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Abstract
The purpose of this study was to establish the model of canine deep layer corneal ulcer by means of alkali burn combined with mechanical 
injury and evaluate the efficacy of conjunctival covering combined with amnion liquid supernatant deep layer corneal ulcer in beagles. 
By using alkali burnand mechanical injury establishd the beagle deep layer corneal ulcer model (n=15) , randomly divided into 3 groups: 
deep layer corneal ulcer (C group), conjunctival covering group (T1 group), conjunctival covering combined amnion liquid supernatant 
eyedrop group (T2 group). On -3, 1, 7, 14, 21, 45 days, examine the levels of Interleukin -1 (IL-1), Interleukin-8 (IL-8), Vascular Endothelial 
Growth Factor (VEGF), Matrix metalloproteinase-1 (MMP-1), Matrix metalloproteinase-2 (MMP-2) and Matrix metalloproteinase-9 (MMP-9) 
in canine aqueous humor; On the 45th day, two experimental canines were randomly selected from each group to collect corneal tissue for 
histopathological observation. C group compared to groups T1 group and T2 group , the levels of IL-1, IL-8, VEGF, MMP-1,  MMP-2, MMP-9 
in canine aqueous humor significantly decreased (P<0.05). Histopathology revealed that in the T2 group corneal epithelial blood vessels 
were less, corneal thickness was moderate, the cornea was more complete, the cornea had fewer blood vessels, and the inflammatory 
cell infiltration was lower. Conjunctival coverage combined with amnion liquid supernatant eyedrop can effectively reduce keratitis cell 
infiltration of canine deep layer corneal ulcer, reduce corneal damage, and improve corneal transparency, the therapeutic effect is better 
than conjunctival coverage individually.
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Köpeklerde Mekanik Hasar ve Alkali Yakma İle Oluşturulan Derin Korneal 
Ülserde Amniyon Sıvısı Süpernatantı Göz Damlası İle Birlikte Kullanılan 

Konjuktiva Örtüsünün Etkinliği

Öz
Bu çalışmanın amacı, alkali yakma ile birlikte mekanik hasar oluşturularak Beagle köpeklerde derin korneal ülser meydana getirmek suretiyle 
bir model oluşturmak ve oluşturulan bu derin korneal ülsere amniyon sıvısı süpernatantı ile birlikte korneal örtmenin etkisini araştırmaktır. 
Alkali yakma ve mekanik hasar ile derin korneal ülser oluşturmak amacıyla Beagle köpekler (n=15) rastgele olarak 3 gruba ayrıldı: Derin 
korneal ülser grubu (C grubu), konjuktival örtü grubu (T1 grubu) ve amniyon sıvısı süpernatantı göz damlası ile birlikte konjuktival örtü 
grubu (T2 grubu). Çalışmanın -3, 1, 7, 14, 21 ve 45. günlerinde, köpeklerin akuöz humorlarında İnterlökin-1 (IL-1), İnterlökin-8 (IL-8), Vasküler 
Endotelyal Büyüme Faktörü (VEGF), Matriks metalloproteinaz-1 (MMP-1), Matriks metalloproteinaz-2 (MMP-2) ve Matriks metalloproteinaz-9 
(MMP-9) seviyeleri incelendi. Çalışmanın 45. gününde, her bir gruptan rastgele iki köpek seçilerek histopatolojik inceleme amacıyla korneal 
dokuları elde edildi. T1 ve T2 grubu ile karşılaştırıldığında C grubu köpek akuöz humorlarında IL-1, IL-8, VEGF, MMP-1, MMP-2, MMP-9 
seviyelerinin anlamlı derecede azaldığı gözlemlendi (P<0.05). Histopatolojik incelemede, T2 grubundaki hayvanlarda korneal epitelyal 
kan damarları daha az, korneal kalınlık orta derecede, kornea daha fazla tamam, korneada daha az kan damarı ile daha az yangısal hücre 
infiltrasyonu gözlemlendi. Amniyon sıvısı süpernatantı göz damlası ile birlikte konjuktival örtü uygulaması köpeklerde derin korneal ülsere 
ilişkin keratite bağplı hücre infiltrasyonunu ve korneal hasarı etkili bir şekilde azaltmış ve korneal transparanlığı artırmıştır. Bu bulgular, 
Amniyon sıvısı süpernatantı göz damlası ile birlikte konjuktival örtü uygulamasının tek başına konjuktival örtü uygulamasından daha iyi 
tedavi edici etkisinin olduğunu göstermiştir..
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INTRODUCTION
Deep corneal ulcers are severe corneal diseases caused  
by microbial infection, chemical burns, or trauma [1,2]. In 
the absence of timely and effective treatment, it is possible 
to cause blindness in corneal perforation [3]. The purpose 
of this study was to establish a model of deep corneal 
ulcer in canine by alkali burn combined with mechanical 
injury. Conjunctival coverage combined with supernatant 
of canine amnion was used to treat deep corneal ulcer 
in canine. We evaluate the clinical efficacy of treatment. 
This experiment provides reliable data support and new 
treatment ideas for deep corneal ulcer in canine.

