2020)
(Song.Q. et al.,
2015)
(Jiang P. et al.,
2018)

Rhubarb
(Chrysophanic
-Acid/Rhein)

Inhibition of C/EBPα mRNA
expression further reduces leptin
expression

STAT3 "Shen Nong's Materia
Medica"

Xiaochengqi
Tiaowei Chengqi
Decoction
Long-term use of
single-flavored
rhubarb

YES In
vitro

(Chen.Y et al.,
2003)

Ginseng
(Ginsenoside -Rb1)

1. Reverses central leptin resistance
2. Increases leptin-JAK2-STAT3
signaling
3. Induces expression of BDNF

STAT3
BDNF

"Shen Nong's Materia
Medica"
"Light body for many years"

Baihu-Xiexin
Decoction

YES In
vitro

(Wu.Y et al., 2018)
(Zhou.P et al.,
2019)

Curcumin
(Turmeric)

Improves the sensitivity to leptin by
improving the hypoxic state of cells

STAT3 \ \ YES In
vitro

(Chang.C et al.,
2018)
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to use two or three herbs in a compound (Lu and Zheng, 2020). This is an
important feature of TCM in the treatment of obesity. It embodies the
characteristics of special diseases that match the special prescription of
TCM.

A study on the frequency of use of TCM prescriptions for the treat-
ment of obesity revealed a number of highly correlated combinations of
two to three herbs with similar efficacy, such as Pinellia ternata and poria
or Pinellia ternata and orange peel, which eliminate phlegm and
strengthen the spleen, or Salvia miltiorrhiza and Fructus crataegi, which
invigorate blood circulation to eliminate blood stasis. In TCM, this special
form of use is called a drug pair (in this context, the application of two
herbs in pairs to enhance their effectiveness).

6.2.1. Pinellia ternate, poria, and orange peel
As mentioned above, phlegm-dampness is one of the main pathogenic

factors of obesity, and leptin levels have a strong positive correlation
with phlegm-dampness. According to TCM theory, “the spleen is the
6

source of phlegm.” Spleen deficiency cannot metabolize water and
dampness; and thus, water, dampness, phlegm, and lipids accumulate in
the body. Common symptoms in this group of patients include body
obesity, fat accumulation in the abdomen, chest tightness, excessive
phlegm, ease of sleepiness, and preference for greasy high-calorie food,
fatter tongue, and white, and greasy tongue coating. Therefore, it is often
treated with Pinellia ternata, poria, and orange peel, which have the
effect of eliminating phlegm and strengthening the spleen (Liu, 2020a).
The representative compounds to deal with these symptoms include Er
Chen Tang, Wen Dan Tang, and Cang Fu Dao Tan Tang, which include
Pinellia ternata and poria. Pinellia ternata and orange peel are used more
frequently.

Er Chen Tang was first published in the “Prescriptions of Peaceful
Benevolent DispensaryVolume IV” during the Song Dynasty. This for-
mula consists of a combination of Pinellia ternata, orange peel, poria,
licorice, and ginger. In recent years, basic experiments and clinical
studies revealed that Erchen decoction and its modified formula, mainly
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comprising these herbs, regulate glucose and lipid metabolism through
various mechanisms, such as regulating lipid metabolism-related
signaling pathways (Shao et al., 2020; Ding et al., 2017) and hormone
levels, including leptin levels (Lee et al., 2020; Wang et al., 2017). These
drugs were studied through network pharmacology, and their key targets
were closely related to those of obesity (Zhu et al. 2022).

The Erchen decoction is probably derived from theWendan decoction
(Jin et al., 2021). The Wendan decoction is comprises the following
herbs: Pinellia, Zhuru, Citrus aurantium, orange peel, poria, and licorice.
This small complex prescription reduced serum leptin levels and body
weight in obese rats and decreased leptin mRNA expression in the hy-
pothalamus, suggesting that the small complex prescription of Pinellia,
orange peel, and poria can effectively reduce leptin levels in the body and
decrease leptin resistance, ultimately leading to weight loss (Liu et al.,
2020, Yu et al., 2019).

Cang Fu DaoTan Tang is a new compound formula based on Er Chen
Tang. It is based on the main components of the Erchen decoction,
Pinellia, orange peel, and poria, with the addition of Cyperirhi-zoma,
Arisaemacum Bile, Aurantii fructus, Chuanxiong rhizoma, Medical talc
powder, and Massa medicata fermentata to reduce weight by lowering
the leptin levels (Wang, 2018). This proves that the drug compatibility of
orange peel and poria could effectively regulate the level of leptin in the
body, thus showing good results in the treatment of obesity.

