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chemokines (Stephen et al., 2001). 

The biological activities of Nitric Oxide (NO)

were first widely appreciated when it was

identified as the endothelial-derived relaxing

factor (EDRF) responsible for the potent va-

sodilating properties of stimulated endothelia

(Ignarro et al., 1987; Palmer et al., 1987 and

Furchgott and Zawadzki, 1980). Since then,

the NO has been recognized as a pleiotropic

biological mediator, regulating diverse activi-

ties ranging from neuronal function to im-

mune system regulation. It is a gaseous free

radical with a short half-life in vivo of a few

seconds or less. Therefore, the levels of the

more stable  NO metabolites,  nitrite  (NO2)

and nitrate (NO3),  have  been used in the in-

direct measurement of NO in biological fluids

INTRODUCTION
Interleukin-8 is a chemokine produced by

macrophages and other cell types such as epi-

thelial cells (Utgaard, 1998) and is suggested

to be a key parameter in localized inflamma-

tion (Vlahopoulos et al., 1999). The serum lev-

els of IL-8  in  HCV-infected patients have

been demonstrated to be significantly elevated

compared to levels in normal healthy volun-

teers;  it  serves  as  a chemical signal that at-

tracts neutrophils at the site of inflammation,

and therefore is also known as Neutrophil

chemotactic factor. When first encountering

an antigen, the primary cells elaborate it are

the macrophages which phagocytose the par-

ticle. Upon processing, they release chemo-

kines to signal other immune cells to come in

to the site of inflammation. IL-8 is one of such
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ABSTRACT

The aim of this study was to investigate the serum levels of interleukin-8 and total nitric oxide in

patients with genotype 4 hepatitis C virus before and after treatment with interferon and ribavirin

compared against RT- PCR technique. The study was performed on 72 patients divided into 3

groups according to the diagnosis: Group I (Positive ELISA-antibodies - Negative PCR), Group II

(Positive ELISA-antibodies - Positive PCR), and Group III after Treatment with interferon and ribavi-

rin (Positive ELISA-antibodies - Negative PCR), in addition to a control group of 16 healthy volun-

teers. The results revealed that serum levels of interleukin-8 and total nitric oxide after treatment

with interferon and ribavirin appeared to increase rather than before treatment compared against

RT- PCR technique.

Journal of  Environmental  Sciences, 2010; Vol. 39, No. 1 : 1-14

-

-



2

Fathy A. Mansour, et al...

the  immune  system  (Geller et al., 1993;

Asano et al., 1994; Maier et al., 1994 and

Bogdan, 2001). In general, eNOS and nNOS

are  constitutively  expressed and regulated

by  Ca2+ / calmodulin,  while  iNOS is in-

duced by endotoxin and inflammatory cyto-

kines, and exhibits a relative insensitivity to

Ca2+ (Alderton et al., 2001 and Kone et al.,

2003). 

Because it is lipid soluble, NO is not stored

but is synthesized de novo and freely diffuses

across lipid membranes. NO has the potential

to mediate its effects on target cells via several

different mechanisms. For instance, NO-

mediated activation of the enzyme guanylyl

cyclase (GC) catalyzes the formation of the

second messenger Guanosine 3’,5’-cyclic

Monophosphate (cGMP). cGMP is implicated

with a range of biological functions such as

regulating smooth muscle contractility, cell

survival, proliferation, axon guidance, synap-

tic plasticity, inflammation, angiogenesis, and

the activity of cyclic nucleotide-gated chan-

nels (Zhuo et al., 1994; Arancio et al., 1996;

Lev-Ram et al., 1997; Hood and Granger,

1998; Suhasini et al., 1998; Kronemann et

al., 1999; Arancio et al., 2001; Guzik et al.,

2003 and Hamad et al., 2003). NO also func-

tions as an anti-tumor and anti-microbial

agent via mechanisms that include its conver-

sion to peroxynitrite (ONOO-), the formation

of S-nitrosothiols, and the depletion of argi-

nine (Bogdan, 2001). Another putative role for

NO includes the suppression of mitochondrial

respiration through the inhibition of cyto-

chrome oxidase (Antunes et al., 2004). No

may also modify protein activity through post-

translational nitrosylation via the attachment

of  an  NO  moiety  to  the  thiol  side  chain of

(Marletta et al., 1988; Wennmalm et al., 1992;

Wennmalm et al.,  1993  and  Tsikas, 2005).

