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Abstract
Background: Sofosbuvir is a nucleotide analog that has activity against all hepatitis c virus genotypes.
Aim of work:The aim of this study was to demonstrate the effect of Sofosbuvir on the cornea of adult
male albino rat.
Materials and methods: Thirty five adult male albino rats were used in this experiment. Animals were
divided into three groups; Group I control (negative and positive), Group II received Sofosbuvir orally by
gastric tube at a dose of 4mg/kg per day for 5 weeks. Group III (Sovaldi and Chrysin treated), received
SOV as in group II and Chrysin was given orally by a gastric tube, at a dose of 50 mg/kg once daily for 60
days. All rats were examined for histological study using Hematoxylin and Eosin and Mallory trichrome
stains. Immunohistochemical expression for E-cadherin and Caspases-3 was performed. Morphometric and
statistical analysis were also performed.
Results: Examination of H&E stained sections of Sovaldi- treated cornea showed irregular upper free
surface together with desquamation of surface epithelial cells. Bowman’s layer was interrupted and
separated. Stroma showed irregularly arranged collagen fibers and separated by wide spaces. Mallory
trichrome stained- sections revealed disorganized collagen fibers. Immunohistochemically there was
decrease of E-Cadherin expression and dramatically up-regulated expression of Caspases.
Conclusion: Sofosbuvir have detrimental histological and immunohistochemical changes in cornea and
Chrysin attenuate these changes.
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Introduction

[3]. It was reported that SOV treatment displays common side
Sofosbuvir is commercially known as Sovaldi (SOV), it is a nu- effects including fatigue, headache, nausea, rash and irritabilcleotide analogue polymerase inhibitor used in combination ity [4], other adverse side effects were recorded as chest pain,
with other drugs to treat hepatitis C virus (HCV) infection. It memory impairment, dyspnea, gastrointestinal reflux, alopecia,
has been marketed since 2013. On comparing SOV- based depression, muscle spasm and blurred vision. However, the
regimens to previous treatments, it provides a higher cure most commonly reported side effects are brain fog (confusion,
rate, fewer side effects, a two- to four- folds reduced duration memoryloss and sudden blankness) [5]. Moreover, vision loss
of therapy and great difficulty for resistance development [1,2]. seems to be a growing side effect of Sovaldi [6].
SOV is a prodrug using the proTide biotechnology strategy. It
Flavonoids are natural phenolic compounds present in fruit
is converted to the active antiviral agent 2’-deoxy-2’-α-fluoro- and vegetable species [7]. Flavonoids have many useful effects
β-C- methyluridine-5’-triphosphate. The triphosphate acts as that include being antioxidants and having anti-bacterial, antia defective substrate for the NS5B protein, which is the viral cancer, anti-mutagenic and anti-inflammatory properties [8].
RNA polymerase, thus acts as an inhibitor of viral RNA synthesis Chrysin (5, 7-dihydroxyflavone; is a natural flavonoid available
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in many plant extracts including the blue passion (Passiflora
caerulea) flower, bee propolis and honey [9]. Chrysin (CR) has
free radical elimination effects with the hydroxyl groups of
CR [10]. Like the flavonoids, CR has several pharmacological
effects such as being an antioxidant, anti-inflammatory, antiaging, anti-cancer and anti-hypertensive properties [11]. The
aim of this study was to investigate the possible protective
effects of CR against Sovaldi induced corneal changes in rats.
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xylene, and stained with H&E and Mallory trichrome for light
microscopic examination of the cornea [13].

