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ABSTRACT

BACKGROUND: Hepatitis C has become a worldwide concern because of its association
with hepatocellular carcinoma and liver cirrhosis. Interferon have antiviral properties that
causes modulations in the cytokines cascade that increase the synthesis of reactive oxygen
species and result in oxidative stress and is associated with many inflammatory conditions,
which patients develop soon after the initiation of therapy. AIMS: To assess the oxidative
stress in hepatitis C patients after receiving interferon therapy. METHODOLOGY: For the
current study, blood samples of the Hepatitis C patients who received interferon therapy
(n=100) and healthy individuals were selected (n=100). Plasma was tested for stress markers
by their respective spectrophotometric protocols. ELISA kits were used for AOPPs and
AGEs. RESULTS: The results of present study demonstrate significantly higher levels of
MDA and AOPPs and AGEs along with reduced levels of GSH that support the presence of a
pro-oxidant state in Hepatitis C patients after therapy. Level of MDA, AOPPs and AGEs in
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subjects were significantly increased (3.88+1.06 nmol/ml, 1.32+0.31 p mol/g and 3.77+0.27
p mol/g) as compared to the healthy control group (1.4340.36 nmol/ml, 0.849+0.04 p mol/g
and 2.56+0.10 p mol/g). Whereas, levels of GSH, CAT, GPX and GRX decreased
significantly (3.12+1.40 pg/ml, 1.51+1.15 nmol/mol Prot., 6.53+0.46 U/L, and 3.40
+0.41U/L) as compared to healthy controls (9.79+1.22 pg/ml, 3.95+0.81 nmol/mol Prot.,
8.22+0.36 U/L, 1.47+0.22U/L) CONCLUSION: Hepatitis C patients who received
interferon therapy exhibit low levels of antioxidants along with increased protein and lipid
peroxidation due to presence of inflammation. Interferon therapy in conjunction with
antioxidants and micro nutrients like zinc, iron etc. can help achieve better outcomes by
counteracting the free radicals.
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INTRODUCTION

Hepatitis C is a disease which has
become a global concern of both the
developed and the developing countries.
Hepatitis prevalence is around 3 % in the
world and is highest in the African
countries as well as the East Asia region.
Each year approximately 4 million new
cases of hepatitis C are reported (World
Health Organization, 2000). Hepatitis C
virus is not only responsible for chronic
hepatitis but is also a cause of
hepatocellular carcinoma and fibrosis
leading to liver cirrhosis. Hepatitis C is a
member of the Flaviviridae family. It
comprises of a single positive strand RNA
comprising of 9600 bases (Carvajal-Yepes
et al., 2009; Bartenschlager et al., 2011).
Hepatitis C is transmitted by the infected

blood or its products and is mainly

transmitted through the parenteral route
(Donahue et al., 1992). Hepatitis C is more
common in drug abusers than HIV and
Hepatitis B infection (Wasley and Alter,
2000). Interferon (IFN) is a strong antiviral
cytokine and is most commonly used in
treatment of Hepatitis C (Hep. C).

The interferon o was believed to
have antiviral properties only. The Hep. C
virus is first of all counteracted by innate
immunity response. Viral products are
sensed by the innate immunity sensors and
signaling cascade results in secretion of
cytokines. =~ The interferon  antiviral
signaling pathway or interferon-inducible
2’-5’-oligoadenylate synthase/ RNAse L
pathway also abbreviated as OAS/RNAse
expression  of

L pathway involves

oligoadenylate synthase (OAS) molecules.
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Interferon is produced by the immune cells
upon identification of viral infection. This
interferon binds to its receptors on cell
infected by virus, upon entering the cell
virus releases its genetic material which is
detected by OAS and 2’-5’-oligoadenylate
is produced. This then activates RNAse L
which destroys any single stranded RNA
found. RNAse thus halts the replication of
the virus. RNAse is also capable of
inducing apoptosis of the infected cell
and Wood, 1980 and
1992).

