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Purpose: Oxidative stress is involved in pathogenesis of chronic viral hepatitis. Glutamine
is an antioxidant, but there is a controversy about its risk-benefits. Nitrotyrosine is an
oxidative stress marker. This observational cross-sectional study was designed to compare
blood levels of glutamine and nitrotyrosine in treated versus untreated chronic viral hepatitis
patients.

Patients and Methods: Five groups (n = 250) were included: hepatitis B untreated (HBV),
hepatitis C untreated (HCV), HBV treated (HBVT), and HCV treated (HCVT) groups plus
a normal control group. Liver function tests and blood levels of glutamine, nitrotyrosine,
viral loads, and HBsAg were measured.

Results: Blood levels of glutamine and nitrotyrosine in all patient groups significantly
increased compared with normal controls with non-significant differences in-between. Both
tests showed significant large correlations with HBV-DNA or HCV-RNA test positivity, high
accuracies, and cutoff scores with high sensitivities and specificities. The viral loads and
HBsAg levels were significantly lower in treated versus untreated groups. However, they
poorly correlated with levels of glutamine and nitrotyrosine in all patient groups.
Conclusion: Blood levels of glutamine and nitrotyrosine significantly increased in treated
and untreated chronic viral hepatitis B and C patients compared with normal controls. Both
tests showed high accuracies and cutoff scores with high sensitivities and specificities.
However, they did not differ significantly in treated versus untreated patients. To our
knowledge, this is the first data showing elevation of glutamine and nitrotyrosine in treated
and untreated chronic viral hepatitis. A prospective longitudinal study with repeated mea-
surements of glutamine and nitrotyrosine is recommended to verify if they can predict
response to treatment. Study of other oxidative stress markers is also advised to clarify if
the elevated nitrotyrosine could be an oxidative stress marker in these patients, and whether
the increased glutamine could act as an antioxidant or as a predictive agent for deleterious
consequences.
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Introduction

In liver diseases, it seems that glutamine and nitrotyrosine play important roles as
biomarkers or as contributors to manifestations. In viral hepatitis, liver injury is
caused by immune-related mechanisms. While the virus-specific T cells and the
nonspecific cells give to injury, the regulatory T cells and myeloid-derived sup-
pressor cells control it." The oxidative stress is a possible mechanism in pathogen-
esis of chronic viral hepatitis.” Glutamine is the most plentiful amino acid in the
body, and it is an important fuel for the immune system cells. Since glutamine is

a precursor of glutathione, it has beneficial anti-inflammatory and antioxidant
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properties and its addition in the clinical diet can help
avoid damage due to oxidative stress.® In streptozotocin-
induced diabetic rats, glutamine supplementation increased
antioxidant capacity, normalized antioxidant enzyme activ-
ities, and decreased renal nitrotyrosine level.* Glutamine is
included in clinical nutrition supplementation protocols,
and it is recommended for immunosuppressed patients.
However, based on its recently detected harmful effects,
it is difficult to determine whether all individuals will
benefit from it.> It was suggested that high glutamine
levels are related to elevated ammonia concentrations
and possible occurrence of hepatic encephalopathy.®
Brain ammonia is metabolized to glutamine in astrocytes
in hepatic encephalopathy due to a severe liver disease.
Glutamine is then transported into mitochondria and
hydrolyzed to ammonia causing activation of the mito-
chondrial permeability transition and oxidative stress.
Therefore, targeting mitochondrial transport or hydrolysis
of astrocytic glutamine seems to be an effective method
for treatment of hepatic encephalopathy.” Moreover, liver
failure may be associated with a high plasma glutamine
level which could be regarded as a biomarker or as
a contributor to its manifestations.® Surprisingly, a low
blood level of glutamine is found in about 30% of ICU
admission, and it was found to be an independent predictor
for mortality.” Nitric oxide is thought to react with super-
oxide yielding peroxynitrite; a potent oxidant; which oxi-
dizes tyrosine to 3-nitrotyrosine within cells and tissue
lesions. It was found that intrahepatic accumulation of
nitrotyrosine; resulting from nitration of tyrosine residues
by reactive peroxynitrite species; is markedly increased in
the inflamed hepatic tissue in chronic viral hepatitis and it
appeared to be related to severity of the histological
changes.'® The 3-nitrotyrosine is a marker for oxidative
stress in different chronic and degenerative diseases
because oxidation of tyrosine to 3-nitrotyrosine is irrever-
sible. Effective detoxification of the 3-nitrotyrosine bound
to proteins decreases protein oxidation damage in such
disorders.'" In addition, nitrotyrosine is considered
a biomarker of nitrogen free radical species modified
proteins.'? The antioxidant therapy is not always effective
as add-on treatment for hepatitis because antioxidants; if
not used at the right setting and dosing schedule; they can
become pro-oxidants.'? Taken together, the current study
was designed to compare blood levels of glutamine and
nitrotyrosine in treated versus untreated chronic viral

hepatitis patients.