Immunohistochemical study

Immunohistochemical reactions were carried out using the
avidin-biotin peroxidase complex (Dako Company, Wiesentheid/Bavaria, Germany, Biotin Blocking System, Code X0590)
method following the manufacturer’s instructions. 4μm serial
sections of paraffin-embedded specimens were deparaffinized
Methodology
on charged slides. The sections were incubated in 0.1% hydroDrugs and chemicals
gen peroxide for 10 min to block the endogenous peroxidase
1- Sofosbuvir, a product of Pharco Pharmaceuticals, Alexan- activity and then incubated with the primary antibody.
dria, Egypt, was available in the form of tablets with the trade
1. Primary mouse monoclonal antirat E-cadherin antibody,
name Gratisovir Each tablet contained 400 mg of Sofosbuvir. (NeoMarkers/Lab Vision, Fremont, California, USA).
2-Chrysin is currently available as dietary supplement
2. Primary mouse monoclonal antirat Caspases3 antibody
products contain 500 mg of chrysin per capsule, and was (Labvision Corporation; Thermoscientific, USA). The slides
purchased from Sigma-Aldrich Chemical Company, (St. Louis, were incubated with the secondary antirabbit antibody versal
MO, USA).
kits (Zymed laboratories), diluted 1:200 for 30 min, and staining was completed by incubation with chromogen, called
Animals
diamiobenzidine (DAB). Mayer’s hematoxylin was used as a
Thirty five adult male albino rats were used in this experiment; counterstain [14].
each of them is weighing 150-200 grams. Food and water
were provided ad libitum for 7 days before use in the animal Morphometric study
house, faculty of medicine, Zagazig University. All aspects of A detailed morphometric analysis of area percentage of collaanimal care and treatment were carried out according to the gen in Mallory trichrome stained section, area % of E-cadherin
local guidelines of the ethical committee for animal research. and optical density of Caspases-3 in immunohistochemical
stained sections. Data were obtained using Leica Qwin 500
Experimental design
image analyzer computer system in the image analysis unit in
The animals were divided into three groups:
Pathology Department, Faculty of Dentistry, Cairo University.
Group I (Control): Included fifteen rats, it was subdivided The image analyzer consisted of a colored video camera, a
into 2 subgroups:
colored monitor and a hard disc of IBM personal computer
Subgroup I (negative control group): Included five rats, connected to the microscope, and controlled by Leica Qwin
they were received no treatment throughout the period of 500 software. The image analyzer was first calibrated autoexperiment.
matically to convert the measurement units (pixels) produced
Subgroup II(positive control group): Included ten rats, by the image analyzer program into actual micrometer units.
they were subdivided into 2 equal subgroups:
Subgroup IIa: The rats received distilled water orally for Statistical analysis
5 weeks.
Data for all groups were expressed as mean±SDX± SD). The
Subgroup IIb: Rats received Chrysin dissolved in in 10 ml data obtained from the image analyzer and the biochemical
distilled water at a dose of 50 mg/kg once daily for 60 days. data were subjected to SPSS program version 14 (Chicago,
Group II (SOV-treated): Included ten rats that received Illinois, USA). Statistical analysis using the one-way analysis
SOV, Each tablet contained 400 mg of Sofosbuvir; these tablets of variance test was carried out. The results were considered
were dissolved in distilled water and given for rats orally by statistically significant as P value was less than 0.05.
gastric tube in a dose of 4mg/kg per day for 5 weeks.
Group III (SOV and CR treated): Included ten rats that Histological results
received SOV as in groupII and CR was given orally by a gastric Histological examinations of control subgroups showed similar
tube, at a dose of 50 mg/kg once daily for 60 days [12].
morphologic results. So, subgroup Ia was considered as the
control group.
Methods
H&E- stained corneal sections of the control group showed
the normal structure of five layers (epithelium, Bowman’s
Histological study
The specimens were fixed in 10% neutral-buffered formalin, layer, stroma, Descemet’s membrane and endothelium). The
dehydrated in a graded ethanol series, cleared in xylene, and epithelium of the cornea was stratified squamous epithelium
embedded in paraffin wax. Tissue sections of 5–7 μm thick- with smooth and regular free surface. There was a non-cellular
ness were cut using a rotating microtome, deparaffinized with homogenous acidophilic layer; Bowman’s layer beneath the
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epithelium. Stroma was formed of regularly arranged bundles
of collagen fibers that were parallel to each other and to the
surface. Keratocytes (corneal fibroblasts) were seen between
the collagen fibers. They were flat cells with elongated spindle
shape nuclei. Under the stroma there was the Descemet’s
membrane which appeared as a thin homogenous acidophilic
layer. Lastly, a single layer of flat cells with flat or oval nuclei
(corneal endothelium) was present on the posterior surface
of Descemet’s membrane (Figure 1).
Group II (SOV treated) revealed variable changes in the
cornea. The less apparently affected areas showed mild interruption of Bowman’s layer and separation from the epithelial
layer. Minimal separation of corneal stromal fibers was also
noticed. The more affected areas revealed disturbance of the
normal corneal architecture in the form of irregular upper
free surface together with desquamation of surface epithelial
layers. Some sections showed thinning of the epithelium.
Corneal stroma collagen fibers were irregularly arranged and
separated by wide spaces. Keratocytes were decreased in
number and degenerated in most of animals with shrunken
nuclei (Figures 2a-2c).
Group III (SOV and CR-treated) showed less degenerative
changes in cornea; more or less normal appearance of corneal
epithelium, Bowman’s membrane, stroma and Descemet’s
membrane (Figure 3).
Mallory trichrome- stained section of the cornea of control
albino rat showed regularly arranged bundles of collagen
fibers (Figure 4a). While, SOV-treated group revealed many
spaces between collagen fibers with disorganized arrangement (Figure 4b). On the other hand, SOV and CR-treated
groups howed some spaces between collagen fibers with
more or less regularly arranged (Figure 4c).
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Figure 2. a: SOV-treated group, revealing separation of
corneal epithelium from Bowman’s membrane (arrow).
Corneal stromal fibers show mild separation (S).
b: In the same group there is mild separation of superficial
layer of epithelium (arrow head), corneal stroma fibers are
widely separated (S), with condensed rounded keratocyte
nucleus (zigzag arrow).
c: Examination of group II corneal section revealing irregular
surface of epithelium with separation of superficial layer of it
(arrow head). Some areas show apparent decrease in thickness
of the corneal epithelium (EP) and corneal stroma(line);
corneal stroma fibers are separated (S)with disorganized
collagen fibers(H&E X 400, Scale bar, 30 µm).

