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Abstract

AIM

To evaluate the effect of silymarin on the serum levels
of alanine aminotransferase (ALT), aspartate amino-
transferase (AST) and gamma glutamyl transpeptidase
(yGT) in patients with liver diseases.

METHODS

A systematic review with meta-analysis of ramdomized
and controlled clinical trials was performed, evaluating
the effects of sylimarin in patients with hepatic
diseases, published by January 31, 2016. Clinical trials
were sought on the basis of The Cochrane Central
Register of Controlled Trials in the Cochrane Library,
PubMed/Medline, Scopus, Web of Science, Lilacs and
Clinical Trials. The trials with adult and elderly patients
of both sexes, with Liver Diseases who took oral
silymarin supplementation, as extract or isolated, as
well as Silymarin combined with other nutrients, were
included. The trials should provide information about
the intervention, such as dosages and detailing of the
product used, besides the mean and standard deviation
of serum levels of ALT, AST and yGT of the baseline
and at the end of the intervention.

RESULTS

An amount of 10904 publications were identified.
From those, only 17 were included in the systematic
review and 6 in the meta-analysis, according to the
used selection criteria. In this meta-analysis, the
results indicated a reduction of 0.26 IU/mL (95%CI:
-0.46-0.07, P = 0.007) at the level of ALT and 0.53 IU/mL
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(95%CI: -0.74-0.32, P = 0.000) at the serum levels
of AST after using the silymarin, both, statistically
significant, but with no clinical relevance. There was no
significant change in the yGT levels. Subgroup analyzes
were also performed for the biochemical markers in
relation to the type of intervention, whether silymarin
isolated or associated with other nutrients and the
time of intervention (whether = 6 mo or < 6 mo).
Significant differences were not found. The evaluated
studies presented a high degree of heterogeneity and
low methodological quality in the carried out analysis.

CONCLUSION

Silymarin_minimally reduced, but without clinical
relevance, the serum levels of ALT and AST. It is
necessary to garry out studies with more appropriate
methodological designs.

Key words: Systematic review; Liver diseases; Milk
thistle; Silymarin; Meta-analysis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Silymarin is commonly prescribed in the
practice of many professionals and ingested as self-
medication for patients. Studies suggest benefits of its
use in hepatic disorders, discussing its mechanisms of
action and potential as a coadjutant in the treatment
of those diseases. Favorable clinical outcomes as
improvement of biochemical indicators and liver profile
were observed in clinical trials. However, other studies
are controversial or have not reported statistical
significance in the improvement of these indicators.
Facing the differences and methodological peculiarities
of these studies, a systematic review with meta-analysis
was performed to clarify the real benefits of silymarin
in liver diseases.

de Avelar CR, Pereira EM, de Farias Costa PR, de Jesus RP, de
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INTRODUCTION

The most frequent liver diseases are of an inflammatory
nature, which have different etiologies and char-
acteristics. The most common causes of chronic inflam-
matory liver diseases are viral infections (hepatitis B
and C viruses), autoimmune diseases, alcoholic liver
disease and non-alcoholic fatty liver disease (NAFLD).
Other diseases also occur with inflammation such as
chronic biliary diseases, hereditary metabolic diseases
and hepatic attacks by hepatotoxic substances.
Méndez-Sanches et al have estimated approximately
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two million cases of chronic liver disease by the year
2050.

The nutritional treatment comprises a fundamental
step in the clinical treatment of these patients, as
well as in the minimization and/or postponement of
the common symptomatology in these diseases™
and, the prescription of herbal medicines can be a
complementary tool to conventional dietary strategies™..

Silymarin is part of the flavonoid group and is
extracted from the plant Silybum marianum, an herbal
remedy that has been extensively studied in various
hepatic disorders. It is composed of approximately
50% silibinin, which is considered the biologically active
component of silymarin®®. Silybum marianum is one
of the most commonly plants used in liver diseases
treatments, because it is considered hepatoprotective
and it has been widely used in patients with cirrhosis,
chronic hepatitis and liver disease associated with alcohol
consumption and exposure to environmental toxins! ™.,
Currently, it is one of the most studied medicinal herbs
for the treatment of NAFLD and steatohepatitis (NASH)
and its use has been shown to be safe, well tolerated,
with limited adverse effects also for these patient
groups®*4,

Silymarin acts primarily as an antioxidant, reducing
the production of reactive oxygen species and lipid
peroxidation, increasing the endogenous concentrations
of antioxidant enzymes such as glutathione peroxidase,
glutathione reductase, superoxide dismutase and
catalase!™*°!, It exerts a significant anti-inflammatory
effect, mainly by inhibition of nuclear transcription
factor NFkB and consequently reduction of inflammatory
cytokines in the hepatic parenchyma, in addition to
interaction with protein kinases and downregulation of
cyclooxygenase 2178,

It also acts as an immunomodulator and anti-
fibrotic agent, due to the reduction of the activation or
stimulation of apoptosis of the hepatic stellate cells, or
increasing the degradation of the collagen deposits in
the hepatic parenchyma!*®>". In addition, it's considered
a hepatoprotective for the ability to stabilize the cell
membranes of hepatocytes, preventing the entry of
toxic chemicals into these cells. Silymarin binds to
receptors present on these membranes, inhibiting the
binding of toxins in these sites, reducing drug-induced
hepatocellular damage®?’!, It also stimulates the
synthesis and activity of enzymes responsible for the
hepatic biotransformation process, such as glutathione
S-transferase®*,

