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Role of N-Acetylcysteine for Improvement of the
Aminotransferase Level in Metabolic Syndrome with Persistent

Liver Enzyme Elevation
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ABSTRACT

Background: TInsulin resistance and metabolic syndrome is strongly associated with non-alcoholic fatty
liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH). According to the pathogenesis of NASH, medi-
cations that minimize oxidative stress may prove useful. N-acetylcysteine (NAC) is one of glutathione prodrugs
which could limit the production of reactive oxygen species. This study aims to investigate the effect of NAC on
liver biochemical improvement in metabolic syndrome patients with persistent aminotransferase level elevation.

Methods: Fourteen patients were diagnosed with metabolic syndrome and had persistent alanine ami-
notransferase (ALT) level over 1.5 times the upper limit of the normal value more than 6 months, after two-month
of lifestyle modification, patients were randomized into 2 groups. The first group received NAC of 600 mg orally
per day plus the standard treatment for NASH (NAC group) and the second group received only the standard
treatment of NASH (control group) for 8 weeks. Changes in variables were measured from baseline to the end of
treatment including; serum ALT, AST, fasting serum glucose, triglyceride, low density lipoprotein cholesterol (LDL),
high density lipoprotein cholesterol (HDL), and body mass index (BMI).

Results: The baseline characteristics between two groups were similar. At the end of the 8-week treat-
ment period, there was a significant change in the mean ALT and AST levels in the control group (p =0.03 and 0.04)
but not in the treatment group (p = 0.27 and 0.53), respectively. All of the patients tolerated the drug well, without
any serious adverse effects.

Conclusion: NAC is a safe medication and can be tolerated well in patients with NAFLD, however,
our study could not detect any statistically significant improvement in the level of serum aminotransferase.
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INTRODUCTION and 2- 3%, In Thailand, the respective NAFLD and

Insulin resistance and metabolic syndrome is
strongly associated with nonalcoholic fatty liver dis-
ease (NAFLD) and nonalcoholic steatohepatitis
(NASH)!), The respective prevalence of NAFLD and
NASH in developed countries is estimated at 20- 30%

NASH in non-HBV, non-HCV chronic hepatitis is
54.3% and 76.1%'7. There is no general consensus on
the effectiveness of any therapeutic agent for the treat-
ment of NASH other than lifestyle modification and
specific medical treatment of the metabolic syndrome.
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According to “the two-hits hypothesis” on the patho-
genesis of NASH®), the first hit is fat accumulation
due to dysregulation of fatty acid metabolism which is
associated with insulin resistance and hyperinsu-
linemia. The second hit, is oxidative stress and lipid
peroxidation, which are associated with cellular adap-
tation, altered signaling pathways and some environ-
mental and genetic factors. This might provide a basis
for the use of drugs that could protect hepatocytes from
oxidative stress. Medications that minimize oxidative
stress such as vitamin E, betaine, superoxide dismutase,
and N-acetylcysteine may be useful.

N-acetylcysteine (NAC) is a glutathione precur-
sor which increases the glutathione level in hepato-
cytes and has some regulatory effects on microcircu-
lation. Increasing the glutathione level could limit the
production of reactive oxygen species which causes
hepatocellular injury. Glutathione prodrugs have pro-
duced beneficial effects in virtually every known ex-
perimental model of hepatotoxicity!”. NAC is the
most well-known glutathione prodrug in clinical prac-
tice with more safety profiles and acceptable costs.
Even though many experimental studies showed im-
provement in liver histology in rats with NASH and
attenuation of oxidative stress from NAC treatment'?,
until now there are few studies that demonstrate the
benefit of NAC in patients with NAFLD!*!3, The
cause and effect relationships of those studies cannot
be fully explained as the effect of NAC on the improve-
ment of biochemical parameters. Furthermore, there
is no clinical trial on NAC as a treatment for patients
with NAFLD in Thailand. The present study aimed to
investigate the effect of NAC on liver biochemical
improvement in patients with NAFLD and metabolic
syndrome.

MATERIALS AND METHODS

Population

The present study recruited NAFLD patients with
metabolic syndrome on regular follow-up at the Gen-
eral Medicine Outpatient Unit of Srinagarind Hospital
between January and December 2009. This study was
approved by the Khon Kaen University Ethics Com-
mittee for Human Research. All patients gave informed
consent before entering the study.

