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Abstract

Background: Hepatitis C virus (HCV) is a serious health problem where its prevalence is veryhigh in Egypt.
Development of new therapeutics Sofosbuvir, a recently approved nucleotide analog, is a highly potent inhibitor
of the NS5B polymerase in the HCV, and has shown high efficacy in combination with several other drugs with
and without pegylated interferon.

Obijectives: This work aimed to investigate the effect of the treatment with the antiviral Sofosbuvir on
serum Kynurenin, some hematological and biochemical changes in patients with HCV during and after treatment.

Subjects and methods: The study was conducted on 180 individuals classified as follows: 47 healthy normal
adult served as control group and 133 chronically infected HCV adult Egyptian patients divided into 2 groups
according to the type of treatment, group Il patients who received dual combination therapy of Sofosbuvir
(SOF) and Ribavirin (RBV) for 24 weeks, and group 111 patients who received a triple combination therapy of SOF,
pegylated interferon (PEG-IFN) Alfa, and RBV for 12 weeks. Fasting blood samples pre-, during and after treatment
were collected.

Results: All reported data were compared to control group. The obtained data showed that there were no
significant differences between all studied groups regarding gender and age.. The data showed a significant increase
(p >0.01 or 0.001) in serum aspartate aminotransferase (AST) & alanine aminotransferase (ALT) activities, total &
direct bilirubin and kynurenine (KYN),white blood cells (WBCs) and prothrombin time in Gr .11A & Gr Il A as
compared to control group, whereas there were significant decrease (p >0.05)in blood platelets count (PLTs) and
serum albumin, urea &creatinine in Gr .11A & Gr Il A. During treatment in Gr. Il B & Gr. Il B, serum AST, ALT
activites, direct bilirubin, and PLT & PT were improved, yet still showing significant increase (p>0.05), while the
increase serum KYN was non-significant p >0.05 from control in Gr .1l B and Gr. Il C. Serum albumin, creatinine&
urea and WBCs were returned to their normal levels after treatment(Gr .1l C & Gr. Il C), while hemoglobin
(Hb) & red blood cells (RBCs) showed

significant decrease(p >0.05 ) after treatment (Gr .1l C& Gr. 11l C).The other tested biochemical parameters
were returned to their normal levels except total bilrubin that showed significant increase(p >0.05) in Gr .1l C& Gr.
111 C and serum ALT & KYN that showed significant increase (p >0.05) in Gr 111 C. While, Hb & RBCs and PLT
showed (p >0.01) , significant decrease. Both WBCs & HCT showed normal values in Gr. Il B & Gr. Il C, whereas
those in Gr. 111 C showed significant decrease. No significant changes in fasting blood sugar (FBS) in Gr. 1l & Gr.
Il (Pre, during and after treatment).

Conclusion: It can be concluded that the dual therapy of Sofosbuvir for 24 weeks caused improvement of most
of the tested parameters of HCV patient . Thus it has little metabolic harm.
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Introduction

Hepatitis C is a contagious disease thatprimarily
affects the liver, causing severe damage as the
disease progresses. It is caused by the Hepatitis C
virus (HCV), a small enveloped RNA virus [1,2].
Approximately

3.7 million people between 15 and 59 years of
age had chronic hepatitis C [3]. Hepatitis C viral
infection is endemic in Egypt with the highest
prevalence rate in the world [4] and upto 85% of
HCV infections persist for life; leading to chronic
hepatitis [5,6].The most common HCV RNA
genotype in Egypt is genotype 4, representing 92.5%
of all HCV cases [7].

In Egypt, the standardized treatmentfor chronic
hepatitis C virus (HCV) infection was combination of
pegylated interferon (PEG-IFN) and ribavirin
(RBV),that attains viral clearance in 40% of the
patients while 60% fail this therapy, which does not

attack the virus directly but stimulates the immune
system and activated it to become more efficient to
eliminate the virus [8,9] HCV treatment with
sofosbuvir was launched in Egypt by Ministry of
Health and the Egyptian

National HCV Control Program. The drug
sofosbuvir acts directly on the virus life cycle to
prevent proliferation of the virus, this is by attacking
enzymes necessary to manufacture the parts of the
virus by preventing it from entering the liver cell or
blocking the necessary proteins required for the
formation of the virus [10]. The drug also showed a
high efficacy in combination with several other
drugs, with and without PEG- INF, against HCV.

Kynurenine is an endothelial-derived relaxing
factor and neuroactive molecule [11]. 1t is a small
molecule generated by the oxidation opening of the
indole ring of tryptophan. Tryptophan has been
considered as the main amino acid for proliferation
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and activation of T- cells, in particular various cells
as macrophages and multiple malignant cells [12].
The biological activity of kynurenine and its
metabolites (kynurenines) is well recognized [13].
Kynurenine has been shown to act as an immune
regulatory molecule that mediates
immunosuppressive  effects in  the  tissue
microenvironment [14], and its metabolism and
disposition are reviewed with particular emphasis on
the hepatic Kynurenine pathway (HKP) in health and
disease. Over 95% dietary TRP is metabolized in the
HKP [15]. Evidence suggests that increased
kynurenine production may precipitate depressive
symptoms associatedwith interferon treatment for
hepatitis C [16].

