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Abstract

Purpose In our previous study, we showed that Lycium chinense Miller fruit extract (LFE) exerted hepatoprotective effects in
mice. In the current study, we examined the effect of LFE on liver enzyme levels in subjects with mild hepatic dysfunction.
Methods A total of 90 subjects, aged 19 to 70 years old, with abnormal alanine aminotransferase (ALT) levels, were ran-
domly placed into either an LFE (n=45) treatment group or a placebo group (n=45). During the 12-week clinical trial,
subjects in each group received either LFE or placebo capsules, and were instructed to take four tablets per day (1760 mg/
day). The primary outcome of the study was the changes of ALT and y-glutamyltransferase (GGT) levels in each subject.
The safety of LFE supplementation was assessed and adverse events were recorded.

Results LFE supplementation for 12 weeks resulted in a significant reduction of ALT (P =0.0498) and GGT (P=0.0368)
levels in comparison to the placebo. No clinically significant changes were observed in any safety parameters.

Conclusion These results suggest that LFE can be applied to subjects with mild hepatic dysfunction with no possible side
effects.

Trial registration This study was registered at the Clinical Research Information Service (CRIS) as no. KCT0003985.

Keywords Lycium chinense Miller fruit - Alanine aminotransferase - y-Glutamyltransferase - Hepatic dysfunction - Clinical
trial

Introduction

The liver is the biggest glandular organ and it is responsible
for metabolizing lipids and carbohydrates, and detoxify-
ing alcohol, toxins, and a wide range of drugs [1]. Hepatic
dysfunction, which is associated with hepatitis and non-
alcoholic fatty liver disease (NAFLD), chronic alcohol
consumption, and frequent use of antibiotics, can affect the
regenerative capacity of hepatocytes [2]. However, there are
no clear clinical symptoms that enable early detection of
hepatic dysfunction which often leads to further liver injury
and severe liver disease. Currently, early detection of hepatic
dysfunction is accomplished using liver enzyme assays. Ala-
nine aminotransferase (ALT) is a widely used serum marker,
and even a minor elevation of ALT is an accurate predictor
of mortality from liver diseases [3, 4]. ALT is also found
in skeletal muscle, heart tissue, and the brain; however, the
concentration of ALT in these organs is much lower than
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that in the liver [5, 6]. For this reason, ALT is generally
considered to be among the most precise markers of liver
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injury. ALT screening tests can also detect otherwise unap-
parent and often undiagnosed liver diseases, such as NAFLD
[7, 8]. In addition, y-glutamyltransferase (GGT) is a sensi-
tive but non-specific indicator of a primary liver disease [9].
In particular, the highest levels of GGT activity are found
in cases of biliary obstruction, carcinoma metastatic to the
liver, cirrhosis, and chronic alcoholism [10]. Early detec-
tion of abnormal liver enzyme serum levels could benefit
individuals experiencing hepatic dysfunction.

Lycium chinense Miller (Solanaceae) fruit is widely con-
sumed in northeast Asia and is cultivated in countries with
temperate and subtropical climates such as Korea and Japan,
as well as southeast Asian and European countries [11, 12].
The fruits have traditionally been used as a tonic, and have
been reported to possess neuroprotective [13], immunomod-
ulatory [14], anti-obesity [15], anti-tumor [16], and anti-
oxidative properties [17]. A number of studies have reported
that oral administration of L. chinense fruit in hepatotoxicity
models has a potent hepatoprotective effect [17-20]. These
hepatoprotective properties can be attributed to the vari-
ous nutraceuticals and phytochemicals of L. chinense fruit,
such as carotenoids, phenolic compounds, carbohydrates,
and amino acids [11, 20-24]. Previous studies have reported
that betaine in L. chinense fruit mitigates carbon tetrachlo-
ride (CCl,)-induced hepatic injury by increasing anti-oxi-
dative activity and decreasing inflammatory mediators such
as nitric oxide and prostanoids [18]. In our previous study,
methionine choline-deficient (MCD) mice that had been fed
a diet supplemented with L. chinense fruit extract (LFE)
exhibited attenuated hepatic oxidative stress, decreased
cytokines release, and reduced liver enzyme serum levels
[25].

