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ABSTRACT:
Background: corneal alkali injury is one of the most important of 

eye defects. An epithelial recovery is the most important issue, so 
drug therapy is essential to facilitate epithelialization again.
Methods: The corneal ulcer induced by NaOH on rabbit's eye. 
Animals were randomly divided into 7 groups of 7 including, sham 
group, betamethasone, chloramphenicol, negative control group, 1 
mL of 1%, 2% and 4% H. perforatum extract respectively. On day-2, 
the tissue samples of aqueous humor and vitreous humor were 
obtained from rabbit's eye.
Results & Conclusion: The aqueous humor concentration of MDA 
and NO, corneal in�ammation and edema in therapeutic groups 
that receiving the H. perforatum extract at doses of 2 and 4% 
especially at dose of 4%, were lower than that of negative control 
group. In conclusion the extract had healing effects in corneal ulcer 
possibly due to antioxidant and anti-in�ammatory effects.

Introduction
Chemical injuries are one of the most important emergency cases in 
the eye defects that may be caused by alkali, acid, or other organic 
active ingredients such as pepper spray, tear gas, and glue (ethyl 
cyanacrylate). Due to the widespread use of acids and strong alkali 
for industrial and sanitary applications, chemical burns are 
commonly seen as eye injuries. The severity of burns depends on the 
type of chemical and the starting time of the treatment, whether the 
eye contact with the substances are longer, especially in the case of 
alkaline materials, more serious damage occurs (1, 2). The corneal 
damage caused by the alkali is one of the most damaging injuries to 

the eye. The chemical damage of the eye is accompanied by a 
reduction in the antioxidant's protective effect and the activation of 
free radicals as a result of lipid peroxidation. Alkaline substances are 
combined with the �uid of the cell membrane (the reaction is 
soapy), following this reaction, the epithelium breaks down, and the 
alkali can penetrate rapidly into the cornea and even into the 
anterior chamber (1, 2). An epithelial recovery with a natural 
appearance in the cornea is the most important issue in achieving 
an acceptable prognosis for chemical injuries, so serious drug 
therapy is essential to facilitate epithelialization again. This is 
especial ly  impor tant in grade I  and I I  burns,  because 
epithelialization prevents secondary complications such as 
microbial keratitis that may occur before epithelialization (1). 
Recently, the use of natural antioxidants is so common in the 
treatment of diseases associated with oxidative conditions. 
Medicinal herbs are a rich source of natural chemical compounds 
with anti-oxidant and anti-in�ammatory properties (3).

 Hypericum perforatum L, is a medicinal plant with yellow �owers 
that is one of the members of the Hypericaceae family (4, 5). The 
history of traditional use of this medicinal plant is more than 2000 
years old (6, 7). So far, a wide range of active biological compounds 
has been identi�ed and reported in this medicinal plant, including 
napthodiontrans (Hypericin and pseudophylline), alexyl 
�uoroquinolones (hyper�uorine and perforinin), zanthones, 
�avonoids and essential oils (8, 9). It is used as an anti-in�ammatory 
medicine, remedy of cutting and burning, anti-microbial and viral 
infections, pain relief, wound disinfection and repair (10-12). This 
herb has been also reported to have antioxidant effects and 
protects phospholipids of cell membranes against the peroxidation 
(13).

Since the importance of time in the epithelialization of the cornea 
has been proven to prevent further complications, such as microbial 
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keratitis, and also via the restorative, anti-bacterial, anti-
in�ammatory and antioxidant effects of the H. perforatum; the aims 
of this study were to determine the restorative effect of H. 
perforatum extract on injury from the sodium hydroxide as an 
strong alkaline substance in the rabbit cornea in the acute phase.

