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Introduction

Fluoroquinolones (FQs) are one of the most widely used 
group of antibiotics. They are popular owing to their broad-

spectrum antibacterial action and adequate absorption after 
oral intake [1]. They are important in treatment of serious 
bacterial infections like hospital acquired infections, includ-
ing urinary tract, respiratory tract, skin, bone, and joint 
infections [2, 3]. Ciprofloxacin is one of the most frequently 
prescribed FQs. It was the first agent approved for use in 
children [4].

In recent years, several adverse effects have been linked 
to the use of FQs including musculoskeletal disorders such 
as joints dysfunction and disruption of tendons [5], nervous 
system disturbances and retinal detachment as well as induc-
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tion of type 2 diabetes [6]. Moreover, persistent disability in 
the form of tiredness and concentration problems were also 
reported [2].

Few observational studies have raised the concern that 
FQs could increase the risk of aortic aneurysm (AA) and 
dissection [7, 8]. Although limitations in the design of these 
studies have not resulted in firm conclusions, researchers 
reported more than two-fold increased risk of AA or dissec-
tion associated with FQs exposure [1, 9].

Although aortic dissection (AD) and aneurysm are rela-
tively rare [10], both are life threatening medical emergencies 
that need prompt intervention [9] as they may have serious 
life-threatening consequences if not diagnosed or treated 
early [3]. 

The aorta is rich in type 1 and type 3 collagen, their integ-
rity primarily depends on intact extracellular matrix (ECM) 
components [9]. It was reported that in cases of AD or aneu-
rysm the underlying pathophysiology involves excessive tis-
sue breakdown through matrix metalloproteinases (MMPs) 
[11, 12]. FQs antibiotics are known to induce degradation of 
collagen and other structural components of the ECM by 
stimulating the activity of MMPs [13, 14]. Also, they reduce 
de novo production of collagen [15], however, the effect of 
FQs use on the aortic architecture has not been systemati-
cally evaluated [3].

Aim of the work
To our knowledge, no experimental observational stud-

ies were reported so far evaluating the effect of FQs on the 
structure of the thoracic aorta. Thus, the aim of this study 
was to investigate the structural changes of the thoracic aorta 
in adult and senile male albino rats after oral administration 
of ciprofloxacin (one of the most frequently prescribed FQs).

Material and Methods

Drug 
Ciprofloxacin (Ciprobay®) was purchased in the form of 

coated tablets, each containing 250-mg ciprofloxacin from 
Hikma Pharma S.A.E (Egypt), under license of Bayer Scher-
ing Pharma (Germany). Ciprof loxacin was administered 
to rats in the treatment groups (group II and IV) in an oral 
dose of 3.5 mg/kg/d which is equivalent to the human clini-
cal therapeutic dose (500 mg/kg/d) that was calculated ac-
cording to the formula adapted by Paget and Barnes [16]. 
The drug was dissolved in 2-ml distilled water to be orally 

administered to rats by oral gavage.

Experimental animals
A total of twenty-four male albino rats were used in this 

study. Rats were obtained and locally bred at the Medical 
Research Center, Faculty of Medicine, Ain Shams University. 
Twelve healthy adult (~6 months old) male albino rats weigh-
ing about 200 g and twelve senile (~20 months old) albino 
rats of about 280 g were included in the study. Animals were 
housed in clean suitable environmental conditions and were 
exposed to 12-hour light/dark cycle and allowed free access 
to food and water (ad libitum). They were left for one week 
for acclimatization before start of the experiment. 

The study design
The rats were divided into four groups: 
‒  Group I (adult control): six rats were further divided 

into two subgroups:
 Group I-a: three rats were not subjected to any inter-
vention and were sacrificed at the end of the experi-
ment. 
Group I-b: three rats received daily equivalent amount 
of the distilled water used to dissolve the drug (2 ml) 
in the treated groups II and IV orally by gastric tube 
for 14 days. 

‒  Group II (adult ciprofloxacin treated rats): six rats were 
treated with ciprofloxacin in a dose of 3.5 mg/kg/d for 
14 days [17]. 

‒  Group III (senile control): six rats were further divided 
into two subgroups:

 Group III-a: three rats were not subjected to any inter-
vention and were sacrificed at the end of the experi-
ment.
 Group III-b: three rats received daily amount of dis-
tilled water as in group I-b. 

‒  Group IV (senile ciprofloxacin treated rats): six rats were 
treated with ciprofloxacin as in group II.

