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Popular scientific summary

* We confirmed significant decreases in GGT and hs-CRP levels in male subjects suspected of non-
alcoholic liver disease as a result of supplementation with 125 mg of GBCK25 (low dose).

* We found significant improvements in fatigue score with intake of 500 mg of GBCK25 (high dose).

* GBCK25 supplementation has beneficial effects on liver function.

Abstract

Background: Recently, clinical research has suggested that red ginseng components play a role in liver protec-
tion and combating fatigue. However, fermented ginseng has not been analyzed for liver-protective or anti-
fatigue effects.

Objective: This study evaluates the positive effects of fermented ginseng powder (GBCK25) on liver function.
Methods: Ninety participants with elevated alanine aminotransferase levels (35 < ALT <1 05 TU/L) were ran-
domized to one of three groups. The participants were treated with GBCK25 tablets at a dose of 500 mg/
day (high dose), 125 mg/day (low dose), or placebo group daily for 12 weeks. The primary outcomes included
changes in ALT and gamma-glutamyl transferase (GGT) levels. The secondary outcomes included changes
in aspartate amino-transferase (AST), high-sensitivity C-reactive protein (hs-CRP), multidimensional fatigue
scale, lipid profile, and antioxidant markers.

Results: In male subjects, after 12 weeks of low-dose GBCK25 (125 mg) supplementation, the GGT
(P = 0.036) and hs-CRP (P = 0.021) levels decreased significantly more than those in the placebo group.
High-dose GBCK25 (500 mg) supplementation significantly decreased the fatigue score compared with the
placebo group. There were no clinically significant differences between the groups when studying any safety
parameter.

Conclusion: Our results suggest that GBCK25 supplementation has beneficial effects on liver function.

Trial registration: This study was registered at Clinical Trials.gov (NCT03260543).
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on-alcoholic fatty liver disease (NAFLD) en- 2 diabetes, and NAFLD is becoming an important cause
compasses simple steatosis, steatohepatitis, of chronic liver disease (1). Accumulation of excess fat
fibrosis, and cirrhosis. Its prevalence has in- in the liver can cause chronic inflammation, which con-
creased with the increased prevalence of obesity and Type tributes to development of chronic liver diseases such as
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cirrhosis and liver cancer (2). Once non-alcoholic steato-
hepatitis (NASH) develops, the 5- and 10-year survival
rates have been estimated at 67 and 59%, respectively (3).
Both NAFLD and NASH are becoming major public
health issues throughout the world due to their associa-
tions with obesity, diabetes, insulin resistance, and meta-
bolic diseases. The most common causes of liver disease
and failure are Westernized dietary habits, lack of exer-
cise, alcohol, and stress. These factors cause liver disease
through oxidative stress and inflammation (4). Several
prior studies have reported research and development of
natural substances that may offer protection to the liver
in the treatment of NAFLD (5, 6). Silymarin, a flavonoid
of milk thistle (Silybum marianum), is widely known to
exhibit liver-protective effects because of its strong anti-
oxidant properties (7, 8). However, higher than custom-
ary doses of silymarin did not significantly reduce serum
alanine aminotransferase (ALT) levels more than placebo
in subjects with unsuccessfully treated chronic hepati-
tis C virus infection (9). Therefore, few known materials
improve liver function with limited side effects. Recently,
aucubin (10), ursodeoxycholic acid, and a vitamin B com-
plex of Plantago asiatica have been used in the treatment
of hepatotoxicity. There is ongoing global development of
natural materials that offer liver protection due to lack of
effective treatments for liver diseases. Panax ginseng C.A.
Meyer is one of the most well-known medicinal plants in
the world and is traditionally used in Asia to maintain
physical homeostasis and enhance life energy. Many phys-
iologically active compounds (about 40, including gin-
senoside) have been identified in ginseng (11). Saponin
glycoside substances, the main medicinal ingredients in
ginseng, have the following biological effects: antineoplas-
tic effects (12, 13), immunity enhancement (14, 15), blood
flow improvement (16, 17), anti-fatigue and anti-stress
effects (18, 19), nervous system protection (20, 21), and
cognitive function improvement (22, 23). Recent clinical
research has also suggested that red ginseng materials
play a significant role in liver protection and combating
fatigue (24). Another pre-clinical study found that admin-
istration of fermented ginseng powder (GBCK25) to an
animal model of NASH led to inhibition of hepatocyte
destruction and overall liver protection (25). However,
there have not been sufficient randomized controlled trials
to show that fermented ginseng materials have a clinically
significant role in improving liver function or in treating
fatigue. GBCK25 is produced by a standardized process
of multiple fermentations using the strain Saccharomyces
servazzii GB-07 and pectinase enzyme to convert general
ginsenoside to compound K (26).

Therefore, the objective of this study was to evalu-
ate the effects and safety of GBCK25 on liver function
and in treatment of fatigue for those with signs of liver
dysfunction.
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Material and methods

Participants

This study was approved by the institutional review board
(IRB) at our institution (approval number 2016-02-029).
The entire study was conducted in accordance with the
provisions of the Helsinki Declaration, as well as the stan-
dards for Korean Good Clinical Practice (KGCP). This
randomized, double-blind, placebo-controlled study was
conducted between July 2016 and October 2017.

The subjects in this study were recruited from the
Clinic Trial Center for Functional Foods (CTCF2) at
Chonbuk National University Hospital. The participants
responded to advertising, including brochures, posters,
and the Chonbuk National University Hospital website.
Volunteers were considered eligible after providing writ-
ten informed consent and undergoing a screening test
(including a medical interview, physical examination, and
diagnostic medical examination) within 3 weeks of the
initial evaluation date (0 day). The inclusion criteria were
as follows: men and women aged >19 and <70 years at
the time of the screening test, serum ALT level of 35-105
IU/L, and those who had heard and fully understood the
detailed description of the study and voluntarily agreed
to participate. Volunteers were excluded if they met any
of the following criteria:

1. Those who had taken liver function improvement
medicines and/or health functional foods within the
preceding 4 weeks

2. Those who were treated with antipsychotic medica-
tions within 2 months of the screening test

3. Those who took Chinese medicine within 4 weeks
prior to the first dose date (However, if the medica-
tions were considered reasonable by the tester, these
volunteers were allowed to participate.)

