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Purpose: To investigate the efficacy of topical applied aloe vera (AV) and to facilitate the
repair of the standardized alkaline corneal ulcer in normal and diabetic rats.

Materials and methods: The corneal alkali-burn injury model was established unilaterally
in Wistar rats by filter paper saturated with 0.01 M NaOH contacting the eyes for 45 seconds.
Rats were divided into four groups: normal control (NC), normal AV (NAV), diabetic control
(DC), and diabetic AV (DAV). NAV and DAV groups were treated with AV gel eye drops four
times daily, and NC and DC groups were treated with normal saline for 3 days. Corneal epithe-
lial wound closure and degree of edema were recorded using slit lamp and optical coherence
tomography at 0, 24, 48, and 72 hours postwounding. Histological examination was conducted
to evaluate the degree of inflammation and the healing effect.

Results: Corneal epithelial wound healing was better in the NAV group than in the NC group,
and it was significantly higher in the DAV group than in the DC group (P<<0.05). In comparison
to the DC group, DAV treated with AV demonstrated a marked reduction in edema at 48 and
72 hours. Histologically, corneal re-epithelialization was complete and higher in DAV group
than that in DC group; moreover, the inflammatory cells were increased in DC group than
DAYV group (P<<0.05).

Conclusion: This study demonstrated the efficacy of AV for enhanced corneal re-epithelialization,
as well as reduced inflammatory response after alkali burn in rats; therefore, it could be useful
as a therapy for diabetic keratopathy.
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Introduction

Corneal epithelial defects usually undergo rapid resurfacing by the surrounding epi-
thelial cells unless profound concurrent inflammation or ocular surface disease occurs.
Corneal epithelial defects have been associated with diabetes.!

Patients with diabetes are at increased risk for developing corneal disorders, termed
diabetic keratopathy.*” Diabetic keratopathy has been estimated to occur in 47%—64%
of diabetic patients during the course of their disease.® Some corneal disorders associ-
ated with diabetic keratopathy, include in the form of nonhealing epithelial defects,
which may result in infections, corneal ulcers, secondary scarring, and permanent
visual loss.*” These epithelial abnormalities are resistant to conventional treatment
regimens (eg, lubricants, antibiotics, bandage contact lens, and tarsorrhaphy).® Such
treatment is passive in nature in that it does not stimulate corneal epithelial wound
healing, but rather protects the corneal surface from external stimuli or injuries until
complete wound healing.!® Active treatment to stimulate corneal epithelial migration in
eyes with nonhealing epithelial defects is a preferable therapeutic approach. However,
no active treatment regimen for nonhealing epithelial defects secondary to diabetes
has yet become widely established.!' Therefore, it is vital that novel methods for the
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treatment of this complication be devised and explored, and
brought to clinical trial.

Aloe vera (AV) is a perennial succulent belong to the Lily
(Liliaceae) family. This plant has been known as “the heal-
ing plant”.!? The therapeutic use of this herbal remedy with
its wide range of applications has been well documented.!>-4
Reported pharmacological actions of AV include wound heal-
ing, anti-inflammatory, antibacterial, antioxidant, antiviral,
and antifungal actions, as well as antidiabetic activities.!>!”
AV extract contains a wide range of principle bioactive com-
pounds responsible for promoting wound healing.!>!'*1¢ The
effectiveness of AV in promoting skin wound healing was
studied extensively.'*!® Application of AV extract shown to
promote wound and burn healing as represented by reduc-
ing inflammation, greater collagen content, and increasing
re-epithelialization rate.''®2' Considering the potential effect
of AV extracts on skin re-epithelialization, this extract could
be a possible candidate for treating a corneal epithelial wound.
A previous study reported that lower concentrations of AV
solution may be beneficial in the healing of superficial corneal
wounds to help decrease fibrosis and speed epithelialization.?
A literature search indicates that almost no scientific informa-
tion is available for the effect AV extract on corneal epithelial
wound healing in an in vivo diabetic model. Therefore, this
study was designed to evaluate the effect of AV on corneal epi-
thelial wound closure in both diabetic and nondiabetic rats.

Materials and methods

Animals
All experimental procedures were approved by the Ethics
and Animal Experiments Committee at the University of
Kafrelsheikh. Animals were treated in accordance with
guidelines provided in the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research.
Six-week-old male Wistar rats weighing 130—-150 g
were used in this study. All the rats were given a period of
2 weeks to acclimatize to the surroundings before starting of
experiment and housed under standard laboratory conditions;
water and food were continuously available.

