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Abstract

Purpose Alcoholic liver disease or non-alcoholic fatty liver
disease/non-alcoholic steatohepatitis are well-known risk
factors for liver fibrosis or cirrhosis and hepatocellular car-
cinoma; it is a major global health concern, but there are
few effective and safe management options. Therefore, we
aimed to investigate the effects of fermented garlic extracts
(FGEs) on hepatic function in adults with mild hepatic dys-
function without underlying hepatic disease.

Methods In this double-blind, randomized, placebo-
controlled study, seventy-five adults with elevated serum
gamma-glutamy] transpeptidase (GGT) levels were included
in a FGE-administered group (n = 36) or a placebo group
(n = 39), and received either two sachets/day containing
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FGEs or placebo over a 12-week period. Primary endpoint
was the change in serum GGT levels. Data were analysed
using a generalized linear mixed effects model.

Results Significant group x time interactions for serum lev-
els of GGT (F = 3.98, P = 0.022) and alanine aminotrans-
ferase (ALT; F = 3.28, P = 0.043) were observed with
an improvement in levels of GGT (P = 0.066) and ALT
(P = 0.014) in the FGE group compared to that reported for
the placebo group at the 12-week visits. There was no inter-
group difference in the prevalence of adverse events.
Conclusions Intake of FGEs improved serum GGT and
ALT levels in adults with mildly elevated serum GGT
level without reported adverse side effects. FGEs might
be effective and safe management options for mild hepatic
dysfunction.

Keywords Alanine aminotransferase - Fatigue - Fermented
garlic extract - Gamma-glutamyl transpeptidase - Hepatic
dysfunction

Introduction

Chronic metabolic effects of alcohol consumption and
other nutritional excess on the liver result in alcoholic liver
disease (ALD) or non-alcoholic fatty liver disease/non-
alcoholic steatohepatitis (NAFLD/NASH), which are the
most common causes of elevation in liver enzyme levels
[1] and well-known risk factors for liver fibrosis or cirrho-
sis and hepatocellular carcinoma (HCC) [2]. Therefore, the
burden of liver diseases is a major global health concern.
However, the options for management of hepatic injury due
to alcohol and other nutritional abuse are limited [3].

Garlic (Allium sativum L.) is one of the most popular
vegetables worldwide; it is particularly used as a spice in

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00394-016-1318-6&domain=pdf

1994

Eur J Nutr (2017) 56:1993-2002

the Asian and Mediterranean food and has been used in
traditional medicine for a long time for its diverse health
benefits [4]. It contains various ingredients such as organo-
sulphur compounds including allicin, alliin, S-allyl cysteine
(SAC), and S-allyl mercaptocysteine and other bioactive
non-sulphur compounds. Numerous studies have reported
positive biologic effects of garlic on plasma lipid levels
[5], systolic blood pressure [6], inhibition of platelet aggre-
gation and atherosclerosis [7], as well as its antioxidative
properties [8] and hepatoprotective effect [9].

Although garlic has health benefits, the pungent smell
and flavour of raw garlic make it unpalatable. Therefore,
various garlic processing methods and formulations have
been developed for reducing its pungent smell and taste
while maintaining or improving the contents of raw garlic
ingredients. Garlic formulations have shown health benefits
similar to those shown by raw garlic. Of them, fermented
garlic extracts (FGEs), which are produced by fermentation
with Lactobacillus plantarum, are not only odourless and
quick to produce but also contain higher contents of com-
ponents such as SAC or cycloalliin than those present in
raw garlic [10]. Previous studies have indicated that FGEs
possess antidyslipidaemic [11], antidiabetic [12], and anti-
oxidant properties [13]. However, few studies have inves-
tigated the effects of FGEs on hepatic dysfunction. In pre-
vious studies, we reported that L. plantarum-fermented
FGEs decreased serum aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) levels in mice with
alcohol-induced fatty liver damage [14], and upregulated
peroxisome proliferator-activated receptor (PPAR)-a and
carnitine palmitoyltransferase-1 mRNA expression as a
consequence of 3-oxidation activation in oleic acid-induced
steatotic HepG2 cells [15]. To the best knowledge of the
authors, no studies have been conducted on the hepatopro-
tective effects of FGEs in adults with hepatic dysfunction.
Therefore, we aimed to investigate the effects of FGEs on
hepatic function in adults with mild hepatic dysfunction but
without any underlying hepatic disease such as hepatitis B
or C virus infection, liver cirrhosis, or HCC.

