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Non-alcoholic fatty liver disease (NAFLD) is a global health problem, and its
prevalence has been on the rise in recent years. Traditional Chinese Medicine
(TCM) contains a wealth of therapeutic resources and has been in use for
thousands of years regarding the prevention of liver disease and has been
shown to be effective in the treatment of NAFLD in China. but the molecular
mechanisms behind it have not been elucidated. In this article, we have
updated and summarized the research and evidence concerning herbs and
their active ingredients for the treatment in vivo and vitro models of NAFLD or
NASH, by searching PubMed, Web of Science and SciFinder databases. In
particular, we have found that most of the herbs and active ingredients
reported so far have the effect of clearing heat and dispelling dampness,
which is consistent with the concept of dampness-heat syndrome, in TCM
theory. we have attempted to establish the TCM theory and modern
pharmacological mechanisms links between herbs and monomers according
to their TCM efficacy, experiment models, targets of modulation and
amelioration of NAFLD pathology. Thus, we provide ideas and perspectives
for further exploration of the pathogenesis of NAFLD and herbal therapy,
helping to further the scientific connotation of TCM theories and promote
the modernization of TCM.
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1 Introduction

Non-alcoholic fatty liver disease (NAFLD) is defined as
hepatic steatosis, excluding the causes of significant alcohol
consumption, steatogenic medication or hereditary disorders
(1). It is histologically characterized by steatosis (2). About
25% of adults worldwide suffer from NAFLD (3) and despite
the known risk factors such as diabetes, obesity, age, gender and
race, the prevalence of NAFLD is still increasing (4). NAFLD
elevates the risk of all-cause mortality, liver-related deaths,
malignancy, diabetes and coronary artery disease (5).

The current pathogenesis of NALFD has not yet been
clarified. ‘Multiple-hit’ theory was used and widely considered
as an accurate measure of NAFLD pathogenesis, including
oxidative stress (OS) or endoplasmic reticulum (ER) stress,
abnormal lipid metabolism, inflammation, cell regeneration,
fibrosis, genetic predisposition, innate immune disorder,
intestinal flora imbalance and insulin resistance (Figure 1).
Treatment strategies currently used can have a certain
therapeutic effect on specific pathogenesis but may aggravate
other pathological factors that affect the prognosis of the disease.
For example, current insulin therapies and insulin sensitizers
may exacerbate lipid accumulation in the liver, by increasing
hepatic lipid synthesis (6). To date, there are no FDA-approved
drugs for the treatment of NAFLD (7, 8). Therefore, new

10.3389/fendo.2022.1000727

treatment strategies need to be found to consider multiple
pathological factors and targets.

Fortunately, there are a large number of studies focusing on
extracts of natural plants to improve NAFLD, such as resveratrol
of Reynoutria japonica Houtt. [Polygonaceae] (9), Geniposide of
Gardenia jasminoides J.Ellis [Rubiaceae] (10) and Baicalin of
Scutellaria baicalensis Georgi [Lamiaceae] (11). Not only that,
several compositional strategies of natural plants guided by
Traditional Chinese Medicine (TCM) theory such as Zhifang I
Decoction (12), zaozhu yinchen Recipe (13) and Jianpi Shugan
Recipe (14), have achieved some effect in clinical studies for the
treatment of NAFLD. These natural plants (some including
animals and ores) used under the guidance of TCM theory are
defined as Chinese herbal medicines (CHM).

In TCM theory, since the disease is a dynamic process, there
may be different patterns in different phases of the disease.
“Zheng’ (TCM syndrome), has been a central diagnostic concept
in TCM for thousands of years and is defined as the pattern of
symptoms and signs of a patient at a particular stage of the
disease dynamic process (15). Dampness-Heat Syndrome (DHS)
is the most common ZHENG in TCM, highlighted by chronic
low-grade systemic inflammation, which predisposes insulin
resistance (IR) and causes various metabolic disorders (16). A
recent clinical study revealed that DHS is the most common
TCM syndrome in patients with T2DM (17).

oxidative stress or endoplasmic
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FIGURE 1
Current pathogenesis of NAFLD.
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However, the philosophical-based TCM theory lacks the
elaboration of modern scientific language, which makes it
difficult to directly guide the modern pharmacological and
molecular mechanism research of CHM. Although a variety of
studies have shown that some herbs and their active ingredients
have the effect of clearing heat and removing dampness and have
obvious anti-inflammatory and antioxidant effects in recent
years (18, 19). The biological mechanism behind ZHENG has
not been clarified, and there is a lack of connection with modern
research on NAFLD, which poses an obstacle to the use of herbs
under the guidance of the relationship between the
characteristics of DHS and the pathological features of NAFLD

1.1 Perspectives of TCM on the etiology
and pathogenesis of NAFLD

NAFLD was discovered and named by Jurgen Ludwig in
1980 (20), and in TCM theory, there is no clear disease
description for NAFLD and NASH. According to the disease
characteristics of NAFLD, we can refer to the TCM theory of
‘Gan-Pi’ ‘Fei-Qi’ and Ti-Ju’. A great deal of work has been done
to determine the modern TCM name of NAFLD, which was
finally determined as ‘Gan-Pi’ (21). In the TCM theory, the
etiology of NAFLD is mainly due to dampness-heat (shi-re in
Chinese), phlegm (tan in Chinese), blood stasis (xue-yu in

Dampness-Turbidity Syndrome

FIGURE 2

10.3389/fendo.2022.1000727

Chinese) and qi stagnation (qgi-zhi in Chinese). According to
the differences in etiology factors and symptoms manifested by
the disease, ZHENGs of NAFLD can be divided into DHS and
other syndromes such as Dampness and Turbidity Syndrome,
Liver Stagnation and Spleen Deficiency Syndrome, Phlegm and
Blood Stasis Syndrome, and Spleen and Kidney Deficiency
Syndrome (22). Figure 2 details the four pathological factors
that lead to Gan-Pi and the corresponding five ZHENGs
classifications. In addition, the Main and secondary symptoms
of the ZHENGs are elucidated. Of note, DHS is the most
common syndrome related to this disease (23, 24).

1.2 Modern cognition and interpretation
of Dampness-Heat Syndrome

The relationship between DHS and energy metabolism
disorders was first described in the ancient Chinese book
“Huang-Di-Nei-Jing”. The ancient Chinese realized that
abnormal dietary habits could lead to disorders of energy
metabolism, which coincides with the modern view of a
metabolic syndrome caused by excessive energy intake.
Furthermore, ‘Su Wen « Qi Bing Lun’ (25) mentioned that
‘The people enjoyed rich food and became fat, experiencing
internal heat and dampness. Fat made people hot, sweet made
people full It is pointed out that some excessive intake of fatty or

The pathological factors of Gan-Pi and the corresponding classification of symptoms of ZHENGs in TCM theory. dampness-heat (shi-re in
Chinese), phlegm (tan in Chinese), blood stasis (xue-yu in Chinese) and gi stagnation (gi-zhi in Chinese).
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sweeter foods is the cause of DHS, while the internal heat
generated by fat accumulation and the series of inflammatory
reactions that may result from unhealthy foods are the cause
of DHS.

DHS refers to the syndrome related to ‘dampness-heat’ in
various diseases, especially digestive system diseases (26-29).
Although not yet elucidated, the potential molecular basis of
DHS has attracted many researchers’ attention. Recently, DHS
has been implicated in a wide range of inflammatory conditions,
including hepatitis (28, 30), nephritis (31), gastritis (32), arthritis
(33), prostatitis (34) and ulcerative colitis (35). In clinical trials,
DHS was found to be closely associated with levels of
inflammatory factors. Liu et al. found a significant decrease in
serum levels of inflammatory factors (IL-6, CRP and TNF-0.) in
patients with pelvic inflammatory disease with DHS after
combined administration of Kangfuyan capsule(a proprietary
Chinese medicine that clears heat and dispels dampness) and
antibiotic (36). Similarly, in an RCT clinical study, serum levels
of TNF-o and IFN-y were found to be significantly higher in
rheumatoid arthritis patients with DHS (33).

