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ABSTRACT

The aim of this study was to evaluate the effects of canine amniotic membrane, previously preserved in glycerin,
used as a patch on the repair of experimentally-made superficial corneal ulcers and to compare corneal epithelization
between the treated and non-treated groups. Xenogeneic amniotic membranes were collected aseptically and preserved
in 99% glycerin at room temperature. Each animal was anesthetized and submitted to superficial corneal keratectomy of
the left eye. The treated group received a fragment of canine amniotic membrane as a patch, while the control group had
no treatment. The treated group showed blepharospasm, ocular discharge and conjunctival congestion. The membrane
accelerated corneal repair in the beginning of the process, hoiuteladayed its conclusion (p<0.09)eated eyes
showed greater vessel formation and decreased corneal transparency (p<0.05). The stroma of the control group was
thicker than that of the treated group (p<0.9%g.suggest that amniotic membrane used in this manner can be applied
as a therapy for superficial corneal ulcers in the beginning phases of the repair process.
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RESUMO

Membrana amniética xendgena preservada, como bandagem, na reparacao de Ulcera de
cornea superficial em coelhos

O presente estudo teve como objetivo avaliar os efeitos da membrana amnidtica canina, preservada em glicerina,
usada como bandagem na reparacao de Ulceras superficiais experimentais de cérneas de coelhos e comparar o temp
de epitelizacdo das cérneas, entre 0s grupos tratado e coAfrateembranas foram colhidas assepticamente e
preservadas em glicerina 99%, em temperatura ambiente. Cada animal foi anestesiado e submetido a ceratectomia
superficial no olho esquerdo. O grupo tratado recebeu um fragmento de membrana amnidtica, como bandagem, e o
grupo controle ndo recebeu tratamento. O grupo tratado apresentou blefarospasmo, secrecao ocular e congestac
conjuntival A membrana amniética acelerou o inicio do processo de reparacao da cérnea, porém retardou sua conclu-
s80.As coOrneas tratadas demonstraram formacéo vascular e perda da transparéncia. O estroma do grupo controle
apresentou-se mais espesso do que o do grupo tratado. Sugere-se que a membrana amnio6tica, utilizada da forme
descrita, deva ser aplicada como terapia em Ulceras superficiais da cornea na fase inicial do processo de reparagéo.
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INTRODUCTION No 85-23: Revised 1985, in the light of the Niremberg

code (Goldim, 1995)
Corneal ulcers feature among the most common ocu- . . .
The preparation of the canine amniotic membrane

::edljfe ?r?(Ssselrlhic:gr?aagdtr?:ti'aﬂ((:sliliztr:;lvsf I;?égi'rt:féﬁowed guidelines from the literature (Pontes et al., 2010;
. v '9 _ Bhrros et al., 1998; Kim &seng, 1995), being aseptically
success (Whitley1991). Howeverit can become

: . AT collected from a healthy pregnant female dog carrying

complicated when the repair process is inhibited, when
- . nearly-born fetuses. The membrane was separated from

the cause has not been eliminated or the lesion beconhes . : . . .

. . . " . the chorion, cleaned with 0.9% sterile saline soldtain

infected (Kern, 1990). Persistent ulcerative keratitis, whic .

ra(ﬁom temperature and stretched on a nitrocellulose paper

does not respond to clinical treatment, requires SurglcW|th its epithelial surface facing up. It was then immersed

treatment. Th? main goqls - When surgery is apph_ed “8[Fa phosphate buffer solution containing 1000 Ul/mL of
corneal repairpreventing the ulcés progression,

rotecting corneal surface and avoidin stromeﬁeniC““n G 20pg/mL of streptomycin and 2.sg/mi of
(Fj)egenerat?on (Portnast al, 1989) g amphotericin B Finally, it was immersed on 99% glycetrin

. . . .and kept at room temperature for 30 days, for latter surgical
Biological membranes have been used in reconstructive . . X .
ophthalmologic surgeries. Reports on good results can %%e and microbiological analysis.

P ' Twenty-eight healthy adult New Zealand white rabbits,

found using autogemg, allogeneic and xenogene{/(\/:eighting 3.0 to 4.0 kg, were randomly divided into two
membranes on the repair of ocular surfaces after traumas.

- q ual groups of 14 animals each. The rabbits in the treated
Among these, amniotic membrane has shown great reS%Foup (TG) received the xenogeneic amniotic membrane
(Cremoniniet al, 2007; Kimet al, 2009; Pontest al, 2010).