Objectives of the study

Therefore, the present study was suggested to
test the impact of sofosbuvir treatment on some
hematological and biochemical parameter of treated
patients.

Materials and methods

This study was conducted on 180 individuals
classified as follows:47 healthy adult (30 males and
17 females) with age range of 20-70 years served as
normal control group (Gr. INC). One hundred and
thirty three adult Egyptian patients(92 males and 41
females) with age range of 20 to 70 yearsdiagnosed
with chronic HCV infection (with positive HCV-PCR
results), recruited from theoutpatient clinics of Health
Insurance Hospital, in Benha, Egypt. Starting from
December 1% 2015till December 1% 2016 to serve as
Gr.ll & Gr.l1l according to the typeof combination
therapy, depending on pretreatment history, or
contraindications according to the approved therapy
recommendations: Group Il (Gr. Il A, Gr. Il B&Gr. |1
C as pre-, during and after treatment) respectively
including 74 patients(55 males & 19 females) who
received dual combination

therapy of sofosbuvir (SOF) and Ribavirin
(RBV) for 24 weeks, and Gr. Il (Gr. Il A,Gr. Il
B and Gr. Il C as pre-, during and after treatment
respectively including 59 patients (37 males & 22
females) who received a triple combination therapy
of SOF, pegylated interferon (PEG-IFN) Alfa, and
RBV for 12 weeks. At the end of treatment course
HCV-PCR blood samples were collected for
hematological and biochemical analysis.

All patients received  sofosbuvir
(Sovaldi, Gilead Sciences, Inc.) at a dose of400
mg daily, pegylated INF alpha 2a 180 pgonce per
week and oral ribavirin guided by weight of
patients. Those less than 75 kgreceived 1000 mg
daily and those more than75 kg received a 1200 mg
daily for 12 weeks.

Exclusion criteria:

The patients were clinically examined to
exclude those suffering from previous history of
cardiac diseases, abnormal clinical or
electrocardiographic  (ECG)  findings, severe
psychiatric disorders, diabetes mellitus, hypertension;

pregnancy or advanced renal impairment.
Blood samples:

Fasting venous blood samples (5 ml) were
drawn once from control individuals and HCV
patients: pre, during (at week 12 and 6 for Gr. Il and
Gr. I, respectively) and after treatment (after 24 and
12 weeks for Gr. Iland Gr. Ill, respectively). Each
sample was distributed in three vacutainer tubes,
the first tube contained sodium citrate where the
plasma was separated and used for
coagulation assays, the second tube contained
ethylene diamine tetra acetic acid ( EDTA) was
used for complete blood counts (CBC), while the
third tube contains no anticoagulant was allowed to
stand for 30 minutes at room temperature then
centrifuged at 3000 r.p.m. for 5 minutes. Serum was
immediately separated and stored at — 20°C until
biochemical analysis.

Hematological analysis:

The prothrombin time (PT) was determined by
STA®-Neoplastine ®CIPlus (PT) according to [17].

Complete blood counts (CBC) and Hb content
were measured by using a cell counterSysmex KX-21
N (Sysmex America, Inc., Mundelein. Illinois. USA).
Biochemical analysis:

Liver function tests which include serum
aspartate aminotransferase (AST), alanine
aminotransferase (ALT) activities, total and direct
bilirubin (T. & D bilirubin) and albumin
concentrations.  Kidney functions tests (urea,
creatinine) and fasting blood sugar (FBS) were
measured by using the DiaSysDiagnostic Systems for
In Vitro Diagnostic using the method developed by
[18]. Serum kynurenine (KYN) was determined by
sandwich Enzyme linked Immunosorbent

Assay (ELIZA) by the use of commercial kit
from Bluegene Biotic Com., China according to the
instructions supplied by the manufacturer, where the
micro titer plate wells were coated by a polyclonal
antibody specific to KYN which capture the KYN of
the samples. Conjugate was added to each well to
sandwich the KYN immobilized on the plate. After
incubation, and washing the wells to remove all
unbounded components, substrate was added
exhibiting change in colour. The enzyme — substrate
reaction was terminated by the addition of a sulphoric
acid solution and the colour change was measured
spectrophotometricaly at a wavelength of 450 nm.
The concentration of KYN in the samples is
determined by comparing the absorbance of the
samples to that of the standard curve [19].

Statistical analysis:

All data was entered and analyzed on SPSS
(Statistical Package for Social Science) program for
statistical analysis (version 21). Various assay
conditions were evaluated by using an analysis of
variance (ANOVA) test was carried out to compare
healthy controls with each of the HCV patient
groups. All data are presented as meanst Standard
error (SE). P-values >0.05 were considered
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statisticallynot significant, P-values <0.05; <0.01 and
<0.001 were significant.
Results and discussion

Worldwide, more than one million people die
each year from hepatitis C virus (HCV) related
diseases, and over 300 million people are chronically
infected with hepatitis B or C [20]. Sofosbuvir, an
NS5B polymeraseinhibitor, has a pan-genotypic anti-
HCV activity and emerged as an important
component of currently available anti-HCV regimens
indicated for the treatment of genotypes 1, 2, 3 and 4
of HCV virus infections.

