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ABSTRACT The fatty liver disease is defined as more than 5% of liver
histiocytes filled with fatty vacuoles, depending on diet and indepen-
dent of alcohol consumption. As it is known, fatty liver and related dis-
orders are common, but still have no effective treatment. It is one of
the important health problems in developed countries, associated with
social and economic problems. Non-alcoholic fatty liver disease
(NAFLD) is among the most common chronic metabolic disorders. It
was observed that the prevalence of NAFLD has increased significantly
worldwide in recent years. With advancing obesity epidemics, NAFLD
has become the most common cause of chronic liver disease both in
adults and children. Therefore, the clinical and economic burden of the
disease is remarkable and increasing within the health system. While
fatty liver is a metabolic disorder that has no definite drug treatment
today, there are some traditional preparations used for this purpose as
ethnobotanically. According to ethnobotanical studies in the current lit-
erature associated to liver diseases; various in vitro, in vivo, or clinical
experimental studies were reported with successful results. Thus, in this
present review, studies on natural sourced raw materials, herbal for-
mulations related to liver diseases, especially fatty liver, obesity, hy-
perlipidemia were compiled mainly from ethnobotanical origin.
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OZET Beslenmeye bagli, alkol tiiketiminden bagimsiz karaciger his-
tiositlerinin %5 ten fazlasinin yag vakuolleriyle dolu olmasi “yagl ka-
raciger hastaligi” olarak tanimlanmaktadir. Bilindigi {izere karaciger
yaglanmasi ve karaciger yaglanmasina bagl rahatsizliklar sik goriilen
ancak giintimiizde kanitlanmis etkin bir tedavisi olmayan metabolik ra-
hatsizliklardir. Ulkemizde de 6nemli saglik sorunlarmin baginda gel-
mekte olup, sosyal ve ekonomik problemleri beraberinde getirmektedir.
Nonalkolik yagli karaciger hastaligi, gelismis iilkelerde en yaygin kro-
nik metabolik rahatsizliklar arasindadir. Son yillarda alkole bagli ol-
mayan yagl karaciger hastalig1 prevalansinin diinya genelinde 6nemli
bir sekilde arttig1 gozlenmistir. flerleyen obezite salgilari ile nonalko-
lik yagli karaciger hastaligi, eriskinlerde ve ¢ocuklarda kronik karaci-
ger hastaliginin en yaygin nedeni haline gelmistir. Bu nedenle yagh
karaciger hastaliginin klinik ve ekonomik yiikii dikkate degerdir. Ka-
raciger yaglanmasi, giiniimiizde kesin bir ilag tedavisi olmayan bir me-
tabolik rahatsizlik iken, halk arasinda bu amagla kullanilan bazi
geleneksel preparatlar mevcuttur. Karaciger rahatsizliklarinda bitkiler
etnobotanik calismalarda yer almus; ¢esitli in vitro, in vivo veya klinik
deneysel arastirmalarda yer almis olup, basarili sonuglar alinmistir. Bu
derlemede, bilhassa karaciger yaglanmasi, obezite, hiperlipidemi basta
olmak tizere karaciger rahatsizliklari ile iliskili bitkiler, bitkisel formii-
lasyonlar ve bitkilerden elde edilen dogal kaynakli ham maddeler ile
yapilan ¢aligmalar listelenmistir. Gerek halk arasinda kullanimlari ige-
ren, gerek deneysel ¢alismalari (in vivo ve klinik ¢aligmalar) igeren ma-
kaleler derlenmis ve 6zetlenmistir.

Anahtar Kelimeler: Karaciger yaglanmasi; ekstre;
bitkisel ilag; dogal {iriin

The liver helps to regulate the body’s energy
metabolism and eliminate toxins, as it is well known.
In addition, the liver plays vital role in the digestive

system and process. It converts vital micronutrients
into usable metabolites for the biological systems and
performs many functions.'
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Liver diseases can be evaluated within a wide
range of disorders that damage a liver tissue or its
function. Liver tissue becomes inflamed mainly
through contact with toxins or viruses. Various liver
disorders are known, where the most common liver
diseases are liver cirrhosis, hepatitis, fatty liver, and
bile duct obstruction. Hepatitis is very common all
over the world and it is also seen quite frequently in
Tiirkiye. Cirrhosis is a chronic liver disease that
causes deterioration of the natural structure of the
liver. Fatty liver is another common liver condition
connected with obesity. It is a liver disease that usu-
ally develops due to improper eating habits and phys-
ical inactivity. Fatty liver is on its way to becoming
the most common liver disease with increasing obe-
sity. Especially non-alcoholic fatty liver disease
(NAFLD) is a disease whose incidence is increasing,
while the age of its incidence is gradually decreasing
in Tirkiye.”* In addition, NAFLD develops due to
drug use. Especially drugs that are metabolized in the
liver have such an effect. Plants used in traditional
medicine and used in ethnobotany against fatty liver
are also promising.’

In this present review, traditional usages, and ex-
perimental studies for drug discovery from herbal
sources were investigated in the treatment of
NAFLD. The pharmacological and pharmacokinetic
results of the studies were evaluated and reflected in
this present literature review. In addition, the results
of both experimental and clinical studies of secondary
metabolites obtained from plants were investigated
separately and the details were shared in the section
of the plant from which they were obtained.

Natural resources are frequently used in the
treatment of liver diseases as well as in the treatment
of many diseases. There are successful results ob-
tained with various in vitro methods, in vivo experi-
ments, and clinical studies (Table 1). In the studies,
sometimes the whole plant, sometimes the plant ex-
tract or formulations containing a component of nat-
ural origin, or the effect of the natural component
directly were examined. In this section, all of them
will be discussed separately. In this study, the results
of the plants used ethnobotanically against fatty liver
and the experimental studies of these plants are given,
and these results are summarized in a table. The in-
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formation given in the section below is given in al-
phabetical order of plant names.

I PLANT EXTRACTS AND THEIR BIOACTIVE
METABOLITES

Agrimonia eupatoria L.: 1t was reported that a
decoction prepared from the aerial part of the plant is
used against liver diseases ethnobotanically in Iran. In
addition, in previous studies, different extracts were
investigated against fatty liver in cell culture.®’ In this
study, it was determined that the ethyl acetate extract
A. euparotia suppressed triglyceride (TG) accumula-
tion. Also, it inhibited the expression of peroxisome
proliferator activated receptor-y (PPAR-y) in liver.
Although all the results in the study are in vitro data,
the results obtained showed that ethyl acetate frac-
tion has better results than ethanol, methanol, and
water extracts.

Allium L. sp.: A. tripedale is a garlic species
used as an ethnobotanical are consumed raw and due
to its antihyperlipidemic effect.® Another Allium
species, 4. sativum, which is also used in food, bulbs
were also tested against NAFLD model in mice. It
was shown to decrease alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels.
Also, high antioxidant parameters such as glutathione
peroxidase and superoxide dismutase activities were
observed with the A. sativum bulb extract.” In addi-
tion, in a clinical study with the dry powder of 4.
sativum bulbs, it was found to be quite effective
against fatty liver. In this previous study, a decrease
in body mass was observed in the garlic powder
group.'® Another Allium species, aqueous extract of
A. saralicum R.M. Fritsch extract was investigated
on high-fat diet (HFD)-induced NAFLD in Wistar al-
bino rats. A. saralicum significantly reduced liver en-
zymes and cholesterol, TG, and glucose levels.
Moreover, the A. saralicum extract reduced the de-
gree of hepatic steatosis.'!