L o ~_and the animals in the control group (CG) remained
The amniotic membrang’epithelium has especial group (CG)

. . . . . untreatedAll animals were kept in individual cages and
functions; for instance, anti-adhesive effect, bacteriostatic . .
. . . ed commercial food and wat@ihe 14 animals of theG
properties, lesion protection and effect on the L . . .
. . ) _ were randomly divided into six subgroups of 2 animals
epithelization process. It is also responsible for .
S : . . each, to collect the corneas. The collections took place
diminishing pain and lacks antigeniciéyen when

. on the # 29 7 15" 30" 60" and 18@ day after the
allogeneic and fresh (Azuara-Blanco, 1999). y

o : .sulgery The 14 animals of the CG were randomly divided
Amniotic membranes can be used in two ways in

ophthalmologic sureriesAs a araft. the membrane is sednto six subgroups, of 2 animals each, to collect the corneas
P gic swer grat, SUSEGn the # 20d 70 180 30", 60" and 180 day after the

as a scaffold for cell migration, becoming epithelized an
sugery.

then incorporated to the host tissue. For this, it should be Animals were sedated with acepromai@elmg/kg,

positioned with its ep|the.I|um faC|r_lg the outsides a |V) and 15 minutes later were anesthetized with tiletamine
patch, the membrane is used in order to restrain
and zolazepan{30mg/kg, IM).

inflammatory reaction while epithelization occurs under They were positioned on right lateral decumbent so
It, and so, the membrane epithelium must be position%je cornea was positioned parallel to the table, the

facing the wound surface (Deaal, 2004). : . .
. o . . periocular area was shaved and aseptically cleaned with a
In this research, clinical and histomorphometri . S .
0% povidone-iodine solution.

analysis were used to study the effects of canine amniotic On a sequence, the cornea, palpebral and bulbar

membrane previously preserved in glycerin at r(.)oné]?n]unct|vas were rinsed with a 0.5% povidone-iodine
temperature, used as a patch on the repair of, .. . . :

. . . .. Solution, followed by 0.9% sterile saline solution. The
experimentally-made superficial corneal ulcers in rabbits. . I . .
We also compared the period of time needed for corneea}iEba” was immobilized by two supporting sutures using

P P a, 3-0 nylod with needle at 6 o’clock and 12 o’clock

epithelization in animals treated with the membrane and__... . . . .
. ositions trespassing the bulbar conjunctiva at a distance
those that have not been treated with it and evaluated

0F0.5 cm from the limb. For the eyeball fixation, a Barraquer

period of time needed to complete corneal transparenc .
ocular speculum was used. The surgeries were made under

reestablishment and the occurrence of incorporation 0

the membrane by the host corneal tissue dsurgical microscope
y ’ Superficial keratectomy was made on the left eye of

MATERIALS AND METHODS each animal in both groups using a 5mm-diameter

The eXperimentS were preViOUS|y approved by thep indastria Farmacéutica Ltda., Séo Paulo, Brazil.
DVT/UFV Etth Committee prOtOCOI number 85/2006 m“ Ophthalmos Pharmaceutical Industry Ltda., Sdo Paulo, Brazil.

5 Glycerin, PA., Isofar Industry andrade in Chemicals Ltda., Rio de Janeiro, Brazil.

agreement with bioethical criteria followed by the vei indastria e comércio de Produtdsterinarios Ltda., Sao Paulo, Brazil.
Association for Research Wision and Ophthalmology  Virbac do Brasil, Sdo Paulo, Brazil

8 Ethicon®, Johnson & Johnson, Sao Paulo, Brazil.

(ARVO) and the National Institutes of Health Publicationspr —vasconcelos, MCThodel, line: MC-M222, S&o Paulo, Brazil.
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Preserved xenogenic amniotic membrane as a patch on the repair of superficial cornedlls

