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INTRODUCTION                                                                 

Infection of the liver with hepatitis C virus (HCV) 
causes inflammation of the liver called Hepatitis C, 
which can be either acute or chronic. In acute hepatitis 
C, symptoms appear quickly and persist for few weeks. 
However, symptoms in chronic hepatitis C is established 
over a period of months and may not be obvious early. In 
contrast to hepatitis A and B, hepatitis C has no vaccine, 
although several attempts was done to create one. Hepatitis 
C is highly infectious; the World Health Organization 
(WHO) estimates that 170 million are infected[1,2].

In treatment of chronic HCV infection, the principal 
target is to accomplish a sustained virologic response 
(SVR), clarified as undetectable HCV-RNA, 24weeks 
after finishing the treatment program[3,4]. Until 2011, the 
authorized treatment for chronic HCV infection for 48 
weeks was in the form of combination of ribavirin and 
pegylated interferon (Peg IFN). After treatment, genotype 
1 (G1) SVR was 40% to 50%and genotypes 2 and 3                    
(G2/G3) SVR were 70% to 80%[5,6].

The new three direct-acting antivirals (DAAs) for 
HCV were authorized in 2011 for utilization as a part of 
HCV combination therapies. They consists of daclatasvir, 
simeprevir and sofosbuvir. When DAAs usage have been 
approved, IFN-free combinations were occasionally 

utilized. HCV-RNA polymerase inhibitors as Sofosbuvir 
exhibit significant difficulty for establishment of resistance. 
It is a great benefit as other drugs of HCV that attack 
protease develop rapid resistance leading to therapeutic 
failure[7,8].

However, it was revealed that Sofosbuvir treatment 
manifests prevalent side effects as memory impairment, 
gastrointestinal reflux, dyspnea, chest pain, muscle spasm, 
blurred vision, depression, migraine and alopecia[9].

Accordingly, this research was designed to evaluate 
the impact of Sofosbuvir treatment on the histological 
structure of the lungs of adult male albino rat.

MATERIALS AND METHODS                                                                 

Animals:
This research included 15 male adult albino rats with 

a mean body weight ranging between 170 and 200 grams. 
They were provided by Kasr Al-Ainy animal house, Faculty 
of Medicine, Cairo University. They were sheltered in 
sanitary cages in agreement with animal research principles 
provided by the National Institute of Health and authorized 
by Animal Ethics Committee. The rats received chow and 
water ad libitum.

ABSTRACT
Background: In 2011, three new direct-acting antivirals (DAAs) for HCV including sofosbuvir were accredited for HCV 
management. 
Aim: To evaluate the impact of Sofosbuvir treatment on the histological structure of the lungs of adult male albino rat.
Materials and Methods: 15 male rats were classified into: control group of 5 rats and sofosbuvir treated group of 10 rats that 
received sofosbuvir orally in a dose of 4 mg/kg per day for 5 weeks. Blood samples were drawn to assess serum Transforming 
growth factor- β (TGF-β). Lung specimens were obtained for evaluation by light microscope. Alpha smooth Muscle Actin 
(α-SMA), E-cadherin immunohistochemistry, and statistical analysis were applied.
Results: Marked increase in the mean value of serum TGF-β in Sofosbuvir treated group when compared to control group. 
Sofosbuvir resulted in histological and immunohistochemical changes in the lungs of sofosbuvir treated rats.
Conclusion: Severe lung injury was detected after treatment with sofosbuvir. However further studies should be done to 
determine the exact mechanism and more caution should be taken during administration of sofosbuvir.

Key Words: Alpha smooth muscle actin, E-cadherin, Lung, sofosbuvir, TGF-β.
Revised: 23 June 2020, Accepted: 10 July 2020.
Corresponding Author: Sara Adel Hosny, MD, Department of Histology, Faculty of Medicine, Cairo University, Egypt, 
Tel.: 01005625595, E-mail: dr.sara_adelh@hotmail.com
ISSN:2536-9172, June 2020, Vol. 4, No. 1



120

Journal of Medical Histology

Rats were categorized into the subsequent groups:

1. Control group (Group A): It comprised five rats 
that received distilled water orally using gastric tube daily 
for 5 weeks.