Collection of samples for light microscopic examination
At the end of the experiment, rats of the 4 groups were 

anaesthetized using intraperitoneal injection of thiopental 
sodium 7 mg/kg body weight. The thoracic cages of the rats 
were opened, thoracic aortae were carefully dissected out 
and extracted. Half of aortic specimens were fixed in 10% 
neutral formalin for 48 hours. After fixation, tissues were 
dehydrated and embedded in paraffin blocks. Sections of 
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5-μm thickness were cut and stained with hematoxylin and 
eosin (H&E), Orcein stain for elastic fibers, and Masson’s 
Trichrome stain for collagen fibers [18].

Immunohistochemical study
Some paraffin sections were used for immunohistochemi-

cal staining for alpha smooth muscle actin antibody. Sec-
tions were stained with avidin-biotin peroxidase method to 
identify immunoreactivity to alpha smooth muscle actin and 
were counterstained with hematoxylin. A positive reaction 
was indicated by a brownish color in the cytoplasm. Anti-
alpha smooth muscle actin antibody (EPR5368; Abcam 
pharmaceuticals, Cambridge, UK) was used at a dilution of 
1/1,000 on paraffin sections.

Preparation of samples for scanning electron microscopic 
examination 

The other half of aortic specimens were fixed with 2.5% 
glutaraldehyde for 2 hours, washed with phosphate buffered 
saline. Initial dehydration in graded series of ethanol was 

followed by dehydration with isoamyl acetate then the speci-
mens were dried by critical point drying with liquid CO2 
dryer (HCP-2 type; Hitachi Koki Ltd., Japan). After coating 
with a layer of gold, all specimens were examined and photo-
graphed with scanning electron microscope (Philips XL30; 
NC, USA) [19].

Statistics and image analysis
Six different fields from six different stained sections at a 

magnification ×400 of six different rats in each group were 
examined for measuring; the total thickness of the wall of 
the thoracic aorta, alpha smooth muscle actin immunoreac-
tivity was also assessed on red, green, and blue (RGB) stacks 
of the photomicrographs. A binary mask was overlapped on 
the areas of immunoreactivity using threshold adjustment. 
All measurements were taken by the Image J software (U. 
S. National Institutes of Health, Bethesda, MD, USA). The 
mean values as well as standard deviation were calculated 
using version 17 of SPSS program (IBM Corp., Armonk, NY, 
USA).

A C
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Fig. 1. Photomicrographs of sections in the thoracic aortae of adult rats (H&E). (A) Group I (adult control; ×400): the tunica intima shows 
simple squamous endothelial cells having flattened nuclei bulging into the lumen (arrows). The tunica media shows smooth muscle cells (SMCs) 
having single oval nuclei (arrowheads). Notice the packed, wavy connective tissue (CT) in the tunica adventitia. (B) Group II (adult rats treated 
with ciprofloxacin; ×400): tunica intima reveals uneven surface with many folds. Tunica media shows many vacuoles of lost tissue (asterisks), 
many nuclei of SMCs are darkly stained (pyknotic; arrows). The adventitia shows loosely packed CT with multiple tissue loss (hashtags). (C) 
Group I (adult control; ×1,000): the simple squamous cells of the tunica intima appear having flattened nuclei bulging into the lumen (arrows). 
The tunica media shows the oval nuclei (arrowheads) of SMCs that have regular concentric arrangement alternating with elastic laminae. (D) 
Group II (adult rats treated with ciprofloxacin; ×1,000): the inner part of the tunica media shows the classical concentric arrangement of the 
SMCs (arrowheads). The outer part of the tunica media exhibits attenuation of the SMCs (circles) with multiple areas of tissue loss (asterisks ) 
and folding of the elastic laminae (arrows).
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One-way analysis of variance (ANOVA) was performed, 
then post hoc test to compare between the studied groups. 
Regarding probability, a P-value less than 0.05 was consid-
ered significant and those less than 0.001 were considered 
highly significant.

Ethical consideration
Experimental design and protocols were carried out ac-

cording to the guidelines of the Research Ethics Committee 
(REC), FWA 000017585, Faculty of Medicine, Ain Shams 
University. The approval number of the study is: FMASU R 
52/2022.

Results

Histological and immunohistochemical results

Adult groups (groups I and II)
Examination of different stained sections of the thoracic 

aortae of the adult control subgroup (I-b) revealed similar 
findings as compared to the adult control subgroup (I-a).

