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Abstract

Tetracycline had proven to be effective in the management of the different types of corneal ulcers. It has
antimicrobial activity as well as anti-collaginase effect. Therefore, the present study was conducted to inves-
tigate the effect of oxytetracycline 5% on the alkali burn corneal ulcer after its injection subconjunctivaly.
Ten healthy New Zealand albino rabbits were divided into equal groups (control and treatment). They were
examined carefully before induction of the ulcer using in 1% NaOH in the right eye. A 0.5 ml of oxytetracy-
cline 5% was injected in the subconjunctival space weekly for 5 consecutive weeks. The eye was examined
weekly clinically and by fluorescein staining dye just before the injection of oxytetracycline. At the end of the
study, the rabbits were euthanized and the eyes were harvested for histological and electron microscopic ex-
aminations. The results revealed there were no significant variations between the control and treatment groups
except for prevention of bacterial colonization on the ulcerated corneal surface in the oxytetacycline group.
The conclusion of the present study was the subconjunctival injection of oxytetracycline was not efficient for
management of alkali burn corneal ulcers, but it could be used as adjunctive treatment for control and preven-
tion of bacterial growth on the ulcerated corneal surface.
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INTRODUCTION

One of the most ocular lesions is chemical burns that occur
mostly accidentally and result in severe corneal tissue damage.
Alkali burns are among the most chemicals devastating of ocular
injuries. Sterile corneal ulceration often occurs following chemi-
cal trauma or as a manifestation of ocular or systemic inflamma-
tory disease (Kenyon, 1982). While the cellular and biochemical
processes of corneal ulceration are complex, the tissue and leu-
kocyte collagenases may have a key role in the common final
pathway of corneal ulceration (Slansky et al., 1968; Gnadinger
et al, 1969; Brown et al., 1969, 1970; Pfister et al., 1971; Brown,
1975; Berman et al., 1979; Foster et al.,, 1979; Kenyon et al.,, 1979;
Gordon et al,, 1980; Kenyon, 1982).

The main target of many therapeutics is to inhibit collage-
nase activity. Clinical success has been achieved with only a small
number of these treatments. Oxytetracycline has demonstrated
a remarkable anti-collagenase effect in rats, rabbits, and humans
(Golub et al., 1983, 1984, 1985; Perry and Golub, 1984). It appears
that Oxytetracycline’s antimicrobial action is independent of its
collagenolytic effects. As a result, even noninfected corneal ulcer
cases were successfully treated with systemic tetracycline (Perry
and Golub, 1985). It was hypothesized due to the topical and
systemic effect of oxytetracycline in treatment and prevention
of corneal ulcers (Seedor et al., 1987; Chandler et al.,, 2010), the
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subconjunctival injection of it may have a favorable and promot-
ing healing effect on corneal ulcers. The mean time for healing
corneal ulcers was also expected to be shorter due to the drug
accumulating for a long time in the subconjunctival space and
slowly diffusing out. Therefore, the present study aimed to inves-
tigate the effect of Oxytetracycline 5% in the treatment of alkali
burn corneal ulcers in rabbits after its subconjunctival injection.

MATERIALS AND METHODS

Ten healthy New Zealand albino rabbits (five males and
five non-pregnant non-lactating females) were included in this
study. The age varied from 7-8 months (mean+SE=7.55+0.09)
and the body weight ranged from 1700-2500 grams
(mean+SE=1952.26+37.38). The experiment was performed un-
der the standards of the ethical committee of the national ethical
committee of the Faculty of Veterinary Medicine, Assiut Universi-
ty, Assiut, Egypt (the ethical approval number is aun/Vet/1/0001).
A thorough examination of all rabbits was conducted to identify
and exclude any animals with ophthalmic lesions. The globe was
inspected for its normal shape and position, ocular discharges,
ocular movements and normal eye reflexes and response. The
rabbits were anesthestized after the intramuscular injection of
5 mg/kg of xylazine HCL 2% (Xyla-Ject, ADWIA Co., SAE, Egypt)
and 25 mg/kg Ketamine HCL 5% (Ketamine hydrochloride, Ro-
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texmedica, Trittau, Germany). A corneal ulcer was induced in the
right eye of all animals after touching a sterile small cotton swab
soaked in 1% NaOH (It was prepared in the laboratory of the
Chemistry Department, Faculty of Science, Assiut University, As-
siut, Egypt) to the center of the cornea for 60 seconds. After that,
the ocular surface was irrigated with physiological saline (0.9%
NaCl) for two minutes. A fluorescein dye test was used to con-
firm and assure ulcer formation (Hassan et al.,, 2021; Hosny et al.,
2022).