2. Sofosbuvir treated group (Group B): comprised 
ten rats, which received Sofosbuvir (MPI Viropack, 
400mg,  Sofosbuvir, Marcyrl Pharmaceuticals). Distilled 
water was used for dissolving the tablets to be given to the 
rats orally using gastric tube for 5 weeks in a dose of 4 mg/
kg per day[10]. 

After 5 weeks, ketamine hydrochloride (50 mg/kg; 
Sigma) intramuscular injection was used to anaesthetize 
the rats[11]. Blood samples were collected to measure the 
serum pro-fibrotic marker, transforming growth factor- 
β (TGF-β) in the Biochemistry Department, Faculty of 
Medicine, Cairo University.

 Lung specimens from groups [A and B] were dissected 
out and subjected to the following: 

Part (I): Specimens from left lung were fixed in 
10% formol saline solution to be processed into paraffin 
blocks. Serial sections at 7 um thicknesses were cut 
using a microtome and mounted on glass slides. Other 
sections were mounted on positive charged slides for 
immunohistochemistry.

Part (II): Specimens from right lung were fixed in 
2.5 % glutaraldehyde to be processed for preparation of 
semithin sections.

• Histological study: 

1- Light microscopic study:

(A)  Paraffin sections were subjected to the following 
stains: 

1-Haematoxylin and Eosin[12].

2- Masson’s Trichrome staining[13].

3-Immunohistochemical staining[13].

For immunohistochemistry, lung sections were 
mounted on positive charged slides, deparaffinized and 
rehydrated. Tissue sections were boiled in 10mM citrate 
buffer for Antigen retrieval. The sections were incubated 
in hydrogen peroxide to inhibit endogenous peroxidase 
activity. Sections were incubated overnight with: 

a) Rabbit monoclonal anti-α SMA [E184] (ab32575, 
Abcam plc, England). 

b) Mouse monoclonal anti E-cadherin antibody 
(ab1416, Abcam plc, England).

The labeled avidin-biotin-peroxidase complex 
(Histostain SP kit, Zymed Laboratories Inc, San Francisco, 
USA) was used for immune detection of the bound primary 
antibody. Immunohistochemical-staining specificity 
was created by using Diaminobenzidine (DAB) as a 
chromogen and Meyer's haematoxylin as a counterstain. 
Processing of negative control sequential sections were 
done by replacement of the primary antibody by phosphate 
buffer saline with performing all other stages in the same 
technique. Positive tissue control for alpha smooth muscle 
actin (α-SMA) immunostaining was human uterus with 
a brownish cytoplasmic immunoreaction while that of 
E-cadherin was intercellular junction marker in normal 
human skin tissue provided by the manufacture (abcam).

(B) Semithin sections[12]:

Small pieces of right lung specimen with average size 
of 1mm3 were immediately cut and rapidly fixed in 2.5 % 
phosphate buffered glutaraldehyde (PH 7.2), post fixed in 
1% osmium tetroxide and embedded in resin. Semithin 
sections (2 μm) were cut and stained with toluidine blue 
for 45 seconds to be examined with the light microscope. 

2- Morphometric study: 

Data were acquired using “Leica Qwin 500 C” image 
analyzer computer system in Histology department, 
Faculty of Medicine, Cairo University. The mean number 
of pneumocytes (type II), mean area percent of collagen 
fibers, mean area percent of smooth muscle actin and 
E-cadherin immunoreactivity were assessed in 10 non-
overlapping fields for each slide of all specimens at a 
magnification of 400.

3- Statistical Analysis: 

SPSS software version 9 (SPSS, Chicago, IL) was 
used to evaluate the acquired measurements. Comparing 
between different groups was formulated by analysis 
of variance (ANOVA) followed by post hoc Tukey test. 
Outcomes were articulated in the form of means ± standard 
deviation (SD). The variances were regarded statistically 
significant when “p value” was < 0.05 (14).

RESULTS                                                                     

Biochemical results (Histogram 1):

The mean value of serum TGF-β in control group was 
(5.868±0.38). In Sofosbuvir treated group was (9.42±0.29), 
which was significantly increased (P<0.05) in comparison 
with control group.
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*Significant as compared to control group (A) (p<0.05).