Hematoxylin and eosin stained sections
H&E stained sections of the adult control group (group I) 

revealed the classical structure of the aortic wall formed of 
three layers, tunica intima, tunica media, and tunica adven-
titia. Innermost tunica intima was composed of simple squa-
mous (endothelial) cells with flat basophilic nuclei resting on 
a basement membrane with a sub-endothelial layer of elastic 
and collagen fibers and limited by a continuous layer of elas-
tic fibers (internal elastic lamina). Intima was very thin and 
hence difficult to be distinguished from next layer, media. 
Tunica media constituted the main bulk of the vessel wall. 
It showed spindle shaped smooth muscle cells (SMCs) with 
oval nuclei and dark acidophilic cytoplasm. SMCs showed a 
regular concentric arrangement alternating with the elastic 
laminae. The tunica adventitia was composed of packed, 
wavy connective tissue (Fig. 1A, C).

Examination of H&E stained sections of the adult cip-
rofloxacin treated rats (group II) showed some histological 
changes. The intima revealed uneven surface with numer-
ous foldings. Tunica media showed many areas of tissue loss 
(vacuolations) and the nuclei of SMCs took different orienta-
tions and some of them were darkly stained and shrunken 
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Fig. 2. Photomicrographs of sections in the thoracic aortae of adult rats. (A) Group I (adult control; Orcein, ×400): the laminae of elastic fibers 
are thick, parallel, and organized (arrows). (B) Group II (adult rats treated with ciprofloxacin; Orcein, ×400): the laminae of elastic fibers 
are corrugated (arrows) and fragmented (arrowheads). Also note the widening between the elastic laminae with partial loss of their regular 
arrangement. (C) Group I (adult control; Masson’s Trichrome, ×400): wavy collagen fibers (arrows) are seen with the smooth muscle cells (SMCs) 
distributed in between. Notice the packed connective tissue (CT) in tunica adventitia. (D) Group II (adult rats treated with ciprofloxacin; 
Masson’s Trichrome, ×400): note the aberrant increase in the collagen fibers deposition (arrows) that is encroaching on the SMCs in the tunica 
media. The SMCs are few, interrupted and show very faint acidophilic stain. Tunica adventitia shows very dense deposition of CT.
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(pyknotic). The adventitial connective tissue appeared loose-
ly packed with multiple tissue loss (Fig. 1B, D).

Orcein stained sections
In orcein stained sections of the adult control group (group 

I), the tunica media showed dark brown continuous elastic 
fibers (laminae). They were thick and parallel with regular 
concentric orientation, in line with SMCs (Fig. 2A).

In group II, partial loss of the regular arrangement was 
observed. Widening between the concentric elastic laminae 
was seen. In addition, some elastic laminae appeared mark-
edly corrugated. Some laminae showed obvious fragmenta-
tion and interruption. Acidophilic stained SMCs were well 
observed between elastic laminae (Fig. 2B).

Masson’s trichrome stained sections
Masson’s trichrome stained sections of the adult control 

group (group I) showed distribution of wavy collagen fibers 
in the tunica media making horizontal concentric arrange-

ment alternating with SMCs in between. The tunica adventi-
tia showed its packed connective tissue (Fig. 2C).

In group II, there was an obvious increase in collagen 
fibers deposition in the tunica media that was encroaching 
on SMCs. Collagen fibers didn’t show regular arrangement. 
SMCs in the tunica media appeared severely damaged with 
faint acidophilic stain (Fig. 2D).

Immunohistochemical staining for alpha smooth muscle 
actin
Immunohistochemical staining for the adult control 

group (group I) showed homogenous packed layers of dense 
alpha actin positive SMCs located between elastic and colla-
gen fibers lamellae (Fig. 3A).

In group II, weak positive immune reaction for alpha 
smooth muscle actin was observed involving wide areas of 
the muscle bulk of the tunica media (Fig. 3B).

BBAA
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Fig. 3. Photomicrographs of sections in the thoracic aortae of adult rats (immune staining with anti-alpha smooth muscle actin antibody, ×400). 
(A) Group I (adult control): notice homogenous packed layers of strong positive alpha actin filaments of smooth muscle fibers (arrows) in tunica 
media located between elastic laminae. (B) Group II (adult rats treated with ciprofloxacin): weak positive immune reaction for alpha smooth 
muscle actin is observed (asterisks).

Fig. 4. Scanning electron microscope (SEM) photographs of sections in the thoracic aortae of adult rats. (A) Group I (adult control; ×250; scale 
bar, 100 μm): the vessel wall is formed of well adherent three layers; intima (I), media (M), and adventitia (Ad). The media is the thickest layer. 
Endothelial surface (En) appears smooth and homogenous. (B) Group I (adult control; ×450; scale bar, 50 μm): luminal En appears smooth and 
continuous showing nuclei (arrows) of the lining endothelium protruding into the vessel lumen with distinct boundaries between adjacent cells. 
The cells are aligned parallel to the long axis of the vessel. (C) Group II (adult rats treated with ciprofloxacin; ×900; scale bar, 20 μm): rough En 
with numerous irregular folds between the endothelial cells are seen.