6.2.2. Fructus crataegi, lotus leaf, and astragalus
An analysis of the literature related to the laws of TCM in the treat-

ment of simple obesity shows that simple obesity is not only closely
related to phlegm and dampness, but also that qi stagnation and blood
stasis are causative factors for a large proportion of the disease (Si et al.,
2016). Meanwhile, the top three biased physiques in individuals with
obesity were phlegm-dampness, damp-heat, and blood stasis. In partic-
ular, the proportion of blood stasis evidence tended to increase with the
prolongation of the disease, which is consistent with the view that blood
stasis is seen more often in chronic diseases in TCM. With the prolon-
gation of the disease, qi deficiency and blood stasis or phlegm and blood
stasis were inevitable results of pathological development (Yu.C et al.,
2018). Individuals with obesity often have the following symptoms: lack
of luster and dullness on the face; rough brown skin, often with hyper-
pigmentation; purple spots on the skin; dry lips; and slight bruising of the
tongue or petechiae. In addition, they often feel weak and depressed.

Many studies demonstrated that prescriptions with activated blood
circulation have significant effects in modulating serum leptin levels (Yue
et al., 2016; Chang et al., 2016). Fructus crataegi and Astragalus signif-
icantly reduced inflammation levels and improved glycolipid metabolism
(Gong et al., 2021) and preparations, such as the lotus leaf tables
(comprising lotus leaf, Salvia miltiorrhiza, and Fructus crataegi), He Qi
powder (comprising lotus leaf, Astragalus, and Polygonum multiflorum),
and other preparations with lotus leaf as the main ingredient have good
lipid-regulating effects (Qiao et al., 2018). However, if we combined
TCMs eliminating phlegm and strengthening the spleen with TCMs pro-
moting blood circulation to remove blood stasis, the combined pre-
scriptions were significantly more effective than the single drug (Yang
et al., 2015), suggesting that there may be synergistic effects between
both types of medicines. It is suggested that the compatibility of medi-
cines, such as Pinellia and orange peel with Fructus crataegi and lotus, is
important for the prevention and treatment of obesity and related
diseases.

6.2.3. Tripterygium wilfordii and licorice
As mentioned above, Tripterygium wilfordii was improved leptin

resistance in the treatment of obesity, whereas a simple modification of
glycyrrhiza acid (a compound related to licorice) leads to GA-02, which
plays a role in obesity treatment by reactivating leptin signaling and
reducing systemic inflammation, especially in the hypothalamus (Zhou
et al., 2018). It is considered a celastrol mimic with anti-obesity
7

druggability, and the combination of licorice and Tripterygium wilfor-
dii is worth exploring as a classical drug pair (Liang and Zhang, 2019).

As a traditional Chinese herb, Tripterygium wilfordii is the root of
Tripterygium wilfordii Hook. The earliest account of its medicinal uses is
in “Dian Nan Ben Cao” (Yunnan Materia Medica) in 1476. It eliminates
wind and dampness, dredges the collaterals to stop pain, promotes blood
circulation, and relieves edema. Celastrol is a pentacyclic triterpenoid
isolated from the root of Tripterygium wilfordii and is also one of the
main active ingredients of Tripterygium wilfordii (Li et al., 2019). In
2015 (Bray, 2015; Greenhill, 2015; Liu et al., 2015), reports determined
that Tripterygium wilfordii achieved weight loss by regulating leptin
levels and increasing leptin sensitivity. Since then, due to the great po-
tential of TCM in effecting weight loss, many teams have actively
researched the involvement of leptin in the regulation of lipid meta-
bolism. In clinical practice, the key to the application of this herb is
ensuring its efficacy while minimizing its toxic side effects (Hou et al.,
2020). Herbalists can reduce toxicity by combining different drugs. We
reduced drug toxicity through the combination of TCMs, which fully
reflects the essence of TCM philosophy of "treatment based on syndrome
differentiation." According to the literature, the combination of Trip-
terygiumwilfordii with drugs such as licorice, Astragalus, Paeoniae radix
Alba, and Rehmannia glutinosa increases the effectiveness of
detoxification.

According to Chinese medical texts, licorice has the property of
"detoxifying all poisons," and leigongteng and licorice are commonly
combined in TCM. As an important herbal medicine, licorice makes up
80% of the Chinese herbal formulas and has a good safety profile. It is
widely grown and readily available at low cost (Hayashi et al., 2003).