Alisma orientale (Sam.) Juz.: A. orientalie
methanolic extract was studied on experimental
NAFLD. Extract administration significantly reduced
liver and serum lipids; high level of serum glucose
was lowered, and insulin resistance was improved. A.
orientale also helped in preventing oxidative stress
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TABLE 1: Ethnobotanical usages and experimental studies of plant materials against fatty liver disease (devami).

References

Extraction solvent/used parts

Water/leaves

Activity and ethnobotanical studies

Plant

21-62

Ethnobotanical

Taraxacum officinale (L)
Weber ex FH Wigg

In vivo: Suppressed liver lipid accumulation, reduced insulin resistance and

lipid in C57BL/6 mice fed HFD via the AMPK pathway

63-66

Agueous-ethanol/sprouts

In vivo: Reduced body weights, serum TC, and LDL cholesterol levels in
HFD-fed mice and decreased in expression of PPAR-y and FASN

Ethnobotanical

Triticum aestivum L.

8,67

70% ethanolfleaves

Urtica dioica L.

In vivo: Decreased blood lipid levels

68

Dietary supplementation

In vivo: Protect against liver injury, in part by attenuating hepatic lipid accumulation,

oxidative stress, and inflammatory response

Vaccinium vitis-idea L.

20
8,21,36,69

As food/leaves

Ethnobotanical

Vernonia amygdalina Delile

Vitis vinifera L.

Dietary supplementation/grape skin and seeds

Ethnobotanical

In vivo: Plasma leptin level was significantly lower, plasma adiponectin level was higher

Clinical studies (resveratrol): Antihyperlipidemic activity and improving NAFLD-related parameters

In vivo (ginger): Activating the peroxisome proliferator-activated receptor,

70

Dietary supplementation/rhizomes

Zingiber officinale L.

induces adiponectin and down-regulated proinflammatory cytokines

nase; mTOR: Mammalian target of rapamycin; LDL: Low-density lipoprotein; NAFLD: Non-alcoholic fatty liver disease; TC: Total cholesterol; PPAR-y: Peroxisome proliferator activated receptor-y; HOMA: Homeostatic model assessment; GGT. Gamma-glutamy!

TG: Triglyceride; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; SOD: Superoxide dismutase; GSH-Px: Glutathione peroxidase; SREBP-1: Sterol receptor element-binding protein 1c; AMPK: Adenosine-monophosphate activated-protein ki-

—_—
o]
—_—

HFD: High-fat diet.

transferase; HDL: High-density lipoprotein; ALP: Alkaline phosphatase; TNF-a: Tumor necrosis factor-a; DMSO: Dimethyl sulfoxide; BMI: Body mass index; FASN: Fatty acid synthase;

by activating antioxidant enzymes and re-
ducing lipid peroxidation. In the treated rats,
aminotransferase abnormalities, liver injury,
and markers of hepatomegaly were im-
proved.'?

Berberis vulgaris L.: The antihyperlipi-
demic and anti-fatigue effects of the hydro al-
coholic extracts obtained from its roots were
observed.” In addition, berberine, the known
secondary metabolite of Berberis species,
was found to be effective against fatty liver in
clinical studies. In addition, in animal stud-
ies, berberine was investigated for hepatic
gene expression profiles in NAFLD models.
Berberine was demonstrated to have an effect
in modulating hepatic gene expression pro-
files of a large set of genes in fatty liver.
Among the genes regulated by berberine, nu-
merous important genes associated with func-
tions related to liver metabolism and NAFLD
were identified.'*!

Betula sp.: Betulinic acid is a secondary
metabolite found to be very effective against
fatty liver in many studies. Sterol receptor el-
ement-binding protein 1c (SREBP-1) activ-
ity is effective against fatty liver by inhibiting
different pathways.'®

Camellia sinensis L. (Kuntze): Experi-
mental studies showed that C. sinensis influ-
ences fatty liver disease. In this clinical study,
significant decreases in liver parameters were
observed after 12 weeks in the treatment
group. ALT levels showed significant de-
creases in both placebo and treatment
groups.!” Epigallocatechin gallate, which is
the most abundant catechin in tea, was found
to be very effective against fatty liver in ani-
mal experiments. Compared to the control
group, adiposity, ballooning degeneration, in-
flammation, and necrosis were significantly in-
creased in the HFD group. In epigallocatechin
gallate group, adiposity and inflammation were
reduced compared to the HFD group, and there
was a decrease in ALT, insulin, TG and glu-
cose levels compared to the fatty diet group.'®
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Capparis spinosa L.: Eating its fruits were stud-
ied in patients with NAFLD in experimental clinical
studies and were found to prevent fatty liver. After
12 weeks, a reduction in weight and waist circumfer-
ence was observed in patients treated with C. spinosa
berries. It was determined that ALT, low-density
lipoprotein (LDL), and TG were significantly de-
creased in the extract group.'’

Carica papaya L.: In traditional medicine, its
fruits are known for their fat-burning effect.?

Cassia obtusifolia (L).H.S. Irwin & Barneby:
It is known that the seeds are used against fatty liver
traditionally.?! In addition, different extracts of the
seeds were experimentally found to be successful in
the treatment of NAFLD and hyperlipidaemia. In the
group given Cassia extract in rats, it significantly re-
duced high biomarkers in NAFLD. Cassia treatment
also prevents reduction of LDL-R mRNA expression
and improves histopathological changes.?!"*

Chrysanthemum morifolium Ramat.: After C.
morifolium treatment, serum total cholesterol (TC)
levels and liver weight decreased in rats, but no de-
crease in serum triacylglycerol levels was observed.*

Cichorium intybus L: Its roots are used ethnob-
otanically in the treatment of hyperlipidaemia.®* In
previous studies, its effect on NAFLD was demon-
strated in vivo.?®?” The activity of C. intybus seed
ethanolic extract on hepatic steatosis induced by dia-
betes mellitus and bovine serum albumin-oleic acid
complex in HepG?2 cells was evaluated. The expres-
sion levels of SREBP-1c and PPAR-a were deter-
mined. Histological damage to cells and tissues
(steatosis-inflammation-fibrosis) and downregulation
of SREBP-1¢ and PPAR-a genes following steatosis
induction were prevented by dandelion extract in con-
comitant treatment. Dandelion had a greater stimula-
tory effect on PPAR-0, acted as a PPAR-a agonist.
Its seeds were also studied in another detailed
NAFLD model and it was shown to be effective from
different pathways.?®

Cinnamomum sp: The effect of cinnamon
against diabetes is widely known. In addition, it is
recorded in the literature that it can be used against
hyperlipidaemia and fatty liver, together with the de-
terioration of liver metabolism and its effect against

182

hepatotoxicity. In a clinical study, patients with
NAFLD were randomized to receive cinnamon cap-
sules. In the treatment group, homeostatic model as-
sessment (HOMA) index, blood sugar, TC, TG, ALT,
gamma-glutamyl transferase, and AST decreased sig-
nificantly.”

