
Abstract
Non-alcoholic fatty liver disease (NAFLD) is one of the 
leading causes of chronic liver diseases around the 
world due to the modern sedentary and food-abundant 
lifestyle, which is characterized by excessive fat 
accumulation in the liver related with causes other than 
alcohol abuse. It is widely acknowledged that insulin 
resistance, dysfunctional lipid metabolism, endoplasmic 
reticulum stress, oxidative stress, inflammation, and 
apoptosis/necrosis may all contribute to NAFLD. Auto
phagy is a protective self-digestion of intracellular 
organelles, including lipid droplets (lipophagy), in 
response to stress to maintain homeostasis. Lipophagy 
is another pathway for lipid degradation besides 
lipolysis. It is reported that impaired autophagy also 
contributes to NAFLD. Some studies have suggested 
that the histological characteristics of NAFLD (steatosis, 
lobular inflammation, and peri-sinusoid fibrosis) might 
be improved by treatment with traditional Chinese 
herbal extracts, while autophagy may be induced. This 
review will provide insights into the characteristics of 
autophagy in NAFLD and the related role/mechanisms 
of autophagy induced by traditional Chinese herbal 
extracts such as resveratrol, Lycium barbarum polysac
charides, dioscin, bergamot polyphenol fraction, 
capsaicin, and garlic-derived S-allylmercaptocysteine, 
which may inhibit the progression of NAFLD. Regulation 
of autophagy/lipophagy with traditional Chinese herbal 
extracts may be a novel approach for treating NAFLD, 
and the molecular mechanisms should be elucidated 
further in the near future.
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Core tip: Due to the modern sedentary and food-
abundant lifestyle, the incidence of non-alcoholic fatty 
liver disease (NAFLD) has doubled during the past 
years, and its prevalence ranges from 20% in China 
and 27% in Hong Kong to 30% in Western countries. 
Although NAFLD is a major cause of chronic liver 
diseases, a satisfactory treatment targeting one or 
several pathological mechanisms of NAFLD has yet 
to be identified. Recent studies have suggested that 
Chinese herbal extracts (resveratrol, Lycium barbarum 
polysaccharides, dioscin, bergamot polyphenol fraction, 
capsaicin, garlic-derived S-allylmercaptocysteine) may 
inhibit NAFLD progression by inducing autophagy, the 
role and mechanisms of which are summarized in this 
review.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of 
the leading causes of chronic liver diseases around 
the world, and is characterized by an excessively 
high accumulation of fat deposits in the liver resulting 
from causes other than chronic alcohol abuse[1,2]. The 
incidence of NAFLD has doubled during the past years, 
and its prevalence ranges from 20% in China and 27% 
in Hong Kong to 30% in Western countries, primarily 
due to the modern sedentary and food-abundant 
lifestyle in those regions[3,4]. The spectrum of NAFLD 
extends from non-alcoholic simple steatosis (NAS) 
to non-alcoholic steatohepatitis (NASH) and liver 
cirrhosis. Furthermore, NAFLD can progress to liver 
cancer without fibrosis[5-7]. 

NAFLD is often accompanied by obesity, diabetes 
and hyperlipidemia, and therefore closely asso
ciated with insulin resistance and lipid metabolism 
dysfunction, both of which can lead to the excessive 
accumulation of lipid droplets in hepatocytes (the 
first hit). Such lipid accumulation makes hepatocytes 
particularly vulnerable to internal and external stimuli 
during the first hit. As a result, lipid peroxidation, 
oxidative stress, cytokines, endoplasmic reticulum (ER) 
stress and endotoxins can all further aggravate any 
pre-existing liver injury, induce inflammation, impair 
autophagic flux and activate Kupffer cells. These types 
of cellular responses lead to lobular inflammation, 
Mallory-Denk bodies, NASH, fibrosis, and finally liver 
cirrhosis[8-10]. Moreover, a small percentage of such 
patients develop hepatic carcinoma[11]. Although NAFLD 
is a major cause of chronic liver diseases, a satisfactory 
treatment targeting one or several pathological me

chanisms of NAFLD has yet to be identified.
Autophagy is a self-digestion process that occurs 

in all cells. Basal autophagy in eukaryotic cells is a 
protective response to stress resulting from internal 
and external stimuli such as injury, infection, etc. 
Double membrane fragments derived from intracellular 
organelles, such as mitochondria, pieces of ER and 
Golgi apparatus, can enfold damaged organelles 
and misfolded or unfolded proteins, which are then 
transported to lysosomes for degradation. The 
degradation products are finally recycled as substrates 
to be used for new cell formation[12,13]. 