Inclusion criteria

1. Patients with metabolic syndrome defined as
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having at least three of the five of the following!4!%:
1) Abdominal obesity waist circumference
> 90 cm in men; > 80 cm in women or a BMI > 25 kg/
m>
2) Serum triglyceride = 150 mg/dL
3) Serum HDL < 40 mg/dL in men; < 50 mg/
dL in women
4) BP = 130/85 mmHg or currently on antihy-
pertensive therapy
5) Fasting blood sugar > 110 mg/dL
2. Persistent liver enzyme ALT elevation more
than 1.5 times the upper limit of the normal value on at
least 2 separate occasions, 6 months apart, after strict
dietary control for 2 months
3. Between 18 and 80 years of age

Exclusion criteria'®'?

1. Alcohol abuse of more than 20 g/day in the
previous 6 months

2. Serologic evidence of viral hepatitis

3. Previous evidence of other hepatitis and
chronic liver disease : autoimmune hepatitis, primary
biliary cirrhosis, Wilson’s disease, hemochromatosis

4. Decompensated or advanced cirrhosis Child-
Pugh score B or C

5. Use of any of the following medications :
amiodarone, tamoxifen, methotrexate, antioxidants,
metformin, glitazone, theophylline, warfarin, glucocor-
ticoids, estrogen or progesterone therapy

6. Previous surgical procedures : gastric bypass,
jejunoileal bypass, extensive small bowel resection

7. Other co-morbid diseases : congestive heart
failure, end stage renal disease, pregnancy, HI'V infec-
tion

Run-in period

Studied patients required to be the standard treat-
ment for NASH by under a controlled diet for at least
2 months , and given instructions in controlling weight,
exercise counseling, and counseling on cessation of
smoking, herbal medication, vitamin or mineral supple-
ments. The recommendations included: (1) a weight
reduction at least 10% from baseline body weight;
(2) moderate exercise for at least 30 minutes duration,
5 days a week; (3) a diet including complex carbo-
hydrates and fiber (comprising at least 50% of total
energy) and fat 30% of total energy with unsaturated
fatty acids being the major component. All diabetic
patients were treated with oral antidiabetic drugs (not
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metformin and glitziness). Hypertensive and hyper-
lipidemia patients were treated with oral antihyperten-
sive agents and oral lipid lowering drugs, respectively.

Treatment period

After receiving the standard diet and exercise
control program, patients with an ALT persistently > 1.5
times the upper limit of the normal value (30 U/L in
men and 19 U/L in women) on at least two occasions
six months apart were enrolled in the study. Enrolled
patients were randomly assigned to either the experi-
mental or the control group. Both groups received the
standard medical treatment for metabolic syndrome and
NAFLD. Only the experimental group received NAC
600 mg/day for a period of 8 weeks. At baseline and
completion of the 8-week treatment period, the follow-
ing variables were measured: serum ALT, AST, fast-
ing serum glucose, triglyceride, LDL, HDL, total bi-
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lirubin, albumin, globulin, anti-HIV, HBsAg, Anti-
HCV, ANA, BMI, waist-hip ratio (WHR), Homeosta-
sis Model Assessment of insulin resistance index
[HOMA ;; = fasting serum insulin ( pIU/mL) X fasting
serum glucose (mmol/L)/22.5]. During the NAC treat-
ment, patients were follow-up every 4-weeks. Serum
ALT, AST, fasting serum glucose, triglyceride, LDL,
HDL, and BMI were measured on each visit. Figure 1
shows the conceptual framework of the study.

Outcome measurement

The study outcome aimed to compare ALT levels
between the group of receiving NAC treatment versus
the control group (decreased >50% from baseline) or
ALT normalization. Changes in the ALT and AST level
as well as other metabolic parameters (i.e. fasting se-
rum glucose, LDL, HDL, triglyceride, body weight)
were compared between the groups.

Patients with metabolic syndrome

Therapeutic lifestyle changes: diet control,

exercise, cessation of hepatotoxic drugs 2 months
Persistent elevation of ALT > 1.5 times the
upper limit of the normal value
Control

NAC 600 mg/day

Week 0: Check ALT, AST, FBS, lipid, ANA,
HBsAg, Anti-HCV, BMI, HOMA index

Week 4: ALT, AST, FBS, lipid, BMI

End of week 8: Cessation of NAC treatment
Check ALT, AST, FBS, lipid, BMI

Week 0: Check ALT, AST, FBS, lipid, ANA,
HBsAg, Anti-HCV, BMI, HOMA index

Week 4: ALT, AST, FBS, lipid, BMI

End of week 8: Check ALT, AST, FBS,
lipid, BMI

Figure 1. Conceptual framework of the study.
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Statistical analysis

Changes in the ALT, AST, fasting serum glucose,
triglyceride, LDL, HDL, and BMI after the 8-week
treatment period were analyzed for mean + SD or me-
dian £ IQR, then compared using the two-sided 7 test
between those on NAC treatment vs. those on placebo.
Changes in the ALT and AST at the end of treatment
were presented as a percentage of change from the
baseline and compared between groups using the two-
sided ¢ test. The #-test was used to compare the con-
tinuous data (i.e. for age, BMI, fasting serum glucose)
and the Chi-square (or Fisher’s exact test) for categori-
cal numbers (i.e. sex). A p-value of less than 0.05 was
accepted as statistically significant.

