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Introduction

The use of the advances in biotech-
nology to increase the effectiveness 
of treatment of animals with different 
etiological pathogenicity is one of the 
most promising approaches to veteri-
nary science and practice, especially the 
initiative results of experimental studies 
on the treatment of different animals 
through transplantation of mesenchy-
mal stem cells, which have not been 
used before.

The use of mesenchymal (mesen-
chymal, stromal) stem cells in veteri-
nary medicine for various eye patholo-
gies in animals is based on a sufficient 
scientific and methodological basis. De-
veloped methods for the selection of an-
imal bone marrow and isolation from it 
of mononuclear cell fractions with high 
proliferative activity allow to obtain the 
required number of mesenchymal stem 

cells as soon as possible and use them to 
stimulate reparative processes in patho-
logically altered eye tissues.

The method of treatment is extreme-
ly relevant because it solves an urgent 
issue, which is extremely important at 
present, as eye diseases among animals 
occupy from 40 to 80% in all species of 
animals, namely in small ones.

Analysis of recent researches 
and publications

Among the pathologies of the organ 
of vision, the leading place is occupied 
by inflammatory diseases, traumatic eye 
injuries. According to the domestic liter-
ature, the share of eye injuries accounts 
for more than 10% in the structure of the 
entire pathology of the organ of vision, 
with burns accounting for 8%. Of all 
eye injuries, the cornea accounts for up 
to 80% (Bothra & Arumugam, 2018).

Abstract. The results of studies on clinical cases of kera s in dogs of different 
e ology using measuring instruments and visual methods a er amnio c membrane 
transplanta on, which is the inner of the three amnio c membranes, transparent, 
avascular, developing from the fetal ectoderm and consis ng of the epithelial layer, 
located on the main membrane and connec ve ssue stroma. These results make it 
possible to analyze and further study the effect of allogeneic mesenchymal stem cells 
during amnio c membrane transplanta on for various defects of the eye in general, as 
well as corneas with ulcers of various e ologies.

Eye injuries and chemical burns are ophthalmic emergencies that require immediate 
diagnosis and treatment, as they can lead to deteriora on and loss of vision. Clinical 
manifesta ons of such burns are caused by exacerba on of the innate immune response due 
to the infiltra on of inflammatory cells and ac va on of stromal fibroblasts. New treatments 
are emerging that address restora ve mechanisms that improve the surface of the eye a er 
injury; for example, stem cell transplanta on has been successfully reported for this purpose. 

The main task of the study is to prove the effec veness of the amnio c membrane to 
indicate ac va on of prolifera on, stopping ssue apoptosis, reducing the ac vity of the 
inflammatory process, accelera ng epithelializa on and normaliza on of the corneal stroma, 
which leads to normal restora on of transparency without vasculariza on and turbidity. 

Keywords: clinical cases of keratoconjunc vi s, dogs of different breeds, 
mesenchymal stem cells, amnio c membrane transplanta on, corneal condi on
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Burns caused by various physical 
(thermal and radiation) and chemical 
(alkalis and acids) factors differ signifi-
cantly in the mechanisms of eye tissue 
damage but have a similar clinical pic-
ture, mainly due to the severity of the 
damage (Colombo & Melo, 2018).

Physiological regeneration of the 
anterior corneal epithelium is carried 
out by constant reproduction of cambial 
elements and their differentiation to the 
center by rapid migration from the pe-
riphery to the visual axis Complete re-
newal of the anterior epithelium occurs 
within 5–7 days. (Calitz, 2018; Gariani,  
2017; Gryshchenko et al., 2019)

But only 2% of corneal epithelial bas-
al cells have similar activity. Epithelial 
basal cells, being highly differentiated, 
are not capable of reproduction (Grysh-
chenko, 2018; Daniels et al., 2018).