Three main types of cellular autophagy have been 
identified: macroautophagy, chaperone-mediated 
autophagy, and microautophagy. Autophagy is a multi-
step process including initiation, elongation, enclosure, 
maturation and degradation. It is widely acknow
ledged that about 30 mammalian homologs of yeast 
autophagy-related proteins (Atg) have been identified 
which are involved in initiation and elongation of the 
isolation membrane[14]. The initiation step requires 
the ULK1-Atg13-Atg101-FIP200 complex and Beclin1-
Vps34-Vps15-Atg14L complex[14,15]. Under starvation 
stress, mTOR is inactivated, resulting in ULK1 activation 
and phosphorylation of Atg13, Atg101 and FIP200. The 
above two complexes recruit two conjugation systems 
including Atg12 conjugation system (including Atg5, 
Atg12, Atg7, Atg10 and Atg16L1) and LC3 conjugation 
system (including LC3, Atg4, Atg7 and Atg3), which are 
essential for elongation and enclosure steps[15]. 

Basal level of autophagy in a cell helps to maintain 
its homeostatic state and normal function, and promote 
its survival under stressful conditions. However, constant 
stimulation can still lead to autophagic cell death[16,17]. 
It is well documented that aging, neurodegeneration, 
tumors, immunological diseases, diabetes and NAFLD 
have an intertwined relationship with autophagic 
disorders[18-20]. Thus, maintenance of autophagy balance 
is important for good health. 

NAFLD AND AUTOPHAGY
NAFLD is always accompanied by the combined 
comorbidities of obesity, diabetes and dyslipidemia, 
otherwise described as metabolic syndrome[21]. The 
basic pathogenesis of NAFLD is an excessive accu
mulation of lipid droplets in hepatocytes, resulting 
from dysfunctional lipid metabolism combined with 
insulin resistance[22]. The lipid droplets are accumu
lations of triglyceride that can be easily identified by 
staining with hematoxylin and eosin or Oil Red O. 
A therapeutic approach that induces lipid degrada
tion and simultaneously inhibits fat synthesis while 
maintaining a normal level of lipid metabolism may 
represent the proper strategy for treating NAFLD. 

Two major lipid metabolism pathways have been 
identified in human: the lipolysis pathway and the 
lipophagy pathway[23-25] (Figure 1). Lipolysis refers to 
the gradual degradation of intracellular lipid droplets 
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into free fatty acids and glycerol by the activity of 
cytoplasmic lipases. These newly released free fatty 
acids are then transported into mitochondria, where 
they undergo β-oxidation to form acetyl-CoA, which in 
turn, is finally converted to carbon dioxide and water 
via the Krebs cycle. As the major pathway of lipid 
degradation in eukaryotic cells, lipolysis is a complex 
multi-step process that also plays a significant role in 
maintaining energy balance[26]. 

Another method used by cells to degrade lipids is 
the lipophagy pathway, by which the double membrane 
wraps lipid droplets and sends them to lysosomes as 
autolysosomes for degradation[27]. Lipophagy ensures 
the degradation of excessive lipid droplets deposited in 
cells, and the maintenance of cellular “steady state”. 
Lipolysis and lipophagy both play important roles in 
the degradation of lipid droplets.

It is widely accepted that autophagy is up-regulated 
during the early stage of NAFLD as an attempt to 
prevent lipid accumulation[28]. However, as NAFLD 
progresses, the autophagy process is blocked[29]. Singh 
and his research team[30] were the first to identify a 
relationship between autophagy and lipolysis. They 
found that mice fed with a high-fat diet or methionine 
choline-deficient (MCD) diet had significantly de
creased levels of autophagy. Treating the mice with 
3-maleimidopropionic acid or silencing the ATG5 gene 
with siRNA sharply increased the accumulation of lipid 
droplets in liver cells. Furthermore, rapamycin (mTOR 
inhibitor) was found to promote autophagy and also 
to alleviate lipid deposition both in vivo and in vitro[31]. 
Pretreatment with rapamycin (25 ng/ml) resulted in 
increased autophagy, while the levels of ER stress, 
apoptosis and lipid droplets decreased in palmitic acid-
induced fatty hepatocytes[32]. These findings indicated 
that autophagy might negatively regulate lipid deposition 
and ER stress. 