Although various studies have suggested that L. chinense
fruit can produce a hepatoprotective effect in animals, there
is a lack of clinical data on its potential effect on human
hepatic dysfunction. We designed a randomized, double-
blind, placebo-controlled clinical trial to evaluate the effects
of LFE supplementation on liver enzyme levels in human
subjects experiencing mild hepatic dysfunction.

Materials and methods

A randomized, double-blind, placebo-controlled clinical
trial was conducted from June 2018 to November 2019 in the
Clinical Trial Center for Functional Foods (CTCF2) at the
Jeonbuk National University Hospital. The study adhered
to the Consolidated Standards of Reporting Trials (CON-
SORT) guidelines and was conducted in accordance with the
World Medical Association’s Helsinki Declaration (2013).
Written informed consent was obtained from each subject.
The study protocol was approved by the Institutional Review
Board of Jeonbuk National University Hospital (approval no.
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2018-03-013) and was registered with the Clinical Research
Information Service (registration no. KCT0003985).

Subjects

A total of 205 subjects visited CTCF2, and 90 subjects
met the inclusion criteria, which were defined as follows:
(1) between 19 and 70 years of age; (2) abnormal serum
ALT levels (35-105 IU/1); (3) voluntary agreement to
participate in the clinical trial and provision of informed
consent. Subjects were excluded from participating in the
study if they met any of the following conditions: (1) aspar-
tate aminotransferase (AST) or GGT level >3 times the
normal range; (2) alcohol abuse (>210 g/weeks for males
and > 140 g/weeks for females); (3) acute or chronic hepa-
titis or carriers of viral hepatitis (type B or C); (4) history
of underlying cirrhosis or liver cancer; (5) history of under-
lying biliary diseases such as jaundice or gallstones; (6)
major medical illnesses such as cardiovascular, neurologic,
hepatic, musculoskeletal, psychiatric, endocrine, immune,
renal, pulmonary diseases, or malignant tumors; (7) intake
of medications within the previous 4 weeks that affect liver
function, adrenal cortex hormones, or sex hormones (such
as: antiviral drugs, antituberculosis drugs, antiseizure drugs,
arthrifuge, antidepressants, lipid-lowering agents, anesthetic
agents, hepatoprotective agents, and non-steroidal anti-
inflammatory drugs); (8) intake of supplements to improve
liver function within the previous 2 weeks (such as milk
thistle, oriental medicine, or over-the-counter medication);
(9) allergy or hypersensitivity to drugs or compounds used in
the study (L. chinense, microcrystalline cellulose); (10) his-
tory of substance abuse; (11) history of gastrointestinal dis-
ease or gastrointestinal surgery that could interfere with the
study or impede their absorption; (12) participation in other
clinical trials within the previous 2 months; (13) pregnant,
planning to become pregnant, or breast feeding; (14) female
subjects of childbearing potential who were not willing to
use contraception (exception: surgery for female infertility);
(15) serum creatinine level > 2.0 mg/dl; (16) laboratory test
results and/or medical/psychological condition that may pre-
vent successful participation in the study. Potential partici-
pants also underwent an abdominal ultrasonography, a viral
hepatitis test (hepatitis B and hepatitis C), and analyses of
thyroid stimulating hormone and alpha-fetoprotein at screen-
ing. Potential participants in whom clinically significant
liver disease was identified were excluded from the study.

Study material

LFE was provided by the Cheongyang-Gun Rich Farm Sup-
port Center (Chungyang, Korea). LFE was prepared from the
dried fruits of L. chinense, as described previously [25]. LFE
was supplied as a powder in capsule form. A LFE capsules



European Journal of Nutrition (2023) 62:1415-1425

1417

was 440 mg and contained 437.5 mg of LFE powder. Nutri-
tion composition of LFE powder is summarized in Table 1.
The main constituents of the LFE is polysaccharides, and the
betaine content is 7.62 mg/g. During the 12-week clinical

Table 1 Nutrition composition of LFE powder

LFE powder (g)

Calories, Kcal 3.52

Carbohydrates, % 78.59

Protein, % 8.64

Fats, % 0.37
Na, mg 0.42
Polysaccharide, mg 137.94
Betaine, mg 7.62

trial, subjects received a supply of either LFE or placebo
capsules at 6-week intervals, and were instructed to take
four capsules per day (1760 mg/day). The placebo was
composed primarily of microcrystalline cellulose, and the
flavor, color, appearance, and dosage were identical to the
LFE supplement.