Materials and Methods
Study Design and Participants

This observational cross-sectional study was approved by
the King Abdulaziz University (KAU)-Research Ethics
Committee (approval number: 609-18) and was performed
in accordance with the Helsinki Declaration. The chronic

hepatitis patients were randomly recruited from
Gastroenterology and Hepatology Department, King
Abdulaziz ~ University (KAU) Hospital between

January 2018 and December 2020. Four groups of patients
(n = 250) were included: hepatitis B untreated group
(HBV), hepatitis C untreated group (HCV), HBV treated
(HBVT) group, and HCV treated (HCVT) group. The
diagnosis of HBV was based on positive HBsAg and
HBV DNA testing while that of HCV was based on
positive HCV antibodies and HCV RNA testing in addition
to elevation of aminotransferases (above the reference
range which is 15-37 U/L for AST and 12-78 U/L for
ALT)."* Normal control subjects of comparable age and
sex (NC) were randomly recruited from those who visit
KAU Hospital for routine medical checkups. Written
informed consents were taken from all participants. The
exclusion of subjects from the study was built on the
history, clinical picture, and investigations. The exclusion
criteria included patients with liver cirrhosis (APRI score;
AST/platelet ratio index; of <0.3),'*> combined hepatitis B/
C infection, and hepatitis B/D co-infection. Others
included uncontrolled diabetes (fasting blood glucose
level of >126 mg/dL, random blood glucose level of
>200 mg/dL, or Hb A1C level of >6.5%), severe renal
dysfunction (creatinine clearance 15 — <30 mL/min.), and
subjects with metabolic disorders such as those affecting
amino acid metabolism and mitochondrial diseases. After
overnight fasting blood was taken and serum was sepa-
rated and stored at —80°C till analyzed. The following
measurements were done:

Assay of Liver Functions, HV Serology,
HBV DNA, and HCV RNA

The liver function tests including levels of total protein (TP),
albumin, alkaline phosphatase (ALP), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), y-glutamyl
transferase (GGT), and total bilirubin (TB) were measured
using the commercially available kits (MyBioSource, Inc.
CA, USA). The HV serology markers were measured by
the chemiluminescent microparticle immunoassay method
(Abbott Diagnostics, IL, USA) and serum levels of HBV
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DNA and HCV RNA were measured by the real-time PCR
kits (Roche Diagnostics, IN, USA) according to the manu-
facturer’s protocols.

Assay of Glutamine (GLN)

It was done using an ELISA kit (Aviva Systems Biology
Corp., CA, USA). Briefly, the plate is coated with human
GLN antibody which binds GLN in the sample or the
standard. Then, GLN is bound by biotinylated human GLN
antibody which will be bound by streptavidin-HRP. After
incubation, the unbound streptavidin-HRP is removed by
washing. Substrate is added and color develops in proportion
to the concentration of GLN. Stop solution is added to end
the reaction and absorbance is measured at 450 nm.

Assay of Nitrotyrosine (NT)

It was done using an ELISA kit (Abcam Comp., Cambridge,
UK). Briefly, a method based on the Biotin double antibody
sandwich technique was used. The wells are pre-coated with
NT monoclonal antibody which binds NT in the sample or
the standard. After incubation, NT antibodies labeled with
biotin are added to bind NT. Then, streptavidin-HRP is
added to bind to the biotinylated NT antibody. Unbound
enzymes are removed by washing. Substrate is then added,
and color occurs in proportion to NT concentration. The
reaction is stopped by addition of the acidic solution and

absorbance is measured at 450 nm.'®

Statistical Analysis

The SPSS version 22 (SPSS Inc., IL, USA) was used. Data
was given as mean values + SEM. The ANOVA with Tukey’s
test was used for multiple comparisons. To calculate a cost-