4. Those suspected of drug use or alcoholism

5. Those with a clinically significant history of hyper-
sensitivity to drugs or health functional foods

6. Those with a past history of gastrointestinal dis-
ease (e.g. Crohn’s disease) or gastrointestinal surgery
(except simple appendectomy or herniotomy) that
may affect product absorption

7. Those with more than one episode of esophageal
variceal bleeding, liver coma, or abdominal dropsy
within 1 year of the first administration

8. Acute and chronic hepatitis (Type B and C) patients
Hepatitis virus (Type B and C) carriers

10. Those with signs of cirrhosis, liver cancer, or liver
cancer syndrome

11. Those suffering from kidney diseases such as acute or
chronic renal failure

12. Those with signs of a gallbladder pathology such as
jaundice or gallstones
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13. Those who were pregnant or breast-feeding

14. Fertile women who were likely to become pregnant
or who did not have a reliable method of contra-
ception (except those who had undergone infertility
operations)

15. Those who participated in other human studies
within 2 months of the screening test

16. Those with a serum creatinine level >2.0 mg/dL on
the diagnostic examination

17. Those with any diagnostic results that the person in
charge of the study found to be inappropriate for
participation.

Design, intervention, and study protocol

This randomized, double-blind, placebo-controlled in-
tervention study was conducted at CTCF2 at Chonbuk
National University Hospital. A total of 90 participants
were randomized to the placebo group (1.4 g/day),
GBCK25 125 mg group (low-dose group; 1.4 g/day with
125 mg/day fermented ginseng powder), or GBCK25
500 mg group (high-dose group; 1.4 g/day with
500 mg/day fermented ginseng powder). Randomiza-
tion was conducted according to the allocation code of
a block randomization method (randomization program
of the version 9.2 SAS® system (SAS Institute, Cary, NC,
USA)) at a ratio of 1:1:1 by the clinical research coor-
dinator. Participants in both GBCK25 (test groups) and
placebo groups were instructed to take the medication in
the form of two tablets once a day for 12 weeks (1.4 g/day
including diluent). The morning dose was taken 30 min
before breakfast. All subjects were counseled to continue
their typical daily activity levels and eating patterns but
avoid other functional foods or dietary supplements
during the 12-week study. The test products left over after
the 12 weeks were used to evaluate compliance with the
study protocol. To compare the drug’s effects on liver
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function, three tests were implemented. The first test was
the screening, the second test (week 0) was conducted be-
fore the participants started taking the test products, and
the third test (week 12) was conducted after completion
of all 12 weeks.

The primary outcome was configured by the variation
in values of ALT and GGT. The secondary outcome was
determined by variations in aspartate aminotransferase
(AST), total bilirubin, triglyceride (TG), total choles-
terol (TC), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), inflamma-
tory index based on high-sensitivity C-reactive protein
(hs-CRP), antioxidant index based on total antioxidant
capacity (TAC), and fatigue index based on the multidi-
mensional fatigue scale (MFS) score.

Test supplements

All samples were obtained in a refined format from
GENERAL Bio Co., Ltd (Namwon, Jeonbuk, Repub-
lic of Korea). Analysis of the surface components of
GBCK25 was conducted as previously described in an-
other clinical test (25). In a pre-clinical study (25), we
found that serum ALT concentration was reduced after
GBCK25 supplementation in a Western diet (WD) fed
mouse model, and that significant decrease in serum
ALT concentration was noted in mice receiving GBCK?25
administration. Based on those results, the appropri-
ate GBCK25 dose for subjects in the present study was
125 mg/day or 500 mg/day. The clinical trial products
were chosen from three types of optimal placebo (one
type) and test drug (two types) taking into consideration
appearance, taste, and aroma. All tablets (placebo and
drug) had the same appearance of a white-coated press
through pack (PTP) wrapped medicine (Table 1). Both
the researchers and participants were blinded to the type
of test product assigned.

Tuable 1. Composition of the test and placebo products

Ingredients Contents (%)
Fermented ginseng powder ~ Fermented ginseng powder  Placebo
125 mg (low dose) 500 mg (high dose)

Fermented ginseng powder 8.93 35.72 -
Refined glucose 55.00 50.00 60.00
Cellulose 29.67 10.68 32.80
Ginseng flavor 0.30 - 0.50
Caramel coloring 2.50 - 3.00
Paprika color - - 0.10
Magnesium stearate 1.00 1.00 1.00
Silicon dioxide 1.00 1.00 1.00
Coating materials 1.60 1.60 1.60
Total 100 100 100
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Biochemical analysis

All subjects underwent validation and safety evaluations
at baseline (week 0) and after completing the 12-week
study. Blood was collected from all participants after
at least 12 h of fasting. The blood was then centrifuged
(Hanil Science Industrial Co., Ltd, Seoul, Korea) for
20 min at 3,000 rpm and stored at —70°C until the analysis.
Alanine aminotransferase, gamma-glutamyl transferase
(GGT), and AST were measured using an auto-analyzer
(Variant; Bio-Rad, Hercules, CA, USA). The levels of TC,
TG, and HDL-C in blood lipids were analyzed using an
automatic blood analyzer Cobas integra 800 (Roche in-
strument Center AG, Rotkreuz, Switzerland). LDL-C was
calculated according to the Friedewald formula (27). Total
serum antioxidant capacity (TAC) was measured by using
a commercial assay kit (Rel, assay diagnostics kit, Mega
Tip, Gaziantep, Turkey). The kit reagent was used to mea-
sure the antioxidant index. Serum hs-CRP concentration
was measured using the human hs-CRP ELISA method.

Multi-dimensional Fatigue Scale score

Participants were evaluated for level of fatigue at base-
line (week 0) and at week 12 using the MFS, developed
by Schwartz et al. in 1993 (28). The MFS objectively mea-
sures the physical, psychological, and social symptoms
of fatigue using 19 questions divided into the following
three categories: general values (eight items), daily living
disabilities (six items), and situational fatigue (five items).
The total points range from 19 to133. Participants com-
pleted the MFS over the last 2 weeks and responded to
each item on a seven-point scale. The total MFS score was
obtained by summing the individual scores.

Measurement of dietary intake

The dietary intake survey of the subjects was performed
based on a list of food records during their first (week 0)
and second (week 6) and third (week 12) visits. The par-
ticipants were encouraged to record as much food as pos-
sible on the 3 days (2 weekdays and 1 weekend day) before
their first (week 0), second (week 6), and third (week 12)
visits. The test manager also recalled the dietary list
during the first, second, and third visits. Investigation
and analysis of the dietary intake data were conducted
for an average of 3 days before and after clinical partici-
pation using the Can-Pro 4.0 software program (Korean
Nutrition Society, Seoul, Republic of Korea).

