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Abstract

e AIM: To choose appropriate concentration of sodium

hydroxide (NaOH) solution to establish a stable and
consistent corneal alkali burn mouse model in grade II.

e METHODS: The mice (,7=60) were randomly divided

into four groups and 15 mice each group. Corneal alkali
burns were induced by placing circle filter paper soaked
with NaOH solutions on the right central cornea for 30s.
The concentrations of NaOH solutions of groups A, B, C,
and D were 0.1 mol/L, 0.15 mol/L , 0.2 mol/L, and 1.0 mol/L
respectively. Then these corneas were irrigated with 20 mL
physiological saline (0.9% NaCl). On day 7 postburn, slit
lamp microscope was used to observe corneal opacity,
corneal epithelial sodium fluorescein staining positive
rate, incidence of corneal ulcer and corneal
neovascularization, meanwhile pictures of the anterior
eyes were taken. Cirrus spectral domain optical
coherence tomography was used to scan cornea to
observe corneal epithelial defect and corneal ulcer.

e RESULTS: Corneal opacity scores (x +s) were not
significantly different between the group A and group B
(AP=0.097). Incidence of corneal ulcer in group B was
significantly higher than that in group A (/2 =0.035).
Incidence of corneal ulcer and perforation rate in group
B was lower than that in group C. Groups C and D had
corneal neovascularization, and incidence of corneal
neovascularization in group D was significantly higher
than that in group C (~ =0.000).

e CONCLUSION: Using 0.15 mol/L NaOH can establish
grade Il mouse model of corneal alkali burns.
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neovascularization
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INTRODUCTION
T he alkali corneal burn model, an animal model of ocular
surface diseases, is commonly used to study

pathological and physiological changes induced by injuries.
The basic method is putting circle filter paper (2-mm
diameter) soaked NaOH solution on the central cornea, and
different concentrations of NaOH solution cause different
damages to the cornea. Reports show, most of grade I corneal
burns can be healed well without treatments, most of grade II
corneal burns irrigated timely can be healed well "%, When
being used to treat grade II corneal burns, diphoterine
effect than
physiological saline. However the two irrigating solutions

solution has significantly faster healing
have no significant difference in healing grade III corneal
burn ", Besides, the grade I corneal burn can be complete
restituted, so we should choose the animal model of corneal
burn in grade II to study buffer solutions' therapeutic effect
on corneal alkali burns. In order to establish a mouse model
of corneal alkali burn for evaluating buffer capacity of
irrigating solution, we compared corneal opacity, corneal
ulcer and corneal neovascularization of mouse's cornea
injured by NaOH solution in four different concentrations.
MATERIALS AND METHODS
Animals All animal-based procedures were performed in
accordance with the Association for Research in Vision and
Ophthalmology Statement for the use of Animals in
Ophthalmic and Vision Research, and the National Institutes
of Health Guidance for the Care and Use of Laboratory
Animals. This study was approved by the Animal Care
Committee of Second Military Medical University.
Methods Alkali burns were inflicted in right eye of C57
mice of both sexes (z =60, male: female=1:1), 6 to 8 weeks
old, using the following protocol: mice anesthetized with 5%
chloralhydrate (0.1 mL/10 mg) intraperitoneally (IP) were
randomly divided into four groups, and were placed under
the surgical dissecting microscope in a laterally recumbent
position. A single topical pontocaine 1% (ophthalmic
solution) eye drop was applied to the right cornea, followed
by the filter paper (2-mm diameter) soaked with 1.5 wL NaOH
solution for 30s. The concentrations of NaOH solutions for
group A, group B, group C, group D were 0.1 mol/L, 0.15 mol/L,
0.2 mol/L and 1.0 mol/L respectively. After the filter paper
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Figure 1 The anterior imaging using the slit lamp microscope on day 7 Presence of corneal opacity and corneal neovascularization:

corneal opacity scores of A, B, C and D are 0, 1, 2 and 4 respectively, and D has corneal neovascularization.

was removed from the cornea, the eye was thoroughly
irrigated with 20 mL sterilized physiological saline. Mice
were housed with plastic cages, normal diet, with 12/12h day
and night. The slit lamp microscope ( SLM-3, Chongging
Kang Hua technology co., Chongqing, China) was used to
observe cornea, conjunctiva, the anterior chamber every day
and the results of observation were recorded. On day 7, mice
were anesthetized and we used camera attached to the slit
lamp microscope to watch corneas and take pictures,
meanwhile, Cirrus spectral domain optical coherence
tomography (Germany Zeiss Co., Germany) was used to scan
the anterior of the eye. Mice were sacrificed with overdose
5% chloral hydrate at the end of experiment.