effective sample size, we set the significance level at P <0.05
and used a statistical power of 80% which is widely used to
avoid false-negative associations. The effect size and stan-
dard deviation were obtained from scientific literature. The
glutamine or nitrotyrosine levels were examined by age,
gender, and liver function tests through a linear regression
analysis. Pearson correlation was used to detect correlations
between viral loads and HBSAG and glutamine or nitrotyr-
osine levels of hepatitis patients. Moreover, Spearman corre-
lation was used to detect correlations between glutamine and
nitrotyrosine levels of normal subjects or hepatitis patients
and the standard diagnostic tests for hepatitis. The sensitivity,
specificity, and cutoff concentrations were calculated through
generation of the receiver operating characteristic (ROC)
curve. The area under the ROC curve (AUROC) was calcu-
lated as a measure of test performance. Discriminant analysis
was done to detect ability of glutamine or nitrotyrosine tests
to correctly classify the patients from normal subjects.

Results

Participants

The participants’ demographic characteristics and the liver
function tests are shown in Table 1. There were significant
reductions in liver function tests in the treated groups
versus the untreated ones.

Levels of GLN and NT in HBV, HBVT,
HCV, and HCVT Patients

As shown in Table 2, the linear regression analysis
between age, gender, and liver function tests as predictor
variables and blood GLN or NT levels as dependent

Table | Participants’ Demographic Data and Liver Function Tests of NC, HBV, HBV-Treated (HBVT), HCV, and HCV-Treated (HCVT)

Groups (n = 250)

NC HBV
Gender (M/F) 163/87 (65.2/34.8%) 160/90 (60/40%)
Age (years) 48.83 + 0.74 48.72 £ 0.75
TP (g/L) 78.55 + 0.37 80.14 £ 0.31
Albumin (g/L) 46.60 + 0.24 43.64 £ 0.18
ALP (U/L) 52.18 £ 0.79 8l.11 £0.98
AST (U/L) 24.26 £ 0.27 86.31 + 1.68
ALT (U/L) 33.50 £ 0.23 224.88 + 19.94
GGT (U/L) 2529 £ 0.14 101.49 + .88
TB (pumol/L) 528 £ 0.10 11.94 £ 0.15
AST/ALT ratio 0.73 £ 0.01 0.67 = 0.02

HBVT HCV HCVT
153/97 (61.2/38.8%) 147/103 (58.8/41.2%) 155/95 (62/38%)
4901 + 0.74 47.89 + 0.86 49.01 £0.74
75.37 + 0.48* 77.00 + 0.29 73.64 + 0.57*
39.86 + 0.34* 4147 £0.23 36.46 + 0.33*
59.01 + 1.03* 105.98 + 0.73 65.72 + |.14%
27.89 + 0.44" 50.70 + 2.78 23.64 + 022"
37.32 £ 0.50" 87.56 + 3.80 33.32 £ 0.50"
32.14 + 0.94% % 114.07 + 1.62 3450 + 0.56°
6.81 + 0.09* 16.78 + 0.43 7.97 + 0.06*
0.76 + 0.01" 0.62 + 0.01 0.74 + 0.01"

Notes: Data were expressed as Mean + SEM. For total proteins (TP), albumin, alkaline phosphatase (ALP), and total bilirubin (TB): *P < 0.001: HBVT, HCVT vs NC and
HBVT vs HBV and HCVT vs HCV. For aspartate aminotransferase (AST), alanine aminotransferase (ALT), and AST/ALT ratio: "P < 0.001: HBVT vs HBV and HCVT vs HCV.
For y-glutamyl transferase (GGT): #P < 0.01 (= 0.001): HBVT vs NC. $p < 0.001: HCVT vs NC and HBVT vs HBV and HCVT vs HCV.
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Table 2 Coefficient of Determination (R?) Values of Linear Regression Analysis between Demographic Data and Liver Function Tests
as Predictor Variables and Blood Glutamine (GLN) or Nitrotyrosine (NT) Levels (ng/mL) as Dependent Variables in HBY, HBV-Treated

(HBVT), HCV, and HCV-Treated (HCVT) Groups (n = 250)