Study design

Subject disposition throughout the study is presented in
the CONSORT flow diagram (Fig. 1). Subjects (n=90)
were placed into LFE-treatment or placebo groups via a
computer-generated random sequence. The subjects were
advised to maintain their usual lifestyle during the study,
including diet and physical activity. Throughout the trial,
the subjects attended follow-up visits to assess compliance

[ Enrollment ]

Assessed for eligibility (n=205)

Excluded (n=115)
* Not meeting inclusion criteria (n=112)

A 4

- Declined to participate (n=3)

Randomized (n=90)

Allocated to LFE group (n=45) [ Allocation Allocated to Placebo group (n=45)
“ Received allocated intervention (n=45) ~ Received allocated intervention (n=45)
* Did not receive allocated intervention (n=0) ~ Did not receive allocated intervention (n=0)
Lost to follow-up (n=3) [ Follow-Up ] Lost to follow-up (n=4)
“Withdrew consent (n=3) “Withdrew consent (n=4)
Discontinued intervention (n=1) Discontinued intervention (n=1)
~Judgment of the PI (n=1) * Failed to the follow-up (n=1)
v A4
Analysed (n=38) [ Analysis ] Analysed (n=37)
~ Excluded from analysis (n=7) " Excluded from analysis (n=8)
* Lost to follow-up (n=3) « Lost to follow-up (n=4)
* Discontinued intervention (n=1) « Discontinued intervention (n=1)
* Protocol violation (n=3) « Protocol violation (n=3)

Fig. 1 Flow chart showing the number of subjects that were assessed for eligibility, randomization, follow-up, and analysis
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and adherence to the study protocol, and to record potential
adverse events. The primary outcome of the study was the
alteration of ALT and GGT levels. The secondary outcomes
included changes to AST, alkaline phosphatase (ALP), and
total bilirubin concentrations, as well as controlled attenua-
tion parameter (CAP) score, liver stiffness, lipid parameters
(total cholesterol, triglyceride, HDL-cholesterol, and LDL-
cholesterol), total antioxidant status (TAS), high sensitivity
C-reactive protein (hs-CRP) level, and multidimensional
fatigue scale (MFS) score. Vital signs, electrocardiogram
(ECG) tests, laboratory lab, and reported adverse events
were used as parameters to evaluate the safety of LFE
supplementation.

Biochemical measurements

Blood samples were taken from the participants after fast-
ing for 12 h. Biochemical testing was performed at baseline,
6 weeks, and 12 weeks to determine serum concentration of
ALT, GGT, AST, ALP, and total bilirubin using an ADVIA®
2400 chemistry system (Siemens, Bayern, Germany). At
baseline and 12 weeks, additional testing was conducted
to determine levels of lipid parameters, TAS, and hs-CRP.
Lipid parameters (total cholesterol, triglyceride, HDL-C and
LDL-C) were measured using a Hitachi 7600-110® analyzer
(Hitachi High-Technologies, Tokyo, Japan). Serum TAS was
measured using a TAS kit (Rel Assay Company, Gaziantep,
Turkey) and a Cobas 800 auto-analyzer (Roche Diagnostics
GmbH, Mannheim, Germany) via a colorimetric method.
All of the biochemical analyses were performed using a cen-
tralized laboratory setup.

Measurement of CAP and liver stiffness

CAP and liver stiffness were measured using a FibroScan
system (Echosens, Paris, France) and a trained operator at
baseline and 12 weeks. The measurements were performed
using a 3.5 MHz standard probe on the right hepatic lobe
through the intercostal spaces while the subject laid supine.
Final CAP and liver stiffness were recorded as the median
values of all measurements and were expressed in dB/m and
kPa, respectively [26].

Dietary intake and physical activity assessment

Information on food intake was self-reported by the sub-
jects, and consisted of their diet over 3 days (two non-con-
secutive weekdays and one weekend) at baseline, 6 weeks,
and 12 weeks. Three-day averages of dietary intake were
analyzed using Can-Pro 4.0 software (The Korean Nutrition
Society, Seoul, Korea). Physical activity level was assessed
using the Global Physical Activity Questionnaire (GPAQ).
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Sample size estimation and statistical analysis

