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Abstract

Background: Glutathione plays crucial roles in the detoxification and antioxidant systems of cells and has been used to
treat acute poisoning and chronic liver diseases by intravenous injection. This is a first study examining the therapeutic
effects of oral administration of glutathione in patients with nonalcoholic fatty liver disease (NAFLD).

Methods: The study was an open label, single arm, multicenter, pilot trial. Thirty-four NAFLD patients diagnosed using
ultrasonography were prospectively evaluated. All patients first underwent intervention to improve their lifestyle habits
(diet and exercise) for 3 months, followed by treatment with glutathione (300 mg/day) for 4 months. We evaluated
their clinical parameters before and after glutathione treatment. We also quantified liver fat and fibrosis using vibration-
controlled transient elastography. The primary outcome of the study was the change in alanine aminotransferase
(ALT) levels.

Results: Twenty-nine patients finished the protocol. ALT levels significantly decreased following treatment with
glutathione for 4 months. In addition, triglycerides, non-esterified fatty acids, and ferritin levels also decreased
with glutathione treatment. Following dichotomization of ALT responders based on a median 12.9% decrease
from baseline, we found that ALT responders were younger in age and did not have severe diabetes compared
with ALT non-responders. The controlled attenuation parameter also decreased in ALT responders.

Conclusions: This pilot study demonstrates the potential therapeutic effects of oral administration of glutathione
in practical dose for patients with NAFLD. Large-scale clinical trials are needed to verify its efficacy.

Trial registration: UMIN000011118 (date of registration: July 4, 2013).
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Background

Nonalcoholic fatty liver disease (NAFLD) is an im-
portant cause of chronic liver injury worldwide [1, 2].
The spectrum of NAFLD ranges from nonalcoholic
fatty liver to nonalcoholic steatohepatitis (NASH),
cirrhosis, and hepatocellular carcinoma [3]. NAFLD is
associated with metabolic syndromes and the inci-
dence of NAFLD has increased over time [4, 5]. First-
line treatment for NAFLD is lifestyle modification to
achieve weight reduction, particularly through diet
and exercise [6]. However, weight reduction is very
difficult to accomplish and maintain. Effective therapy
for NAFLD has not yet been established.

Glutathione, y-L-glutamyl-L-cysteinyl-glycine, is a tripep-
tide present in every cell of the human body [7]. Although
its functions are complex and remain the subject of current
research, glutathione is thought to play crucial roles in the
detoxification and antioxidant systems in cells. Because a
reduction of glutathione levels in cells has been found to
increase the risks for diseases and poisoning, direct intra-
venous injection of glutathione has been used to treat pa-
tients with chronic liver diseases and poisoning [8, 9].

Glutathione is synthesized in cells from glutamic acid,
cysteine, and glycine. Cysteine and glycine are generated
from methionine and serine, respectively, and glutamic
acid is synthesized from a-ketoglutarate, a metabolite of
glucose. These amino acids are generally supplied from
food. It has been reported that oral administration of
glutathione did not change the levels of glutathione and
glutathione disulfide in the deproteinized fraction of
blood [10], and it has been suggested that orally admin-
istered glutathione is degraded into constituting amino
acids and does not exert specific activity beyond the
amino acid source. However, it has been reported that
glutathione can pass through the mono layer of Caco-2
cells without degradation [11]. In addition, Park et al.
reported an increase in the protein-bound form of
glutathione in human blood after oral administration,
while glutathione in the deproteinized fraction did not
change [12]. These studies suggest that orally adminis-
tered glutathione is absorbed into the blood and might
have effects on the redox status in the human body.
Such findings have encouraged us to examine the
therapeutic effects of oral administration of glutathione
on NAFLD.

The objective of the current study was to demon-
strate the therapeutic potential of oral administration
of glutathione in an open-label, single-arm, multicen-
ter, pilot study prior to subsequent large-scale clinical
trials. In this study, we compared clinical parameters
before and after treatment with glutathione. We also
evaluated controlled attenuation parameter (CAP) and
liver stiffness measurement (LSM), as determined by
vibration-controlled transient elastography (VCTE).
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Methods

Patients and study design

The study protocol was conducted in accordance with
the guidelines contained within the Declaration of
Helsinki and was approved by the ethics committees of
Yokohama City University and Kyoto Prefectural University
of Medicine. Written informed consent was obtained
from all participants before entry into the study. The
trial is registered with the University Hospital Medical
Information Network (UMIN) Clinical Trials Registry
(UMIN000011118).