In cultured cells and mouse models, knockdown 
of Atg5 or Atg7 led to increased levels of both ER 
stress and insulin resistance[33]. Double immuno
fluorescence studies confirmed that lipid breakdown 
occurred partially via the autophagy-lysosome path
way, and inhibitors of autophagosome formation or 

autophagosome-lysosome fusion could markedly 
reduce such degradation[30]. Furthermore, autophagy 
was also found to help regulate the inflammatory 
response. Knockout of Atg5 in mouse macrophages 
blocked autophagy and increased IL-1β levels following 
administration of D-galactosamine/lipopolysaccharide[34]. 
Moreover, several studies conducted with animal models 
of NAFLD and actual NAFLD patients have reported 
that autophagy flux was suppressed, and that restoring 
autophagy balance could alleviate the histologic signs of 
fatty liver disease[32,33]. 

Briefly, short-term inhibition of autophagy in NAFLD 
could be induced through the mTOR complex, while 
long-term inhibition could be regulated via the trans
cription factors FoxO and TFEB, which control the 
transcription of autophagic genes and are inhibited 
by insulin-induced activation of Akt/PKB and mTOR, 
respectively. mTOR could be over-activated in the 
liver, presumably as a result of over-nutrition and/
or hyperinsulinemia. Calcium-dependent protease 
calpain-2 induced by obesity could also lead to the 
degradation of Atg7, with impaired autophagy. A 
reduction in expression of cathepsins B, D and L and a 
defect in lysosomal acidification could impair substrate 
degradation in autolysosomes. Finally, high-fat diet 
could lead to impaired autophagosome-lysosome 
fusion. In turn, decreasing hepatic autophagy and the 
associated lysosomal degradation could increase the 
ER stress in NAFLD[15].

In conclusion, the progression of NAFLD is closely 
associated with impaired autophagy flux, and restoring 
autophagy balance improves NAFLD. 

ROLE OF AUTOPHAGY INDUCED 
BY TRADITIONAL CHINESE HERBAL 
EXTRACTS IN TREATING NAFLD
Traditional Chinese herbal extracts, usually extracted 
from native plants, have been used in various clinics 
for thousands of years. In the past, due to the lack 
of advanced analytical technologies, people had 
little understanding of the mechanisms by which 
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with chloroquine showed blockade of autophagy, with 
inflammatory response (IL-6, IL-1β and TNFα) and 
oxidative stress (reactive oxygen species, ROS) being 
accumulated in the cells. However, autophagy was up-
regulated while inflammatory response and oxidative 
stress were attenuated when the AML12 cells were 
further treated with resveratrol[47]. These facts indicate 
that resveratrol protects against NAFLD partially 
through regulating autophagy[46,47].

Lycium barbarum polysaccharides
The Lycium barbarum polysaccharides (LBPs) consist 
of fibrous-like proteoglycan molecules that are 
extracted from the rare but traditional medicinal herb, 
Chinese wolfberry (Lycium barbarum L.). Recent 
evidence has confirmed that LBPs are composed of 
arabinose, glucose, galactose, mannose, xylose and 
rhamnose. Due to their antioxidant, anti-cancer, anti-
aging, neuroprotective, anti-hyperlipemia and anti-
hyperglycemia properties, LBPs are increasingly 
consumed by elderly individuals[48,49]. In a NASH rat 
model, LBPs displayed therapeutic effects when used 
to treat steatosis, inflammation and hepatic fibrosis. 
Moreover, LBPs were shown to reduce steatosis by 
reducing mRNA expression of SREBP-1c while re
gulating inflammatory cytokines (TNF-α, IL-1β and 
MCP-1), partially by inhibiting activation of the NF-
κB pathway[50,51]. LBPs were also shown to alleviate 
hepatic fibrosis by affecting the TGF-SMAD signaling 
pathway. Finally, when LBPs were administered to 
female Sprague-Dawley rats fed with a high-fat diet, 
certain autophagic markers (Atg5 and LC3II) became 
significantly up-regulated while certain autophagic 
negative regulators [phosphorylated (p)mTOR and 
p62] became down-regulated[51]. Rat obesity, insulin 
resistance, hepatic injury (inflammatory foci and cellular 
necrosis), oxidative stress (antioxidant enzymes CAT 
and GPx) were also improved. Autophagy was reported 
to have the effects of improving insulin resistance 
and oxidative stress. We speculate that LBPs improve 
NAFLD/NASH via several different mechanisms, including 
autophagy[51].