The age of our studied patients ranged from 20
to>60 years with a male predominance where male:
female (M: F) ratio was 2.24:1. It has been reported
that Hepatitis C virus infection is a disease that
disproportionately affects men more than women
[21].

All reported data were compared to their
respective controls (Gr.INC).

The data indicated that there no significant
differences were obtained between the studiedgroups
regarding age and gender.

Hematological data (table 1) showed significant
increase in white blood cells (WBCs)count except for
groups (Gr. Il B and C) and prothrombin time
showed significant decrease (p >0.05) and in blood
platelets count (PLTs) of pretreatment groups
compared to control group. During treatment in Gr. 11
B & Gr. Il B PLT & PT were significantly
decease  and increased, respectively (p >0.05),
while WBCs returned to their normal levels in group
Il but still significantly decrease in grouplll
compared with control one. Hemoglobin (Hb) & red
blood cells (RBCs) showed significant decrease (p
>0.05) compared to control one. Post treated
individuals (Gr. Il C& Gr. Il C) show significant
decrease in Hb & RBCs at (p =>0.01) and in PLT at
(p >0.05) in both subgroups respectively while
WBCs & HCT in Gr. Il C were moderately
decreased ascompared to control groups.

Result concerning hematological parameters
indicated improvement of WBCs during and after
treatment than reported at the initial diagnosis in Gr.
Il B & C, while in Gr. 11l B and C showed significant
decrease in white blood cells. It was found that
certain antiviral medications used to treat HCV may
cause decreased WBCs which is due to Interferon
suppresses bone marrow production of leukocytes,
which leads to a drop in the white blood count or
neutropenia [22]. These results were in agreement
with [23] who showed that the most common side
effect of combination therapy with Peg-IFNa and
Ribavirin was severe neutropenia. Also [24] found
that when sovaldi is administered with ribavirin or
peg interferon alfa/ribavirin may cause low blood cell
count. On the other hand the data were on the
contrary of [25] whoshowed that no neutropenia or
any serious adverse events are associated with
sofosbuvir treatment. [27] studied also the efficacy

and safety of sofosbuvir plus ribavirin  for
treatment of patients with genotype 4 hepatitisC virus
. The results showed that during treatment WBCs and
blood platelets were not affected by the treatment.

The results showed significant decline of
hemoglobin content in Gr. Il B & Gr. Il B and
highly significant decline in Gr. Il C &Gr. Il C (p>
0.05 & p> 0.01 respectively). Anemia is a major
complication of antiviral therapy in chronic hepatitis
C and is one of the major adverse events in patients
treated with Peg IFN/RBV due to the hemolytic
effect of ribavirin and on rare occasions, the bone
marrow depression induced byinterferon [27, 28]. It
has been reported that interferon has inhibitory
effects on bonemarrow, and reduced levels of blood
cells, including the count of RBCs; moreover,
Ribavirin can cause RBCs lysis and enhances the
inhibitory effect of interferon [29]. Therefore, the
combination of these two drugshas synergistic effects
and decrease hemoglobin concentration [30, 31].

Our results are in agreement with the study by
[26] and also [32] who reported that the sofosbuvir-
containing treatment led to significant decrease in
hemoglobin. Thus; it appears that the ribavirin
component may be responsible for the side effect of
anemia [33]. Similarly, a study by [34] showed that
there was significant decline during different follow-
up periods as regard hemoglobin with significant
anemia in about 76% of patients at the end of his
study. In addition [35] showed Blood Platelets count
(PLTs) showed significant decrease (p <0.05) in both
groups (Gr Il A& B) & (Gr. Il A,&B),and showed
highly significant decrease in Gr Il C &Gr. I C (p
<0.01) . These results are in line with those reported
by [36] who reported that severe
thrombocytopenia (A low platelet count) occurred in
3 (1.7%) patients with dual therapy and 4(6%) with
triple therapy. In addition the present study was in
agreement with [37, 38].

On the contrary, the present study is in
disagreement with [39] that treated 60 chronic
hepatitis C patients of Egyptian ancestry with
sofosbuvir and ribavirin for 12 week. or 24 week.
The authors reported increases in platelets during
treatment.

The data of prothrombin time (PT) in Gr. Il A
&Gr. 11 A showed highly significant increase at (p>
0.01) in PT values and this indicates that there was
improvement during treatment. A significant increase
(p> 0.05) in Gr. Il B and there was reduced in PT
values levels in treatment in Gr. Il C. These results
are consistent with previous reports [32, 40]. The
revealed  significant  improvements in  PT.
Prothrombin are one of several proteins produced by
the liver that play an important role in blood clotting
[41].

Both Gr. Il A& Gr. Il A (tables 2,3,4) showed
significant increase in serum AST & ALT activities,
D. bilirubin, KYN (p < 0.01) and T. bilirubin (p <
0.001), and significant decreases (p < 0.05) in serum
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albumin, urea and creatinine. During treatment in Gr.
Il B& Gr. Il B liver function test were improved,
yet still showing significant increase (p < 0.05), and
while serum KYN was improved only in Gr. Il B.
Serum Alb., creatinine& urea returned to their
normal levels. At the end of the treatment in Gr. Il
C& Gr. Il C all biochemical parameters were
returned to their normal levels except T. Bil which
showed significant increase (p >0.05) in both groups.
Serum ALT and KYN showed significant increase (p
>0.05) only in Gr. Ill C as compared to control
group. Biochemical data (table 4) showed no
significant changes in FBS in Gr. Il & Gr. 1l
compared to control group.