Histogram 1: Mean serum level of TGF-β in the studied groups 

Histological Results:

Haematoxylin and Eosin Stained Sections (Plate. 1):

Control group exhibited normal spongy lung pattern in 
the form of bronchioles lined with cuboidal cells associated 
with club cells, alveolar duct formed of lung alveoli with 
muscle knobs. Lung alveoli are patent, thin walled sac-
like structures lined with numerous flat elongated cells 
(pneumocytes type I) with few cuboidal cells (pneumocytes 
type II). Sofosbuvir (SOF) treated group exhibited a small 
bronchiole showing desquamated cells and acidophilic 
material in its lumen. Focal parts of the lung tissue showed 
the interalveolar septa were thickened, infiltrated by 
mononuclear cells causing alveolar narrowing (shrunken 
alveoli) associated with vascular congestion.

Plate (1): Photomicrographs of lung sections in rats of:
• A&B (control group): Showing bronchioles lined 
with cuboidal cells (asterisks) associated with club cells (curved 
arrows), alveolar ducts (star) formed of lung alveoli with muscle 
knobs (arrows). Lung alveoli are patent, thin walled sac-like 
structures (rhombus) lined with flat elongated cells (pneumocytes 
type I) (arrow heads) with few cuboidal cells (pneumocytes type 
II) (red arrow).
• C&D (Sofosbuvir treated group): showing a small 
bronchiole showing desquamated cells (kinked arrows) and 
acidophilic material in its lumen (Asterisks). The interalveolar 
septa are thickened, infiltrated by mononuclear cells (pyramids) 
causing alveolar narrowing (arrowhead) associated with vascular 
congestion (thick arrow).                                              (H&E x200).

Plate (2): Photomicrographs of semithin sections in rat lungs 
stained with toluidine blue of:
• A (control group): Thin walled lung alveoli lined 
with flat elongated cells (pneumocytes type I) having flat nuclei 
(Curved arrows) with few cuboidal pneumocytes type II having 
central pale vesicular nucleus (arrow).
• B (Sofosbuvir treated group): exhibiting thickening 
of the interalveolar septa with shrunken alveolar lumen (stars). 
The interalveolar septum shows mononuclear cells, mainly 
macrophages with eccentric large vesicular indented nuclei 
(triangles). Alveolar wall shows apparent decreased pneumocytes 
type I (curved arrow) with many pneumocytes type II (arrows). 
Many spindle shaped fibroblast-like cells (kinked arrow) with flat 
nuclei can be seen.                                    (Semithin sections x1000).

Semithin Sections stained with toluidine blue (Plate. 2)::

Control group exhibited thin walled lung alveoli lined 
with flat elongated cells (pneumocytes type I) having flat 
nuclei and few cuboidal cells (pneumocytes type II) having 
central pale vesicular nucleus and foamy cytoplasm. 
Sofosbuvir (SOF) treated group showed thickening of 
the alveolar wall and shrunken lumen. The interalveolar 
septa is thickened, showing mononuclear cells, mainly 
macrophages with eccentric large vesicular indented nuclei. 
Alveolar wall shows apparent decreased pneumocytes type 
I with many type II pneumocytes. Many spindle shaped 
fibroblast-like cells with flat nuclei can be seen.

Masson Trichrome Stained Sections (Plate. 3):

Examination of lung sections revealed minimal 
collagen fibers in control group. On the other hand lung 
sections in Sofosbuvir (SOF) treated group revealed dense 
collagen fiber deposition in interalveolar septa.

Plate (3): Photomicrographs of sections stained with Masson’s 
trichrome in rat lungs of:
• A (control group): exhibiting minimal collagen fibers 
in Interalveolar septa (arrows).
• B (Sofosbuvir treated group): exhibiting dense collagen 
fiber deposition (arrows) in thickened interalveolar septa.
                                                                 (Masson’s trichrome x400).
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Immunohistochemically stained sections for alpha 
Smooth muscle actin (Plate. 4):

Sections in the control rat lung showed minimal 
immunostaining with α-smooth muscle actin mostly 
within the muscle knobs of the alveolar duct wall. While, 
Sofosbuvir (SOF) treated group showed increased 
immunoreactivity of α-SMA in the cytoplasm of 
myofibroblasts in interalveolar septum as compared to the 
control group.