Studies have shown that silymarin has an important
effect on the reduction of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels in liver
diseases, being considered beneficial in the treatment
of these patients?®>%2%,

However, it is important to point out that most of
these studies present considerable methodological
variations. In addition to having used different doses
with different concentrations of silymarin and various
formulations, which makes it difficult to perform a
comparative analysis of the studies and a consensus
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about the clinical use of this herbal medicine and
its effects on biochemical indicators such as liver
enzymes. Thus, the objective of this article is to
perform a systematic review with meta-analysis on
the effect of silymarin on the ALT, AST and gamma
glutamyl transpeptidase (yGT) levels in patients with
liver diseases. The present systematic review can be
considered a useful publication to evaluate the real
benefit of silymarin as commonly prescribed and used
as a coadjutant in the treatment of liver diseases.

MATERIALS AND METHODS

Identification and selection of articles

This is a systematic review with a meta-analysis of
randomized controlled trials evaluating the effect of
silymarin in patients with liver disease, published by
January 31, 2016. This review was carried out taking
into account the provisions of PRISMA (Peferred
Reposting Items for Systematic Reviews and Meta-
Analyzes)®. We searched for randomized controlled
trials in the Cochrane Central Register of Controlled
Trails databases in the Cochrane Library, PubMed/Medline,
Scopus, Web of Science, Lilacs and Clinical Trials. The
research was conducted with no restrictions regarding
the year of publication.

The terms “silybum marianum”, “milk thistle”,
“silymarin”, “silybin”, “silibinin”, “silydianin”, “silychristin”,
“cardus marianus”, “liver disease”, “chronic liver
disease”, “end-stage liver disease”, “drug-induced

liver injury”, “Non-alcoholic fatty liver disease”, “fatty
liver”, “alcoholic fatty liver”, “alcoholic liver disease”,
“fibrosis”, “liver cirrhosis, “Hepatocellular carcinoma”,
“viral liver disease”, “hepatitis B”, “hepatitis C”,
“hemochromatosis”, “liver steatosis”, “alcoholic
hepatitis” and “chronic hepatitis” were searched in
English, Portuguese and Spanish. All these keywords
were combined using the Boolean operators "OR”
and “"AND” in several databases. The construction of
the search strategy took into account the research
question structured by the acronym PICO. Only the
terms for the components Population, Intervention
and Control had been defined. The terms for outcome
"0" were not defined to avoid assigning undesirable
specificity at this stage of data collection®’.

Two reviewers independently carried out the
active search of the scientific articles. The identified
disagreements were evaluated and discussed by a
third evaluator. The review team through the screening
phase, reading the titles and abstracts, carried out a
process of evaluation of the eligibility of the studies.
Subsequently, reading the full text and identifying the
duplicates in all databases described, the confirmation
phase was performed. In this stage, the reason
for the exclusion of each article was recorded in an
article selection flow form. The third reviewer solved
the disagreements between the former reviewers,
regarding the eligibility of the articles.

Inclusion criteria
Randomized and controlled clinical trials with adult and
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elderly patients of both sexes with liver disease who
took oral silymarin supplementation, as an extract or
in its isolated form, as well as silymarin combined with
other nutrients were included. We included studies
in English, Portuguese and Spanish. The trials should
provide information on the intervention such as doses
and details of the product used, as well as mean and
standard deviation of ALT, AST and yGT serum levels at
baseline and at the end of the intervention.

Exclusion criteria

We excluded articles that reported the use of drugs
associated with silymarin, did not provide descriptive
data of the control or intervention group, used a
crossover study design and also those who after contact,
did not obtain answers from the authors to provide
data not available in the articles. Studies using median
and interquartile range with descriptive measures of
outcome variables could not be included in the meta-
analysis. Trials whose full accesses were not possible
due to year of publication, or by online unavailability
were also excluded.

Data extraction

Two reviewers independently reviewed eligible articles.
For the data extraction process, the eligible articles were
read in full and a standardized sheet was used for each
article, with all the selection criteria established. The
variables data in the baseline and at the end of the
intervention were recorded in a spreadsheet in the Excel®
program.

Evaluation of the methodological quality of articles

The methodological quality of the articles included in
this review was evaluated according to the adapted
Downs and Black™" checklist. This checklist evaluates
criteria such as description of the information in the
studies, items to analyze external validity, items
referring to participants, intervention and statistical
tests, besides the internal validity, confounding factors
and possible selection biases and the power of the
studies.

The articles were evaluated based on the following
criteria: (1) definition of the objectives/hypothesis;
(2) description of results; (3) characterization of
participants included in the study; (4) description of
the exposure; (5) quality of the description of the main
results; (6) reports of 95% confidence intervals and/or
P value for the main outcomes; (7) representativeness
of individuals invited to participate in the study; (8)
representativeness of the individuals included in the
research; (9) clarity if any of the studies were post
hoc-based; (10) appropriate use of statistical tests to
evaluate the main results; (11) validity and reliability
of measures of the main outcomes; and (12) whether
the statistical analysis includes adequate adjustment
for the main confounding variables.

Clinical trials were also evaluated according to the
following items: (1) information on the characteristics
of the loss of follow-up; (2) analysis adjusted for
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Figure 1 Flow of selection of articles included in the meta-analysis.

different follow-up times; (3) whether participants in
the intervention and control groups were recruited
from the same population; (4) whether participants
in the intervention and control groups were recruited
within the same time period; (5) reporting blinding of
the intervention to participants and evaluators; and (6)
whether follow-up losses were considered.