We decided on our sample size based on a study conducted
by Fried et al. [27]. Assuming a difference of 10 IU/L, with
an estimated standard deviation of 15 IU/L in ALT level
between the groups, with 95% confidence and a power of
80%, we calculated that the sample size should be at least
36 cases in each group. The sample size was increased to
45 cases in each group to account for a possible dropout
rate of 20%. The analyses were performed based on the
per-protocol approach with SAS version 9.4 software (SAS
Institute Inc., Cary, NC, USA). Categorical variables were
summarized by frequency and proportions, and continuous
variables by mean and standard deviation (SD) or median
and interquartile range (IQR), depending on the normality
of their distribution. For between-group comparisons, the X2
or Fisher’s exact test was used for categorical variables, and
the independent samples ¢ test or Mann—Whitney U test was
used for differences between continuous variables. Statistical
significance was set at P <0.05.

Results
Subjects characteristics

A total of 90 subjects were randomly assigned into two
groups and received either LFE (n=45) or a placebo
(n=45). After being assigned to groups, 15 subjects were
removed from the clinical trial due to: withdrawn consent
(n="T), judgment of the investigator (n= 1), lost to follow-up
(n=1), poor compliance (n=2), ingestion of medication(s)
listed in the exclusion criteria (n=2), and major protocol
violation (n=2). Therefore, the per-protocol set included
a total of 75 subjects (38 subjects in the LFE group and 37
subjects in the placebo group). Baseline characteristics of
the subjects, obtained prior to the removal of the aforemen-
tioned 15 subjects, are shown in Table 2. At baseline, there
were no significant differences between the groups based
on the variables of age, sex, anthropometric measurements
(weight and BMI), current drinkers, alcohol consumption,
current smokers, amount of smoking, metabolic equivalent
of task (MET), energy intake, vital signs (SBP, DBP, and
pulse), liver enzyme (ALT, GGT, AST, and total biliru-
bin), and severity of fatty liver (P > 0.05). ALP level was
the sole exception (P =0.0097). Forty-six subjects (51.1%)
were newly diagnosed with liver function abnormali-
ties, and forty-four subjects (48.9%) were diagnosed with
chronic abnormalities based on a liver function test. There
were no significant differences between groups at baseline
(P=0.2058). The compliance rate of subjects in the two
groups was more than 93% and there was no significant dif-
ference between the groups (data not shown). No significant
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Table 2 Bfis.eline c.haracter.isFics LFE (N=45) Placebo (N=45) P value
of the participants in the clinical
trial Age, years 4314132 405+13.7 0.3620
Sex, N (%)
Male 35(77.8) 36 (80.0) 0.7962
Female 10 (22.2) 9 (20.0)
BMI, kg/m? 26.7+3.4 26.8+4.0 0.9390
Current drinker, N (%) 32 (71.1) 24 (53.3) 0.0820
Alcohol consumption, g/weeks 59.4+50.1 63.1+48.0 0.7844
Current smoker, N (%) 13 (28.9) 9 (20.0) 0.3265
Amount of smoking, cigarette/day 7.3+7.0 8.2+6.8 0.7628
MET, min/weeks 1680 (800-3200) 1320 (600-2280) 0.0840
Energy intake, kcal/day 1508.0 +505.1 1602.8 +601.0 0.4223
Vital sign
SBP, mmHg 129.6+12.3 126.7+10.7 0.2352
DBP, mmHg 83.2+9.3 81.5+10.7 0.4209
Pulse, bpm 75.1+8.6 76.0+10.8 0.6832
Liver enzyme
ALT, IU/L 54.7+16.3 52.7+16.8 0.3636
GGT, IU/L 72.8+51.2 53.9+39.3 0.0657
AST, IU/L 35.9+10.9 355+122 0.4401
ALP, IU/L 75.9+14.6 68.0+23.2 0.0097"
Total bilirubin, mg/dL 09+0.3 1.0+£0.3 0.2095
Liver function test abnormalities
Chronic disturbances, N (%) 19 (42.2) 25 (55.6) 0.2058
Newly diagnosed, N (%) 26 (57.8) 20 (44.4)
Severity of fatty liver, N (%)
Normal 12 (26.7) 9 (20.0) 0.5240
Mild 16 (35.6) 18 (40.0)
Moderate 15 (33.3) 18 (40.0)
Severe 2(4.4) 0 (0.0)

Data are presented as mean + SD or numbers (%). MET is presented as median (interquartile range)

BMI body mass index, MET metabolic equivalent of task, SBP systolic blood pressure, DBP diastolic blood
pressure, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamyltransferase,

ALP alkaline phosphatase

*P value < 0.05 are denoted with an asterisk

changes were observed between groups in terms of dietary
composition and physical activity at baseline, 6 weeks, and
12 weeks (Table 3). Body weight, BMI, glucose metabolism,
and parameters of metabolic syndrome were constant in both
groups throughout the 12-week clinical trial (Supplementary
Table 1, 2, and 3).

