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ABSTRACT 
Background and Objectives: Eye exposure to UVB radiation can lead to photokeratitis. Antioxidant agents, 
such as Vitamin E, enhance corneal healing. 
Aim of this work Study: the influence of a narrow band of UVB light on the eyes of rats and evaluate the 
preventive role of vitamin E on the eye following UVB radiation. 
Methods: Twenty male Wistar albino rats were included in this work. They haphazardly distributed into four 
equal groups (n=5), group A, a negative control group, group B (exposed to different intensities of a single 
daily dose of UVB radiation extending from 240 mJ UVB/cm2 up to 960 MJ/1 week, group C: treated as 
group B with the oral ingestion of vitamin E, group D: ingested oral dosages of vitamin E for one week. 
The rats were them sacrificed, and the eyes were removed and fixed in 10% buffered formalin for 24 hours 
to be followed by histological processing and tissue staining with hematoxylin and eosin stain as well as 
TUNEL stain to be ready for histopathological examination.  
Results: The eyes of group B rats corneal damage in the form of irregular hypertrophy of the cornea, 
ulceration, stromal edema, hemorrhage, inflammatory cell infiltration, and increased apoptotic cells. All these 
changes were reduced following the use of vitamin E in group C, while groups A and D show normal 
histological pictures.  
Conclusion: daily exposure of the eye to the progressive increasing intensity of UVB for one-week results in 
severe histological changes in the cornea that are alleviated by using a protective daily dose of vitamin E 
before exposate to radiation.  
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 فوق للأشعة التعرض بعذ الجرران لعيون النسيجية التغيرات

 E فيتاميه دور: البنفسجية

 
 *دًذي سٌبض عًش ،* انُعًًٍ دسٍ عهً دبسس ،* ادًذ يصطفى سَب

 انعشاق انًىصم، انًىصم، جبيعخ انطت، كهٍخ انزششٌخ، فشع*

 الخلاصة

ًٌكٍ أٌ ٌسجت انزهبة انمشٍَخ انعىئً، وهً دبنخ رؤثش عهى انمشٍَخ. نزعضٌض  Bيٍ انُىع  فىق انجُفسجً رعشٌط انعٍٍ نلإشعبع

 . Eانشفبء ٌزى اسزخذاو يعبداد الأكسذح، يثم فٍزبيٍٍ 

 Eالاسزخذاو انًزضايٍ نفٍزبيٍٍ  ورأثٍش نلأشعخ فىق انجُفسجٍخثعذ انزعشض رهذف هزِ انذساسخ إنى فهى كٍفٍخ رأثش أَسجخ انعٍٍ 

  نهىلبٌخ 

ثًثبثخ يجًىعخ انزذكى ثًٍُب رعشظذ  كبَذ Aخ إنى أسثع يجًىعبد. انًجًىع لسًذ عشىائٍب عششٌٍ فأسًاانذساسخ  عًٍزر

 H&E خغجص انعٍٍ ثبسزخذاو فذص عٍُبد يٍ أَسجخرى نجشعبد يٍ الأشعخ فىق انجُفسجٍخ نفزشاد يزفبورخ.  B,C انًجًىعبد

 . TUNEL خغجصو

انزعخى وانزمشح وانىريخ انهذًٍخ  َسٍج يثم ثًب فً رنك صجغبد فً انمشٍَخ علايبد انعشس Bأظهشد فئشاٌ انًجًىعخ  :نتائجال

ِ صاد يعذل يىد انخلاٌب انًجشيج )يىد انخلاٌب( فً هزِ انًجًىعخ. ويع رنك، رى رخفٍف هزووانُضٌف ورسهم انخلاٌب الانزهبثٍخ. 