In order to evaluate the quality, a dichotomous
response was defined as “yes”, with a score of 1, or
“no”, with a score of 0, for each item in the checklist.
At the end, a sum of the scores and the percentage
for each publication was calculated. The percentage of
ideal methodological quality was equal to or greater
than 80%, according to Downs and Black®!.,

The risk of bias in the studies was assessed
according to the criteria of the Cochrane Collaboration
for the development of systematic reviews of in-
tervention®. It was not possible to assess publication
bias by the Funnel plot and test its asymmetry by the
Egger’s test because of the small number of included
studies.

Statistical analysis

For the data extraction process, the eligible articles
were read in full and a standardized clinical record
was used for each article, with all the selection criteria
established. The data referring to the descriptive
measures of the outcome variables at the baseline
and at the end of the intervention were recorded in an
Excel® worksheet.

The summary measure used in this meta-analysis
was the difference of standardized means among the
groups for each indicator evaluated (ALT, AST and yGT)
and their respective confidence intervals, which were
presented in Forest plot charts. The difference of global
standard means was calculated using the random
effects model, due to the high heterogeneity of the
studies. The assumption of the homogeneity of the
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studies was tested by the extent of the heterogeneity
interpreted by the total percentage of variation
between the studies analyzed with the I? statistic
(Higgins inconsistency test). This test of inconsistency
greater than 50% was used as an indicator of
moderate heterogeneity’®. The statistical methods of
this study were reviewed by Priscila Costa from the
School of Nutrition of the Federal University of Bahia,
Brazil.

Subgroup analyzes were also performed according
to the type of intervention (isolated silymarin or silymarin
associated with nutrients) and the intervention time
(= 6 mo or < 6 mo) to identify possible differences.
The heterogeneity of the meta-analysis was evaluated
by meta-regression and the influence of the variables:
sample size, treatment time and type of intervention
were tested. In all analyzes, a P-value less than 0.05
was considered significant.

Statistical analysis was performed using the STATA
Program for MAC, version 12 (Stata Corp. College
Sattion, TX, United States).

RESULTS

Selection of studies

The electronic search identified 10904 publications,
excluding 207 duplicates and 10413 articles by reading
the title and abstracts, totaling 284 eligible studies for
in-depth analysis. A total of 267 articles were excluded
due to issues such as: impossibility of access to the
full article (n = 68), non-randomization (n = 104),
uncontrolled clinical trials (n = 80), crossover design
(n = 1), medication-associated intervention (n = 4),
absence of biochemical markers (AST, ALT and yGT)
after intervention (n = 2) and absence of Data from
the control group (n = 3). Thus, the systematic review
was performed with 17 publications and of these, only 6
were included in the meta-analysis (Figure 1), since 5
of them used the median as descriptive measure and 6
had no descriptive data necessary for the analysis.

Characteristics of the studies

Table 1 presents the main characteristics of the
studies and patients included in the systematic
review. Seven studies®'*?***31 were performed in
Europe, six!??%% 4 in Asia, three**¥ in Africa and
one in America®®, The year of publication varied
from 1994 to 2016. The sample size varied from 30
to 370 individuals, totalizing 1558 adults and elderly,
of both sexes. The studies evaluated drug-induced
hepatic injury®**, with C virus"****! individuals with
acute hepatitis'*?!, NAFLD and of these studies, three
articles”***! included patients diagnosed with NASH
and one® evaluated individuals with DHGNA and
metabolic syndrome , being a pilot article™™.

The work of Loguercio et a*®! presented a subgroup
with patients with hepatitis C virus, but it was decided
not to include this subgroup in the analyzes, since it
was considered impracticable to analyze this small
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le 1 Summary of clinical trial characteristics