Figure 3. SOV and CR-treated group showing normal
thickness of corneal epithelium (EP), slight separation of
corneal stroma (S)with apparently regularly arranged collagen
fibers(H&E X 400, Scale bar, 30 µm).
Figure 1. A Photomicrograph of a section of rat cornea
from the control group, showing the stratified squamous
nonkeratinized corneal epithelium (EP) formed of a few
cell layers. The basalepithelial cells are columnar with oval
nuclei (arrow head) resting on Bowman’s membrane (arrow).
Stroma (S) is formed of parallel arranged collagen bundles
with spindle- shaped keratocytes in-between (zigzag arrow).
Descemet’s membrane (curved arrow) is also seen(H&E X
400, Scale bar, 30 µm).

Immunohistochemical results

Examination of corneal stained sections of the control group
revealed excessive expression of E-cadherin immunoreactions
(Figure 5a). While, SOV- treated group showed down-regulation
of E-cadherin immunoexpression (Figure 5b) Sovaldi and
CR-treated group revealed moderate immunoexpression of
E-cadherin (Figure 5c).
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Figure 4. a): A Photomicrograph of Mallory trichrome-stained
section of cornea of control albino rat showing regularly
arranged bundles of collagen fibers(circle) with no spaces.
b): Sovaldi-treated group revealing irregularly distributed
collagen fibers (circle) with many
spaces (S) in-between.
c): Sovaldi and CR-treated group showing regularly distributed
collagen fibers (circle) with some spaces(S) in-between
(Mallory trichrome X 400, Scale bar, 30 µm).
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Figure 6. a): A Photomicrograph of immunohistochemicalstained corneal sections for Caspases3 of the control group
showing weakCaspases-3 immunoexpression (arrow).
b): Sovaldi-treated group showing increased
immunoexpression of Caspases-3 positive cells (arrow).
c): Sovaldi and CR-treated group revealing moderate
immunoexpression of Caspases-3 positive cells (arrow)
(Immunoperoxidase for Caspases-3 X400, Scale bar, 30 µm).

Morphomerical and statistical results

Table 1-3.

Discussion

Figure 5. a): A Photomicrograph of immunohistochemicalstained corneal sections for E-cadherin of the control group
revealing upregulation of E-cadherin immunoexpression
(arrow).
b): Sovaldi-treated group showing down regulation of
E-cadherin immunoexpression(arrow)
c): Sovaldi and CR-treated group revealing moderate
immunoexpression of E-cadherin (arrow) (Immunoperoxidase
for E-cadherin X400, Scale bar, 30 µm).

Immunohistochemically- stained corneal sections of the
control group revealed weak caspases-3 immunoexpression
(Figure 6a) While, SOV-treated group showed dramatically
up-regulated immunoexpression of caspases3positive cells
(Figure 6b): On the other hand Sovaldi and CR-treated group
showed moderate immunoexpression positive cells (Figure 6c).

Sofosbuvir induced blurred vision necessitated the aim of
this study which was the demonstration of the histological
adverse effects of the Sofosbuvir administration on cornea. In
this study, examination of H&E stained sections of the cornea
revealed disturbance of its normal architecture in the form
of irregular upper free surface together with exfoliation and
desquamation of some surface epithelial cells. Some sections
showed thinning of the epithelium.
In this study, there were irregular upper free surface together with exfoliation and desquamation of some surface
epithelial cells, these changes were statistically proved by
down-regulation of E-cadherin expression in epithelial cells
this was in agreement with [15] The previous changes were
attributed to breakdown of tight junctional integrity in the
epithelial cells allowing direct passage of hydrophilic molecule through paracellular space to the cornea [16], which
explained by marked reduction of a tight junction-related
protein (zonula occludin-1) that markedly reduced in epithelial cells followed by disruption of epithelial barrier functions
[17]. It was reported that the corneal epithelium is a good
sensor which may reflect functional alterations of the cell
membrane integrity and was considered as a manifestation
of drug toxicity [18].
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Table 1. Comparison between mean values of the mean area percentage of
collagen fibers in all studied group using ANOVA test.
Control I Group II Group III F
P
Area %
20.23±1.21 6.38±0.68 17.03±1.26 424.3 <0.001**
of Mallory trichrome
** highly significant (p<0.001).
Table 2. Comparison between mean values of optical density E-cadherin
immuno reactions in all studied groups using ANOVA test.
Control I
Optical density E-Cadherin

