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ABSTRACT

ARTICLE INFO

Keywords: The present studies showed that utilizing complementary and alternative
Non-alcoholic fatty liver disease medicine such as herbal remedies, and the use of beneficial gastrointestinal
Licorice . . . . . . .

Glyeyrrhizic acid microorganisms, along with lifestyle modifications can contribute to the
Probiotic improvement of non-alcoholic fatty liver disease (NAFLD). The purpose
Synergy of this study was to summarize the results of the existing studies on the

relationship between licorice and probiotic consumption with fatty liver
disease. Databases such as Google Scholar, Scopus, and Pubmed databases
were searched to findrelevant studies. Clinical and experimental trials were
selected to be entered into this review article. The articles were evaluated
for duplication, title, type of study, study population and variables. Of
the 1177 retrieved articles, 17 were selected for full-text review and 5
for structured review. A review of these studies showed that glycyrrhizic
acid as an active ingredient of licorice root significantly decreased the
levels of alanine aminotransferase (ALT), aspartate aminotransferase
: : / (AST), triglyceride (TG), free fatty acid (FFA), and hepatic steatosis.
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Introduction

Worldwide, Non-Alcoholic Fatty Liver Disease
(NAFLD) is one of the leading causes of chronic
liver disease (1, 2). The prevalence of the disease
in Western countries is between 20 and 30% and
about 15% in Asian countries (3). The prevalence of
the fatty liver disease in Iran based on two different
studies has been reported 15.3% and 21.5%,
respectively (4, 5). The main cause of NAFLD is
deposited excessive accumulation of triglyceride
in hepatocytes, which accelerates inflammation,
the progression of steatosis and fibrosis in the liver

tissue (6, 7).

This disease encompasses a wide range, which
starts with simple hepatic steatosis and can eventually
lead to non-alcoholic steatohepatitis (NASH) and
hepatic failure (8). The most important causes of
this disease are obesity and insulin resistance (1,
3, 9, 10). In general, the development of simple
steatosis to steatohepatitis and advanced fibrosis,
are the result of the two processes: the former being
caused by excessive accumulation of fat in the liver
caused by insulin resistance, and the second is the
development of oxidative stress, which is caused
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by the accumulation of fat in the liver that causes
inflammation (7, 11).

NAFLD if left untreated, progresses to fibrosis,
hepatic cirrhosis and hepatic carcinoma (3, 12).
Currently, there is no definitive medical treatment
for non-alcoholic fatty liver disease. Lifestyle
changes, including a combination of improved diet
quality, increased physical activity, and gradual
weight loss has been identified as the most effective
ways to control and treat these patients (3, 13). The
use of phytochemicals and herbs with antioxidant
properties is one of the new therapeutic approaches.
Complementary and alternative medicine can also
be used to speed up the control and treatment of
patients with NAFLD. Licorice is one of these
compounds. The root of licorice is a triterpenoid
compound called glycyrrhizic acid, which exerts
its anti-inflammatory, antioxidant, antimicrobial/
antibacterial and anti-cancer effects by improving fat
metabolism and reducing lipid peroxidation (14-19).

Another effective compound in improving
NAFLD is probiotics (20). Since obesity is one
of the major causes of non-alcoholic fatty liver
disease and based on the relationship between the
gut and the liver, known as the gut-liver axis, the
gut microbiota, as an environmental risk factor, can
indicate the association of pathological conditions,
such as obesity, with probiotics through its effect on
metabolism (21). Two types of probiotics, including
Bifidobacterium and Lactobacillus, can work
through mechanisms, including improved intestinal
epithelial barrier function, alterations in intestinal
microbial flora, regulation of gastrointestinal
lymphatic immune system function, and effect on
cellular signaling pathways and act like insulin-
related signaling pathways and nuclear factor
kappa-light-chain-enhancer of activated B cells
(NFKB) inflammatory factor (22, 23). Therefore, it
is possible that licorice and probiotics (supplements
or food products) can be effective in improving the
metabolic factors of patients with NAFLD through
synergistic effects.