These animals were divided into two groups each of five rab-
bits; Group | (Control group) received a subconjunctival injec-
tion of 0.5 ml of the normal saline solution once weekly for five
successive weeks. Group Il (Treatment group) received a subcon-
junctival injection of 0.5 ml of oxytetracycline 5% (oxytetracycline
5%; NasrPharma-Vetwic, Egypt) once-weekly for five successive
weeks. One day after the last application all animals were euth-
anized by rapid intravenous injection of 2.5% thiopental sodium
(Anapental 500 mg; EPICO, Egypt) into the cephalic vein in a dose
of 35mg/kg.b.w. The examination of the eye was carried out just
before every injection. Naked-eye examinations of each rabbit's
eye were performed on days 8, 15, 22, and 29 and 36 by two ob-
servers. They were inspected for the presence of lacrimation, pus
formation, neovascularization, the size of ulcer, corneal opacity
and perforation. The lacrimation was measured as mild, moderate
and severe according the time consumed for saturation of shrim-
er paper. The different grades were as following: 0: normal secre-
tion of tears (0-11 mm/minute); 1: incomplete staurtaion of the
paper within 1 minute (mild degree of lacrimation); 2: complete
saturation within 1 minute (moderate), and 3: complete satura-
tion of paper in less than 1 minute (severe) (Abrams et al.,, 1990).
Corneal neovascularization was scored from 0 to 3 ( Sotozono et
al,, 2007; Basu et al., 2018) where 0 = no neovascularization, 1 =
confined to the limbus of the cornea, 2 = extending up to the
margin of the pupil, and 3 = extending beyond the margin of the
pupil into the central cornea. The size of ulcer was monitored to
determine whether it is increased or decreased. The diameter of
corneal ulcer (in mm) was measured using the ImageJ software
(Image) 4.48v software, National Institutes of Health, USA). Cor-
neal opacity grading was performed as follows: grade 0= clear or
a trace haze; grade 1= mild opacity, grade 2= moderately dense
opacity partially obscuring the details of the iris, and grade 3=
severely dense opacity obscuring the details of the intraocular
structure (Fantes et al., 1990).

Fluoresceine Staining Test

The test was carried out after an ophthalmic examination just
before the treatment as the clinical examinations on days 8, 15,
22, 29 and 36. One drop of 2% fluorescein dye (Fluorescein So-
dium 2% w/v; Bausch and Lomb (Australia) Pty. Ltd. G/F 16 Giff-
nock, Macquarie Park NSW 2113 Australia) was applied to the eye
and left for one min. Afterward, sterile normal saline of 0.9% was
used to rinse the eye and remove the excess stain (Petroutsos
and Pouliquen, 1984).

Histopathological examination

At the end of the study, tissue samples from the cornea were
fixed in 10 % neutral buffered formalin. Then dehydration by as-
cending grades of alcohol, clearing by xylene, and embedding
in paraffin. Sectioning of the tissue was 4-5 microns in thickness
then stained with hematoxylin and eosin stains (H&E) (Banchroft
et al.,, 1996) for histopathological evaluation.
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Table 1. Different clinical findings in the control and treatment groups at dif-
ferent examination times (weeks), additionally the difference between the 1st
and 5" week.