There is also evidence that in some 
animals, corneal stem cells along with 
the limbus may be diffusely scattered 
throughout the corneal epithelium (Gula 
& Margitich, 2000). According to most 
researchers, normal corneal epitheliza-
tion is possible if at least half of the lim-
bal area is preserved (Melnychuk, 2019;
Sang-Chul, 2020). With complete lim-
bal insufficiency, the epithelialization 
of a cornea is possible only due to the 
conjunctival epithelium (Solís-Calero, 
2015; Starr et al., 2019).

Many studies have been performed 
on laboratory animals in the experiment 
and very little is known about the use of 
the amniotic membrane in clinical cases 
for dogs with different causes of injury. 
Therefore, studies in the direction of no-
sology of various eye pathologies in ani-
mals are very relevant today and require 
more extensive research in this area.

After severe injuries with the total de-
struction of the germinal zone of the lim-
bus, pannus develops, and in this case, 

the cornea is always permeated with 
blood vessels (Tomchuk, 2019). In ad-
dition, limbal cell failure contributes to 
the development of corneal defects after 
burns (Udut, 2013; Vlizlo et al., 2012).

The purpose of the study: to de-
termine the effectiveness of amniotic 
membrane transplantation for various 
injuries and pathologies of the cornea 
in spontaneous clinical cases, with the 
study of the regeneration of entire cor-
neal epithelium.

Materials and methods 
of research

The experimental study was car-
ried out on the eyes of dogs of differ-
ent breeds, with spontaneous cases of 
different injuries with different degrees 
and complexity, using the same trans-
plant material by the same technique. 

Control studies were performed on 
days 10, 20, and 30 of the experiment. 
Surgical interventions were performed 
on the basis of the veterinary clinic of 
the Nemishaevo Agricultural College. 
All procedures provided for in the study 
protocol were performed in accordance 
with the requirements of the European 
Convention for the Protection of Pets 
and Laboratory Animals (the Conven-
tion was ratified by the Law of Ukraine, 
No 578-VII (578-18) of 18/09/2013).

Fig. 1 shows dog eyes with different 
injuries:

1.1 Deep purulent keratitis (with 
white purulent infiltrate and vascular-
ization).

1.2 Keratomalacia of the cornea (af-
ter chemical burns, with immune-medi-
ated complications).

1.3 Subtotal corneal sequestration 
(congenital).

1.4 Pannus and plasma of the third 
eyelid (complicated by ehrlichiosis).
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1.5 Perforated septic corneal ulcer 
(as a result of mechanical trauma).

1.6 Herpesvirus epithelial dystrophy 
with pathological neovascularization of 
the cornea.

After surgical cleaning of the patho-
logical tissues, the prepared amniotic 
membrane was sutured with a purse-
string suture along the edge of the limbus 
(Polyamide 0007 thread), and the amni-
otic membrane extract was installed.

To assess the degree of inflammation 
and determine the extent of damage to 

the layers of the cornea, the following 
studies were used:

1. Fluorescein Seidel test (use of 
fluorescein dye, which indicates the 
degree of damage to the surface of the 
cornea). The degree of keratopathy was 
determined by the area and intensity of 
corneal staining with fluorescein. The 
cornea was divided into 5 segments (up-
per, lower, lateral, medial, and central), 
in each of which the degree of staining 
was assessed on a 3-point scale depend-
ing on the intensity of staining, where 

Fig. 1.1 Fig. 1.2  Fig. 1.3

Fig. 1.4 Fig. 1.5  Fig. 1.6

Fig. 2 Fig. 3
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0 points – no staining, 1 point – slight 
staining, 2 points – moderate color, 3 
points – pronounced color (Fig. 2–3). 

2. Tonometry in a non-contact way 
using a Tonovet veterinary tonometer, the 
norm was taken as an average of 15–23 
mm Hg, where 0 points – norm, 1 point 
–hypotension, 2 points – hypertension.