Materials and methods
Participants and study design

A 12-week, randomized, placebo-controlled trial was con-
ducted to assess the effect of FGEs on the hepatic function
of adults with mild hepatic dysfunction. Of the patients
who visited one of two medical centres in South Korea,
those who had elevated serum gamma-glutamyl transpepti-
dase (GGT) levels were selected as the subjects of this
study. The inclusion criteria were adults aged between 20
and 75 years and fasting serum GGT levels of 76-225 U/L
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that is no more than three times over the normal upper
limit of serum GGT levels (normal range 11-75 U/L). The
exclusion criteria were (1) previous or present alcohol or
drug abuse, (2) presence of liver cirrhosis or HCC based
on a hepatic ultrasonographic scan, (3) AST, ALT, alkaline
phosphatase, or lactate dehydrogenase levels (normal range
140-271 U/L), three times more than the normal upper
limit, (4) current viral hepatitis B or C, (5) renal dysfunc-
tion (serum creatinine levels two times more than the nor-
mal upper limit), (6) thyroid dysfunction (thyroid-stimulat-
ing hormone levels <0.1 or >10 ulU/mL), (7) presence of
uncontrolled hypertension or diabetes, or use of antidyslipi-
daemic agents newly within 3 months, (8) presence of heart
disease or neurological or psychiatric disorders, (9) use of a
medicine that influences hepatic function, such as valproic
acid, tetracycline, allopurinol, phenytoin, sertraline, nap-
roxen, diclofenac, cholagogue or cholelitholytics, and sex
or adrenocortical hormones, (10) use of traditional herbs or
dietary supplements that can improve hepatic function, and
(11) pregnancy or breastfeeding. Of the 107 subjects who
attended the screening process, 27 who failed to meet the
inclusion/exclusion criteria or cancelled the study partici-
pation were excluded. A total of 80 subjects were enrolled
in this study. Enrolment began on 18 June 2014, and the
last subject visit was conducted on 6 July 2015. All the
subjects signed a written informed consent form before
the start of the trial. The study protocol was approved by
the Institutional Review Board of The Catholic University
of Korea (IRB approval number: VC14HDMEQ050). This
study was registered in Clinical Research Information Ser-
vice (CRiS: https://cris.nih.go.kr/cris/en/) with the identi-
fier code KCT0001181.

Preparation of FGEs

In our previous study, conducted in mice with alcohol-
induced fatty liver damage, AST and ALT levels were sig-
nificantly lower in the experimental group fed a daily dos-
age of 0.6-0.8 mg/kcal of FGEs, compared to the levels in
the placebo group [14]. Assuming that a mean daily energy
intake of adults is 2000 kcal, the daily FGE intake would
correspond to 1.2-1.6 g; therefore, 1.5 g/day was taken as
the FGE dosage for this study. The sachets containing FGEs
or placebo used in this study were produced by SK Bioland,
Ltd., South Korea. Garlic bulbs were soaked in puri-
fied water (1:2 w/v), which was brought to a boil for
3 h at 110 °C. The solution was cooled at 37 °C and fer-
mented with L. plantarum BL2 (2 % w/w) in a fermenter
for 36 h. After the cultivation, the solutions were sterilized
for 30 min at 121 °C, cooled at 50 °C. The fermented solu-
tion was filtered using a filter press, and perlite was added
to the filtrate. Thereafter, the solution was incrassated by
heating and then sterilized for 1 h at 95 °C. Two sachets,
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which resulted in a daily dosage of 40 g, contained FGEs
(1.5 g), which contains 5.64 mg of cycloalliin, and additive
substances (38.5 g; purified water, corn syrup, and Scutel-
laria extracts). The placebo sachet containing only the addi-
tive substances with garlic flavour and edible dyes, similar
to FGEs, matched the total amount in the sachets containing
FGEs.

