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ABSTRACT
Introduction: Hepatitis C virus (HCV) infection is a principal cause of mortality globally. About 

170 million people were infected with HCV worldwide. Egypt’s Ministry of Health and Population 
has released a nationwide strategy to address this pandemic. Sofosbuvir is a new combination of 
direct-acting antiviral drugs that doesn’t require addition of interferon and is an effective alternative 
to interferon. The systemic effects of Sofosbuvir are being investigated nowadays; however, there 
aren’t enough studies on its impact on oral health yet.

Aim of the study: To investigate the effect of Sofosbuvir on buccal mucosa in Albino rats.

Materials and Methods: Twenty-eight Adult male albino rats were randomly divided into two 
main groups, fourteen rats each. Each group was furtherly subdivided into two subgroups A & B 
according to the time of sacrifice which was 45 and 60 days respectively. Control group (GroupI) 
was given distilled water daily by gastric tube, and experimental group (GroupII) was given 
Sofosbuvir (40 mg/kg/day) dissolved in distilled water by gastric tube. Specimens were examined 
histologically and immunohistochemically.

Results: Group II showed vacuolization in the epithelium and signs of degeneration in both 
epithelium and connective tissue. Immunohistochemical results of GroupI showed strong positive 
nuclear immunoreactivity for Ki-67 in the epithelial cells and lamina propria, however GroupII 
showed weak nuclear immunoreactivity for Ki-67. Statistical results showed significant decrease in 
Ki-67 positive area percentage of SubgroupIIB when compared to SubgroupIIA.

Conclusion: Sofosbuvir administration resulted in degenerative changes in buccal mucosa and 
affected its proliferation, which was time dependent.
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INTRODUCTION 

Hepatitis C virus (HCV) is the main etiology 
of chronic hepatitis and liver lethal diseases. 
An estimated 170 million people were infected 
worldwide, with 350,000 people dying each year 
as a result of this fatal virus [1]. The HCV has the 
ability to cause a chronic infection in about 70% 
of the cases that lead to the development of many 
serious liver diseases such as liver cirrhosis and 
hepatocellular carcinoma. Chronic HCV has a high 
rank in worldwide morbidity and global suffering [2]. 

The treatment of HCV has undergone a number 
of advances in recent years, many of which have 
significantly changed the prognosis. Hence the use 
of new combination of direct–acting antiviral drugs 
(DAADs) without interferon (IFN) seems to be a 
promising treatment alternative therapy method 
(e.g., Sofosbuvir) [3, 4]. 

Sofosbuvir (SOF) is basically a HCV polymerase 
inhibitor and its chemical formula is C22H29F-
N3O9P [5]. Sofosbuvir is immediately converted to 
its active metabolite by enzymes found in the hu-
man hepatic cells in the liver. The active nucleotide 
form is metabolized to the inactive metabolite of the 
nucleotide, which is mainly removed by passive fil-
tration in the renal glomerulus, and it imitates the 
physiological nucleotide. It competitively blocks 
the viral RNA polymerase (NS5B polymerase), thus 
inhibiting the HCV-RNA formation by RNA chain 
termination [6, 7]. 

This drug is very potent as it has a fortification 
to resistance and it has a high tolerance response. 
The dosage is not complicated if compared to 
other drugs as it is prescribed only once daily by 
oral administration of a 400mg tablet, this drug is 
relatively free from major drug-drug interaction [8]. 

The systemic effects of SOF are increasingly 
investigated nowadays; however, there are no 
sufficient researches on its effect on the oral 
health. Furthermore, due to its breakthrough 

results in the treatment of HCV internationally, 
and its easy availability in Egypt, the aim of this 
study is to investigate the effects of SOF on 
buccal mucosa of Albino rat histologically and 
immunohistochemically. 

MATERIALS AND METHODS

Materials

Sofosbuvir was obtained in the form of tablets 
from the local pharmaceutical market under the 
market name Sovaldi ™ by Gilead Sciences 
pharmaceutical company. 