Citrus medica L. and Citrus aurantifolia
(Christm.) Swingle: Both types of Citrus are used
ethnobotanically in Nigeria against obesity.?’ In ad-
dition, C. aurantifolia peel ethanolic extracts were in-
vestigated in terms of their effects on fatty liver in
mice. The results show that Citrus extract signifi-
cantly reduces HFD-induced NAFLD, as indicated
by the decreased serum lipid index and preventing
liver histopathology. It also showed decreased ex-
pression of proinflammatory cytokines compared to
untreated mice. These results showed that Citrus peel
extract prevented HFD-induced NAFLD by reducing
plasma TG and cholesterol levels and lipid synthe-
sis.*

Crataegus aronia (L.) Bosc ex DC. and Cratae-
gus pinnatifida Bunge: C. aronia fruits were shown
to have a potential protective effect against NAFLD.
In previous studies, C. aronia decreased the liver
index, increased high-density lipoprotein (HDL)-C,
and decreased LDL-C in serum samples. C. aronia
also significantly improved oxidative stress biomark-
ers and liver enzymes that indicate liver damage.*!
The water extract of C. pinnatifida leaves was found
to be effective against fatty liver via the
adiponectin/adenosine-monophosphate (AMP) acti-
vated-protein kinase (AMPK) pathway.*

Crocus sativus L.: The activity of saffron
ethanol extract and crocin in NAFLD of HFD-in-
duced rats was investigated. A decrease in the levels
of AST, alkaline phosphatase, ALT, and albumin,
was observed in the groups given saffron and
crocin.*® In addition, in a clinical study, it was re-
vealed that while the liver enzymes of the crocin-con-
taining group improved, the liver enzyme results of
the extract group were not significant.**

Cornus mas L.: The activity of C. mas fruit
hydro ethanolic extract on liver function in NAFLD
was investigated in clinical trials. Serum ALT, cy-
tokeratin 18 (CK-18) levels, AST, steatosis and fi-
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brosis scores were analysed. After 12 weeks, C. mas
fruit extract was reduced serum ALT, AST, and CK-
18 levels.*

Curcuma longa L.: Curcumin, the major
metabolite of turmeric, is also a popular secondary
metabolite subject to biological activity studies. Clin-
ical trials were often conducted with curcumin in ef-
ficacy studies against fatty liver disease.*® Curcumin
was found to be effective against fatty liver in mice
by inhibiting nuclear factor kappa B activation. Cur-
cumin significantly reduced inflammation from fatty
liver but had no effect on steatosis or hepatic lipid
peroxide level.*’

Cynara scolymus L.: Different artichoke prepa-
rations are used both in traditional medicine and in
pharmaceutical forms against liver ailments. There
are also experimental clinical studies supporting that
artichoke is especially effective against fatty liver.
The results showed that the liver enzymes of the pa-
tients after using the C. scolymus for ALT and AST
enzymes were increased.*®

Dioscorea bulbifera L.: Ethanol extracts and
aqueous fractions of D. bulbifera exhibited potential
damage to liver. The degree of D. bulbifera toxicity
correlates with the concentration and duration of ex-
tract administration.® Trillin, a saponin obtained
from the roots of another D. species, D. nipponica,
was also investigated against fatty liver and its anti-
hyperlipidemic effect was observed.*’ Diosgenin, an-
other saponin component obtained from the plant, is
a very effective compound in fatty liver. Dioscin was
shown to prevent NAFLD in HFD-induced mice.*!

Glycine max L.: Genistein, an isoflavone com-
pound in soybean, was found to be effective in fatty
liver by increasing Hepatic PPAR-y. The findings
were that hepatic tumor necrosis factor-a (TNF-a)
and malondialdehyde levels were increased in the
NAFLD group.*

Lactuca sativa L.: This plant, which is a veg-
etable known as lettuce, is indispensable for weight
loss diets. Its leaves are ethnobotanically used as a fat
reducer.® The red leaf one was found to prevent obe-
sity in HFDs. Mice fed the lettuce diet had a 46%
lower atherosclerotic index compared to the control
diet. Antioxidant content increased significantly with
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lettuce supplementation. This study showed that sup-
plementing a HFD with 8% red-pigmented leaf let-
tuce improves serum lipid levels, prevents lipid
peroxidation, and increases the antioxidant system.*

Malva sp.: The species of this plant, known as
mallow, is widely grown all over the world and is
used for various purposes. One of these species, M.
neglecta, is popularly used against obesity as eth-
nobotanically.®

Melissa officinalis L.: Lemon balm was tried in
fatty liver studies in combination with black cumin
and successful results were obtained in clinical stud-
ies. A decrease in serum level of AST, ALT, body
mass index (BMI) and fatty liver grade was observed
in clinical trials. It showed a reduction in the degree
of fatty liver in the treatment group. M. officinalis
preparations based on traditional Iranian medicine
can reduce body weight and liver enzymes and im-
prove the degree of fatty liver in NAFLD.*

Morus alba L.: M. alba, which is a food con-
sumption, is known for its liver-protecting proper-
ties.?! There are also studies supporting this situation.
It was shown to be effective against various liver dis-
orders. Successful results were obtained especially
against fatty liver disease for its leaves and fruits
both. Morus extract has beneficial effects on NAFLD
by regulating hepatic fibrosis, lipid metabolism, and
antioxidant defence system.*’

Myristica fragrans Houtt.: In vivo results
showed that Myristica ethanol extract inhibited the
expression of free fatty acids (FFAs)-mediated in-
flammation-associated cytokines interleukin-6 and
TNF-a in cells.*®

Nigella sativa L.: Black cumin is a widely used
herb for both food and therapeutic purposes. Its ef-
fects against fatty liver were also investigated in an
experimental clinical study. In human experiments,
it was noted that there was an improvement in both
body weight and impaired liver enzymes in the group
given N. sativa seeds.*

Olea europea L.: Olives and olive oil are in-
cluded in diets due to their cholesterol-lowering ef-
fect. It is also included in ethnobotanical studies in
this way.® There are many NAFLD studies conducted
with both the leaves and fruits of the plant. Body
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weight was significantly reduced in mice given olive
extract. The olive oil group decreased TG and LDL
levels. Olive oil lowers serum TGs, normalizes liver
enzymes and reduces fat accumulation in the liver.*»
Another study conducted with olive oil measured the
rates of fatty liver in patients fed with olive oil. The
olive oil group had a reduction in weight and BML.>!

Panax ginseng C.A.Mey.: A combination pre-
pared with ginseng and garlic was shown to be suc-
cessful in NAFLD in experimental studies. In
addition to ginseng extract, its bioactive component,
ginsenoside, was also investigated against fatty liver
and it was found to be effective in fatty liver through
activation of AMP-activated protein kinase. After
chronic intraperitoneal administration, ginsenoside
significantly reduced hepatic fat deposition in obese
rats induced by an HFD.*

Pistacia chinensis Bunge: The fruits of this
species are traditionally used in liver diseases and
were found to be effective in fatty liver experimen-
tally.>

Pluchea indica (L.) Less.: It is known that it is
used to protect liver health in traditional medicine.?!
Studies on obesity were done in rats and significant
results were obtained with this plant. The effect of P
indica tea on the improvement of hyperglycemia;
dyslipidemia with TC, LDL, HDL, and TG; and obe-
sity in mice on an HFD. Furthermore, histological
analysis indicated that the mean area and amount of
perigonadal fat adipocytes of the extract-treated
groups were lower and higher than the HFD group,
respectively.>

Punica granatum L.: The effects of different
extracts obtained from pomegranate against fatty
liver were investigated in rats and successful results
were obtained. The HFD group showed increases in
hepatic enzymes, cholesterol, TGs, and LDL com-
pared to the other groups. Histopathological exami-
nation results showed Grade 4 fatty liver changes in
the HFD, Grade 1 in the extract group.>