Dioscin
Dioscin is a natural steroidal saponin compound found 
in dietary foods especially Dioscoreaceae (Dioscorea 
opposite Thunb), which is widespread throughout 
Asian countries such as China, North Korea and Japan. 
Pharmacological studies have confirmed that dioscin 
can reduce inflammation, decrease blood sugar and lipid 
levels, protect hepatocytes and promote digestion[52,53]. 
Due to these effects, dioscin is now widely consumed in 
China. 

Dioscin was found to promote β-oxidation of fatty 
acids by up-regulating ACADM, ACADS, PPARα, ACSL1, 
ACSL5, CPT1 and ACO expression. It can also inhibit 
triglyceride and cholesterol synthesis by down-regulating 
SREBP-1c, FAS, ACC1 and SCD1 expression, which 

certain Chinese herbal extracts might treat or cure 
certain diseases. However, due to recent advances in 
technologies used in biochemistry and pharmacology, 
more and more people have become aware of the 
strong and lasting efficacy of the Chinese herbal 
extracts used to maintain health. Moreover, several 
such medicines are now used in the clinical treatment 
of NAFLD[35,36]. Recent studies have suggested that 
Chinese herbal extracts function by inducing autophagy, 
which may inhibit NAFLD progression (Table 1).

Resveratrol
Resveratrol (trans-3,4,5-trihydroxystilbene) is a na
turally polyphenolic compound found in edible plants, 
such as grapes, peanuts and berries. Due to its anti-
inflammatory, antioxidant and anti-cancer effects, 
resveratrol is widely used to help prevent cardiovascular 
and cerebrovascular diseases, treat cancer, and reduce 
steatosis[37-39]. Several clinical trials have reported that 
orally administered resveratrol inhibits the progression 
of NAFLD[40-42]. 

In a randomized, double-blind, controlled clinical 
trial, 50 NAFLD patients were given one 500 mg 
capsule of resveratrol per day for 12 wk while eating 
an energy-balanced diet. Some parameters, such 
as anthropometric measurements (weight, body 
mass index and waist circumference), liver enzymes 
(ALT and AST), and biomarkers of inflammation (hs-
CRP, TNF-α and IL-6) and hepatocellular apoptosis 
(cytokeratin-18 fragment M30), as well as the histolo
gical characteristics (steatosis and fibrosis) of the 
patients, were significantly improved compared with 
the patients who received a placebo capsule[41]. These 
data suggest that resveratrol prevents NAFLD by inhibi
ting the inflammatory response, apoptosis and fibrotic 
process. 

Other studies have shown that resveratrol decreases 
lipogenesis by suppressing expression of acetyl-CoA 
carboxylase (ACC), peroxisome proliferator-activated 
receptor γ (PPAR-γ) and sterol regulatory element-binding 
protein-1 (SREBP-1)[43,44]. Additionally, resveratrol 
was reported to reduce the levels of proinflammatory 
cytokines TNF-α, IL-6 and IL-1β in mice fed a high-
fat diet by affecting the NF-κB pathway[43,45]. Finally, 
results of another study suggested that resveratrol could 
significantly increase autophagy and SIRT1 activity, and 
might improve the symptoms of NAFLD partially by 
inducing autophagy via the cAMP-PRKA-AMPK-SIRT1 
signaling pathway[46]. 