The biochemical results indicated a significant
decrease in serum albumin in Gr. Il A& Gr. Il A
(p<0.01) .This decrease is consistent with the results
of [42, 43]. Albumin is the major form of protein
present in the blood synthesized by the liver, and its
low concentration is a marker of liver damage [44]. A
decrease in serum levels of albumin, may suggest
decreased hepatic production due to decreased liver
function following hepatocellular disease [45].This
decrease ofserum albumin was returned to its normal
levels in Gr. Il B & C and Gr. Ill B & C, which is
consistent with the results of [43]They found
that treatment with both pegylated interferon-
alpha and ribavirin to The data revealed a
significant increase in serum AST&ALT activities in
Gr. Il A &Gr. Il A (p> 0.01,) as compared to the
control group. These results are in accordance with
[48, 42] Also, [49] demonstrated that, the levels of
serum ALT ,AST, and ALP were significantly higher
in positive HCV-infected patients compared with
negative HCV patients. The infection with HCV
leads to attack of the liver causing liver tissue
damage and altered membrane permeability which
considered one of the main causes of elevated liver
enzymes [50] Therefore elevation of these enzymes
in the blood is used as an indirect marker of liver
inflammation or injury [51].The results of ALT and
AST showingsignificant increase during treatment in
Gr. 11 B &Gr. 11l B and returned about their normal
levels after treatment in Gr. Il C only , while ALT is
still showing significant increase inGr. Il C. These
results are in accordance to [52] who observed an
ALT elevation during sofosbuvir plus pegylated
interferon and ribavirin therapy for chronic HCV
Egyptian patients). The results were also in
accordance to [43] who found that post treatment
with interferon and Ribavirin to patient with hepatitis
C. The activates of plasma ALT and AST
significantly reduced.

In the present study the results showed
significant increase in levels of serum totaland direct
bilirubin (T&D Bil) in Gr. Il A& Gr. I1I A (p> 0.001
& 0.01 respectively). These results are in similar to
the results of [53]. Bilirubin is the catabolic product
of hemoglobin produced within the reticulo
endothelial system, released in unconjugated form

which enters into the liver, converted to conjugated
forms bilirubin mono and diglucuronides by the
enzyme UDP- glucuronyl transferase [54]. During
treatment this increase was still showing significant
increase in Gr. Il B &Gr. Ill B and only D-Bil
returned to the normal level of the control after
treatment in Gr. Il C &Gr. IIl C .The result are
consistent with the results of [46,55].

A significant decrease in the level of serum urea
and creatinine was noticed in Gr. Il A& Gr. Il A
(p> 0.05). These results were in agreement with
those of [46,56] who found a significant reduction
(p> 0.05) in urea and creatinine levels in HCV
patients as compare to normal individuals. Decreased
kidney function is a common complication found in
patients with HCV. Creatinine is a product of the
metabolism of creatinine, which is produced in the
liver and stored in muscle to be used as a source of
energy once phosphorylated and it is removed from
the blood by the kidney [57]. Patients with chronic
liver disease have a significantly lower baseline
serum creatinine concentration than the general
population [58]. While urea isa nutritional pointer
connected to protein intake and it is formed in the
liver and carried by the blood to the kidneys for
excretion. Urea synthesis is reduced in liver disease,
and the reduction in the maximal capacity for urea
production in patients with hepatitis is due toa
decreased activity of all five urea-cycle enzymes
[59].

The decreases noticed in serum urea and
creatinine was significant during and after treatment
in Gr. Il B &C, and non-significant in Gr. Ill B &C
for creatinine while urea showed significant
increases. This finding is agreed with the result of
[60]. that demonstrated the creatinine level became
normal after therapy with interferon the results also
agreed with the finding of [61] who showed antiviral
therapy based on interferon alfa can significantly
increase urea in patients with chronic hepatitis C .In
addition, our results are in agreement with a review
of the [32] who showed that patients experienced
increase in serum urea nitrogen to levels above the
upper limit of normal. Therefore patients with
hepatitis C infection who are administered a
sofosbuvir-containing regimen with or without
ribavirin require close monitoring of renal function
[33]. Onthe other hand our results were did not
agreed with result of a recent study by [53] who
found that the antiviral therapy consisting of IFNa-2b
combined with RBV for 48 weeks decreased the
serum creatinine level and improved both the
estimated glomerular filtration rate.

In the largest, so far, study, concentration of
serum kynurenine in Gr. Il A& Gr. Il A were
significantly higher than in those healthy controls.
Acute chronic liver failure is characterized by
systemic
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Conclusion:

During and after treatment serum KYN showed
non- significant changes in Gr. Il B and C .while it
showing significant increase in Gr. Il B and Gr. Il
C. Pegylated IFN-a is a pro-inflammatory cytokine
and has strong anti-viral and anti-proliferation
characteristics [65] .It was found that IFN- abased
immunotherapy significantly increasedthe activity of
IDO [66].