Intervention

In a double-blinded fashion, the subjects were randomized
with an allocation ratio of 1:1 to two groups using com-
puter-generated random numbers by blocks: FGE-adminis-
tered group and the placebo group. Over a 12-week period,
the groups received either 40 g FGE/day or placebo, twice
daily after breakfast and dinner (one sachet of 20 g each
time). Participants were followed up every 6 weeks (at
baseline and at weeks 6 and 12) with clinical evaluations
including physical examination, laboratory test, and fatigue
scale measurement, and the use of other garlic formula-
tions intake. Adverse events defined as any unfavourable
and unintended signs including abnormal laboratory find-
ings, symptoms, or diseases temporally associated with the
administration of FGEs or placebo were recorded.

Endpoints and measurements

The primary outcome for the efficacy analysis was the
change in serum GGT levels. The secondary outcomes
were the changes in other hepatic function markers such as
AST levels, ALT levels, and AST/ALT ratio, lipid profiles,
and fatigue scale score assessed using Multidimensional
Fatigue Scale (MFS) [16]. The measurements were con-
ducted every 6 weeks during the study. Venous blood sam-
ples were collected after an overnight fasting period of 8 h.
AST, ALT, GGT, total cholesterol, triglyceride, high-den-
sity lipoprotein, and low-density lipoprotein cholesterol
levels were determined using an auto-analyser (Hitachi
747; Hitachi, Tokyo, Japan). The MFS, which was devel-
oped to measure multidimensional aspects of fatigue, is a
self-administered instrument restructured by Chang et al.
[17] on the basis of Fatigue Assessment Instrument devel-
oped by Schwartz et al. [16]. The MFS comprises 19-item
scored on a 7-point Likert format and includes three sub-
scales measuring global fatigue severity, dysfunction of
daily living activities, and situation-specific fatigue. The
MES asks respondents to report their fatigue status during
the final 2-week period. The total MFS and the subscales’
scores are obtained by adding the scores of all 19 items
and the scores of eight, six, and five items for the sub-
scales of global fatigue severity, dysfunction of daily liv-
ing activities, and situation-specific fatigue, respectively.
Higher values are indicative of a severer degree of fatigue.

Assessment of safety

For the safety analyses, blood pressure, heart rate, and body
weight from all of the enrolled subjects were measured at
baseline and visit 6 and 12 weeks. Measurement of com-
plete blood count, serum electrolytes levels such as sodium,
potassium, chloride, and calcium levels, glucose, total bili-
rubin, albumin, protein, creatinine, blood urea nitrogen, and
uric acid levels, urinalysis, and electrocardiography were
performed at baseline and at the 12-week visit. Adverse
events were assessed at the 6- and 12-week visits.

Other

Self-reported information on age, sex, marital status, edu-
cation level, smoking, alcohol consumption, the amount
of physical activity, dietary intake, and medical conditions
including past or current medical problems and operation
history was obtained. Alcohol-related questions included
the presence of alcohol drinking during the 6-week period
before baseline and at every 6-week visit and the number
of standard drinks consumed per week. A standard drink
is any drink that contains 12 g of pure alcohol. Standard
drink alcohol content of 4.5 vol% in beer, 12 vol% in wine,
6 vol% in Korean traditional makgeolli, 20 vol% in Korean
Soju, and 40 vol% in whisky was used in this study. The
presence of alcohol consumption was classified as no (no
alcoholic drinks consumed within the last 6-week period)
or yes. The assessments of physical activity and dietary
intake were performed at baseline and at every 6-week
visit. Physical activity was assessed as the amount and
frequency of physical activity per week, and classified
as none, <150 min of exercise per week, or >150 min of
exercise per week. The nutrition survey was assessed using
single 24 h recall and conducted by trained dieticians at
baseline and at every 6-week visit and was estimated from
the nutrient database of the Korean Nutrition Society [18].
Estimates for daily total energy, carbohydrate, protein, and
fat intake were obtained.