Patient enrollment began in January 2014 and ended
when the target sample size was reached in September
2014. Follow-up of participants ended in December
2014. We prospectively evaluated 34 NAFLD patients
with liver dysfunction. NAFLD was diagnosed based on
ultrasonography. All 34 patients provided a detailed
medical history and underwent a physical examination.
Patients were excluded if they had infectious hepatitis
(hepatitis B or C or Epstein—Barr virus infection),
autoimmune hepatitis, primary biliary cirrhosis, sclerosing
cholangitis, hemochromatosis, al-antitrypsin deficiency,
Wilson’s disease, drug-induced hepatitis, alcoholic hepatitis,
or excessive alcohol consumption (present or past con-
sumption of >20 g alcohol/day). No NAFLD patient had
clinical evidence of hepatic decompensation, such as hep-
atic encephalopathy, ascites, variceal bleeding, or a serum
bilirubin level greater than twice the upper limit of normal.
All patients were started on a standard diet (30 kcal/kg/
day, consisting of 50-60% carbohydrate, 20-30% fat, and
15-20% protein) and received exercise counseling begin-
ning 3 months before glutathione treatment. Exercise con-
sisted of 5-6 metabolic equivalents for 30 min daily.
Patients taking medication for lifestyle-related comorbid
diseases, such as hypertension, dyslipidemia, and diabetes,
were included; however, no change in medication or dose
was allowed.

Because serum alanine aminotransferase (ALT) levels
have been reported to predict the histological course of
NASH and because strict control of ALT is required to
prevent the progression of NASH [13], the primary out-
come of this study was a change in ALT levels.

Anthropometric and laboratory evaluations

Patient weight and height were measured using a
calibrated scale after patients removed their shoes and
any heavy clothing. Venous blood samples were obtained
after patients had fasted overnight (12 h). Platelet counts
and concentrations of fasting blood sugar (FBS),
hemoglobin Alc (HbA1lc), immunoreactive insulin (IRI),
high-density lipoprotein (HDL) cholesterol, low-density
lipoprotein  (LDL) cholesterol, triglycerides, non-
esterified fatty acids (NEFA), aspartate aminotransferase
(AST), ALT, y-glutamyl transpeptidase, ferritin, and type
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IV collagen 7 were measured using standard laboratory
techniques before and after glutathione treatment.
Patients with FBS >126 mg/dL, HbAlc >6.5%, and/or
currently using antidiabetic medication were defined as
having diabetes according to the criteria of the Japan
Diabetes Society [14].

Glutathione in the deproteinized fraction and protein-
bound fraction of plasma were determined using the
method described by Park et al. [12]. Briefly, 100 puL of
plasma was mixed with three parts ethanol. The
supernatant was used as the deproteinized fraction. The
precipitate was extracted using 100 pL of 5%
trichloroacetic containing 2% 2-mercaptoethanol. The
supernatant was used as the protein-bound fraction.
Glutathione in these fractions were alkalized and deriva-
tized with 6-aminoquinolyl-N hydroxy succinimidyl
carbamate as described previously. The derivatives were
resolved and detected using liquid chromatography/elec-
tron spray ionization/tandem mass spectrometry in
multi-reaction monitoring mode.

Vibration-controlled transient elastography

VCTE was performed using an M-probe device
(Fibroscan; EchoSens, Paris, France). Details of the
technique and the examination procedure for LSM
have been described previously [15, 16]. CAP was mea-
sured using VCTE to stage steatosis. The technique is a
proprietary algorithm based on the ultrasonic attenu-
ation coefficient of the shear wave of VCTE, an esti-
mate of the total ultrasonic attenuation at 3.5 MHz.
CAP uses the same radiofrequency data as LSM and is
only appraised if the acquisition is valid. It is expressed
in decibels per meter. Measurements were obtained
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from the right lobe of the liver through the intercostal
spaces, with a patient lying in the dorsal decubitus pos-
ition and the right arm in maximal abduction. Only
VCTE measurements based on at least 10 valid shots
and success rates >60% were considered reliable and
were used for statistical analysis.

Statistical analysis

Data are expressed as mean * standard deviation,
unless indicated otherwise. The sample size was de-
termined by reference to a previous report [17]. We
estimated that with this sample size, the study would
have 80% power to detect an absolute difference in
the rate of improvement in ALT of 30 percentage
points, with a two-sided type 1 error of 0.05. All stat-
istical analyses were performed using JMP ver. 11.2.0
software (SAS Institute, Cary, NC, USA). Univariate
comparisons between patient groups were analyzed
using the Student’s t-test or the Mann—Whitney’s U-
test, as appropriate. A p-value <0.05 was considered
statistically significant.