1.3 Modern research status and challenges of
DHS and NAFLD

More importantly, DHS is closely related to metabolic
syndrome, especially NAFLD (22, 24). Several studies have
revealed an association between the pathological
manifestations of NAFLD and DHS (37-40). Zhang et al.
observed that serum TG, TC and LDL-C were significantly
elevated in patients with DHS (39). In addition, compared
with other ZHENGs, NAFLD related to DHS has a higher
level of ALT (38), this may be related to the chronic low-level
systemic inflammatory response caused by the DHS.

1.3.1 Modern research progress of classical
formulas for the treatment of NAFLD

Traditional Chinese classical prescriptions are effective in the
treatment of NAFLD (41-43). Ling-Gui-Zhu-Gan decoction,
firstly found in the ancient classic “Jingui Yaolue”, is a
representative formula under the principle of warming Yang
and dampness removing. It consists of Smilax glabra Roxb.
[Smilacaceae]/(Fu-Ling), Neolitsea cassia (L.) Kosterm.
[Lauraceae]/(Gui-Zhi), Atractylodes macrocephala Koidz.
[Asteraceae]/(Bai-Zhu) and Glycyrrhiza glabra L. [Fabaceae]/
(Gan- Cao) (44). Previous studies have shown that Ling Gui Zhu
Gan decoction significantly alleviates hepatic steatosis by down-
regulated the expression of cytokine signaling 2 (44).Dai et al.
revealed that Ling-Gui-Zhu-Gan decoction effectively improved
insulin resistance in overweight/obese participants with
NAFLD (45).

Yin-chen-hao Decoction, is a famous TCM formula and is
used for the treatment of dampness-heat jaundice (46). It
consists of Rheum palmatum L. [Polygonaceae]/(Da- Huang),
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Swertia chirayita (Roxb.) H.Karst. [Gentianaceae]/(Yin-chen)
and Gardenia jasminoides J.Ellis [Rubiaceae]/(Gan-Cao). Lee
et al. showed that Yin-chen-hao Decoction has a novel
therapeutic approach for fatty liver progression in obesity mice
by promoting senescence marker protein-30 metabolism (47).
Moreover, Si Miao San is a classic formula consisting of four
herbs, namely Atractylodes lancea (Thunb.) DC. [Asteraceae]/
(Cang- Zhu), Phellodendron amurense Rupr. [Rutaceae]/
(Huang-Bai), Achyranthes bidentata Blume [Amaranthaceae]/
(Niu-Xi) and Coix lacryma-jobi L. [Poaceae]/(Yi- Yi-Ren), to
clear heat and dispel dampness. Previous studies have revealed
that Si Miao san could attenuate NAFLD by modulating hepatic
lipid metabolism and gut microbiota (48).

1.3.2 Modern research progress of Chinese
patent medicine for the treatment of NAFLD

For the treatment of NAFLD related to DHS, In China,
CHM compounds targeting DHS to treat NAFLD have been
approved as Chinese patent medicine (CPM) and some are in
clinical trials (referred to http://www.chinadrugtrials.org.cn.To
2022.04.30). Although there are some CPMs for DHS-related
NAFLD in clinical practice, it is difficult to find the precise target
for improving NAFLD through molecular research because of
the diversity of the composition of CHM. One of the current
strategies is to explore the molecular mechanisms behind the
prescription by breaking it down into individual herbs or
effective ingredients.

In fact, from the theory or practice of TCM, some
breakthroughs have been made in exploring the active
ingredients of TCM, such as the anti-malarial effect of
artemisinin, an extract of Artemisia annua L. [Asteraceae]
(49), and the anti-APL(acute promyelocytic leukemia) effect of
arsenic trioxide, an extract of arsenic (50). Furthermore, a wide
variety of pharmacological research on herbs and active
ingredients has also been focused on NAFLD, although the
linkage of herbs between individual studies is subtle and a
review combining the theory of medication guidance of herbs
with pharmacological research is lacking. Clarifying the actions
and mechanisms of these herbs and active ingredients is
fundamental to elucidating the molecular insights and
therapeutic perspectives of TCM on NAFLD.

Therefore, this paper aims to update and summarize the
experimental evidence of TCM herbs and active ingredients for
the treatment of NAFLD and focus on the mechanism
underlying NAFLD with dampness and heat in TCM and
propose potential prevention and treatment strategies using
TCM theory. In our review, based on the clinical evidence of
DHS and NAFLD, we updated and summarized single herbs
from CPM and animal experiments that are consistent with
TCM for dispelling dampness and clearing heat, and used the
TCM theory of drug efficacy classification to establish the link
between molecular mechanisms of herbs and their effective
ingredients and TCM theory (Figure 3). Hopefully, it will
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FIGURE 3

Workflow of this review. Blue represents the causative factors of NAFLD, purple represents the method of classification of drugs and light yellow

represents the different pathological mechanisms.

increase the scientific profile of TCM theories and promote the
modernization of TCM.

2 Herbs and active TCM ingredients

2.1 Active TCM ingredients with
dampness removing effect in TCM theory

‘Dampness’ causes disturbance of circulation and hypoxia in
adipose tissue and the small intestine, leading to an increase in
inflammatory factors, a decrease in adiponectin, a disturbance of
glucose metabolism, an imbalance of intestinal flora and an
increase in lipopolysaccharide (51). In TCM theory, anti-
dampness herbs can be further divided into the following:
Diuresis and Dampness Infiltration (Li-Shui-Shen-Shi) Medicinal,
Wind and Dampness-dispelling (Qu-Feng-Chu-Shi) Medicinal
and Resolving Turbidity (Qu-Shi-Hua-Zhuo) Medicinal. In
accordance with the experimental model and the specific
molecular mechanism involved, we have classified and
summarized the different active components (Table 2).

2.1.1 Diuresis and dampness

infiltration medicinal

2.1.1.1 Alisma plantago-aquatica subsp. orientale (Sam.)
Sam. [Alismataceae]/Ze-Xie (Chinese)

Ze-Xie is the stem tuber of Alisma plantago-aquatica subsp.
orientale (Sam.) Sam. [Alismataceae]. Medicinal efficacies are
the promotion of urination, purging of dampness and the
discharging of heat in TCM theory. It has been reported that
Ze-Xie could prevent NAFLD by improving intestinal
microecology and regulating genes related to cholesterol
metabolism (52). Alisol A, Alisol B and Alismatis Rhizoma
Triterpenes have been proven effective on NAFLD (Table 1).
Alisol A 24-acetate (AA-24-a) is one of the main active
triterpenoid compounds isolated from Alisma plantago-
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aquatica subsp. orientale (Sam.) Sam. [Alismataceae]. AA-24-a
can improve the abnormal accumulation of lipids in the liver by
regulating a variety of molecular mechanisms, such as improving
liver lipid deposition through ABCA1/ABCG1 pathway in Apoe
—/— mice model (53), binding to HMG-COA reductase (54),
activating PKA-mediated hormone-sensitive lipase
phosphorylation and down-regulating perilipin A in vivo and
in vitro (55). Alisol B 23-acetate (AB-23-a), a natural
triterpenoid, can induce mobilization of internally stored
calcium, leading to autophagy by activating the CAMKK-
AMPK- pathway in vitro (56), to improve abnormal lipid
metabolism and reduce cytotoxicity. Furthermore, it can
improve cases of abnormal lipid metabolism, inflammation
and fibrosis by activating FXR (57). Meanwhile, one study
included fourteen terpenoids isolated from Alisma plantago-
aquatica subsp. orientale (Sam.) Sam. [Alismataceae], has shown
that it could promote peripheral IR by up-regular glut4
expression (58).