When male C57BL/6 mice fed with MCD diet were 
administered resveratrol (100 mg/kg or 250 mg/kg) or 
AML12 cells cultured with MCD medium were treated 
with resveratrol (50 μmol/L or 100 μmol/L), certain 
autophagic markers (LC3II) became significantly up-
regulated while certain autophagic negative regulators 
(p62) became down-regulated; steatosis and in
flammatory response (IL-6, IL-1β and TNFα) also 
became down-regulated. Then, AML12 cells treated 
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might help to prevent lipid deposition[54,55]. Dioscin was 
also shown to increase oxygen consumption and energy 
expenditure. The levels of HO-1, Nrf2, GSS and SOD2 
expression were found to be up-regulated and KEAP1 
expression was down-regulated in a dose-dependent 
manner in ob/ob and C57BL/6J mice pretreated with 
dioscin, strongly suggesting that dioscin has an anti-
oxidative effect. Additionally, the levels of p-mTOR/
mTOR, Beclin-1, Atg5 and LC3 II/I protein expression 
were all up-regulated by dioscin[55]. Dioscin might re
gulate autophagy through the mTOR-independent 
pathway. These findings indicate that dioscin protects 
against NAFLD, partially by inducing autophagy[54,55].

Bergamot polyphenol fraction
The bergamot polyphenol fraction (BPF) consists of 
bioactive molecules extracted from Bergamot (Citrus 
bergamia Risso Poiteau), which is like Buddha’s-hand. 
While bergamot is native to Italy, it is now widely 
distributed throughout the subtropical regions of China, 
including Guangdong, Guangxi, Fujian and Yunnan. 
Bergamot has anti-inflammatory, anti-hypertensive 
and hepatic protective effects, and also promotes 
digestion[56,57]. A clinical study found reduced total low-
density lipoprotein, cholesterol, triglyceride and blood 
glucose levels in 237 patients who had taken oral BPF 
for 30 d[58]. 

Due to its pharmacological profile, BPF may be 
useful for treating hyperlipemic and hyperglycemic 
disorders. In a cafeteria diet-induced rat model of 
metabolic syndrome, BPF significantly reduced steatosis 
by decreasing total serum lipid levels. Moreover, the 
expression levels of two autophagy markers (LC3 
II/I and Beclin-1) were increased while SQSTM1/p62 
expression was reduced, indicating that BPF could 
stimulate autophagy[59]. The specific mechanism by 
which BPF prevents NAFLD remains unclear. However, 
enhancement of lysosomal function via transcription 
factor EB, and activation of ULK1 kinase by AMPK might 
help to up-regulate autophagy[59]. 

Capsaicin
Capsaicin (8-methyl-N-vanillylnonanamide) is a major 
chemical component of hot peppers (Capsicum annuum 
L.), which is originally from Mexico but has become a 
favorite seasoning food in China. Odorless and colorless 
dietary capsaicin is a potent agonist of transient 
receptor potential vanilloid 1 (TRPV1), which is a non-
selective cation channel with a preference for positive 
ions that transmit sensations of pain[60]. Long-term 
intake of dietary capsaicin can lower blood pressure, 
reduce cholesterol accumulations, and accelerate the 
decomposition and excretion of cholesterol[61,62]. 

Furthermore, appropriate amounts of dietary 
capsaicin have beneficial effects on obesity and 
NAFLD[63,64]. A survey indicated that dietary capsaicin 
could reduce lipid accumulation and triglyceride levels 
in mice fed with a high-fat diet by up-regulating the 

levels of uncoupling protein 2 (UCP2)[64]. UCP2 was 
thought to play an important role in mitochondrial 
lipolysis and oxidative stress. Another study showed 
that capsaicin-activated TRPV1 raised the levels of 
hepatic phosphorylated hormone-sensitive lipase 
(phospho-HSL) and carnitine palmitoyl transferase 
1 (CPT1), which were critical regulators of lipolysis. 
This effect may be TRPV1-dependent because it was 
absent in TRPV1 (-/-) mice. At the same time, the 
levels of hepatic FAS, SREBP-1, PPARα and liver X 
receptor remained unchanged, which was important 
for lipogenesis. These findings suggest that capsaicin 
promotes lipolysis without inhibiting fat synthesis in 
NAFLD patients. 

On the other hand, capsaicin was shown to enhance 
the expression levels of PPARδ and several autophagy-
related proteins, including LC3 II, Beclin1, Atg5 and 
Atg7 in HepG2 cells, which had been pretreated with 
free fatty acids (oleate/palmitate, 2:1). Furthermore, 
autophagy induced by capsaicin was further increased 
by PPARδ agonist (GW0742) in steatosis HepG2 cells. 
Autophagy inhibited by capsazepine (inhibition of 
capsaicin) was further reduced by PPARδ antagonist 
(GSK0660) in steatosis HepG2 cells. It is suggested 
that chronic dietary capsaicin appears to prevent NAFLD 
by enhancing PPARδ-dependent autophagy[65].