HBV HBVT HCV HCVT

Model Predictor GLU NT GLU NT GLU NT GLU NT

| Gender 0.000 0.000 0.004 0.004 0.010 0.020 0.022 0.009
2 Age 0.010 0.002 0.007 0.004 0.020 0.020 0.022 0.009
3 Albumin 0.013 0.002 0.009 0.006 0.103 0.094 0.037 0.017
4 ALP 0.014 0.011 0.033 0.087 0.129 0.094 0.041 0.019
5 AST 0.016 0.011 0.035 0.088 0.129 0.117 0.046 0.022
6 ALT 0.018 0.031 0.040 0.091 0.168 0.131 0.047 0.032
7 GGT 0.033 0.040 0.041 0.095 0.171 0.137 0.056 0.033
8 B 0.044 0.047 0.048 0.099 0.206 0.166 0.075 0.033

variables showed small non-significant values of the coef-
ficient of determination (R?) in untreated and treated
chronic HB and HC groups indicating absent or poor
correlation. Table 3 shows that the levels of GLN and
NT in untreated and treated chronic HB and HC groups
increased significantly from their levels of the NC group
with non-significant differences in-between. In addition, as
shown in Table 4, for chronic hepatitis B untreated and
treated patients, Spearman Correlation showed that there
were significant large correlations between GLN and NT
and the HBV DNA test positivity.
Moreover, the ROC curves (Figure 1) showed that the
AUROC for both GLN and NT were more than 0.9 with
significant P values, and high sensitivity and specificity

concentrations

values. In addition, the discriminant analysis showed that
GLN and NT assays were able to identify HBV patients
from NC with eigenvalues more than 1.0 and canonical
correlations above 0.7. The sensitivity and specificity
values for GLN and NT tests were equal to the values
calculated from the ROC curves. The percentage of cor-
rectly classified cases of each of the original and cross-
validated grouped cases for GLN and NT tests respectively
were 95.2% and 88.8% in HBV patients and 96.2% and
86.6% in HBVT patients. In chronic hepatitis C untreated

and treated patients, Spearman correlation, the ROC
curves (Figure 2), and the discriminant analysis with
HCV RNA test positivity showed similar results to those
with hepatitis B except that the eigenvalue for NT in HCV
group was 0.994. The percentage of correctly classified
cases of each of the original and cross-validated grouped
cases for GLN and NT tests respectively were (87% and
86.6%) and 83.8% in HCV patients and 93.4% and 87.8%
in HCVT patients.

Relation Between Viral Loads and GLN
and NT in HBY, HBVT, HCV, and HCVT

Patients

The viral load levels significantly decreased in the treated
versus untreated group. The Pearson correlation between
the viral loads and GLN or NT levels showed small non-
significant correlation coefficients (r) indicating absent or
poor correlation (Table 5).

Relation Between HBsAg Level and GLN

and NT in HBV and HBVT Patients

The HBsAg levels significantly decreased in HBVT versus
HBYV group. The Pearson correlation between the HBsAg
and GLN or NT levels showed small non-significant

Table 3 Levels of Glutamine and Nitrotyrosine (ng/mL) in NC, HBV, HBV-Treated (HBVT), HCV, and HCV-Treated (HCVT) Groups

(n = 250)
Glutamine Nitrotyrosine
NC HBV HBVT HCV HCVT NC HBV HBVT HCV HCVT
4.03 9.07 874 + 9.00 + 898 + 7039 178.85 + 169.56 + 175.14 £ 167.32 =
0.10 0.14* 0.10% 0.12* 0.14* 1.76 3.89* 3.61* 4.37*% 3.26%*

Note: Data were expressed as Mean + SEM. *P < 0.001 vs NC.
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Table 4 Values of Spearman Correlation Coefficient (Rho), Area Under Receiver Operating Characteristic (AUROC) Curve, Cutoff,
Sensitivity (%), Specificity (%), Eigenvalue, and Canonical Correlations between Glutamine (GLN) and Nitrotyrosine (NT) Levels and
the HBV DNA Test Positivity in HBV and HBV-Treated (HBVT), and HCV RNA Test Positivity in HCV and and HCV-Treated (HCVT)

Groups (n = 250)

Group Rho AUROC Cutoff Sensitivity Specificity Eigenvalue Canonical Correlation
HBV-GLN 0.816* 0.971* 6.560 97.20 93.20 I. 668 0.791
HBV-NT 0.705* 0.907* 128.150 83.60 94.00 1.296 0.751
HBVT-GLN 0.824* 0.975% 6.335 100.00 92.40 2. 264 0.833
HBVT-NT 0.700* 0.904* 115.900 83.60 100.40 1.226 0.742
HCV-GLN 0.819* 0.971* 6.680 80.80 93.20 2.044 0.819
HCV-NT 0.700* 0.903* 128.150 73.60 94.00 0.994 0.706
HCVT-GLN 0.824* 0.974* 6.405 94.40 92.40 1.680 0.792
HCVT-NT 0.748%* 0.932%* 116.260 86.00 89.60 1.374 0.761

Note: *P < 0.001.

correlation coefficients (r) indicating absent or poor corre-
lation (Table 6).