2. Materials and Methods
2.1 Plant collection and extract preparation
H. perforatum fresh plants were collected randomly from Kakan 
area in Kohgiluyeh and Boyer Ahmad province in the spring of 2017. 
The collected samples were transferred to the laboratory after 
identi�cation and con�rmation by the botanist. To prepare the 
hydroalcoholic extract, the provided plants were dried for �ve days 
in room temperature and were then powdered using percolation 
method, while 1000 g of the powdered form of the plant was 
transferred to ethanol:water (70:30) solution for 48 hours. The 
semisolid and gel forms of the extract (37.7% w/w) were provided 
after �ltration and evaporation under reduced pressure in the rotary 
evaporator (14).

2.2 Animals
Forty nine male rabbits, weighing 1000-1250 g, were obtained from 
animal house of university of medical sciences in Yasouj, Iran. They 
were kept under standard condition (light/dark cycle: 12 h, 

humidity: 50 ± 10%, and temperature: 22 ± 2℃) with standard 
rabbit chow and drinking water ad libitum. All animal experiments 
were considered and approved by the Animal Experimentation 
Ethics Committee of Yasouj University of Medical Sciences prior to 
commencing the work. 

2.3 Experimental protocol and design
2.3.1 Induction of alkali injury on cornea 
For induction of alkali injury at �rst animals were anaesthetized with 
Ketamine (Alfasan, Woerden, the Netherlands) (35 mg/kg of body 
weight) and Xylazine (Alfasan, Woerden, the Netherlands) (2.5 
mg/kg). Filter paper disc (Whatman 3 �lter paper) with a 5 mm 
diameter was soaked in 2.5 N NaOH (Sodium hydroxide) for 30 
seconds then the disc was placed on the right cornea of rabbits for 
30 seconds. After removing the disk, the cornea was washed with 
balanced salt solution (15). 

A day after induction of corneal ulcer by observing evidence such as 
inactiveness and reduced food intake, treatments were started.  

2.3.2 Experimental grouping
Animals were randomly divided into seven groups of 7 rabbits in 
each, as follows:

Group I (sham group): received distilled water drop as a vehicle 
without induction of corneal ulcer.

Group II (chloramphenicol 0.5%): received chloramphenicol drop 
after induction of corneal ulcer, every six hours one drop for 20 days.

Group III (betamethasone drop 0.1%): received betamethasone 
drop after induction of corneal ulcer, every six hours one drop for 20 
days. 

Group IV (negative control group): received distilled water as a 
vehicle after induction of corneal ulcer, every six hours one drop for 
20 days.

Group V: received hydroalcoholic extract of H. perforatum at a dose 
of 1% after induction of corneal ulcer, every six hours one drop for 20 
days.

Group VI: received hydroalcoholic extract of H. perforatum at a 
dose of 2% after induction of corneal ulcer, every six hours one drop 
for 20 days.

Group VII: received hydroalcoholic extract of H. perforatum at a 
dose of 4% after induction of corneal ulcer, every six hours one drop 
for 20 days.

On day-21, animals of all groups were anesthetized with ketamine 
after 12 hours of fasting then tissue samples of aqueous humor and 
vitreous humor were obtained from rabbit's eye for investigation of 
biochemical marker such as MDA, DPPH and NO.

2.4 Assessment of cornea histological damage
In order to assessment of histological damage, four-µm-thick 
sections were prepared from the corneal tissues and stained with 
hematoxylin and eosin (H&E), (16).

2.5 Biochemical analysis
Tissue samples were used for the measurement of malondialdehyde 
(MDA), nitric oxide (NO) and DPPH. MDA production was 
determined in the tissue by thiobarbituric acid reaction (17). NO 
activity was assessed in the tissue based on the acidic Griess 
reaction method (18, 19) and the free radical-scavenging capacity of 
the tissue was tested as bleaching of the stable radical DPPH (20).

2.6 Statistical Analysis
The results were reported as mean ± SEM. To determine the 
signi�cant difference between the experimental groups using one-
way ANOVA and Tukey post hoc test. All the statistical analyses were 
performed by SPSS software version 18. Signi�cance was 
considered at P < 0.05 (21, 22). 