Rhododendron oldhamii Maxim.: The mecha-
nism of preventing NAFLD in mice was investigated
by extracts obtained from the leaves of the plant. The
ethyl acetate fraction exhibited a potent oil deposition
inhibitory activity. In addition, the ethyl acetate frac-
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tion of R. oldhamii leaf ameliorated NAFLD syndrome
and reduced TC and TG in HFD-induced mice.*

Rhus chinensis Mill.: The preventive effect and
underlying mechanisms of extracts from R. chinen-
sis fruits against NAFLD were elucidated. The results
showed that it significantly improved some critical
biochemical indices including all liver and antioxi-
dant enzymes. Furthermore, immunohistochemistry
and western blot analyses revealed that it can ame-
liorate NAFLD by regulating several key proteins in-
volved in lipid metabolism, inflammation, and
apoptosis of hepatocytes, namely by increasing p-
AMPK expression levels.>’

Rosa damascena L.: The beneficial effect of R.
damascena extract on an animal model of NAFLD
was investigated. R. damascena reduced body
weight, liver fat accumulation, TG, TC, LDL levels,
and elevation of liver enzymes. In conclusion, the R.
damascena dietary supplement has a therapeutic ef-
fect in NAFLD.3®

Silybum marianum (L.) Gaertn.: Its effects
against fatty liver were proven in many experimental
studies.?®>

In addition to its extract, there is a lot of scien-
tific evidence on the effect of silybin and silymarin
against fatty liver.*

Taraxacum officinale (L.) Weber ex F.H.
Wigg: The aerial parts of the plant are a very valuable
therapeutic agent for many liver diseases.”! Its effects
and mechanisms of action against liver damage and
fatty liver were investigated in animal experiments.
The treated HFD significantly reduced hepatic lipid
accumulation. Body and liver mass of the treatment
groups were lower than that of the patient group, and
supplementation of the extract significantly sup-
pressed TG, TC, insulin, serum glucose level, and
HOMA Insulin Resistance. Taraxacum significantly
suppressed liver lipid accumulation, reduced insulin
resistance and lipid in C57BL/6 mice fed HFD via
the AMPK pathway.%0-¢>

Triticum aestivum L.: The use of wheat, which
is the main ingredient of bread, for weight loss and
against fatty liver was recorded.®® In addition, many
studies showed its antiobesity, fatty liver and lipid-
lowering effects. The activity of T" aestivum aqueous-
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ethanol extract in obese mice were investigated. The
extract significantly reduced body weights, serum
TC, and LDL levels in HFD mice. In the treatment
group, lipid accumulation in epididymal white adi-
pose tissue (EWAT) and liver was decreased, and TC
and lipid levels were decreased. With the extract
treatment, serum leptin and adiponectin concentra-
tions were decreased and showed decreases in the ex-
pression of PPAR-y and fatty acid synthase in
EWAT. Moreover, the administration of the extract
increased PPAR-a protein levels in the liver of HFD-
induced obese mice.*+%°

Urtica dioica L.: There are studies that reveal
the effects of nettle against fatty liver both ethnob-
otanical and animal experiments. The lipid profile
was investigated in hypercholesterolemic rats. Urtica
dioica extract was given for 4 weeks and decreased
blood lipid levels were observed.®¢

Vaccinium vitis-idea L.: Its fruits are quite suc-
cessful in reducing the lipid level in the blood ac-
cording to the experimental results. The effect of V.
vitis-idea supplementation on liver damage was in-
vestigated. It also reduced hepatic oxidative stress
and aggregation of inflammatory. These results sug-
gest that supplementation of V. vitis-idea may protect
against liver injury, in part by attenuating hepatic
lipid accumulation, oxidative stress, and inflamma-
tory response.®®

Vernonia amygdalina Delile: 1t is used as a fat
reducer against obesity traditionally.?

Vitis vinifera L.: Grape is used as a lipid lower-
ing agent in traditional medicine.® It is also used in
ethnobotany against other liver diseases.’' The study
investigated the effect of grape skin extract (GSE) on
adiposity and hepatic steatosis in mice fed an HFD,
and its basic mechanisms based on adipose and hep-
atic lipid metabolism. GSE supplementation signifi-
cantly reduced body weight, fat weight, plasma FFA
level and hepatic lipid accumulation compared to the
HFD group.®® Resveratrol in grape seed is a sec-
ondary metabolite that was shown to have antihyper-
lipidemic, antiobesity, and fatty liver activities in
clinical studies and animal experiments.3®

Zingiber officinale L.: It was hypothesized that
ginger inhibits NAFLD, blunts its progression
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through several mechanisms, including activating the
peroxisome proliferator-activated receptor, which in-
duces adiponectin and down-regulates proinflamma-
tory cytokines, altering the balance between
adiponectin and tumor necrosis. The activity mecha-
nisms are thought to have interesting potentials for
ginger to serve as a natural supplement for the pre-
vention and treatment of NAFLD.” Also it is used as

an antiobesity agent in ethnobotanical usage.?

In this review study, the traditional use of
medicinal plants in fatty liver disease and the re-
sults of experimental studies were prepared. Espe-
cially recently, the data obtained by scanning
PubMed, Wos, ChemAbst, Scholar etc. sources
were compiled.

I CONCLUSION

Fatty liver is a problem associated with obesity and is
a worldwide health issue. Although an effective treat-
ment protocol against fatty liver is not declared, it is
thought that lipid-lowering and fat-burning metabo-
lites may also be effective against fatty liver. Herbal
preparations were used in the treatment and preven-
tion of many diseases since ancient times. In this con-
text, plants are frequently used in the treatment and
prevention of liver diseases. In this study, informa-
tion on plant formulations used in the traditional
treatment of liver diseases worldwide and informa-
tion on extracts and natural compounds that are ef-
fective against fatty liver in the literature are given.
As can be understood from the study, plant prepara-
tions and their derived products may have a broad
preventive/therapeutic potential against fatty liver
disease. More detailed clinical data need to be re-
viewed with meta-analyses on the topic of interest.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-

bers of the potential conflicts of interest, counseling, expertise,



Ayse Esra KARADAG et al.

J Lit Pharm Sci. 2022;11(3):177-88

working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Idea/Concept: Ayse Esra Karadag, Fatih Demirci; Design: Ayse

Esra Karadag, Fatih Demirci; Control/Supervision: Ayse Esra

Karadag, Fatih Demirci; Data Collection and/or Processing:

Ayse Esra Karadag; Analysis and/or Interpretation: Ayse Esra

Karadag, Fatih Demirci; Literature Review: Ayse Esra Karadag,

Writing the Article: Ayse Esra Karadag, Fatih Demirci; Critical

Review: Fatih Demirci; References and Fundings: Fatih

Demirci; Materials: Ayse Esra Karadag, Fatih Demirci.