Safety investigation

The clinical conditions of the subjects, including adverse
reactions, were evaluated and recorded in the case re-
port list. Participants’ vital signs and their general blood
and chemistry levels were also measured. Hematological
parameters assessed included white blood cell (WBC), red
blood cell (RBC) hemoglobin, hematocrit, and platelet
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count. Blood biochemical tests were conducted to assess
total bilirubin, total protein, albumin, blood urea nitrogen
(BUN) creatinine, glucose, creatinine kinase, and lactate
dehydrogenase (LDH). Urine samples were examined for
specific gravity, pH, WBC, nitrite, protein, ketone, biliru-
bin, urobilinogen, and occult blood. All biochemical anal-
yses were conducted by the clinical pathology department
of our hospital.

Statistical analysis

All statistical processing was analyzed using 9.2 SAS®
system (SAS Institute, Cary, NC, USA). All data
were presented as mean * SD for continuous vari-
ables and as frequency for categorical variables. Inten-
tion-to-treat (ITT) and per protocol (PP) analyses were
conducted. Categorical variables were compared using
the Chi-square test (Fisher’s exact test). For average
comparisons between the two groups, an independent
sample z-test was used for independent samples, and a
paired sample 7-test was used for paired samples. For
three or more groups, one-way ANOVA was conducted.
A subgroup analysis was conducted according to the sex
of the subjects. P-values <0.05 were considered statisti-
cally significant.

Sample size estimation

The sample size estimation for this human study as-
sumed the following: a change in ALT after 12 weeks of
GBCK25 500 mg (high dose) of 14.4 TU/L (ul); a change
in the GBCK25 125 mg (low dose) group of 11.3 TU/L
(u2); variation in the placebo group of 4.3 IU/L (u3); and
a standard deviation of 20 IU/L. Based on these assump-
tions, the result variables and designs were similar to those
stated by Fried et al. (9).

Results

Participant characteristics

The general characteristics of the subjects in this study are
presented in Table 2. There were 90 participants, of whom
90% were male (n = 80). The average age was 43.5 years.
There were no statistically significant differences in sex,
composition, age, height, BMI, liver function, or lipid
profile. A total of 167 subjects were screened, and 90 sub-
jects were ultimately enrolled. Among the 90 registered
participants, four left the study prior to completion (two
in the GBCK25 125 mg group and two in the placebo
group). In addition, two subjects were in violation of the
plan: one subject in the placebo group took prohibited
drugs, and the other subject violated the exclusion criteria
of the placebo group. Therefore, a total of 84 subjects (28
in the GBCK25 125 mg group, 30 in the GBCK25 500 mg
group, and 26 in the placebo group) completed the speci-
fied procedures (Fig. 1).
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Table 2. Demographic characteristics of the study participants

Effect of fermented ginseng on liver function and antifatigue

Variables GBCK25 125 GBCK25 500 Placebo group Total P
group (n = 30)° group (n = 30) (n=30) (n=90)

Age, years 42.83 (11.03) 45.07 (11.38) 42.67 (10.85) 43.52 (11.02) 0.647
Sex (male/female) 26/4 25/5 29/1 80/10 0.328°
Drinking (yes/no) 22/8 20/10 21/9 63/27 0.853¢
Alcohol consumption (units/week) 12.79 (10.47) 17.54 (14.59) 14.24 (14.30) 14.78 (13.13) 0.498
Current smoker (yes/no) 1719 10/20 7/23 28/62 0.510¢
Smoking (cigarettes/day) 15.82 (5.31) 18.50 (5.80) 16.86 (3.76) 17.04 (5.12) 0.502
Height (cm) 171.10 (7.61) 169.43 (8.34) 172.07 (6.55) 170.87 (7.53) 0.396
Weight (kg) 77.32(11.17) 77.26 (15.50) 81.65 (12.67) 78.74 (13.25) 0.343
Body mass index (kg/m?) 26.38 (3.06) 26.85 (4.55) 27.48 (3.42) 26.90 (3.72) 0.520
Systolic blood pressure (mmHg) 125.07 (12.83) 121.03 (13.22) 124.53 (10.27) 123.54 (12.11) 0.341
Diastolic blood pressure (mmHg) 79.87 (10.32) 80.33 (9.89) 79.47 (71.72) 79.89 (9.31) 0.822
ALT (IU/L) 54.11 (18.07) 56.00 (19.18) 54.23 (19.00) 54.82 (18.55) 0.912
GGT (IU/L) 72.32 (56.32) 98.00 (98.05) 65.81 (52.29) 79.48 (73.58) 0.218
AST (IU/L) 35.96 (11.52) 35.10 (9.10) 35.65 (9.45) 35.57 (10.02) 0.920
Total cholesterol (mg/dL) 201.11 (42.02) 217.93 (33.85) 196.46 (28.26) 205.17 (34.71) 0.540
Triglycerides (mg/dL) 167.18 (84.95) 256.57 (220.55) 196.46 (28.26) 173.40 (111.26) 0410
HDL-C (mg/dL) 49.32 (11.25) 49.40 (10.02) 47.15 (13.29) 48.62 (11.52) 0.864
LDL-C (mg/dL) 119.93 (37.51) 123.57 (36.35) 114.42 (27.69) 119.31 (33.85) 0.420
hs-CRP (mg/L) 2.31 (4.52) 1.96 (3.88) 1.63 (2.19) 1.96 (3.53) 0.310
TAC (mmol/L) 1.40 (0.12) 1.36 (0.20) 1.33 (0.22) 1.36 (0.18) 0.862
MFS score® 69.93 (16.69) 75.03 (14.61) 63.85 (16.21) 69.60 (15.84) 0.742

Values are presented as mean (SD) or number.
*Analyzed by one-way ANOVA.

°Analyzed by Fisher’s exact test.

‘Analyzed by chi-square test.

4GBCK?25 125 group: fermented ginseng powder 125 mg group, GBCK25 500 group: fermented ginseng powder 500 mg group.

*Range 19-133.