Garlic-derived S-allylmercaptocysteine
S-allylmercaptocysteine (SAMC) is the major active 
component of garlic (Allium sativum L.), which is 
one of the most favorite seasonings of food in China. 
Garlic is originally from the western plateau of Asia, 
but is now widely planted in low-wet areas of China, 
including Henan, Shandong, Jiangsu, etc. Garlic has 
the effects of sterilization, antioxidant and anti-
cancer. A randomized, double-blind, controlled clinical 
trial found that body weight and body fat mass were 
decreased in 55 NAFLD patients who had orally taken 
two garlic tablets per day (containing 400 mg of 
garlic powder)[66]. Furthermore, some pharmacological 
studies had confirmed that SAMC could ameliorate 
NAFLD. A survey indicated that SAMC could reduce 
steatosis, fibrosis, oxidative stress and inflammation 
in female rats fed with a highly unsaturated fat diet 
(30% fish oil) by up-regulating the levels of lipolysis 
markers (adiponectin), antioxidative stress markers 
(CAT and GPX), and down-regulating the levels of 
lipogenesis markers (SREBP-1c), fibrosis markers 
(TGF-β1, α-SMA and PC-1), oxidative stress markers 
(CYP2E1) and inflammatory markers (TNF-α, IL-1β, 
iNOS, COX-2, MCP-1, MIP-2 and KC). The protective 
effect of SAMC was partly through regulation of p38 
MAPK, NF-κB and AP-1 signaling pathways[67]. Another 
survey suggested that hepatic autophagic negative 
regulators (phosphorylated mTOR and p62), intrinsic 
apoptotic markers (phosphorylated p53, Bcl-2, Bcl-XL, 
Bakl and Bax) and extrinsic apoptotic markers (Fas, 
TRAIL, FADD and cleaved caspase-8) were reduced 
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while hepatic autophagic markers (vps34, beclin1, 
Atg12 and LC3II) induced in NAFLD rat models after 
intraperitoneal injection of SAMC (200 mg/kg 3 times 
per week)[68]. These findings indicate that SAMC 
prevents NAFLD, partially by inducing autophagy[68].

CONCLUSION
Traditional Chinese herbal extracts are widely used 
to prevent cancer, neurodegeneration and metabolic 
syndrome, as well as cardiovascular and cere
brovascular diseases. Furthermore, many people use 
them as “first choice” medications for maintaining 
health[69,70]. Traditional Chinese herbal extracts have 
beneficial effects in treating NAFLD, as they could 
reduce steatosis and inhibit inflammation and oxidative 
stress[71-73]. In addition, these medicines appear to 
reverse histologic changes in the livers of NAFLD 
patients, which may prevent NAFLD from progressing 
to hepatic cirrhosis and even carcinoma. 

Autophagy is a protective response that helps 
to maintain homeostasis and to promote survival. 
Lipophagy is a special kind of autophagy by which 
the double membrane wraps lipid droplets and sends 
them to lysosomes for degradation. The fundamental 
function of lipophagy is the degradation of abnormal 
lipid droplets deposited in cells and the maintenance 
of steady state. But, autophagy is partially suppressed 
in NAFLD/NASH patients and animal models, and 
restoring autophagy may slow the progression of 
NAFLD. Moreover, autophagy is a double-edged sword. 
It protects hepatocytes by inhibiting oxidative stress 
and inflammation[74,75]; yet, its over-stimulation may 
result in autophagic cell death that aggravates any 
existing liver damage[76]. 

As we have discussed above, it is strongly suggested 
that some traditional Chinese herbal extracts, such as 
resveratrol, LBPs, dioscin, BPF, capsaicin and SAMC, 
should have beneficial effects on NAFLD/NASH, partially 
due to their ability to activate autophagy (Figure 2). 
However, additional studies are needed to elucidate the 
molecular mechanisms by which traditional Chinese 
herbal extracts protect from NAFLD. Finally, prospective, 
randomized, double-blind, controlled clinical trials 
should be conducted to evaluate the specific therapeutic 
effects and safety of traditional Chinese herbal extracts 
for NAFLD patients.
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