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Original Article 

Prophylactic ophthalmic bethametazone for sulfur mustard-induced  

ocular injury 
 

Mostafa Naderia, Gholam-Reza Kaka*b,c, Khosro Jadidia,  

Hamid-Reza Khoddami-Vishtehd, Navvab Shamspourd, Seyed-Homayoun Sadraiec 
 

Abstract 
BACKGROUND: The present study sought to evaluate the prophylactic effect of bethametazone on sulfur mustard (SM)-
induced ocular morphometric damage in the rabbit eye. 

METHODS:  Twenty five healthy New Zealand white rabbits were divided into 4 groups of normal (not exposed to SM or 
solution), solution (exposed to solution), SM (exposed to SM), and prophylactic bethametazone (received eye solution 
of bethametazone then exposed to SM solution; then treated for 2 weeks). On the day 14 after exposure, five-micron 
sections were stained with haematoxylin and eosin for light microscopy evaluation. The ocular morphometric character-
istics in the study groups were compared to determine the prophylactic effects of the bethametazone. 

RESULTS: Bethamethazone could protect eyes from SM effect by means of decrease in changes in number of Kerato-
cyte in 10000 µm2, thickness of cornea (µm), thickness of corneal epithelium (µm), number of meibomian 
gland's cells in 2500 µm2, thickness of palpebral conjuctival epithelium (µm), thickness of epithelial of 
palpebral skin (µm), number of epithelial layers of palpebral skin, and number of goblet cells in conjunctival 
sac in 1000 µm. 

CONCLUSIONS: Bethametazone may have a prophylactic effect on the early lesions of the eye of the rabbit due to SM 
exposure.  

KEYWORDS:  Betamethasone, Sulfur Mustard, Ocular Lesions. 
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he skin, eye, and respiratory system are 
three major targets for the local toxic ef-
fects of sulfur mustard (SM).1 Out of the 

three, the eye is the most sensitive organ to 
SM,1 and this marked susceptibility is attribut-
able to several ocular features, including the 
aqueous-mucous surface of the cornea and 
conjunctiva as well as the high turnover rate 
and intense metabolic activity of the corneal 
epithelial cells.2 Ocular injuries appear in 75-
90% of all mustard gas casualties, with reports 
of delayed ocular morbidity appearing years 
later.3 The pathologic mechanisms underlying 

SM-induced tissue injury remain undefined4; 
nonetheless, previous studies have demon-
strated that SM may activate protease and 
cyclooxygenase, which can produce free radi-
cals.5 These harmful species are known to 
cause oxidative damage to a number of mole-
cules in cells, including membrane lipids, pro-
teins, and nucleic acids.6 

 One study to assess the SM effects on rabbit 
eyes, showed that SM exposure initiates typical 
clinical symptoms within 2-6 hours, character-
ized by eye closure, eyelid swelling, conjuncti-
val hyperemia, corneal erosions and inflamma-

T 
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tion. The clinical signs were significantly dose-
dependent and reached a peak at 24-72 hours 
post exposure. Biochemical evaluation of the 
aqueous humor exhibited an inflammatory re-
action and oxidative stress at 4 hours after ex-
posure, subsiding at 28 hours after exposure. 
Histological examination of corneas at 48 
hours revealed epithelial denudation and 
marked stromal edema, accompanied by cellu-
lar infiltration. Epithelial regeneration started 
after 72 hours, and recovery was almost com-
pleted within 1-2 weeks, depending on the HD 
dose. A second phase of pathological processes 
started as early as two weeks post exposure 
and was characterized by corneal edema, opac-
ity, recurrent erosions and neovascularization. 
The delayed injuries were found in 25% and 
40% of the eyes respectively, and when ap-
pearing, were more severe than the initial 
ones.7 One of the most prominent histological 
features in the early phase of SM exposure is 
loss of polarity of corneal epithelial basal cells,8 
following by recurrent oedema of the cornea as 
more delayed response.9 SM causes chronic 
and delayed destructive lesions in the cornea. 