Induction of diabetes

Type 1 diabetes was induced as reported previously.”? An
intraperitoneal (i.p.) injection of 50 mg/kg Streptozotocin
(CAs Number 0018883664; Sigma-Aldrich, Cairo, Egypt)
in ice-cold 0.1 M citrate buffer (pH 4.5) was administered.
Another group of animals received only citrate buffer, and
were considered normal. Blood glucose levels were monitored
from the tail vein using glucose-oxidase-impregnated strips

and a Blood Glucometer (Accu-Check III, Boehringer
Mannheim Diagnostics, Indianapolis, IN), immediately
prior to receiving STZ and at 1 week after injection of STZ.
Glucose levels of =300 mg/dL were considered to be the
minimum blood glucose level compatible with a stable, non-
toxic diabetic state? and were found to be fourfold higher than
controls within 1 week; glucose levels in STZ rats remained
elevated throughout the experimental period.

Model of corneal epithelial wound healing
The procedures for wounding and monitoring repair followed
those reported earlier.?* In brief, 2 weeks after injection
of STZ, all the rats were anesthetized with a mixture of
ketamine (80 mg/kg) and xylazine (7 mg/kg) i.p. In each
case, the central cornea of the right eye was injured by
placing a filter paper (circular 3.0 mm diameter) saturated
with 0.01 M NaOH on it for 45 seconds. The wound surface
was then washed with 0.9% physiological saline. Rats were
divided into four groups (seven rats each) as follows: normal
control (NC), normal AV (NAV), diabetic control (DC), and
diabetic AV (DAV). Any rat that experienced infection was
not included in the study.

Photography

The animals were examined under a slit lamp microscope
(Topcon slit lamp SL-D7, Topcon Medical Systems, Inc.,
Santa Clara, CA, USA) after the alkali burns. Wound sizes
were determined by staining the ocular surfaces with 1%
fluorescein sodium and then observing under cobalt blue light
and photographing immediately after injury (time 0), 24, 48,
and 72 hours postwounding. Areas of wounds were quanti-
fied from photographs using NIH Image J analyzer software
(downloaded from http://imagej.nih.gov/ij/). The percentage
of wound healing was calculated using the following formula:
(Initial wound area — Wound area)/Initial wound area x100.

Topical administration

AV was prepared by dissolving AV lyophilized powder
(Air Green Co., Lid., Fukui, Japan; (60 mg/mL) in saline.
AV-treated groups were treated with AV eye drops as a single
drop (0.05 mL) to the central cornea of the injured eye four
times daily for 3 days, and the control groups were treated
with vehicle (saline) eye drops in the same manner. Eye drops
were delivered to unanesthetized rats.

Noninvasive measurements of the cornea
Two measures of ocular health were assessed in all rats for
both eyes prior to injury and drug administration and for the
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injured right eye at 0, 24, 48, and 72 hours postwounding.
These measures included general overall morphology and
pathology, which include corneal edema examination with
slit lamp and corneal topography from a spectral optical
coherence tomography (OCT) system (3D OCT 2000 FA
plus, Topcon, Tokyo, Japan). The slit lamp and pachymeter
were tested on rats anesthetized with a mixture of ketamine
(70 mg/kg) and xylazine (7 mg/kg); measures with the
slit lamp were conducted before and after dilation with
phenylephrine hydrochloride ophthalmic solution 2.5%
(Bausch & Lomb Inc., Tampa, FL, USA) and tropicamide
ophthalmic solution (Falcon Pharmaceuticals Ltd., Forth
Worth, TX, USA). All noninvasive measurements were
conducted by observers masked as to treatment group.

Histology and morphometric analysis
Animals were euthanized at 72 hours postwounding with an
injection of sodium pentobarbital i.p. (>100 mg/kg), decapi-
tated, and the eyes proptosed and enucleated. Eyes were fixed
in 10% neutral buffered formalin for 24 hours, embedded in
paraffin, and corneal sections of 5 um thickness were stained
with hematoxylin and eosin and evaluated by light micros-
copy to observe the structure of the basement membrane,
epithelium, and stroma. Using at least two sections per rat
cornea, and three animals per experimental group, assessment
of the epithelization of the cornea, stroma in the region of
the peripheral cornea, and inflammatory cell infiltration were
assessed in 4-6 independent fields per section.

Statistical analysis

Data were expressed as mean = SD. The area of defect
was analyzed at each time point using analysis of variance
and Newman—Keuls tests, where P<<0.05 was considered
statistically significant. The statistical analysis was conducted
with software (GraphPad Prism for Windows, version 5.0;
GraphPad Software Inc., San Diego, CA, USA).