Efficacy

Changes in both groups from baseline ALT and GGT
levels are shown in Fig. 2. Compared with the baseline,
ALT (54.0+16.9 IU/L to 44.0+20.3 IU/L, P <0.0001)
and GGT (72.3 +£53.0 IU/L to 61.7+51.5 IU/L,
P =0.0205) levels were significantly reduced after
12 weeks of LFE supplementation; however, there was

no significant reduction in ALT (52.3 +15.7 TU/L to
51.2+26.3 IU/L, P=0.5320) and GGT (55.9 +41.2 IU/L
to 56.1 +41.7 IU/L, P=0.5629) levels in the placebo
group (Fig. 2A, B). The values from baseline were sig-
nificantly different between groups at the end of the
study (Fig. 2C, D). ALT and GGT levels were reduced to
—10.0+13.1 IU/L (P=0.0498) and — 10.5+33.4 TU/L
(P=0.0368), respectively, from baseline after 12 weeks
of LFE supplementation, whereas the placebo group
were remained similar to baseline at 12 weeks. There
were no significant changes between the groups in AST
(=55+941IU/L vs. — 1.5+9.4 IU/L, P=0.1398) and
total bilirubin levels (0.1 0.4 mg/dL vs. 0.0 +0.3 mg/
dL, P=0.5179) after 12 weeks (Fig. 3A, B). ALP lev-
els, after adjustment for baseline, were not significantly
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Table 3 Within-group and
between-group comparisons
of the changes of dietary
compositions and physical
activity from baseline during
the clinical trial

@ Springer

LFE (N=38) Placebo (N=37) P value®
Energy, Kcal/day
Baseline 1546.4 +466.4 1508.0+534.0 0.7423
After 6 weeks 1514.1+399.7 1673.5+661.0 0.2262
Change from baseline —32.3+576.9 176.8 +858.9
P value* 0.7318 0.2251
After 12 weeks 1624.6 +602.4 1551.3+530.7 0.9280
Change from baseline 78.3+691.7 65.1+545.2
P value? 0.4899 0.4787
Carbohydrates, g/day
Baseline 217.4+64.1 209.4+73.1 0.6181
After 6 weeks 217.0+70.1 231.5+84.1 0.2414
Change from baseline —04+854 25.4+102.5
P value* 0.9759 0.1455
After 12 weeks 223.5+81.8 216.4+81.6 0.8785
Change from baseline 6.1+88.2 9.1+78.3
P value* 0.6728 0.1455
Protein, g/day
Baseline 56.9+21.5 58.3+25.6 0.7971
After 6 weeks 60.4+21.4 70.5+40.3 0.3670
Change from baseline 3.5+27.6 12.1+50.3
P value* 0.4402 0.1564
After 12 weeks 62.2+26.0 64.4+31.0 0.8228
Change from baseline 54+35.6 7.3+373
P value* 0.3595 0.2506
Fat, g/day
Baseline 442+27.1 47.6+26.5 0.5874
After 6 weeks 438+21.9 50.0+32.7 0.7647
Change from baseline —-04+31.1 22+412
P value* 0.9422 0.7536
After 12 weeks 48.5+25.8 46.3+25.8 0.5470
Change from baseline 43+35.9 —0.4+30.1
P value* 0.4681 0.9367
Fiber, g/day
Baseline 144+5.6 13.7+£5.3 0.5993
After 6 weeks 15.8+8.0 15.5+7.8 0.7575
Change from baseline 1.5+83 2.1+9.1
P value* 0.2836 0.1764
After 12 weeks 14.6+6.6 13.5+5.8 0.8387
Change from baseline 03+73 —0.1%£55
P value? 0.8316 0.9526
Physical activity, MET, min/weeks
Baseline 1680 (800-3840) 1080 (480-2280) 0.0621
After 6 weeks 1680 (480-4800) 1680 (480-2880) 0.1362
Change from baseline — 180 (— 720 to 240) 0 (— 400 to 1200)
P value* 0.2404 0.2160
After 12 weeks 1760 (480-4320) 1440 (480-3360) 0.1994

Change from baseline

P value?