Study Year  Origin Population Silymarin dose Intervention Inclusion criteria Follow-up Outcomes
Loguercio et al"’ 2007  Italy 59 adult patients 4x94mg Silymarin NAFLD with 6moand  ALT, gGT, insulin
with NAFLD silibin + 194 mg  Control untreated no chronic liver 12 mo and HOMA
phosphatidylcholine  (diet + physical disease
+ 90 mg vitamin E activity)
(Reasil®) daily
Hashemi et al™ 2009 Iran 100 adult 2 x 140 mg silymarin Silymarin USG evidencing 6 mo ALT, AST, gGT,
patients with (Livergol®) daily Control steatosis, ALT FA, glycemia,
NAFLD (NASH) elevation in triglycerides and
more than 1.2 cholesterol
of the normal
value, exclusion
of conical
diseases of the
liver, histological
evidence of
NASH or
presence of risk
factor such as
MD or obesity
Massodi et al™! 2013 Iran 100 adult 2 x 140 mg silymarin Silymarin NASH 3 mo AST and ALT
patients with daily Control confirmada por
NAFLD (NASH) USG e niveis
elevados de AST
e ALT
Solhi et al™ 2014 Iran 64 adult patients 3 x 70 mg silymarin Silymarin NASH 8 wk ALT and AST
with NAFLD (Livergol®) daily Control confirmada por
(NASH) USG abdominal
e elevagao
persistente de
AST e ALT mais
de 1,2 acima do
valor normal nos
altimos 6 meses
Aller et al™ 2015  Spain 36 adult patients 2 x Silybum Silymarin NAFLD 3 mo Glycemia,
with NAFLD  marianum 540.3 mg Control untreated  confirmed by triglycerides, AST,
+vitamin E-36 mg  (diet + physical liver biopsy ALT, gGT and
(Eurosil 85®) daily activity) HOMA IR
Sorrentino et al™ 2015 Ttaly 78 adults with 2 x silymarin 210 Silymarin MS and NAFD 3 mo Hepatic steatosis,
MS and NAFLD mg+ 30 IU vitamin E  Control untreated  confirmed by lipid accumulation
(Eurosil 85®) daily (diet) UsG index, ALT, AST,
8GT, triglycerides,
cholesterol, LDL,
HDL, glycated Hb
and Glycemia
Abenavoli et al™ 2015 Italy 30 overweight 2 x Silibin 94 mg + Group A: Overweight 6 mo BMI, weight, waist
Caucasian adults phosphatidylcholine Hypochloric diet ~ and NAFLD circumference,
with NAFLD 194 mg + vitamin E Group B: Diet+  confirmed by blood pressure,
89.28 mg daily silymarin UsG AST, ALT, gGT,
Group C: control bilirubin, glycemia,
HOMA-IR, insulin,
triglycerides, total
cholesterol, HDL,
LDL, creatinine,
azotemia, hepatic
steatosis index
Luangchosiri et al 2015 Thailand 55adultsand 3 x silymarin 140 mg Silymarin Diagnosis of 4wk ALT, AST, alkaline
elderly with daily Control pulmonary phosphatase, gGT,
pulmonary tuberculosis, > total proteins,
tuberculosis 18 yr, treatment albumin, bilirubin,
with anti- SOD, glutathione,
tuberculosis malonyldialdehyde,
drugs risk of hepatic injury
by anti-tuberculosis
drug, adverse events
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El-Kamary et al'” 2009 Egypt 105 adults with 3 x silymarin 140 mg Silymarin ALT>1001U/L 8wk  ALT, AST, bilirubin,
acute hepatitis of daily (Legalon®) Control with jaundice acute hepatitis
varied etiologies (multivitamin) and 3 or more symptoms, adverse

symptoms of events
acute hepatitis

Fried et al*” 2012 United 154 adults with 5 x silymarin 140 mg Group 1:silymarin HCV and ALT = 24 wk ALT, RNA HCV

States HCV daily (Legalon®) - 700 420 mg >65U/L or
unsuccessful

mg
3 x silymarin 140mg Group 2: silymarin

patients on

daily (Legalon®) - 420 700 mg interferon
mg Group 3: control therapy
Hajaghamohammadi 2008  Iran 50 adults with 1 x 140 mg silymarin NAFLD 2 mo Weight, BMI, AST,
et al™ NAFLD (Livergol®) daily confirmed ALT
by USG and
elevated levels
of ALT and AST
Stiuso et al™ 2014  Ttaly 30 adults with 2x94mg Silymarin NASH 12mo  Levels of substances
NASH silibin + 194 mg Control histologically that react with
phosphatidylcholine confirmed thiobarbituric acid,
+89.28 mg vitamin E nitric oxide, SOD,
(Reasil®) daily catalase, BMI,
glycemia, insulin,
HOMA, AST, ALT,
gGT, score for
NAFLD
Velussi et al® 1997 Ttaly 60 diabetic 600 mg siymarin daily Silymarin Diabetics treated 12 mo Glycemia,
adults and Control with insulin postprandial
elderly with with alcoholic glycemia, glycated
alcoholic cirrhosis hemoglobin and
cirrhosis (biopsy), aged malonildialdehyde
between 45 and
70 years old
Yakoot et al'*” 2012  Egypt 66 adultand 3 x silymarin 140mg Group 1: spirulina  HCV genotype 6mo  Virological response,
elderly patients daily 500 mg 4, elevated liver ALT, quality of life
with HCV Group 2: silymarin enzymes, virgin score, adverse events
genotype 4 Group 3: control  antiviral therapy
Zhang et al™! 2015 China 370 adult 2 x S, marianum 200 Silymarin >12 yr with 8 wk ALT, AST, bilirubin,
patients with mg Control tuberculosis gGT, alkaline
tuberculosis on and in anti- phosphatase
antituberculosis tuberculosis
therapy therapy
Tanamly et al™! 2004 Egypt 14l1adultsand 3 x silymarin 140 mg Silynarin HCV 12 mo RNA HCV, ALT,
elderly with daily (Legalon®) Control fibrosis, adverse
HCV (multivitamin) events
Palasciano et al® 1994 Ttaly 60 adult women 2 x 400 mg sliymarin Group 1A: drugs + Women between 3 mo AST, ALT, gGT,
using psychotic daily silymarin 40 and 60 yr of malonildialdehyde,
drugs Group 1B: drugs + age, treated with bilirubin
control phenothiazines
Group 2A: no and/or

drugs and with  butyrenes for at
silymarin least 5 yr, AST or
Group 2B:no  ALT with values
drugs but control 2 x higher than
the regular range

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; yGT: Gamma glutamyl transpeptidase; NAFLD: Non-alcoholic fatty liver disease; HCV:

Hepatitis C virus.

number of patients. The duration of follow-up ranged
from 4 wk to 12 mo, the dose of oral silymarin used
was 210 mg to 700 mg and the frequency of ingestion
was two to five times a day. Four studies!®4%4
reported blinding, describing methodological design as
double-blind. Twelve studies!®**?%*I ysed only dry
extract of Silybum marianum, which contains silymarin
or silymarin alone, two* used silymarin associated
with vitamin E and three****”! studies used silybin
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with vitamin E and phosphatidylcholine. All articles
evaluated ALT, however the study by Velussi et a/'*®
only evaluated liver enzymes in the baseline, fourt*®+**!
did not evaluate AST and eight!®-?263%4244] did not
evaluate yGT. Six studies*?***"*! did not report data
on adverse effects, six!®*****4%I did not identify any
of these effects, four®**! performed specific evaluation
and only one®® described that serious adverse events
were not observed and that side effects were similar in
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frequency and uncommon in both groups.