The combination of Tripterygium wilfordii and licorice is a classic
drug combination, and the combination of Tripterygium wilfordii with
licorice or licorice and Tripterygium wilfordii reduced toxic side effects,
regulated disorders of glucose and lipid metabolism, and enhanced the
efficacy of weight reduction. At the same time, the potentiation effect of
combining licorice and Tripterygium wilfordii is related to the dosage of
licorice used, while the specific mechanism of enhancing weight reduc-
tion efficacy may be related to the following two aspects. The combina-
tion of glycyrrhiza acid and tretinoin may increase weight loss through
anti-inflammatory, antioxidant and anti-apoptotic pathways. However,
regulating the glycerophospholipid metabolic pathway improves disor-
ders of lipid metabolism. Exploring the mechanism of action of this drug
combination using metabolomics revealed that glycerophospholipid
metabolism has the greatest variability and effect on all metabolic
pathways. Meanwhile, some experiments used the classical Drosophila
model to explore the efficacy of Tripterygium wilfordii combined with
licorice on improving disorders of glucolipid metabolism using a high-
glucose and high-fat model. Ultimately, Tripterygium wilfordii and lic-
orice had synergistic efficacy in improving glucolipid metabolism dis-
orders. These experiments suggest that the combination of licorice and
Tripterygium wilfordii may reduce weight by modulating key targets in
the glycerophospholipid metabolic pathway, influencing the metabolic
pathway, and modifying the disorder of lipid metabolism.

7. Safety of TCM

In recent years, with the renewed public interest and transformed
medical paradigms, the efficacy of TCM in preventing and treating dis-
eases has been recognized and accepted by the international community.
With the growing acceptance of complementary and alternative medi-
cines in Western countries, natural medicines used as both food and
medicine, as represented by TCM, are gradually gaining attention. In
China, there is a long custom of medicine and food being homologous,
and "Huangdi Neijing" records the theory that food is used to regulate the
state of the body, and that the essence of the homology of medicine and food
(which means medicine and food in the same source) is edible Chinese
medicinal materials. Because of its dual use as medicine and food, it has
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been used in medical and health care as diet therapy and medicinal
meals. The TCMsmentioned above are mostly used as medicinal and food
substances as teas, staple foods, and soups in the daily diet. These include
drinking green tea; brewing herbs, such as Fructus crataegi, lotus leaves,
and Siraitia grosvenorii, to make drinks; making poria into cakes; and
cooking Coicis semen porridge. At the same time, East Asia has a
consensus linking medicine and food from the same source, while in the
developed regions of Europe and the United States there is a high need
for additional health supplements. We have witnessed the application of
TCM expanded to include dietary supplement.

At present, the application of molecules and single Chinese herbs is
supported by modern pharmacological studies. However, there is little
pharmacological research on herbal medicines as a unit. Compatibility of
herbal medicines is integral as herbal medicines are combined into pre-
scriptions according to certain rules. Compatibility of traditional Chinese
herb medicine is a popular topic in the field of TCM today. We found that
research on compatibility is mainly based on TCM theories, and modern
scientific methods used to demonstrate the mechanism of compatibility
are inadequate. The substances produced by the combination of some
single herbs are difficult to fully elucidate by modern medicine, and their
related mechanisms of action still need to be further explored. Most
current studies focus on drug combinations with similar potency, and
lack in-depth exploration of the compatibility of drugs with large dif-
ferences in potency. We suggest that it is essential to strengthen the
research on these two aspects, which will strongly support researching
TCM intervention to treat leptin resistance.

8. Conclusion and outlook

In summary, TCM has a long history of treating obesity and has
certain curative effects. TCM has recognized the pathogenic factors of
obesity since the Yellow Emperor's Internal Classic period and has pro-
vided treatment protocols and prescriptions. Later generations gradually
evolved classical TCM compound prescriptions, and this study focuses on
summarizing the relationship between TCM for the treatment of obesity
and leptin resistance. TCM differs from the single-target mechanisms of
chemical drugs and has the advantages of targeting multiple pathways
for therapy. The targets of the classical drugs and compound formulas
summarized in this paper overlap not only with the targets of obesity but
also with leptin signaling pathways. The variations in targets suggest that
herbal medicines are great potential treatments for leptin resistance and
weight loss drug development.

However, many problems remain, such as the unknown pathogenesis
of obesity and the complex and confusing specific components and
mechanisms of action of herbal medicines. Current research is focused on
the composition and mechanism of action of single herbs, but less
research is done on herbal compounding and there is limited clinical
translation. Therefore, we believe that exploring the secrets of TCM
intervention in obesity and leptin resistance should focus more on TCM
compounding and should elucidate its effective mechanism of action.
Drug experiments should be combined with clinical trials, and the
characteristics of certain combinations of drugs with obvious efficacy be
specifically analyzed. This will be not only beneficial to the study of the
mechanism of action of TCM compounding, but also significantly impact
the research and development of new TCM drugs. We believe that with
the continuous development of basic medicine, big data, artificial intel-
ligence, and clinical research, the specific mechanisms of TCM inter-
vention in obesity will be further explored, and the treatment of obesity,
leptin resistance, and its complications will enter a new era.
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