3. Results
3.1 Histopathological effect of H. perforatum on corneal ulcer
The pathologic examination of the tissue showed that corneal 
in�ammation and edema reduced, collagen �bers restored and also 
corneal vascularization improved in treated groups with different 
doses of the extract, especially 4% dose, compared with the in the 
negative control group that these effects comparable with 
betamethasone and chloramphenicol groups (Fig 1). 

Fig. 1. Shows the microscopic images (H&E, 400) of corneal tissues 
from sham rabbits receiving vehicle (A), and corneal ulcer induction 
groups receiving betamethasone (B), chloramphenicol (C), vehicle 
(D), 1% hydroalcoholic extract of H. perforatum (E), 2% 
hydroalcoholic extract of H. perforatum (F), 4% hydroalcoholic 
extract of H. perforatum (G). Abbreviations: H&E; hematoxylin eosin 
staining.

3.2 Effects of H. perforatum on the level of MDA
The tissue (aqueous humor) level of MDA in the negative control 
group and betamethasone group were signi�cantly (P=0.01) higher 
than that in the sham group (Fig 2). The tissue concentrations of 
MDA in therapeutic groups that receiving the extract at doses of 2 
and 4% and chloramphenicol were signi�cantly (P=0.03, P=0.02 and 
P=0.02) lower than that of negative control group (Fig 2). However, 
result showed that the extract at dose of 4% was more effective. 
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Fig. 2. Shows aqueous tissue levels (mean±SEM, n=7 each) of 
malondialdehyde (MDA), of sham group treated with vehicle 
( s h a m ) ,  co r n e a l  u l ce r  i n d u c t i o n  gro u p s  t re a te d  w i t h 
chloramphenicol, betamethasone, vehicle (negative control group), 
1% of hydroalcoholic extract of H. perforatum (hofa 1%), 2% of 
hydroalcoholic extract of H. perforatum (hofa 2%), 4% of 
hydroalcoholic extract of H. perforatum (hofa 4%). ### Indicate 
signi�cant different from the sham group. ** Indicate signi�cant 
difference from negative control group.

3.3 Effects of H. perforatum on the level of NO
The tissue (aqueous humor) level of NO in the negative control 
group was signi�cantly (P=0.01) higher than that in the sham group 
(Fig 3). The tissue concentrations of NO in therapeutic groups that 
receiving the extract at doses of 2 and 4% and chloramphenicol 
were signi�cantly (P=0.04, P=0.02 and P=0.02) lower than that of 
negative control group (Fig 3). However, result showed that the 
extract at dose of 4% was more effective. 

Fig. 3. Shows aqueous tissue levels (mean±SEM, n=7 each) of nitric 
oxide (NO), of sham group treated with vehicle (sham), corneal ulcer 
induction groups treated with chloramphenicol, betamethasone, 
vehicle (negative control group), 1% of hydroalcoholic extract of H. 
perforatum (hofa 1%), 2% of hydroalcoholic extract of H. perforatum 
(hofa 2%), 4% of hydroalcoholic extract of H. perforatum (hofa 4%). 
### Indicate signi�cant different from the sham group. *** Indicate 
signi�cant difference from negative control group. 

3.4 Effects of H. perforatum on the level of DPPH
Treatment with H. perforatum extract did not show signi�cant 
different in the level of DPPH in the tissue of aqueous and vitreous in 
all of the treated groups (Fig 4, 5).

Fig. 4. Shows aqueous tissue levels (mean±SEM, n=7 each) of DPPH, 

of sham group treated with vehicle (sham), corneal ulcer induction 
groups treated with chloramphenicol, betamethasone, vehicle 
(negative control group), 1% of hydroalcoholic extract of H. 
perforatum (hofa 1%), 2% of hydroalcoholic extract of H. perforatum 
(hofa 2%), 4% of hydroalcoholic extract of H. perforatum (hofa 4%). 