It was found that the dual sofosbuvir therapy
given for 24 weeks in genotype4 infected Egyptian
patients better than triple therapy given for 12 weeks,
where in patients who treated with dual therapy all
biochemical parameters were returned about its
normal levels at the end of treatment. Also,
sofosbuvir-based combination therapy showed an
improvement in liver function tests in patients of
group Il and group Ill. Although, anemia and
thrombocytopenia were a common side effects
occurred after treatment. Increased serum KYN
levels have been documented in individuals with
chronic HCV infection.
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Table (1): Hematological data in in male and female control , HCV patient treated with Sofosbuvir and Ribavirin combination (Gr. Il),andSofosbuvir,
pegylated - interferon and Ribavirin combination (Gr. I11) at different ages.
Normal HCV Patients (n=133
(n=47) . (92 males & 41 females)
Control (30 mables & Gr. 11 )Sofosbuvir-Ribavirin) Gr. 111 )Sofosbuvir-Ribavirin Plus Pegylated Interferon)
17 females")
Q=18 (0=5%9)
(55 males"& 19 females") (37 males"& 22 females’)
Gr. I NC Gr. Il A Gr. 1B Gr.l1C Gr. 1A Gr. 111 B Gr. 111 C
(mean:skE.) (mean:s.E.) (mean:sE.) (mean:skE.) (mean:sE.) (meanxskE.) (mean:skE.)
Paramter  Age M F M F M F M F M F M F M F
WBCs 20-40 5.65+0.55 5.97 +0.51 6.97+0.53 7.16%0.96 6.38+0.55 6.46+0.03 589+008 6.23+0.79  7.34+¥0.15  6.73x068  4.90+1.05 507+0.78 3.95%057  3.35:0.19
JX10°/L) 41-60 6.15+0.76 5.82+0.56 7.08+0.68 6.84+0.39 5.98+0.06 594+0.65  6.15+0.79 533042  6.89+0.69  7.23+040  503%025  4.28+047  4.02:+039  3.28+0.61
>60 5.93+0.57 6.07+0.35 7.32+0.51 6.96+0.42 6.64+0.38 6.18+0.90 527+0.25  548+0.46  7.82#056  6.06+0.06  4.64+049  483+0.80  3.89+0.30  4.06+0.80
*) *) (ns) (ns) (ns) (ns) *) *) *) *) *) *)
Hb(g/dl)  20-40  15.66+0.77 14.18+0.48  1513+101  13.94%0.02  1353+0.67  12.85+049  11.22+0.12 10.21+0.191 1459+054  12.87+023 13.15+0.61 11.48+020 11.49+0.11  10.29+0.83
4160  14.84+0.48 13.88#057  14.24+0.78  13.26+0.66  12.91+0.53 12.13+055 11584029 1058+0.27 13.85+079 13.16+0.80 12.89+0.61  11.78+0.37  10.74+0.27  9.34+0.26
>60 14.38+0.20 13.24+0.34  1463x051 13682058  12.72+0.23 11.91+0.63  10.89+0.35 11.06+0.66 13.21+0.53  12.5820.60  12.42+049  10.44+097 10.17+0.73  9.12+0.64
(ns) (ns) *) *) **) **) (ns) (ns) *) *) **) **)
RBCs 20-40  5.09+0.37 458+0.13 4614027  4.21+0.28 3.35+0.33 325+028  3.28+032 3.18+0.18  483+029  427+029 396+024 391+022 329+030 3.14+0.16
XI0%L)  41-60  458+0.16 4324023  421+027  414+028  3.95+0.23 3.68+021  2.88+026 259+0.06  4.67+029 4364025 392+031 379+029 3.25+024  3.22+0.05
>60 4.61+0.18 413+021  416+025  4.35+0.17 3.79+0.41 3464027  262£029 257+022  471x026  4.29+019  386£049  363+026 3.19+028  294+0.21
(ns) (ns) *) *) **) **) (ns) (ns) *) *) (**) (**)
HCT (%)  20-40  40.38+0.12 38.39+0.88  41.0240.17  39.03+053  39.42+0.25 37.43x0.02  38.77+0.25 36782013  42.93+0.17  40.39+053  37.02+0.76  34.48+037 34744043  32.93+0.42
4160  39.32+0.37 37.48+0.42  39.96+0.06  38.12#055  38.60+0.36 36.5240.81  37.36+0.55 3578:0.19  41.87+0.36  40.08+055  35.96+0.41  34.17+0.40 33.41+0.38  31.64+0.15
>60 38.06+0.19 36.81+0.92  38.6620.15  37.46:0.71 37.0420.62 35.68£0.53  36.41:0.35 35212032 4061+0.63  39.36:0.25  34.72+050  33.44:049 34.15:023  30.90+0.35
(ns) (ns) (ns) (ns) (ns) e (ns) (ns) (ns) (ns) *) *)
PLT 20-40 266.40+44.52  254.41+37.85  152.40+86.76 ~ 138.60+27.76  143.20£18.90 119.80+34.60  97.71+26.57  93.61+66.44  147.45+87.80 124.35+28.86 113.43+26.05 110.20+25.08 98.60+26.55 95.60+68.45
(X10%/L) 41-60  241.20+34.17 263.60+52.45 140.60£36.50 112.20+35.83 135.40+16.78 121.94+17.75  82.12+28.37  75.26+30.37  138.49+37.60 120.25¢36.86  102.80+17.62 ~ 101.0+17.87  93.00+27.36 82.20+29.39
560 227.80+4765 2508044641 13558+40.76 159042007  128.60+12.72 10640+13.74 95911238  8340£18.7  150.50:4182 137-6(25)30-98 128.20+13.99  114.60+34.6  §8.80+12.37  75.60+17.72
e I (*) e e e (**) (**) * *) (@) (**) (**)
PT (Sec)  20-40  13.32+0.30 13.18+0.40  16.44+031  17.010.42 14.4020.69 14.36+0.55  13.39+050 13.34+0.29  17.47+0.26  16.43+0.24  15.96+0.33  15.90#0.79  15.38+0.94  14.18+0.91
4160  13.26+0.46 1350£0.18  17.57+0.60  16.10+0.49 15.59+0.43 14544028 13554053  13.49:081  18.21#050  17.59+0.42  15.16+0.77  16.08+0.49  14.63+0.47  15.20+0.70
>60 14.07+0.21 13.32+0.12  18.20+0.35  1598+0.44  16.630.88 15.05+0.88  14.30+0.64 1351050  17.72+0.30  15.85+0.26  15.21+058  1514#0.87 14.99+0.48  14.82+0.44
() () ™) ® (ns) (ns) G (G ) (*) (*) (*)