3. Evaluation by review according 
to the criteria (used the developed score 
scale). I. Isolation in the conjunctival 
cavity: 0 – absent, 1 – minor mucous, 
2 – pronounced mucous; II. The degree 
of conjunctival hyperemia: 0 – pale 
pink, corresponds to the physiological 
norm, 1 – slight c onjunctival hyperemia, 
2 – moderate conjunctival hyperemia, 
3 – severe conjunctival hyperemia; III. 
Corneal edema: 0 – no corneal edema, 
1 – mild local corneal edema in the area 
of inflammation, 2 – moderate local cor-
neal edema in the area of inflammation, 
3 – diffuse edema in the area of inflam-
mation with the transition to the sur-
rounding cornea; IV. Inflammatory infil-
tration: 0 – absent, 1 – single (not more 
than three) subepithelial infiltrates, 2 – 
multiple (more than three) subepithelial 
infiltrates, 3 – local drain infiltration of 
the cornea; V. Vascularization of the cor-
nea: 0 – absent, 1 – is within one square, 
2 – is within two squares; VI. Condition 
of the surrounding cornea: 0 – transpar-
ent, no corneal edema, 1 – transparent, 
moderate corneal edema, 2 – decreased 
transparency, diffuse corneal edema; 

VII. The state of the amniotic mem-
brane: 0 – the membrane is complete-
ly lysed, 1 – the membrane is partially 
lysed, 2 – the membrane is preserved; 
VIII. Degree of corneal opacity: 0 – ab-
sent, 1 – slight opacity, 2 – well-defined 
opacity,  3 – opaque over the entire plane.

4. Schirmer’s test (estimation of the 
amount of tear fluid using a test strip). 
A stopwatch was used. When evaluat-
ing the results, ≥15 mm (0 points) was 
considered the norm; from 5 to 10 mm 
– moderate insufficiency (1 point); ≤5 
mm – severe insufficiency of tear pro-
duction (2 points), from 15 to 35 mm 
– pathological tearing (3 points).

The obtained results (digital materi-
al) were processed statistically using the 
Student’s t criterion.

Results of the research 
and their discussion

In dogs, as a result of corneal injury 
and a long inflammatory process, there 
was purulent keratitis with white puru-
lent infiltrate and vascularization. Fig.  1 
shows the pathology at the time of the 
patient’s admission to the clinic, Fig.  1a 
– the result in 10 days after suturing the 
amniotic membrane and installation of 
the extract from its tissues. In Fig.  1b – 
after suturing of eyelids in 30 days, the 
restored transparent cornea with lobes 
of not completely lysed amnion tissues 
on edge of a limb is visible.

1 1а 1b
 b
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In Fig.  2, a dog after chemical 
burns with immune-mediated com-
plications, diagnosed with corneal 
keratomalacia. Surgical insertion was 
performed by the same method and in 
Fig. 2a and 2b you can see the process-
es that occur on the 10th and 20th day 
after suturing the amniotic membrane. 
And on day 30, a completely restored 
cornea and a fully lysed amniotic graft 
are clearly visible (Fig.  2c).

In Fig. 3, a dog with recurrent pan-
nus and plasma of the third eyelid is 
complicated by ehrlichiosis. Having 
performed the operation with trans-
plantation of the prepared amnion ac-
cording to the developed method in 
10 days, as can be seen from Fig. 3a, 
the area of corneal impression decreas-
es and by 20 days it is completely re-
stored, but with some corneal vascular-
ization (Fig. 3c). And on the 30th day, 

the cornea was restored almost over the 
entire surface of the cornea, with parts 
of non-lysed amnion along the edge of 
the limbus (Fig. 3c).

In Fig. 4, the dog was diagnosed 
with progressive, congenital subtotal 
corneal sequestration, and after surgi-
cal examination, an amnion transplant 
was installed (Fig. 4a), and as can be 
seen from Photo 4b and 4c, there are 
areas with completely transparent and 
restored layers of the cornea, and oth-
er vascularized ones require re-scaring 
and transplantation.