Results

Corneal epithelial wound healing

Measurement of the areas of corneal injury stained with
fluorescein was used to calculate the size of the wound defect
area at 0, 24, 48, and 72 hours postwounding (Figure 1A).
No significant difference in the size of the wounds in all
rats was observed immediately after induction of burn
wound injury. The percentage of wound defect areas of DC
group was significantly larger than that of NC at 24, 48, and
72 hours postwounding (P<<0.05), while the wound defect
areas were consistently smaller in the NAV groups than in

the NC group but significant only at 48 hour postwounding
(P<<0.05). The percentage of wound area in DC group was
significantly greater than in the DAV group at 48 and 72 hours
postwounding (P<<0.05). At 72 hours postwounding, the
corneal epithelial defects of NAV, NC, and DAV groups had
undergone complete re-epithelialization (Figure 1B).

Corneal morphology with slit lamb and
OCT

There was a slight decrease in corneal edema in the nor-
mal group and DAV group, while there was a significant
reduction in the NAV group, and there was significant dif-
ference between the DAV group and DC group at 72 hours
postwounding.

OCT examination at 0 hour postwounding in all groups
revealed a corneal ulcer with irregularity of the epithelium
and surrounding edema (Figure 2). At 24, 48, and 72 hours
postwounding, corneal ulcer with severe corneal edema
is evident and larger in the DC group than other groups.
At 72 hours postwounding, epithelium healing is complete
in both the NAV and NC groups, with only residual edema
in NC group. Corneal edema and incomplete epithelium
healing were still evident till 72 hours postwounding in
the DC group, while edema was decreased with complete
epithelium healing in DAV.

Histological examinations

The normal rat eyes showed normal corneal stroma cov-
ered with normal epithelium. DC group showed marked
corneal epithelial degeneration associated with massive
inflammatory cells infiltration, predominately neutrophils,
and a lesser number of macrophages. Severe edema within
the corneal stroma was also noticed. In NC group, the
animals showed corneal epithelial vacuoles, stromal edema,
and cellular infiltration. NAV and DAV groups showed
complete re-epithelialization represented by multilayered
of squamous-like corneal epithelium and some fibroblastic
cell proliferation within the stroma associated with minimal
inflammatory cells infiltration (Figure 3).

Discussion
This study documented for the first time that topical applica-
tion of AV accelerated corneal wound healing in an in vivo
corneal alkali burn model in diabetic rats. The accelerated
corneal wound healing was associated with rapid re-
epithelialization and reduced inflammation.

Delayed wound healing, erosions, and keratitis, the most
serious complications of diabetic keratopathy, are treated
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Figure | Corneal wound healing in normal and diabetic rats treated with AV.

Notes: (A) Slit lamp photographs of fluorescein staining of corneal epithelial defects in NAV, NC, DAV, and DC groups at 0, 24, 48, and 72 hours postwounding. Photographs
of fluorescein staining showing better wound healing in the NAV group than in NC group at 24 and 48 hours postwounding, while DAV showing smaller corneal epithelial
defect than DC at 24, 48, and 72 hours postwounding. (B) The percentage of wound area in NAV, NC, DAV, and DC groups at 0, 24, 48, and 72 hours postwounding. Data
are expressed as mean £ SD (n=7 rats, each group). *Significant difference in the wound area between DC group and NC group (P<<0.05). **Significant difference in the
wound area between NAV group and NC group (P<<0.05). ***Significant difference in the wound area between DAV group and DC group (P<<0.05).

Abbreviations: NC, normal control; NAV, normal aloe vera; DC, diabetic control; DAYV, diabetic aloe vera; h, hours; SD, standard deviation; AV, aloe vera.
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Figure 2 OCT images.

Notes: (A) Normal cornea, (B) corneal ulcer immediately after alkali burn (0 hour) (long arrow), (C) cornea of DC group at 72 hours postwounding showed corneal edema
(short arrow) and incomplete epithelium, (D) cornea of DAV group at 72 hours postwounding showed complete epithelium with some corneal edema, (E) cornea of NC group
at 72 hours postwounding showed partial complete epithelium with residual edema, and (F) cornea of NAV at 72 hours postwounding showed complete epithelium.
Abbreviations: OCT, optical coherence tomography; NC, normal control; NAV, normal aloe vera; DC, diabetic control; DAV, diabetic aloe vera.

only symptomatically.*” Numerous treatments have been
used in the management of delayed corneal wound heal-
ing, such as stem-cell-based therapeutics, growth factors,
and gene therapy;>*?® however, despite their beneficial
effects, they cannot be used for human therapy on a large
scale because of the significant cost and limited commercial
quantities.

AV contains multiple pharmacologically active
substances including polysaccharides, anthraquinone,
lectin, superoxide dismutase, glycoprotein, vitamins
A, C, and E, and minerals that reportedly provide anti-
inflammatory, immunomodulatory, and wound-healing
effects.?” AV is well known for its wound-healing
properties.”® It has been reported to stimulate skin wound
healing in different wound models.'* Moreover, our previous
studies demonstrated that AV accelerated skin wound heal-
ing in diabetic, radiation delayed, and burn wound models
by increasing fibroblast proliferation, collagen production,
and re-epithelialization.'*?! More recently, an in vitro study
suggested that an AV solution may be beneficial in the
healing of superficial wounds to help decrease fibrosis and
speed re-epithelialization.?? In this study, the rates of corneal
wound healing were faster following the installation of AV
than in the case of saline instillation.

