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Abstract. The results of studies on clinical cases of keratitis in dogs of different
etiology using measuring instruments and visual methods after amniotic membrane
transplantation, which is the inner of the three amniotic membranes, transparent,
avascular, developing from the fetal ectoderm and consisting of the epithelial layer,
located on the main membrane and connective tissue stroma. These results make it
possible to analyze and further study the effect of allogeneic mesenchymal stem cells
during amniotic membrane transplantation for various defects of the eye in general, as
well as corneas with ulcers of various etiologies.

Eye injuries and chemical burns are ophthalmic emergencies that require immediate
diagnosis and treatment, as they can lead to deterioration and loss of vision. Clinical
manifestations of such burns are caused by exacerbation of the innate immune response due
to the infiltration of inflammatory cells and activation of stromal fibroblasts. New treatments
are emerging that address restorative mechanisms that improve the surface of the eye after
injury; for example, stem cell transplantation has been successfully reported for this purpose.

The main task of the study is to prove the effectiveness of the amniotic membrane to
indicate activation of proliferation, stopping tissue apoptosis, reducing the activity of the
inflammatory process, accelerating epithelialization and normalization of the corneal stroma,

which leads to normal restoration of transparency without vascularization and turbidity.

Keywords: clinical cases of keratoconjunctivitis,

dogs of different breeds,
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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).
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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 (Solis-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

Fig. 2

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. 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). 1. 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 conjunctival 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; I'V. 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.
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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 10™ and 20™ 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 echrlichiosis. 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. 3¢). And on the 30" 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
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healing of the ulcer and slight vascular-
ization. On the 30" 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 20" and 30" 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 20™ 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
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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 | 12| 13|14 ]| 15] 16
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

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
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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 | 12|13 | 14| 15] 16
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

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.

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 12|13 |14 ]| 15] 16
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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4. Assessment of the state of damage according to the criteria (on a scale) on day 30

Dogs with various corneal injuries

Evaluation criteria .1 | 12| 13|14 ]| 15] 16
Fluorescein test (FT) 0 0 0 0 0 0
Tonometry (T) 0 0 0 0 0 0
Discharge in the conjunctival cavity (TYPE) 0 0 1 0 0 0
Corneal stroma edema (NAB-C) 0 0 0 1 0 0
Inflammatory infiltration (INF) 0 0 0 0 0 0
Condition of the conjunctiva (CC) 0 1 1 0 0 0
Condition of the surrounding cornea (CORN) 0 0 0 1 0 0
Amniotic membrane (AM) condition 0 0 0 0 0 0
Corneal opacity (OPAC) 1 1 0 2 1 0
Corneal vascularization (VAS) 0 0 0 1 0 0
Schirmer’s test (SHT) 0 0 1 0 0 0
The sum of evaluation criteria 1 2 3 5 1 0
5. Summary information on the sums of evaluation criteria
Dogs with various corneal injuries
The sum of evaluation criteria 1.1 | 12| 13|14 ]| 15] 16
For the period of pathology 22 | 25 | 24 4 23 15
10 days after 13 16 15 6 14 7
20 days after 7 9 5 6 2
30 days after 2 5 0

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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AHomauyisa. BucsimneHo pesynemamu 0ocnidxeHos Kepamumy 8 cobak pi3Hoi emionoaii 8
KAIHIYHUX 8UNadKax 3a G0MOMO20t0 8UMIPIOBAALHUX Npuaadie ma ei3yanbHUX memodis nicns
mpaHcnaaHmauii amHiomu4Hoi membpaHu. BoHa € 8HympiWHb0t0 3 MPbOX M70008UX 0O0/I0HOK,
Mpo30pa, aBACKYAAPHA, PO3BUBAEMbCA 3 (hemasnbHOi eKmooepmu | ckaadaemeca i3 wapy
enimenianbHUX KAIMUH, po3mMawo8aHux Ha OCHOBHIl MeMOpPaHi, i cnony4YHOMKAHUHHOI Cmpomu.
Ui pesynbmamu 0ocnidxeHb 0arome MOMAUBICMb aHAAI3y8amuU ma 8 nodanswomy sus4yamu
8/1/1U8 A/102€HHUX ME3EHXIMaAbHUX CMosbyposuX KAIMUH rid Yac mpaHcnaaHmayii amHiomuyHoi
0060/10HKU 30 pi3HUX OeheKmie OKa 3020710M, @ MAKOMC PORIBKU 3 8UPA3KAMU pi3HOT emiosnoeii.

Ceped namonoeili opaaHy 30py nposioHe micye 3alimaroms 3anasnbHi 30X80pHOBAHHA mMa
mpasmamuyHi TowWKoOxeHHs o4ell. 3a OaHUMU 8iMYU3HAHOI Aimepamypu, Ha 4aCMKY MPABM OKd
npunadae noHad 10% e cmpykmypi ecix namosoeili op2aHy 30py, 800HOYAC, OMiIKU CMAHOB/AAMb
8%. 3 ycix nowkKoOdxeHb oveli Ha Yacmky pozieku rpurnadae 0o 80%. OniKu, cApu4uHeHi pisHUMU
izudHUMU (mepmiyHUMU U padiayiliHumu) i ximiyHumu (nyeamu G Kucaomamu) pakmopamu,
3HAYHO PI3HAMbLCA MEeXaHI3MamMU MOWKOOMEHHA MKAHUH OKa, asne marome nodibHy KaiHidHy
KapmuHy, 3yMo8s1eHy 8 OCHOBHOMY MAMKICMIO MOWKOOHEHHH.

dizionoziyHa pezeHepayia nepedHbLo20 ernimenito pozieku 30ilicHEMbCA nocmiliHUM
PO3MHOMCEHHAM KambianbHux enemeHmis i ixHiM OugepeHyito8aHHAM 00 yeHmpy, CMpiMKoo
miepaujiero 8i0 nepudpepii 0o 30posoi oci. losHe 0HOBMAEHHA NepedHbo20 ernimennito 8i0bysaemocsa
enpodosx 5—7 0i6.

OcHoBHe 3a80aHHA 00CIOHEHHA — 0oBecCmuU egheKmusHiCmb 30CMOCY8AHHA AMHIOMUYHOI
060710HKU, WoObU B8KA3ysasn0 HA aKkMuei3auito npoyecie nposnigepauii, 3ynuHKy npouecie
arnonmosy MKAaHUH, 3MeHWeHHA aKMU8HOCMI 3araabHO20 NPOYECY, U0 MPUCKOPHOE enimenizayjio
i Hopmanisayito cmpomu poeieku, wo U 3ymMoesntoe HopmasbHe 8i0HOBAEHHA Mpo3opocmi be3
8aCKy1ApU3ayii ma MomMymHiHe.

Knrovoei cnoea: KniHivHi 8UNAOKU KepamoKOHOHKMuUBImy, cobaku pizHUX rnopio, me3eHXimarnsHi
cmoebyposi KAimuHU, MpaHcrAaHmMayis aMHiomu4yHoi 060/10HKU, CMAH pozieKu
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