 . سهًٍخ نهمشٍَخ خٍجَسٍصىسح  Dو A. أظهشد انًجًىعزبٌ Cفً انًجًىعخ  Eانزغٍٍشاد عُذيب رى إعطبء فٍزبيٍٍ 

إنى رغٍشاد َسٍجٍخ كجٍشح  ٌؤدي رعشض انعٍٍٍُ نًسزىٌبد يزضاٌذح يٍ الأشعخ فىق انجُفسجٍخ نًذح أسجىعَسزُزج يٍ انذساسخ اٌ 

 لجم انزعشض نلإشعبع. Eفً انمشٍَخ. ويع رنك، رى رخفٍف هزِ انزغٍٍشاد عٍ غشٌك إعطبء جشعخ يٍ فٍزبيٍٍ 

 



Rana Mustafa Ahmad                                                                       The Histological Changes of The Eyes of Rats ..  

258                                                                                                    Ann Coll Med Mosul December 2024 Vol. 46 No.2 

 .TUNELالأشعخ فىق انجُفسجٍخ، انفئشاٌ، انمشٍَخ،  الكلمات المفتاحية :

 

INTRODUCTION 
ltraviolet light (UVL) is electromagnetic 
radiation with a short wavelength between X-

ray and visible light; UVL wavelength is longer than 
X-rays and shorter than visible light. UVL 
wavelength is used to sterilize water and food

 1
. 

Also, UVL is one of the best methods for skin 
disease treatment (vitiligo and psoriasis)

1,2
. 

The solar UVL consists of UVA, UVB as 90- 95% 
UVA and 5- 10% UVB

3
. Most people identify the 

UVL effects on skin and eyes as a painful 
sunburn

4
. The UVL wavelength ranges from 10-

400 nm, particularly UVB light ranging from (300-
320 nm) wavelengths, and it is usually absorbed by 
corneal stroma and lens

5,6
. Various works are 

studying the effect of UVL on the ocular lenses. 
The lens plays a main role in eye protection and 
avoiding the development of cataracts

7
.  

The UVL phototoxicity relies on different factors 
such as energy, exposure time, and wavelength. 
Result in exposure to UVL makes photokeratitis. 
Chronic or long-lasting exposure causes 
keratopathy, endothelial dystrophy, pterygium, 
carcinoma, squamous metaplasia, cataracts, and 
macular degeneration

1,3,8,9
.The beginning of 

symptoms occurs 6-12 hours after exposure. It is 
characterized by photokeratitis, photophobia, 
severe bilateral ocular pain, blepharospasm, 
chemosis and erythema of the face. In contrast, a 
sign of photokeratitis includes superficial keratitis, 
erosion, epithelial desquamation, corneal edema, 
and haze-clinical resolution from symptoms usually 
within 72 hours

10
.The histological changes that 

result from UVL exposure are characterized by the 
separation of superficial cell epithelium, damage of 
nuclei and cytoplasm, edema, and apoptosis in all 
corneal layers, relining on the wavelength and 
dose of UVL

11
. 

Vitamin E is the most effective lipid-soluble 
antioxidant, preventing oxidative stress on cell 
membranes

12
. Free radicals contribute to many 

diseases, but vitamin E acts as a protective agent 
against their damage, including damage related to 
cataracts, aging, cancer, circulatory conditions, 
pollution, arthritis, and active exercise. Using 
vitamin E improved the fight of glutathione-
depleted epithelial cells of the lens to peroxide-
induced cell apoptosis

13
. So, an adequate intake of 

antioxidants like vitamin E can protect from 
increased concentrations of free radicals caused 
by air pollution and recent lifestyle designs

14
. 

This work aims to study the influence of UVB light 
narrow band on the rat's eye and evaluate the 
vitamin E protective effect on the eye following 
UVB radiation. 