Methodology

A) Animals: Twenty-eight adult male Wistar 
Albino rats, weight ranging from 200-250 gm were 
used in this study. Albino rats were collected from 
the animal house of Ain Shams University. The rats 
were caged in stainless steel cages with five rats per 
cage at the Medical Research Center, Ain Shams 
University. The rats were fed a regular diet of fresh 
vegetables and bread; they received tap water. The 
correct ventilation and nutrition conditions that 
ensure good and clean working environment were 
followed under the supervision of a specialized 
veterinarian. The Research Ethics Committee of 
the Faculty of Dentistry at Ain Shams University 
reviewed and accepted the protocol, and the final 
approval number is FDASU-RecIM121801. 

B) Animal Grouping: Rats were randomly 
divided evenly into two main groups, fourteen rats 
each, as follows in Table (1). 

C) Drug Administration: Tablets were crushed 
and dissolved in distilled water (8mg/ml), then 
administrated to the albino rats via a gastric tube. 
The dose used was (40mg/kg/day) [9]. 

At the end of the experiment all animals 
were euthanized by overdose of anesthesia and 
immediately dissected to obtain the buccal mucosa. 
All specimens were processed and prepared to be 
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stained for histological and immunohistochemical 
examination using the following stains respectively: 

a)	 Hematoxylin & Eosin stain for routine 
histological examination [10].  

b)	 Immunohistochemically staining using 
monoclonal Ki-67 antibody.  

Ki-67 protein was prepared in mice [11]. Ki-
67 is characterized by nuclear localization. The 
immunopositive cells are dark brown while the rest 
are blue [12]. 

Methodology of Ki-67 staining: 

•	 Deparaffinization was achieved with xylene 
then rehydration in graded alcohol solutions.

•	 The epitopes were extracted by raising the 
temperature of the sections to 121°C for 10 
minutes in citrate buffer (pH6.0).

•	 To block endogenous activity sections were 
incubated in 3% hydrogen peroxide (H2O2) in 
methanol for 5 min then blocking of nonspecific 
binding of primary antibodies to epitopes by a 
pre-incubation step with 5% regular goat serum 
for 10 min at 37°C.  

•	 The primary antibody Ki-67 (Dako, M7240, 
1:100) was applied on the slides and incubated 
in humid chamber overnight in refrigerator at 
40°C. 

•	 Color development was done with 
diaminobenzidine (DAB).

The slides were counterstained with 
haematoxylin, dehydrated in ascending grades of 
alcohol, cleared in xylene and mounted [13, 14]. 

Examination and photographing were done for 
H&E and Ki-67 stained sections using Leica Qwin 
500 image analyzer computer system (England). 
The image analyzer is mainly composed of a 
colored video camera, colored monitor and a hard 
disc of IBM personal computer connected to the 
microscope. This was done at the Research Center 
of Oral Histopathology Department, Faculty of 
Dentistry, Misr International University. 

Histomorphometric analysis was performed for 
measuring ki-67 immunostaining. Ki-67 stained 
sections were randomly selected and the positive 
area percentage was calculated from five adjacent 
microscopic fields using image J for analysis, the 
images were conducted of all specimens at standard 
magnification × 200. 

Statistical analysis: 

Numerical data were tested for normality 
using Shapiro-Wilk test. Data showed parametric 
distribution so they were presented as mean and 
standard deviation values and were analyzed 
using independent t-test for inter and intra group 
comparison. The significance level was set at p≤0.05 
within all tests. Statistical analysis was performed 
with R statistical analysis software version 4.1.2 for 
Windows. 

TABLE (1): Showing different groups, dose, route of drug administration and sacrifice date. 

Grouping No. of albino rats Sacrifice date and albino rats no. 

Group  I (control) 14 
Day 45 Subgroup IA 7 albino rats. 

Day 60 Subgroup IB 7 albino rats. 

Group  II (experimental) 
(Sovaldi treated group) 

14 
Day 45 Subgroup IIA 7 albino rats. 

Day 60 Subgroup IIB 7 albino rats. 
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RESULTS

H&E results

Group I (control group): Subgroups IA & IB: 

Histological results of the control group showed 
normal histological features of the buccal mucosa 
with apparent normal epithelial thickness. The 
epithelium and the lamina propria were separated 
by well-defined basement membrane. The epithelial 
rete pegs appeared short, broad and numerous. The 
epithelium was underlined with normal fibrous 
dense connective tissue lamina propria continuous 
with submucosa and the underlying muscle fibers. 
The lamina propria consisted of dense vascular 
connective tissue with fibroblasts and collagen fiber 
bundles. Submucosa showed collagen fibers and 
muscle cells Fig. (1A).