Materials and Methods

English-language databases including Google
Scholar, Scopus, and Pubmed were searched to find
relevant resources. This search was time-limited
until April 2019. The following keywords were
used to search the English language databases:
(Non-alcoholic fatty liver disease) OR (Non-
alcoholic steatohepatitis) OR (Hepatic steatosis)
OR (Metabolic syndrome) AND (Licorice)
OR (Glycyrrhiza glabra) OR (Probiotics) OR
(Synbiotics). After preparing the initial list
of articles, their titles were first reviewed and

duplicates were removed. Then, the title and
abstract of the remaining articles were evaluated
and some unrelated articles were eliminated.
Subsequently, the full text of the remaining
articles was reviewed and the relevant and eligible
articles were selected. The studies could be either a
clinical trial or an experimental one. The exclusion
criteria for this systematic review included articles
in a non-English language, cross-sectional studies,
case-control studies, and studies whose results were
inconsistent with the purpose of the current study. In
the next step, information about articles, including,
the first author’s name, year and place of the study,
type of study, age, gender, number of participants,
the purpose of study, method of diagnosis and
evaluation of NAFLD were collected and analyzed.

By searching through the databases, 1177 articles
were identified. After removing the duplicate
articles, 584 articles remained for review by title
and abstract. By reviewing the titles, abstracts, and
considering the inclusion and exclusion criteria, 17
articles remained for full-text review. Ultimately,
12 articles were eliminated and 5 articles that met
all the inclusion criteria remained. Their time span
was from 2012 to 2018 (Table 1).

Glycyrrhizic Acid and NAFLD

During a clinical trial, Haji Agha Mohammadi
et al. conducted a study in 66 patients with NAFLD
and found that a daily 2 g capsule containing aqueous
licorice root extract which contained 20% glycyrrhizic
acid, equivalent to 400 mg of glycyrrhizic acid,
could significantly (P<0.001) decrease the activity
of hepatic transaminases including ALT and AST.
However, no significant change was observed in the
control group receiving 2 grams of placebo (starch)
capsules. In this study, licorice capsules contained
20% glycyrrhizic acid, which is equivalent to 400 mg
of glycyrrhizic acid. This high dose of licorice may
be problematic for patients.

Since it has been observed that taking more than
200 mg of glycyrrhizic acid for 4 days may cause
side effects such as fluid and sodium retention,
edema, hypokalemia and thrombocytopenia
without a significant increase in the blood pressure
(29). In an experimental study, Wang et al. showed
that consumption of Glycyrrhiza glabra in male rats
with NAFLD treated with methionine and choline-
deficient diet for 4 weeks, the level of ALT, and AST
enzymes significantly (P<0.05) decreased. Besides,
the hepatic steatosis, which was diagnosed through
histological and biopsy examinations of liver tissue
improved.
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Table 1: Features of the studies of the effects of licorice and probiotics on non-alcoholic fatty liver disease