Statistical analyses

The sample size was calculated at a total of 80 subjects
(each group of 40) with 15 % dropout, obtaining 80 % sta-
tistical power and a significance level of 0.05 using two-
sided independent  test to detect a proper sample size from
a difference of 10 with an estimated standard deviation of
11.1 between the groups in serum GGT level or a differ-
ence of 4.6 with an estimated standard deviation of 6.8
between the groups in serum AST level [19].

The efficacy analyses in intention-to-treat populations
included all randomized subjects who received at least
one sachet containing FGEs or placebo and had at least
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one post-baseline efficacy assessment. The safety analyses
included all randomized subjects who received at least one
dose of the sachets containing FGEs or placebo and had at
least one safety assessment.

All values were expressed as mean £ SD, numbers (per-
centages), or as geometric means (95 % confidence inter-
vals) for skewed distributions. Variables with skewed distri-
butions were analysed after logarithmic transformation (log
transformation). Demographic characteristics were com-
pared using independent 7 test for continuous variables and
the Chi-squared test or Fisher’s exact test for dichotomous
variables. A generalized linear mixed effects model, assum-
ing log-normal distributions, was used to analyse repeated
measurements of serum GGT, AST, and ALT levels, AST/
ALT ratio, lipid profiles, and MFS scores from the base-
line at each time point between the two groups using inten-
tion-to-treat. These models consisted of FGEs- or placebo-
administered group effect (group), follow-up effect (time),
and FGEs or placebo group-by-follow-up interaction effect
(group x time) as fixed effect. In addition, a post hoc anal-
ysis for multiple comparisons between groups at weeks
6 and 12 was conducted using a Scheffe analysis. For the
safety assessment of FGEs, the Chi-squared test or Fisher’s
exact test was conducted to evaluate the differences in the
prevalence of adverse events between the two groups. Sta-
tistical analyses were conducted using SAS (version 9.2,
SAS institute, Cary, NC, USA), and P < 0.05 was consid-
ered statistically significant.

Results
Study population

Eighty participants enrolled in this study were randomized
into two groups that were administered FGEs or placebo.
Four participants in the FGE group dropped out after enrol-
ment (one because of violation of exclusion criteria; two
because of withdrawal of consent; and one was lost to
follow-up) and so did one in the placebo group (because
of withdrawal of consent). Therefore, 75 participants (36
from the FGE group and 39 from the placebo group) were
included in the efficacy analysis. A total of 66 participants
except five in the FGE group (three because of compliance
rate of 70 % or less and two because of withdrawal of con-
sent) and four in placebo group (two because of withdrawal
of consent; one because of compliance rate of 70 % or less;
and one because of withdrawal due to adverse events) com-
pleted this study (88.0 % completion rate) (Fig. 1). The
compliance rates for taking the sachets contained FGEs
or placebo were 91.5 and 90.6 % in the FGE and placebo
groups, respectively.
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Intergroup differences in age, sex, marital status,
education level, smoking, level of physical activity, die-
tary intake, medical condition including the presence
of chronic disease or medication history, weight, blood
pressure, and fasting glucose levels at baseline were not
significant. Total cholesterol levels in the FGE group
were lower than those in the placebo group. There were
no differences in the intake of other garlic formulations
during the study between the two groups. The prevalence
of alcohol consumption during the 6-week period before
baseline and at the 6-week visit was higher in the placebo
group than in the FGE group, but the mean alcohol con-
sumption did not differ between the groups at any visits
(Table 1).