Higher magnification of the covering epithelium 
showed ortho-keratinized stratified squamous 
epithelium, with normal sized tightly packed 
epithelial cells with no intercellular bridge 
disruption and normal nuclei appearance. The 
basal cells appeared with largely deeply stained 
nuclei and basophilic cytoplasm. Parabasal cells 

appeared polyhedral with rounded nuclei and 
basophilic cytoplasm. The flat cells of the granular 
cell layer showed flat deeply stained nuclei and 
basophilic granules in the cytoplasm. The keratin 
layer appeared as a well-defined acidophilic layer 
covering the epithelium Fig. (1B).

Group II

Subgroup IIA: where rats were treated by Sovaldi 
for 45 days. 

By examining the histological sections of 
(subgroup IIA), the covering epithelium appeared 
with decreased thickness. The basement membrane 
appeared irregular with multiple short epithelial rete 
pegs with irregular thickness. The connective tissue 
lamina propria of this group appeared as irregularly 
arranged fibrous layer with areas of separation and 
dilated blood vessels. The submucosa showed areas 
of separations especially surrounding the muscle 
layer Fig. (2A). 

Higher magnification of the covering epithelium 
showed parabasal cell layer appeared with 
paler cytoplasm, pale stained nuclei and diffuse 
cytoplasmic vacuolization. Some cells of the spinous 

Fig. (1): 1A: Photomicrograph of group I showing buccal mucosa with orthokeratinized stratified squamous epithelium, the 
epithelial rete pegs are short, broad and numerous. Lamina propria is dense and fibrous. The submucosa shows normal 
structure. (HX. & E. stain, Orig. Mag., x200), 1B: Higher magnification showing covering epithelium, its basal cell layer 
cells have deeply stained nucleus and basophilic cytoplasm (A), large polyhedral parabasal cells with rounded nuclei and 
basophilic cytoplasm (B), granular cell layer with flat deeply stained nuclei and basophilic granules (C), The keratin layer 
appears as a well-defined layer with eosinophilic stain (D) (HX. & E. stain, Orig. Mag., x400). 
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cell layer showed distended inter cellular spaces in 
some locations with faintly stained cytoplasm and 
pale stained nuclei. The granular cell layer showed 
decrease in the basophilic granules. The stratum 
corneum showed some areas of separation within 
its thickness, some areas show separation from the 
epithelium Fig. (2B).

In some specimens, a few areas of basilar 
hyperplasia with loss of polarity and detectable 
increase in the thickness of keratin layer without 
separations was seen Fig. (2C).

Subgroup IIB: where rats were treated by Sovaldi 
for 60 days. 

The buccal mucosa was covered by keratinized 
stratified squamous epithelium. The basement 
membrane appeared smooth with decreased 

scalloping. The papillary layer of the lamina 
propria appeared to have disorganized connective 
tissue fiber bundles and the submucosa appeared 
disorganized with some areas of degeneration and 
dilated blood vessels Fig. (3A).

On higher magnification, the basal cell layer 
was composed of a single row of non-columnar 
cells, some basal and parabasal cells showed signs 
of degeneration appeared as wide perinuclear 
haloing and vacuolations. The nuclei of the stratum 
spinosum appeared obviously pale stained. Some 
nuclei showed almost complete degeneration in 
prickle and granular cell layers Fig. (3B). 

The thickness of the granular cell layer was 
markedly diminished and consequently, the amount 
of keratohyalin granules was fewer. The cornified 
layer appeared thinner, compared to subgroup IIA 

Fig. (2): 2A: Photomicrograph of Subgroup IIA: showing multiple ir-
regular epithelial rete pegs extends into the lamina propria (A), 
the lamina propria appears less organized with few separations 
and dilated blood vessels (B), the submucosa appears with areas 
of separations especially surrounding the muscle layer (C) (HX. 
& E. stain, Orig. Mag., X200), 2B: Higher magnification of Sub-
group IIA: showing parabasal cell layer with paler cytoplasm, 
pale stained nuclei and cytoplasmic vacuolization (A), spinous 
cell layer showed distended inter cellular spaces in some loca-
tions with faintly stained cytoplasm and pale stained nuclei (B), 
granular cell layer with decreased basophilic granules (C), kera-
tin layer with some areas of separation (D). (HX. & E. stain, Orig. 
Mag., X400), 2C: Photomicrograph of Subgroup II A: showing 
irregular basal cell layers with few areas of basilar hyperplasia 
and loss of polarity (A). Apparent increase in thickness of keratin 
layer (B). (HX. & E. stain, Orig. Mag., X400).  
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and in some specimens, the keratin layer appeared 
separated from the underlying epithelium with 
corrugated surface Fig. (3B). Some regions showed 
swelling in prickle cells with binucleation and 
mitotic figures Fig. (3C).