MATERIAL and METHODS
Ethics

The animal study was approved by the Institutional Animal 
Care and Use Committee (IACUC). All beagle experimental 
procedures were performed in accordance with the 
regulations for the Administration of Affairs Concerning 
Experimental Animals approved by the school Council of 
Heilongjiang Bayi Agricultural University of China Daqing. 
The study protocol was approved by the Ethics Committee 
on the Use and Care of Animals of Heilongjiang Bayi 
Agricultural University (Daqing, China).

Preparation of Clear Liquid on Amniotic Membrane

Fresh sterile amniotic membrane was extracted by caesarean 
section in healthy immunized female dogs that reached 
the expected delivery date. Add appropriate amount of 
liquid nitrogen to the aseptic fresh amniotic membrane 
and grind it quickly until it becomes powdery. Powder was 
added into the centrifugal tube, and PBS phosphate buffer 
was added in a 1:1 mass ratio for dilution. On the shaking 
table full range 20 min, put in 4°C high speed centrifuge, 
8000 r/min, the centrifugal 10 min, remove the liquid 
supernatant and set aside.

Establishment of Experimental Animal Model

Choose healthy beagles (n=15), weight 4-5 kg, aging1-2 
years old. The model of deep corneal ulcer was established 
by alkali burn combined with mechanical injury. General 
anesthesia was performed on the experimental dogs, 
Bupivacaine was applied to the eyes of experimental dogs, 
and then sterilization filter paper was used to dry the eye 
surface. The circular filter paper with a diameter of 6 mm 
was fully infiltrated in the NaOH solution. The filter paper 
was attached to the corneal surface for 90 s, and then 
the filter paper was removed. Then the normal saline was 
used to rinse thoroughly until the pH value of the ocular 
surface was about 7.0. Negative pressure corneal trephine 
was used to cut the cornea of alkali burns with a cutting 
depth of 0.4 mm and a cutting diameter of 6 mm. After 
cutting, the cornea was peeled off and then washed with 

physiological saline to complete the modeling. After 
modeling, all experimental animals wore Elizabeth collars 
to prevent scratching and biting. 

Grouping of Experimental Animals

The successful model beagles were randomly divided  
into three groups. Deep corneal ulcer group (C group, 
without surgical treatment, gatifloxacin eye drops were 
given 2 drops/time and 5 times/day), Conjunctiva coverage 
group (T1 group, only with gatifloxacin eye drop after 
conjunctiva coverage, 2 drops/time and 5 times/day), 
The conjunctiva coverage in combination with amnion 
liquid supernatant group (T2 group, after the conjunctiva 
coverage was given to Gatifloxacin Eye Drop 2 drops/
time and 5 times/day and amnion liquid supernatant for 
2 drops/time and 5 times/day). During the experiment, all 
experimental animals were given butorphanol (0.02 mg/
kg) analgesic management.

Sample Collection

Three days before the experiment, 1, 7, 14, 21, 45 days 
after the beginning of the experiment, Bupivacaine was 
applied twice to the eyes of experimental dogs, and 
10% iodov solution was used to disinfect the skin and 
conjunctival sac of eyelid of experimental dogs. Use your 
left hand to hold the upper and lower eyelids open, the 
assistant illuminates with a hand-held light source, 1 mL 
syringe needle was used for anterior chamber puncture. 
The puncture position was 1 mm inside the Angle sclera 
margin, and the needle was inserted in the direction of 
parallel iris, and the tip inclined plane was upward. After 
the tip enters the anterior chamber, collect the aqueous 
humor 0.2-0.3 mL. Use 10 times dilution sample diluent, in 
-80°C refrigerators save, waiting for inspection. 

Corneal tissue samples were collected 45 days after 
treatment. Experimental dogs general anesthesia, after 
conventional disinfection of the surgery department, 
eyelid opener was used to expand the eyelids. Corneal 
tissue was collected with a corneal knife and placed in a 
solution of 10% formaldehyde. Routine care was given to 
experimental animals after surgery.