Evaluation of the methodological quality of the studies
included in the meta-analysis

Among the 6 studies included in this meta-analysis,
only one® was double-blind and reported the rando-
mization method used. No intention-to-treat analyzes
were described in the studies evaluated. Only one
study™” presented methodological adequacy (92.5%),
higher, therefore, to 80% according to the checklist
score adapted from Downs and Black™. The main
limitations observed in the studies were: (1) absence
in the description of the characterization of participants
with loss of follow-up!®3*3l; (2) failure to report
blinding for the intervention of the participants and
evaluators!*®?4343381. (3) no adjusted analyzes were
performed for different follow-up times!*®2>283435381. (4)
randomization was not concealed for patients and
staff until complete recruitment!**?3*33l. gnd (5)
absence of adequate adjustments for confounding
factors in the analyzes of which the main findings were
Withdrawn[19,28,34,35,38,39].

Risk analysis of bias

Fungal plot analysis and the Egger test were not
performed since these are recommended for meta-
analyzes with at least 10 studies and are not indicated
for this study™?.

A bias risk assessment of randomized controlled trials
was performed according to the Cochrane Collaboration
criteria® for the development of systematic reviews
of intervention (Figure 1). There was a high risk of
bias in relation to the blinding of the participants and
the researcher, since only one study was double-
blind® and reports on allocation, blinding of outcome
evaluation and other potential biases were not well
understood in the studies evaluated. There was a
low risk of bias for selective information®®**** and
random sequence generation in half of the studies
analyzed™ 3% (Figure 2). Only studies by Massodi
et al® and Solhi et al*® presented half of the items
assessed as low risk for bias (Figure 2).

Meta-analysis results

The results of the meta-analysis are shown in Table 2,
Figures 3-8. This meta-analysis included 437 individuals.
All articles evaluated ALT levels. One study had no AST
levels measurements and only three****! had yGT
dosages. The included studies evaluated only patients
with NAFLD and publications evaluating other liver
diseases were naturally excluded in the screening and
confirmation stages of eligible articles. However, the
work of Loguercio et a*® presented a subgroup with
patients with HCV, but it was decided not to include
these patients in this meta-analysis. In the groups
treated with silymarin, four studies™®***! observed a
significant reduction in serum ALT levels, three!***%*!

showed a significant reduction in AST and only one!*”!
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observed a significant decrease in yGT serum levels.

Thus, when the intervention groups were compared
with the control groups of all studies included in the
meta-analysis, a reduction of 0.26 IU/mL (95%CI:
-0.46-0.07) was observed in the mean ALT serum values
and a reduction of 0.53 IU/mL (95%CI: -0.74-0.32)
in the mean AST serum values of the treated group,
compared to the control group (Figure 4), both of
which are statistically significant. No significant change
in the Gamma yGT serum levels was identified (Figure 5).

A subgroup analyses was also performed to
identify possible differences in relation to intervention
characteristics. We considered as subgroups different
studies that performed intervention with isolated
silymarin®®®39 or silymarin associated with other
nutrients™™****! as well as the studies that presented
different follow-up time (equal or superior to 6 mo
and less than 6 mo) for both ALT and AST serum
levels (Figures 6-8). It was not possible to consider
these subgroups for the evaluation of yGT and for
the AST levels regarding the intervention time due
to the insufficient number of studies to enable these
analyzes.

When comparing control and treatment groups, a
reduction trend of 0.59 IU/mL (95%CI: -0.83-0.34)
was found in the mean ALT serum values of subjects
treated with isolated silymarin and 0.23 IU/mL in
this same marker (95%CI: -0.08-0.53), in those
treated with silymarin associated with other nutrients.
However, there was no statistical significance (Figure 6).
Therefore, no significant differences were observed
in these forms of intervention (isolated or associated
silymarin).

Analysis of the mean AST serum values showed
a reduction of 0.86 IU/mL (95%CI: -1.12 to -0.61,
P = 0.003) in subjects treated with isolated silymarin
(Figure 7). These results also did not present significant
differences between the types of intervention, similar
to the analysis referring to ALT levels. Likewise, the
assessment of intervention time subgroups and ALT
levels did not show significant differences between
them (Figure 8).