Results

Biochemical response after 4 months of glutathione
treatment

The study flowchart is shown in Fig. 1. Of the 34
patients enrolled, two withdrew before the start of treat-
ment. The remaining 32 were treated with L-glutathione
(300 mg/day; KOHJIN Life Sciences, Tokyo, Japan, US
FDA GRAS #GRN000293) for 4 months by oral admin-
istration. Twenty-nine patients (14 men, 15 women,
mean age 56.0 + 13.3 years) finished the study protocol.

Assessed for eligibility
(n = 34)

Y
Life style intervention

for 3 months (n = 34)

-l Excluded (n=0) )

Discontinued

Y
Glutathione treatment

(n=232)

4 months treatment

Withdrew the participation (n = 2)

Discontinued
Fatigue (n =1)

follow up

Y
The number of patients finished

the protocol (n = 29)

Fig. 1 Study flow chart showing patient allocation

Elavated blood pressure (n =1)
Rash (n=1)
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Table 1 Characteristics of patients before and after glutathione treatment (n = 29)
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Before treatment After treatment P-value

Age (year) 560 + 133 -
Male/female (n) 14/15 -
Dyslipidemia (%) 24 (82.8) -
Statin (%) 12 (414) -
Diabetes (%) 14 (483) -

BMI (kg/m?) 265+ 39 265+ 39 032
FBS (mg/dL) 1184 + 343 1200 + 278 0.24
[RI' (WU/mL) 23.1+298 234 +338 038
HbA ¢ (%) 637 +£1.18 646 £ 1.23 0016
HDL cholesterol (mg/dL) 552 £ 163 550+ 154 032
LDL cholesterol (mg/dL) 1140 + 288 1113+ 280 0.08
Triglycerides (mg/dL) 1952 + 1359 163.6 £ 1219 0.007
NEFA (uEg/L) 6512 2425 5335 £ 209.7 0.013
AST (IU/L) 46.7 £ 172 476+ 212 0.39
ALT (IU/D) 689 + 36.1 58.1 + 335 0014
GGT (IU/D) 704 £ 465 66.6 £ 475 0.29
Ferritin (ng/mL) 219.8 + 1508 1944 + 139.2 0.015
Platelet count (x10* /uL) 208 +£ 5.7 209 +£53 0.30
Type IV collagen 7 s 508 £ 1.95 484+ 134 040
Glutathione in protein fraction (UM) 142 +£0.87 093 £ 063 0.010
Glutathione in deproteinized fraction (uM) 0.025 + 0.040 0.019 + 0.024 027
CAP (db/m) 295.7 =449 2854 + 488 0.07
LSM (kPa) 9.94 + 493 9.24 £+ 448 0.16

Data are expressed as mean + standard deviation. BMI body mass index, FBS fasting blood sugar, /Rl immunoreactive insulin, HBATc, hemoglobin Alc, HDL cholesterol
high-density lipoprotein cholesterol, LDL cholesterol low-density lipoprotein cholesterol, NEFA non-esterified fatty acid, AST aspartate aminotransferase, ALT alanine
aminotransferase, GGT y-glutamyl transpeptidase, CAP controlled attenuation parameter, LSM liver stiffness measurement

Three patients dropped out, one each owing to fatigue,
elevated blood pressure, and rash.

The clinical and laboratory characteristics of the study
participants are shown in Table 1. Twenty-four patients
(82.8%) had dyslipidemia and 12 (41.4%) were taking
statins. Fourteen patients (48.3%) had diabetes.

After 4 months of glutathione treatment, ALT levels
decreased significantly. Glutathione treatment decreased
the concentrations of triglycerides, NEFA, and ferritin.
HbAlc levels increased after glutathione treatment.
Unexpectedly, glutathione in the plasma protein fraction
decreased significantly after glutathione treatment.
There was no significant difference in glutathione levels
in the deproteinized fraction. Although glutathione
treatment did not significantly affect CAP and LSM
values, both tended to decrease.