A B C



Anat Cell Biol 2022;55:79-91  Ahmed Farid Al-Neklawy, et al84

www.acbjournal.orghttps://doi.org/10.5115/acb.21.170

Scanning electron microscope results
Examination of aortae in adult control group (group I) 

revealed well adherent three layers of the aortic wall; intima, 
media, and adventitia. Luminal endothelial surface appeared 
smooth and continuous showing nuclei of lining endothe-
lium protruding into the vessel lumen with distinct bound-
aries between adjacent cells. The cells were aligned parallel 
to the long axis of the vessel. Tunica media was the thickest 
layer followed by the outer adventitia (Fig. 4A, B). 

In adult ciprofloxacin treated rats (group II), sections 
showed rough lining endothelial surface with numerous ir-
regular folds between the endothelial cells (Fig. 4C). 

Senile groups (groups III and IV)
Examination of stained sections of the thoracic aortae of 

the senile control subgroup (III-b) revealed similar findings 
as compared to the senile control subgroup (III-a).

Hematoxylin and eosin stained sections
Examination of H&E stained sections of aortae of the se-

nile control group (group III) demonstrated that the intima 
showed focal desquamation of the lining endothelium, mul-
tiple interruptions of the internal elastic lamina, and areas of 
intimal thickening. Tunica media showed loss of the normal 
concentric horizontal arrangement of the SMCs. It showed 
vertical, horizontal and oblique orientations of SMCs. Fre-
quent areas of muscle degeneration were observed. Some 
smooth muscle fibers appeared proliferating with multiple 
nuclei. The tunica adventitia was composed of sparse, loose 
connective tissue (Fig. 5A, C).

In senile ciprofloxacin treated rats (group IV), similar 
findings were noted as those in (group III). In addition, there 
was aberrant decrease in the number of the SMCs. Multiple 
spaces between the smooth muscle fibers were noted (Fig. 
5B, D). Moreover, some sections showed severe damage of 
the aortic wall. Interrupted, discontinuous intima and media 
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Fig. 5. Photomicrographs of sections in the thoracic aortae of senile rats (H&E). (A) Group III (senile control; ×400): a photomicrograph 
showing tunica intima with areas of desquamation (arrows). Notice the area of intimal thickening with vertically aligned nuclei of smooth 
muscle cells (SMCs; circle). The tunica media reveals lack of concentric arrangement of SMCs with spindle shaped nuclei (triangles). Binucleated 
proliferating SMCs can be seen (pentagons). Notice also the sparse, loose connective tissue (CT) in the tunica adventitia. (B) Group IV 
(senile rats treated with ciprofloxacin; ×400): notice the outpouching of the aortic wall made of an invagination of the inner layers of aortic 
wall outwards (asterisk). The pouch is connected to aortic lumen by a narrow area of intimal tear. The tunica media is severely damaged with 
numerous pyknotic nuclei and vacuolated SMCs. The tunica media thins out at the outpouching. Ad, adventitia; L, lumen of the vessel. (C) 
Group III (senile control; ×1,000): tunica intima reveals un-even endothelial lining with some detached lining cells (arrows). Discontinuous 
internal elastic lamina is seen (hashtag). An area of intimal thickening with vertically aligned nuclei of SMCs can also be seen (circle). The tunica 
media shows random arrangement of SMCs nuclei, pale staining degenerating myocytes, and frequent patches of muscle tissue loss (asterisks). 
Proliferating binucleated SMCs are seen (pentagons). (D) Group IV (senile rats treated with ciprofloxacin; ×1,000): notice the tunica media with 
severe damage of SMCs with pyknotic nuclei (arrows). Notice the disarrangement of smooth muscle fibers and spacing due to tissue loss (asterisks).
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was noted. In addition, large pouch made up of an invagina-
tion of the inner layers of aortic wall outwards was observed. 
The pouch was connected to aortic lumen by a narrow area 
of intimal tear. The tunica media was severely damaged with 
numerous pyknotic nuclei and necrotic SMCs. The elastic 
laminae were totally disorganized (Fig. 5B).

Orcein stained sections
In orcein stained sections of the senile control group 

(group III), the elastic fibers appeared thin, widely spaced, 
and occasionally fragmented. Some fibers were corrugated 
and sometimes branched (Fig. 6A).

In group IV, severe disruption of the regular arrangement 
of the elastic laminae was noticed. Most of the elastic fibers 
appeared disorganized, wavy, and fragmented (Fig. 6B).