Inclusion criteria  Treatment group Control P value
Corneal opacity

Week 1 0.4+0.55 1.0£1.0 0.327
Week 2 2+1 1.33+1.15 0.439
Week 3 1.2+1.3 2+1.73 0.433
Week 4 1.0+1.22 2+1.73 0.43
Week 5 1.0£1.22 2+1.73 0.43
PIVEEKIVS gy, 018

Corneal neovascularization

Week 1 0.0+0.0 0.0+0.0 1
Week 2 0.6+0.89 0.67+0.58 0.744
Week 3 1.6+1.52 1.67+0.58 0.877
Week 4 3.0+£0.0 2.33+1.15 0.197
Week 5 2.4+1.34 2.33+1.15 0.845
I;VZEZVI?fKI rs 0.046* 0.102

Lacrimation

Week 1 0.6+1.34 1.67+1.53 0.302
Week 2 0.8+1.3 1.33+1.15 0.522
Week 3 0.8+1.3 1.33+0.58 0.273
Week 4 0.8+1.3 1.67+1.15 0.207
Week 5 0.8+1.3 2.0+1.0 0.164
I;VZEZVI?fKI vs 0.317 0.317

Ulcer measurement

Week 1 6.92+1.15 4.6£1.95 0.101
Week 2 7.46+8.18 1.87+2.42 0.18
Week 3 6.04+7.1 3.8+1.31 0.881
Week 4 7.48+7.71 1.43+1.25 0.368
Week 5 5.6+7.68 6.1£5.03 0.647
Presence of pus

Week 1 0.0+0.0 1.0+1.0 0.051
Week 2 0.0+0.0 0.33+0.58 0.197
Week 3 0.4+0.55 1.0£1.0 0.327
Week 4 0.0+0.0 0.67+0.58 0.049%*
Week 5 0.0£0.0 0.33+0.58 0.197
P2 WEEKI VS : 0317

Perforation

Week 1 0.0+0.0 0.0+0.0 1
Week 2 0.0£0.0 0.0+0.0 1
Week 3 0.2+0.45 0.33+0.58 0.693
Week 4 0.2+0.45 0.33+0.58 0.693
Week 5 0.2+0.45 0.33+0.58 0.693
};Eg/ﬁfKI rs 0.317 0.317

Values are expressed as mean+SE

P1 calculated by Mann-whitney U test, p2 calculated by Wilcoxon t-test. *: Statistically
significant difference (p<0.05); **: Highly statistically significant difference (p<0.01); P1:
Comparison between T & Control groups for each week; P2: Comparison between week 1
and week 5 for each group.

Scanning electron microscopy

For scanning electron microscopy, representative specimens
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Figure 1. The changes of the eye after induction of ulcer by 1% NaOH in control and oxytetracyclme groups. The corneal opac1ty is present along the five weeks in both groups. The per-
foration of the cornea started from the 3rd week and was clear in the control group. The fluorescein dye uptake was more obvious in the first two weeks and was not high after that due to

perforating cornea especially in the control.

from the cornea were immediately washed with normal saline.
Subsequently, fixed in a mixture of 2.5% paraformaldehyde and
5% glutaraldehyde in 0.1 M. sodium phosphate buffer with a pH
of 7.3 at 4°C for 24 h. then washed with 0.1 M sodium phosphate
buffer with a pH of 7.3. The samples were dehydrated using as-
cending series of ethanol 30, 50, 70, and 90% for two hours, 100%
for two days., and then in amyl acetate for two days. Critical point
drying was applied to the samples by using liquid carbon diox-
ide. Each sample was stuck on metallic blocks using silver paint.
By using gold sputter coating apparatus, samples were evenly
gold coated at a thickness of 15 nm. samples were examined by
using a JEOL (JSM 5400 LV) scanning electron microscope 15- 25
kV and photographed in the electron microscope unit, at Assiut
University, Egypt (Bozzola and Russell, 1991). Digital coloring
scanning electron microscopic images. The scanning electron
microscopic images were digitally colored using the Photo Filter
6.3.2 program to recognize different types of cells and structures.