Efficacy evaluation

Blood test

Table 3 represents changes in liver function index and
lipid profile measured before and after 12 weeks of par-
ticipation. After 12 weeks of intake, there was no statis-
tically significant difference in ALT between the intake
groups. There was a significant decrease in GGT in the
GBCK25 125 mg (low dose) group after 12 weeks of
intake (P = 0.049); however, the difference in decrease
compared with the placebo group was not statistically sig-
nificant (P = 0.060). Figure 2 represents the results from
men after excluding those suspected of alcoholism (char-
acterized by a GGT > three times the upper limit of nor-
mal range, n = 2). Women were excluded from this analysis
because their liver function may be protected from non-al-
coholic hepatic injury by estrogen (n = 10). In men, there
was no statistically significant difference in ALT across
groups. However, after 12 weeks of intake, the change in
GGT in the GBCK25 125 mg (low dose) group signifi-
cantly decreased by —13.50 £ 29.95 TU/L compared with
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the placebo group (which increased by 3.24 + 24.15 IU/L)
(P = 0.036). In the GBCK25 500 mg (high dose) group,
GGT decreased by —3.91 £ 25.32 IU/L (P = 0.466) after
12 weeks of intake, which was not significantly different
from that of the placebo group. There were no statistically
significant changes in AST, TC, TG, HDL-C, and LDL-C
across the intake groups at week 12.

hs-CRP and TAC

Table 3 represents changes in hs-CRP index and TAC
after 12 weeks of intake of the test products. The hs-CRP
decreased after 12 weeks of GBCK25 125 mg (low dose)
treatment; however, this difference was not statistically
significant compared with the placebo group (P = 0.052).
There was no statistical significance in TAC difference be-
tween intake groups and placebo before or after 12 weeks
of the test products. When studied in male participants
alone, the hs-CRP decreased by —1.51 + 4.20 mg/L in the
GBCK25 125 mg (low dose) group after 12 weeks, while
that of the placebo group increased by 1.51 + 4.64 mg/L
(P =0.021). This subgroup analysis excluded participants
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v
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'

v

Allocated to 125 mg group (n=30)
* Received allocated intervention (n=30)
= Did not receive allocated intervention (n=0)

Allocated to 500 mg group (n-30)
* Received allocated intervention (n=30)
* Did not receive allocated intervention (n=0)

Allocated to Placebo group (n=30)
* Received allocated intervention (n=30)
» Did not receive allocated intervention (n=0)

A 4

|
Follow-up
v

+ Completed follow-up (n-28)
* Lost to follow-up (n=2)
- Consent withdrawal (n=2)

* Completed follow-up (n=30)
* Lost to follow-up (n=0)
- Consent withdrawal (n=0)

* Completed follow-up (n=28)
* Lost to follow-up (n-2)
- Consent withdrawal (n=2)

v

1
Analysis
v
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Analyzed GP 125 mg group (n-28)
* Excluded from analysis (n=0)

Analyzed GP 500 mg group (n=30)
* Excluded from analysis (n=0)

Analyzed Placebo group (n=26)
» Excluded from analysis (n=2)

= Protocol violation (n=2)

Fig. 1. Flow diagram of the participants in this human study.

suspected of having alcoholic hepatic injury (those with
a blood GGT greater than 3x the upper limit of nor-
mal range, n = 2) and women (who may be protected
from non-alcoholic hepatic injury by estrogen, n = 10).
In the GBCK25 500 mg (high dose) group, the hs-CRP
decreased by 0.62 + 4.29 mg/L (P = 0.493) after 12 weeks,
but there was no significant difference compared to that
of the placebo group (Fig. 2). There was no statistically
significant difference in TAC within the intake groups or
between the intake groups before and after 12 weeks of
the test products.

MEFS score

Table 3 shows the changes in MFS score after 12 weeks
of test product use. After using the test products for
12 weeks, MFS score for the GBCK25 500 mg (high
dose) group decreased significantly compared to that of
the placebo group (P = 0.039). In the GBCK25 500 mg
(high dose) group, the MFS score decreased significantly
from baseline to after 12 weeks of treatment (P = 0.021).
The MFS score significantly improved in the GBCK25
500 mg group compared to that of the GBCK25 125 mg
and placebo groups (P = 0.024). When analyzed among
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men only (excluding women and participants suspected of
having alcoholic hepatic injury, as above), the MFS score
decreased in the GBCK25 500 mg (high dose) group after
12 weeks of treatment (compared to the placebo group),
although the difference was not statistically significant
(P = 0.067). In the GBCK25 500 mg (high dose) group,
however, the MFS score decreased significantly between
week 0 and week 12 (P = 0.023) (Fig. 2).

Estimate of diet intake

Participants’ average daily intakes of total calories, car-
bohydrates, lipids, proteins, and dietary fibers were ana-
lyzed before and after 12 weeks of test product use. There
was no statistically significant difference within the intake
groups or between the intake groups for any item (data
not shown).

Safety

No adverse reactions were reported with the study drugs.
There were no significant changes in the following clin-
ical factors across the three groups before and after the
study: electrocardiogram, vital signs (BP and pulse), or
laboratory tests (WBC, total bilirubin, albumin, BUN,
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Table 3. Primary and secondary outcome measures between baseline and final weeks of treatment

GBCK25 125 group (n =28)¢  GBCK25 500 group (n = 30) Placebo group (n = 26) P Pe pe
ALT (IU/L)
Baseline 54.11 (18.07) 56.00 (19.18) 54.23 (19.00)
12 weeks 54.36 (22.37) 52.23 (22.33) 52.88 (22.90)
Change 0.25 (22.56) -3.77 (19.03) -1.35 (14.35) 0.756 0.598 0.722
P 0.954 0.287 0.637
GGT (IU/L)
Baseline 72.32 (56.32) 98.00 (98.05) 65.81 (52.29)
12 weeks 61.25 (41.46) 94.40 (96.34) 68.54 (66.74)
Change -11.07 (28.42) -3.60 (22.14) 2.73 (23.80) 0.060 0.307 0.131
P 0.049 0.381 0.564
AST (IU/L)
Baseline 35.96 (11.52) 35.10 (9.10) 35.65 (9.45)
12 weeks 35.86 (12.96) 33.87 (11.81) 34.35 (12.60)
Change =0.11 (10.13) —-1.23 (11.47) -1.31 (9.49) 0.656 0.979 0.891
P 0.956 0.561 0.489
TC (mg/dL)
Baseline 201.11 (42.02) 217.93 (33.85) 196.46 (28.26)
12 weeks 204.82 (41.33) 216.07 (38.88) 203.62 (29.46)
Change 3.71 (20.24) —1.87 (35.65) 7.15 (20.47) 0.538 0.244 0.448
P 0.340 0.776 0.087
TG (mg/dL)
Baseline 167.18 (84.95) 256.57 (220.55) 196.46 (28.26)
12 weeks 202.43 (107.60) 243.97 (190.87) 203.62 (29.46)
Change 35.25 (95.17) -1.87 (35.65) 7.15 (20.47) 0.538 0.244 0.448
P 0.060 0.776 0.087
HDL-C (mg/dL)
Baseline 49.32 (11.25) 49.40 (10.02) 47.15 (13.29)
12 weeks 49.11 (11.36) 49.37 (10.01) 49.12 (13.02)
Change -0.21 (5.76) —0.03 (7.46) 1.96 (6.65) 0.203 0.299 0.420
P 0.845 0.981 0.145
LDL-C (mg/dL)
Baseline 119.93 + 37.51 123.57 + 36.35 114.42 + 27.69
12 weeks 117.68 + 36.90 122.57 + 42.80 118.12 + 26.67
Change -2.25 (21.76) -1.00 (35.07) 3.69 (19.93) 0.301 0.535 0.695
P 0.589 0.877 0.354
TAC (mmol/L)
Baseline 1.40 (0.12) 1.36 (0.20) 1.33 (0.22)
12 weeks 1.38 (0.14) 1.32 (0.22) 1.31 (0.18)
Change -0.02 (0.13) —0.04 (0.17) -0.02 (0.18) 0.989 0.656 0.857
P 0.515 0.232 0.656
hs-CRP (mg/L)
Baseline 2.31 (4.52) 1.96 (3.88) 1.63 (2.19)
12 weeks 1.02 (1.21) 1.24 (1.32) 2.75 (5.03)
Change -1.29 (3.92) -0.71 (3.95) 1.12 (4.96) 0.052 0.129 0.104
P 0.093 0.332 0.259
MFS score
Baseline 69.93 (16.69) 75.03 (14.61) 63.85 (16.21)
12 weeks 74.11 (18.15) 69.60 (15.61) 65.50 (15.12)
Change 4.18 (15.43)° -5.43 (12.14) 1.65 (12.95)¢ 0.520 0.039 0.024
P 0.164 0.021 0.521