Data are expressed as: mean + standard error. (ns)Non significant difference, (*) P<0.05, (**) P<0.001& (***) P<0.0001 indicate significant difference .Compared to the healthy normal control

group.

Abbreviations: M: males; F:females;WBCs: White blood cells; Hb: Hemoglobin concentration; RBCs: Red blood cells; HCT: Hematocrit ; PLTSs: platelets count; PT: prothrombin time.

b) number o female control 17=6(20-40);5(41-60);6(>61). ) number male of Gr. 1155=15(20-40);22 (41-60);18(>61).
f) number female of Gr. 11122=9(20-40);6(41-60);7(>61)

a)numberof male control 30=10(20-40);10(41-60);10(>61). d) number

female of Gr. 11 19=7(20-40);7(41-60);5(>61). €) number male of Gr. 111 37=13(20-40);17(41-60);7(>61).

Benha Journal Of Applied Sciences, Vol. (5) Issue (7) part (2) (2020)



N. H. Abdel_Hameid, L.Y. Mousa, E.M.Shaheen and F. S. Ibrahim 299

Table (2): Liver function data in male and female control, HCV patient treated with Sofosbuvir and Ribavirin combination (Gr. I), and Sofosbuvir,pegylated -
interferon and Ribavirin combination (Gr. 1) at different ages.