Statistical analysis

Statistical analysis was done using Kolmogorov-Smirnov and
Shapiro-Wilk tests where the numerical data were explored for
normality by checking the distribution of data and using tests of
normality. The parameters were not normally distributed. Data
were presented as meantstandard deviation (SD). Mann Whitney
U test was used to compare two groups in non-related samples.
Wilcoxon's t-test was used to compare week one to week five in
each group. The significance level was set at P < 0.05. Statistical
analysis was performed with IBM® SPSS® Statistics Version 26
for Windows.

RESULTS
Clinical findings

In the control group, the presence of ophthalmic disorders

especially corneal opacity, corneal neovascularization, and perfo-
ration was noticeable in the first week, gradually increasing but
not significantly to reach a maximum in the third, fourth, and
fifth weeks (Figs. 1,2,3). Other signs such as lacrimation, pus for-
mation, and size of the ulcer were fluctuated between the weeks
but also not substantial (Fig. 3). There were no clear differenc-
es between animals in the same group (Table 1). Regarding the
oxytetracycline group, there were non-significant fluctuations in
corneal opacity, corneal neovascularization, and size of the ulcer.
The lacrimation was steady from the 2nd week till the end of the
study. The pus formation stopped in the fourth and fifth weeks.
The perforation appeared in the 3rd week. There was a significant
increase in corneal neovascularization in the fifth week relative
to the 1st week in the oxytetracycline group (P=0.046). As well
as the pus formation was significantly increased in the control
group relative to the other group in the fourth week (P= 0.049).
Neither group’s fluorescein dye uptake changed from day one to
the end of the study, which confirmed the clinical findings. (Table
1, Figs. 1, 2,3).
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Figure 2. The different clinical findings at different weeks in the control and
oxytetracycline groups.
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8 Histopathological findings

The control group showed necrosis and desquamation of
epithelium in addition to multiple ulcerated areas covered with
colonies of bacteria were seen. Due to the edema and infiltrative
inflammatory cells, the stroma appeared larger than normal. De-
3 scemet's membrane was damaged (Fig. 4 A-C). Oxytetracycline
treated group showed necrosed corneal epithelium with ulcer
formation. Edema of stroma, swelling of the collagenous fibers,
and damage of the Descemet’s membrane (Fig. 4 D, E).

Mean
&

iz Scanning electron microscopy

Comealopacty  Comeal neovascularization Uzcrimation Ulcer measurement Presence of pus perforation

T GrOUp === Control S/C

The scanning electron microscopy demonstrated multiple
Figure 3. The fluctuations of the clinical findings along 5 weeks in the control ulcerations and denuded epithehum in the control group. Bac-
and oxytetracycline groups. terial colonies within the ulcerated areas and widening and en-

Figure 4. Representative micrograph of the cornea stained by HE stains. A-C) Control group treated by subconjunctival injection showing necrosed epithelium (ep),
stroma (st), damaged Descemet’s membrane (de), ulcer (red rectangles), colonies of bacteria (red arrow) and inflammatory cells (black arrows). D, E). Oxytetracy-
cline treated group by subconjunctival injection showing necrosed epithelium (ep), edema of stroma (st), damaged descement layer (de) and ulcer (red rectangles).
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Figure 5. Scanning electron micrograph of the cornea in control group treated by subconjunctival injection showed ulceration and denuded epithelium (A,B).
Digitally colored Scanning electron micrograph showing colonies of bacteria (blue color) (C). Stroma revealed widening and presence of leucocyte (arrow) (D).
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Figure 6. Scanning electron micrograph of the cornea in Oxytetracycline treated group showed multiple ulceration in the corneal surface (yellow circles) and wid-

ening of stroma (A-C).

largement of the stroma with leucocytic cellular infiltration were
noticed (Fig. 5). Multiple ulcers on the corneal surface, expansion
of the stroma, but no bacteria or leucocytes were seen in the
oxytetracycline-treated group (Fig. 6 A-C).