I REFERENCES

Seitz HK, Bataller R, Cortez-Pinto H, Gao B, Gual A, Lackner C, et al. Al-
coholic liver disease. Nat Rev Dis Primers. 2018;4(1):16. Erratum in: Nat
Rev Dis Primers. 2018;4(1):18. [Crossref] [PubMed]

Kaya E, Yilmaz Y. Non-alcoholic fatty liver disease: A growing public
health problem in Turkey. Turk J Gastroenterol. 2019;30(10):865-71.
[Crossref] [PubMed] [PMC]

Amirkalali B, Poustchi H, Keyvani H, Khansari MR, Ajdarkosh H, Maadi
M, et al. Prevalence of non-alcoholic fatty liver disease and its predictors
in north of Iran. Iran J Public Health. 2014;43(9):1275-83. [PubMed]
[PMC]

Naderian M, Ebrahimi H, Sohrabpour AA. Prevalence of nonalcoholic
fatty liver disease in the middle eastern area: What is the exact estima-
tion? Hepatology. 2016;64(4):1390-1. [Crossref] [PubMed]

Yan T, Yan N, Wang P, Xia Y, Hao H, Wang G, et al. Herbal drug dis-
covery for the treatment of nonalcoholic fatty liver disease. Acta Pharm
Sin B. 2020;10(1):3-18. [Crossref] [PubMed] [PMC]

Sohn EH, Kim T, Jeong YJ, Han HS, Lea Y, Cho YM, et al. Triglyceride
control effect of Agrimonia eupatoria L. in oleic acid induced NAFLD-
HepG2 model. Korean J Plant Resour. 2015;28(5):635-40. [Crossref]

Mohamadi N, Sharififar F, Koohpayeh A, Daneshpajouh M. Traditional
and ethnobotanical uses of medicinal plants by ancient populations in
Khabr and Rouchon of Iran. J Appl Pharm Sci. 2015;5(11):101-7. [Cross-
ref]

Delfan B, Bahmani M, Kazemeini H, Zargaran A, Kopaei MR, Samani
MA, et al. Identification of effective medicinal plants for hyperlipidemia:
an ethnobotanical study in Lorestan Province, West of Iran. Tradit Integr
Med. 2016;1(1):28-34. [Link]

Jiang G, Ramachandraiah K, Murtaza MA, Wang L, Li S, Ameer K. Syn-
ergistic effects of black ginseng and aged garlic extracts for the amelio-
ration of nonalcoholic fatty liver disease (NAFLD) in mice. Food Sci Nutr.
2021;9(6):3091-9. [Crossref] [PubMed] [PMC]

. Soleimani D, Paknahad Z, Askari G, Iraj B, Feizi A. Effect of garlic pow-

der consumption on body composition in patients with nonalcoholic fatty
liver disease: A randomized, double-blind, placebo-controlled trial. Adv
Biomed Res. 2016;5:2. [Crossref] [PubMed] [PMC]

. Moradi R, Hajialiani M, Salmani S, Almasi M, Zangeneh A, Zangeneh

MM. Effect of aqueous extract of Allium saralicum R.M. Fritsch on fatty
liver induced by high-fat diet in Wistar rats. Comp Clin Path.
2019;28(5):1205-11. [Crossref]

. Hong X, Tang H, Wu L, Li L. Protective effects of the Alisma orientalis ex-

tract on the experimental nonalcoholic fatty liver disease. J Pharm Phar-
macol. 2006;58(10):1391-8. [Crossref] [PubMed]

. Taheri S, Zarei A, Changizi Ashtiyani S, Rezaei A, Zaheiri S. Evaluation

of the effects of hydroalcoholic extract of Berberis vulgaris root on the ac-
tivity of liver enzymes in male hypercholesterolemic rats. Avicenna J Phy-
tomed. 2012;2(3):153-61. [PubMed] [PMC]

. Yuan X, Wang J, Tang X, Li Y, Xia P, Gao X. Berberine ameliorates non-

alcoholic fatty liver disease by a global modulation of hepatic mRNA and

186

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

IncRNA expression profiles. J Transl Med. 2015;13:24. [Crossref]
[PubMed] [PMC]

Yan HM, Xia MF, Wang Y, Chang XX, Yao XZ, Rao SX, et al. Efficacy of
berberine in patients with non-alcoholic fatty liver disease. PLoS One.
2015;10(8):€0134172. [Crossref] [PubMed] [PMC]

Quan HY, Kim DY, Kim SJ, Jo HK, Kim GW, Chung SH. Betulinic acid al-
leviates non-alcoholic fatty liver by inhibiting SREBP1 activity via the
AMPK-mTOR-SREBP  signaling pathway. Biochem Pharmacol.
2013;85(9):1330-40. [Crossref] [PubMed]

PezeshkiA, Safi S, Feizi A, Askari G, Karami F. The effect of green tea ex-
tract supplementation on liver enzymes in patients with nonalcoholic fatty
liver disease. Int J Prev Med. 2016;7:28. [Crossref] [PubMed] [PMC]

Kuzu N, Bahcecioglu IH, Dagli AF, Ozercan IH, Ustiindag B, Sahin K.
Epigallocatechin gallate attenuates experimental non-alcoholic steato-
hepatitis induced by high fat diet. J Gastroenterol Hepatol. 2008;23(8 Pt
2):e465-70. [Crossref] [PubMed]

Khavasi N, Somi M, Khadem E, Ayati MH, Torbati M, Fazljou SMB. Daily
consumption of the capparis spinosa reduces some atherogenic indices
in patients with non-alcoholic fatty liver disease: a randomized, double-
blind, clinical trial. Iran Red Crescent Med J. 2018;20(6). [Crossref]

Ajayi T, Moody J. Ethnobotanical survey of plants used in the manage-
ment of obesity in Ibadan South-western Nigeria. Nig J Pharm Res.
2018;1:22-31. [Link]

Heredia-Diaz Y, Garcia-Diaz J, Lépez-Gonzalez T, Chil-Nu-ez |, Arias-
Ramos D, Escalona-Arranz JC, et al. An ethnobotanical survey of me-
dicinal plants used by inhabitants of Holguin, Eastern Region, Cuba.
Boletin Latinoamericano y Del Caribe de Plantas Medicinales y Aromati-
cas. 2018;17(2):160-96. [Link]

Meng Y, Liu Y, Fang N, Guo Y. Hepatoprotective effects of Cassia semen

ethanol extract on non-alcoholic fatty liver disease in experimental rat.
Pharm Biol. 2019;57(1):98-104. [Crossref] [PubMed] [PMC]

MeiL, Tang Y, Li M, Yang P, Liu Z, Yuan J, et al. Co-administration of cho-
lesterol-lowering probiotics and anthraquinone from cassia obtusifolia L.
ameliorate non-alcoholic fatty liver. PLoS One. 2015;10(9):0138078.
[Crossref] [PubMed] [PMC]

Cui Y, Wang X, Xue J, Liu J, Xie M. Chrysanthemum morifolium extract
attenuates high-fat milk-induced fatty liver through peroxisome prolifer-
ator-activated receptor a-mediated mechanism in mice. Nutr Res.
2014;34(3):268-75. [Crossref] [PubMed]

Bahmani M, Shahinfard N, Rafieian-Kopaei M, Saki K, Shahsavari S,
Taherikalani M, et al. Chicory: A review on ethnobotanical effects of Ci-
chorium intybus L. Journal of Chemical and Pharmaceutical Sciences.
2015;8(4):672-82. [Link]