As a result of mechanical eye injury 
in Fig. 5, a perforated septic corneal ul-
cer was formed. After transplantation of 
the prepared amniotic membrane in 10 
days, Photo 5a shows the active process 
of cleansing from the depth of the ulcer 
and non-lysed amnion, and within 20 
days – its complete lysis with complete 

b

 2 2а

2b 2c
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3 3а

3b 3c

4b 4c
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healing of the ulcer and slight vascular-
ization. On the 30th day, you can see a 
completely restored cornea with a slight 
opacity in the area of damaged deep lay-
ers of the cornea.

In Fig. 6 – a patient with herpes-
virus epithelial dystrophy that caused 
pathological neovascularization of the 
cornea. In this case, only installations 
of amniotic membrane tissue extract 
using eye films were used (Fig. 6a), 
and already on the 20th and 30th day the 
restored surface of the cornea is visi-
ble, with almost no visible signs of vas-
cularization.

Table 1 shows the results of the as-
sessment of the state of damage by the 
evaluation criteria according to the de-
veloped scale for each study and sum-
marized in one numerical indicator for 
each patient with different clinical diag-
noses and different etiology of corneal 
damage in dogs.

10 days after amniotic membrane 
suturing in five cases out of six cri-
teria, there were improvements by 
50%, inflammatory tissue infiltration 
decreased, stroma edema decreased, 
clinical manifestations decreased, and 
only in congenital pathology no sig-
nificant changes occurred, only post-
operative corneal stroma edema in-
creased (Table 2).

On the 20th day after amniotic 
membrane transplantation, again in 
five clinical cases out of six, the re-
sults according to the criteria in total 
significantly improved, there was a sig-
nificant reduction in the inflammatory 
process, both in the conjunctiva and 
in the stroma of the cornea (Table 3). 
Significant lysis of the amniotic mem-
brane was visible in all cases, which 
was noticeable only in the limbus area. 
In all cases, there was a slight vascu-
larization and opacity of the almost 

b 5b 5c

5 5а
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restored corneal epithelial layer, but al-
most unchanged with the case of con-
genital pathology. 

On day 30, all patients had no epiph-
ora, the mucous membranes were pale 
pink (Table 4). The amniotic membrane 

  
6b 6c

6 6а

1. Assessment of the state of damage according to the criteria 
(on a scale) in the intact eye

Dogs with various corneal injuries
Evaluation criteria 1.1 1.2 1.3 1.4 1.5 1.6
Fluorescein test (FT) 2 3 3 0 3 1
Tonometry (T) 1 2 2 0 2 0
Discharge in the conjunctival cavity (TYPE) 2 2 2 0 2 2
Corneal stroma edema (NAB-C) 3 2 2 1 3 2
Inflammatory infiltration (INF) 3 2 3 0 2 2
Condition of the conjunctiva (CC) 2 3 2 0 1 1
Condition of the surrounding cornea (CORN) 2 2 2 0 2 2
Amniotic membrane (AM) condition - - - - - -
Corneal opacity (OPAC) 2 3 3 3 3 2
Corneal vascularization (VAS) 2 3 3 0 2 2
Schirmer’s test (SHT) 3 3 2 0 3 2
The sum of evaluation criteria 22 25 24 4 23 15
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was completely lysed, the integumentary 
epithelium of the cornea was not stained 
according to Seidel’s test, which indicates 
the restoration of the morphological struc-
ture without damage in six cases, but in 
two cases a slight residual opacity was 
observed, and in two others – he phenom-
enon of partial infiltration along the limb 

with minor nodules suture, and no chang-
es were observed with the case of congen-
ital pathology, but the place of transpar-
ency of the corneal epithelial layer was 
clearly expressed, in contrast to the initial 
acanthosis, corneal sequestration, which 
is well expressed in Photo 1.4 and Table 
5 in the column under the same number.