Immunohistochemical results: 

GROUP I: (control group)  

Subgroup IA: scarified on day 45 SubgroupIB: 
scarified on day 60.  

In both subgroups a strong nuclear 
immunoreactivity to Ki-67 in the basal, parabasal 

cell layer is detected while mild staining reaction 
is demonstrated in some granular layer cells and 
the underlying connective tissue. Negative nuclear 
reaction is rarely observed Fig. (4A & 4B). 

GROUP II: (experimental group) 

Subgroup IIA: where rats were treated for 45 
days (short-term Sovaldi administration). 

Immunohistochemical examination of Ki-67 
expression in the specimens showed mild nuclear 
immunoreactivity in basal and parabasal layers, 
weak staining was observed in granular cell layer 
and the underlying connective tissue, in addition to 

Fig. (3): 3A: Photomicrograph of Subgroup IIB: showing smooth basement membrane. The papillary layer with disorganized 
connective tissue fiber bundles (A) areas of separations in the submucosa with areas of degeneration (B), dilated blood 
vessels are seen (C). (HX. & E. stain, Orig. Mag., X200). 3B: Higher magnification showing signs of degeneration in some 
of the basal and parabasal cells with perinuclear haloing and vacuolations (A), The nuclei of the spinous cell layer are pale 
stained (B), some nuclei show complete degeneration (C), decreased thickness of the granular cell layer and the amount of 
keratohyalin granules (D), the keratin layer separated from the underlying epithelium with corrugated surface (E). (HX. & 
E. stain, Orig. Mag., X400). 3C: Showing swelling in the prickle cell layer (A) with binucleation (B) and mitotic figures 
(C) (HX. & E. stain, Orig. Mag., X400). 
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the increase of the negative nuclei. This expression 
was apparently lower than that detected in group I. 
Fig. (4C). 

Subgroup IIB: where rats were treated for 60 
days (long-term Sovaldi administration). 

Sections presented weak nuclear expression to 
Ki-67 at basal, parabasal, granular cell layer and the 
underlying connective tissue; this reactivity to Ki-
67 was decreased compared to group I and subgroup 
IIA with some negative nuclei. Fig. (4D).  

Statistical results

1-Intergroup comparisons

Using t-test to compare between control and 

experimental groups, the mean of area percentage 
of immunopositive cells, was significantly higher 
in subgroup IA (87.57±10.15) than subgroup IIA 
(49.14±5.52) and in subgroup IB (88.57±11.87) 
than subgroup IIB (33.29±8.71) (p<0.001). 

2-Intragroup comparisons

Using t-test to compare between the two different 
durations of the control group, and compare between 
the two different durations in the experimental 
group as well, the mean of area percentage of 
immunopositive cells, was higher in subgroup IA 
(87.57±10.15) than subgroup IB (88.57±11.87) 
yet the difference was not statistically significant 
(p=0.868). Mean area percentage was significantly 

Fig. (4): 4A: Photomicrograph of Subgroup IA: showing strong staining for Ki-67 at basal and parabasal cells, mild staining 
reaction at the granular cell layer and the connective tissue. 4B: Subgroup IB: showing strong staining for Ki-67 at basal 
and parabasal cells. Mild staining reaction at the granular cell layer and the connective tissue. 4C: Subgroup IIA: showing 
mild staining for Ki-67 in the basal and parabasal layer, weak staining at the granular cell layer and the connective tissue. 
4D: Subgroup IIB: showing weak staining for Ki-67 at basal, parabasal layer, granular cell layer and connective tissue. 
(Ki-67, Orig. Mag., X200). 
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higher in subgroup IIA (49.14±5.52) than subgroup 
IIB (33.29±8.71) (p=0.002). 