Mohammadifar M, Taghizadeh M, Abed A, Soltani A, Tamtaji O,
Khamechian T, et al. Effect of Ziziphus jujuba Mill., Cichorium intybus L.
and Silybum marianum (L.) Gaertn. Combination Extract on Non-alco-
holic Fatty Liver Disease in Rats. J Med Plants. 2019;18(72):133-42.
[Crossref]


https://www.nature.com/articles/s41572-018-0014-7
https://pubmed.ncbi.nlm.nih.gov/30115921/
https://www.turkjgastroenterol.org/en/non-alcoholic-fatty-liver-disease-a-growing-public-health-problem-in-turkey-135712
https://pubmed.ncbi.nlm.nih.gov/31258135/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6812945/
https://pubmed.ncbi.nlm.nih.gov/26175982/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500430/
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.28586
https://pubmed.ncbi.nlm.nih.gov/27045003/
https://www.sciencedirect.com/science/article/pii/S2211383519310330?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31993304/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6977016/
http://koreascience.or.kr/article/JAKO201536553579332.page
https://japsonline.com/abstract.php?article_id=1703
https://japsonline.com/abstract.php?article_id=1703
https://jtim.tums.ac.ir/index.php/jtim/article/view/4
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.2267
https://pubmed.ncbi.nlm.nih.gov/34136174/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8194913/
https://www.advbiores.net/article.asp?issn=2277-9175;year=2016;volume=5;issue=1;spage=2;epage=2;aulast=Soleimani
https://pubmed.ncbi.nlm.nih.gov/26955623/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4763563/
https://link.springer.com/article/10.1007/s00580-018-2834-y
https://academic.oup.com/jpp/article/58/10/1391/6147799
https://pubmed.ncbi.nlm.nih.gov/17034663/
https://pubmed.ncbi.nlm.nih.gov/25050245/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4075670/
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-015-0383-6
https://pubmed.ncbi.nlm.nih.gov/25623289/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4316752/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0134172
https://pubmed.ncbi.nlm.nih.gov/26252777/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4529214/
https://www.sciencedirect.com/science/article/abs/pii/S0006295213000932?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23435355/
https://www.ijpvmjournal.net/article.asp?issn=2008-7802;year=2016;volume=7;issue=1;spage=28;epage=28;aulast=Pezeshki
https://pubmed.ncbi.nlm.nih.gov/26955458/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4763469/
https://onlinelibrary.wiley.com/doi/10.1111/j.1440-1746.2007.05052.x
https://pubmed.ncbi.nlm.nih.gov/17683497/
https://archive.ircmj.com/article/20/11/ircmj-20-11-63446.pdf
https://www.researchgate.net/publication/327410819_Ethnobotanical_Survey_of_Plants_used_in_the_Management_of_Obesity_in_Ibadan_South-western_Nigeria
https://www.researchgate.net/publication/323237687_An_ethnobotanical_survey_of_medicinal_plants_used_by_inhabitants_of_Holguin_Eastern_region_Cuba
https://www.tandfonline.com/doi/full/10.1080/13880209.2019.1568509
https://pubmed.ncbi.nlm.nih.gov/30757944/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6374930/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0138078
https://pubmed.ncbi.nlm.nih.gov/26375281/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4573521/
https://www.sciencedirect.com/science/article/abs/pii/S0271531714000037?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24655494/
https://www.researchgate.net/publication/287432412_Chicory_A_review_on_ethnobotanical_effects_of_Cichorium_intybus_L
http://jmp.ir/article-1-2279-en.html

Ayse Esra KARADAG et al.

J Lit Pharm Sci. 2022;11(3):177-88

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Faraji S, Daneghian S, Alizadeh M. Persian medicine effects of chicory
(Cichorium intybus L.) on nonalcoholic fatty liver disease. Persian Med.
2020;5(6):476. [Crossref]

Ziamajidi N, Khaghani S, Hassanzadeh G, Vardasbi S, Ahmadian S,
Nowrouzi A, et al. Amelioration by chicory seed extract of diabetes- and
oleic acid-induced non-alcoholic fatty liver disease (NAFLD)/non-alco-
holic steatohepatitis (NASH) via modulation of PPARa and SREBP-1.
Food Chem Toxicol. 2013;58:198-209. [Crossref] [PubMed]

Askari F, Rashidkhani B, Hekmatdoost A. Cinnamon may have thera-
peutic benefits on lipid profile, liver enzymes, insulin resistance, and
high-sensitivity C-reactive protein in nonalcoholic fatty liver disease pa-
tients. Nutr Res. 2014;34(2):143-8. [Crossref] [PubMed]

Han HY, Lee SK, Choi BK, Lee DR, Lee HJ, Kim TW. Preventive effect
of citrus aurantium peel extract on high-fat diet-induced non-alcoholic
fatty liver in mice. Biol Pharm Bull. 2019;42(2):255-60. [Crossref]
[PubMed]

Al Humayed S. Protective and therapeutic effects of Crataegus aronia in
non-alcoholic fatty liver disease. Archives of Physiology and Biochem-
istry. 2017;123(1):23-30. [Crossref] [PubMed]

Li Z, Xu J, Zheng P, Xing L, Shen H, Yang L, et al. Hawthorn leaf
flavonoids alleviate nonalcoholic fatty liver disease by enhancing the
adiponectin/AMPK pathway. Int J Clin Exp Med. 2015;8(10):17295-307.
[PubMed] [PMC]

Mashmoul M, Azlan A, Mohtarrudin N, Mohd Yusof BN, Khaza'ai H, Khoo
HE, et al. Protective effects of saffron extract and crocin supplementa-
tion on fatty liver tissue of high-fat diet-induced obese rats. BMC Com-
plement Altern Med. 2016;16(1):401. [Crossref] [PubMed] [PMC]

Parsi A, Torkashvand M, Hajiani E, Rahimlou M, Sadeghi N. The effects
of Crocus sativus extract on serum lipid profile and liver enzymes in pa-
tients with non-alcoholic fatty liver disease: A randomized placebo-con-
trolled study. Obes Med. 2020;17:100165. [Crossref]

Sangsefidi ZS, Yarhosseini F, Hosseinzadeh M, Ranjbar A, Akhondi-Mey-
bodi M, Fallahzadeh H, et al. The effect of (Cornus mas L.) fruit extract
on liver function among patients with nonalcoholic fatty liver: A double-
blind randomized clinical trial. Phytother Res. 2021;35(9):5259-68.
[Crossref] [PubMed]

Cicero AFG, Colletti A, Bellentani S. Nutraceutical approach to non-al-
coholic fatty liver disease (NAFLD): the available clinical evidence. Nu-
trients. 2018;10(9):1153. [Crossref] [PubMed] [PMC]

Leclercq IA, Farrell GC, Sempoux C, dela Pe-a A, Horsmans Y. Cur-
cumin inhibits NF-kappaB activation and reduces the severity of exper-
imental steatohepatitis in mice. J Hepatol. 2004;41(6):926-34. [Crossref]
[PubMed]

Rajabi M, Kalvandi R, Kahramfar Z, Cheleh TC. Investigation of the ef-
fect of artichoke (Cynara Scolymus L.) on characteristics of the fatty liver.
Artic Complement Med J. 2020;10(2):134-47. [Crossref]

Kundu BB, Vanni K, Farheen A, Jha P, Pandey DK, Kumar V. Dioscorea
bulbifera L. (Dioscoreaceae): a review of its ethnobotany, pharmacology
and conservation needs. South African J Bot. 2021;140:365-74. [Crossref]

Wang T, Choi RC, Li J, Bi CW, Ran W, Chen X, et al. Trillin, a steroidal
saponin isolated from the rhizomes of Dioscorea nipponica, exerts pro-
tective effects against hyperlipidemia and oxidative stress. J Ethnophar-
macol. 2012;139(1):214-20. [Crossref] [PubMed]