(Hovanessian
Schroder et al., Melanoma
differentiation association gene (MDA 5) is
located in the cytoplasm. It identifies long
ds RNAs and detects positive strand viruses
it generates many inflammatory cytokines
which result in overall increased
inflammatory status of the patient. (Kato et
al., 2008). There is sufficient evidence that
only 10-40% patients after interferon
therapy show rate of sustained virologic
response, SVR (Pearlman and Traub,
2011).Recent research results have shown
that interferon is not an exclusive antiviral
agent but has a strong role in inflammation
by interfering with the T-cell and cytokine
cascade. IFN a promotes formation of T1
helper cells (Thl) instead of producing T2
helper cells (Th2). Thl cells produce IFN-y
which

and interleukin-2, show pro-

inflammatory activities. This interference
was brought to limelight due to the
association of the interferon and its pro
inflammatory  effects.  Interferon a
treatment is shown to have associations
with the rheumatoid arthritis, pancreatitis,
insulin resistance, glomerulonephritis and
many autoimmune diseases (Guttermann,
1995). Interferon developed inflammation
of the pancreatic islets and type 1 diabetes
was induced in mice in a study. IFN a
antibody was introduced in this study
which prevented the diabetes and
inflammation (Stewart et al., 1993). 1L-4
suppresses the IFN-y synthesis. IFN a
suppresses the inhibitory action of IL-4 on
IFN —y as well (Guttermann, 1995).

These inflammatory cytokines act
to promote inflammation and lacks a
specific antiviral response. This increased
level of pro inflammatory cytokines is
associated with specific symptoms labelled
as sickness behavior. In humans, the
interferon therapy in 70% of Hep C
patients gives rise to depression due to
increased inflammation and increased
levels of cytokines in brain (Bonaccorso et
al., 2002). Somatic symptoms like
myalgias, tiredness and depression has

been reported in Hep C patients few weeks

after start of IFN- a therapy (Wichers et al.,
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2005). This inflammation increases the
production of reactive oxygen species
especially in the cells that are infected by
the virus. Hepatitis C virus replicates not
only inside the cytoplasm of liver cells, but
it also attacks and thrives inside the cells of
the immune system. So the hepatocytes as
well as the immune cells undergo stress.
The deficient antioxidant response and the
marked increase of the free radicals
damages the lipids, proteins and DNA
(Farinati et al., 1995).
MATERIALS AND METHODS

The inclusion criteria were to select
patients infected with Hepatitis C and
received interferon therapy. Patients with
Hepatitis B, HIV or infected with any other
virus were excluded. Any other co-existing
disease like Diabetes mellitus or any other
chronic inflammatory condition was ruled
out. 100 patients who had received
interferon therapy and 100 healthy controls
were selected for the current study.
Catalase, Superoxide dismutase,
Glutathione, Glutathione peroxidase and
Glutathione reductase were evaluated for
the anti-oxidant status. Glutathione (GSH)
was evaluated in the blood of patients
according to the method of Moron et al.,

1979. Catalase was determined according

to the generalized procedure of Beutler,

1975. SOD activity was measured by
Kakkar, 1972. Glutathione peroxidase was
measured by the Aebi and Bergmeyer,
1983 method. Glutathione reductase was
determined by the method of David and
Richard (1983).Malondialdehyde (MDA)
or Lipid peroxidation in the blood sample
of  the patients are evaluated
calorimetrically by method of Ohkawa et
al., 1979. AOPPs and AGEs were
performed by commercially available
ELISA kits.
RESULTS

Results of the present study show
that there is significant rise in oxidative
stress who received interferon therapy as
compared to controls. Table 01, fig 01 (a)
shows significantly increased levels of
MDA in the Hepatitis C patients who
received interferon therapy (3.88+1.06
nmol/ml, p value= 0.00) as compared to
healthy males (1.43+£0.36 nmol/ml). In
Table 01, fig 01 (b) shows significantly
decreased levels of SOD in the patients
with interferon therapy (0.09+0.40 pg/ml, p
value= 0.00) as compared to healthy
controls (0.497+0.07 ug/ml). The levels of
GSH, CAT, GPX and GRX decreased
significantly (3.12+1.40 pg/ml, p value=
0.00, 1.51£1.15 nmol/mol Prot., p value=
0.00, 6.53+0.46 U/L, p value= 0.00 and
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340 +0.41 U/L, p wvalue= 0.00) as
compared to healthy controls (9.79+1.22
pg/ml,  3.95£0.81  nmol/mol
8.22+0.36 U/L and 1.47+0.22U/L) as
shown in table 01, fig 01 (c,d,e and f).