Values are presented as mean(SD).

*Analyzed by paired t-test.

®Analyzed by independent t-test (difference between change in the GBCK25 125 group vs. placebo group).
“Analyzed by independent t-test (difference between change in the GBCK25 500 group vs. placebo group).

4Analyzed by one-way ANOVA (difference between change in the GBCK25 125 vs. GBCK25 500 vs. placebo group).

*Values with different letters differ significantly (p < 0.05) among the three groups by post-hoc Bonferroni correction.

8GBCK25 125 group: fermented ginseng powder 125 mg group, GBCK25 500 group: fermented ginseng powder 500 mg group.
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Fig. 2. Changes in liver enzymes, hs-CRP, and MFS score of the male subjects. There was a difference in changes of GGT and
hs-CRP levels between the GBCK25 125 (low dose) and placebo groups. The mean MFS score was significantly decreased in the

GBCK2S5 500 group (high dose) after 12 weeks.

creatinine, uric acid, RBC, hematocrit, total protein, glu-
cose, platelet, and pH). All clinical results were within the
normal ranges (data not shown).

Discussion

The liver function index GGT (P = 0.060) and inflam-
matory index hs-CRP level (P = 0.052) decreased in
adults who took GBCK25 125 mg (low dose) per day for
12 weeks, although these values were not significantly dif-
ferent from those on placebo. When men were analyzed
separately (excluding women and those with a blood
GGT greater than three times the upper limit of normal
range, n = 2), we found that GGT (P = 0.038) and hs-CRP
(P =0.021) levels decreased significantly in the GBCK25
125 mg (low dose) group compared to those of the pla-
cebo group. A prior clinical study showed that GBCK25
inhibited lipid accumulation in an animal model of he-
patic injury (due to a high fat diet) and therefore protected
against NAFLD (25). These effects may have reduced
accumulation of fatty acids in the liver and slowed he-
patocyte damage. GBCK25, which includes the major
ginsenoside compound K, reduces AST and ALT levels
in the serum, controls the Jun N-terminal kinase (JNK)
signaling pathway, and inhibits expression of cytochrome
peroxidase 2E1 (CYP2E1). Another animal study showed
that fermented ginseng showed better liver protection
than did fermented red ginseng in a hepatic injury animal
model. The compound K content of fermented red gin-
seng was about 0.3 mg/g (29), whereas that of GBCK25
in this study was about 23.32 mg/g (25), much higher than
that of fermented red ginseng.

(page number not for citation purpose)

This result may be explained by compound K, one of
the major ginsenoside constituents of fermented ginseng,
playing an anti-inflammatory role by inhibiting signal
transmission of JNK in the liver (30). Kim et al. reported
(31) that oxidative stress in the liver leads to inflammation
via JNK activation, promoting inflammatory cytokine
production. In general, an outbreak of NAFLD is caused
by increased inflow of fatty acids from fat tissues to the
liver due to insulin resistance at the periphery. The liver
is thought to have an excessive inflammatory reaction in
conditions of persistent oxidative stress, with neutral fat
accumulating in the cytoplasm of hepatocytes (32). Oxida-
tive stress can amplify inflammatory reactions in the liver
when fat has accumulated in excess. These inflammatory
reactions lead to chronic inflammation in the liver, which
includes hepatocyte ballooning and cell death. Eventually,
fibrosis develops with inflammatory infiltration and col-
lagen deposition. GGT, mainly in the serum, exists in the
outer cell membranes in several organs in the human body
and is an enzyme that plays an important role in antioxi-
dant action by maintaining a high concentration of gluta-
thione (GSH) in the cell (33). A factor that causes hepatic
injury increases GGT according to increase in oxidative
stress (34). The concentration of serum GGT in patients
with hypertension and diabetes is a risk factor for meta-
bolic disease regardless of alcohol intake and liver disease.
In addition, an increase in blood GGT can be a predic-
tor of cardiovascular diseases (34-37). In general, GGT
and ALT are the main markers in fatty liver which are re-
lated to insulin resistance, Type 2 diabetes, and metabolic
syndrome (38-43). Lee and Lau (44) found that ginseng
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extracts and ginsenosides increase anti-inflammatory and
anti-proliferative activities by significantly inhibiting in-
flammation caused by tumor necrosis factor-alpha.

Inflammatory response markers play a central role in
NAFLD progress. C-reactive protein and hs-CRP are
markers of simple fatty liver and NASH, respectively
(45). In this study, the significant decreases in GGT and
hs-CRP levels with GBCK25 125 mg (low dose) are be-
lieved to be related to compound K, a ginsenoside com-
ponent of GBCK25 125 mg that has anti-inflammatory
effects on the liver. A recent study identified a link be-
tween increasing hepatic enzymes and the inflammatory
index. In this study, ALT and AST were not related to
hs-CRP level, even though serum GGT correlates closely
with the hs-CRP level. Prior studies have shown a positive
correlation between GGT and hS-CRP in patients with
metabolic syndrome (33, 42). Therefore, we suspect that
compound K-containing GBCK25 may offer significant
liver protection by reducing the oxidative stress marker
GGT and the inflammatory index hs-CRP. Fatigue is the
most common symptom in patients with liver disease and
has an important effect on quality of life. Although the
underlying cause of fatigue in liver diseases is not well-un-
derstood, the diseased liver itself is thought to change
central nerve transmission (46). We found that subjects
who took GBCK25 500 mg (high dose) had a signifi-
cantly reduced MFS score compared to those in the pla-
cebo group. The results of these studies have assumed that
ginseng or compound K components including saponins
contained in GBCK25 protect against reducing oxidative
stress and inflammation. This suggests that GBCK25 may
play a positive role in liver-associated fatigue. Similarly,
Kim et al. (19) found that patients with chronic fatigue
had significant improvement in symptoms (based on men-
tal NRS score) after taking Panax ginseng C.A. Meyer
(1 g or 2 g/day) for 4 weeks. Another group found that
overweight NAFLD patients who took 3 g of Korean red
ginseng daily for 3 weeks had significantly decreased levels
of adiponectin and proinflammatory cytokines (24). Our
results suggest that GBCK25 500 mg improves fatigue
in subjects with liver disease. GBCK25 is thought to im-
prove fatigue by increasing total glutathione (GSH) con-
tent and glutathione reductase (GSH-Rd) activities based
on the major antioxidant properties of the ginsenoside in
the saponin system of ginseng (47).