Aqueous Humor Testing Indicators

Interleukin-1, IL-8, VEGF, MMP-1, MMP-2 and MMP-9 
were tested by ELISA kit. All aqueous humor samples 
and reagents were placed in the room for complete 
temperature recovery. First, test samples and standard 
substances of different concentrations were added to  
the orifice plate. Horseradish peroxidase was added 
into each hole and incubated in a incubator for 60 min. 
Get rid of the orifice plate liquid, rinse thoroughly with 
cleaning fluid, then add substrates A and B, 37°C avoid 
light incubation 15 min. Finally, add the termination fluid. 
The absorbance (OD) value in each hole was measured  
by enzyme-labeled instrument, and the standard curve 
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was drawn. Calculate the content of each sample.

Corneal Histopathological Examination Results

The corneal tissue was placed in 10% formaldehyde for 24 
h. dehydration treatment, paraffin embedding, 4 μm thick 
continuous slices, HE staining and observation with an 
optical microscope.

Data Analysis

SPSS 19.0 software was used for statistical analysis of the 
test data using one-way anova. 

RESULTS
The content of VEGF was very significant differences 
between T1 group and T2 group in 7 days (P<0.01) and 
it is significant differences between T1 group and T2 
group in 14 and 21 days (P<0.05). The content of VEGF 
was very significant differences between T2 group and 
group C in 7, 14, 21, 45 days (P<0.01). On the 14th day 
after treatment, VEGF content in the aqueous humor of 
both the experimental group and the C group reached 
the maximum at the same time. The maximum values of 
C group were 673.3914±12.4211 pg/mL, the maximum 
values of T1 group was 462.3956±5.6017 pg/mL and the 
maximum values of T2 group was 446.925±3.4829 pg/mL. 
The specific test results are shown in Fig. 1.

The content of IL-1 in aqueous humor was very significant 
differences between T1 group and T2 group in 7 days and 
14 days (P<0.01) and it is significant differences between 
T1 group and T2 group in 21 days (P<0.05). There was no 
significant difference at other time points (P>0.05). The 
content of IL-1 in aqueous humor was very significant 
differences between T2 group and group C in 7, 14, 21, 45 
days (P<0.01). IL-1 content in canine eye aqueous humor 
in the experimental group reached the maximum on the 
7th day after treatment. The maximum values of T1 group 

were 166.1077±4.1936 pg/mL, the maximum values of T1 
group were 146.8177±2.1139 pg/mL. IL-1 content in canine 
eye aqueous humor in the C group reached the maximum 
on the 14th day after treatment. The maximum values of 
C group were 193.2093±4.2624 pg/mL. The specific test 
results are shown in Fig. 2.

The content of IL-8 in aqueous humor was significant 
differences between T1 group and T2 group in 7, 14, 
45 days (P<0.05). The content of IL-8 in aqueous humor 
was very significant differences between T2 group and 
group C in 7, 14, 21, 45 days (P<0.01). IL-8 content in the 
aqueous humor of canine eyes in both the experimental 
group and the C group reached the maximum on the 7th 
day after treatment. The maximum values of C group were 
168.1898±4.8832 pg/mL, the maximum values of T1 group 
were 145.6043±6.9070 pg/mL, the maximum values of 
T2 group were 137.4154±4.3391 pg/mL. The specific test 
results are shown in Fig. 3.

The content of MMP-1 in aqueous humor was very 
significant differences between T1 group and T2 group 
in 7, 14 days (P<0.01) and it is significant differences 
between T1 group and T2 group in 21, 45 days (P<0.05). 
The content of MMP-1 in aqueous humor was very 
significant differences between T2 group and group C in 
7, 14, 21, 45 days (P<0.01). MMP-1 content in the aqueous 
humor of canine eyes in both the experimental group 
and the C group reached the maximum on the 7th day 
after treatment. The maximum values of C group were 
115.8756±4.2794 ng/mL, the maximum values of T1 group 
were 104.6135±3.8075 ng/mL, the maximum values of 
T2 group were 92.0798±2.0476 ng/mL. The specific test 
results are shown in Fig. 4.

The content of MMP-2 in aqueous humor was significant 
differences between T1 group and T2 group in 7, 14 days 
(P<0.05). There was no significant difference at other time 
points (P>0.05). The content of MMP-2 in aqueous humor 

Fig 1. The content of VEGF was very significant differences 
between T1 group and T2 group in 7 days (P<0.01) and it 
is significant differences between T1 group and T2 group 
in 14 and 21 days (P<0.05). The content of VEGF was very 
significant differences between T2 group and group C in 7, 
14, 21, 45 days (P<0.01)
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Fig 3. The content of IL-8 in aqueous humor was significant 
differences between T1 group and T2 group in 7, 14, 45 days 
(P<0.05). The content of IL-8 in aqueous humor was very 
significant differences between T2 group and group C in 7, 
14, 21, 45 days (P<0.01)