Masson’s trichrome stained sections
Masson’s trichrome stained sections of the senile control 

group (group III) showed collagen fibers associated with 
elastic fiber lamellae that revealed obviously disorganized ar-

rangement. Many unstained spaces (vacuoles) were noticed 
between lamellae. Interrupted, irregular subintimal region 
was also seen. Weak acidophilic stained SMCs were hardly 
seen (Fig. 6C).

In group IV, there was aberrant increase in the collagen 
fibers deposition encroaching on the muscle layer in tunica 
media. Vacuoles in interlamellar spaces were observed oc-
cupying interlamellar spaces with aberrant decrease in the 
vessel wall thickness (Fig. 6D). 

Immunohistochemical staining for alpha smooth muscle 
actin
Alpha smooth muscle actin immunostaining of the se-

nile control group (group III) revealed moderate to weak 
immune reactivity through whole extent of SMCs of tunica 
media (Fig. 7A).

In group IV, there was almost negative immune reactivity. 
Only some sporadic areas showed weak immune reactivity 
(Fig. 7B).

AA CC
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Fig. 6. Photomicrographs of sections in the thoracic aortae of senile rats. (A) Group III (senile control; Orcein, ×400): the elastic fibers 
appear widely spaced (up down arrows), fragmented (arrows) and corrugated (pentagons). Branching of elastic laminae (triangle) can also 
be visualized. (B) Group IV (senile rats treated with ciprofloxacin; Orcein, ×400): notice the marked disruption of the regular arrangement 
of the elastic laminae. Some of them appear severely corrugated or fragmented (arrows). (C) Group III (senile control; Masson’s Trichrome, 
×400): many of collagen fibers (arrows) are seen with sparse acidophilic smooth muscle cells in tunica media. Vacuoles (asterisks) could be seen 
occupying interlamellar spaces. Notice the widely separated connective tissue (CT) in tunica adventitia. (D) Group IV (senile rats treated with 
ciprofloxacin; Masson’s Trichrome, ×400): notice the aberrant increase in the collagen fibers’ deposition (arrows) encroaching on the muscle 
layer in tunica media. Vacuoles (asterisks) could be also seen occupying interlamellar spaces. Notice the aberrant decrease in the vessel wall 
thickness.
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Scanning electron microscope results
Examination of aortae in senile control group (group III) 

revealed rough endothelial lining with irregular folds be-
tween the endothelial cells with thinning of the endothelium 
in some areas. The media was the thickest layer, with outer 
adventitial layer. The three layers were tightly opposed to 

each other (Fig. 8). 
In senile ciprofloxacin treated rats (group IV), the intima 

revealed many cracks, one of these led to large outpouching 
that passed through both media and adventitia and projected 
towards the outer wall of the aorta (Fig. 9A). Moreover, there 
was rough endothelial surface and many fissures or cracks 

A B

Fig. 7. Photomicrographs of sections in the thoracic aortae of senile rats (immune staining with anti-alpha smooth muscle actin antibody, ×400). 
(A) Group III (senile control): moderate to weak immune reactivity (asterisks) is seen in many patches through the tunica media. (B) Group IV 
(senile rats treated with ciprofloxacin): almost negative immune reactivity of smooth muscle fibers is seen through the whole extent of the tunica 
media with only sporadic patches of moderate immune reactivity appearing as brown color (asterisks). 

AA BB

Fig. 8. Scanning electron microscope (SEM) photographs of sections in the thoracic aortae of senile control rats (group III; scale bar: 20 μm). (A) 
Notice the rough endothelial lining (En) (×650). The media (M) is the thickest layer with outer adventitial layer (Ad). The three layers are tightly 
opposed to each other. (B) Luminal endothelial surface appears rough with irregular folds between endothelial cells (arrows) (×900). Notice the 
thinning of endothelium (asterisks) in some areas.

A B C

Fig. 9. Scanning electron microscope (SEM) photographs of sections in the thoracic aortae of senile rats treated with ciprofloxacin (group IV). 
(A) Notice outpouching (asterisk) of the vessel wall extending towards the tunica adventitia (×200; scale bar, 100 μm). The intima reveals many 
cracks (arrows). L, vessel lumen. (B) Notice the rough endothelial lining (En) with the presence of many fissures or cracks (asterisks) (×1,700; 
scale bar, 10 μm). Some areas show adherent blood cells (arrows). (C) Notice the accumulation of fibrin (arrows) (×650; scale bar, 20 μm). 
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between endothelial cells. Some sections showed intercellu-
lar spaces and desquamations with adherent blood cells and 
accumulation of fibrin (Fig. 9B, C).