The major ginsenoside contained in the ginseng-
fermented powder, compound K, is considered the major
contributor in treatment of fatigue through its antioxi-
dant effects. Therefore, through this human study, we
identified a tendency for GBCK25 125 mg (low dose)
intake to improve blood GGT and hs-CRP levels in
adults with liver failure. In particular, there were sig-
nificant decreases in GGT and hs-CRP levels in male
subjects suspected of non-alcoholic hepatic injury and
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significant improvements in MFS score with intake of
GBCK25 500 mg (high dose). In addition, there were no
clinically significant adverse reactions observed during
this clinical study. One limitation of this study is that fatty
liver was not diagnosed via the gold standard method of
liver biopsy. There may also be a limitation in generaliz-
ing the results of the improvement assessment by simply
indicating the liver enzyme index, a hematological test.
Therefore, detailed and corroborative studies are needed
to diagnose and assess the efficacy of more precise fatty
liver diseases in the future.

Ultimately, we found that intake of GBCK25 intake
for 12 weeks is safe and has the potential to improve liver
function in patients with liver disease. GBCK25 intake
may also have antioxidant action, reduce the risk of car-
diovascular disease, and reduce fatigue.

Acknowledgments

The authors acknowledge all who participated in this
work with their substantive contributions. SJJ carried out
the manuscript preparation and statistical analysis. JHH
and SHP had the responsibility of data collection and in-
teraction with subjects for the RCT projects. SWC, EKC,
HIB, DKS, JHS, and KCH participated in the biochemi-
cal analysis, interpretation of the data, and review of the
article. The manuscript has been read and approved by all
the authors.

Ethics approval

The study was conducted according to the Declaration
of Helsinki. The research protocol was approved by the
Institutional Review Board (IRB) of Chonbuk National
University Hospital (approval no. 2016-02-029). All par-
ticipants gave written informed consent.

Conflicts of interest and funding
The authors have no conflicts of interest to declare.

This research was financially supported by the
Korea Institute for Advancement of Technology (KIAT)
through the Encouragement Program for the Industries of
Economic Cooperation Region (project no. R0004537).

References

1. Review T, LaBrecque DR, Abbas Z, Anania F, Ferenci P, Khan
AG, et al. World Gastroenterology Organisation global guide-
lines: nonalcoholic fatty liver disease and nonalcoholic steato-
hepatitis. J Clin Gastroenterol 2014; 48(6): 467-73. doi: 10.1097/
MCG.0000000000000116

2. Caballeria L, Arteaga I, Pera G, Rodriguez L, Aluma A, Auladell
MA, et al. [Risk factors associated with non-alcoholic fatty liver
disease: a case-control study]. Med Clin (Barc) 2013; 141(6):
233-9. doi: 10.1016/j.medcli.2012.11.034. Epub 2013 Apr 17.

3. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steato-
hepatitis: summary of an AASLD Single Topic Conference.
Hepatology 2003; 37(5): 1202—19. doi: 10.1053/jhep.2003.50193

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v64.3517
https://doi.org/10.1097/MCG.0000000000000116
https://doi.org/10.1097/MCG.0000000000000116
https://doi.org/10.1016/j.medcli.2012.11.034
https://doi.org/10.1053/jhep.2003.50193

Su-Jin Jung et al.

10.

11.

12.

15.

17.

18.

20.

. Zhu H, Li YR. Oxidative stress and redox signaling mechanisms

of inflammatory bowel disease: updated experimental and clin-
ical evidence. Exp Biol Med (Maywood) 2012; 237(5): 474-80.
doi: 10.1258/ebm.2011.011358

. Kim HS, Park SI, Choi SH, Song CH, Park SJ, Shin YK,

et al. Single oral dose toxicity test of blue honeysuckle con-
centrate in mice. Toxicol Res 2015; 31(1): 61-8. doi: 10.5487/
TR.2015.31.1.061

. LuY, Hu D, Ma S, Zhao X, Wang S, Wei G, et al. Protective

effect of wedelolactone against CCl4-induced acute liver injury
in mice. Int Immunopharmacol 2016; 34: 44-52. doi: 10.1002/
jat.2550120613

. Muriel P, Garciapina T, Perez-Alvarez V, Mourelle M. Silymarin

protects against paracetamol-induced lipid peroxidation and
liver damage. J Appl Toxicol 1992; 12(6): 439-42. doi: 10.1002/
jat.2550120613

. Wellington K, Jarvis B. SilymarlIn: a review of its clinical prop-

erties in the management of hepatic disorders. Bio Drugs 2001;
15(7): 465-89. doi: 10.2165/00063030-200115070-00005

. Fried MW, Navarro VJ, Afdhal N, Belle SH, Wahed AS, Hawke

RL, et al. Effect of silymarin (milk thistle) on liver disease in
patients with chronic hepatitis C unsuccessfully treated with
interferon therapy: a randomized controlled trial. JAMA 2012;
308(3): 274-82. doi: 10.1001/jama.2012.8265

Chang IM. Liver-protective activities of aucubin derived from
traditional oriental medicine. Res Commun Mol Path 1998;
102(2): 189-204.

Lu JM, Yao QZ, Chen CY. Ginseng compounds: an update on
their molecular mechanisms and medical applications. Curr Vasc
Pharmacol 2009; 7(3): 293-302. doi: 10.1177/1534735403256419
Zeng XL, Tu ZG. [Induction of differentiation by ginsenoside
Rh2 in hepatocarcinoma cell SMMC-7721]. Ai Zheng 2004;
23(8): 879-84.