Glutathione treatment improved CAP values in ALT
responders

The median decrease in ALT level from baseline was
12.9%. The 29 patients were divided into ALT
responders (n = 15), defined as those with an ALT

reduction >12.9%, and ALT non-responders (n = 14),
defined as those with an ALT reduction <12.9%, and the
factors associated with responses to glutathione were eval-
uated (Table 2). ALT responders were significantly youn-
ger than ALT non-responders (50.7 + 12.1 years vs.
61.7 + 12.4 years, p = 0.011). Body mass index (BMI) did
not differ between ALT responders and non-responders
(26.5 + 4.1 kg/m? vs. 26.6 + 3.8 kg/m?, p = 0.47). Although
the percentages of ALT responders and non-responders
with dyslipidemia did not differ (80.0% vs. 85.7%,
p = 0.68), HDL cholesterol and LDL cholesterol levels
were higher in ALT responders. Rates of statin use tended
to be lower in ALT responders than in non-responders
(26.7% vs. 57.1%, p = 0.10). Rates of diabetes also tended
to be lower (33.3% vs. 64.3%, p = 0.10) and HbAlc levels
were significantly lower in ALT responders compared with
non-responders. There were no significant differences in
glutathione levels in the plasma protein and deproteinized
fractions between ALT responders and non-responders
before glutathione treatment.

The characteristics of ALT responders and non-
responders before and after glutathione treatment are
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Table 2 Characteristics of ALT responders and non-responders
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ALT responders (n = 15) ALT non-responders (n = 14) P-value
Age (year) 50.7 £ 121 617124 0.011
Male/female (n) 9 (6) 59 0.191
Dyslipidemia (%) 12 (80.0) 12 (85.7) 0.68
Statin (%) 4(26.7) 8 (57.1) 0.10
Diabetes (%) 5(333) 9 (64.3) 0.10
BMI (kg/m?) 265 + 4.1 266 + 38 047
FBS (mg/dL) 1157 £ 379 1214 £ 312 033
Rl (WU/mL) 235+ 227 226 + 380 047
HbA ¢ (%) 594 +1.03 69+12 0.019
HDL cholesterol (mg/dL) 603 £ 186 497 +11.7 0.04
LDL cholesterol (mg/dL) 1245 + 331 1029 + 186 0.021
Triglycerides (mg/dL) 2024 £ 164.1 187.6 £103.3 0.39
NEFA (uEg/L) 720.2 £ 285.0 5633 + 1430 0.055
AST (IU/L) 463 + 20.2 47.1 £ 141 045
ALT (IU/L) 77.1 £ 386 60.1 + 322 0.104
GGT (IU/D) 819 £ 580 580 % 266 0.085
Ferritin (ng/mL) 260.2 + 164.5 1766 + 126.1 0.07
Platelet count (x10" /uL) 203 + 46 213468 032
Type IV collagen 7 s 461 +1.13 559 £ 251 0.09
Glutathione in protein fraction (UM) 153 £092 1.27 £ 083 0.230
Glutathione in deprotenized fraction (uM) 0.017 = 0.020 0.036 + 0.057 0116
CAP (db/m) 3003 +41.1 2904 £ 50.2 0.29
LSM (kPa) 871 + 463 1136 + 5.05 0.080

Data are expressed as mean * standard deviation

Abbreviations: BMI body mass index, FBS fasting blood sugar, IRl immunoreactive insulin, HBA7c hemoglobin Alc, HDL cholesterol high density lipoprotein cholesterol, LDL
cholesterol low density lipoprotein cholesterol, NEFA non-esterified fatty acid, AST asparate aminotransferase, ALT alanine aminotransferase, GGT y-glutamyl transpeptidase,

CAP controlled attenuation parameter, LSM liver stiffness measurement

shown in Table 3. Glutathione treatment decreased ALT
levels in ALT responders (Fig. 2a) but increased AST
and ALT levels in ALT non-responders (Fig. 2b). In ALT
responders, glutathione treatment decreased NEFA, fer-
ritin, and HDL cholesterol levels but increased HbAlc
levels. In ALT non-responders, glutathione treatment
reduced triglyceride levels but increased FBS levels.
Glutathione treatment significantly decreased glutathione
in the plasma protein-boud fraction in ALT responders;
there was no change in ALT non-responders. Surprisingly,
CAP values were significantly reduced in ALT responders;
there were no differences in ALT non-responders.