Fig. 5. Shows vitreous tissue levels (mean±SEM, n=7 each) of DPPH, 
of sham group treated with vehicle (sham), corneal ulcer induction 
groups treated with chloramphenicol, betamethasone, vehicle 
(negative control group), 1% of hydroalcoholic extract of H. 
perforatum (hofa 1%), 2% of hydroalcoholic extract of H. perforatum 
(hofa 2%), 4% of hydroalcoholic extract of H. perforatum (hofa 4%). 

Discussion
Corneal ulcer treatment has always been a concern for 
ophthalmology, which is due to the importance of cornea in 
creating and maintaining normal vision. This study evaluated the 
healing effects of H. perforatum extract at doses of 1, 2 and 4% 
against corneal ulcer induced by sodium hydroxide in rabbit's eye. 
The �ndings of the present study showed that treatment with H. 
perforatum extract prevented the development of corneal ulcer by 
reducing the amount of corneal in�ammation, edema and by 
improving epithelial healing. Also the level of MDA and NO 
decreased in rabbit's cornea, that these effects were dose 
dependent which the extract at dose of 4% was more effective.

 Common treatments for corneal epithelial defects include isotonic 
�uid, epithelial debridement, topical antibiotics, cycloplegic, topical 
corticosteroid, ascorbic acid, doxycycline that none of them were 
not effective alone especially in corneal epithelial defects due to 
alkaline injuries (23). Among these chemical drugs, natural products 
contain chemical compounds with amazing pharmacological 
effects (24). In the present study, treatment with H. perforatum was 
notable in treating the conjunctival hyperemia, corneal edema and 
epithelial healing through alkali chemical injury. Also extract 
improved corneal ulcer, especially at dose of 4%. According with the 
present study, Alio et al (25) showed that antioxidant topical 
treatment with Dimethythiourea reduced in�ammation during 
acute corneal in�ammation. This current study revealed that the H. 
perforatum treated groups had bene�cial effects in the healing 
process of corneal epithelial defect compered to betamethasone 
a n d  c h l o r a m p h e n i c o l  t r e a t e d  g r o u p s .  I n  t h i s  s t u d y, 
histolopathological evaluation, showed that the extract has the 
anti-in�ammatory component that reduced in�ammation in 
cornea. Our results are supported by the study by Öztürk et al (26) 
which showed that in�ltration of in�ammatory cell signi�cantly 
lower in the group treated with Propolis, as a rich antioxidant, 
compared to dexamethasone. Also in the present study the level of 
NO in treated groups with H. perforatum were signi�cantly lower 
than betamethasone and chloramphenicol. The proposed 
mechanisms for these effects can be related to active ingredients of 
this herb include pseudohypericin and hyperforin (27). Hyperforin 
stimulates the differentiation of keratinocytes and the production 
of creatine to restore the damaged structure of the epidermis (28). 
Also hypericin and pseudohypericin that found in this plant, 
increase the number of �broblasts, as well as collagen granules and 
decrease the number of old and dead cells (28). In addition, 
hyperforin and pseudohypericin has anti-in�ammatory effect. 
These active ingredients inhibit cyclooxygenase -1 and 
lipoxygenase-5 enzymes, thus preventing the production of PGE2 
and LTB4, which are an in�ammatory agent (28-30). Moreover, 
hyperoside, other active compound of H. perforatum, has an anti-
in�ammatory effect by suppressing nitric oxide production (31). 
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Thus the anti-in�ammatory effect of H. perforatum in the control of 
in�ammation in corneal alkali chemical injury may be due to these 
chemical components. 

H. perforatum have been used for treatment of burns (32) and 
wound healing (33). However, the effect of H. perforatum on the 
animal model of corneal ulcer has been not reported, Tanide et al 
(13) showed that H.perforatum improved tissue regeneration and 
wound-healing in rats with colon ulcer. These effects are due to that 
Hyperforin stimulates the differentiation of keratinocytes and the 
production of creatine to restore the damaged structure of the 
epidermis (28). Also hypericin and pseudohypericin that found in 
this plant, increase the number of �broblasts, as well as collagen 
granules and decrease the number of old and dead cells which play 
a role in wound repair (28).