MATERIAL AND METHODS 
The Ethical Committee of the College of Medicine 

at Mosul University approved this study. The 
experiment was conducted in an animal house the 
related to the College of Veterinary Medicine at 
Mosul University. The experimental animals used 
in this study were twenty adult Wistar albino rats. 
Rats were maintained under standard conditions 
and diet. They were haphazardly separated into 
four equal groups, including group A (negative 
control) without UVB exposure, group B (positive 
control) (exposed to UVB as single daily 
progressive increase doses mJ/cm

2
 for one week), 

group C (exposed to single daily progressive 
increase dose mJ UVB/cm

2
 for one week with the 

administration of oral dose of vit E), group D 
(received oral doses of vit. E for one-week).  
Vit. E 400 IU (Adrian Gagnon) was mixed with 

olive oil to attain a suitable dose of Vit E (100 IU/kg 
body weight), then ingested by gavage syringe 
according to previous studies

15
. Anesthesia was 

done with intraperitoneal injection of ketamine 
hydrochloride 80 mg/kg and xylazine hydrochloride 
10 mg/kg. 
The device used in this study was a 311narrow 

band UVB KN-4003LB with a comb. The plastic 
translucent comb gets a standard distance of 3cm 
between the rat's eye and the source of the device 
light. 
Each animal in groups B and C was given a 

progressive increasing dose as follows: on the first 
day, the dose was 240 mJ/cm

2;
 on the second day, 

360 mJ/cm
2
; on the third day, 480 mJ/cm

2
; fourth 

day 600 mJ/cm
2
, fifth day 720 mJ/cm

2
, sixth day 

840 mJ/cm
2
, and seventh day 960 mJ/cm

2
.  

The protocol of UVB radiation was achieved by 
giving the rats daily gradual increasing doses, the 
calculation of dose using the following formula

 16
:  

Radiation time = dose * 1000 ÷ intensity * 60 [min. 
= J/cm

2
 * 1000 / (mW/cm

2
) * 60]  

The rats were recovered for 24 hours, and then 
the animals were killed by cervical displacement. 
The eyes of rats were removed and fixed with 10% 
buffered formalin. The eye samples underwent 
processing techniques followed by sectioning of 
eye samples and staining with hematoxylin and 
eosin stain in preparation for histopathological 
check and TUNEL stain as an 
immunohistochemical stain to descript apoptotic 
cell signaling. TUNEL (terminal deoxynucleotidyl 
transferase dUTP nick end labeling) assay with an 
Apoptag Plus Peroxidase in Situ Apoptosis 
Detection Kit (S7101; MilliporeSigma, Burlington, 
MA, USA). 
 

U 
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RESULTS 
In this work, the histological manifestations of rat's 

eyes in group A (without exposure to UVB light) 
and group D (rat received Vitamin E only) showed 
normal histological architecture, including normal 
corneal epithelium, stroma and thickness (Figures 
1, 2). TUNEL stain is positive in both groups with a 
small number of apoptotic cells and normal corneal 
epithelium, intraepithelial, and regular cells 
(Figures 3,4). 
In comparison, the histological changes of eyes in 

group B (exposed to UVB) exhibited corneal 
injuries characterized by irregular hypertrophy of 
the cornea along its length with hyperplasia of 
epithelium, ulceration in the central surface of the 
cornea while Bowman's membrane remains 
uninterrupted continuously over the stroma in the 
ulcerative corneal areas along with stromal edema 
(Figure 5). In addition to the above changes, there 
is a hemorrhage in the corneal epithelium and 
stroma (figure 6). Massive infiltration of 
inflammatory cells (polymorphonuclear leukocytes 
and mononuclear cells) in all corneal stroma and 
sclerocorneal areas (figure 7). Additionally, the 
TUNEL stain showed a positive increase in 
apoptotic cells in corneal stroma and epithelium 
and irregular cells with pyknotic nuclei (Figure 8). 
In contrast, the microscopical changes of rat's eye 

in group C (exposed to UVB and received Vit. E) 
were showed amelioration to all microscopical 
changes that seen in group B as mild edema in 
corneal stroma and mild infiltration of inflammatory 
cells with normal epithelial structure (Figure 9, 10). 
The number of apoptotic cells markedly decreased 
compared with group C (Figure 11).   

 

 
Fig. 1: Histological section of rat eye in group A 

showing normal thickness of cornea (A) consisting 
of epithelium (B) and stroma(C), with choroid and 

retina (D). H&E stain, 100X. 
 