Efficacy

Changes in the hepatic function in the FGE and placebo
groups are shown in Table 2. A significant group X time
interaction for serum levels of GGT (F = 3.98, P = 0.022),
and a decreasing trend of GGT levels in the FGE group
than the values in the placebo group compared to baseline,
was observed at the 12-week visits (P = 0.066). Serum
ALT levels were significantly different between the two
groups over time (F = 3.28, P = 0.043) and significantly
lower in the FGE group compared to that in the placebo
group at the 12-week visit (P = 0.014) (Table 2).

Change in fatigue status assessed using the MFS is
shown in Table 3. Levels of MFS scales including dysfunc-
tion of daily living activities, situation-specific fatigue, and
global fatigue severity did not differ between the groups at
baseline. On the subscales of situation-specific fatigue and
global fatigue severity, there were significant group X time
interactions (F = 3.36, P = 0.040 and F = 3.50,
P = 0.035, respectively). The subscale score of situation-
specific fatigue was lower in the FGE group than in the
placebo group compared to that at baseline at the 6-week
visit (P = 0.011), and the global fatigue severity score was
lower in the FGE group than in the placebo group at the
12-week visit (P = 0.018).

Results of subgroup analyses in participants with alcohol
consumption are shown in Tables 4 and 5. Twenty-three and
33 subjects in the FGE and placebo groups, respectively,
consumed alcohol. The group x time interaction for serum
GGT levels was significant (F = 3.19, P = 0.049), and the
GGT levels were lower in the FGE group than in the pla-
cebo group at the 12-week visit compared to that at base-
line (P = 0.015). With regard to fatigue, the group x time
interaction for total MFS and all subscale scores were sig-
nificant. The total MFS and all subscale scores were lower
in the FGE group than in the placebo group at the 12-week
visit (Table 5).
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Fig. 1 Flow chart of the study participants

Safety

No significant difference in the prevalence of adverse
events was found between the FGE and placebo groups
(Table 6). Gastrointestinal problems such as dyspepsia
or gastritis were the most frequently reported events in
the FGE group. In addition, musculoskeletal problems
(arthralgia and myalgia) were detected in two subjects in
the FGE group, and cough, dry eye, and colon polypec-
tomy each were reported by one subject in FGEs group.
Hepatobiliary disorders such as cholelithiasis, NASH,
or abnormal hepatic function were the most commonly
reported events in the placebo group. In the placebo group,
bronchitis, haemorrhoids, urticaria, oedema, and gout each
were reported by one subject. Serious adverse events were

reported by two subjects in the placebo group (one with
an atrioventricular block on initial electrocardiography
and one with a urinary stone), but two subjects completed
the study without other problems. In the biochemical and
anthropometric measurements conducted for the safety
analyses, no significant differences were recorded between
the FGE and placebo groups.

Discussion
We investigated the ameliorative effects of FGEs on hepatic
dysfunction in Korean adults who had mildly elevated

serum GGT levels without underlying hepatic disease.
FGEs intake for 12 weeks showed a decreasing trend of
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Table 1 Baseline characteristics of the participants and alcohol con-