Altered levels of NO have been shown to be

associated  with  sepsis,  reproduction,  infec-

tion, hypertension, exercise, type 2 diabetes,

hypoxia, and cancer (Ochoa et al., 1991;

Evans et al., 1994; Rosselli et al., 1994; Ma-

nukhina  et  al.,  2000; Lyamina  et al., 2003;

Newaz  et al., 2003;  Taysi  et al., 2003; Mae-

da et al., 2004  and  Yugar-Toledo et al.,

2004). 

NO is produced via the reaction of L-

arginine, NADPH, and O2 to NO and citrulline

(Palmer et al., 1988a; Palmer et al., 1988b;

Moncada et al., 1989 and Bredt and Snyder,

1990). NO catalyzed by enzymes of the nitric

oxide synthase (NOS) family, Members of the

NOS family include neuronal (nNOS/NOS1),

endothelial (eNOS/NOS3), and inducible

(iNOS/NOS2) (Alderton et al., 2001). As the

name implies, nNOS is highly expressed in

neurons of the central and peripheral nervous

systems, and has also been described in other

cell types including skeletal muscle myocytes,

lung epithelial cells, and skin mast cells

(Bredt et al., 1991; Dun et al., 1992; Nakane

et al., 1993; Asano et al., 1994; Sugaya and

McKinney, 1994; Reuss et al., 1995; Gath et

al., 1996 and Shimizu et al., 1997). eNOS is

highly expressed by endothelial cells and may

also be found in neurons, dermal fibroblasts,

epidermal keratinocytes, thyroid follicular

cells, hepatocytes, and smooth muscle cells

(Pollock et al., 1991; Dinerman et al., 1994;

Comini et al., 1996; Wang et al., 1996;  Colin

et al., 1997  and Shimizu et al., 1997). iNOS

is expressed in a wide range of cell types in-

cluding chondrocytes, epithelial cells, hepa-

tocytes, glial cells, and several cell types of
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University. Patients agreed to be admitted into

the study after they had been informed about

the requirements and aims of the study. The

patients were divided into three groups, ac-

cording to their test diagnosis (Table 1). A

control group of 16 healthy volunteers was

also used.

cysteine residues (Gaston et al., 2003 and

Hess et al., 2005).

2. Material and methods

2.1. Patients

The study was performed on 72 patients

attended to outpatient clinic of Mansoura

TaqMan®, Assay reagents, Part number

4324018, Lot number M 10770, Stored

at -20 Co, For Laboratory R&D use only,

Applied Biosystems, Manufactured by

Roche, Branchburg, New Jersey USA.

TaqMan® and AmpErase® are registered

trademarks of Roche Molecular Systems,

Inc.

- Genotyping for HCV by PCR using type-

specific primers. Optimization of typing

assay Type-specific PCR was described

originally by (Ohno et al., 1997) which

used type-specific primers to amplify the

core region of HCV for determination of

HCV genotypes 1a, 1b, 2a, 2b, 3a, 3b, 4,

5a, and 6a.

2.4. Statistical analysis

All statistical analysis were done by a sta-

tistical software package (SPSS 12.0 for win-

2.2. Chemical used

- Human Interleukin-8 ELISA Kit (KOMA

BIOTECH INC.): Catalog No: K0331216,

Quantity: 96 tests, Storage: 4 Co.

- Total NO/Nitrite/Nitrate Assay Kit Cata-

log No: KGE 001 (R&D Systems, INC.):

For the quantitative determination of Ni-

tric Oxide concentrations in cell culture

supernates, serum, plasma, and urine.

2.3. Methodology :

- ELISA-antibodies standard kit for HCV

(anti-HCV) (Abbott II anti-HCV ELISA,

Abbott Lab, IL, USA).

- Quantitative PCR, Extraction of HCV-RNA

from serum was carried out using

QIAamp Viral RNA Mini Kit - for viral

RNA purification from plasma, serum,

cell-free body fluids, and cell-culture su-

pernatants.

- TaqMan® RT-PCR  Kit for HCV detection,

1

Table 1 Demographic characteristic of the patients.

Group Test Diagnosis No. of
patients

Age Gender
(F/M)

I +ve (ELISA-antibodies)

&    -ve (RT-PCR)

24 35 - 52 9/15

II +ve (ELISA-antibodies)

&    +ve (RT-PCR)

24 40 - 54 11/13

III (After

treatment)

+ve (ELISA-antibodies)

&    -ve (RT-PCR)

24 41 - 56 11/13
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3.2. Determination of HCV by RT-PCR

quantitative

All  serum  patients  were  screening  to

HCV  by  RT-PCR  quantitative,  The  screen-

ing  was  performed  on  72  patients  divided

to  3  groups : Group I  (Negative  PCR),

Group II  (Positive PCR)  and  Group III  (Neg-

ative  PCR)  after  Treatment  with  interferon

and ribavirin.. A control group composed of

16 healthy volunteers was negative for RT-

PCR. Fig. 1 shows that the sample was read

as positive for HCV-RNA, and Fig. 2 shows

that the sample was read as negative for

HCV-RNA.

dows, SPSS Inc.). All results are expressed as

mean + SD. Significance was established at a

P level < 0.05.