Mean and Standard deviation (SD) values for 
area percentage of cells immunostained with Ki-67 
for different subgroups were presented in table (2) 
and Fig. (5). 

TABLE (2): Mean and Standard deviation (SD) values 
for area percentage of immunostained 
positive cells with Ki-67 for different 
subgroups. 

Time 

Area percentage of 

immunostained positive cells 

with Ki-67  (Mean±SD) p-value 

Control 

(I) 

Experimental 

(II) 

Day 45 87.57±10.15 49.14±5.52 <0.001* 

Day 60 88.57±11.87 33.29±8.71 <0.001* 

p-value 0.868 0.002*  

*; significant (p ≤ 0.05)  

DISCUSSION

The main cause of chronic hepatitis and liver 
lethal diseases is the HCV, patients with HCV are 
being treated more successfully with the new second-
generation of DAADs which include Simeprevir 
and SOF, which not only increase the effectiveness 
of the regimens but also the safety profile of it. In 
Egypt, 25% of the population has been infected 
with HCV. Accordingly, the Egyptian Ministry of 
Health and Population proposed a national strategy 
to control the epidemic HCV, the strategy was by 
launching the national campaign program “The Plan 
of Action for the Prevention, Care and Treatment of 
Viral Hepatitis 2014–2018” which advocated SOF 
(Sovaldi™) as the primary treatment choice [15, 16, 17].   

In the biomedical research, the laboratory rats are 
inevitable. They are known as the leading model in 
many fields and in variety of sectors including viral 
vaccination, cancer and toxicology studies. The 
human being is no longer used as an experimental 
subject. Amongst rodents, rats are mostly used 
for experimental studies especially for in-vivo  
studies [18]. 

The current study evaluated the histological 
changes in two different durations, forty-five and 
sixty days of SOF administration. Literature review 
recommends and the drug pamphlet of Sovaldi™ 
recommended dose is one of these two durations; 
which are the most commonly used in therapy 
regimen [19]. The dose (40 mg/kg/day) was given 
to the experimental group according to an equation 
made by [9]. 

The buccal mucosa was chosen because of 
its intimate anatomic relationship between the 
buccinators, and buccal space allowing any potential 
sign of an abnormal lesion to progress without being 
obstructed by any anatomical barriers. Furthermore, 
the buccal mucosa is an easily accessible tissue for 
sampling [20, 21, 22]. 

Fig. (5): Bar chart showing average area percentage of cells 
immunostained with Ki-67 for different subgroups. 
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In the current study, the H and E stained sections of 
SOF- treated rat’s buccal mucosa in both subgroups 
IIA and IIB revealed marked degeneration of the 
epithelial cells. These findings are consistent with 
[23], who was studying the effect of SOF on the rats’ 
kidneys, they found degenerated epithelial cells and 
with different degrees of degeneration in the nuclei 
(karyorrhexis, karyolysis or loss).  

In the current study, Subgroup IIA showed 
apparent decreased thickness of epithelial layer 
which was in agreement with [24] who stated that 
upon corneal examination of SOF treated group 
showed some areas with apparent decrease in 
thickness of the epithelium. 

In the present study, upon short-term (Subgroup 
IIA) and long-term (Subgroup IIB) of SOF 
administration, the histological results showed the 
epithelial cells with lightly stained cytoplasm and 
pale stained nuclei. Based on a study done by [25] the 
effect of SOF on cerebral cortex was recorded as a 
distortion in the shape of the neurons and reduction 
of the nuclei which were surrounded by vacuolated 
pale regions most probably apoptotic cells. 

Vacuolated cells with clear cytoplasm were 
detected in basal and para basal cells of the epithelium 
of the subgroups IIA & IIB in the current study, 
these vacuolated cells increased with the increase of 
the duration in Subgroup IIB. This finding matched 
the conclusion made by [23], that the mechanism of 
SOF-induced renal tubular necrosis was thought to 
be concentration-duration dependent. Our results 
also are in agreement with [26] who suggested that 
SOF has a cytotoxic effect in lower concentrations 
but on the other hand, SOF has antioxidant effect in 
opposite directions at higher concentrations so they 
concluded that SOF despite being toxic and pro-
oxidant at lower concentrations, it acts as protective 
and antioxidant at higher concentrations. 