Group II

Group III

F

P

62.26±0.80 25.18 ±5.27 40.66±4.33 870.6 <0.001**

**: highly significant (p<0.001).
Table 3. Comparison between mean values of the optical density of Caspases-3
immunoreaction in all studied groups using ANOVA test.
Control I Group II Group III F
P
Optical density of caspases-3 51±0.20

60.8 ±2.17 55.66±0.33 39.0.6 <0.001**

**: highly significant (p<0.001).

E-cadherin is an essential adhesion molecule that maintains
the corneal epithelial structural and functional integrity; the
reduction of E-cadherin expression mostly indicated the altered
integrity of the epithelial cell layers with impaired packing and
organization of the cells [19]. This is in agreement with our
result including reduction of E-cadherin expression together
with sloughing of the epithelium in Sofosbuvir treated group.
Disturbance of epithelial integrity could lead to impairment
of its barrier function, this exposes the corneal stroma and
leads to disruption of its collagen bundles causing severe
defect of vision due to loss of its transparency and so light
refraction [20].
Bowman’s layer was interrupted and separated from the
epithelial layer. It was suggested by Saika et al [21] who
mentioned that damaged corneal epithelial cells produce
substances like metalloproteinases which are capable of
degrading components of the basement membrane (BM)
resulting in alterations of its structure and function.
Decreased keratocyte of the stroma detected in this study
might be due to their contraction, apoptosis & death as previously
shown by Rosin and Bell [22]. Disarrangement, destruction
and loss of collagen fibers might be explained by apoptosis
& loss of keratocytes as keratocytes synthesize and maintain stromal collagen, so loss of keratocytes would result in
decreased collagen production. It could also stimulate the
production of matrix metalloproteinase enzymes (MMPs) in
corneal stromal cell which are collagen degradation enzymes
leading to increase collagen turn over with a net loss of stromal
collagen as previously reported by Manni et al [23].
Concerning caspase-3 expression in Sovaldi- treated groups
of the current study; there was highly significant increase in
the expression of caspase-3, a marker for apoptosis, which
appear in the epithelial cells, stromal and endothelial cells. Kim
et al., 2011 [24] attributed the apoptosis in cases of Diabetic

Keratopathy (DK) to the accumulation of NF-κB (necrosis
factor kappa beta) in the corneal tissues of diabetic rats. In
addition, Circu and Aw, 2010 [25] postulated that the excessive production of ROS played an important role in apoptosis.
Wide separation of stromal collagen fibers which were also
proved by Mallory trichrome stain [26] explained this separation
by reaction of cautions with the carboxyl groups of stromal
collagen and glycoaminoglycans causing disarrangement to
the collagen bundles. The keratocytes implicated in maintaining the highly organized collagen fibrils and the intercellular
matrix, more keratocytes means better function [27].
Considerable attention is currently focused on the consumption of functional foods for the protection of human health.
In particular, there is intense interest in the role of dietary antioxidants, which are capable of scavenging the oxidants and
free radicals responsible for initiating various diseases [28].
Systematic investigations of the antioxidant Systematic investigations of the antioxidant properties of various foods, beverages, spices, and herbs have been performed [29]. Recently,
a number of studies have shown that chrysin has multiple
biological activities, such as anti-inflammatory, anti-oxidant,
and anticancer effects [30].
In chrysin treated group, there were less degenerative changes
in cornea: more or less normal appearance of corneal epithelium, stroma and Descemet’s membrane with mild separation
of Bowman’s membrane from epithelium and slight stromal
separation. There werereduction of caspases3positive cells
in comparison with the Sofaldi treated group, which were
statistically proved. Chrysin has been shown to inhibit tumor
angiogenesis in vivo, which is a key step in metastasis [31].
Chrysin may inhibit chymotrypsin-like and trypsin-like proteasomes, which play an important role in regulating apoptosis
and the cell cycle [32].
There were improvement of collagen synthesis after treat-
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ment by chrysin, this was attributed to the collagen stimulating
activity observed for some flavonoids, by inhibiting matrix
metalloproteinases (MMP), flavonoids could increase the
rate and the amount of collagen synthesized by fibroblasts
necessary for the formation of new wound matrix, thereby
speeding up the healing process [33].

Conclusion and recommendations

Sofosbuvir cause several deleterious effects to cornea. These
effects s might lead to blurring of vision and decrease visual
acuity. Yet, the scientific community should dedicate attention
to establish and validate well designed protocols for treatment of hepatitis C viral infection and increase the uptake of
natural flavonoids as chrysin.
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