2.1.1.2 Nelumbo nucifera Gaertn. [Nelumbonaceae]/
He-Ye (Chinese)

Nuciferine, an active alkaloid, is derived from Nelumbo
nucifera Gaertn. [Nelumbonaceae], has been demonstrated to
regulate FFA infiltration, inflammation and oxidative stress in
an HFD-induced rat model (59). In addition, it seems that
nuciferine could also limit abnormal fat accumulation by
decreasing the expression of Per-Arnt-Sim Kinase (PASK) (60)
and improving glycerophospholipid, linoleic acid, alpha-
linolenic acid, arginine, and proline metabolism pathways (61).

2.1.1.3 Trigonella foenum-graecum L. [Fabaceae]/Hu-
Lu-Ba (Chinese)

Diosgenin (DSG), an active sapogenin component isolated
from Trigonella foenum-graecum L. [Fabaceae]/ (Hu-Lu-Ba in
Chinese), is used to treat diabetes nowadays (62). It has been

frontiersin.org
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TABLE 1 Chinese patent medicine treating NAFLD target to DHS.

Compounds Prescriptions Register  Status
ID

Da Huang Li Rheum palmatum L. [Polygonaceae]/(Da-Huang),Gymnadenia orchidis Lindl./(Shou-Zhang-Shen),Phyllanthus emblica L. - approved

Dan Pills [Phyllanthaceae]/(Yu-Gan-Zi)

Huazhi Rougan  Artemisia capillaris Thunb. [Asteraceae]/(Yin-Chen)Senna tora (L.) Roxb. [Fabaceae]/(Jue-Ming-Zi)Rheum palmatum L. - approved

Granule [Polygonaceae]/(Da-Huang)Alisma plantago-aquatica L. [Alismataceae]/(Ze-Xie)Polyporus umbellatus/(Zhu-Ling)Crataegus

pinnatifida var. pinnatifida [Rosaceae]/(Shan-Zha)Atractylodes lancea (Thunb.) DC. [Asteraceae]/(Cang-Zhu)Atractylodes
macrocephala Koidz. [Asteraceae]/(Bai-Zhu)Citrus x aurantium L. [Rutaceae]/(Chen-Pi)Trichosanthes kirilowii Maxim.
[Cucurbitaceae]/(Gua-Lou)Ligustrum lucidum W.T.Aiton [Oleaceae]/Nv-Zhen-Zi)Eclipta prostrata (L.) L. [Asteraceae]/
(Mo-Han-Lian)Lycium barbarum L. [Solanaceae]/(Gou-Qi-Zi)Cirsium arvense (L.) Scop. [Asteraceae]/(Xiao-Ji)Bupleurum
falcatum L. [Apiaceae]/(Chai-Hu)Glycyrrhiza glabra L. [Fabaceae]/(Gan-Cao)

Dang Fei Li Silybum marianum (L.) Gaertn. [Asteraceae]/(Shui-Fei-Ji), Swertia pseudochinensis H.Hara [Gentianaceae]/(Dang-Yao) - approved
Gan Capulse

Shu gan zhi Bupleurum falcatum L. [Apiaceae]/(Chai-Hu)Citrus x aurantium L. [Rutaceae]/(Zhi-Qiao)Curcuma aromatica Salisb. CTR20180031 Ila
Tables [Zingiberaceae]/(E-Zhu)Seaweed/(Hai-Zao)Atractylodes lancea (Thunb.) DC. [Asteraceae]/(Cang-Zhu)Tuckahoe/(Fu-Ling)

Atractylodes macrocephala Koidz. [Asteraceae]/(Bai-Zhu)Carthamus tinctorius L. [Asteraceae]/(Hong-Hua)Panax

notoginseng (Burkill) F.H.Chen [Araliaceae]/(San-Qi)Crataegus pinnatifida var. pinnatifida [Rosaceae]/(Shan-Zha)

Astragalus mongholicus Bunge [Fabaceae]/(Huang-Qi)Sargentodoxa cuneata (Oliv.) Rehder & E.H.Wilson

[Lardizabalaceae]/(Da-Xue-Teng)

Dan Shao Gan  Bupleurum falcatum L. [Apiaceae]/(Chai-Hu)Astragalus mongholicus Bunge [Fabaceae]/(Huang-Qi)Angelica sinensis CTR20140038 IIb
Kang Granules  (Oliv.) Diels [Apiaceae]/(Dang-Gui)Paeonia lactiflora Pall. [Paconiaceae]/(Bai-Shao)Salvia miltiorrhiza Bunge [Lamiaceae]/
(Dan-Shen)Schisandra chinensis (Turcz.) Baill. [Schisandraceae]/(Wu-Wei-Zi)

demonstrated that diosgenin can ameliorate abnormal fat induced by high glucose, resveratrol was shown to limit
accumulation and inflammation by activating AMPK/ACC/ lipogenesis and enhance mitochondrial activity (27).
CPT-1a and inhibiting SREBP-1C/FAS signaling pathway (63). Resveratrol also improved insulin sensitivity and lipid
metabolism by increasing the abundance of intestinal-specific

2.1.1.4 Reynoutria japonica Houtt. [Polygonaceae]/Hu- bacteria in vivo (30). Furthermore, recent studies have clarified
Zhang (Chinese) that resveratrol induced gut barrier impairment, by inhibiting
Hu-Zhang is the root stalks and roots of Reynoutria colonic CB1 and abrogated the aggravated intestinal
japonica Houtt. [Polygonaceae], pertaining to Polygonum. inflammation via activating CB2 in C57bl/6] mice fed HFD
Historically, it was used to treat dampness-heat jaundice in models (29). Subsequently, increasing evidence has
TCM theory. The active ingredients include resveratrol, emodin demonstrated the role of Resveratrol in regulating not only the
of anthraquinones, quercetin, polydatin and its derivatives of intestinal microenvironment (30) but also the progress of
flavanols, coumarin and lignan (59). Resveratrol, pterostilbene inflammation (32, 33). Resveratrol was also shown to regulate
and polydatin are the main active components and work the expression of key molecules related to SIRT1, LXR, FXR of
together to exert a therapeutic effect on NAFLD (Figure 4). regulating autophagy (34) and GPAT-1 DGAt2 of PKC
Resveratrol is a polyphenol that is derived from Reynoutria membranous translocation (35) in HFD-induced rat models.
japonica Houtt. [Polygonaceae], is well known for its beneficial Pterostilbene is a methoxylated derivative of resveratrol and a
health properties, such as the limitation of abnormal lipid recent study has demonstrated that pterostilbene had higher
accumulation (24-28), the reduction of oxidative and ER stress antioxidant and anti-inflammatory properties compared with
(24, 26), the improvement of genetic predisposition (8) and the resveratrol in Wistar rats, induced by high-fat high-fructose
balance of intestinal flora (28-30). Resveratrol limited the intake models (36). In addition, it was reported that the compound
and synthesis of lipids and reduced oxidative stress in HepG2 Al19, a resveratrol-curcumin hybrid reduced the inflammatory
cells incubated with oleic acid and palmitic acid (24). Resveratrol response and decreased PA-induced ERK phosphorylation in
also limited triglyceride accumulation in vivo and in vitro, due to vivo and in vitro (37). Recent studies showed that Reynoutria
a decrease in the methylation level of nrf2 promoter (8). In vivo japonica Houtt. [Polygonaceae] 80% EtOH extract (POCU1b)
studies (in rats fed with HFD) showed that resveratrol could decrease lipid accumulation, reduce inflammation and IR
significantly increased the activity of glucose and lipid by activating pancreatic lipase, CAMP-dependent PDE activity,
metabolism and decreased rats’ behavioral and cognitive AMPK activation, and SOCS-3 suppression in rats fed with HFD
impairment (25). Nevertheless, recent studies have shown that (38). Polydatin is a stilbenoid compound derived from the
resveratrol increases autophagy by stimulating fatty acid [- rhizome of Reynoutria japonica Houtt. [Polygonaceae]. One of
oxidation in cells via the cAMP-PRKA-AMPK-SIRT1 the main properties of polydatin is its hepatoprotective activity
signaling pathway (31). In addition, in an in-vitro study, by reducing liver lipid accumulation, inflammation (39), insulin

Frontiers in Endocrinology 06 frontiersin.org


https://doi.org/10.3389/fendo.2022.1000727
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhou et al.