Fig 4. The content of MMP-1 in aqueous humor was very 
significant differences between T1 group and T2 group in 7, 
14 days (P<0.01) and it is significant differences between T1 
group and T2 group in 21, 45 days (P<0.05). The content of 
MMP-1 in aqueous humor was very significant differences 
between T2 group and group C in 7, 14, 21, 45 days (P<0.01)

Fig 2. the content of IL-1 in aqueous humor was very 
significant differences between T1 group and T2 group in 
7 days and 14 days (P<0.01) and it is significant differences 
between T1 group and T2 group in 21 days (P<0.05). There 
was no significant difference at other time points (P>0.05). 
The content of IL-1 in aqueous humor was very significant 
differences between T2 group and group C in 7, 14, 21, 45 
days (P<0.01)
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was very significant differences between T2 group and 
group C in 7, 14, 21, 45 days (P<0.01). MMP-2 content in the 
aqueous humor of canine eyes in both the experimental 
group and the C group reached the maximum on the 7th 
day after treatment. The maximum values of C group were 
145.8769±5.9418 ng/mL, the maximum values of T1 group 
were 139.6685±3.6469 ng/mL, the maximum values of 
T2 group were 128.8777±4.6122 ng/mL. The specific test 
results are shown in Fig. 5.

The content of MMP-9 in aqueous humor was very 
significant differences between T1 group and T2 group 
in 7, 14 days (P<0.05). There was no significant difference 
at other time points (P>0.05). The content of MMP-9 in 
aqueous humor was very significant differences between 
T2 group and group C in 7, 14, 21, 45 days (P<0.01). MMP-9 
content in the aqueous humor of canine eyes in both the 
experimental group and the C group reached the maximum 
on the first day after treatment. The maximum values of C 

group were 194.6672±6.1742 ng/mL, the maximum values 
of T1 group were 194.7671±4.6571 ng/mL, the maximum 
values of T2 group were 194.2776±6.2889 ng/mL. The 
specific test results are shown in Fig. 6.

On the 45th day, the histopathological examination showed 
that the corneal epithelium was relatively intact and the 
corneal epithelium was thickened and healed. Under the 
epithelium, inflammation is very visible, the corpus ciliare 
is ruptured and the dilated and hyperemic vessels are 
seen in the mesenchyme below the epithelium, mainly 
with capillaries (Fig. 7). T1 group corneal epithelium is 
complete, partial thickness corneal thickness, corneal fiber 
hyperplasia, and the junction of conjunctiva blood vessels 
are less, neutrophils is relatively rare, corneal epithelium 
no inflammatory cell infiltration phenomenon (Fig. 8); In T2 
group, the corneal epithelium was intact, the cornea was 
healed, the cornea thickness was moderate, some tissues 
had hyperplasia, and the corneal epithelium had few blood 
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Fig 6. The content of MMP-9 in aqueous humor was very 
significant differences between T1 group and T2 group in 
7, 14 days (P<0.05). There was no significant difference at 
other time points (P>0.05). The content of MMP-9 in aqueous 
humor was very significant differences between T2 group 
and group C in 7, 14, 21, 45 days (P<0.01)

Fig 5. The content of MMP-2 in aqueous humor was 
significant differences between T1 group and T2 group 
in 7, 14 days (P<0.05). There was no significant difference at 
other time points (P>0.05). The content of MMP-2 in aqueous 
humor was very significant differences between T2 group 
and group C in 7, 14, 21, 45 days (P<0.01)
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vessels, few inflammatory cells, and no inflammatory cell 
infiltration (Fig. 9).  

DISCUSSION
After corneal ulcer, the blood vessels of the conjunctiva 
membrane are rapidly growing in the direction of corneal 
damage from the Angle of the sclera. Causes the cornea 

to appear the blood vessel, VEGF plays an important 
role in promoting vascular endothelial cell proliferation 
and angiogenesis [4]. Studies have also shown that VEGF 
overexpression exists in corneal neovascularization caused 
by various causes to varying degrees [5]. IL-1 and IL-8 are two 
important cytokines in the development of inflammatory 
corneal disease [6]. Inflammatory cell infiltration plays an 
important role, and its expression level is closely related 

Fig 9. Corneal epithelium thickness is moderate and 
corneal healing is good in group T2 (HE staining is 
10 x 10)

Fig 7. Large amounts of blood capillary and ciliary 
body fracture in group C (HE staining 10 x 20)

Fig 8. Thick corneal epithelium and subcorneal fibro- 
plasia in group T1 (HE staining 10 x 10)