Mesurement After corneal alkali burn, two researchers (Bai
JQ and Qin HF) used the slit lamp microscope (magnify: x10,
angle: 45°, brightness: 5, Kanghua SLE imaging soft V1.1) to
observe corneas, conjunctivas, anterior chambers and
symblepharon, and recorded the results every day. On day 7,
the researchers recorded cornea opacity scores, incidence of
corneal ulcer and corneal neovascularization, used the slit
lamp microscope to take pictures, and used Cirrus spectral
domain optical coherence tomography (Anterior Segment 5
Line Raster, spacing: 0.25 mm, lenth: 3 mm ) to scan the
anterior of eyes. As previously described ! the degree of
cornea opacity was scored clinically on a numerical scale of
0-4: 0, clear cornea; 1, mild stromal opacity; 2, moderate
stromal opacity; 3, severe corneal opacity with visible iris; 4,
opaque cornea with iris not visible.

Exclusion Criteria Once corneal infection and perforation
occurred, the model was considered as a failure and excluded
from statistics, corresponding cases were added subsequently.
Statistical Analysis Statistical analysis was performed using
the statistical package SPSS v16.0 (SPSS Inc., Chicago,
USA). Wilcoxon signed-rank test was used to compare
corneal opacity score (X * §). Wilcoxon signed-rank test was
also used to test corneal epithelial fluorescein staining positive
rate, incidence of corneal ulcer and neovascularization. The 2
value <0.05 was considered statistically significant.
RESULTS

Morphological Observation Immediately after central
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Table 1 Corneal opacity scores on day 7 n=15
Corneal opacity scores
Groups = 1
0 1 2 3 4 M=QR x=ks
A 4 8 3 0 0 1+1 0.87+0.726
B 0 10 5 0 0 1+1 1.33+0.477
C 0 6 8 1 0 241 1.67+0.477
D 0 0 3 9 3 341 2.87+0.726

"Wilcoxon signed-rank test.

cornea injured by alkali: groups A, B, C, D had mixed

conjunctival congestion, and 2-mm diameter circular
epithelial defects with clear border can be found on the
central cornea of four groups. What's more, corneal edema
could be found in all groups. On day 1 postburn: all the four
groups still had mixed conjunctival congestion and corneal
epithelial defect of group A was partly healed , and defect of
the other three groups still clearly visible. Meanwhile, all of
the four groups still had corneal edema and group D was most
edematous. On day 3, groups C, D had neovascularization in
the limbic cornea. The neovascularization of groups C, D
grew from limbic to the central cornea from day 4 to day 7
postburn.

Corneal Opacity Score On day 7 postburn, cornea opacity
scores were recorded and shown in Figure 1, Table 1. The
four groups' corneal opacity scores (M+QR) had same QR
(QR=1). Corneal opacity score ( x +s ) among four groups
(£ =0.000): corneal opacity
scores (x ) was not significantly different between the

were significantly different

group A and group B (2 =0.097); corneal opacity scores
(x *+ s) of group C and group D significantly higher than that
of group A (2=0.008, and 2~=0.000, respectively); corneal
opacity scores ( x+s) was not significantly different
between group B and group C (2 =0.124); corneal opacity
scores (X £.5) of group D significantly higher than that of
group B (#=0.000); corneal opacity scores (x * §) of group
D significantly higher than that in group C (/~ =0.000).