10.3389/fendo.2022.1000727

TABLE 2 Main mechanisms of CHM treating Congestion of Dampness Turbidity of NAFLD and its complications by dispelling dampness (Qu Shi)
and dissolving turbidity (Hua Zhuo).

Active ingredients

Alisol B 23-acetate

Alisol A 24-acetate

Alismatis rhizoma
triterpenes

Methanol extract of the
tuber of Alisma plantago-
aquatica subsp. orientale

(Sam.) Sam.
[Alismataceae]

Alisma plantago-aquatica
subsp. orientale (Sam.)
Sam. [Alismataceae]extract

Nuciferine

Diosgenin

Resveratrol

Source (English Efficacy Experimental model

name/pinyin)

Alisma plantago-
aquatica subsp.
orientale (Sam.)
Sam.
[Alismataceae]/Ze-
Xie

Nelumbo nucifera
Gaertn.
[Nelumbonaceae]/
He-Ye

Trigonella foenum-
graecum L.
[Fabaceae]/Hu-Lu-
Ba

Reynoutria japonica
Houtt.
[Polygonaceae]/Hu-
Zhang

Frontiers in Endocrinology

of TCM
theory

Diuresis
and
dampness
infiltration

Hp3b,HepG2,Hela,Sk-br-3,
Mda-MB-231,MCF-7,Pc3,

C666-1 cell

C57bl/6 mice MCD model

Apoe—/— mice model

T3-11 mouse fibroblast cell
model

ICR mice lipid emulsion-
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Molecule Mechanisms

Induces mobilization of internally stored
calcium, leading to autophagy by activating
the CAMKK-AMPK- pathway

Activating farnesol X receptor

Alisol A24-acetate improved liver lipid
deposition through ABCA1/ABCG1 pathway.

Activation of PKA-mediated hormone-
sensitive lipase phosphorylation and ERK-
mediated down-regulation of perilipin A
Binding to 3-hydroxy-3-methylglutary-
coenzyme A (HMG-CoA) reductase,
Promoting IR by elevated GLUT4 expression

Inhibition of expression of the hepatic
lipogenic genes and VLDLR, and
enhancement of Apoe secretion to improve
ER stress

Altering intestinal microecology and
regulating genes related to cholesterol
metabolism

Regulate Per-Arnt-Sim kinase expression

Regulate FFA infiltration, inflammation and
oxidative stress

Improve glycerophospholipid, linoleic acid,
alpha-linolenic acid, arginine, and proline
metabolism pathways

By activating AMPK/ACC/CPT-1A and
inhibiting SREBP-1¢/FAS signaling pathway

Limit the intake and synthesis of lipids and
reduce oxidative stress.

Reduce the methylation level of Nrf2
promoter

Improve liver and glucose and lipid
metabolism disorders, improve behavioral
and cognitive impairment

Improve lipid metabolism and redox
homeostasis and oxidative stress by activating
the PKA/AMPK/PPAR« signaling pathway

Stimulate fatty acid B-oxidation by inducing
autophagy through the camp-Pka-Ampk-Sirt1
signaling pathway

Limit lipogenesis and enhance mitochondrial
activity

Induce gut barrier impairment by inhibiting
colonic CB1, and abrogates the aggravated
intestinal inflammation via activating CB2,
resulting in LPS translocation suppression

Pathological Ref.

mechanism

2,4 (56)
1,3,5 (57)
2 (53)
2 (55)
2 (54)
6,9 (58)
1 (118)
2,8 (52)
1,2,3 (60)
123 (59)
2 (61)
2,3 (63)
1,2 (119)

2,6 9)
2 (120)
12 (121)
4 (122)
2 (123)
8 (124)
(Continued)
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TABLE 2 Continued

Active ingredients  Source (English Efficacy Experimental model Molecule Mechanisms Pathological Ref.
name/pinyin) of TCM mechanism
theory
C57bl/6 j mice fed HFD Improve the intestinal microenvironment, 8 (125)
model including gut barrier function and gut

microbiota composition.

C57bl/6j mice fed HFD Improve insulin sensitivity and lipid 2,8 (126)
model metabolism by increasing the abundance of
intestinal specific bacteria

Wistar rats fed HFD model ~ Improve inflammatory oxidative stress 1,3 (127)
C57bl/6 mice were treated Attenuate hepatic steatosis and inflammation 1,3 (128)
with MCD model aml12 cells in MCD-induced NASH by regulating
were treated with MCD autophagy
model
Wistar rats fed HFD model =~ Down-regulate GPAT-1 and Dgat2 expression 9 (129)
and inhibit PKC membranous translocation
Wistar rats fed HFD model ~ Improve liver function by up regulating the 6 (130)
expression of SIRT1, LXR and FXR
Ulkl+/- mice fed with HFD  Regulation of autophagy and NF- kappa B 3,4 (131)
model activity
Pterostilbene Wistar rats induced by high-  Higher antioxidant and anti-inflammatory 1,3 (132)
fat high-fructose activities
Resveratrol-curcumin C57bl/6 mice fed with HFD ~ Down-regulated the inflammatory 3 (133)
hybrid, al19 model";" mouse primary response’;'reduce PA-induced ERK

peritoneal macrophage and ~ phosphorylation
HepG2 cell treated with PA

Poculb SD rats fed HFD model Inhibitions of pancreatic lipase, CAMP- 2,39 (134)
dependent PDE activity, AMPK activation,
and SOCS-3 suppression

Polydatin SD rats fed HFD model Inhibiting the expression of TNF-o. and 2,3 (135)
srebp-1c
SD rats fed HFD model Improved insulin receptor substrate 2 9 (136)
expression levels and AKT phosphorylation
C57bl/ksj-db-/db (db/db) Up regulating the transcription factor TFEB 4 (137)
Mice fed HFD model and subsequently restoring the lysosomal
clearance of autophagosomes.
The ethanolic extract of Coix lacryma-jobi L. C57bl/6j mice fed HFD Inhibition of lipogenesis and induction of 2 (64)
adlay seeds [Poaceae]/Yi-Yi-Ren model fatty acid B oxidation in liver
Coix lacryma-jboi seed oil Wistar rats fed HFD model  Inhibiting the p-AMPK/SEPP1/APOER2 2 (65)
pathway
- Chaenomeles Wind- Sprague-dawley rats fed HFD Reduce the accumulation of lipids in the liver, 2,3 (66)
lagenaria (Loisel.) cold-damp  model inhibit the lipogenic pathway, improve the
Koidz. [Rosaceae]/  Expelling balance of antioxidation and reduce
Mu-Gua inflammation
Pinolenic acid Pinus tabuliformis Oleic acid (OA)-induced L02 Improving lipogenesis and oxidative stress by 2,3 (67)
Carriére [Pinaceae]/ cells and HepG2 cell model  regulating AMPK/SIRT1 signaling pathway
Song-Zi-Ren

The current pathological mechanism of NAFLD:1.oxidative stress (OS) or ER stress, 2.abnormal lipid metabolism, 3. inflammation, 4.cell regeneration, 5.fibrosis, 6.genetic predisposition,
7.innate immune disorder, 8.intestinal flora imbalance 9. insulin resistance.

resistance (40) and apoptosis (41). It has also been demonstrated expression levels and AKT phosphorylation to prevent insulin
that polydatin suppresses the expression of TNF-o: and SREBP- resistance in an HFD-induced rat model (40).