Reference Hajiaghamohammadi Wang et al. 2016 Li et al. 2018 (26) Nabavi et al. 2014 Famouri et al.
et al. 2012 (24) (25) 27) 2017 (28)
Main -No significant -Significant -Significant weight -Significant weight -No significant
findings  change in BMI in decrease in ALT, loss, hepatic loss, BMI ALT, changes in weight,
the intervention and AST, TG, FFA, steatosis, ALT, AST, TC,LDL.C BMI, and HDL.C
control groups TC AST and TG in the in the probiotic in probiotic
-Significant decrease  -Significantly intervention group intervention group intervention group
in serum ALT reduced fat, -Significant -No significant -Significant
and AST in the inflammation, and decrease in adipose change in HDL.C  decrease in WC,
intervention group fibrosis of liver tissue in the in the probiotic ALT, AST, TC,
tissue intervention group intervention group TG, LDL.C and
-No significant and its significant the grade of
change in TC in the increase with adipose tissue
intervention group standard yogurt in the probiotic
intervention group
Studied BMI, ALT and AST ALT, AST, TG, Weight, fatty Weight, BMI, Weight, BMI,
variables FFA, TC and liver tissue, liver ALT, AST, WC, ALT, AST,
histology steatosis, ALT, Glucose, TC, TC, HDL.C,
AST, TGand TC  TG,LDL.C,and LDL.C and TG
HDL.C (Fatty liver grade)
Method of Ultrasound and high  Induction of Induction of high-  Ultrasonography  Sonography
diagnosis levels of ALT and AST disease with a fat diet (60% fat)
enzymes limited diet of
methionine and
choline
Purpose  The effect of licorice ~ The effect of The effect of Effects of Effects of
of the root aqueous extract  glycyrrhizic diammonium probiotic yogurt  probiotics on
study on liver transaminase  acid on rats with  glycyrrhizinate on consumption on  obese children
in non-alcoholic fatty = nonalcoholic fatty rats with the non-  metabolic factors and adolescents
liver disease patients  liver disease alcoholic fatty liver in patients with with non-alcoholic
disease through nonalcoholic fatty fatty liver disease
affecting the liver disease
intestinal microbial
flora and repairing
the intestinal
mucosal barrier
Number, 66 males and females, 56 male rats aged 22 male rats aged 4 72 males and 64 girls and boys,
gender, mean age of control: 8-9 weeks weeks females, Age range: 10-18
and age 39.9 years, mean age Age range: 23-63  years
of intervention: 40.5 years
years
Place of  Iran China China Iran Iran
study
Types of  Clinical Trial, 2 Experimental, 4  Experimental, 14 Clinical trials, 8 Clinical trials, 12
study and months weeks weeks weeks weeks
follow-up
time

BMI: Body mass index, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, TG: Triglyceride, FFA: Free
fatty acid, TC: Total cholesterol, WC: Waist circumference, HDL.C: High density lipoprotein cholesterol, LDL.C: Low

density lipoprotein cholesterol.

Of course, among groups of rats that received
glycyrrhiza glabra at low doses (12.5 mg/kg),
moderate doses (25 mg/kg) and high doses (50
mg/kg) a reduction in ALT and AST enzymes,
and improvement in hepatic steatosis had a direct
relationship with the consumed dosage of glycyrrhiza

glabra. In an experimental study, Li et al. showed
that daily intraperitoneal injection of diammonium
glycyrrhizinate (DG) (150 mg/kg) in male rats with
NAFLD for 14 weeks with a high-fat diet with 60%
fat, significantly reduced ALT and AST enzymes
and hepatic steatosis (P<0.01).
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Therefore, all three studies of Haji Agha
Mohammadi et al.,, Wang et al., and Li et al.
confirmed the effect of licorice on the reduction of
the liver enzymes. Haji Agha Mohammadi et al.
showed no significant decrease in body mass index
(BMI) and weight of patients treated with licorice
root extract (P>0.05). While the main treatment for
fatty liver disease is lifestyle modification through
improved diet quality, increased physical activity and
gradual weight loss, Haji Agha Mohammadi et al.,
instead of using licorice as an alternative treatment,
used licorice as a complementary treatment, and
provided dietary advice and appropriate physical
activity to patients with NAFLD, which was likely
to have more significant effects, through a reduction
in BMI and weight loss, on improving the condition
of these patients.

Wang etal. showed that oral gavage administration
of glycyrrhizic acid in the male rats with NAFLD
inhibited hepatic lipogenesis and increased the
metabolism of triglycerides and fatty acids through
having an effect on the expression of constitutive
genes, fatty acid, and triglyceride in the liver. This
process is done by affecting the expression of the
lipoprotein lipase (LPL) gene and enhancing the
lipolysis process of triglycerides in the liver. The
severity of these effects is directly related to the
amount of glycyrrhizic acid used; in other words,
the higher the dose of glycyrrhizic acid (50 mg/kg),
the greater the effect.

Li et al. showed that in a group of rats receiving
DG by intraperitoneal injection, both the weight and
amount of adipose tissue decreased significantly. But
in the study of Haji Agha Mohammadi, no significant
change in BMI was observed, whereas, in the two
experimental studies of Wang et al. and Li et al.,
a significant decrease in hepatic steatosis, adipose
tissue, and body weight were reported. As a result
one of the weaknesses of Haji Agha Mohammadi et
al.’s clinical trial was that they did not measure and
evaluate the lipid profile in NAFLD patients.