 
Fig. 2: The histological section of the rat eye of 

group D shows the normal thickness of the cornea 
(A) consisting of the epithelium (B), Bowman's 

membrane (C), and stroma (D). H&E stain, 400X. 
 

 
Fig. 3:  Histological section of TUNEL assay for 
apoptotic cells in the cornea of group A shows 

weak positive stained apoptotic cells (arrow). H&E 
stain, 400X. 

 

 
Fig. 4: The histological section of the TUNEL assay 
for apoptotic cells in the cornea of group D shows 
weak positive stained apoptotic cells (arrow). H&E 

stain, 400X. 
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Fig. 5: The histological section of the rat eye of 

group B shows irregular corneal hypertrophy along 
its length (A), hyperplasia of the epithelium (B), 

ulceration (C), edema in the stroma (D), and 
inflammatory cells infiltration (E). H&E stain, 100X. 

 

 
Fig. 6: The histological section of the rat eye of 

group B shows ulceration of epithelium with 
continuous Bowman's membrane (A), edema in 

the stroma (B), infiltration of inflammatory cells (C), 
and hemorrhage (D). H&E stain, 100X. 

 

 
Fig. 7: The histological section of the rat eye of 

group B shows inflammatory cell infiltration 
(polymorph nuclear leukocytes and mononuclear 
cells) in all sclerocorneal areas (A). H&E stain, 

400X. 
 

 
Fig. 8: The histological section of the TUNEL assay 
for apoptotic cells in the cornea of group B shows 

highly positive stained apoptotic cells (arrows). 
H&E stain, 400X. 

 

 
Fig. 9: The histological section of the rat eye of 
group C shows mild infiltration of inflammatory 

cells (A) and mild edema (B), with normal structure 
of the epithelium (C). H&E stain, 100X. 

 

 
Fig. 10: The histological section of the rat eye of 
group C shows mild infiltration of inflammatory 

cells (A) and mild edema (B), with normal structure 
of the epithelium (C). H&E stain, 400X. 
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Fig. 11: The histological section of the TUNEL 

assay for apoptotic cells in the cornea of group C 
shows mild positive stained apoptotic cells 

(arrows). H&E stain, 400X. 
 

DISCUSSION 
The eye is a unique sense organ that relies on 

noticeable light energy and is affected by exposure 
to ultraviolet plus infrared wavelength. The 
available data suggested that the corneal tissue 
affected by UV radiation is dangerous in case of 
prolonged exposure

17
. Most of these researchers 

related these injuries to the involvement of the 
ROS in the induction of corneal damage

18
. 

The irradiated group B that received a 
progressively increasing dose of UVB showed 
damage to the corneal epithelium and stroma in 
irregular hypertrophy of corneal epithelium with 
ulceration in the central surface of it. At the same 
time, Bowman's membrane remains uninterrupted 
continuously over the stroma in the ulcerative 
corneal areas and polymorph nuclear cells 
infiltration in corneal lamellae, As the corneal 
epithelium is the most sensitive layer to UVB than 
other corneal layers and such structural changes 
can be explained by UVB -induced  DNA 
cumulative damage with changes in permeability 
and membrane transport and ROS damage that 
stimulate the manufacture of pro-inflammatory 
molecules

19
. 

Similar histopathological changes, mainly 
irregular hypertrophy, were detected by Muresan 
and his team

 20
, and complete exfoliated corneal 

epithelium was seen in corneal rabbits by Giblin et 
al. after UVB exposure

21
. At the same time, other 

studies show identical changes to the above in 
addition to discontinuation and separation of the 
anterior epithelium (Bowman's membrane) in the 
affected corneal stroma

22
. Such photokeratitis 

resulted in our work, which was reported by similar 
previous studies

11,23,24
.
 
This photokeratitis is also 

proved by Muresan et. al. who stated that the more 
UVB exposure with more duration, the more 
corneal tissue is affected

19
. 

The other change seen in our study in those 
exposed to UVB is corneal stroma edema related 
to endothelial dysfunction

11
. 