Prot.,

There was significant rise in levels of
AOPPs in the Hep. C patients who had
received interferon therapy (1.32+0.31 p

mol/g, p value = 0.00) compared to the
healthy controls (0.849+0.04 p mol/g)
figure 01 (g). Similarly the AGEs were
significantly high in the patients of Hep C
with interferon therapy (3.774+0.27 p mol/g,
p value = 0.00) as compared to controls
who have lower levels of AGEs (2.56+0.10
p mol/g) figure 01 (h).

Table 1: Levels of different variables of medical importance in hep c patients who received interferon

VARIABLES CONTROL (n=100) SUBJECT (n=100) P (0.05)

MDA (nmol/ml) 1.43+£0.36 3.88+1.06 0.00

SOD (ug/ml) 0.49+0.07 0.09+0.04 0.00

GSH (ug/ml) 9.79+1.22 3.12+1.4 0.00

CAT (nmol/mol Prot.) 3.95+0.81 1.51+1.15 0.00

GPy (U/L) 8.22+0.36 6.53+0.46 0.00

GRy (U/L) 1.47+0.22 3.4+0.41 0.00

AOPPs (n mol/g) 0.849+0.04 1.32+0.31 0.00

AGEs (p mol/g) 2.56+0.1 3.77+0.27 0.00

MDA nmol/ml SODug/ml
6 0.6
5 0.5
4 0.4
3 0.3
2 02
=
0
control patient v .
control patient
a) b)
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Figure 01: Levels Of Different Variables Of Medical Importance In Hepatitis C Patient After Interferon Therapy
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Figure: 02 Correlation Matrix Of Antioxidant And Circulating Biomarkers Status Of Hcv Patients After

Interferon Therapy
IFN Inflammatory
. ® cytokines
Virus = ¢
VII#RAL B
RNA TRANSCRIPTION

OF OAS GENE

“_PROTEINS
—

25A

\

RNAse L (Inactive) ——>RNAse (Active)

RNA Cleavage |
! IFN
MDAS5 — » Inflammatory
cytokines

Figure 03: Shows a hepatocyte infected by hepatitis ¢ virus. When interferon therapy is given, interferon binds to its
receptor and it initiates transcription of 2°-5’- oligoadenylate synthase (OAS), which results in formation of 2°-5’-
oligoadenylate proteins. These proteins convert the inactive RNAse to its active form. RNAse destroys the viral RNA
strands found in the cell and halts the replication of virus. MDA 5, melanoma differentiation gene is also located in the
cytoplasm. It not only detects positive long ds RNA strands but it also leads to synthesis and release of many inflammatory
cytokines like, IL1, IFNy, IFNa and TNFa. These cytokines in return increase the formation of reactive oxygen species and

promote inflammation which in return will further increase oxidative damage
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DISCUSSION

The present study results have
shown that the patients with chronic
hepatitis C who received interferon therapy
exhibit oxidative stress due to the
inflammatory response generated by the
interferon. The response and outcome
depends on the viral load, replication rate,
immunity and the antioxidant status of the
patient. Interferon binds to receptors of the
Hep C infected cells and initiates a
signaling which activates RNAse which
destroys the viral strands. Upon activation
of MDAS, various inflammatory cytokines
are produced (Liu et al, 2007).
Inflammatory cytokines like Interferon vy
(IFN- y) produced by lymphocytes,
Interleukin 1 B (IL-1 B) and tumor necrosis
factor o (TNF-a) produced by macrophages,
are the main cytokines responsible for the
inflammatory response. They exert actions
on the host immune and defense as well as
they are responsible for regulation of genes.
TNF-a in hepatocytes have shown to
increase ROS (Corda ef al., 2001; Schulze-
Osthoff et al., 1993). Interleukin-1 B also
increases the ROS production and has been
reported in many studies (Mendes et al.,
2003; Brigelius-Flohe et al., 2004 Kaur et
al., 2004). Similarly IFN- y also increases