RESULTS
3.1. Detection of HCV antibodies 

All serum patients were screening to HCV-

antibodies ELISA, The screening were per-

formed on 72 patients divided to 3 groups:

Group I, Group II and Group III after Treat-

ment with interferon and ribavirin. All of

these groups were positive for HCV-antibo-

dies. A control group of 16 healthy volunteers

who were negative for HCV-antibodies.

 Fig (1)  : Showed the sample was read as positive for HCV-RNA.
     Patient Sample.        Internal Positive control (IPC)           C.T.: Threshold Cycle at 0.09

  Fig (2)  : Showed the sample was read as negative for HCV-RNA
       Patient Sample          Internal Positive control (IPC)       C.T.: Threshold Cycle at 0.09
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(99 bp)  was  demonstrated,  and  the  sample

was read as positive for subtype 4 (Fig. 3

lanes 1 to 13).  On  the  other hand, sera

which did not demonstrate this visible band

by PCR, was read as negative for HCV sub-

type 4.

3.3. Determination of genotype 4 HCV

to all serum patients :

As  can  be  seen  in  Fig. 3  (Mix-2 for Gen-

otyping) typical electrophoresis patterns of

PCR  products  from  HCV  genotype 4,  a visi-

ble band corresponding to the expected size

SA- Positive PCR) (11.245 + 3.5414 pg/ml)

and Group III after Treatment with interferon

and ribavirin (Positive ELISA- Negative PCR)

(14.0 ± 21.818 pg/ml).

The  results  depicted  in  Table  2  show

that  there  were  highly  significant  differenc-

es  in  IL-8  levels  between  control  (healthy

volunteer)  and  each  patient  groups  with

HCV.

3.4. Determination of Interleukin-8 in

normal control group and in pa-

tients with HCV.

In Fig. 4,  the mean serum level of IL-8 in

the 16 samples of healthy control (was 2.5869

+ 0.0158 pg/ml) and in the 72 samples of pa-

tients with HCV (who were divided into 3

groups)   the  serum  level  of  IL 8 were as fol-

low : Group I (Positive ELISA- Negative PCR)

(6.33 + 0.9743 pg/ml). Group II (Positive ELI-

Fig. (3) : Typical electrophoretic patterns of PCR products from HCV genotype 4.
Lane (0)          :  Marker 50 bp DNA - ladder.
Lane (1 to 13)  :  Positive results for genotype 4.
Lane (14)        :  Negative Control.
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Fig. 4 :  Mean serum level of IL-8 in 16 samples negative control and each
separate group of  72 sample patients with HCV.

                          Control (healthy volunteer)
                          Group I (Positive ELISA- Negative PCR)
                          Group II (Positive ELISA- Positive PCR)
                          Group III after Treatment with interferon and ribavirin  (Positive ELISA- Negative PCR)

Table 2 : Showed IL-8 is highly significant difference between control (healthy
volunteer) and each patient groups with HCV.

Control
Group

I
Group

II
Group

III
P1 P2 P3

No. of

Patients
16 24 24 24

IL-8

(pg/ml)

2.5869 ±

0.0158

pg/ml

6.33 ±

0.9743

pg/ml

11.24 ±

3.5414

pg/ml

14.0 ±

21.818

pg/ml

0.000 0.000 0.017

P value is significant at the 0.05 level.
P1 value (Control versus Group I) = highly Significant difference.
P2 value (Control versus Group II) = highly Significant difference.
P3 value (Control versus Group III) = Significant difference.
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Positive PCR) (17.246 ± 9.7152 µmol/L) and

Group III after Treatment with interferon and

ribavirin (Positive ELISA- Negative PCR)

(27.49 ± 26.174 µmol/L).

It is apparent of the results herein reported

(Table 3) that Total Nitric Oxide level showed

highly significant difference between control

(healthy volunteer) and each patient groups

with HCV.

3.5. Determination of Total Nitric Oxide

in normal control group and in pa-

tients with HCV.