The findings of [27, 28] explained the relation 
between vacuolar degeneration and destruction or 
injury of mitochondria, because physiologically, 

mitochondria are involved in the maintenance of Ca2+ 

homeostasis mainly. When the cellular metabolism 
gets disturbed, allowing sodium ions to enter the 
cell, it may be interpreted as vacuolar degeneration. 
Large macromolecules within the injured cell were 
broken down by the osmotic impact, resulting in the 
formation of cytoplasmic vacuoles. However, Ca2+ 
overload in mitochondria leads to organelle damage. 
So irreversible damage of mitochondria caused by 
Ca2+ excess often appears as severe swelling of the 
organelles.  

Rat submandibular salivary gland was an 
example, [29] documented that most parenchymal 
elements were distorted with vacuolated apoptotic 
cells and ghost-like structures after treatment with 
SOF for 5 weeks. 

In the current study in Subgroup IIB some cell of 
the prickle cell layer appeared swollen and some cells 
appeared to have diffuse cytoplasmic vacuolization 
as well. Staining affinity is often diminished when 
cells are swollen or has vacuolization, giving the 
cells the pale appearance. Vacuolar degeneration or 
ballooning degeneration are terms used to describe 
this sort of alteration [30]. Cell swelling is not lethal 
per se, as [31] pointed out, it can signify relatively 
a mild injury; nonetheless, cells that are seriously 
injured usually undergo a phase of swelling as well. 
Therefore, it’s important to note that lethally injured 
cells that were repaired in the early stages of death 
might be misinterpreted as slightly injured, when 
actually they are greatly damaged. In addition, 
cellular edema was reported to develop whenever 
an increased volume of fluid accumulates in the 
tissues, limiting the diffusional clearance of harmful 
byproducts of cellular metabolism [32]. 

According to [33], these alterations in the 
buccal mucosa were deemed as a sign of toxicity, 
they ascribed these changes to cell death due to 
mitochondrial toxicity and an overabundance of 
reactive oxygen species (ROS). Mitochondria 
have a crucial role in the generation of ROS, 
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which are physiologically formed during oxidative 
phosphorylation. When there is a variance between 
the production of ROS and the cellular antioxidant 
defenses oxidative stress occurs. Protein synthesis 
and metabolism were disrupted, organelles 
degraded, and cells died via apoptosis as a result of 
oxidative stress. Therefore, it was concluded that 
increased ROS production could cause obvious 
degenerative changes in mitochondria [29, 34]. This 
is concomitant with a study by [35] observing the 
effect of SOF on alveolar process as it showed 
mitochondrial swelling and dysfunction that could 
lead to increased ROS production. 

According to [19, 36] who correlated their findings 
of the degeneration of the salivary glands during 
the administration of Sovaldi™ to the increase 
of ROS production, the mechanism of Sovaldi™ 
degenerative effect that was detected in this study 
could be thus relied on ROS accumulation. 

Loss of basilar polarity observed in Subgroup 
IIA could be linked to the increased production of 
ROS as suggested by [37], they demonstrated that 
loss of polarity in mammary acini was linked to 
increased ROS production, whereas increased ROS 
production is sufficient to disrupt basal polarity. 

The finding of basilar hyperplasia in Subgroup 
IIA in this study is in agreement with [38] that proved 
that SOF upregulates several genes that were 
associated with increased cell proliferation and 
migration. 

In the current study, morphologically disturbed 
multiple epithelial rete pegs with irregular thickness 
were seen in Subgroup IIA but; in Subgroup IIB 
the basement membrane was less scalloped, which 
indicates a decline in the surface area at the interface 
between the epithelium and the connective tissue 
causing less communication and nutrient transfer 
between the epithelium and the connective tissue. 
Generally, the morphogenesis of rete pegs is a result 
of the oral epithelium, which has active proliferated 
keratinocytes, invading the lamina propria, and in 

this process, the migration of keratinocytes during 
the morphogenesis of rete peg somewhat is similar 
to the invasion of malignant epithelial cells in the 
carcinomas, with the difference being that the 
former is under control while the latter is not [39]. 