Liu M, Xu L, Yin L, Qi Y, Xu 'Y, Han X, et al. Potent effects of dioscin
against obesity in mice. Sci Rep. 2015;5:7973. Erratum in: Sci Rep.
2015;5:12183. Erratum in: Sci Rep. 2020;10(1):18382. [Crossref]
[PubMed] [PMC]

Susutlertpanya W, Werawatganon D, Siriviriyakul P, Klaikeaw N. Genis-
tein attenuates nonalcoholic steatohepatitis and increases hepatic
PPARy in a rat model. Evid Based Complement Alternat Med.
2015;2015:509057. [Crossref] [PubMed] [PMC]

187

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Lee JH, Felipe P, Yang YH, Kim MY, Kwon QY, Sok DE, et al. Effects of
dietary supplementation with red-pigmented leafy lettuce (Lactuca sativa)
on lipid profiles and antioxidant status in C57BL/6J mice fed a high-fat
high-cholesterol diet. Br J Nutr. 2009;101(8):1246-54. [Crossref]
[PubMed]

Hosseini SMR, Razmgah GRG, Nematy M, Esmaily H, Yousefi M, Ka-
malinejad M, et al. Efficacy of black seed (Nigella sativa) and lemon balm
(Melissa officinalis) on non-alcoholic fatty liver disease: A randomized
controlled clinical trial. Iran Red Crescent Med J. 2018;20(3):€59183.
[Crossref]

Ann JY, Eo H, Lim Y. Mulberry leaves (Morus alba L.) ameliorate obesity-
induced hepatic lipogenesis, fibrosis, and oxidative stress in high-fat diet-
fed mice. Genes Nutr. 2015;10(6):46. [Crossref] [PubMed] [PMC]

Yang X, Yang L, Zheng H. Hypolipidemic and antioxidant effects of mul-
berry (Morus alba L.) fruit in hyperlipidaemia rats. Food Chem Toxicol.
2010;48(8-9):2374-9. [Crossref] [PubMed]

Xu J, Wang X, Cao K, Dong Z, Feng Z, Liu J. Combination of B-glucan
and Morus alba L. Leaf Extract Promotes Metabolic Benefits in Mice
Fed a High-Fat Diet. Nutrients. 2017;9(10):1110. [Crossref] [PubMed]
[PMC]

Zhao W, Song F, Hu D, Chen H, Zhai Q, Lu W, et al. The protective ef-
fect of myristica fragrans houtt. Extracts against obesity and inflamma-
tion by regulating free fatty acids metabolism in nonalcoholic fatty liver
disease. Nutrients. 2020;12(9):2507. [Crossref] [PubMed] [PMC]

Wani FA, Albahrawy AZ, Rahiman S. Hypolipidemic activity of olive oil
(Olea europaea) against high fat diet-induced nonalcoholic fatty liver dis-
ease (NAFLD) in mice. Open J Pathol. 2015;5(3):73-83. [Crossref]

Dhibi M, Brahmi F, Mnari A, Houas Z, Chargui |, Behir L, et al. The intake
of high fat diet with different trans fatty acid levels differentially induces
oxidative stress and non alcoholic fatty liver disease (NAFLD) in rats.
Nutr Metab (Lond). 2011;8(1):65. [Crossref] [PubMed] [PMC]

Nigam P, Bhatt S, Misra A, Chadha DS, Vaidya M, Dasgupta J, et al. Ef-
fect of a 6-month intervention with cooking oils containing a high con-
centration of monounsaturated fatty acids (olive and canola oils)
compared with control oil in male Asian Indians with nonalcoholic fatty
liver disease. Diabetes Technol Ther. 2014;16(4):255-61. [Crossref]
[PubMed]

Shen L, Xiong Y, Wang DQ, Howles P, Basford JE, Wang J, et al. Gin-
senoside Rb1 reduces fatty liver by activating AMP-activated protein ki-
nase in obese rats. J Lipid Res. 2013;54(5):1430-8. [Crossref] [PubMed]
[PMC]

Ahmad R, Almubayedh H, Ahmad N, Naqvi AA, Riaz M. Ethnobotany,
ethnopharmacology, phytochemistry, biological activities and toxicity of
Pistacia chinensis subsp. integerrima: A comprehensive review. Phy-
tother Res. 2020;34(11):2793-819. [Crossref] [PubMed]

Sirichaiwetchakoon K, Lowe GM, Kupittayanant S, Churproong S,
Eumkeb G. Pluchea indica (L.) Less. Tea ameliorates hyperglycemia,
dyslipidemia, and obesity in high fat diet-fed mice. Evid Based Comple-
ment Alternat Med. 2020;2020:8746137. [Crossref] [PubMed] [PMC]

Amiri H, Fakour S, Akradi L. Biochemical and histopathological study on
preventive effects of Punica granatum L. extract on fatty liver disease in
the rats receiving high fat diet. Sci J Kurdistan Univ Med Sci.
2018;23(3):45-55. [Link]

Liu YL, Lin LC, Tung YT, Ho ST, Chen YL, Lin CC, et al. Rhododendron
oldhamii leaf extract improves fatty liver syndrome by increasing lipid
oxidation and decreasing the lipogenesis pathway in mice. Int J Med Sci.
2017;14(9):862-70. [Crossref] [PubMed] [PMC]

Wu Z, Zhang Y, Gong X, Cheng G, Pu S, Cai S. The preventive effect of
phenolic-rich extracts from Chinese sumac fruits against nonalcoholic
fatty liver disease in rats induced by a high-fat diet. Food Funct.
2020;11(1):799-812. [Crossref] [PubMed]