The data presented in Fig. 5, show that the

mean valus of Total Nitric Oxide level in the

16 control  samples was (5.6563 ± 0.7891

µmol/L), while the mean values of No in 72

samples of patients with HCV were : in Group

I (Positive ELISA- Negative PCR) (15.996 ±

2.7212 µmol/L); Group II (Positive ELISA-

Table 3: Showed Total Nitric Oxide level is highly significant difference between
control (healthy volunteer) and each patient groups with HCV.

Control
Group

I
Group

II
Group

III P1 P2 P3

No. of
Patients

16 24 24 24

Total Nitric
Oxide

(µmol/L)

5.6563 ±
0.7891
µmol/L

15.99 ±
2.7212
µmol/L

17.24 ±
9.7152
µmol/L

27.49 ±
26.174
µmol/L

0.000 0.000 0.000

P value is significant at the 0.05 level.
P1 value (Control versus Group I) = highly Significant difference.
P2 value (Control versus Group II) = highly Significant difference.
P3 value (Control versus Group III) = highly Significant difference.
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Fig. 5 : Mean of Total Nitric Oxide level in 16 samples negative control and each
separate group of  72 sample patients with HCV.

                          Control (healthy volunteer)
                          Group I (Positive ELISA- Negative PCR)
                          Group II (Positive ELISA- Positive PCR)
                          Group III after Treatment with interferon and ribavirin  (Positive ELISA- Negative PCR)
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Total Nitric Oxide in 72 sample patients with

HCV (Table 4).

3.6. Correlations

There is no correlation between IL-8 and

increase among patients compared to the con-

trol group (P<0.000) and NO levels determined

as the stable endproduct nitrate, showed a

statistically significant increase among pa-

tients compared to the control group

(P<0.000). Furthermore, IL-8 and NO levels

increased proportionally with the severity of

liver cirrhosis (P<0.000). IL-8 and NO levels is

highly in patients after treatment with inter-

feron and ribavirin (P<0.017) and (P<0.000)

respectively. This is in conformity with the re-

sults of utgaard (1998); Maeda et al., (2004)

and Tsikas (2005) who reported that both IL-8

and NO levels in patient with HCV are greally

elevated as a result of virus activity as com-

pared to that of healthy individuals. Based on

the results of the present study and of other

previous reports, we suggest the analysis of

serum IL-8 and NO concentrations in order to

detect present or absent of genotype (4) HCV

after treatment with interferon and ribavirin

compared with RT-PCR quantitative tech-

nique.

DISCUSSIONS
Nitric  oxide (NO), has been reported as

free radical that is overproduced in liver cir-

rhosis. Hepatitis C  virus  (HCV)  might in-

crease  NO  levels  via  increased  inducible

NO  synthase  (iNOS)  and  Interleukin-8  is

often associated with inflammation (Vlaho-

poulos et al., 1999). When  first  encountering

an  antigen,   the  primary  cells  to  encoun-

ter it are the macrophages who phagocytose

the particle. Upon processing, they release

chemokines  to  signal  other  immune  cells

to come in to  the  site  of  inflammation. IL-8

is  one  such  chemokine.  It  serves  as a

chemical   signal  that  attracts  neutrophils

at the site of inflammation, and therefore is

also known as Neutrophil Chemotactic Factor

(Stephen  et  al.,  (2001).   This  work  was

carried  out  to  study the effect of HCV-

induced  liver  cirrhosis  on  IL-8 and NO lev-

els  among  Egyptian  patients   before and af-

ter  treatment  with interferon and ribavirin.

IL-8 levels showed a statistically significant

Table 4 : Corralations between IL-8 and Total Nitric Oxide in 72 sample patients with HCV.

IL-8
Pearson Correlation 0.020

Sig. (2-tailed) 0.868Total Nitric Oxide
N 72

**Correlation is significant at the 0.01 level (2-tailed).

2

* Correlation is significant at the 0.05 level (2-tailed).
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v�dF�« h�K*«
vLJ�« q�K��*« …dLK��« q�UH�Ë vKJ�« bO��√ „d�OM�«Ë 8 5�u�d�
ù« Èu��� rOOI�

v� vzU�u�« b�J�« »UN��≈ ”ËdOç� 4 ŸuM�« s� nAJK�

*v�U‡‡� ‚Ë—U‡‡� b‡‡L��         —u‡‡BM� œ«u‡� v���
*…d�“u�√ v�uO� `�U�         **v�“ bO‡��« ¡U‡�O�

  …—uBM*« WF�U� ≠ ÂuKF�« WOK� ≠vÇu�u‡‡‡O�ËdJO�  U�M�« r��
 *o�“U�e�« WF�U� ≠ ÂuKF�« WOK� ≠ vÇu�u‡‡O�ËdJO�  U�M�« r��
**…—uBM*« WF�U� ≠ VD�« WOK� ≠ WOJOMOK�ù« UOÇu�u�U��« r��

Proinflammatory Cytokines WDO?�u�«  UMO?�u?�?O��« b?�Q?� (IL-8)8 ≠ 5�u�d?�
≈ v‡‡�UM*« q?‡‡�UF?�« rOO?I� W‡‡?�«—b�« X‡‡�ËUM�

(IL-8) 8-14.0 5�u�d?�
≈ Èu�?�� ŸU?H�—≈ Z‡‡zU�M?�« X�{Ë√ b‡‡�Ë ¨”Ëd?O‡‡ç�U� W‡‡‡�U?�ù« ¡U‡‡M�√ Àb% v��« W?O?�UM*«  U‡‡�UN?��ù«  UOKL?� v�

6.33+0.9743pg/ml v�≈ v�Ë_« W?�u?L?:« v� Á«u?�?�?� lH�—≈ YO?� v� vzU�u�« Èb?�J�« »U?N?��ùU� 5�U?B*« v?{dL?K� Âb‡‡�« qB?� v�

Âb‡‡?�« q‡‡B??� v� 14.0+21.818pg/ml v�≈ W‡?‡‡‡��U??�?�« W‡�u??L??:« v�Ë 11.245+3.5414pg/ml v�≈ W??O
U??��« W?‡‡�u??L??:« v�Ë

U?L� ÆNormal Control W‡‡‡‡?‡D‡‡�U?C�« W‡‡‡‡?�u?L?:« q‡‡‡B?� v� 2.5869+0.0158pg/ml Á«u?�‡‡‡�?� ÊU?� U?‡‡LMO� v‡‡‡{d?*« ¡ôR‡‡‡N�

 U‡‡‡‡�ËdOç�« W‡‡‡‡�ËUI� v� ÎU‡‡‡‡‡LN� Î«—Ëœ V‡‡‡‡‡FK� v��« jzU‡‡‡�u�« b‡‡‡�Q� Total Nitric Oxide  ‡�« WO‡‡‡‡‡L� d‡‡‡‡�bI� ÎU‡‡‡C�√ W‡‡‡�«—b�« X�ËU‡‡‡M�

iF� v� Apoptotic ‡� ÎU??C�√ qL??F� U?L??� The most versatile mediators in the control of  viral infesxtions 

¨”Ëd?O?ç�U� W?�U?�ù«  ôU?� v� W�b?�J�« U?�ö?)« U?NM� v��«Ë Èd?�_« U?�ö?)« iF� v� Antiapoptotic modulator ‡� Ë√ U�ö?)« Ÿ«u
√

lH�—≈ YO??� v� vzU�u�« Èb?�J?�« »U?N?��ùU� 5�U??B*« v{d?LK� Âb?�« qB?� v� Total Nitric Oxide Èu?�?�??� ŸU?H�—≈ ZzU?�M�« X?�?{Ë√ b?�Ë

W�u?L:« v�Ë 17.246+9.7152µmol/L v�≈ WO
U?��« W�u?L:« v�Ë 15.996+2.7272µmol/L v�≈ v�Ë_« W�u?L:« Á«u�?��

5.6563+0.7891µmol/L v�«u�� —bI� Á«u?��� ÊU� ULMO� v?{d*« ¡ôRN� Âb�« qB� v� 27.49+26.174µmol/L v�≈ W��U��«

5� bzU?��« u�  4 ŸuM�« Ê√ YO?� s?� W?I�U?�  U?�«—œ l� W?I?H?�??� W?�«—b�« Ác�  ¡U?�Ë ÆNormal Control WD�U?C�« W??�u?L?:« qB?� v�

v�UM?*« ’U?B??�œù« W??I�d� Â«b??�??�??�U� v� vzU?�u�« b??�J�« »U??N??��≈ ”Ëd??O?Ñ 5?O?F?� sJ1 W??�«—b�« Ác� ¡u??{ vK� 5?�� U??L?� ¨5?�U?B?*« v{d*«

bM� q�√ WHKJ�Ë WO�U� WO�U��  «–Ë oO?�D��« WKN� UN
Q� WI�dD�« Ác� eOL��Ë (IL-8)8- 5�u�d�
ù«Ë Total Nitric Oxide ‡� ELISA

Æs�dOÑU��d�«Ë ÊËdO�d�
ùU� ÃöF�« bF�Ë q�� —¬ v� v� ‡�« WI�dD� UN�
—UI�
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