Normal HCV Patient(n = 133)
(n =47) (92 males and 41 females)
a . . .. . . ..
CO”;;O; (30 Ime})Ies & Gr. Il )Sofosbuvir-Ribavirin) Gr. 111 )Sofosbuvir-Ribavirin Plus Pegylated Interferon)
emales”) (n =74) (n=59)
(55 males’& 19 females®) (37 males’& 22 females')
Parameter Age Grl. INC Gr.llA Gr.11B Gr.lIC Gr.lllA Gr. 111 B Gr.lllIC
M F M F M F M F M F M F M F
ALB 20-40 4.83%0.14 453019  3.36 #0.11 3.140.40 396+0.28  3.85¥0.39  4.28+0.12  4.10%0.17 3.5520.31 3202044  3.84%0.29 3.74x0.30 433t0.39  4.15%0.25
(g/dI) 41-60 4.96+0.16 4204012  2.75%0.25 2.45+0.28 3794029  359+020  4.30+0.19  4.060.21 3.37+0.28 3194030  3.74#0.37 3.61+0.19 4124010  4.08+0.26
>60 4124022 3.96+0.25  2.91+0.14 2.71#0.18 405+0.19  3.46+0.17 4174018  4.17+0.43 3.17+0.19 3.08+0.09  3.64+0.18 3.59+0.27 417+0.11  4.05+0.56
**) (**) (ns) (ns) (ns) (ns) (**) (**) (ns) (ns) (ns) (ns)
AST 20-40 2220£056  20.34+0.86 67.113x9.64  65.80%8.84  3520+3.87 3493235 24504208  22.88+2.80  72.65+0.68  70.23+0.34  46.28+2.90  45.60+2.25  26.82+6.03  25.38+2.81
(UIL) 41-60 23.024041 22204026 73.12+8.14  71.80+6.83  37.08#571 36.43+398  26.87+454 25204384  77.08+8.94  74.09+7.38 48.63+591  47.71#356  29.60+3.97  27.40+4.25
>60 25.66+0.23  24.42+0.27  77.60+548  74.20%6.25 39544287  38.21+3.54 29-9(2r:—'5§-54 27.66+2.43  81.07+6.88  79.02+7.85 4220220  40.82+522  30.2642.03  29.00+2.30
**) ) ™ *) (ns) ) **) *) ™) (ns) (ns)
ALT 20-40 21.40£0.93  19.90:0.43  74.60:17.24 72224579  5421%¥370 53.13+3.82  28.84:687  25.92+4.29  69.70:1540  67.53+6.80 55.64%532  54.32+2.02 4470589  43.20+3.92
(UIL) 41-60 22.04+027  215240.89  70.8045.70 68.2046.94  56.44+331 5520+£3.88  2544+189  24.25+384  74.82¢676  71.2047.95 57.70+8.13  56.204+2.85  48.40+7.86  46.80+7.26
>60 24.40£026  23.00:059 ~ 7512:847 7380+7.44  58.14+4.46  57.81#3.41 2796370 g 704070  6AMBES 94081135 59014669  52.60:2.60  40.34+4.32  47.216.03
") (**) (**) (**) (ns) (ns) ") 0 (**) (**) *) *)
**)
T-BIL 20-40 0.61+0.06 059+0.07  1.29+0.12 1.25+0.13 1.05£0.13  1.02+0.29  0.91+0.27  0.89+0.59 1.2740.29 125+032  1.09+0.14 1.0740.22 081+049  0.73+0.27
(mg/dl) 41-60 0.57+0.04 054+0.09  1.26+0.13 1.32+0.35 1.03+0.19 100045  0.86+0.14  0.84:0.48 1.24+0.24 1224033  1.06%0.12 1.04+0.78 0.75:0.44  0.71%0.16
>60 059+0.01  0.55+0.06  1.34+0.23 1.29+0.17 1.07+0.15  1.11+0.34  093+0.36  0.86+0.23 1.29+0.15 1274018  1.110.17 1.05£0.35 0.87+0.72  0.85+0.20
(***) (***) (**) (**) (*) (*) (***) (***) (**) (**) (*) (*)
D- BIL 20-40 0.22+0.03 0.21+0.05  0.51+0.55 0.49+0.46 0344054  033#0.15  027:0.32  0.26+0.23 0.53+0.01 050+0.04  0.38+0.87 0.35+0.35 021+0.04  0.25+0.05
(mg/dl) 41-60 0.19+0.02 0.20+0.35  0.49+0.65 0.46+0.87 0.37+0.67 035043  023:0.43  0.29+0.78 0544002  053+0.05  0.37+0.49 0.33+0.65 027+0.01  0.26+0.02
>60 0.21+0.06 0.18+0.09  0.52+0.05 0.50+0.95 0.36+0.98  0.34#0.87  0.26+0.34  0.27+0.76 0.57+0.08 051+0.12  0.36+0.43 0.37+0.54 0.28+0.09  0.22+0.16
&) () ™) * (ns) (ns) ** **) *) ™) (ns) (ns)

Data are expressed as: mean + standard error. (ns)Non significant difference, , (*) P<0.05, (**) P<0.001& (***) P<0.0001 indicate significant difference .Compared to the healthy normal control

group.
Abbreviations: M: males; F:females;ALB: Albumin; AST: Aspartate Aminotransferase; ALT: Alanine-aminotransferase; T- BIL: Total Bilirubin; D- BIL: Direct Bilirubin
a)number male of control 30=10(20-40);10(41-60);10(>61). b) number female of control 17=6(20-40);5(41-60);6(>61).

¢) number male of Gr. 11 55=15(20-40);22 (41-60);18(>61). d) number female of Gr. Il 19=7(20-40);7(41-60);5(>61).

e) number male of Gr. 111 37=13(20-40);17(41-60);7(>61). f) number female of Gr. 111 22=9(20-40);6(41-60);7(>61)
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Table (3): kidney function data in male and female HCV patient treated with Sofosbuvir and Ribavirin combination(Gr. I1),
Sofosbuvir, pegylated - interferon and Ribavirin combination (Gr. I11)at different ages.
Normal HCV Patient(n = 133)
(n=47) (92 males and 41 females)
Contrgl (30 Gr. 11 )Sofosbuvir-Ribavirin) Gr. 111 )Sofosbuvir-Ribavirin Plus Pegylated Interferon)
(males &b17 (n=74) (n =59)
females’) (55 males°& 19 females®) (37 males®& 22 females')
Parameter  Age Grl. INC Gr. Il A Gr. Il B Gr. 11 C Gr. Il A Gr. 1B Gr. 1l C
M F M F M F M F M F M F M F
creat 2Umay 0.79+0.02 0.73+0.07 0.63+0.07 0.61+0.01 0.72+0.07 0.70+0.06 0.78+0.06 0.77+0.09 0.69+0.08 0.65+0.04 0.75+0.06 0.72+0.04 0.77+0.07 0.74+0.04
(g/dl) "™ 082:0.03  074+0.09 070004  063:0.06  071:0.05  066£0.09  0.76:0.08  0.75:007  0.68+0.05 0.67+0.07 074003  073:007  079:0.05  0.75:0.18
>60 0.76£0.05 0714004 065008  060:0.08  0.74+0.03  0.69+0.02  0.78+0.05 073005  0.70+0.02 061000  0.77+008 070001  0.78:025  072:0.15
*) *) (ns) (ns) (ns) (ns) *) *) (ns) (ns) (ns) (ns)
Urea 20-40  3348:029  27.44+056 2648+140  2044:1.16 25.07+3.30 4204:234  41.98+2.18
41-60  30.14%015  28.34+067 2308106 2296204 3048053  20.92:350  20.16+236  28.99+2.19  2406+1.03  2223:058  48.38+190  4390:1.96  44.46:257  43.58+136
(g/dl) >60 28.84+0.87 30.12+0.80  21.11+1.58  23.74 £3.66 32.48+2.15 31.00+4.70 31.48+2.59 30.59+1.39 25.50+2.57 24.97+2.06 47.04+3.31 44.98+1.20 45.50+2.37 44.14 £2.66
* *) 31.66:0.98 ~ 3098070  33.96£256 37 584759 * 2305258 4502159  46.76 +3.67 * *
(ns) "9 ") (ns) *) *) *)