Discussion

Glutathione has a long history for the treatment of
chronic liver disease by intravenous injection. This study
demonstrates a therapeutic effect of glutathione by oral
administration in patients with NAFLD. The primary
outcome of this study was a change in ALT levels. The
29 patients who were treated with oral administration of
glutathione (300 mg/day) for 4 months showed a

reduction in ALT levels as well as reductions in triglyc-
erides, NEFA, and ferritin levels. The findings of the
current study suggest the beneficial effects of glutathione
by oral administration for NAFLD patients. It is thought
that glutathione is degraded into amino acids during di-
gestion and absorption processes. Orally administered
glutathione is suggested to serve as a source of amino
acids in the synthesis of endogenous glutathione. Supple-
mentation of large doses of glycine and serine, precursors
of glutathione, can attenuate NAFLD in human and ani-
mal models [18, 19]. In the current study, the dose of
glutathione was 300 mg/day. The amount of cysteine po-
tentially released from 300 mg of glutathione is less than
120 mg, the amount that can be obtained from 10 to 20 g
of meat or 100 mL of milk. It is, therefore, very unlikely
that the current dose of orally administered glutathione
attenuates the pathogenesis of NAFLD via an amino acid
source for glutathione synthesis.

It is reported that the level of the protein-bound form of
glutathione increases 1-2 h after ingestion of glutathione,
which suggests that orally administered glutathione is
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Table 3 Characteristics of ALT responders and non-responders before and after glutathione treatment

ALT responders (n = 15)

ALT non-responders (n = 14)

Before treatment After treatment P-value Before treatment After treatment P-value

Age (year) 50.7 + 12.1 - 617 +124 -
Male/female (n) 9 (6) - 59 -
Dyslipidemia (%) 12 (80.0) - 12 (85.7) -
Statin (%) 4(26.7) - 8 (57.1) -
Diabetes (%) 5(33.3) - 9 (64.3) -
BMI (kg/m?) 265+ 4.1 265+ 40 023 266 + 38 264 +39 045
FBS (mg/dL) 115.7 £ 379 1130 + 230 0.38 1214 £ 312 1282 + 314 0.004
IRl (uU/mL) 235+ 227 179+ 143 0.14 22,6 =380 305 £314 0.1
HbA ¢ (%) 594 £ 1.03 6.08 £ 1.10 0.017 69+12 6.89 £ 1.28 0.14
HDL cholesterol (mg/dL) 603 = 186 574 £ 167 0.001 49.7 £ 117 522 £ 138 0.08
LDL cholesterol (mg/dL) 1245 + 331 117.1 £ 348 0.06 1029 + 186 104.1 £ 145 041
Triglycerides (mg/dL) 2024 + 1641 1788 + 1576 0.15 1876 £ 1033 146.2 £ 62.1 0.003
NEFA (uEa/L) 7202 + 2850 576.0 + 230.1 0.032 5633 + 1430 4739 £ 170.7 0.13
AST (IU/L) 463 + 20.2 40.0 £ 20.7 0.1 47.1 £ 141 558 £ 193 0.003
ALT (IU/L) 77.1 £386 479 £ 281 <0.0001 60.1 £ 322 689 + 363 0.005
GGT (IU/L) 81.9 £ 580 64.8 + 484 0.07 580 + 266 685 + 483 0.06
Ferritin (ng/mL) 2602 £ 1645 2177 £1623 0.015 176.6 £ 126.1 169.5 + 109.9 0.28
Platelet count (x10* /uL) 203+ 46 202 +47 045 213+68 218+ 60 025
Type IV collagen 7 s 461 +£1.13 439 + 1.06 0.10 559 £ 251 542 +149 0.13
Glutathione in protein fraction (uM) 153 +£092 0.88 +£ 053 0.004 127 £083 1.00 = 0.77 024
Glutathione in deprotenized fraction (uM) 0.017 + 0.020 0.019 + 0.029 0.60 0.036 + 0.057 0018 + 0.017 0.19
CAP (db/m) 3003 £ 41.1 285.1 £ 532 0.049 2904 + 50.2 2858 £ 449 0.31
LSM (kPa) 8.71 £4.63 791 £ 422 0.19 11.36 + 5.05 109 + 438 032

Data are expressed as mean * standard deviation

Abbreviations: BMI body mass index, FBS fasting blood sugar, /Rl immunoreactive insulin, HBATc hemoglobin Alc, HDL cholesterol high density lipoprotein cholesterol, LDL
cholesterol low density lipoprotein cholesterol, NEFA non-esterified fatty acid, AST aspartate aminotransferase, ALT alanine aminotransferase, GGT y-glutamyl transpeptidase,
CAP controlled attenuation parameter, LSM liver stiffness measurement

absorbed into the blood [12]. This protein-bound glutathi-
one may be deposited in the liver, attenuating hepatitis.
The levels of protein-bound glutathione were reported
to return to baseline levels after an overnight fast [12]. In
the current study, we found that the baseline level of the

protein-bound form of glutathione significantly decreased
after an overnight fast following 4 months of glutathione
administration, especially in ALT responders. The levels
of protein-bound glutathione in patients in the current
study were considerably higher than those of healthy

b
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Fig. 2 Alanine aminotransferase (ALT) levels before and after treatment with glutathione in a ALT responders and b ALT non-responders
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volunteers in previous studies [12] estimated using the
same method. Glutathione treatment also decreased
protein-bound glutathione to normal baseline levels.
These findings suggest that oral administration of gluta-
thione may increase the incorporation of protein-bound
glutathione into the liver or decrease the pathological
excretion of glutathione from the liver.