https://www.tmrjournals.com/article.html?J_num=1&a_id=183
https://www.sciencedirect.com/science/article/abs/pii/S0278691513002512?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23603006/
https://www.sciencedirect.com/science/article/abs/pii/S0271531713002728?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24461315/
https://www.jstage.jst.go.jp/article/bpb/42/2/42_b18-00702/_article
https://pubmed.ncbi.nlm.nih.gov/30713255/
https://www.tandfonline.com/doi/full/10.1080/13813455.2016.1205097
https://pubmed.ncbi.nlm.nih.gov/27424611/
https://pubmed.ncbi.nlm.nih.gov/26770322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4694222/
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-016-1381-9
https://pubmed.ncbi.nlm.nih.gov/27770798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5075149/
https://www.sciencedirect.com/science/article/abs/pii/S2451847619300855?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1002/ptr.7199
https://pubmed.ncbi.nlm.nih.gov/34254372/
https://www.mdpi.com/2072-6643/10/9/1153
https://pubmed.ncbi.nlm.nih.gov/30142943/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6163782/
https://www.sciencedirect.com/science/article/abs/pii/S0168827804003800?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/15582125/
http://cmja.arakmu.ac.ir/article-1-654-en.html
https://www.sciencedirect.com/science/article/abs/pii/S0254629920310061?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378874111007926?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/22100563/
https://www.nature.com/articles/srep12183
https://pubmed.ncbi.nlm.nih.gov/25609476/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4648392/
https://www.hindawi.com/journals/ecam/2015/509057/
https://pubmed.ncbi.nlm.nih.gov/26246839/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4515499/
http://bridge.org/core/journals/british-journal-of-nutrition/article/effects-of-dietary-supplementation-with-redpigmented-leafy-lettuce-lactuca-sativa-on-lipid-profiles-and-antioxidant-status-in-c57bl6j-mice-fed-a-highfat-highcholesterol-diet/DCEB462D5A5A33360ECA8906AE512918
https://pubmed.ncbi.nlm.nih.gov/19243638/
https://archive.ircmj.com/article/20/3/ircmj-20-3-59183.pdf
https://link.springer.com/article/10.1007/s12263-015-0495-x
https://pubmed.ncbi.nlm.nih.gov/26463593/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4604156/
https://www.sciencedirect.com/science/article/abs/pii/S0278691510003674?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/20561945/
https://www.mdpi.com/2072-6643/9/10/1110
https://pubmed.ncbi.nlm.nih.gov/29023387/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5691726/
https://www.mdpi.com/2072-6643/12/9/2507
https://pubmed.ncbi.nlm.nih.gov/32825154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7551042/
https://www.scirp.org/journal/paperinformation.aspx?paperid=57168
https://nutritionandmetabolism.biomedcentral.com/articles/10.1186/1743-7075-8-65
https://pubmed.ncbi.nlm.nih.gov/21943357/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3192664/
https://doi.org/10.1089/dia.2013.0178
https://pubmed.ncbi.nlm.nih.gov/24625239/
https://www.sciencedirect.com/science/article/pii/S0022227520421790?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23434611/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3622335/
https://onlinelibrary.wiley.com/doi/10.1002/ptr.6720
https://pubmed.ncbi.nlm.nih.gov/32496629/
https://www.hindawi.com/journals/ecam/2020/8746137/
https://pubmed.ncbi.nlm.nih.gov/32595747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7291289/
http://sjku.muk.ac.ir/article-1-4266-en.html
https://www.medsci.org/v14p0862.htm
https://pubmed.ncbi.nlm.nih.gov/28824323/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5562193/
https://pubs.rsc.org/en/content/articlelanding/2020/FO/C9FO02262G
https://pubmed.ncbi.nlm.nih.gov/31930271/

Ayse Esra KARADAG et al.

J Lit Pharm Sci. 2022;11(3):177-88

58.

59.

60.

61.

62.

63.

64.

Davoodi I, Rahimi R, Abdollahi M, Farzaei F, Farzaei MH, Memariani Z,
et al. Promising effect of Rosa damascena extract on high-fat diet-in-
duced nonalcoholic fatty liver. J Tradit Complement Med. 2017;7(4):508-
14. [Crossref] [PubMed] [PMC]

Abenavoli L, Aviello G, Capasso R, Milic N, Capasso F. Milk thistle for
treatment of nonalcoholic fatty liver disease. Hepat Mon. 2011;11(3):173-
7. [Link]

Wirngo FE, Lambert MN, Jeppesen PB. The physiological effects of dan-
delion (Taraxacum Officinale) in type 2 diabetes. Rev Diabet Stud.
2016;13(2-3):113-31. [Crossref] [PubMed] [PMC]

Mahboubi M, Mahboubi M. Hepatoprotection by dandelion (Taraxacum
officinale) and mechanisms. Asian Pac J Trop Biomed. 2020;10(1):1-10.
[Crossref]

Davaatseren M, Hur HJ, Yang HJ, Hwang JT, Park JH, Kim HJ, et al.
Taraxacum official (dandelion) leaf extract alleviates high-fat diet-induced
nonalcoholic fatty liver. Food Chem Toxicol. 2013;58:30-6. [Crossref]
[PubMed]

Siew YY, Zareisedehizadeh S, Seetoh WG, Neo SY, Tan CH, Koh HL.
Ethnobotanical survey of usage of fresh medicinal plants in Singapore.
J Ethnopharmacol. 2014;155(3):1450-66. [Crossref] [PubMed]

Im JY, Ki HH, Xin M, Kwon SU, Kim YH, Kim DK, et al. Anti-obesity ef-
fect of Triticum aestivum sprout extract in high-fat-diet-induced obese
mice. Biosci Biotechnol Biochem. 2015;79(7):1133-40. Erratum in: Biosci
Biotechnol Biochem. 2016;80(3):619. [Crossref] [PubMed]

188

65.

67.

68.

69.

70.

Oh HS, Cho W, Tak SB, Kim S, Hong SP, Kim SO. Triticum aestivum
ethanolic extract improves non-alcoholic fatty liver disease in mice fed a
choline-deficient or high-fat diet. J Sci Food Agric. 2019;99(5):2602-9.
[Crossref] [PubMed]

. Choi MS, Lee MK, Jung UJ, Kim HJ, Do GM, Park YB, et al.

Metabolic response of soy pinitol on lipid-lowering, antioxidant
and hepatoprotective action in hamsters fed-high fat and high cho-
lesterol diet. Mol Nutr Food Res. 2009;53(6):751-9. [Crossref]
[PubMed]

Nassiri-Asl M, Zamansoltani F, Abbasi E, Daneshi MM, Zangivand AA.
Effects of Urtica dioica extract on lipid profile in hypercholesterolemic
rats. Zhong Xi Yi Jie He Xue Bao. 2009;7(5):428-33. [Crossref]
[PubMed]

Madduma Hewage S, Prashar S, O K, Siow YL. Lingonberry improves
non-alcoholic fatty liver disease by reducing hepatic lipid accumulation,
oxidative stress and inflammatory response. Antioxidants (Basel).
2021;10(4):565. [Crossref] [PubMed] [PMC]

Park HJ, Jung UJ, Lee MK, Cho SJ, Jung HK, Hong JH, et al. Modula-
tion of lipid metabolism by polyphenol-rich grape skin extract improves
liver steatosis and adiposity in high fat fed mice. Mol Nutr Food Res.
2013;57(2):360-4. [Crossref] [PubMed]

Sahebkar A. Potential efficacy of ginger as a natural supplement for non-
alcoholic fatty liver disease. World J Gastroenterol. 2011;17(2):271-2.
[Crossref] [PubMed] [PMC]


https://www.sciencedirect.com/science/article/pii/S2225411017300135?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/29034200/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5634758/
https://brieflands.com/articles/hepatmon-70209.pdf
https://diabeticstudies.org/article/2016/13/2-3/101900rds201613113?preview=preview
https://pubmed.ncbi.nlm.nih.gov/28012278/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5553762/
https://www.apjtb.org/article.asp?issn=2221-1691;year=2020;volume=10;issue=1;spage=1;epage=10;aulast=Mahboubi
https://www.sciencedirect.com/science/article/abs/pii/S0278691513002561?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23603008/
https://www.sciencedirect.com/science/article/abs/pii/S0378874114005431?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/25058874/
https://academic.oup.com/bbb/article/79/7/1133/5939403
https://pubmed.ncbi.nlm.nih.gov/25925980/
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.9478
https://pubmed.ncbi.nlm.nih.gov/30414175/
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.200800241
https://pubmed.ncbi.nlm.nih.gov/19205001/
http://www.jcimjournal.com/en/showAbstrPage.aspx?articleID=jcim20090506
https://pubmed.ncbi.nlm.nih.gov/19435556/
https://www.mdpi.com/2076-3921/10/4/565
https://pubmed.ncbi.nlm.nih.gov/33917360/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8067338/
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.201200447
https://pubmed.ncbi.nlm.nih.gov/23109491/
https://www.wjgnet.com/1007-9327/full/v17/i2/271.htm
https://pubmed.ncbi.nlm.nih.gov/21246004/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3020385/