1c in SD rats fed HFD models (39). In addition, it has been

revealed that treatment with polydatin significantly decreased 2.1.1.5 Coix lacryma-jobi L. [Poaceael/Yi-Yi-Ren

the transcription factor TFEB and subsequently restored the (Chinese)

lysosomal clearance of autophagosomes (41). Recently, a study Coix lacryma-jobi L. [Poaceae] has served as nourishing
demonstrated that polydatin could regulate ubstrate 2 food and used in TCM for many years for the treatment of
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FIGURE 4
The regulatory effects on pathways induced by a group of ingredients from dispelling dampness (Qu Shi) and dissolving turbidity (Hua Zhuo) herbs.

inflammatory diseases. Several studies have demonstrated that 2.1.2.2 Pinus tabuliformis Carriére [Pinaceael/Song-Zi-
Coix lacryma-jobi L. [Poaceae] could inhibit abnormal lipid Ren (Chinese)
accumulation (64, 65). A recent in vivo study has demonstrated Pinolenic acid (all-cis-5, 9, 12-18:3), a polyunsaturated fatty
that the ethanolic extract of adlay seeds has efficacy in the acid, has been isolated from pine nut oil in Pinus tabuliformis
inhibition of lipogenesis and induction of fatty acid B oxidation Carriére [Pinaceae]. Pinus tabuliformis Carriére [Pinaceae] Oil
in the liver (64). In addition, Coix lacryma-jobi L. [Poaceae] oil has historically been a dietary supplement for preventing obesity
reduced fat accumulation by inhibiting the p-AMPK/seppl/ and metabolic dysregulation (67, 68). A study demonstrated that
apoer2 pathway (65). pinolenic acid could improve cases of lipogenesis and oxidative
stress by regulating AMPK/SIRT1 signaling pathway (67). An in
2.1.2 Wind-cold-damp expelling medicinal vitro study revealed that pinolenic acid down-regulated the lipid

Wind-Cold-Damp Expelling Medicinal has the efficacy of anabolic pathway in HepG2 cells by reducing the expression of
expelling wind and removing dampness, relieving pain. genes related to lipid synthesis and lipoprotein uptake (68).
Amongst these, Papaya and Pine Nuts (Pinus Koraiensis) were

reported to improve NAFLD.
2.2 Active TCM ingredients with heat-

2.1.2.1 Chaenomeles lagenaria (Loisel.) Koidz. clearing effect in TCM theory
[Rosaceae]/Mu-Gua (Chinese)

Mu-Gua is the nearly mature fruit of Chaenomeles lagenaria 2.2.1 Heat clearing and detoxification

(Loisel.) Koidz. [Rosaceae], pertaining to Rosaceae. Almost all medicinal

parts of Chaenomeles lagenaria (Loisel.) Koidz. [Rosaceae] can 2.2.1.1 Andrographis paniculata (Burm.f.) Nees

be used, especially the fruit. It is a nutritional source that is high [Acanthaceae]/Chuan-Xin-Lian (Chinese)

in fibre, minerals and strong antioxidants including vitamins A, Andrographis paniculata (Burm.f.) Nees [Acanthaceae], a herb
C and E. A recent in vivo study revealed that Chaenomeles used in Chinese, Indian and Thai remedies that are commonly used
lagenaria (Loisel.) Koidz. [Rosaceae] reduces the accumulation to treat infections, colds, and diarrhea. Terpenoids are the most
of lipids in the liver, inhibits the lipogenic pathway, improves the attractive phytonutrients of Andrographis paniculata (Burm.f)
balance of antioxidation and reduces inflammation (66). Nees [Acanthaceae] and several diterpenoids have also been
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identified, including andrographolide (AND), 14-deoxy-11,12-
didehydroandrographolide (deAND), isondrographolide, 14-
acetylandrographolide, and 14-deoxyandropholide. These
diterpenoids have been reported to have many biological
functions, including anti-oxidative stress, anti-inflammation, anti-
apoptosis and regulation of lipid metabolism (69, 70). A large
number of clinical researchers reported the anti-inflammatory and
hepatoprotective effects of andrographolide (AND) (71-73).
deAND could reduce cholesterol accumulation by suppressing the
expression of NLRP3 and caspase-1 and also reduce HFHC diet-
induced apoptosis by lowering the caspase 3/pro-caspase 3 ratios
(69). Furthermore, isoandrographolide (IAN), one of the derivatives
of AND, has shown improved efficacy on hyperlipidemia and fat
accumulation in the liver and showed comparatively higher success
with lower irritability and more stability than AND (70).

2.2.1.2 Bear Bile/Xiong-Dan (Chinese)

Ursodeoxycholic acid (UDCA), first identified in bear bile,
has been widely used for the treatment of cholestatic liver
diseases (74). Previous studies found that UDCA protected the
liver from NAFLD and oxidative stress, which may be mediated
by autophagy and apoptosis (75, 76). In a recent study, the
expression levels of AKT/mTOR/SREBP-1 signaling pathway-
related proteins were regulated by ursodeoxycholic acid
(UDCA). UDCA treatment suppressed the activation of AKT,
mTOR, and CRTC2 and the expression of nSREBP-1 in vitro
(76). Additionally, it has been reported that UDCA
administration promotes autophagy by activating the AMPK
pathway to inhibit apoptosis (55).

2.2.1.3 Gardenia jasminoides J.Ellis [Rubiaceae]/Zhi-Zi
(Chinese)

The fruit of Gardenia Gardenia jasminoides J.Ellis
[Rubiaceae] is a herb for cleaning away toxicity in TCM.
Recent studies showed that the extract of Gardenia
jasminoides J.Ellis [Rubiaceae] reduced inflammation by
suppression of JNK2/1 signaling pathways (77) and the
expression of cytokines such as TNF-o and IL-6 in adipose
tissue (78). Moreover, active ingredients of Gardenia
jasminoides J.Ellis [Rubiaceae], such as genipin and
geniposide, have an alleviating effect on fatty liver in HFD-
induced rat models (79, 80). Geniposide has many biological
effects, such as anti-inflammation, regulation of the amount of
intestinal flora and limitation of abnormal lipid accumulation
(10, 81). It has been reported that geniposide enhanced the
reduction of antioxidative stress and inflammation by up-
regulating the protein expression of Nrf2/HO-1 and AMPK
signaling pathway in vivo and vitro (10). Furthermore, recent
in vivo studies revealed that the ability to suppress intracellular
lipid accumulation may be due to increasing the expression of
PPARa (82). Subsequently, geniposide was found to reduce the
signaling of gut-derived lipopolysaccharide (LPS), protecting the
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gut barrier function by down-regulating the RHOA/ROCK
signaling pathway (81). Geniposide also improved hepatic free
fatty acid metabolism in rats induced by a high-fat diet by
regulating the AMPK-Malonyl-CoA-FFA axis (80).

Genipin is the aglycone derived from geniposide, the
most abundant iridoid glucoside constituent of Gardenia
jasminoides J.Ellis [Rubiaceae]. Subsequently, it has been
reported that genipin inhibited hepatic oxidative stress
and prevented mitochondrial dysfunction in Aging SD rat
models and palmitate-treated L02 cell models (83). In
addition, pyroptosis is a highly inflammatory form of lytic
programmed cell death that occurs most frequently upon
infection with intracellular pathogens and likely forms
part of the antimicrobial response. Genipin could inhibit
UCP2-mediated pyroptosis to reverse HFD-induced liver
damage (79).