Wang et al. showed that consumption of
glycyrrhizic acid in NAFLD rats reduced
triglyceride, free fatty acids and total cholesterol
significantly (P<0.05). Besides, a significant decrease
(P<0.05) in serum inflammatory markers including
monocyte chemotactic protein-1(MCP-1) and mouse
keratinocyte-derived chemokine (MKC), which in
turn reduces inflammation of the liver tissue was
observed. The decrease in the MCP-1 and MKC was
dependent on the dose of glycyrrhizic acid so that in
the group receiving higher glycyrrhizic acid (50 mg/
kg), a greater decrease in the above parameters was
observed. Glycyrrhizic acid also reduced the activity
of hepatic stellate cells, resulting in decreased

collagen production and improved hepatic fibrosis.

Li et al. also showed that DG intake in NAFLD
rats significantly decreased serum triglyceride levels
(P<0.05), but no significant change was observed
in the total cholesterol in the DG group (P>0.05).
Although a slightly decreasing trend was noted in
total cholesterol in the group receiving DG, Li et
al. found that the consumption of DG in rats with
NAFLD, through increased production of probiotics
in the intestine, could improve obesity and associated
metabolic disorders such as NAFLD.

DG can also modify the gut microbiota by
increasing the production of short chain fatty
acids such as butyrate. These fatty acids can
repair intestinal epithelial barrier cells and prevent
the entrance of endotoxin produced by intestinal
pathogens through portal circulation to the liver
and prevent inflammatory reactions in the liver and
intestine. Therefore, from the study of Li et al., it
can be concluded that glycyrrhizic acid, in addition
to exerting its anti-inflammatory and antioxidant
properties through the production of probiotics,
improved intestinal microbial flora, and intestinal
barrier repair, prevented the entry of endotoxins
produced by pathogens to the liver and thereby
reduced the level of inflammation in the liver and
improved NAFLD.

Probiotics and NAFLD

Nabavi et al. showed that the consumption of 300
g daily probiotic yogurt containing Lactobacillus
acidophilus and Bifidobacterium lactis for 8 weeks
in NAFLD patients could significantly (P<0.01)
reduce the weight and BMI in comparison to the
group consumed 300 g of conventional yogurt.
While Famouri et al. indicated that daily intake of a
probiotic capsule containing L. acidophilus, B. lactis,
Lactobacillus rhamnosus, Bifidobacterium bifidum
in the obese children and adolescents with NAFLD
for 12 weeks reduced waist circumference, but there
was no significant change in the placebo group.

Also, no significant change in the weight, BMI
and BMI z score was observed in any of the treatment
groups, including probiotic capsule and placebo.
If, however, the studies were performed in a way
that, for example, in the study of Nabavi et al., there
was a control group with no yogurt consumption;
and in the Famouri et al.’s study, in addition to the
probiotic capsule and the placebo capsule groups,
another group of probiotic diet products such as
probiotic yogurt was considered, the findings would
be more complete and reliable. Nabavi et al. showed
that daily consumption of 300 g of probiotic yogurt
for 8 weeks in NAFLD patients could significantly
(P<0.02) decrease ALT and AST liver enzymes, total
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cholesterol (P<0.001) and LDL.C (P<0.01). However,
no significant change in the above parameters was
seen in the control group.

Famouri et al. showed that daily consumption
of a probiotic capsule for 12 weeks in obese
children and adolescents with NAFLD could
significantly (P<0.05) decrease ALT, AST, TC,
and LDL.C. Therefore, based on the above two
studies, the consumption of probiotic yogurt and
probiotic capsule can both significantly reduce these
parameters and improve NAFLD. In the study of
Nabavi et al., no significant changes were observed
in serum glucose, TG and HDL.C levels in the group
consuming probiotic yogurt. But in the control group
that consumed conventional yogurt, there was a
significant increase (P<0.05) in HDL.C levels. But
there was no significant change in serum TG and
glucose levels. While Famouri et al. reported a
significant decrease in TG levels (P<0.001) in the
group receiving the probiotic capsule, but there was
no change in HDL.C.