ROS production in the lymphocytes (Pearl-

Yafe et al., 2003; 2004). Watanabe et al
(2003) also reported increase in ROS and
ER stress (endoplasmic stress) in the
hepatocytes undergoing apoptosis by the
IFN- y. Complex 1 and complex 111 are
mainly responsible for the ROS produced
by IFN a (Corda et al., 2001). TNF a is
known to increase the ROS production by
hampering with the electron transport chain
(Schulze-Osthoff et al., 1992, 1993;
Goosens et al., 1995; Corda et al., 2001).
TNF o after binding to the receptor
activates G protein which then leads to
activation of phospholipase A2. It also
activates protein kinase C by the
triacylglycerol synthesis from arachidonic
acid (Elbaz et al., 1991; Brach et al., 1993;
Belka et al., 1995). These signaling
cascades are also involved in the cell death.
TNF regulates the cytotoxic and gene
modulation via increased synthesis of ROS
(Jones and Selby, 1989; Schulze-Ostholl et
al., 1992).

Mitochondria are the main site of
ROS production and ceramide has recently
gained attention due to its role of a
mediator in TNF induced ROS production
by the mitochondria (Goosens et al., 1995;
Adamson and Billings, 1992). Ceramide

acts as a second messenger system and

IJBPAS, February, 2019, 8(2)

437



Arif Malik et al

Research Article

increases the production of hydrogen
peroxide. The study conducted by Garcia-
Ruiz et al., showed that there is significant
increase in production of cermaide by the
hepatocytes as an intermediate in the TNF
induced ROS generation and signalling.
Ceramide increases the hydrogen peroxide
formation in the mitochondria by
interfering with complex III of electron
transport chain. Glutathione present in the
mitochondrial depletes soon and as it is the
only defense against the hydrogen peroxide
generated from electron transport chain,
hydrogen peroxide production rises further
and leads to the lipid peroxidation of
mitochondria. So the mitochondrial GSH
levels are the first line of defense against
ROS and its status will define the extent of
damage by the ROS (Garcia-Ruiz et al.,
1997). Endoplasmic reticulum stress leads
to release of calcium in the cytoplasm

(Piccoli et al., 2007; Tardif et al., 2005;

Qadri et al., 2004 and Dionisio et al., 2009).

There is increase in the uptake of calcium
inside the mitochondria by increasing the
uniporter activity. This is a beginning of a
vicious cycle; the entry of calcium inside
the mitochondria leads to increase in
reactive oxygen species (ROS) production
and these ROS

further  sensitize

mitochondria to calcium by opening MPT

pore (Li et al., 2007 and Wang et al., 2010).
The lymphocytes undergo oxidative stress
and damage to DNA is caused. It is known
that PI3K pathway initiates in these
lymphocytic cells. The interferon therapy
targets the hepatocytes as well as the
infected immune cells. The antiviral
signaling pathway of interferon leads to the
production of cytokines which contribute to
inflammation and do not possess a specific
antiviral action (Guttermann, 1995).

In the current study the altered ratio
of oxidized to reduced glutathione also
indicates loss of the antioxidant potential
and it is in accordance with Malik et al.,
2013. The excessive production of ROS
and the poor antioxidant status of the cell
leads to the damage of lipids, proteins and
DNA. Lipid peroxidation results in the
formation of malondialdehyde (MDA) a
hallmark of lipid peroxidation and
oxidative stress in cells (Rosser et al.,
1995). The free radicals are catalyzed by
enzymatic activity of the antioxidants;
Superoxide dismutase (SOD) and Catalase.
SOD catalyzes the superoxides and leads to
formation of the hydrogen peroxide;
another reactive species. This in turn is
converted to oxygen and water by the
activity of catalase. Low levels of activity

of catalase and SOD are reported in
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patients of Hepatitis C viruses (d trials in
the treatment of viral hepatitis C in naive
patients: 1999 update. J Demirdag et al.,
2003). MDA levels were assessed to
determine the amount of lipid peroxidation
in the patients who have received interferon
therapy. There is a lot of research data
available on the increased levels of MDA
in patients with chronic hepatitis (De Maria
et al.1996; Paradis et al., 1997 and Boya et
al., 1999). Values of MDA in all the
patients were significantly high as
compared to the controls. The explanation
to this is the interference of the interferon
with the cytokine cascade leads to
increased free radical production and
resulting in high MDA levels. The current
study results are in accordance to Malik et
al., 2013. Interferon regulates the OAS (2,
5-oligoadenylate synthetase). This OAS
enhanced activity results in the inhibition
of the MDA production from the
cyclooxygenase pathway. The overall
decrease in the production of free radicals
and reduced lipid peroxidation is the major
reason of the decreased MDA levels seen
in some research studies (Hanigan and
William, 1991 and Andreoni et al., 1993).
Increased levels of MDA after interferon