NAFLD is a complex disease. Its pathogenesis is thought
to involve various factors, including insulin resistance,
lipotoxicity, gut/nutrient-derived signals, adipocytokines,
oxidative stress, and genetic factors. Dyslipidemia has
been reported in 20-80% of patients with NAFLD [20].
Our previously study revealed that orally administrated
glutathione accelerates fatty acid utilization by upregulat-
ing levels of the protein peroxisome proliferator-activated
receptor-y coactivator-la and mitochondrial DNA with
reduced plasma NEFA levels [21]. The current study also
revealed that 24 (82.8%) of our patients had dyslipidemia,
and glutathione treatment reduced triglyceride and NEFA
levels significantly.

Increases in ferritin and body iron stores have been
detected frequently in NAFLD patients [22, 23]. Ferritin
and iron can promote the development of NAFLD
through oxidative stress [24]. Results from the PIVENS
trial showed that oral administration of the anti-oxidant
vitamin E improved liver dysfunction and the patho-
logical conditions of NASH [17]. However, long-term
treatment with vitamin E has been associated with
increases in all-cause mortality and the risk for prostate
cancer [25-27], suggesting the need to evaluate the effi-
cacy and safety of this agent. In the current study, gluta-
thione treatment significantly decreased ferritin levels,
but the mechanism behind the decrease remains unclear.
Glutathione is thought to ameliorate hyperferritinemia
and oxidative stress, and to have therapeutic effects in
patients with NAFLD.

Liver fat was non-invasively assessed using VCTE with
CAP. A meta-analysis found that CAP has good sensitivity
and specificity for detecting liver fat [28]. CAP values in
our study tended to decrease in all patients and signifi-
cantly decreased in ALT responders following 4 months of
glutathione treatment. Although the relationship between
histologic improvement of hepatic steatosis and the reduc-
tion of CAP values has not yet been determined, glutathi-
one may reduce hepatic steatosis.

We also investigated the patient factors associated
with the therapeutic effects of glutathione. We found
that HDL cholesterol and LDL cholesterol levels were
higher and HbA1lc levels lower in ALT responders than
in non-responders. Although the percentage of patients
using statins did not differ significantly between the two
groups, the percentage tended to be lower in ALT
responders than in ALT non-responders. While it can be
nothing more than speculation because of the small
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sample size, patients who showed therapeutic effects fol-
lowing glutathione treatment appeared to be younger
and did not have diabetes or had mild diabetes.

Three patients withdrew from the study because of
fatigue, elevated blood pressure, and a rash. In ALT
responders, HbAlc levels increased and HDL choles-
terol levels decreased after glutathione treatment. A
study of 6522 patients found that 24 (0.4%) had expe-
rienced adverse reactions, the most frequent being
anorexia, nausea, vomiting, and rash [29]. Although
administration of glutathione may have been associ-
ated with a rash in one patient in the current study,
the causal associations between glutathione and other
adverse effects are unclear.

This study had some limitations. First, our study was a
single-arm study without a control group. Second, the
study was limited by the small sample size and the short
treatment period (4 months). Third, as the pathological
conditions of the patients were not evaluated by liver
biopsy, incorporation of orally administered glutathione
in the liver was not confirmed. Fourth, a number of
patients withdrew from the study but no causal associ-
ation can be determined.

Conclusions

Treatment with glutathione significantly improved ALT
levels. In addition, CAP values were significantly
reduced in ALT responders. Our pilot study suggests
that oral administration of glutathione supports hepatic
metabolism and improves NAFLD. To elucidate the
mechanism behind the beneficial effects of glutathione,
further studies that examine the incorporation of orally
administrated glutathione into the liver and the effects
on the host redox system using stable isotope-labeled
glutathione and animal models are required. Large-scale
clinical trials are necessary to confirm the therapeutic
effects of glutathione.
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