In this study both subgroup IIA and subgroup IIB 
showed the underlying lamina propria is disarranged 
with multiple spaces, our result also revealed wide 
separation of the connective tissue collagen fibers, 
so SOF might be the one causing disarrangement 
to the collagen bundles as explained by [29] who 
revealed the decrease in the submandibular salivary 
gland fibrous connective tissue thickness after SOF 
administration. As well as [24] found wide separations 
and disarrangements of the collagen fibers bundles 
in addition to upregulation of fibronectin expression 
in the retina of SOF treated rats. [40] Concluded 
that SOF had an anti-fibrotic outcome leading to 
decreased collagen fibers arrangement. 

In the current study, the submucosa appeared 
with areas of separations especially surrounding the 
muscle layer in subgroup IIA. Obvious degenerative 
changes were seen mainly in Subgroup IIB. This 
finding is in agreement with [41] where they found 
that Sovaldi administration caused muscle fiber 
clumping, hyaline degeneration, fatty infiltration 
and fibrosis of both intrinsic tongue and masseter 
muscles with variable degrees of degenerative signs.  

Regarding the dilatation of the vascular supply, 
the enlargement of blood vessels was monitored 
in both subgroup IIA & IIB of the experimental 
group and it could be a side effect of Sovaldi™, 
these findings were in agreement with [25] who 
found vascular dilatation and extravasation of 
cerebral cortex blood vessels following 5 weeks of 
SOF administration. According to [42] unbearable 
inflammation may lead to a microcirculatory 
disruption causing complete loss of capillary 
integrity. According to these accumulating data  
by [43, 44] they indicate that ROS are signaling 
molecules which can influence multiple acute 
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vascular activities including vasodilatation, 
vasoconstriction and vascular permeability, and 
long-term vascular alterations such as structural 
remodeling of vessel parts and vascular beds. 

Proliferating cell nuclear antigen (PCNA) 
and Ki-67 antigen are the two most common 
immunohistochemical markers frequently used to 
study cell proliferation. Ki-67 has been recorded 
to be an excellent marker for estimating the growth 
fraction in both normal and malignant human tissue, 
and it is currently utilized as the golden standard 
for assessing cell proliferation instead of PCNA 
since it is less impacted by internal and external 
factors. Antigen Ki-67 also commonly known as 
Ki-67 or MKI67 (Marker of proliferation Ki-67), is 
a protein in humans that is encoded by the MKI67 
gene [45, 46, 47]. Its function as a biological marker of 
mitotic activity is aided by its nuclear expression 
throughout a specific period of the cell cycle. It 
also has a substantially shorter half-life, resulting 
in producing less staining after cells have gone 
through proliferative stage. Its presence therefore 
suggests that it is in the proliferative stage rather 
than being only residual evidence of the cell that 
has passed through the stage. The fraction of Ki-67 
positive cells is frequently associated to the disease’s 
prognosis. Ki-67 marker has been extensively 
studied in oral epithelial dysplasia [48, 49]. 

In our study, the Ki-67 expression was detected 
in all specimens of the control group, Subgroup 
IA & IB, where normal oral epithelium with its 
parabasal layer showed intense staining which is in 
accordance with a previous report by [47] who had 
the same results in normal tissue staining. 

According to this research, the immunohis-
tochemical marker Ki-67, showed statistical sig-
nificant decrease in area percentage of positively 
stained Ki-67 cells in both subgroups IIA & IIB, 
when compared to the control group. The area per-
centage was also significantly decreased in Sub-
group IIB when compared to subgroup IIA. In this 
study, the presence of Ki67 in the deep layers of the 

epithelium suggests that despite cell loss from the 
surface by desquamation, cell division and apopto-
sis seemed to be disturbed. Other investigators have 
reached the same results and found that SOF was 
disturbing the regulation of cell proliferation, which 
may lead to apoptosis [38, 50, 51] who suggested that 
the use of DAADs can affect cellular proliferation 
especially on grafted tissues. 

This is also in agreement with these studies that 
suggests SOF cause overproduction of (ROS) which 
leads to disorder of metabolism, degeneration of 
organelles and cell death by apoptosis [23, 29, 35, 41]. 

CONCLUSIONS

From our study, we concluded that short and long 
term SOF administration resulted in degenerative 
signs in buccal mucosa of albino rats with a decrease 
in area percentage of Ki-67 immunopositivity 
which was time dependent. Further studies are 
recommended to investigate the effect of SOF on 
different oral tissues.
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