Morphometric results and statistics
A morphometric study was conducted and statistically 

analyzed. No significant differences were noted in the adult 
control subgroup (I-b) in comparison with the adult control 
subgroup (I-a). Also, no significant differences were noted in 
the senile control subgroup (III-b) in comparison with the 
senile control subgroup (III-a).

The total thickness of the wall of the thoracic aorta
The mean total thickness of the wall of thoracic aorta in 

group II revealed a highly significant increase in comparison 
with the adult control groups (Table 1, Fig. 10). Moreover, the 
mean total thickness in group III recorded the highest value 
among the groups with highly significant increase in com-
parison with both groups I and II. 

As regard group IV, there was a highly significant de-
crease as compared with other groups as the mean total 

thickness in this group recorded the lowest value.

Mean area percentage of alpha smooth muscle actin 
staining per microscopic field
The mean area percentage of alpha smooth muscle actin 

staining per microscopic field of the thoracic aorta of group 
II showed non-significant decrease in comparison with 
adult control groups (Table 2, Fig. 11). However, the mean 
area percentage in group III showed a significant decrease as 
compared with group I and non-significant decrease as com-
pared with group II.

Furthermore, there was a highly significant decrease in 
group IV as compared with other groups.

Discussion

To our knowledge, the present in vivo experimental work 
investigated, for the first time, the effect of ciprofloxacin (FQs 
antibiotic) administration on the structure of the wall of the 
thoracic aorta in adult and senile albino rats. Light micros-
copy, immunohistochemistry, morphometry, and statistical 
analysis, and scanning electron microscopy were employed 
in this study.

The present study focused on thoracic aorta rather than 
abdominal aorta due to higher incidence of AD and AA 
in the thoracic aorta. These two aortic diseases (AD and 
AA) are among the deadliest cardiovascular diseases with a 
mortality rate reaching 100% if not promptly diagnosed and 
treated [20].

An annual incidence of AA of 3 to 13.7 and AD of 3 to 20 
per 100,000 population was recorded [21]. Moreover, the an-
nual incidence of AA for the elderly was reported to be much 
higher, reaching about 130 per 100,000 population [22].

In the present study, the wall of the control adult thoracic 
aorta consisted of three layers, innermost intima, middle 
media, and outer adventitia. 

Tunica intima was made up of flattened endothelial cell 

Table 1. Comparison of the total thickness of the wall of thoracic aorta between the experimental groups
Total thickness of the wall of  

thoracic aorta (μm)
Adult control  

(group I)
Adult ciprofloxacin  

treated rats (group II)
Senile control  

(group III)
Senile ciprofloxacin  

treated rats (group IV)
Mean±standard deviation 44.08±4.7 52.53±3.12

(P=0.0004)a)

61.1±2.46
(P<0.001)a)

(P<0.001)b)

31.15±6.07
(P=0.00012)c)

(P<0.001)d)

(P<0.001)e)

a)Highly significant increase in comparison with group I; b)Highly significant increase in comparison with group II; c)Highly significant decrease in comparison 
with group I; d)Highly significant decrease in comparison with group II; e)Highly significant decrease in comparison with group III.
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lining with flat nuclei that rested on a sub-endothelial layer 
composed of few elastic and collagen fibers and an outermost 
boundary formed by a continuous layer of elastic fibers (the 
internal elastic lamina).

Tunica media constituted the main bulk of the vessel wall. 
It was composed of regular concentric elastic and collagen 
fiber lamellae with intervening SMCs with oval nuclei, all 
immersed in ECM components.

Tunica adventitia consisted of loose connective tissue with 
plenty of collagen fibers but few elastic fibers.

Scanning electron microscopic examination revealed 
compact three layers of aortic wall, smooth continuous lumi-
nal endothelium, thick tunica media and adventitia. These 
observations coincide with previous studies [23].

The effect of aging on the structure of the thoracic aorta 
was seen in the control senile group. In the present work, the 
wall of control senile thoracic aorta demonstrated evident 
histopathological changes compared to control adult aorta. 
The intima showed focal epithelial loss (ulcer) or thickening 
(neointima) and interrupted internal elastic lamina. Tunica 

media revealed widening, fragmentation or splitting of the 
elastic laminae. SMCs showed damage, disrupted arrange-
ment, and were immersed in excessive amount of ECM 
material and fibrous tissue deposition. Scanning electron 
microscopic observation confirmed these results. The pres-
ent observations are in line with previous reports [23].