Also, in the Famouri et al.’s study, serum glucose
was not included in the measured parameters. In
the placebo group, only TG significantly decreased
(P<0.001). There are some inconsistencies in the
results associated with lipid profile parameters,
such as TG and HDL.C, due to differences in
the recommendations and ways of improving
lifestyle or the participants’ failure in following the
recommendations. Moreover, the fatty liver grade
was also found to be significantly reduced in the
probiotic capsule-treated group as liver enzymes
decreased, indicating improved hepatic steatosis.
Based on the above findings and results, it can
be concluded that the use of glycyrrhizic acid in
licorice root with probiotics has synergistic effects
in improving NAFLD.

Discussion

Thisreview isthe firstreview study on the synergistic
relationship between licorice consumption and
probiotics on NAFLD. Several factors are involved
in the pathogenesis of this disease. Symptoms
of this disease appeared as metabolic syndrome
and impact on anthropometric characteristics,
which is itself an underlying factor for various
diseases (30). Given that, until now, proven
medical treatment for NAFLD is not known, then,
research on the discovery of new compounds for
the treatment of this disease is essential. In general,
NAFLD treatment was based on three goals of (i)
Reducing the process of lipogenesis and increase
the metabolism of fatty acids and triglycerides, (ii)
Reduction of inflammation of the liver tissue by
decreasing the gene expression of inflammatory

cytokines and (iii) Reducing the liver tissue fibrosis
by restricting the activity of hepatic stellate cells
and preventing their production of collagen because
fibrotic tissue can replace normal liver tissue.

Failure to reach a single conclusion about the
effect of probiotics on weight loss and BMI in this
review study may be due to the following reasons:
(1) No use of similar probiotic bacterial species in
Nabavi et al. and Famouri et al. studies; the use of
one probiotic bacterial species could have resulted in
the study being specifically related to one probiotic
species. Because the effects of different probiotic
species may be different. (i) Differences in the
type of probiotic product in the two Nabavi et al.
and Famouri et al. studies: according to the above
studies, consumption of probiotic diet products such
as probiotic yogurt can have a significant effect on
the weight loss and BMI than probiotic capsules. (iii)
Differences in treatment duration between the two
Nabavi et al. and Famouri et al. studies.

In two experimental studies, Li et al. and Wang
et al. found that all tested rats were male. Since the
prevalence of NAFLD among men is higher than
in women, both men and women had to be used to
generalize their results to humans. In future studies,
it is recommended that more sample sizes be used
to increase the accuracy of the study and to obtain
more reliable results. In addition to sonography, tests
such as biopsy or fibrous scans, which measure liver
fibrosis in addition to liver steatosis, can also be used
to better evaluate the liver.

Conclusion

Based on the findings of this review study, it can be
concluded that glycyrrhizic acid in licorice root can
in addition to antioxidant and anti-inflammatory
effects, by increasing the production of probiotics
cause to change in intestinal microbial flora.
Glycyrrhizic acid and probiotics, respectively,
can play a role in improving NAFLD alone, with
similarities in their effects. Now, if these two
compounds are used together, their synergistic
effects will not be unexpected. However, further
studies are needed to increase the generalizability
of the results.

Conflict of Interest

None declared.

References

1 Ferolla SM, Ferrari TC, Lima ML, et al. Dietary
patterns in Brazilian patients with non-alcoholic
fatty liver disease: a cross-sectional study.
Clinics ( Sao Paulo ). 2013;68:7-11. DOI:10.6061/
clinics/2013(01)0a03. PMID:23420151.

Int J Nutr Sci December 2019;4(4)

167



Rostamizadeh and Mazloom

2

10

11

12

Hattar LN, Wilson TA, Tabotabo LA, et al.
Physical activity and nutrition attitudes in
obese Hispanic children with non-alcoholic
steatohepatitis. World J Gastroenterol.
2011;17:4396-403. DOI:10.3748/wjg.v17.139.4396.
PMID:22110265.