sumption at baseline and follow-up §
=
FGEs (n = 36) Placebo (n =39) P g . _
g S
Sex I S S S~
Men 25 (69.4) 30 (76.9) 0.464 o
Age (years) 5454122 542493 0.888 =
Marital status 5 ©
. S 8 8% 8
Currently married 31 (86.1) 34 (87.1) 0.834 O K S S o o
Education .
>College 13 (36.2) 11(28.2) 0.449 E :
Exercise X '%
=¥ .
Yes 28 (80.5) 25 (64.1) 0.279 2 5 ?g = § =
Smoking O .5 A
Current 12 (33.3) 18 (46.1) 0.352 a -
High-fat diet P R I
‘A — S
Yes 22 (61.1) 31(79.4) 0.164 21290713 o
g . . ~ @
Chronic diseases § % 5 8 S §
Yes 35(97.2) 38 (97.4) 1.000 Flozex Z
Medication e
Yes 29 (80.5) 30 (76.9) 0.701 = N g
Weight (kg) 709+133 7224126 0.673 NERER-E 52
Systolic blood pressure ~ 130.3 £ 10.6 1302+ 117  0.960 Zld b b s B
(mm H) $|€882|g ¢
instoli Sloaw =gl 73
Diastolic blood pressure ~ 75.5 £7.9 74.6 £8.5 0.623 Bl & £ o ®| 2 <
(mm Hg) © |l w A n S $ o
E g
Fasting glucose (mg/dL)  107.0 £21.0 1124 +£16.7 0.223 — P o & ]
2 S eag|E g £
Total cholesterol (mg/dL) 173.8 +£33.9 190.5 +£31.6 0.030 "”" S ﬁ Q 2 g s %
LDL cholesterol (mg/dL) 95.2 4304  105.2+28.2 0.147 = - -
Q > = =
HDL cholesterol (mg/dL)  47.6+ 120 525+ 104 0062 2leled8dS| g8 %
. . 128l s m o x| = Q =
Triglycerides (mg/dL) 161.5+333 183.5+96.9 0.281 £ Slg =g g 2 s g
o @ =
Alcohol consumption % g g
Baseline 23 (63.8) 33 (84.6) 0.039 csza| 5 S
6-week visit 23 (63.8) 33 (84.6) 0.039 2 l“\? gl % ; E < §
iz s
12-week visit 25 (69.4) 33 (84.6) 0.116 Zloecgl 2z o
. |8 aags| B =
Amount of alcohol consumption o 2 s e =<l % § Rz
=] d 2 2 = Q =
Baseline 346+299  292+193 0.453 = dlesd3lzg 2
=}
6-week visit 3054260  252+17.1 0.395 = z 2 £
8 ~ =
12-week visit 3304358 2644155 0399 z ’g Sa5|3TE g
. . s |2[I33I5|22 3%
Values are expressed as n (%) for dichotomous variables and as 8 Tle a0l E) ‘13’
mean £ SD for continuous variables. The amount of alcohol con- 2 = f@ § 5 S| e g E
sumption is the number of standard drinks/week ° g o0 ooy E g 2
< | v 0 o 4
FGEs fermented garlic extracts 2 e IR _8 [in .%
8 ) s
3 G ~ ~ ~| 20 £
Zle 24824 8
. g — ™ o | B =
serum GGT levels and improved ALT levels and scores :u:f I 4 < i 2| B «§ £
. . . . > 2 9 2| E =
of global fatigue severity relative to those in the control gIS|El2883] =2 ¢ g
groups. Additionally, in subjects who consumed alcohol, E 5 c% 2223 8 5 £
FGEs intake for 12 weeks improved serum GGT levels, and En - oo me z 3B g
the scores of MFS and all the subscales relative to those in 5 ~ 535 § g =
~ = — a .
the control groups. « S == ; g 82 =
Various preparations of raw garlic such as heat-treated = 5 E 5 a > @ Z §
garlic, aged garlic extract, and garlic-derived constituents & O < <<l &K« .
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Table 3 Changes in fatigue scale scores at baseline and follow-up

FGEs (n = 36) Placebo (n = 39) Group x time Group Time effect,
- — — - — interaction, F' effect, F’ F
Baseline 6-week visit 12-week visit Baseline 6-week visit  12-week
visit
Total MFS  68.8 £28.9 64.6£26.2 633+284 6784227 69.1 220 72.1+229 2.63 0.61 0.43
score

Subscale 1 21.74+8.9 20.8+80 20.1+9.3 228 +83 224+76 232478 1.30 1.31 0.40
Subscale2 187475 1754£72* 176+72 172+£59 18.8+57* 19.0+64 3.36% 0.08 0.14
Subscale 3 284 +13.5 263+12.6 255+129° 27.8+10.8 27.8+104 29.9+98" 3.50% 0.57 0.68