2.2.2 Heat-clearing and fire-draining medicinal
Senna tora (L.) Roxb. [Fabaceae]/Jue-Ming-Zi (Chinese)

Senna tora (L.) Roxb. [Fabaceae] is an annual herb that
grows in tropical countries in Asia, which is widely cultivated
in China and usually used to treat insomnia. Meng et al (84),
reported that Senna tora (L.) Roxb. [Fabaceae] also could
alleviate NAFLD in rat models, which can significantly
reduce the levels of TNF-o., IL-6, IL-8 and MDA in the liver
and serum.

2.2.2.1 Scutellaria baicalensis Georgi [Lamiaceae]/
Huang-Qin (Chinese)

The dried root of Scutellaria baicalensis Georgi [Lamiaceae]
belonging to Lamiaceae, is a herb used for relieving heat, (fire-
draining). Scutellaria baicalensis Georgi [Lamiaceae] extract
(SBE) exerted regulating effects on hyperglycemia,
hypertriglyceride, and hypercholesterolemia (85). Baicalin, the
major flavonoid in Scutellaria baicalensis Georgi [Lamiaceae],
has been demonstrated to have anti-lipotoxicity, through the
regulation of AMPK-mediated SREBP signaling pathway (86).
Baicalin was also reported to attenuate pyroptosis by inhibiting
NLRP3- GSDMD signaling in vitro of HepG2 cells
(11).Baicalein is a flavonoid found in Scutellaria baicalensis
Georgi [Lamiaceae], which has been usually used for the
treatment of fever, viral infections, bacterial infections,
inflammation, and cancer (87, 88). Baicalein induced apoptosis
and autophagy of breast cancer cells via inhibiting the PI3K/
AKT signaling pathway in vivo and vitro (88). In previous
studies, baicalein was also reported to reduce oxidative stress
and abnormal lipid metabolism by activating AMPK and
suppressing SREBP1 cleavage in oleic acid-induced HepG2
cells and HFD-induced mice models (89). It also was revealed
that it attenuated lipid metabolism, inflammation and fibrosis in
mice by suppressing key regulators such as SREBP-1c, FASN,
PPARo and CollAl (90).
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2.2.2.2 Sophora flavescens Aiton [Fabaceae]/Ku-Shen
(Chinese)

Sophora flavescens Aiton [Fabaceae] (Ku-Shen) is a
monarch herb in TCM used for the treatment of DHS which
has achieved high efficacy in treating metabolic disease in
clinical practice and effect studies (91). Ku-Shen mainly
contains the components oxymatrine and matrine.
Oxymatrine is one of many quinolizidine alkaloid
compounds extracted from the root of Sophora flavescens
Aiton [Fabaceae] (Ku-Shen). It is very similar in structure to
matrine, which has one less oxygen atom and has been revealed
to possess various pharmacological effects, including anti-
hepatitis virus infection (92), anti-hepatic lipid abnormal
accumulation and anti-inflammation (93). A recent study has
reported that oxymatrine regulates lipid accumulation in the
liver by increasing the mRNA and protein levels of PPARa,
CPT1 and MTTP in fatty liver rats (93). Matrine is also
originally isolated from the plant Sophora Flavescens and it
has been used as an anti-inflammation drug in China (94).
Matrine reduced ER stress and mitochondrial dysfunction via
SERCA pathway in HFD-fed mice (95). Additionally, matrine
treatment enhanced HSP72 and down-regulated mTOR to
reduce inflammation and fibrosis fat accumulation in C57BL/
6] mice fed MCD models (96).
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2.2.3 Clearing heat-deficiency medicinal
2.2.3.1 Artemisia annua L. [Asteraceae]/Qing-Hao
(Chinese)

Artemisia annua L. [Asteraceae], belongs to the Asteraceae
family and grows wild in Asia (97). It has been used for the
treatment of various diseases in China (98). Many studies had
reported its anti-inflammation efficacy (99, 100). Artemisinin, a
sesquiterpene lactone, inhibits the activity of Plasmodium
Falciparum and other malarial parasites. A recent study
revealed a water extract of Artemisia annua L. [Asteraceae]
could regulate lipid accumulation and oxidative stress in
HepG2 cells and high-fat diet-fed mice, as well as weight gain
and liver damage in vivo (101).

2.2.4 Fire-purging and detoxification medicinal
2.2.4.1 Rheum palmatum L. [Polygonaceae]/Da-Huang
(Chinese)

Rheum palmatum L. [Polygonaceae] is a species of
flowering plant in the knotweed family Polygonaceae
which has been used for fever-associated diseases (102). Rhein
(4,5-dihydroxyanthraquinone-2-carboxylic acid) is an
anthraquinone and one of the major components of Rheum
palmatum L. [Polygonaceae]. Some studies have shown that
rhein enhances lipid metabolism in animals (103) and inhibits

Aloe vera (L.) Burm.f [
Asphodelaceae]/Lu-Hui

Aloin

Baicalein

| >~ Sénna tora (L.) Roxb.
[Fdbaceae]/Jue-Ming-Zii
\
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Gardenia jasminoides J.Ellis
[Rubiaceae] /Zhi-Zi

L ic acid
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FIGURE 5

Bear bile /Xiong-Dan

The regulatory effects on pathways induced by a group of ingredients from Heat-Clearing (Qing Re) herbs.
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cell proliferation, inflammation and apoptosis (104).
Furthermore, a recent study showed that rhein activated the
UCP1 gene by antagonizing the repressive effect of LXR on
UCP1 expression to improve lipid metabolism in vivo and vitro
(103). Interestingly, rhein has been shown to have
immunoregulatory functions. It has been reported to regulate
lipogenesis through LXR-mediated SREBP-1c and shift the
imbalanced Th1/Th2 response in the liver by modulation of
cytokine signaling (105). Furthermore, rhein lysinate (RHL),
which is the salt of lysine and rhein, protects the liver in mice
from oxidative stress injury and inflammation by decreasing the
expression of TNF- o, IL-6, NF- kB, SREBP-1c and Fas (106).
Emodin (1,3,8-trihydroxy-6-methylanthraquinone), one of the
major bioactive hydroxyanthraquinone in the root and rhizome
of Rheum palmatum L. [Polygonaceae], has been shown to have
anti-inflammatory, antioxidative and hepatoprotective effects
(107, 108). Some studies have suggested that emodin is
effective in reducing lipid accumulation in rats (109, 110).
Moreover, emodin has effects on NAFLD caused by a high fed
diet and has been reported to improve lipid accumulation via the
ERS-SREBP1c pathway (110). Some studies have suggested that
emodin is effective in reducing hepatic lipogenesis by regulating
of AMPK signaling pathway in Zebrafish fed Egg yolk powder
models (111). Furthermore, recent research demonstrated that
emodin alleviated hepatic lipid accumulation by inhibiting
SREBP1 activity via the camkk-AMPK-mTOR-p70s6k
signaling pathway (109) and promoting the activity of AMPK
and decreasing the gene expression of the biosynthesis of fatty
acids and TG (112).

2.2.4.2 Aloe vera (L.) Burm.f. [Asphodelaceae] /Lu-Hui
(Chinese)

Aloe vera (L.) Burm.f. [Asphodelaceae] is a species of plant
belonging to the genus Aloe, and has been recorded as one of the
ten most frequently used herbs for constipation (113). Aloin,
also known as barbaloin, is a natural aloe- derived
anthraquinone compound that can ameliorate oxidative stress,
anti-apoptosis and anti-inflammation on liver diseases (114,
115). A recent study also revealed that aloin can enhance
antioxidant, anti-inflammatory and anti-apoptotic activity by
activating Nrf2/HO-1 signaling in Nrf2 KO (Nrf2—/-) C57BL/6
mice model fed CDAAH diet models (116). Moreover, aloin
could reduce oxidative stress, liver inflammation in rats fed
HFHED (18).