Martin-Dominguez V, Gonzalez-Casas R,
Mendoza-Jimenez Ridruejo J, et al. Pathogenesis,
diagnosis and treatment of non-alcoholic fatty
liver disease. Rev Esp Enferm Dig. 2013;105:409-
20. DOI:10.4321/51130-01082013000700006.
PMID:24206551.

Ahad Eshraghian M, EshraghianMD H,
OmraniMD GR. Nonalcoholic fatty liver disease
in a Cluster of Iranian Population: Thyroid
status and Metabolic Risk Factors. Arch Iran
Med. 2013;16:584-9. DOI:0131610/AIM.007.
PMID:24093139.

Lankarani KB, Ghaffarpasand F, Mahmoodi M,
etal. Non Alcoholic Fatty Liver Disease Southern
Iran: A Population-Based Study. Hepat Mon.
2013;13:¢9248. DOI: 10.5812/hepatmon.9248.
PMID: 23922564.

Ranjbar T, Masoumi SJ. The effect of Stevia
rebaudiana on nonalcoholic fatty liver disease
(NAFLD): A review. Int J Nutr Sci. 2018;3:2-6.
Basirat R, Yosaee S, Azadbakht L, Rahimian
G, Djafarian K. Predictive power of visceral
adiposity index and model of adipose distribution
in patients with non-alcoholic fatty liver disease
(NAFLD). Int J Nutr Sci. 2017;2:97-102.

Hasse JM, Matarese LE. Medical nutrition
therapy for hepatobiliary and pancreatic
disorders. In: Mahan Kathleen L, Raymond
Janice L, editors. Krauses food and the nutrition
care process. 14th ed. Canada; 2017.p.560-585.
Cortez-Pinto H, Jesus L, Barros H, et al.
How different is the dietary pattern in non-
alcoholic steatohepatitis patients? Clin Nutr.
2006;25:816-23. DOI:10.1016/j.cInu.2006.01.027.
PMID:16677739.

Sherafatmanesh S, Ekramzadeh M, Moosavi
L. The Role of Carbohydrate Related Factors
in Pathogenesis of Nonalcoholic Fatty Liver
Disease: A Review. Int J Nutr Sci. 2017;2:52-57.
Videla LA, Rodrigo R, Araya J, et al. Oxidative
stress and depletion of hepatic long-chain
polyunsaturated fatty acids may contribute to
nonalcoholic fatty liver disease. Free Radic
Biol Med. 2004;37:1499-507. DOI:10.1016/j.
freeradbiomed.2004.06.033. PMID:15454290.
Hashimoto E, Tokushige K. Prevalence, gender,
ethnic variations, and prognosis of NASH. J
gastroenterol. 2011;46:63-9. DOI:10.1007/
$00535-010-0311-8. PMID:20844903.

13

14

15

16

17

18

19

20

21

22

23

Kaser S, Ebenbichler C, Tilg H. Pharmacological
and nonpharmacological treatment of
nonalcoholic fatty liver disease. Int J Clin
Pract. 2010;64:968-83. DOI:10.1111/j.1742-
1241.2009.02327.x. PMID:20584230.

Hayashi H, Hiraoka N, Ikeshiro Y, et al. Seasonal
variation of glycyrrhizin and isoliquiritigenin
glycosides in the root of Glycyrrhiza glabra L.
Biol Pharm Bull. 1998;21:987-9. DOI:10.1248/
bpb.21.987. PMID:9781853.

Sabet Sarvestani F, Mehrabani D, Tanideh N, et
al. Investigation of eucalyptus essence 1% and
its mixture with licorice gel 10% on the infected
third-degree burn wound in rat model. Comp
Clin Pathol. 2019;28:403-409. DOI:https://doi.
org/10.1007/s00580-018-2732-3.

Kobaya shi M, Fujita K, Katakura T, et al.
Inhibitory effect of glycyrrhizin on experimental
pulmonary metastas: in mice inoculated with
B16 melanoma. Anticancer Res. 2002;22:4053-8.
PMID:12553032.

Takhshid MA, Mehrabani D, Ai J, et al. The
healing effect of licorice extract in acetic acid-
induced ulcerative colitis in rat model. Comp
Clin Pathol 2012;21:1139-44. DOI:10.1007/
s00580-011-1249-9.