Methods 
Fifteen healthy New Zealand white rabbits of 
both sexes were used in this experimental 
study. The animals were approximately 4 
months old with an initial body weight range 
of 1.8 to 2.2 kg. The study protocol was ap-
proved by the Committee for Animal Care of 
Baqiyatallah University of Medical Sciences. 
The animals were maintained in dust free bed-
ding cages in a controlled environment with a 
specified range of temperature (65°F-65°F) and 
relative humidity (30% or more).  
 Twenty five healthy New Zealand white 
rabbits were divided into 4 groups of normal 
(not exposed to SM or solution), solution (ex-
posed to solution), SM (exposed to SM), and 
prophylactic bethametazone (received eye so-
lution of bethametazone then exposed to SM 
solution; then treated for 2 weeks). 
On day 14, the animals were sacrificed by pen-
tobarbital overdose via ear vein injections. The 

eyes were enucleated and were subsequently 
either fixed in a 4% neutral buffered parafor-
maldehyde solution or frozen for further 
analysis. Following fixation, the eyes were 
processed for paraffin embedding. Five-
micron-thick sections were stained with 
haematoxylin and eosin (H&E) for light mi-
croscopy evaluation. 
 An experienced pathologist evaluated the 
thickness of the cornea, epithelium cornea, en-
dothelium, limbos epithelium, and epithelium 
conjunctive in conjunction with the layer fre-
quencies of the epithelium cornea, limbos epi-
thelium, and epithelium conjunctive as well as 
the frequency of meibomian gland cells using a 
Motic light microscope. 
 Statistical analyses were done using SPSS 
software (Statistical Package for Social Sci-
ences, version 13.0, SPSS Inc., Chicago, Ill, 
USA). The data were expressed as mean ± 
standard deviation or percentage where ap-
propriate. ANOVA was used to compare ocu-
lar morphometric characteristics of the study 
groups. A p-value of less than 0.05 was consid-
ered significant. 

Results 
Effect of SM Exposure 
The SM exposure group was significantly dif-
ferent from normal and solution groups by 
means of number of Keratocyte in 10000 µm2, 
thickness of cornea (µm), thickness of corneal 
epithelium (µm), and number of corneal 
epithelial layers (Table 1). It was also signifi-
cantly different from normal and solution 
groups by means of thickness of limbal epithe-
lium (µm) and thickness of descemet's mem-
berain and endothelium (µm) (Table 1). More-
over, the SM exposure group was significantly 
different from normal and solution groups by 
means of number of meibomian gland's cells in 
2500 µm2, thickness of palpebral conjuctival 
epithelium (µm), number of palpebral conjuc-
tival epithelial layers, thickness of epithelial of 
palpebral skin (µm), number of epithelial lay-
ers of palpebral skin, number of goblet cells in 
conjunctival sac in 1000 µm (Table 1). 
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Table 1. Comparisons of mean ± SEM ocular morphometric characteristics between study groups 
 Normal Solution SM Bethametazone 

Number of Keratocyte in 10000 µm2 
10.01 ± 0.52 10.50 ± 0.50 3.00 ± 1.00 *** 7.62 ± 1.40 † 

Thickness of cornea (µm) 419.53 ± 27.68 417.23 ± 38.89 677.01 ± 63.60** 458.25 ± 16.27 †† 
Thickness of corneal epithelium (µm) 28.19 ± 1.26 24.94 ± 1.49 11.41 ± 1.93*** 26.96 ± 3.37 †† 
Number of corneal Epithelial Layers 3.58 ± 0.15 3.22 ± 0.40 1.67 ± 0.33 *** 2.83 ± 0.44 
Thickness of limbal epithelium (µm) 4.67 ± 3.51 32.00 ± 3.00 16.00 ± 2.00* 30.25 ± 5.26 
Number of limbal Epithelial layers 14.72 ± 0.42 4.50 ± 0.50 3.00 ± 0.57 4.25 ± 0.47 
Thickness of bulbar conjunctival Epithelium 
(µm) 

2.60 ± 1.65 14.00 ± 1.00 18.00 ± 2.00 14.00 ± 2.08 

Number of bulbar conjunctival epithelial 
layers 

9.14 ± 0.24 2.50 ± 0.50 3.50 ± 0.50 2.67 ± 0.33 

thickness of descemet's memberain and endo-
thelium (µm) 

34.67 ± 0.78 9.33 ± 0.88 6.40 ± 0.77* 7.24 ± 0.95 

Number of meibomian gland's cells in 2500 
µm2 11.50 ± 0.64 11.50 ± 0.64 7.75 ± 0.47** 12.83 ± 0.30 ††† 

Thickness of palpebral conjuctival epithelium 
(µm)  