In the present study, thoracic aortae of all rats treated with 
ciprofloxacin revealed evident histopathological changes 
compared to aortae of control groups. Ciprofloxacin treat-
ment induced the following structural changes; in the 
intima, irregularities of lining endothelium with frequent 
ulceration (ulcers together with interruption and damage of 
internal elastic lamina led to cracking of the wall). And reac-
tive thickening of the intima (neointima) was noticed. In the 
media, there was thinning and damage of the elastic laminae 
and collagen fibers leading to disruption of normal arrange-
ment of SMCs that also showed degeneration and damage 
(proved by immune staining with alpha-smooth muscle 
actin and morphometric analysis), and excessive deposition 
of matrix material and collagen fibers was seen on the ex-
pense of the muscle mass. In severe cases (mostly senile rats), 
dissection of the aortic wall and development of aneurysm 
like pouch was observed by light and scanning electron mi-
croscopy. The overall degree of damage observed was most 
intense in senile treated rats rather than adult treated group.

This was justified by Zarkovic et al. [24] who stated that 
the structure of the aortic wall was altered in an age-related 
manner with a significant decrease of SMCs and elastic fi-
bers accompanied by increased interlamellar space due to 
excessive formation of connective tissue between the elastic 
laminae. Komutrattananont et al. [25] recorded that the 
mean percentage density of elastic fibers decreased in aortic 
wall with ageing and abdominal aorta showed the highest 
correlation with age followed by the thoracic aorta, the aortic 
arch, and the ascending aorta, respectively. They stated that 
these changes in the percentage density of elastic fibers can 

Table 2. Comparison of the area percentage of alpha smooth muscle actin staining per microscopic field at magnification (×400) between the experimental 
groups

Alpha smooth muscle actin staining  
area per microscopic field (%)

Adult control  
(group I)

Adult ciprofloxacin  
treated rats (group II)

Senile control  
(group III)

Senile ciprofloxacin  
treated rats (group IV)

Mean±standard deviation 38.78±0.9 38.34±1.9 37.09±0.46
(P=0.006)a)

28.31±3.79
(P=0.00014)b)

(P=0.00035)c)

(P<0.00043)d)

a)Significant decrease in comparison with group I; b)Highly significant decrease in comparison with group I; c)Highly significant decrease in comparison with 
group II; d)Highly significant decrease in comparison with group III.
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add information to age estimation purposes in human. In 
addition, Fritze et al. [26] reported that aging was accompa-
nied by fragmentation and thinning of the elastic laminae.

Greenberg [27] explained that, with advancing age cross 
linking microfibrillar type of elastin increases on the ex-
pense of the thick regularly arranged ones.

In the present work, ciprofloxacin treatment led to thin-
ning out, fragmentation, and increased spacing between 
elastic laminae of aortic tunica media.

 Nakashima [28] believed that elastic laminae are crucial 
for maintaining aortic wall integrity. He added that, in nor-
mal human and animals, the elastic fibers of aortic tunica 
media are composed of concentric elastic laminae with con-
necting vertically oriented inter-laminar elastic fibers that 
are, in the meantime, densely adherent and connected with 
the SMCs of the tunica media providing the strength and 
integrity to tunica media and the aortic wall as a whole. Na-
kashima [28] observed by 3-dimensional scanning electron 
microscope of autopsied patients of AD decrease of inter-
laminar elastic fibers of tunica media.

In the current study, ciprofloxacin treatment resulted in, 
loss of the classical concentric arrangement of the SMCs of 
tunica media, degeneration, and necrosis with patches of 
muscle tissue loss. This was also detected by alpha-smooth 
muscle actin immune staining and was confirmed by the 
morphometric analysis. The adult treated group (group II) 
revealed statistically significant decrease of immune staining 
density compared to adult control group. On the other hand, 
the senile treated group (group IV) showed highly statistical-
ly significant decrease of immune staining density compared 
to all other groups.

Findings of the present study as regards damage of the 
elastic laminae and SMCs were previously described by 
Nakashima [28] as cystic media necrosis (CMN) which the 
author considered a pre-requisite for the development of AD. 
Interestingly, CMN was observed in autopsied patients of AD 
in variable percentages; 10%, 18%, and 19% by Wilson and 
Hutchins [29], Larson and Edwards [30], and Nakashima [28], 
respectively.

The pathogenesis of AD because of CMN was explained 
by Carino et al. [31]. They reported that damage of the struc-
tural components of the media (elastic lamellae constituting 
the framework of aortic wall and SMCs responsible for the 
muscular contractile property) make the force caused by 
motion of the aorta or by the blood flow inside aortic lumen 
led to strain which can easily induce dissection of the aortic 

media.
The present findings could be explained in view of the 

mechanism of action of FQs antibiotics. These antibiotics 
cause degeneration of elastin, collagen, and other structural 
components of the ECM by stimulating the activity of MMPs 
[13, 14, 20], and by reducing the de novo production of col-
lagen [15] leading to many unwanted adverse effects because 
collagen is abundant in the thoracic aortic wall [31].