3 Conclusions and perspectives

Guided by a relevant and diverse philosophical system that
emphasizes holistic health balance, TCM has become an
important raw material for the development of new anti-
NAFLD drugs. DHS is a concept in TCM, a general term for a
series of symptoms summarized by ancient Eastern medicine
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FIGURE 6

The relationship between (A) anti-dampness herbs and their
active components, (B) clearing-heat herbs and their active
components and the current pathological factors of NAFLD. The
inner part is the pathological mechanism of NAFLD, the middle
represents the corresponding herbs, and the outside is their
active components. The colors represent the different molecular
mechanisms of pathology and the size represents the proportion
of the current study. The names of the individual herbs are given
in Chinese and the corresponding English names are detailed in
Tables 2, 3.

(117). TCM theory gradually developed a method of using herbs
to treat this symptom in continuous attempts, and to establish a
relationship between the composition of different herbs and
different symptoms. Obviously, the theory has certain
limitations, such as unknown pharmacological eftects, lack of
clinical experimental evidence, etc. However, due to the special
way of using herbs, usually a combination of multiple herbs, is
an obstacle to finding specific, effective ingredients. Fortunately,
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TABLE 3 Main mechanisms of CHM treating NAFLD and its complications by Heat-Clearing (Qing Re).

Active ingredients  Source (latin

or English
name/pinyin)
14-Deoxy-11, 12- Andrographis
Didehydroandrographolide paniculata
Isandrographolide (Burm.£) Nees
[Acanthaceae]/

Chuan-Xin-Lian

Ursodeoxycholic acid Bear bile/Xiong-

Dan

Genipin Gardenia
jasminoides J.Ellis
[Rubiaceae]/Zhi-
Zi

Geniposide

GJ extract

Cassia semen ethanol Senna tora (L.)

extract Roxb. [Fabaceae]/
Jue-Ming-Zi

Baicalin Scutellaria
baicalensis Georgi
[Lamiaceae]/
Huang-Qin

Baicalein

Oxymatrine Sophora
flavescens Aiton
[Fabaceae]/Ku-

Matrine Shen

Frontiers in Endocrinology

Efficacy
of TCM
theory

Experimental model

Clearing heat C57BL/6] mice fed HFHC

and model

detoxification Wistar rats fed HFD model

SD rats fed HFD model

L02 cell stimulated with OA
model

Aging SD rats

model";"palmitate-treated L02
cell model

C57BL/6] mice fed HFD

model

Tyloxapol- induced C57BL/6]
mice model";"HepG2 cell
induced by OA or PA model

Free Fatty Acid-Treated
HepG2 Cell model";"

C57BL/6 mice fed HFD
model

Wistar Rats fed HFD model

LPS induced BV-2 cells
model";"LPS induced AD rats
model

SD rats fed HFD model

Wistar rats fed HFD model

KK-A mice and C57BL/6]
mice OA-induced

Heat-clearing
and Fire-
draining model";"Sodium oleate-
induced cell model
HepG2 cells treated FFA
model

Oleic acid-induced HepG2
cells";" HFD-induced mice
model

MCD diet-induced mice
C57BL/6] model

High-fructose diet-induced
Wistar rats’ model

C57BL/6] mice fed MCD
model

C57BL/6] mice fed HFD
model
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Molecule Mechanisms

Reduce cholesterol accumulation, antioxidant
and anti-inflammatory activities

Improve efficacy on hyperlipidemia and fat
accumulation in the liver

Inhibition of apoptosis and promotion of
autophagy by activating AMPK pathway
Regulate the AKT/mTOR/SREBP-1 signaling
pathway

Inhibiting hepatic oxidative stress and
mitochondrial dysfunction

Reverses HFD-induced liver damage and
inhibits UCP2-mediated pyroptosis
Enhancing the ability of antioxidative stress
and inflammation by up-regulating the
protein expression of Nrf2/HO-1 and AMPK
signaling pathways

Suppressed the intra- cellular lipid
accumulation by increasing the expression of
PPARO

Down-regulate RHOA/ROCK signal and
improve intestinal Barrier

Improve fatty acid metabolism by regulating
the AMPK-Malonyl-CoA-FFA axis.

Improve inflammation by suppression of
JNK2/1 signaling pathways

Reduction of TNF-o. and IL6 in adipose
tissue

The antioxidant effect through increased the
levels of TNF-q, IL-6, IL-8 and MDA

Prevent lipotoxicity through the AMPK-
mediated SREBP signaling pathway.

Reduce proptosis of hepatocyte by blocking
NLRP3-GSDMD signaling

Activating AMPK and suppressing SREBP1
cleavage

Attenuate lipid metabolism, inflammation
and fibrosis in mice by suppressing key
regulators such as SREBP-1c, FASN, PPARo
""TNF-a, IL-1B ";"o-SMA and TGF-B1 and
CollAl

Increase the mRNA and protein levels of
PPA Ro., CPTland MTTP to decrease lipid
accumulation in the liver

Enhancing HSP72 and downregulating
MTOR to improve inflammation and fibrosis

Regulation of SERCA pathway reduces ER
stress and mitochondrial dysfunction

Pathological Ref.

mechanism
1.2 (69)
2 (70)
4 (75)
1,2 (76)
1 (83)
4 (79)
1,3 (10)
2 (82)
8 (81)
2 (80)
23 (77)
3 (78)
1 (84)
23 (86)
4 (11)
1,2 (89)
2,3,5 (90)
2 (93)
35 (96)
1 (95)
(Continued)

frontiersin.org


https://doi.org/10.3389/fendo.2022.1000727
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhou et al.

TABLE 3 Continued
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Active ingredients  Source (latin  Efficacy = Experimental model Molecule Mechanisms Pathological Ref.
or English  of TCM mechanism
name/pinyin)  theory
Water Extract of Artemisia annua  Clearing HepG2 cell treated with oleic ~ ImproveLipid Accumulation and Oxidative 1,2 (101)
Artemisia annua L. L. [Asteraceae]/ deficiency acid or tert- Stress
Qing-Hao heat butylhydroperoxide model;
C57BL/6] mice fed HFD
model
Rhein Rheum palmatum  Purging fire ~ C57BL/6] mice fed HFD Down-regulate lipogenesis through LXR- 2,7 (105)
L. [Polygonaceae]/ and model; LXR/-Mice model; mediated SREBP-1c and shift the imbalanced
Da-Huang detoxification Hepal-6 cell lines and Th1/Th2 response in the liver by modulation
Splenic mononuclear cell of cytokine signaling
3T3-L1 adipocytes and Activate the UCP1 gene by antagonizing the 2,6 (103)
HepG2 cells ";"C57BL/6] mice repressive effect of LXR on UCP1 expression
fed HFD model";"db/db to Improve lipid metabolism
Mice";"LXRot/B knockout
(LXR-/-)mice
Rhein lysinate C57BL/J mice and KK/hlj Decrease the expression of TNF-o, IL-6, NF- 2,3 (106)
mice fed HFD model KB, SREBP-1c¢ and Fas in liver
Emodin Zebrafish fed Egg yolk Reduce hepatic lipogenesis by Regulation of 2 (111)
powder model AMPXK Signaling Pathway
HepG2 cell treated with Alleviate hepatic lipid accumulation by 2 (109)
FAA";"SD rats fed HFD inhibiting SREBP1 activity via the camkk-
model AMPK-mTOR-p70s6k signaling pathway
SD rats fed liquid fructose Improve the lipid accumulation through the 1,2 (110)
model ERS-SREBP 1c pathway
- SD rats fed HFD model Attenuate excess fat accumulation by 2 (112)
promoting the activity of AMPK and
decreasing the gene expression of the
biosynthesis of fatty acids and TG.
- Aloe vera (L.) SD rats fed HFHFD model Reduce oxidative stress, liver inflammation 2,3 (18)
Aloin Burm.. Nrf2 KO (Nrf2—-/-) C57BL/6]  Enhance antioxidant, anti-inflammatory and 2,34 (116)

[Asphodelaceae]/

Lu-Hui model

mice model fed CDAAH diet

anti-apoptotic activity by activating Nrf2/
HO-1 signaling

sThe current pathological mechanism of NAFLD:1.oxidative stress (OS) or ER stress, 2. abnormal lipid metabolism, 3. inflammation, 4.cell regeneration, 5.fibrosis, 6.genetic predisposition,

7.innate immune disorder, 8.intestinal flora imbalance 9. insulin resistance.