TUNEL assay for apoptotic cells in rat's cornea of 
the irradiated group B showed highly positive 
stained apoptotic cells in comparison to the 
negative control group; such increase in apoptotic 
cells is due to UVB has been stated to rise the 
making of interleukins as   IL -1, IL-6 and IL-8 

25
, 

adding to TNF-α, and NF-κB in stromal cells
 
of the 

cornea
26-28

. 
 The translocated NF-κB will stimulate the 

transcription of pro-inflammatory cytokines, 

containing inducible nitric oxide iNOS and 

cyclooxygenase COX-2 which are considered the 

main mediators for inflammation and cell death or 

apoptosis
29-32

, or this highly positive apoptotic cells 

can be explained as exposure to UVB stimulates 

apoptosis in epithelial cells of rats' cornea
33,34

.
 
 

This means continuous UVB irradiation makes an 

organic injury in absorbing tissues, mostly involving 

DNA damage, ROS increase, and reduction in 

enzymes that have antioxidant activity
35-37

. Such 

significant TUNEL-positive apoptotic cells were 

noticed in corneal mice with thinning of corneal 

epithelium after exposure to 400 mJ/ cm
2
 of UVB

32
. 

Similar TUNEL-positive apoptotic cells were seen 

in rats' corneal stroma after a single exposure to 

UV injury
11

. In other words, the histological 

changes in the cornea of the irradiated B group 

result from the oxidative stress of cellular 

membranes, including proteins, plus direct DNA 

oxidative damage
38-40

, such declining in 

mitochondrial jobs and reduced antioxidants with 

protective mechanisms, leading to increase 

apoptosis in the tissues of the cornea
 41,42

. 

The histopathological changes of irradiated group 
C, which was treated with vitamin E as a 
precaution, showed a reduction in all changes that 
were seen in group B, which was treated with UVB 
only; this means that the given antioxidant will 
replace the reduced protective factors which are 
the leading cause of corneal injury and damage as 
these antioxidants with its defense tools are 
susceptible to increase exposure to UVB

43
. Such 

findings run in agreement with similar findings in 
previous reports as Palazzo and her team, who 
found using local application of eye drops having 
riboflavin and D- α-tocopherol polyethylene glycol 
succinate (TPGS) vitamin E lessens the corneal 
injury in rabbits exposed to UV

44
. Vizzari et al. 

presented a similar result: topical application of the 
antioxidant considerably lessened the oxidative 
stress in rabbits' eyes induced by UV

38
. 
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The role of vitamin E in reducing TUNEL-positive 

cells in this group is clearer than in group B. This 

run is consistent with a previous study using 

astaxanthin as a potent antioxidant activity that 

helps in lowering TUNEL-positive cells and 

decreases photokeratitis in mice eyes, where they 

explained this as astaxanthin reducing NF-KB 

expression in the corneal epithelium
 32

, 
 
this run 

with the fact that  UVB radiation trigger the 

oxidative damage related transcription factors, for 

example nuclear factor-κB (NF-κB), and 

encouraged the making of several cytokines as   

TNF-α, IL-1, and IL-6
 45

, and using antioxidant will 

facilitate production of pro-inflammatory factors. 

Another work using Fullerenols as eye drops 

following irradiation in the rat's eye helps decrease 

corneal injury, where it acts as an exogenous 

antioxidant
46

. The effect of antioxidants such as 

Vitamin C was obvious. Another, when given 

intraperitoneally for infant rats, was to alleviate the 

acute UVB irradiation on corneal structure
47

. 

This antioxidant role provided by Vitamin E in 

group C is due to its facility to pass through the cell 

membrane as it has lipid-soluble properties that 

preserve the membrane against lipid peroxidation 

and scavenge free radicals, occluding the radical 

chains and generating a low-reaction derivative 

incapable of fighting against the lipid 

substrates
48,49

. 

 

CONCLUSION 
The eye rats exposed to the progressive 

increasing intensity of UVB once daily for one 

week resulted in severe histological changes in the 

cornea, the epithelium, and st, alleviated by using 

a protective daily dose of oral vitamin E before 

radiation. 
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