REsuLTS

A total of 72 patients with metabolic syndrome
were included in the study. Fifty-two patients were
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excluded for the following reasons: unable to join the
regular follow-up program (n = 23), serum ALT level
was decreased to less than 1.5 times the upper limit of
the normal value after a 2-month period of lifestyle
modification (n = 20), unable to complete the lifestyle
modification program which included failure to stop
alcohol drinking (n = 3), previously received metformin
as a treatment for diabetes mellitus (n = 3), positive
for HBsAg (n = 2), anti-HCV positive (n = 1), and
ANA positivity (titer = 1:80) (n = 6). Fourteen
patients were successfully included. The baseline
characteristics are presented in Table 1. There was no
statistically significant difference in sex distribution
between groups, albeit the treatment group had more
males than females (p = 0.12). The other baseline char-
acteristics were similar between groups. The baseline
liver biochemical parameters are presented in Table 2.
The baseline serum ALT level was slightly higher in
the NAC group than in the control group (p = 0.29).

Table 1. Baseline characteristics of the patients.

Parameters NAC group Control group
Number (%); Mean £ SD (N=8) (N=6) p-value
Gender (male/female) 7/1 3/3 0.12
Age (years) 50.1 £ 6.5 495+7.6 0.87
BMI (kg/m?) 27.6 +3.2 292+ 1.1 0.26
WHR 0.9 £0.05 0.9 £ 0.05 0.82
Fasting serum glucose (mg/dL) 115.6 £27.4 113.3 +31.9 0.89
Systolic blood pressure (mmHg) 134 £ 16.2 126.7 £ 13.7 0.39
Diastolic blood pressure (mmHg) 84.1 +13.5 783 +£9.8 0.39
LDL-cholesterol (mg/dL) 146.7 £ 29.8 144.2 + 46.3 0.90
HDL-cholesterol (mg/dL) 44,1 £6.9 47 £11.2 0.56
Triglyceride (mg/dL) 179 £ 84.9 1543 £32.2 0.52
Serum insulin (W[U/mL) 32.0 +23.9 354 +23.1 0.81
HOMA; index 9.0+7.8 10.7 + 8.7 0.73

Abbreviations: BMI, body mass index; LDL-cholesterol, cholesterol bound to low-density lipoproteins; HDL-cholesterol, cholesterol bound
to high-density lipoproteins; HOMA ; , homeostasis model assessment of insulin resistance

Table 2. Baseline liver biochemical parameters.

Parameters NAC group Control group

Mean + SD (N=8) (N=6) p-value
ALT (U/L) 80.3 + 21.1 643 +£329 0.29
AST (U/L) 463 + 16.0 45 +£26.6 0.91
ALP (U/L) 78.6 £ 19.7 82.2+269 0.78
Total bilirubin (mg/dL) 0.8+ 0.3 0.7+0.3 0.68
Albumin (g/L) 47+02 47+03 0.72

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase
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Table 3. Mean changes in liver biochemical and metabolic parameters at the end of the 4-week NAC treatment period.

NAC group (N=8)

Control group (N = 6)

Parameters
. Mean change . Mean change p-value*
(Mean £ SD) Baseline p value Baseline p value
at 4-week at 4-week

ALT (U/L) 80.3 +£21.1 -12.9 £243 0.18 64.3+329 -6.8+153 0.33 0.60
AST (U/L) 46.3 £16.0 -0.6 £16.2 0.92 45.0 £26.6 -75+£11.5 0.17 0.39
FBS (mg/dL) 115.6 +27.4 8.5+14.9 0.22 113.3£31.9 -0.7£16.3 0.95 0.42
BMI (kg/m?) 27.6 £3.2 0.3+0.7 0.29 292+ 1.1 03+0.5 0.18 0.95
LDL (mg/dL) 146.8 +£29.8 6.5+12.1 0.17 1442 £46.3 0.2 £38.9 0.99 0.67
Triglyceride (mg/dL) 179 £84.9 -31.9+494 1543 £32.2 0.8 £63.0 0.98 0.32
HDL (mg/dL) 441 +£6.9 34+£55 47 £11.2 -52+184 0.50 0.84

*Difference of mean change in parameters at the end of 4-week treatment period of both groups
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; FBS, fasting blood sugar; BMI, body mass index; LDL-
cholesterol, cholesterol bound to low-density lipoproteins; HDL-cholesterol, cholesterol bound to high-density lipoproteins

Table 4. Mean changes in liver biochemical and metabolic parameters at the end of the 8-week NAC treatment period.