CDAAH diet: choline-deficient, L-amino acid- defined, high-fat (CDAAH) diet; HFHFD:high-fat high-fructose diet

an ever-increasing number of herbs are being investigated via well-
designed experiments using various methods of isolating active
ingredients and different types of animal models, to provide
evidence in support of beneficial effects in liver disease. In this
review, to benefit the discovery of herb-derived anti-NAFLD drugs,
Traditional Chinese medicine for the treatment of damp-heat
syndrome and its effective components are discussed.

Hypoxia and inflammation are important features of DHS,
which are common in chronic low-grade systemic inflammation
with IR, which eventually leads to free fatty acids metabolism
disorder (51). Non-liver organs and non-liver cells such as gut,
adipose, skeletal muscle, brain and immune systems contribute
to NAFLD progression in the liver. When the free fatty acids
disposal pathways of over-loaded fatty acids are over-occupied,
fatty acids then form lipotoxic species that could cause cell death,
oxidative stress, ER stress and inflammation, and activate
hepatic stellate cells (HSC) and cause liver fibrosis.
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In TCM theory, Alisma plantago-aquatica subsp. orientale
(Sam.) Sam. [Alismataceae]/Ze-Xie, Nelumbo nucifera Gaertn.
[Nelumbonaceae]/He-Ye, Trigonella foenum-graecum L.
[Fabaceae]/Hu-Lu-Ba, Reynoutria japonica Houtt.
[Polygonaceae]/Hu-Zhang, Coix lacryma-jobi L. [Poaceae]/
Yi-Yi-Ren, Chaenomeles lagenaria (Loisel.) Koidz.
[Rosaceae]/Mu-Gua, and Pinus tabuliformis Carriére
[Pinaceae]/Song-Zi-Ren could clear dampness and have the
effect of anti-NAFLD, that is currently reported in the NAFLD
or the NASH model (Figures 4, 6A). Furthermore, each herb
could ameliorate NAFLD with multiple targets and
mechanisms, such as (Tables 2, 3). Specifically, Alisol B 23-
acetate, Nuciferine, Diosgenin, Resveratrol and Pterostilbene
were proven reducers of oxidative and ER stress in NAFLD
models. In addition, Alisol B 23-acetate, Alisol A 24-acetate,
Nuciferine, Diosgenin, Resveratrol, Poculb, Polydatin, Pinus
tabuliformis Carriére [Pinaceae] oil and Pinolenic acid could
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improve NAFLD by reducing abnormal lipid accumulation in
the liver. Furthermore, Alisol B 23-acetate, Nuciferine,
Diosgenin, Resveratrol, Pterostilbene, Polydatin, Resveratrol-
curcumin hybrid, a19 and Poculb were proven to alleviate liver
inflammation in animal models. Moreover, Alisol B 23-acetate,
Resveratrol and Polydatin could affect hepatocyte regeneration
through different mechanisms. Resveratrol is one of the
most reported effective components of traditional Chinese
medicine. In the current research, the specific mechanism of
its regulation of NAFLD may be related to oxidative ER
stress, abnormal lipid metabolism, inflammation, fibrosis,
genetic predisposition, intestinal flora imbalance and
insulin resistance.

Clearing heat is one of the important functions of traditional
Chinese herbs, which can resist inflammation, reduce immune
response and so on. Amongst all the traditional herbs that have
been reported and elucidated the underlying mechanism for the
treatment of non-alcoholic fatty liver disease, those drugs that
can clear heat are Andrographis paniculata (Burm.f.) Nees
[Acanthaceae]/Chuan-Xin-Lian, Bear bile/Xiong-Dan,
Gardenia jasminoides J.Ellis [Rubiaceae]/Zhi-Zi, Senna tora
(L.) Roxb. [Fabaceae]/Jue-Ming-Zi, Scutellaria baicalensis
Georgi [Lamiaceae]/Huang-Qin, Sophora flavescens Aiton
[Fabaceae]/Ku-Shen, Artemisia annua L. [Asteraceae]/Qing-
Hao, Rheum palmatum L. [Polygonaceae]/Da-Huang and Aloe
vera (L.) Burm.f. [Asphodelaceae]/Lu-Hui and its active
monomer (Table 3). To be exact, 14-Deoxy-11, 12-
Didehydroandrographolide, Ursodeoxycholic acid, Genipin,
Geniposide, Emodin and Baicalin were proven reducers of
oxidative and ER stress in NAFLD models. In addition, 14-
Deoxy-11, 12-Didehydroandrographolide, Isandrographolide,
Ursodeoxycholic acid, Geniposide, Baicalin, Baicalein,
Oxymatrine, Rhein, Aloin and Emodin could improve NAFLD
by reducing abnormal lipid accumulation in the liver (Figures 5,
6B). Furthermore, Geniposide, Baicalin, Baicalein, Matrine,
Rhein lysinate and Aloin were proven to alleviate liver
inflammation in animal models. Moreover, Ursodeoxycholic
acid, Baicalin, Aloin and Genipin could affect hepatocyte
regeneration through different mechanisms.

Taking the above together, herbs and their active
components that target one or 'multiple hits' of the ‘multiple
hits' pathogenesis processes could affect NAFLD. Figure 6 shows
that improving lipid metabolism, reducing ER or oxidative stress
and improving inflammation are the main pathological
mechanisms of current anti-DHS herbs, accounting for more
than 75% of current studies. However, the current challenge is
how to improve traditional Chinese medicine and its active
ingredients in the treatment of NAFLD. we propose the
following suggestions:
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1) To better explore the mechanisms of herbs (which are
already used in clinics) and their active components,
preclinical studies based on the reverse-pharmacology-
guided approach are needed. In terms of experimental
models, more models that can simulate human NAFLD
need to be developed. It’s necessary to consider mainly
herbs selection, dose, route of administration and dosing
regimen for herbs delivery design.

2) Multiple types of omics analysis such as metagenomics,
transcriptomics, metabolomics and proteomics can be
used for high-throughput screening of herbal medicines
for target/molecular mechanism exploration.
Specifically, 16s ribosomal RNA analysis enables
metagenomic analysis of the gut microbiota, allowing
observation of the effects of herbal medicines on the gut
flora. Moreover, RNA sequencing (RNA-Seq) using
next-generation sequencing technology helps to
analyze the cellular transcriptome.

3) Several biological databases have been widely used to
identify drugs with common mechanisms of action, adapt
existing drugs for use, discover the molecular
mechanisms of unknown drugs, and search for
potential drugs for diseases. Connectivity Map (CMAP)
is a database that stores the mRNA expression levels of
cells treated with different small molecule drugs,
depending on the degree of up- or down-regulation
compared to the control group. Combined with the
development of group technology such as RNA-seq, we
can predict the effective components in traditional
Chinese medicine by using CMAP. Exploring Chinese
medicine is an uncertain, winding and arduous path that
requires continuous learning with the help of modern
technology such as bioinformatics.

4) To dig deeper into the ancient Chinese medicine
prescriptions, clarify their chemical composition by
using modern science and technology, establish the
connection between the theoretical evidence of
Chinese medicine and modern mechanisms, and find
new treatment methods for NAFLD.
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