Heterogeneity and meta-regression

The present study observed that the studies evaluated
presented a high degree of heterogeneity, with an
inconsistency test (I”) greater than 50%. Two meta-
regressions were performed, one having ALT as the
outcome and another for AST. It was not possible to
perform meta-regression for yGT, considering the small
number of studies. In the first meta-regression, the
sample size (P = 0.901), treatment time (P = 0.233) and
type of intervention (isolated silymarin and associated
silymarin) (P = 0.143) did not explain the heterogeneity
between the studies. Likewise, in the second meta-
regression, the sample size (P = 0.941), treatment
time (P = 0.163) and type of intervention (P = 0.089)
also failed to explain the heterogeneity of the studies
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Table 2 Results of selected studies for meta-an

de Avelar CR et a/. Silymarin in liver disease: A meta-analysis

Results

Ref. Used Indicators
Loguercio et al"”, ALT,yGT
2007

Hashemi et al™, ALT, AST
2009

Massodi et al®”, 2013 ALT, AST
Solhi et al™, 2014 ALT, AST
Aller et al™, 2015 ALT, AST, yGT
Sorrentino et al™!, ALT, AST, yGT

2015

There were no adverse events in either group. The intervention group presented a significant reduction of
hepatic steatosis in the ultrasonography score (change from 2-3 to 1-2) after 6 mo and 12 mo (P < 0.01). Significant
reduction of ALT and yGT after 6 mo and 12 mo only in the intervention group (P < 0.01). Treatment affected the
levels of ALT and yGT Range independent of changes in BMI of the participants. We did not evaluate data from
the group with HCV patients
There was a significant reduction in the average of ALT levels only in the intervention group (113.54 IU/mL vs
73.141U/mL) (P < 0.001). The percentage of patients with normalization (ALT < 40) was 32% after 3 mo and 52%
after 6 mo in the intervention group and the difference in these percentage between control and intervention group
was significant (P = 0.001). There was also a significant reduction in AST averages only in the intervention group
(71.42 TU/mL vs5 49.66 IU/mL) (P = 0.006). The percentage of patients with normalization (AST < 40) was 46% after 3 mo
and 62% after 6 mo in the intervention group and the difference in these percentages between control group and
intervention was also significant (P = 0.0001)

There were no serious adverse events and the side effects were similar in frequency and uncommon in both
groups. There was a significant reduction in the average of ALT levels only in the intervention group (84.06 IU/mL
05 68.54 TU/mL) (P < 0.001) and in the average AST levels only in the intervention group (71.94 TU/mL vs 54.70 ITU/mL)
(P <0.001)

There was a significant difference in the mean values of ALT levels only in the intervention group (91.3 IU/mL vs
38.41U/mL) (P = 0.026) and in the AST levels only in the intervention group (62.8 IU/mL vs 30.5 IU/mL) (P = 0.038).
There were no adverse events in both groups. There was a significant improvement in the fibrosis score in both
groups (P < 0.05). There was a significant difference in the reduction of the average yGT levels (81.5 IU/L vs 46.2
IU/L) (P < 0.05) in the intervention group and also in the control group (80.5 TU/L vs 50.3 IU/L) (P < 0.05). There
was a significant reduction only in the average of ALT levels (70.8 IU/L vs 54.7 IU/L) (P < 0.05) and AST (41.6
1U/Lvs361U/L) (P <0.05) in the control group.

No adverse events were reported in both groups. Mean levels of ALT, AST and yGT were within normal limits at
the baseline. There was a significant reduction only in the average values of right lobe size of the liver by the USG

(17.24 cm 05 -0.96 cm) (P = 0.044)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; yGT: Gamma glutamyl transpeptidase.

(data not shown in tables).

DISCUSSION

In this review, some intervention studies have observed
an improvement in the biochemical and clinical in-
dicators evaluated in patients with NAFLD, including
hepatic steatosis and NASH, after the use of silymarin.
Although the results of the meta-analysis indicate that
the use of silymarin is associated with a reduction in
serum levels of ALT and AST, the values found are
not clinically relevant. The studies®****** also showed
limited adverse effects and good tolerance to the use
of silymarin as reported in other studies™**?,

Some studies report that silymarin is capable to
improving biochemical indicators in patients with liver
diseases of different etiologies**¢*", in addition to
the reduction of ALT and AST levels are commonly
described in other studies*******4, The hypothesis
described by the researchers is that the antioxidant
properties of silymarin are capable of reducing reactive
oxygen species, thus inhibiting cellular damage™®. In
addition to the improvement in the antioxidant system,
observed in experimental studies, due to the increase
of enzymes such as glutathione reductase, glutathione
peroxidase, superoxide dismutase and catalase, all
with antioxidant function!******! and non-enzymatic
antioxidants, through the modulation of associated
transcription factors®>*®\. On the other hand, there
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are reports of similar studies that, despite showing
differences in the values of these indicators, these
were not statistically significant*>"",

It is important to emphasize that there are a
few trials with rigorous methodologies that consider
important issues such as the use of well-characterized
products, evaluation of specific liver diseases, adequate
sample size, representativeness of the study popu-
lation, adequate intervention time and appropriate
statistical analysis. These factors are quite divergent
among the studies, which may directly interfere both
in the positive results and in the controversial findings,
representing an important limitation for conclusions on
this topic.

It was identified in this meta-analysis that a clinical
trial® that found normal values of ALT, AST and yGT
in the baseline, which is not surprising, since some
patients may be carriers of NAFLD and do not present
alterations in liver enzyme levels®®®”. Thus, in the
aforementioned study™, there was no relevance in the
results of these markers after intervention, since in the
baseline; the patients no longer presented alteration
in these markers. It was also found that another
clinical trial® included in this analysis demonstrated
a significant reduction of yGT in the control and
intervention group, probably due to differences in the
methodological design used. In this study, both groups
had prescriptions for hypocaloric diet and physical
activity, which probably influenced the clinical and
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Figure 2 Risk of bias assessment. A: Risk of bias summary: review authors’ judgments about each risk of bias item for each included study; B: Risk of bias
graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.