. CuiY, Shu XO, Gao YT, Cai H, Tao MH, Zheng W. Association

of ginseng use with survival and quality of life among breast
cancer patients. Am J Epidemiol 2006; 163(7): 645-53. doi:
10.1093/aje/kw;j087

. Block KI, Mead MN. Immune system effects of echinacea, gin-

seng, and astragalus: a review. Integr Cancer Ther 2003; 2(3):
247-67. doi: 10.1177/1534735403256419

Park EK, Shin YW, Lee HU, Kim SS, Lee YC, Lee BY, et al.
Inhibitory effect of ginsenoside Rbl and compound K on NO
and prostaglandin E2 biosyntheses of RAW264.7 cells induced
by lipopolysaccharide. Biol Pharm Bull 2005; 28(4): 652-6. doi:
10.1248/bpb.28.652

. Zhang YG, Liu TP. Influences of ginsenosides Rbl and Rgl on

reversible focal brain ischemia in rats. Zhongguo Yao Li Xue
Bao 1996; 17(1): 44-8.

Martinez-Mir 1, Rubio E, Morales-Olivas FJ, Palop-Larrea V.
Transient ischemic attack secondary to hypertensive crisis re-
lated to Panax ginseng. Ann Pharmacother 2004; 38(11): 1970.
doi: 10.1345/aph.1E213

Huong NTT, Murakami Y, Tohda M, Watanabe H, Matsumoto
K. Social isolation stress-induced oxidative damage in mouse
brain and its modulation by majonoside-R2, a Vietnamese gin-
seng saponin. Biol Pharm Bull 2005; 28(8): 1389-93. doi: 10.1248/
bpb.28.1389

. Kim HG, Cho JH, Yoo SR, Lee JS, Han JM, Lee NH, et al.

Antifatigue effects of Panax ginseng C.A. Meyer: a randomised,
double-blind, placebo-controlled trial. PLoS One 2013; 8(4):
€61271. doi: 10.1371/journal.pone.0061271

Schliebs R, Liebmann A, Bhattacharya SK, Kumar A,
Ghosal S, Bigl V. Systemic administration of defined extracts

10

(page number not for citation purpose)

from Withania somnifera (Indian Ginseng) and shilajit differen-
tially affects cholinergic but not glutamatergic and GABAergic
markers in rat brain. Neurochem Int 1997; 30(2): 181-90. doi:

10.1016/S0197-0186(96)00025-3

21. Ji YC, Kim YB, Park SW, Hwang SN, Min BK, Hong HJ, et al.
Neuroprotective effect of ginseng total saponins in experimental
traumatic brain injury. J Korean Med Sci 2005; 20(2): 291-6.

doi: 10.3346/jkms.2005.20.2.291

22. Lee S-T, Chu K, Sim J-Y, Heo J-H, Kim MJAd, Panax gin-
seng enhances cognitive performance in Alzheimer disease.
Alzheimer Dis Assoc Disord 2008;22(3):222-6. doi: 10.1097/

WAD.0b013e31816¢92¢e6

23. Park H-J, Son C-GJTJoKM. Systematic analysis of Ginseng-
focused Research Worldwide. The Journal of Korean Medicine

2008; 29(1): 60-6.

24. Hong M, Lee YH, Kim S, Suk KT, Bang CS, Yoon JH, et al.
Anti-inflammatory and antifatigue effect of Korean Red Gin-
seng in patients with nonalcoholic fatty liver disease. J Ginseng

Res 2016; 40(3): 203-10. doi: 10.1016/j.jgr.2015.07.006

25. Choi N, Kim JW, Jeong H, Shin DG, Seo JH, Kim JH, et al.
Fermented ginseng, GBCK?25, ameliorates steatosis and inflam-
mation in nonalcoholic steatohepatitis model. J Ginseng Res

2019; 43(2): 196-208. doi: 10.1016/j.jgr.2017.10.002

26. Aravinthan A, Antonisamy P, Kim B, Kim NS, Shin DG,
Seo JH, et al. Fermented ginseng, GBCK25, ameliorates
hemodynamic function on experimentally induced myocar-
dial injury. J Ginseng Res 2016; 40(4): 462-5. doi: 10.1016/j.

1gr.2016.07.002

27. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 1972;

18(6): 499-502. doi: 10.1093/clinchem/18.6.499

28. Schwartz JE, Jandorf L, Krupp LB. The measurement of fa-
tigue: a new instrument. J Psychosom Res 1993; 37(7): 753-62.

doi: 10.1016/0022-3999(93)90104-N

29. Kim B-G, Choi S-Y, Kim M-R, Suh HJ, Park HJJPB. Changes
of ginsenosides in Korean red ginseng (Panax ginseng) fer-
mented by Lactobacillus plantarum M1. Process Biochem 2010;

45(8): 1319-24. doi: 10.1016/j.procbio.2010.04.026

30. Igami K, Shimojo Y, Ito H, Miyazaki T, Kashiwada Y. Hepato-
protective effect of fermented ginseng and its major constituent
compound K in a rat model of paracetamol (acetaminophen)-
induced liver injury. J Pharm Pharmacol 2015; 67(4): 565-72.

doi: 10.1111/jphp.12342

31. Kim OK, Nam DE, Jun W, Lee J. Cudrania tricuspidata water
extract improved obesity-induced hepatic insulin resistance in
db/db mice by suppressing ER stress and inflammation. Food

Nutr Res 2015; 59: 29165. doi: 10.3402/fnr.v59.29165

32. Pleiner J, Mittermayer F, Schaller G, Marsik C, MacAllister RJ,
Wolzt M. Inflammation-induced vasoconstrictor hyporeactiv-
ity is caused by oxidative stress. J Am Coll Cardiol 2003; 42(9):

1656-62. doi: 10.1016/j.jacc.2003.06.002

33. Lee DH, Blomhoff R, Jacobs DR. Is serum gamma glutamyl-
transferase a marker of oxidative stress? Free Radical Res 2004;

38(6): 535-9. doi: 10.1080/10715760410001694026

34. Lee DH, Ha MH, Kim JR, Gross M, Jacobs DR. Gamma-
glutamyltransferase, alcohol, and blood pressure: a four year
follow-up study. Ann Epidemiol 2002; 12(2): 90—6. doi: 10.1016/

S$1047-2797(01)00252-6

35. Turgut O, Yilmaz A, Yalta K, Karadas F, Yilmaz MB. gam-
ma-Glutamyltransferase is a promising biomarker for cardiovas-
cular risk. Med Hypotheses 2006; 67(5): 1060-4. doi: 10.1016/.