Corneal Epithelial Sodium Fluorescein Staining Positive
Rate, Incidence Ulcer
Neovascularization Results of corneal epithelial sodium

of Corneal and Corneal

fluorescein staining positive rate, incidence of corneal ulcer
and corneal neovascularization on day 7 were showed in
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Figure 2 Corneal fluorescein staining image using the slit lamp microscope on day 7 Presence of corneal epithelial defect and corneal

ulcer: pictures of A and B have corneal epithelial defect, picture of C and D have corneal ulcer.

Figure 3 Cirrus spectral domain optical coherence tomography (spacing: 0.25 mm, lenth: 3 mm ) scan cornea of mouse eye on

day 7 Presence of corneal epithelial defect and corneal ulcer: pictures of A and B have corneal epithelial defect, pictures of C and D have

corneal ulcer. Central corneal thickness of A, B, C and D are 116, 108, 96 and 80 wm respectively; and corneal thickness in ulcer of C and D

are 60 and 68 pwm.

Figures 1, 2, 3, and 4. Corneal epithelial sodium fluorescein
staining positive rates were not significantly different
between four groups (2 >0.05). Incidences of corneal ulcer
(2 =0.000):
incidence of corneal ulcer in group B was significantly higher

in four groups were significantly different

than that in group A (/2 =0.035, Fisher); incidences of cornea
ulcer in group C and group D were significantly higher than
that in group A (2=0.001, and 2~=0.000, respectively),
incidence of corneal ulcer in group C was significantly higher
than in group B (/2 =0.020), incidence of corneal ulcer in
group D was significantly higher than that in group B (/2=
0.002, Fisher); incidence of corneal ulcer in group D was
significantly higher than that in group C (/2 =0.0483).
Incidence of corneal neovascularization in group D was
significantly higher than that in group C (~=0.000).
DISCUSSION

Mouse is an ideal animal model, breeding economically and
fast, with genome similar to human being's. Mouse corneal
alkali burns can result in corneal epithelial defect, corneal
ulcer, perforation of cornea, corneal opacity and corneal
neovascularization. Mouse corneal alkali burns model is an
animal model used to study pathology of corneal chemical,
thermal burns, corneal neovascularization and many other
corneal diseases. According to different experiment purposes,
we choose different NaOH solutions' concentrations, and the
most commonly chosen concentrations are 0.01, 0.1, 0.15
and 1.0 mol/L ™ The place putting filter paper is the
central of cornea; and corneal alkali burning times are 10, 20,
30, 40, 45 and 50s ™2 Filter paper sizes reported are
different, but the most often used is 2-mm diameter circle
filter paper, so filter paper used in this experiment was 2-mm
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Figure 4 Corneal epithelial sodium fluorescein staining positive
rate, incidence of corneal ulcer and corneal neovascularization

on day 7.

filter diameter. In some experiment, the volume of alkali
used was 2 pL ™) however, in our experiment, if 2 pL
NaOH solution was dropped to 2-mm filter paper, the excess
alkali would overflow, while 1.5 wL would not. So we used
1.5 pL in this experiment finally.

According to the system's summary: tap water, normal saline,
lactated Ringer's, normal saline with sodium bicarbonate
added, phosphate buffer solution, diphoterine buffer can
improve the prognosis of corneal burn in grades I, II (Reim
1987, 1990) P4 Corneal neovascularization are caused by
alkali burn in grade III. Cornea opacity score and ulcer
incidence of group C were significantly higher than that of B
group (~<0.05) on day 7, but group C has neovascularization,
which is caused by alkali burn in grade III. So we should
choose 0.15 mol/L NaOH solution to study the buffer
capacity of solution and choose 1 mol/L NaOH solution to
study corneal neovascularization.

In addition, we still need to pay attention to the following
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details in the process: 1) filter paper should be placed on the
central cornea, otherwise it may cause alkali burn in
non-experimental place; 2) the volume of NaOH should be
appropriate, otherwise excessive alkali may also cause alkali
burn in non-experimental place; 3) anesthetic eye drops
should be used to stop blinking; 4) the conjunctival sac
should be washed thoroughly, otherwise the occurrence of
symblepharon can cause corneal injures which make it
difficult to recognize the reason for the corneal defect and
corneal ulcer.
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