Ishii and Asuwa [32] reported increased expression of 
MMP 1, 2, and 9 in aortic specimens of patients with AD.

In the present study, intimal tear, dissection of the aortic 
tunica media (AD), and outpouching of aortic wall (AA) was 
observed by light and scanning electron microscopy in some 
aortic specimens of senile ciprofloxacin treated rats. These 
observations were justified by Macura et al. [33] who stated 
that intimal tear penetrates the aortic media allowing blood 
flow from the entry site into the false lumen and this entry 
tear occurs at sites of greatest wall tension. Vilacosta and San 
Román [34] added that, blood at high pressure then splits 
tunica media creating a false lumen that runs alongside the 
true lumen.

In the present study, the aortic wall of adult ciprofloxacin 
treated rats and senile control rats revealed excess deposition 
of matrix material and collagen fibers in the tunica media 
as observed by Masson’s trichrome staining. Morphomet-
ric analysis confirmed observational findings and revealed 
highly statistically significant increase in the total thick-
ness of the thoracic aortic wall compared with adult control 
group. On the contrary, senile treated group showed highly 
statistically significant decrease in the total thickness of tho-
racic aortic wall compared with all other groups.

These observations were justified by Sandison et al. [35] 
who stated that damage of vascular SMCs is associated with 
transition from contractile property to a migratory, synthetic 
phenotype that lay down matrix material and increase depo-
sition of collagen fibers. Taking that in mind, in the present 
study, the wall of aorta showed increase in thickness because 
of excessive matrix material deposition while in senile cip-
rofloxacin treated group, collagen fibers deposition reached 
maximum on the expense of SMCs leading to contraction 
and decrease wall thickness. Similarly, Atkinson [36] report-
ed progressive increase in the thickness of the tunica media 
with aging accompanied by decrease cellularity.

Ishii and Asuwa [32] reported in their electron micro-
scopic and immunohistochemical analysis of aortic structure 
from patients with AD the presence of spirally thickened 
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collagen fibers, damage of basement membrane of SMCs.
In a study using a mouse model of AA and dissection, 

LeMaire et al. [17] reported other mechanisms contribut-
ing to the effect of ciprofloxacin on susceptibility to aortic 
dissection and rupture. They stated that ciprofloxacin led 
to decreased Lysyl oxidase expression in aortic media with 
increased apoptosis and necroptosis in the aortic wall. More-
over, they recorded that ciprofloxacin caused mitochondrial 
DNA and nuclear DNA damage, leading to mitochondrial 
dysfunction. Furthermore, they expected that the ciproflox-
acin-induced disruption of ECM integrity may be mediated 
by the activation of the cytosolic DNA sensor stimulator of 
interferon genes.

More recently, James et al. [37] reported that ciprofloxacin 
caused reduced cell viability and proteoglycan synthesis in a 
whole tissue explant model. Their study demonstrated that 
these cellular changes are not rapidly reversed after cessation 
of ciprofloxacin treatment. 

Findings of the present experimental study confirmed the 
clinical observation of cases reported to FDA in four pub-
lished studies [7-9, 20]. 

Limitations of the study
Although the results of this study were informative about 

the deleterious effects of ciprofloxacin on the structure of 
the thoracic aorta in rats, it has certain limitations. This 
study is the first, to our knowledge, that conducted to as-
sess the effect of FQs on thoracic aorta on histological, im-
munohistochemical, and morphometric levels. The study 
used morphological methods only and further experiments 
are needed to confirm possible mechanisms related to the 
effect of ciprofloxacin on the thoracic aorta. The study also 
included the therapeutic dose and duration of the treatment 
without assessing the reversibility of the resulting structural 
changes. 

Conclusion
It was concluded that oral administration of ciprofloxacin 

caused deleterious structural changes in the thoracic aortae 
of senile more than adult male albino rats giving a possible 
explanation for FQs-induced risk of AD. This could demon-
strate valuable for individuals who deal with FQs prescrip-
tions.

Recommendations 
‒ Extreme caution should be taken when prescribing FQs 

(ciprofloxacin) particularly to high-risk cases.
‒ Mandatory call for medical help in case of any cardiac 

complaint in those under FQs treatment.
‒  Conduct further studies including different types of FQs 

to compare the resulting risk from each drug.
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