Data are expressed as: mean * standard error. (ns)Non significant difference, (*) P<0.05, (**) P<0.001& (***) P<0.0001 indicate

significant difference .Compared to the healthy normal control group.
Abbreviations: M: males; F:females;Creat: Creatinine; Urea: Blood urea nitrogen.
b) number female of control 17=6(20-40);5(41-60);6(>61).

a)number male of control 30=10(20-40);10(41-60);10(>61).
c) number male of Gr. Il 55=15(20-40);22 (41-60);18(>61). d) number female of Gr. Il 19=7(20-40);7(41-60);5(>61).
e) number male of Gr. 111 37=13(20-40);17(41-60);7(>61). f) number female of Gr. 111 22=9(20-40);6(41-60);7(>61)
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Table (4): Biochemical data in male and female HCV patient treated with Sofosbuvir and Ribavirin combination (Gr.I1),

Sofosbuvir, pegylated - interferon and Ribavirin combination (Gr. 111) at different ages.

Normal HCV Patient(n = 133)
(n =47) (92 males and 41 females)
Contrgl (30 Gr. 11 )Sofosbuvir-Ribavirin) Gr. 111 )Sofosbuvir-Ribavirin Plus Pegylated Interferon)
(males &017 (n = 74) 5 (n = 59) f
c e
females”) (55 males‘& 19 females®) (37 males°& 22 females')
Parameter Age Grl. INC Gr.llA Gr. 11 B Gr.l1C Gr. 1 A Gr. 111 B Gr. 1l C
M F M F M F M F M F M F M F
FBG 20-40 95.7I35.11 92.19+3.15 112.13+9.23 109.25+9.12 99.39+4.15 101.41+4.17 93.54+6.27 91.31+8.13 107.62+4.28 104.438.19 94.27+9.21 100.41+4.17 98.36+9.23 90.28+6.17
95.45+6.19 116.18+9.12 112.32+4.76 102.5646.17 98.49+4.14 96.32+2.53 94.54+3.78 110.85+3.85 108.53+6.21 109.49+3.31 107.95+9.87 112.877.95 107.58+4.76
ma/dl “+1-uu 0 ORaA A . 110.63%5.21 108.45+5.19 107.65+5.1 113.34+9.68 99.974+6.23 98.81+4.98 117.7245.21 104.495.78 115.77+4.56 111.45+8.65 106.64+3.43 110+8.93
)mg/dl) 60 104.96:6.86  98.89+6.93 (ns) ") % () 09) ns) ") ") ") ") (n9) ")
Kyn 20-40 331.64+24.05 325.43+18.80  472.60+16.65 466.42+12.45 365.60+18.78  359.41+15.04 358.22+11.75 352.53+13.31 418.56+15.75 402.35+14.65 464.68+17.06 458.60+15.03 531.54+10.95 514.32+12.98
41-60 350.58+20.88 330.47+14.65  491.52+18.15 480.43+13.82 384.32+1453  373.51+12.35 341.41%17.21 366.21+12.21 427.38+19.25 416.32+17.74 491.20+16.81 580.34+19.35 557.45+8.60 544.65+16.16
(ng/ml) 365.67+12.65 347332111 5g6 EE415.05 488.33+14.12 399.50£1350 594 3641764 392.52+14.33 374.47+12.63 445.44+14.13 424,31+15.32 509.46+13.82 488.38+17.54 573.33+7.26 552.45+15.28
>60 D '(*;) ' '(*;) ' (ns) '(ng) ' (ns) (ns) '(*:) ' **) **) '(*;) ' **) (%)

Data are expressed as: mean + standard error. (ns)Non significant difference , (*) P<0.05, (**) P<0.001& (***) P<0.0001 indicate
significant difference .Compared to the healthy normal control group.

Abbreviations: M: males; F:females;FBG: Fasting blood glucose; KYN: kynurenine.

a)number male of control 30=10(20-40);10(41-60);10(>61). b) number female of control 17=6(20-40);5(41-60);6(>61).
c) number male of Gr. Il 55=15(20-40);22 (41-60);18(>61). d) number female of Gr. 11 19=7(20-40);7(41-60);5(>61).
e) number male of Gr. 111 37=13(20-40);17(41-60);7(>61). f) number female of Gr. 111 22=9(20-40);6(41-60);7(>61)
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