Several reports revealed the level of MDA increased in corneal ulcer 
(34). MDA is a marker for measurement of lipid peroxide levels that 
demonstrate well correlation with degree of lipid peroxidation (13). 
In the present study, the level of MDA increased due to alkali injury 
but in H. perforatum-treated groups the level of MDA decreased, 
that these results may support the protective effect of H. perforatum 
versus peroxidation of lipid in corneal ulcer. According with this 
results, previous studies in animal models of oral mucositis and 
ulcerative colitis have shown that H. perforatum had such effects 
against lipid peroxidation (13, 35). These effects are related to the 
antioxidant properties of H. perforatum. Studies have been 
reported that �avonoid compounds in this plant have main role 
against lipid peroxidation (36).

Conclusion
In conclusion, the present study revealed that administration of 
hydroalcoholic extract of H. perforatum could be suitable treatment 
for alkali corneal injury by improving corneal ulcer and inhibiting 
in�ammation and oxidative condition that these effects may be due 
to its potent antioxidant and anti-in�ammatory properties. 

Fig. 1. Shows the microscopic images (H&E, 400) of corneal tissues 
from sham rabbits receiving vehicle (A), and corneal ulcer induction 
groups receiving betamethasone (B), chloramphenicol (C), vehicle 
(D), 1% hydroalcoholic extract of H. perforatum (E), 2% 
hydroalcoholic extract of H. perforatum (F), 4% hydroalcoholic 
extract of H. perforatum (G). Abbreviations: H&E; hematoxylin eosin 
staining.

Fig. 2. Shows aqueous tissue levels (mean±SEM, n=7 each) of 
malondialdehyde (MDA), of sham group treated with vehicle 
( s h a m ) ,  co r n e a l  u l ce r  i n d u c t i o n  gro u p s  t re a te d  w i t h 

chloramphenicol, betamethasone, vehicle (negative control group), 
1% of hydroalcoholic extract of H. perforatum (hofa 1%), 2% of 
hydroalcoholic extract of H. perforatum (hofa 2%), 4% of 
hydroalcoholic extract of H. perforatum (hofa 4%). ### Indicate 
signi�cant different from the sham group. ** Indicate signi�cant 
difference from negative control group. 

Fig. 3. Shows aqueous tissue levels (mean±SEM, n=7 each) of nitric 
oxide (NO), of sham group treated with vehicle (sham), corneal ulcer 
induction groups treated with chloramphenicol, betamethasone, 
vehicle (negative control group), 1% of hydroalcoholic extract of H. 
perforatum (hofa 1%), 2% of hydroalcoholic extract of H. perforatum 
(hofa 2%), 4% of hydroalcoholic extract of H. perforatum (hofa 4%). 
### Indicate signi�cant different from the sham group. *** Indicate 
signi�cant difference from negative control group. 

Fig. 4. Shows aqueous tissue levels (mean±SEM, n=7 each) of DPPH, 
of sham group treated with vehicle (sham), corneal ulcer induction 
groups treated with chloramphenicol, betamethasone, vehicle 
(negative control group), 1% of hydroalcoholic extract of H. 
perforatum (hofa 1%), 2% of hydroalcoholic extract of H. perforatum 
(hofa 2%), 4% of hydroalcoholic extract of H. perforatum (hofa 4%). 

Fig. 5. Shows vitreous tissue levels (mean±SEM, n=7 each) of DPPH, 
of sham group treated with vehicle (sham), corneal ulcer induction 
groups treated with chloramphenicol, betamethasone, vehicle 
(negative control group), 1% of hydroalcoholic extract of H. 
perforatum (hofa 1%), 2% of hydroalcoholic extract of H. perforatum 
(hofa 2%), 4% of hydroalcoholic extract of H. perforatum (hofa 4%). 
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