therapy are contrary with the results of

Romero et al. (1998) who also observed a

drop in MDA levels after interferon therapy.
A strong negative co relation between
MDA and GSH exists r = -0.763**. Liver
metabolizes the xenobiotics and possesses
high amounts of antioxidants. Protection
against ROS is by antioxidant systems;
enzymatic and non-enzymatic. Glutathione
system is of particular importance in this
regard. Glutathione peroxidase counteracts
peroxides and uses GSH

(reduced

glutathione). Glutathione reductase
regenerates the oxidized glutathione. In
HCYV infected patients, markedly reduced
levels of this antioxidant is reported both in
the hepatocytes as well as the serum of the
patients. Nrf-2 pathway is reported to be
suppressed by HCV which leads to
decrease in the genes of glutathione system.
(Carvajal-Yepes et al., 2011).

The anti-oxidant defense system
comprises of enzymatic and non-enzymatic
anti-oxidants. Catalase, superoxide
dismutase, glutathione peroxidase and
glutathione reductase. Levels of glutathione
reductase and glutathione peroxidase are
also found to be decreased in Chronic
Hepeatitis C patients. Bhargava et al. (2011)
showed decreased levels of glutathione
reductase, glutathione peroxidase,
superoxide dismutase and catalase in mono

nuclear cells of the peripheral blood smear

IJBPAS, February, 2019, 8(2)

439



Arif Malik et al

Research Article

of hepatitis C. Levent et al. (2006) studied
the antioxidant defense system in hepatitis
C patients before and after therapy with
interferon. Antioxidant enzymes levels
were found to be decreased in hepatitis
patients but improved in patients who
responded to interferon therapy. The
current study results are in contrast to the
Levent et al. (2006) and Osman et al.,
(2007). Decreased levels of SOD in
hepatitis C patients has been identified by
many researchers (Loginov et al., 1991;
Yasuyama et al., 1988 and Irshad et al.,
2002). Glutathione, Glutathione peroxidase,
glutathione  reductase, catalase and
superoxide dismutase all were decreased in
current study and similar were the findings
of Malik et al., 2013. There was a strong
correlation found between the GSH and
SOD r =0.792** and also between GSH
and Catalase r = 0.778**. Oxidative stress
results in the synthesis of advanced
(AGEs) and

glycation end products

advanced oxidation protein products
(AOPPs). It is evident from research data
that with the advancement of chronic
diseases the serum levels of AGEs and
AOPPs increase (Witko-Sarsat ef al., 1996;
1998).AGEs and AOPPs both bind to a
receptor called RAGE (receptor for

advanced glycation end products). This

receptor is expressed by the fibrogenic cells

of liver; heaptic stellate cells and
myofibroblasts. These cells are involved in
the fibrosis of the chronic liver disease.
AOPPs and AGEs after binding to RAGE
are able to induce an inflammatory
response. They initiate a signaling cascade
by activation of NF-xB (Hyogo and
Yamagishi, 2008). AGEs have shown to
significantly increase inflammatory
cytokines by increasing the transcription of
the respective genes.

Thereby, increasing the production
of interleukins, mainly inter leukin 6 (IL-6)
and tumor necrosis factor a (Ekong et al.,
2006). Zuwala-Jagielto et al., (2012)
studied the AOPPs, AGEs and various
inflammatory cytokines and found a
significant rise in the patients of chronic
hepatitis C. AOPPs are known to be
involved in many inflammatory diseases.
They directly modulate pathogenesis of
many diseases (Guo et al., 2008). There is
sufficient evidence of  increased
concentration of AOPPs and AGEs in
plama of chronic hepatitis patients
(Zuwata-Jagietto et al., 2011). Current
study shows a significant rise in the levels
of AGEs and AOPPs after interferon
therapy due to the inflammation provoked

by the cytokines.
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