Study Silymarin Control
mean £ SD Total mean £SD  Total Weight SMD (95%CI) mean difference (95%CI)
Hashemi et a/*”, 2009  73.1 + 62.4 50 89.9+41.8 50 23.79% -0.32 (-0.71, 0.08) R
Aller et a/*Y, 2015 52.7 + 26.0 18 54,7 + 18.0 18 8.66% -0.09 (-0.74, 0.56) H:.
Loguercio et al*”, 2007 59 + 20.0 39 45.2 £ 34.0 20 12.32% 0.54 (-0.01, 1.09) 1
Solhi et a/*®, 2014 38.4 + 11.8 33 52.3 +29.9 31 14.68%  -0.62 (-1.12, -0.12) +:
Massodi et a/*, 2013 68.5 £ 5.5 50 73.3£5.6 50 22.02%  -0.86 (-1.27, -0.45) -
Sorrentino et a/*, 2015 28.0 + 22.3 43 24.8 + 14.6 35 18.53% 0.17 (-0.28, 0.62) :f
|
Total (95%CI) 233 204 100% -0.26 (-0.46, -0.07)
Heterogeneity: 5* = 22.26, df = 5 (P = 0.000) I* = 77.5% | .
Teste of SMD = 02 = 2.70 £ = 0.007 0 10
Figure 3 Alanine aminotransferase levels.
biochemical parameters of patients with NAFLD. disease progression and the presence of hepatocellular

Studies have associated high levels of ALT or  fibrosis®*®¥, Several publications®® have been
the AST:ALT ratio > 1 in patients with NAFLD and with considered to change lifestyle with dietary intervention
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Silymarin Control
Study mean £ SD Total mean + SD Total Weight SMD (95 %CI) mean difference (95%CI)
Hashemi et a/**, 2009 49.66 + 33.26 50 66.16 + 27.44 27.66% -0.55 (-0.95, -0.15) ]
|
Aller et a/*¥, 2015 41.6 + 20.0 18 36+ 11.8 10.18% 0.34 (-0.32, 1.00) s
Solhi et a/*®, 2014 30.5 + 8.2 33 36.2 + 12.4 17.69%  -0.55 (-1.05, -0.05) S
|
Massodi et a/*, 2013 54.7 £ 5.51 50 61.56 + 3.39 22.32% -1.50 (-1.94, -1.05) |
Sorrentino et a/””, 2015 22.49 # 12.45 43 21.37 £11.29 22.15% 0.09 (-0.35, 0.54) I+
|
Total (95%CI) 194 100% -0.53 (-0.74, -0.32) ¢
Heterogeneity: ;* = 32.50, df = 4 (P = 0.000) I = 87.7% ‘
Test of SMD = 02 = 4.93 P = 0.000 | )
0 10
Figure 4 Aspartate aminotransferase levels.
Study Silymarin Control
mean £ SD Total mean £ SD Total Weight SMD (95%CI) mean difference (95%CI)
Aller et a*¥, 2015 46.2 + 27.0 18 50.3 % 27.0 18 22.70% -0.15 (-0.81, 0.50) —
Loguercio et a*”, 2007 60 + 33 39 64 + 35 20 33.39% -0.12 (-0.66, 0.42) <
Sorrentino et a/*”, 2015 33.33 £21.59 43 28.6 + 14.66 35 43.90% 0.26 (-0.21, 0.73) -

Total (95%CI) 100 73
Heterogeneity: 5* = 1.47, df = 2 (P = 0.478) I* = 0%

Test of SDM = 02 = 0.24 P = 0.809

100% 0.04 (-0.27, 0.35)

Figure 5 Gamma glutamyl transpeptidase levels.

and physical activity practice, as strategies with an
impact on the improvement of markers and liver
function for individuals with NAFLD. Despite this, it
was observed that there are still more data available
in the literature regarding the pattern of adherence
of this profile of patients to lifestyle changes and
nutritional guidelines provided by health professionals.
It is also important to consider the growing increase
in the prevalence of NAFLD in recent years and is
even considered a global public health problem™?.,
Considering this scenario, researchers have in-
vestigated adjuvant therapeutic strategies, such as
phytotherapy and considered the use of silymarin
as a possibility to improve biochemical indicators of
these patients®**3?, However, the available studies
present low methodological quality and the positive
results found are not of clinical relevance, as found in
this meta-analysis. Therefore, there is still insufficient
scientific evidence for the recommendation of silymarin
as a possibility of adjunctive therapeutic alternatives
for the reduction of biochemical indicators in patients
with hepatic disease.

It is important to highlight that the inconsistency
tests performed in this meta-analysis showed that
the studies evaluated presented a high degree of

heterogeneity, which is generally present in meta-
analyzes involving clinical trials®”, especially when
evaluating such specific topics and presenting few
studies with well-designed methodological designs.
The case of phytotherapy and specifically, the use of
silymarin. In addition, details of intervention, blinding,
selection and recruitment of the population and
absence of adjustments in the statistical analyzes may
be factors that interfere in the final results, as well
as the high and medium risk of bias observed in the
studies.