mehy.2006.04.010

Citation: Food & Nutrition Research 2020, 64: 3517 - http://dx.doi.org/10.29219/fnrv64.3517


http://dx.doi.org/10.29219/fnr.v64.3517
https://doi.org/10.1258/ebm.2011.011358
https://doi.org/10.5487/TR.2015.31.1.061
https://doi.org/10.5487/TR.2015.31.1.061
https://doi.org/10.1002/jat.2550120613
https://doi.org/10.1002/jat.2550120613
https://doi.org/10.1002/jat.2550120613
https://doi.org/10.1002/jat.2550120613
https://doi.org/10.2165/00063030-200115070-00005
https://doi.org/10.1001/jama.2012.8265
https://doi.org/10.1177/1534735403256419
https://doi.org/10.1093/aje/kwj087
https://doi.org/10.1177/1534735403256419
https://doi.org/10.1248/bpb.28.652
https://doi.org/10.1345/aph.1E213
https://doi.org/10.1248/bpb.28.1389
https://doi.org/10.1248/bpb.28.1389
https://doi.org/10.1371/journal.pone.0061271
https://doi.org/10.1016/S0197-0186(96)00025-3
https://doi.org/10.3346/jkms.2005.20.2.291
https://doi.org/10.1097/WAD.0b013e31816c92e6
https://doi.org/10.1097/WAD.0b013e31816c92e6
https://doi.org/10.1016/j.jgr.2015.07.006
https://doi.org/10.1016/j.jgr.2017.10.002
https://doi.org/10.1016/j.jgr.2016.07.002
https://doi.org/10.1016/j.jgr.2016.07.002
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1016/j.procbio.2010.04.026
https://doi.org/10.1111/jphp.12342
https://doi.org/10.3402/fnr.v59.29165
https://doi.org/10.1016/j.jacc.2003.06.002
https://doi.org/10.1080/10715760410001694026
https://doi.org/10.1016/S1047-2797(01)00252-6
https://doi.org/10.1016/S1047-2797(01)00252-6
https://doi.org/10.1016/j.mehy.2006.04.010
https://doi.org/10.1016/j.mehy.2006.04.010

36.

37.

38.

39.

40.

41.

42.

Lee DH, Jacobs DR, Gross M, Kiefe CI, Roseman J, Lewis CE,
et al. gamma-glutamyltransferase is a predictor of incident dia-
betes and hypertension: The coronary artery risk development
in young adults (CARDIA) study. Clin Chem 2003; 49(8): 1358—
66. doi: 10.1373/49.8.1358

Lim JS, Kim YJ, Chun BY, Yang JH, Lee DH, Kam S. [The
association between serum GGT level within normal range
and risk factors of cardiovascular diseases]. J Prev Med Public
Health 2005; 38(1): 101-6.

Marchesini G, Brizi M, Bianchi G, Tomassetti S, Bugianesi E,
Lenzi M, et al. Nonalcoholic fatty liver disease: a feature of
the metabolic syndrome. Diabetes 2001; 50(8): 1844-50. doi:
10.2337/diabetes.50.8.1844

Pagano G, Pacini G, Musso G, Gambino R, Mecca F, Depetris N,
et al. Nonalcoholic steatohepatitis, insulin resistance, and met-
abolic syndrome: further evidence for an etiologic association.
Hepatology 2002; 35(2): 367-72. doi: 10.1053/jhep.2002.30690
Dixon JB, Bhathal PS, O’Brien PE. Weight loss and non-alco-
holic fatty liver disease: falls in gamma-glutamyl transferase con-
centrations are associated with histologic improvement. Obes
Surg 2006; 16(10): 1278-86. doi: 10.1381/096089206778663805
Taki K, Nishio K, Hamajima N, Niwa T. Metabolic syndrome
defined by new criteria in Japanese is associated with increased
liver enzymes and C-reactive protein. Nagoya J Med Sci 2008;
70(1-2): 1-9.

Bo S, Gambino R, Durazzo M, Guidi S, Tiozzo E, Ghione F,
et al. Associations between gamma-glutamyl transferase, met-
abolic abnormalities and inflammation in healthy subjects from
a population-based cohort: a possible implication for oxida-
tive stress. World J Gastroenterol 2005; 11(45): 7109-17. doi:
10.3748/wjg.v11.i45.7109

Citation: Food & Nutrition Research 2020, 64:3517 - http://dx.doi.org/10.292 1 9/fnrv64.3517

43.

44,

45.

46.

47.

Effect of fermented ginseng on liver function and antifatigue

Kerner A, Avizohar O, Sella R, Bartha P, Zinder O, Markiewicz W,
et al. Association between elevated liver enzymes and C-reactive
protein — possible hepatic contribution to systemic inflammation
in the metabolic syndrome. Arterioscl Throm Vas 2005; 25(1):
193-7. doi: 10.1161/01.ATV.0000148324.63685.6a

Lee DC, Lau AS. Effects of Panax ginseng on tumor necrosis
factor-alpha-mediated inflammation: a mini-review. Molecules
2011; 16(4): 2802-16. doi: 10.3390/molecules16042802

Yoneda M, Mawatari H, Fujita K, Iida H, Yonemitsu K, Kato S,
et al. High-sensitivity C-reactive protein is an independent clinical
feature of nonalcoholic steatohepatitis (NASH) and also of the
severity of fibrosis in NASH. J Gastroenterol 2007; 42(7): 573-82.
doi: 10.1007/s00535-007-2060-x

Swain MG. Fatigue in liver disease: pathophysiology and clin-
ical management. Can J Gastroenterol 2006; 20(3): 181-8. doi:
10.1155/2006/624832

Kim HG, Yoo SR, Park HJ, Lee NH, Shin JW, Sathyanath R,
et al. Antioxidant effects of Panax ginseng C.A. Meyer in
healthy subjects: a randomized, placebo-controlled clinical
trial. Food Chem Toxicol 2011; 49(9): 2229-35. doi: 10.1016/j.
fct.2011.06.020

*S00-Wan Chae

Department of Pharmacology,

Chonbuk National University Medical School,
567 Baekje-daero,

Deokjin-gu, Jeonju, 54896,

Republic of Korea

Email: soowan@jbnu.ac.kr

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v64.3517
https://doi.org/10.1373/49.8.1358
https://doi.org/10.2337/diabetes.50.8.1844
https://doi.org/10.1053/jhep.2002.30690
https://doi.org/10.1381/096089206778663805
https://doi.org/10.3748/wjg.v11.i45.7109
https://doi.org/10.1161/01.ATV.0000148324.63685.6a
https://doi.org/10.3390/molecules16042802
https://doi.org/10.1007/s00535-007-2060-x
https://doi.org/10.1155/2006/624832
https://doi.org/10.1016/j.fct.2011.06.020
https://doi.org/10.1016/j.fct.2011.06.020
mailto:soowan@jbnu.ac.kr