Values are expressed as mean & SD. Subscale 1, 2, and 3 are dysfunction of daily living activities, situation-specific fatigue, and global fatigue

severity, respectively
FGE:s fermented garlic extracts, MFS Multidimensional Fatigue Scale
* P <0.05

 Statistically significant for comparisons between groups at visit 6 week compared with baseline

b Statistically significant for comparisons between groups at visit 12 week compared with baseline

have been developed [8] owing to raw garlic’s pungency,
which limits its intake, and possible toxic effects, such
as stomach and liver injury, anaemia, and weight loss
[20]. In garlic preparations, the levels of allicin, which is
responsible for the pungent smell and taste of raw garlic,
are low because of inactivation of alliinase. These prepa-
rations contain higher levels of specific organosulphur
compounds than those in raw garlic, mainly SAC, alliin,
cycloalliin, and S-allylmercaptocysteine, which are sta-
ble and have high antioxidant properties [21]. FGEs pro-
cessed by heat-treating and fermenting garlic bulbs with
L. plantarum are easy to ingest because they are almost
odourless and tasteless [22]. Furthermore, FGEs are pro-
duced within a short period of 3 days, whereas the produc-
tion of an aged garlic extract requires prolonged ageing
for up to 20 months [8]. Additionally, microbial fermenta-
tion can increase the amount and bioactivity of specific
components in foods [23]. L. plantarum used in this study
is predominantly used in Kimchi, a traditional fermented
vegetable food in Korea [24], and the SAC level in FGE
was about four times higher than that in unfermented gar-
lic extracts [10].

In this study, elevated GGT levels showed a trend to
improve after the intake of FGEs at a 12-week period com-
pared to the levels in the control group. GGT, which is a
glycosylated protein embedded in the outer surface of the
cell membrane, is expressed in most tissues, with marked
expression levels in hepatocytes, biliary epithelium, kidney
tubules, and brain capillaries. It provides cysteine, which is
the rate-limiting amino acid for glutathione (GSH) de novo
synthesis, to cells by breaking down extracellular GSH, the
major intracellular antioxidant tripeptide, into its constitu-
tive amino acids, glutamate and cysteinylglycine dipep-
tide [25]. Thus, GGT plays critical roles in the antioxidant
defence system to maintain the homeostasis of cellular

GSH, and increased GGT could be an adaptive response
to protect against oxidative and toxic stress. Serum GGT
level has been widely used as a clinical marker of liver and
bile duct dysfunction, diabetes mellitus, and various can-
cers, and it increases upon exposure to oxidants and sub-
stances such as alcohol, drugs, and carcinogens [26]. In
previous experimental studies, the hydroxyl radical scav-
enging activity and the reduction capacity of FGEs were
higher than those of the control dried garlic [22]. Further,
the superoxide dismutase-like activity, scavenging activity
against hydrogen peroxide, and the polyphenol content of
FGEs were higher than those of the control garlic extract
[13]. A study conducted in rats with alcohol-induced liver
damage showed that total GSH and reduced GSH levels
in liver tissues of FGE-fed rats were higher than those in
control rats [14]. Additionally, SAC, which is abundant
in FGEs fermented with L. plantarum, has been reported
as a powerful antioxidant not only because of its radical-
scavenging effects but also because it modulates cell anti-
oxidant defence signalling. It has been reported that SAC
inhibits nuclear factor-«B (NF-kB) activation by blocking
cytokine production, including that of tumour necrosis fac-
tor (TNF)-a, interleukin-18, and interferon-y, and regulat-
ing reactive oxygen species-induced transcription [27].
SAC is also known to upregulate PPAR-a, which exerts
anti-inflammatory effects through the inhibition of inflam-
matory cytokines; this suggests that the intake of FGEs in
this study can decrease serum ALT levels as a consequence
of a modulated immunoactivation, which are used as a
marker of mitochondrial damage in hepatocytes. Thus, the
antioxidant and inflammatory effect of FGEs could play an
important role in the improvement of serum GGT and ALT
levels in Korean adults with hepatic dysfunction due to
alcohol consumption or other nutritional abuse, but without
underlying hepatic disease.
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Table 6 Adverse events during the study