371

to the occurrence and development of inflammation and 
the degree of injury of corneal tissue [7]. In this study, VEGF, 
IL-1 and IL-8 in group C were sustained at a high level, it’s 
consistent with previous research, it may be related to the 
infiltration of inflammatory cells after corneal ulcer. Since 
IL-1 and other inflammatory factors can induce neutrophil 
to chemotaxis to the cornea and aqueous humor. In 
addition, the increase of neutrophils can stimulate the 
release of local secondary inflammatory factors, aggravate 
corneal injury, and a large number of inflammatory cells 
infiltrate and cause local hypoxia. Hypoxia inducible 
factor-1 is one of the important promoters of VEGF, which 
provides support for the continuous high level expression 
of VEGF. In the T2 group, the levels of VEGF, IL-1 and IL-8 
in the aqueous chamber were significantly reduced, 
which may be related to the TIMPs, IL-1ra, PEDF and other 
cytokines in the amniotic epithelial cells and mesenchyme 
cells [8,9]. At the same time, the amniotic membrane 
can achieve anti-inflammatory effect by reducing the 
chemokine’s of neutrophils, improve the surrounding 
environment of corneal tissue, reduce the occurrence of 
hypoxic environment, and further inhibit the expression 
of VEGF. It is indicated that the amniotic fluid can 
synergize the corneal neovascularization and reduce the 
inflammatory infiltration.

Matrix metalloproteinases are important proteases that 
affect the structure of collagen fibers, and are related 
to various tissue damage and repair. More than 90% of 
corneal tissue is the matrix layer, and collagen fiber is an 
important component to maintain the stable structure of 
stromal layer, and it is of great significance to ensure the 
properties and structure of collagen fibers. The changes 
of MMP content directly affect the pathological changes 
of corneal tissue. The stability of collagen fibers in corneal 
stromal cells plays an important role in maintaining hydro-
phobicity of corneal epithelium and corneal transparency.

Studies have confirmed that amniotic membrane may 
inhibit the activity of matrix metalloproteinase (MMP) 
by increasing the expression level of tissue inhibitor of 
metalloproteinase-1 (TIMP-1) in the cornea, thus inhibiting 
the action of corneal ulcer. Paterson et al.[10] confirmed 
that TIMP-1 plays an important role in inhibiting the 
occurrence and development of corneal ulcer. In this 
study, the contents of MMP-1, 2 and 9 in the T2 group 
were significantly lower than that in T1 group, and very 
significantly lower than group C. This is consistent with 
previous research results. This may be associated with 
MMP hydrolyzed substrate, because deep corneal ulcer 
will cause massive damage corneal stromal layer collagen 
fiber, in the case of inflammation, MMP enzymes are 
activated, release, involved in cell migration, the removal 
of the necrotic tissue and wound healing process [11]. In 
group C, the corneal healing was slow, and the cornea 
was in a high state of traction, while the high amplitude 
of traction caused MMP-2 to significantly increase, while 

inhibiting the expression of TIMP, affecting the corneal 
healing. After the conjunctiva coverage, the corneal tension 
was relieved, and the bFGF and other growth factors in the 
amniotic membrane accelerated the fusion of cornea and 
conjunctiva. Meanwhile, the anti-inflammatory action of 
amniotic membrane can improve the corneal environment, 
further reduce the activation of MMP enzyme, and 
achieve the important role of inhibiting corneal ulcer and 
accelerating corneal healing.

In the case of deep corneal ulcer, the integrity of corneal 
tissue is destroyed, and Herretes S [12] research shows that 
amniotic fluid can effectively reduce inflammatory cell 
infiltration in corneal tissue and inhibit the formation of 
new blood vessels. Corneal histopathological observations 
showed that the inflammatory cells in group C were 
significantly infiltrated, and the corneal stromal layer 
was disordered and the capillaries with more hyperemia 
were scattered. This was consistent with the results of 
significantly increased IL, VEGF and MMP in group C. There 
were capillaries between the conjunctiva flap and cornea 
in the T1 group, indicating that the healing was incomplete 
and the conjunctiva was not corneal. The hyperplasia of 
the corneal stroma indicates that the collagen fibers have 
not yet completed the repair of the corneal epithelium and 
corneal stromal layer, and the cornea debridement has not 
been completed. T2 group corneal thickness is moderate, 
vascular hyperplasia of only a small amount. Results show 
that amniotic membrane eye accelerated the supernatant 
points on the cornea of speed, reducing the inflammatory 
cell infiltration, at the same time by reducing the content 
of VEGF inhibition new angiogenesis, and to promote 
healing of corneal transparency has played a positive role.
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