Discussion

The sensitivity and specificity of a diagnostic test are used
to evaluate its performance in the case of a binary pre-
dictor. However, in cases where the predictors are mea-
sured on a continuous or ordinal scale, it is appropriate to
assess the test performance over the range of possible cut
points for the predictor variable using the receiver operat-
ing characteristic (ROC) curve.'” In the current study, the
ROC analysis showed high overall accuracy of both GLN
and NT tests. The area under the ROC curves (AUROCsS)
were outstanding indicating ability of each test to discri-
minate diseased cases from normal subjects. Both GLN
and NT tests showed cutoffs scores with high sensitivity
and specificity, and 83.8-96.2% of the cases in the differ-
ent groups were correctly classified which is pretty good.
The eigenvalues were more than one (except for NT in
HCV group which was nearly one) indicating presence of
many reliable components according to Kaiser rule.'® The
canonical correlation values are considered quite high for
the effect size."”

Blood glutamine levels were found elevated in acute
and chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma®” Oxidative stress, induced by hepatitis
viruses, is one of the triggers of the hepatocellular
carcinoma (HCC) associated with chronic hepatitis.?'
The hepatitis virus (HV) induces glutaminolysis to
help viral replication, but this predisposes the cells to
cancer transformation. Thus, targeting glutaminolytic
enzymes could be an interesting preventive measure
HV-hepatocellular (HCC).2*%

against carcinoma

Certain biomarkers for HCV-HCC have been identified
in cancerous tissues of HCV-infected patients such as
increased expression and phosphorylation of liver gluta-
mine synthetase.”* Also, in chronic hepatitis B patients,
the expression level of glutamine synthetase was found
elevated in serum and hepatic tissue.”> Moreover, hepa-
titis C patients; who received treatment with pegylated
IFN-a; were found to have increased levels of cortical
glutamine.?® There is a wide controversy about risk-
benefits of glutamine.”’ Glutamine has a useful effect
on infectious complications and can decrease hospital
stay.”® Both low and high plasma glutamine concentra-
tions were found to be risk factors for mortality in
critically ill patients like those with fulminant hepatitis.
The mortality rates with plasma glutamine less than 400
nmol/mL or more than 700 nmol/mL were found to be
significantly higher than with levels of 400-700 nmol/
mL.*° Elevated blood levels of glutamine are occasion-
ally seen in acute and chronic liver failure where they
significantly correlated with severity and may be pre-
dictive for negative outcomes in critically ill patients.®
Moreover, a high level of glutamine contributed to brain
edema and was directly involved in pathogenesis of
hepatic encephalopathy.’® In addition, targeting both
glutaminase and the glutamine transporter ASCT2
could be a new treatment approach for glutamine
addicted liver cancers.’’ On the other hand, in rats
with ischemia/reperfusion injury of the intestine, admin-
istration of glutamine reduced nitrotyrosine formation.**
Also, in portal hypertension gastropathy, glutamine
administration markedly improved oxidative/nitrosative
stress and decreased the formation of nitric oxide and

peroxynitrite.*?
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Figure | The receiver operating characteristic (ROC) curve for glutamine (GLN) and nitrotyrosine (NT) detection of HBV infection according to positive DNA testing in

the patient groups: (A) GLU-HBV, (B) NT-HBV, (C) GLU-HBVT, and (D) NT-HBVT.

Nitrotyrosine is a biomarker of nitrogen free radical
species modified proteins and measurement of 3-nitrotyr-
osine could be a promising biomarker of oxidative stress
for major neurological diseases.** Serum nitrotyrosine was
reported to be significantly high in patients with chronic
hepatitis B.'? Also, intrahepatic elevation of nitrotyrosine
was shown in viral hepatic diseases but not in non-viral
diseases.'” In a controlled clinical trial, determination of
serum 3-nitrotyrosine was found useful to identify patients
with minimal

hepatic encephalopathy with good

sensitivity, specificity, and positive and negative predictive
values.'® In patients with primary biliary cirrhosis and
autoimmune hepatitis, expression of intrahepatic inducible
nitric oxide synthase was enhanced and the accumulation
of nitrotyrosine was related to the severity of liver
damage.®® In contrast to our results, there was no statisti-
cally significant difference of nitrotyrosine levels between
untreated chronic viral hepatitis patients and the controls.
And no significant correlations were detected between the

levels

of malondialdehyde, myeloperoxidase, and
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Figure 2 The receiver operating characteristic (ROC) curve for glutamine (GLN) and nitrotyrosine (NT) detection of HCV infection according to positive RNA testing in
the patient groups: (A) GLU-HCV, (B) NT-HCV, (C) GLU-HCVT, and (D) NT-HCVT.