21.00 ± 1.08 22.00 ± 1.22 28.71 ± 1.18*** 19.00 ± 4.35 † 

Number  of palpebral conjuctival epithelial 
layers   

3.75 ± 0.25 3.40 ± 0.24 5.00 ± 0.30* 4.00 ± 0.44 

Thickness of epithelial of palpebral Skin (µm) 28.25 ± 0.94 29.20 ± 2.03 51.00 ± 2.43*** 30.00 ± 13.05 † 
Number of epithelial layers of palpebral 
Skin 

4.25 ± 0.25 3.40 ± 0.92 7.42 ± 0.61** 4.00 ± 1.52† 

Number of goblet cells in conjunctival sac in 
1000 µm  

46.50 ± 1.84 46.40 ± 1.86 7.28 ± 0.86*** 25.16 ± 0.83††† 

* p < 0.05 
**  p < 0.01  
***  p < 0.001 for comparison between SM and normal and solution groups 
† p < 0.05 
†† p < 0.01 
††† p < 0.001 for comparison between bethametazone and SM groups  
 

 

Prophylactic Effect of Bethamethazone 
Bethamethazone group was significantly dif-
ferent from SM exposure group by means of 
number of Keratocyte in 10000 µm2, thickness 
of cornea (µm), and thickness of corneal epi-
thelium (µm) (Table 1). Bethamethazone group 
was also significantly different from SM expo-
sure group by means of number of meibomian 
gland's cells in 2500 µm2, thickness of palpe-
bral conjuctival epithelium (µm), thickness of 
epithelial of palpebral skin (µm), number of 
epithelial layers of palpebral skin, and number 
of Goblet cells in conjunctival sac in 1000 µm 
(Table 1). 

Discussion 
According to the results of this study, 
bethamethazone can protect eyes from SM ef-
fect by decreasing changes in number of Kera-
tocyte in 10000 µm2, thickness of cornea (µm), 

thickness of corneal epithelium (µm), number 
of meibomian gland's cells in 2500 µm2, thick-
ness of palpebral conjuctival epithelium (µm), 
thickness of epithelial of palpebral skin (µm), 
number of epithelial layers of palpebral skin, 
and number of goblet cells in conjunctival sac 
in 1000 µm. 
 In line with the present study, previous 
studies have shown that steroids may be po-
tential candidates for the pretreatment of ocu-
lar lesions following SM exposure.10 Be-
tamethasone is known to modulate the devel-
opment and propagation of inflammation; it 
not only decreases the production of inflam-
matory mediators (cytokines and chemokines) 
but also increases the synthesis of lipocortin 
and inhibits the production and decreases the 
induction of enzymes producing inflammatory 
mediators.11 Betamethasone, therefore, attenu-
ates both the initiation and the propagation of 
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inflammation. With respect to SM exposure, 
steroids have been previously recommended 
for the treatment of SM lesions only after re-
generabbition of the epithelium, or after the 
appearance of anterior chamber uveitis.11 

 It must be noted, however, that the mecha-
nism of SM-induced injuries has hitherto 
eluded the scientific community and no effec-
tive drug is known against the local and sys-
temic lesions begotten by SM.4 The best protec-
tion remains contact avoidance and in the 
event of contact, rapid decontamination or de-
toxification of the contaminated site.1-4 

 Although the pharmacological response to 
topical steroids in rabbits may be different 
from that in humans, we believe that our find-
ings are significant in emergency conditions, 
for example if people should enter area of 
known SM contamination. 
 The present study carried out in vivo and to 
our knowledge there is no previous in vivo 
published document for the prophylactic use 

of betamethasone in SM-induced lesions.  
 It should be noted that the mechanisms of 
the prophylactic effects of bethametazone in 
SM-induced eye lesions were not evaluated in 
this study. Another limitation for this study 
was the use of a liquid solution of SM, not an 
aerosol exposure. Although the primary route 
of corneal exposure would be to aerosolized 
SM, and not to direct instillation of a SM solu-
tion into the eye, it was prohibitively expen-
sive for our research center to perform con-
trolled aerosolized exposures, and this study 
should be considered as a pilot-study. 

Conclusions 
Given that humans cannot be tested in future 
research and on the basis of the findings of the 
present study, betamethasone can be used as 
an effective prophylaxis against the hazardous 
effects of SM on the eye if the risk in an emer-
gency can be justified. 
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