In this meta-analysis, trials with small samples and,
therefore, little representativeness of the population
were identified, which may have favored the high
heterogeneity, since studies with larger samples
provide greater precision in the association. Absence
of intention-to-treat analyzes in the studies can also
be considered factors that interfered in the final results
and conclusions. Another relevant methodological
factor refers to the blinding of the studies evaluated:
only one is double-blind, representing another in-
consistency of the studies evaluated. Although meta-
regression did not identify interference with sample
size, time of treatment and type of intervention in the
results, it's considered that these results might have
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Silymarin Control mean difference (95%CI)
Study or subgroups mean £ SD  Total mean £ SD Total Weight mean difference (95%CI)
Silymarin ‘
Hashemi et a/°®, 2009  73.14 £ 62.44 50 89.92 +41.83 50 23.79% -0.32 (-0.71, 0.08) l
Solhi et ai*®, 2014 384+11.8 33 52.3 + 29.9 31 14.68% -0.62 (-1.12, -0.12) —eH
Massodi et a/*, 2013 68.54 = 5.54 50 73.32 £ 5.58 50 22.02% -0.86 (-1.27, -0.45) +:
Subtotal (95%CI) 133 131 60.49% -0.59 (-0.83, -0.34) O

Heterogeneity: 5* = 3.53, df = 2 I* = 43,4% P = 0.171 !

Silymarin associated

Loguercio et a*®, 2007 59 + 20.0 39 452+340 20 12.32% 0.54 (-0.01, 1.09) | o
Sorrentino et a/*”, 2015 28.02 £ 22.27 43 2476 £ 1459 35 18.53% 0.17 (-0.28, 0.62) e
Subtotal (95%CT) 100 73 39.51% 0.23 (-0.08, 0.53)

|
|
Aller et a/*¥, 2015 52.7 £ 26.0 18 54.7 + 18.0 18 8.66% -0.09 (-0.74, 0.56) 4
|
|
|
|
|
Heterogeneity: y* = 2.22, df = 2 > = 9.9% P = 0.330 I
|

Total (95%CI) 100% -0.26 [-0.46, -0.07]

Heterogeneity: 5* = 22.26, df = 5 I = 77.5% P = 0.000 |

Overall Test for heterogeneity between sub-groups: z° = 16.51, df = 1 P = 0.000

Figure 6 Alanine aminotransferase levels according to the type of product used.
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T
|
Hashemi et a/*”, 2009 49.66 +33.26 50 66.16 £27.44 50 27.66% -0.55 (-0.95, -0.15) RS

Solhi et a/*¥, 2014 30.5 + 8.2 33 362+ 124 31 17.69% -0.55 (-1.05, -0.05) —
Massodi et a/*%, 2013 54.7 £ 5.51 50 61.56+3.39 50 22.32% -1.50 (-1.94, -1.05) +:
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Sorrentino et a/*”, 2015 22,49 £ 12.45 43 2137 +11.29 35 22.15% 0.09 (-0.35, 0.54) ‘—v
Subtotal (95%CI) 61 53 32.33% 0.17 (-0.20, 0.54) |
Heterogeneity: 7° = 0.37, df = 1 7 = 0% P = 0.542 !
I
|
Total (95%CI) 100% -0.53 (-0.74, -0.32) @
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Figure 7 Aspartate aminotransferase levels according to the type of product used.
been strongly influenced by the low methodological demonstrate that the use of silymarin minimally
quality, observed in all studies, in general, according to reduced, but without clinical relevance, the ALT and
the used methods. AST serum levels in patients with non-alcoholic fatty
In conclusion, the results of this meta-analysis liver disease. Although the reductions observed do
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Silymarin Control

mean difference (95%CI)

Study or subgroups mean + SD Total mean + SD Total Weight mean difference (95%CI)
T
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0 10

Figure 8 Alanine aminotransferase levels according to intervention time.

not translate into clinical relevance, they may signal
to a possible additional therapeutic strategy in the
control of NAFLD. When discussing the data found,
it is important to consider the great variability and
methodological fragility of these studies, a finding
very common in publications that evaluate herbal
medicines. Therefore, it is necessary to carry out new
studies with more adequate methodological designs,
with special attention in the accomplishment of the
planning stages and execution of clinical trials. This will
provide more consolidated scientific evidence and may
contribute to a greater safety in the indication or not of
doses of silymarin to be prescribed by qualified health
professionals.

Background

The use of phytotherapic medicines is very common and, for many individuals,
represents a simple and easily accessible therapeutic option. Despite the use of
silymarin in liver diseases be described as millenarian and prescribed by many
professionals, there is still controversy in the literature about its real effects on
biochemical indicators in patients with liver diseases.

Research frontiers

Chronic liver disease is one of the main causes of morbidity and mortality in
the world. High levels of indicators, such as alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and gamma glutamyl transpeptidase (yGT),
have been associated with progression of these diseases. Researchers
have investigated supporting therapeutic strategies such as phytotherapy
and discussed the use of silymarin as a possibility to improve the biochemical
indicators of these patients.
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Innovations and breakthroughs

In the present study, the authors investigated the effect of the use of silymarin
on ALT, AST and yGT levels in patients with liver diseases. This is the first
meta-analysis which evaluates the effect of oral use of silymarin on biochemical
indicators of patients with liver disease and the methodological quality of the
included studies.

Applications

This study allows us to understand the real effects of silymarin on ALT, AST and
YGT levels, from patients with liver diseases, in addition to signaling to the need
of new clinical trials with more appropriate methodological designs.

Peer-review

This manuscript describes the results of a meta-analysis evaluating effect
of silymarin on the serum levels of ALT, AST and GGT in patients with liver
diseases. Silymarin has been used in several studies of liver diseases for its
hepatoprotective effects. Consequently, this systematic review with meta-
analysis evaluating large majority of the literature is crucial to be understood of
its actual effectiveness.
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