Corneal wound healing is a complex process requiring
integrated function of multiple tissues, cell lineages, growth
factors, and cytokines.*® Re-epithelialization is a critical
contributing process for successful corneal healing. Delayed
corneal re-epithelialization is a complication of diabetes,
increases the risk of infection, and is associated with height-
ened inflammation and insufficient stromal remodeling,
resulting in loss of transparency of corneal tissues.>®3! In our
study, corneal epithelial wound healing in diabetic rats
was delayed as compared with healing in nondiabetic rats,
and topically applied AV facilitated the corneal epithelial
wound closure, regardless of whether or not the rats were
diabetic.

The previous studies stated that the progressive delay
expressed in the healing process of the ocular surface epithe-
lium was time dependent with respect to the diabetic state.
Thus, by comparison of the diabetic and control subjects at
4 and 8 weeks, results showed marked delays in the repair of
the corneal epithelium.?> However, this study used 2 weeks
diabetic rats, but the results in this article stand in agreement
with those of other studies, showing a decrease in healing
of the corneal epithelium in diabetic rats after 2 weeks of
induction of diabetes.?** Therefore, further studies of the

effects of AV in corneal re-epithelialization after alkali burn
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Figure 3 Photomicrograph of corneal sections of normal and diabetic rats treated with AV.

Notes: (A) The figure showed normal corneal Ep and St; (B) DC group showed marked corneal epithelial degeneration (arrow) with severe neutrophilic infiltration
(arrowhead); (C) DAV group showed epithelization of corneal epithelium (arrow) with fibroblastic cell in the stroma (arrowhead); (D) NC group showed corneal epithelial
vacuolation with cellular infiltration (arrow) and stromal edema; (E) NAV group showed marked epithelization of cornea. (H&E, bar =100 pum.)

Abbreviations: AV, aloe vera; Ep, epithelium; St, stroma; NC, normal control; NAV, normal aloe vera; DC, diabetic control; DAV, diabetic aloe vera; H&E, hematoxylin

and eosin.

in advanced state of diabetes are needed before final recom-
mendations can be made.

Corneal injury induced by an alkali burn usually requires
more time for wound closure than those by mechanical
deepithelization.’* Such a difference is due to the fact that an
alkali burn elicits stromal dysregulated inflammation and scar
formation by inducing immune cell infiltration and myofibro-
blast formation from keratocytes. This type of inflammatory
response is not self-limiting and is associated with epithelial
and stromal degradation.*® These pathological findings were
the basis for our choice of the NaOH alkali burn model to
evaluate the effects of AV on corneal wound healing.

The basic mechanisms of corneal re-epithelialization are
similar to those seen in other mucous membranes and consist

of epithelial migration and proliferation.' Several biochemical
factors, including epidermal growth factor, insulinlike growth
factor 1 (IGF-1), platelet-derived growth factor, transforming
growth factor (TGF-B), and basic fibroblast growth factor
(bFGF), are known to be involved in re-epithelialization. >
These factors have been identified as key materials in epi-
thelialization, particularly in cell migration and mitosis.*
Nakamura et al** have revealed that topical application of
substance P and IGF-1 accelerated the corneal epithelial
wound-healing process in diabetic animals. Our previous in
vivo study reported that AV accelerated skin wound healing
and increased epithelialization through increasing TGF and
bFGF expression.?’ Therefore, the present results suggested
that rapid corneal re-epitheization induced by topical AV
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was also mediated through increased growth factor produc-
tion. In the future, further studies are required to examine
the expression of growth factors in corneal wound healing
after AV administration.

Literature data indicate that anti-inflammatory effect
might also be connected with AV extract.'®¥2 Mechanistic
studies have clearly shown that AV can inhibit inflammatory
process, not only by decreasing the level of proinflammatory
cytokines,* but also by reduction of leukocyte adhesion and
infiltration in the place of a wound or injury, and decrease in
edema.'** Qur results have also shown a decrease in leuko-
cyte infiltration and edema. Taken together, the instillation
of AV decreases inflammation, thus preventing the delay in
corneal wound healing in diabetic rats.

Conclusion

Our preliminary data suggest that the instillation of AV has
a potent effect in promoting corneal wound healing through
facilitating re-epithilaization and reduction in inflammation
in diabetic rats. Therefore, AV may be an effective and
safe drug to promote corneal wound healing in diabetic
keratopathy.
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