2. Assessment of the state of damage according to the criteria (on a scale) on day 10

Dogs with various corneal injuries
Evaluation criteria 1.1 1.2 1.3 1.4 1.5 1.6
Fluorescein test (FT) - - - - - -
Tonometry (T) 0 2 2 0 2 0
Discharge in the conjunctival cavity (TYPE) 1 1 1 0 1 1
Corneal stroma edema (NAB-C) 2 1 1 1 2 1
Inflammatory infiltration (INF) 2 1 2 0 1 1
Condition of the conjunctiva (CC) 1 2 1 0 0 0
Condition of the surrounding cornea (CORN) 1 1 1 1 1 1
Amniotic membrane (AM) condition 2 2 2 2 2 0
Corneal opacity (OPAC) 1 2 2 1 2 1
Corneal vascularization (VAS) 1 2 2 0 1 1
Schirmer’s test (SHT) 2 2 1 0 2 1
The sum of evaluation criteria 13 16 15 6 14 7

3. Assessment of the state of damage according to the criteria (on a scale) on day 20

Dogs with various corneal injuries
Evaluation criteria 1.1 1.2 1.3 1.4 1.5 1.6
Fluorescein test (FT) - - - - - -
Tonometry (T) 0 0 0 0 0 0
Discharge in the conjunctival cavity (TYPE) 0 1 1 0 0 0
Corneal stroma edema (NAB-C) 1 0 0 1 1 0
Inflammatory infiltration (INF) 1 0 1 0 0 0
Condition of the conjunctiva (CC) 1 2 1 0 0 0
Condition of the surrounding cornea (CORN) 1 1 1 1 1 1
Amniotic membrane (AM) condition 1 1 1 0 0 0
Corneal opacity (OPAC) 1 2 2 2 2 1
Corneal vascularization (VAS) 0 1 1 1 0 0
Schirmer’s test (SHT) 1 1 1 0 2 0
The sum of evaluation criteria 7 9 9 5 6 2
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Conclusions and future 
perspectives

It is established that after amniotic 
membrane transplantation for eye injuries 
of different genesis, proliferation processes 
are activated, tissue apoptosis processes are 
stopped, inflammatory process activity is 
reduced, which accelerates corneal stromal 
epithelialization and normalization, which 
causes a normal restoration of transparency 
without vascularization and opacity. 
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Анотація. Висвітлено результати досліджень кератиту в собак різної етіології в 

клінічних випадках за допомогою вимірювальних приладів та візуальних методів після 
трансплантації амніотичної мембрани. Вона є внутрішньою з трьох плодових оболонок, 
прозора, аваскулярна, розвивається з фетальної ектодерми і складається із шару 
епітеліальних клітин, розташованих на основній мембрані, і сполучнотканинної строми. 
Ці результати досліджень дають можливість аналізувати та в подальшому вивчати 
вплив алогенних мезенхімальних стовбурових клітин під час трансплантації амніотичної 
оболонки за різних дефектів ока загалом, а також рогівки з виразками різної етіології.

Серед патологій органу зору провідне місце займають запальні захворювання та 
травматичні пошкодження очей. За даними вітчизняної літератури, на частку травм ока 
припадає понад 10% в структурі всіх патологій органу зору, водночас, опіки становлять 
8%. З усіх пошкоджень очей на частку рогівки припадає до 80%. Опіки, спричинені різними 
фізичними (термічними й радіаційними) і хімічними (лугами й кислотами) факторами, 
значно різняться механізмами пошкодження тканин ока, але мають подібну клінічну 
картину, зумовлену в основному тяжкістю пошкодження.

Фізіологічна регенерація переднього епітелію рогівки здійснюється постійним 
розмноженням камбіальних елементів і їхнім диференціюванням до центру, стрімкою 
міграцією від периферії до зорової осі. Повне оновлення переднього епітелію відбувається 
впродовж 5–7 діб.

Основне завдання дослідження – довести ефективність застосування амніотичної 
оболонки, щоби вказувало на активізацію процесів проліферації, зупинку процесів 
апоптозу тканин, зменшення активності запального процесу, що прискорює епітелізацію 
і нормалізацію строми рогівки, що й зумовлює нормальне відновлення прозорості без 
васкуляризації та помутнінь. 

Ключові слова: клінічні випадки кератокон›юнктивіту, собаки різних порід, мезенхімальні 
стовбурові клітини, трансплантація амніотичної оболонки, стан рогівки