NAC group (N =8)

Control group (N = 6)

Parameters
. Mean change . Mean change p-value**
(Mean + SD) Baseline p value Baseline p value
at 4-week at 4-week

ALT (U/L) 80.3 £ 21.1 -93+219 0.27 643+329 -17.2+135 0.03* 0.45
AST (U/L) 46.3 +16.0 2.6+11.3 45.0 £ 26.6 -11.3+9.8 0.04*
FBS (mg/dL) 115.6 +27.4 3.0+£16.870 0.68 113.3+319 -17.5+£42.7 0.36 0.30
BMI (kg/m?) 27.6 +3.2 0.1+0.7 0.65 292+ 1.1 0.1+0.7 0.71 0.98
LDL (mg/dL) 146.8 £29.8 -14.0 = 36.2 144.2 +£46.3 -5.7+47.6 0.78 0.72
Triglyceride (mg/dL) 179 + 84.9 0.9 £65.6 0.97 1543 £32.2 -7.7+91.7 0.85 0.84
HDL (mg/dL) 44.1+6.9 1.9+59 0.39 47 +11.2 -1.0+£5.2 0.66 0.36
*p <005

**Difference of mean change in parameters at the end of 4-week treatment period of both groups
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; FBS, fasting blood sugar; BMI, body mass index; LDL-
cholesterol, cholesterol bound to low-density lipoproteins; HDL-cholesterol, cholesterol bound to high-density lipoproteins

At the end of 4-week period of treatment, there was no
statistically significant change in the liver biochemi-
cal and other metabolic parameters within or between
groups (Table 3). At the end of the 8-week treatment
period, there was a significant change in the mean ALT
and AST levels in the control group (p =0.03 and 0.04,
respectively) (Table 4). There was no significant dif-
ference in the changes of aminotransferase between
both groups at the end of treatment. The percentage of
change in the ALT and AST at the end of treatment
was slightly greater in the control group than those in
NAC group (p = 0.29 and 0.16) (Table 5). Only one
patient in the control group presented a greater than
50% decreasing in ALT level from baseline at the end
of treatment. All of the patients (100%) in the NAC
group tolerated the drug well without any serious ad-
Vverse events.

Table 5. Mean changes in liver biochemical parameters at
the end of treatment; data shown in percent of
changes from baseline.

NAC group Control group

Parameters (N=8) (N=6) p-value
ALT -11.5% -26.7% 0.29
AST -5.7% -25.2% 0.16

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase
DiscussioN

This is the first randomized controlled trial in
Thailand to investigate the effects of NAC on the im-
provements of liver biochemical parameters in patients
with NAFLD and metabolic syndrome. Liver biopsy
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was not performed in the present study because it was
agreed that the risks to patients outweighed any ben-
efits. All of patients with NAFLD were diagnosed by
ultrasonography of upper abdomen.

Even though NAC appears to improve the ami-
notransferase level according to the pathogenesis of
NASH, the present study failed to detect any statisti-
cally significant change in the NAC group. This could
be mainly due to the small sample size. The respec-
tive decrement in ALT and AST levels was significant
only in the control group, perhaps because of an im-
balance in the male to female distribution between
groups. The NAC group comprised mainly male
patients over against female in the control group.
Females may have a greater awareness of weight con-
trol and cessation of alcohol than males. Also males
may under-report their alcohol drinking. There have
been two experimental studies which used NAC for
the treatment of NASH. The first uncontrolled study
showed significant improvements in aminotransferase
levels in 11 patients after a 3-month treatment of 1 g
NAC/day"?. The second study was a randomized con-
trolled study conducted in 30 NASH patients'®. NAC
600 mg/day was administered orally for 4 weeks to15
patients, while the control group (n = 15) was followed
up without therapy during that period. In this second
study, it was not possible to attribute improvements in
the biochemical parameters as therapeutic effects of
the drug, possibly because of numerous confounding
parameters during the treatment and naturally occur-
ring fluctuations in the ALT and AST levels over the
course of the disease. These reasons might explain the
results of our study. However, since NAC is a safe
and inexpensive orally administered drug, further study
with a larger sample size, higher dosage regimen or
stratification of changes of the other metabolic param-
eters included in analytical processes is warranted.

In conclusion, NAC is a safe medication and can
be tolerated well in patients with NAFLD, however,
our study could not detect any statistically significant
change in the level of serum aminotransferase.
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