FGEs (n = 40) Placebo (n =40) P

Adverse event 9 (22.5) 11 (27.5) 0.6056
Gastrointestinal 4(10.0) 1(2.5)
disorders
Hepatobiliary disorders — 4(10.0)
Cardiac disorders - 1(2.5)
Respiratory disorders 1 (2.5) 1(2.5)
Musculoskeletal 2(5.0) -
disorders
Urinary disorder - 1(2.5)
Eye disorders 1(2.5) -
Skin disorders - 1(2.5)
Surgical procedures 1(2.5) -
Others - 2(5.0)
Serious adverse event 0(0) 2(5.0) 0.4937
Atrioventricular block - 1(2.5)
Urinary stone - 1(2.5)
Withdrawal due to 0(0) 1(2.5) 1.0000
adverse events
Gastritis - 1(2.5)

Values are expressed as n (%)

Analysis of the subgroup with alcohol consumption
revealed that intake of FGEs on improving serum GGT
levels in subjects who consume alcohol was significantly
effective. Although the mechanism underlying the develop-
ment of alcohol consumption-induced hepatic cell injuries
is not clear, it could be explained by the following factors.
In hepatocytes, ethanol is converted to acetaldehyde by a
cytosolic enzyme, alcohol dehydrogenase, and a microso-
mal enzyme cytochrome P450 2E1 (CYP2E1) [28]. Oxida-
tive metabolism of ethanol in the liver produces an excess
of reduced nicotinamide adenine dinucleotide, which
inhibits the oxidation of fatty acids and triglycerides and
promotes lipogenesis [29]. The metabolism of ethanol by
CYP2E] also results in a significant increase in free radi-
cals and subsequently diminishes reduced GSH and other
antioxidants, leading to hepatocyte damage [28]. Therefore,
the antioxidative effects of FGEs intake could improve the
alcohol consumption-induced hepatic cell injuries.

Intake of FGEs improved fatigue scale scores at an over-
all level. The subjects included in this study were those
who had elevated serum GGT levels, a marker of oxida-
tive stress and elevated inflammatory response. Fatigue,
as one of the clinical symptoms of acute or chronic infec-
tions, inflammatory diseases, and malignancies, is linked to
chronic inflammation and oxidative stress [30], and thus,
fatigue in the FGE-administered group could be alleviated
by the improvements in the oxidative and inflammatory
response.

This study has some limitations. Firstly, the sample size
was relatively small; however, the study had sufficient sta-
tistical power to detect the change of variables. Secondly,
we did not consider other indicators for evaluating the
effects of FGEs on hepatic function in adults with mild
hepatic dysfunction, in addition to laboratory parameters
such as serum GGT, AST, and ALT levels. Measurements
of additional indicators, including hepatic ultrasono-
graphic scan, abdomen computerized tomography, tran-
sient elastography, or liver biopsy, could be more helpful
in evaluating the effects of FGEs on hepatic dysfunction.

To our knowledge, this study is the first randomized, pla-
cebo-controlled trial to examine the effects of FGE intake
on hepatic function in adults with mild hepatic dysfunc-
tion. No difference in adverse events was found between
the FGE and the control groups, and no participant in FGE-
administered group dropped out because of adverse events.
The compliance rates for the study material intake were
also high, and similar in both groups. From this perspec-
tive, the intake of FGEs might be not only effective, but
also safe for managing mild hepatic dysfunction in patients
without underlying hepatic disease.

In conclusion, hepatic dysfunction, assessed based on
levels of hepatic enzymes such as serum GGT and ALT, and
fatigue scale scores improved through the intake of FGEs
in Korean adults with mildly elevated serum GGT levels,
without causing adverse side effects. Our findings suggest
that FGEs might be a safe and effective option for the man-
agement of oxidative stress and inflammation-induced mild
hepatic dysfunction and fatigue in adults without underly-
ing hepatic disease.
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