50 (= 960 to 720)
0.9068

200 (- 400 to 1680)
0.0425

Data are presented as mean +SD. MET is presented as median (interquartile range)

MET metabolic equivalent of task

TP value for comparing the change values between groups

P value for comparing baseline with the change values within each group
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changed by LFE supplementation compared to the pla-
cebo (— 1.3+ 11.2 IU/L vs. 1.3+ 12.0 IU/L, P=0.7337)
after 12 weeks (Fig. 3C). CAP and liver stiffness in both
groups are detailed in Table 4. The mean decrease in CAP
level, from its baseline value to the time after 12 weeks
of LFE supplementation, was — 8.6 +50.2 dB/m, which

Weeks Weeks

Change values of AST (A), total bilirubin (B), and ALP (C) levels from baseline during the clinical trial. Data are mean (SE)

was not significantly different than the placebo group
(1.6 £45.8 dB/m, P=0.3605). There was no significant
change in liver stiffness (— 0.1+2.9 kPa vs. — 0.4+ 1.8,
P =0.6258). Lipid profiles, hs-CRP level, TAS, and MFS
score were not significantly changed by LFE supplementa-
tion (data not shown).
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Table 4 Within-group and between-group comparisons of the
changes of CAP and liver stiffness from baseline during the clinical
trial

LFE (N=38) Placebo (N=37) P value'

CAP, dB/m
Baseline 286.5+39.8 281.8+58.6 0.6907
After 12 weeks 277.8+47.7 283.4+49.6 0.3605
Change from baseline —8.6+50.2 1.6+45.8
P value* 0.2964 0.8336

Stiffness, kPa
Baseline 5.6+2.6 55+2.6 0.7747
After 12 weeks 55+23 52+1.7 0.6258
Change from baseline —0.1+2.9 -04+1.38
P value* 0.9941 0.3752

Data are presented as mean + SD
CAP controlled attenuation parameter
TP value for comparing the change values between groups

P value for comparing baseline with the change values within each
group

Safety

Nine moderate adverse events (AEs) occurred during the
run-in period, none of which were serious (Table 5). The
proportion of subjects who reported an adverse event was
similar in each group (LFE, n=3; placebo, n=4). There
was no statistically significant difference in the rate of
AEs between the study groups (P =0.5148). Other safety
parameters (vital signs, ECG readings, and laboratory test
results) in the LFE group did not significantly change
during the study period.

Discussion

In this clinical trial, daily consumption of an LFE supple-
ment for 12 weeks resulted in a significant reduction in ALT
and GGT levels. ALT is an enzyme that catalyzes the transfer
of amino groups to form the hepatic metabolite oxaloacetate,
which is found in abundance in the cytosol of hepatocytes
[28]. ALT is the most precise indicator of hepatocellular
injury because it is observed exclusively in the liver, whereas
AST occurs to some extent in the heart, skeletal muscle,
kidneys, the pancreas, the brain, erythrocytes, and leuko-
cytes [29, 30]. GGT, another liver enzyme, is located on the
plasma membranes of most cells and organ tissues, but more
commonly in hepatocytes, and is routinely used in clinical
practice to identify liver injury [31]. GGT plays an essential
role in the extracellular catabolism of glutathione, which is
the major antioxidant in mammalian cells and is a general
marker of oxidative stress [10, 32]. Recently, ALT and GGT
(but not AST) have been shown in cross-sectional studies
to be associated with the presence of fatty liver, observed
using ultrasonography or magnetic resonance imaging spec-
troscopy [33, 34]. Therefore, early detection of changes in
ALT and GGT levels is extremely valuable as a biomarker
of hepatic dysfunction. In addition, ALT and GGT level
changes have attracted interest as potential indicators of
a variety of extrahepatic conditions. A number of studies
have shown that these enzymes are associated with obesity,
type 2 diabetes, metabolic syndrome, and overall mortality
[35-39]. Therefore, supplements that lower ALT and GGT
may improve overall health and prevent liver diseases.
Oxidative stress and inflammation are the most preva-
lent pathogeneses of liver diseases [40]. The liver is a major
organ and can be attacked by reactive oxygen species (ROS)
[41]. While causing liver damage, ROS can also induce the
generation of pro-inflammatory genes. Overexpression of
pro-inflammatory genes provokes an intracellular signal-
ing cascade that produces more ROS, resulting in a vicious