Mohammad saleem MMN, Mohammad AAW,
Al-Tameemi JA, et al. S. Biological study of
the effect of licorice roots extracton serum lipid
profile, liver enzymes and kidney function tests
in albino mice. AfJ Biotechnol. 2011;10:12702-6.
DOI:10.5897/ajb11.1399.

Rahnama M, Mehrabani D, Japoni S, et al. The
healing effect of licorice (Glycyrrhiza glabra)
on helicobacter pylori infected peptic ulcers. J
Res Med Sci. 2013;18:532—533. PMID:24250708.
Saez-Lara MJ, Robles-Sanchez C, Javier Ruiz-
OjedaF, et al. Effects of Probiotics and Synbiotics
on Obesity, Insulin Resistance Syndrom, Type 2
Diabetes and Non-Alcoholic Fatty Liver Disease:
A Review of Human Clinical Trials. /nt J Mol
Sci. 2016;17:E928. DOI:10.3390/ijms17060928.
PMID:27304953.

Ley RE, Backhed F, Turnbaugh P, et al. Obesity
alters gut microbiota ecology. Proc Natl Acad
Sci U S A. 2005;102,11070-5. DOI:10.1073/
pnas.0504978102. PMID:16033867.
Bermudez-Brito M, Plaza-Diaz J, Munoz-
Quezada S, et al. Probiotic mechanisms of
action. Ann Nutr Metab. 2012;61:160-74.
DOI:10.1159/000342079. PMID:23037511.
Fontana L, Bermudez-Brito M, Plaza-Diaz J, et al.
Sources, isolation, characterisation and evaluation
of probiotics. Br J Nutr. 2013;2,S35-S50.
DOI:10.1017/S0007114512004011.

168

Int J Nutr Sci December 2019;4(4)



Licorice and probiotics effect on NAFLD

24

25

26

27

PMID:23360880.

Hajiaghamohammadi AA, Ziaee A, Samimi R.
The efficacy of Licorice Root Extract in Non-
alcoholic Fatty Liver Disease: A Randomized
Controlled Clinical Trial. Phytother Res.
2012;261381-4. DOI:10.1002/ptr.3728.
PMID:22308054.

Wang C, Duan X, Sun X, et al. Protective
effects of glycyrrhizic acid from edible botanical
glycyrrhiza glabra against non-alcoholic
steatohepatitis in mice. Food Funct. 2016;7:3716-
23. DOI:10.1039/c6f000773b. PMID:27487733.
Li Y, Liu T, Yan C, et al. Diammonium
Glycyrrhizinate Protects against Non-Alcoholic
Fatty Liver Disease in mice through modulation
of gut microbiota and restoring intestinal barrier.
Mol Pharm. 2018;15:3860-70. DOI:10.1021/acs.
molpharmaceut.8b00347. PMID:30036479.
Nabavi S, Rafraf M, Somi MH, et al . Effects
of probiotic yogurt consumption on metabolic

28

29

30

factors in individuals with nonalcoholic fatty
liver disease. J Dairy Sci. 2014;97:7386-93.
DOI:10.3168/jds.2014-8500. PMID:25306266.
Famouri F, Shariat Z, Hashemipour M, et al.
Effects of Probiotics on Nonalcoholic Fatty Liver
Disease in Obese Children and Adolescents.
J Pediatr Gastroenterol Nutr. 2017,64:413-
7. DOI:10.1097/MPG.0000000000001422.
PMID:28230607.

Celik MM, Karakus A, Zeren C, et al.
Licorice induced hypokalemia, edema
and thrombocytopenia. Hum Exp Toxicol.
2012;31:1295-8. DOI:10.1177/0960327112446843.
PMID:22653692.

Birer dinc A, Younossi Z. Can NASH lipidome
provide insight into the pathogenesis of obesity-
related non-alcoholic fatty liver disease?
J Hepatol. 2015;62:761-2. DOI:10.1016/j.
jhep.2015.01.005. PMID:25602593.

Int J Nutr Sci December 2019;4(4)

169