DISCUSSION

The present study aimed to investigate the efficacy of a sub-
conjunctival injection of 5% oxytetracycline in the treatment of
alkali burn corneal ulcers. The use of oxytetracycline in the form
ophthalmic ointement has proven to be efficient as adjunctive
treatment in refractory corneal ulcers in dogs (Chandler et al.,
2010). As well as the intra-muscular using of large doses (50 mg/
kg/day for 28 days) of tetracycline was more effective in prevent-
ing ulceration that was induced by 1N sodium hydroxide (See-
dor et al., 1987). Nevertheless, its use through the subconjuctival
route did not yield the expected and hypothesized results. The
clinical and histopathological findings of the present study did
not show any clear significant difference between the treatment
and the control groups except the absence of bacterial coloni-
zation that cover the ulcers. The oxytetracycline prevented the
growth and multiplication of microorganisms on the surface of
ulcerated cornea which was displayed by histopatholgical find-
ings and scanning electron microscopy and was clear on clini-
cal findings (decrease of pus formation). This is attributed to the
antibacterial effect of the oxytetacycline (Eastman et al, 1998).
The use of oxytetracycline in treatment of bacterial ophthalmic
lesions was approved in previous studies ( Hoshiwara et al., 1973;
George et al, 1988). The results of the present study revealed
no improvement in the signs of inflammation, ulcer measure-
ments or epithelium regeneration after tetracycline treatment.
These findings were not in consistent with those were obtained
by Ralph (2000). In that study, the author recommended the
combined use of tetracycline orally and topically to overcome
the moderate and severe ocular chemical injuries that may de-
stroy the cornea. He attributed that to the antimicrobial prop-
erties of tetracycline, as they inhibit matrix metalloproteinases
through inhibition of neutrophil collagenase gene expression
and gelatinase activity, suppression of 1-antitrypsin degradation,
As well as, it scavenges reactive oxygen species. Although sev-
eral studies advocated the use of tetracycline for management
of infectious and non-infectious corneal ulcers (Perry and Golub,
1984, 1985; Seedor et al.,, 1987; George et al., 1988; Eastman et al.,,
1998; Ralph, 2000; Chandler et al., 2010), the results of this study
did not support these previous studies. These differences could
be ascribed to some factors such as; 1) The route of injection of
oxytetracycline: previous studies used oral and/or intramuscular
routes unlike the subconjunctival injection in the present study.
2) The frequency of drug administration: in the present study the

oxytetracycline was injected into the subconjunctival space one
weekly for 5 weeks, but the other studies used the tetracycline
daily for different durations according to the methodology of
these studies. 3) The molecular weight of the oxytetracycline HCL
5%. According to Papich and Riviere (2018), the national library of
medicine (national center for biotechnology information https://
pubchem.ncbi.nIm.nih.gov/compound/Oxytetracycline) and Sig-
ma-aldrich  company (https://www.sigmaaldrich.com/DE/de/
product/sigma/o5875) the molecular weight of oxytetracycline
HCL is 460.44 amu (atomic mass unit). In accordance with the
results of the present study, it was noticed that the corneal per-
foration started on the 3rd week from the induction time of ulcer.
Therefore, the effect of sodium hydroxide TN was not transient,
but it had a persistent progressive effect. This means that the
alkaline media due to NaOH was prevailing which might hinder
the effect of oxytetracycline. Although traces of tetracycline mol-
ecules reach the ophthalmic tissue after oral or systemic adminis-
tartion, it promoted and enhanced the corneal ulcer healing. This
is due to tetracycline is not restricted by protein binding but are
widely distributed throughout most tissues of the body, including
intracellular sites (Papich and Riviere, 2018).

CONCLUSION

The single weekly subconjunctival injection of oxytetracycline
5% for 5 consecutive weeks was not effective for the treatment of
alkali burn induced corneal ulcer in rabbits. But it was effective for
prevention of bacterial colonization on the ulcerated corneal sur-
face. Therefore the subconjunctival injection of oxytetracycline
5% is recommended to be used as adjunctive treatment with the
main essential agents used for management of the alkali burn
corneal ulcers.
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