Table5 Adverse events during

. - LFE (N=45) Placebo (N=45) P value
the clinical trial

Subject with adverse events, N (%) 3(6.7) 4 (8.9) >0.9999
Adverse event, N 4 5 0.5148
Upper respiratory event 2 1 NA
Mild emphysema 1 -
Diarrhea 1 -
Cervical sprain - 1
Constipation - 1
Headache - 1
Lymphadenitis Lt. cervical lymph node - 1

Data are presented as number (%)

N.A not available
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cycle, where increased oxidative stress and inflammatory
lesions promote the pathogenesis of liver diseases [40, 42].
Thus, antioxidant and anti-inflammatory therapies may have
beneficial effects in those experiencing hepatic dysfunctions.
L. chinense Miller fruit has been reported to exert an antioxi-
dant effect in CCl,-exposed rats [18, 19]. These antioxidant
properties can be attributed to phenolic compounds, such
as glycolipid, pyrrole derivatives, cerebroside, zeaxanthin
dipalmitate, and betaine [20-23, 43]. Among these bioac-
tive components, zeaxanthin dipalmitate has been reported
to inhibit hepatic fibrosis in rats, due to, at least in-part,
its anti-oxidative activity [22]. Betaine, derived from the
oxidation of dietary sources of choline, improves the condi-
tion of those suffering from NAFLD by reducing oxidative
stress [44] and suppressing inflammatory pathways [45-49].
However, the clinical trial performed by Abdelmalek et al.
found that even high doses of betaine supplementation does
not improve markers associated with liver damage [50], sug-
gesting that the beneficial effects of LFE may be due to the
synergistic effect of various active components in L. chin-
ense Miller fruit.

In our previous study [25], we reported that LFE supple-
mentation demonstrated hepatoprotective effects in mice,
due to increased antioxidant enzyme activity and modulated
inflammation signaling. Mice fed an LFE-supplemented diet
exhibited increased GSH concentrations, decreased malon-
dialdehyde levels, and increased protein levels of antioxi-
dant enzymes such as superoxide dismutase and catalase.
In addition, LFE supplementation inhibits ROS-induced
c-Jun N-terminal kinases (JNK) activation and significantly
enhances the level of phosphorylated extracellular signal-
regulated kinases (ERK), which promotes cellular prolifera-
tion after injury [51]. Moreover, LFE effectively prevents
macrophage infiltration and the release of cytokines such as
TNF-a, IL-6, and IL-1f [25]. Thus, we hypothesized that the
antioxidant and anti-inflammatory activity of LFE supple-
mentation could decrease ALT and GGT levels in subjects
experiencing mild hepatic dysfunction. In this study, we
did not observe that LFE supplementation improved other
parameters that may indicate hepatic dysfunction, such as
CAP, TAS, MFS, and lipid profiles. One possible explana-
tion is the severity of hepatic dysfunction can vary widely
from mild to severe. Differences in nutritional status, genetic
background, and other environmental factors may have also
affected overall outcomes [52, 53].

This study has some limitations. First, while the sample
size was relatively small, the study had sufficient statistical
power to detect the change of variables. Second, we did not
consider other biomarkers when evaluating the effects of
LFE on hepatic dysfunction. Additional types of diagnostics,
such as hepatic ultra-sonographic scans, computed tomog-
raphy scans, magnetic resonance imaging, or liver biopsies,
may have been helpful in evaluating the effect of LFE on

hepatic dysfunction. Third, we did not measure bacterial
components like lipopolysaccharide (LPS) and inflamma-
tory cytokines, which may be linked to the development and
progression of liver disease [54, 55]. These markers should
be evaluated in future studies.

Conclusion

Our results showed that LFE supplementation can signif-
icantly lower ALT and GGT levels in subjects with mild
hepatic dysfunction. In addition, the dose of LFE provided
during this study was generally well tolerated by the subjects
and no difference of the number of adverse events was found
between the LFE and placebo groups. Therefore, LFE could
be suggested to subjects with hepatic dysfunction with no
side effects.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00394-022-03075-8.
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