Plate (4): Photomicrographs of immunohistochemical stained 
sections with anti-α Masson antibody in rat lungs:
• A&B (control group): showing faint cytoplasmic 
immunostaining with α-smooth muscle actin mostly within 
muscle knobs in the alveolar duct wall (arrow).
• C&D (Sofosbuvir treated group): showing obvious 
immunostaining with α-smooth muscle actin in the cytoplasm of 
myofibroblasts (Kinked arrows) in interalveolar septum.
                           (α-SMA immunostaining: A&C x400; B, D x1000).

Immunohistochemically stained sections for 
E-cadherin(Plate. 5):

Examination of lung sections in control group 
showed intercellular immunostaining with E-cadherin 
between cells lining bronchioles and alveolar cells. 
While, Sofosbuvir (SOF) treated group showed minimal 
intercellular immunostaining with E-cadherin between 
alveolar cells when compared to the control group.

Plate (5): Photomicrographs of immunohistochemical stained 
sections with anti-E cadherin antibody in rat lungs:
• A (control group): revealing marked and widely 
distributed membranous immunostaining of the intercellular 
E-cadherin in cells lining bronchioles (arrows) and alveolar cells 
(curved arrows).
•  B (Sofosbuvir treated group): showing minimal 
intercellular immunostaining with E-cadherin between cells 
alveolar cells (arrows).           (E-cadherin immunostaining x400).

Quantitative Morphometric Results:

1- Mean number of pneumocytes type II in the 
investigated groups (Histogram 2):

Mean number of pneumocytes type II in the control 
group was (2±0.67). In Sofosbuvir (SOF) treated group 
was (9.3±1.16), which was significantly elevated (P<0.05) 
in comparison with control group.

2-	 Mean	 Area	 Percent	 of	 collagen	 fibers	 in	
investigated Groups (Histogram 2):

The mean area percent of collagen fibers stained with 
Masson’s trichrome in control group was (8.71±1.29). In 
Sofosbuvir (SOF) treated group was (20.23±1.17), which 
was significantly elevated (P<0.05) in comparison with 
control group.

*Significant as compared to control group (A) (p<0.05).

Histogram 2: Mean number of pneumocytes type II and mean 
area % of collagen fibers in the investigated groups 

3- Mean Area Percent of alpha smooth muscle 
actin immunoreactivity in the investigated Groups 
(Histogram 3):

The mean area % of α-SMA immunoreactivity in 
control group was (9.109±4.15). In Sofosbuvir (SOF) 
treated group was (40.85±7.94), which was significantly 
elevated (P<0.05) in comparison with control group.

4- Mean Area Percent of E-cadherin 
immunoreactivity in the investigated Groups 
(Histogram 3):

The mean area % of E-cadherin immunoreactivity 
in control group was (7.32±1.09). In Sofosbuvir (SOF) 
treated group was (2.48±0.61), which was significantly 
reduced (P<0.05) in comparison with control group.
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*Significant as compared to control group (A) (p<0.05)

Histogram 3: Mean area % of α-SMA immunoreactivity and 
E-cadherin immunoreactivity in the investigated groups

DISCUSSION                                                                      

Patients infected with HCV are successfully treated 
with direct-acting antiviral agents (DAAs) that inhibits 
viral replication. All hepatitis C virus genotypes are 
affected by Sofosbuvir, which is a nucleotide analogue 
polymerase inhibitor[15-17].

The common adverse effects of simeprevir (SIM) 
and sofosbuvir (SOF) include fatigue, headache and 
nausea. However, patients in Helmers et al., 2015[18] study 
developed severe lung injury with respiratory failure that 
did not cure with corticosteroids and ended by patients’ 
death.

Hence, the aim of this research was to evaluate the 
impact of Sofosbuvir treatment on the histological structure 
of the lungs of adult male albino rat.

In the present study, the mean value of serum TGF-β 
in Sofosbuvir treated group showed marked increase 
when compared to control group. Haematoxylin and Eosin 
stained sections and the semithin sections in the same group 
displayed small bronchiole showing desquamated cells and 
acidophilic material in its lumen. The interalveolar septa 
were thickened, infiltrated by mononuclear cells mainly 
macrophages with eccentric large vesicular indented nuclei 
causing alveolar narrowing (shrunken alveoli) associated 
with vascular congestion. Alveolar wall shows apparent 
decreased pneumocytes type I with many pneumocytes 
type II. Many spindle shaped fibroblast-like cells with flat 
nuclei can be seen.