nitrotyrosine (as markers of oxidative stress) and the viral
load, necro-inflammation, or fibrosis of the liver.'*

A possible explanation of these contradictory results is

shown in blood."?

that there is an increase of hepatic nitric oxide in cases
of viral liver diseases, however this might not always be

Table 5 Correlation Coefficient (r) Values of Pearson Correlation Analysis between Viral Load (VL, KIU/mL) and GLN or NT Levels
(ng/mL) in HBV, HBV-Treated (HBVT), HCV, and HCV-Treated (HCVT) Groups (n = 250)

HBV HBVT HCV HCVT
VL GLN NT VL GLN | NT VL GLN NT VL GLN | NT
23.76 £ 1.93 | —0.068 | —0.045 | 0.08 £ 0.01* | 0.098 | —0.060 | 923.37 + 27.74 | — 0.062 | 0.007 | 0.13 + 0.05* | 0.108 | — 0.032
Notes: Data were expressed as Mean + SD. *P < 0.001: VL level in HBVT vs HBV and in HCVT vs HCV.
International Journal of General Medicine 2021:14 https: 8759
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Table 6 Correlation Coefficient (r) Values of Pearson Correlation Analysis between HBsAg Levels (Logl0 IU/mL) and GLN or NT

Levels (ng/mL) in HBV and HBV-Treated (HBVT) Groups (n = 250)

HBV HBVT
HBsAg GLN NT HBsAg GLN NT
6.47 + 0.89 - 0.01I6 —0.049 4.02 + 0.43* 0.076 —0.040

Notes: Data were expressed as Mean + SD. *P < 0.001: HBsAg level in HBVT vs HBV.

In the current study, the viral loads and HBsAg level were
significantly lower in the treated versus untreated groups con-
firming their importance as predictors of treatment outcome.
Quantitation of HBsAg is an increasingly popular method to
predict response to treatment in CHB patients and the HbsAg
level at six months post-treatment significantly differed from
the baseline HbsAg level.*® In patients with chronic hepatitis
B, the DNA load predicts response of treatment.*” Similarly, in
hepatitis C patients, the RNA load predicts response of treat-
ment and low levels of quantifiable HCV RNA at end of
treatment do not exclude treatment success.”® The current
study showed poor correlations between the viral loads or
HBsAg level and blood GLN or NT levels in the untreated
and treated HV groups. However, these findings need to be
evaluated in a prospective longitudinal study with repeated
measurements of these parameters over time to detect if they
can predict response to treatment.

Limitations of the current study included that blood levels
of GLN and NT were not tested as markers for liver fibrosis
and/or liver disease within HBV or HCV infected individuals.
Also, other markers of oxidative stress were not evaluated. In
addition, due to the cross-sectional design of the study, the
levels of GLN and NT were measured only once and there
was no follow-up of participants to detect if these parameters
can predict response to treatment over time.

Conclusion

The blood levels of glutamine and nitrotyrosine significantly
increased in untreated and treated chronic viral hepatitis
B and C patients compared with normal controls. Both glu-
tamine and nitrotyrosine tests showed high accuracy and
cutoff scores with high sensitivity and specificity. They
were able to discriminate treated and untreated cases from
normal controls; however, they did not differ significantly in
treated versus untreated patients. This may be attributed to
the cross-sectional nature of our study. To our knowledge,
this is the first study demonstrating elevation of glutamine
and nitrotyrosine in untreated and treated chronic viral hepa-
titis. A prospective longitudinal study with repeated mea-
surements of glutamine and nitrotyrosine at different time

points is recommended because it could help detect if they
can predict response to treatment. Study of other markers of
oxidative stress is also recommended to determine if the
elevated nitrotyrosine could be a marker of oxidative stress
in these patients, and to clarify whether the increased gluta-
mine could act as an antioxidant or as a predictive agent for
deleterious consequences.
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