This was in agreement with Helmers et al., 2015 
who stated that administration of simeprevir (SIM) and 
sofosbuvir (SOF) caused lung injury that was detected 
in surgical lung biopsy revealing fibrosis with scattered 
eosinophils, increased alveolar macrophages and highly 
vacuolated pneumocytes type II.

In the current study a statistically significant increase 
in the number of pneumocytes type II was detected in 
sofosbuvir treated group, this was in agreement with the 
study of Helmers et al., 2015. The increase in the number 
of pneumocytes type II could be explained as a trial to 
repair by these cells. Pneumocytes type II are considered 
to be progenitor cells. They are able of self-renewal and 
differentiation into pneumocytes type I after exposure to 
injury under the effect of TGF-β, this could clarify the 
significant increase of TGF-β in sofosbuvir treated group 
in the present work.[19]

Pulmonary fibrosis is a disease characterized by 
sustained matrix deposition or defective matrix degradation 
and breakdown of the lung parenchyma, causing respiratory 
failure and high mortality[20]. In Lung injury, the alveolar 
epithelium (both type I and II pneumocytes) was reported 
to be damaged with interrupted basement membrane and 
capillary wall, with increased number of inflammatory 
cells. Elevation of Inflammatory chemokines and cytokines 
as tumor necrosis factor-α and interleukin-1 was reported 
to be followed by leakage of proteins (pro-fibrotic markers 
as TGF-β1, fibrin and fibronectin) into the alveolar spaces 
and interalveolar tissue. This induced proliferation and 
differentiation of fibroblast and myofibroblasts. They 
deposit matrix causing fibrosis and destruct the lung 
parenchyma[21,22]. In this view, the present study showed 
significant increase of mean area percent of collagen fibers 
in Masson’s Trichrome stained sections associated with 
marked elevation in the mean area percent of myofibroblast 
α-SMA immunoreactivity in Sofosbuvir treated group in 
comparison with control group. This might point to the 
potentiality of sofosbuvir to affect the number and activity 
of the myofibroblasts with consequence collagen fibers 
accumulation. This could be supported by the work of 
Helmers et al., 2015[18] who stated that sofosbuvir induces 
lung fibrosis. Alpha-smooth muscle actin (α-SMA) a 
constituent of myofibroblasts, is considered an activated 
fibroblasts marker. Myofibroblasts differentiation was 
reported to be induced by TGF-β and these cells are 
responsible for extracellular matrix assembly consisting 
of collagen and fibronectin. In addition, TGF-β stimulates 
integrins, matrix metalloproteinases and protease 
inhibitors. In addition, it suppresses the production of 
antifibrotic agents as prostaglandin E2[23-25].

Consistent with TGF-β and α-SMA immunoreactivity 
results, the E-cadherin immunoreactivity results showing 
significant decrease of E-cadherin immunoreactivity 
in sofosbuvir treated group in comparison with control 
group. Going with this finding, it was reported that TGF-β 
increased expression of α-SMA, vimentin and desmin 
was associated with suppression of tight junction and 
adherens junction proteins as claudin, zonula occludens 
(ZO-1) and E- cadherin[26]. Proper tight and adherence 
junction formation is mandatory for maintenance of 
epithelial barrier function. Adherens junction includes 
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E-cadherin transmembrane protein, is important for apical 
and basolateral polarization and epithelial cells adhesion; 
regulating epithelial proliferation and differentiation 
and suppressing intracellular signaling pathways[27,28]. 
Impairment of E-cadherin expression indicates decreased 
packing and organization of the cells with the defectiveness 
of epithelial cell integrity[29]. This is in accordance with 
our findings that showed sloughing of epithelial cells in 
Sofosbuvir treated group with reduction in E-cadherin 
expression.

Based upon outcomes of the current study, it could be 
concluded that after five weeks of sofosbuvir administration, 
sever lung injury was developed. However, further studies 
using different doses and durations should be done to 
determine the exact mechanism and more caution should 
be taken during administration of sofosbuvir.
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