Castroviejo trephine at 2 o’clock position, 3mm from th@btained with a rotary microtome and stained with either
limbus. The resulting corneal fragment of 5.0mm in diamet&iematoxylin-eosin (HE) or Gomori trichrome (GT).
and 0.15mm tick was then excised. The operated eye Histological and histomorphometric studies were
received anesthetic drops of 4.0% lidocaine, at regular 2@rried out with a light microscope to evaluate corneal
minute-intervals during the procedure. epithelization, the membrane incorporation to the cornea,
In the treated group, a fragment of amniotic membranedema and presence of leukocytes, fibroblasts
previously rehydrated for 10 minutes in sterile salingroliferation and thickness of epithelium and stroma.
solution was positioned on the defect, with its epitheliaCorneal epithelization and membrane incorporation were
surface facing the cornea. The membrane was suturectlassified as absent, complete or incomplete; corneal edema
the cornea with separate 9-0 monofilament Ylsutures as present or absent and other variables according to
using a needle. The sutures crossed completely thigtomorphometric results (Aherne & Dunnill, 1982).
membrane but not the host cornea. Variables were submittedWilcoxon non-parametric
Post-surgery care included drops of 0.175% neomycitast, considering a significance levepeD.05. Dichotomic
10.000 UI/mL of polymyxin B and 400 Ul of bacitracin (Lvariables were compared in contingence tables and
drop, 6 houinterval for 7 days)Analgesia also included analyzed using chi-squared test, ghs®.05 (Sampaio,
morphiné* (0.3 mg/kg, subcutaneously in a 6 hour-intervat002).
for 3 days)All animals were kept in individual cages using
Elizabethan collars until complete corneal eplthellzatanESULTS
Sutures removal occurred on tHeday after surgery;
for this, animals were sedated using aceproméaZine Blepharospasm was present until thedy in three
(0.1mg/kg, IV) followed by corneal anesthesia with 4.0%nimals of the control group (CG) and until tHed@y in
lidocaine drops. twelve animals of the treated group. Statistical analysis
Blepharospasm, ocular discharge, conjunctivadhowed that it was significantly greate«.05) in animals
vascular congestion, corneal vascularization and tlod the treated group (TG) until thé @lay after sugery.
presence of the membrane were clinically evaluated afdom the 10 day forward, no significant differenqe<Q.05)
classified as present or absent, by direct illumination artween groups was found, being absent in all animals
slit lamp biomicroscopy. Daily examinations started 24 (Figure 1).
hours after swgery, on the first 7 days, then on 48 hours- Ocular discharge was seen until théday after
intervals for another 7 days and then on 96 hours-intervalgrgery in five animals of the CG and until thé tiay in
until 180 days after sgery. Fluorescein coloring test was all animals of thd G. Satistically, it was greatenp<0.05)
daily applied, beginning 48 hours after surgery anth TG animals but, from the T4ay on, this difference
classified as positive or negative. was not observed between the groups, being absent in all
Cornea and implant opacity were classified as abseahimals (Figure 2). Conjunctival vascular congestion was
discrete when in nebula and severe, when in leukoma.present until the'8day in ten animals of the CG and for 15
The two animals of each subgroup were submitted ttays in all animals of tHEG. Satistically, it was greater
euthanasiaon 1, 2,7, 15, 30, 60 and 180 days aftgrgur (p<0.05) inTG animals until the I'5day after sugery.
using first sedation with acepromazine (0,1 mg/kg/IV)From the 18 day, it was not significantg<0.05) between
After fifteen minutes, they received sodium thiopéftal groups because, after days 4 and 15 afteyesyiit was
through the same pathway in a dose sufficient to causbsent in the control and the treated groups, respectively
respiratory and cardiac failure. Only then, 5 mL ofFigure 3).
intravenous potassium chloridevas administered. For the clinical identification of the epithelization,
The operated eye was then enucleated and fixedfinorescein staining showed positive results for longer
Bouin solutionAfter a 24 hour fixation period, the samplestime in animals of the treated group than in the control
were immersed in 70% alcohol solution and cugroup. In theTG, positive tests were recorded during 23
longitudinally in such way that the cornea was privilegediays after surgery in one animal, 24 days in another and
After dehydration and diaphanization, the samples wepg days in a third one. In the OBe fluoresecin test was
then infiltrated in paraffin. Sections 4 um thick wergositive only for one animal, lasting for 12 days. Other
animals in the CG showed negative results before 12 days.

19 Micro Nylon®, Microsuture, Sao Paulo, Brazil. No significant difference was found in the first 8 days

11 Dimorf®, Cristalia Pharmaceutical Products, Sdo Paulo, Brazil. after Sugery Fi—om the g tO the 231 day after SLgery

12 Acepran®, Univet, Sdo Paulo, Brazil. : . .

13 SL-15 Portable Slit Lamp®, Kowaokyo, Japan. there was significant differencp<0.05) between groups

1B“Thli|opentax®, Cristalia Produtos Quimicos Farmacéuticos, Sdo Paulo, and from the zn_day on there was not any Significant
razil. ’ ’

1s |sofarma, Ceara, Brazil. difference p<0.05) (Fig.4).
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Note: clinical finding assigned as 1= present and 2= absent.
Figure 1.Graphical representation of mean values attributed to blepharospasm in rabbits treated with the amniotic membrane (TG)
and control group (CG), after experimental superficial keratectomy
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Note: clinical finding assigned as 1= present and 2= absent.
Figure 2. Graphical representation of mean values attributed to ocular dicharge in rabbits treated with the amniotic membrane (TG)
and control group (CG), after experimental superficial keratectomy
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Figure 3. Graphical representation of mean values attributed to conjunctival hyperaemia in rabbits treated with the amniotic
membrane (TG) and control group (CG), after experimental superficial keratectomy
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Figure 4. Graphical representation of mean values attributed to fluorescein coloring test in rabbits treated with the amniotic
membrane (TG) and control group (CG), after experimental superficial keratectomy
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Figure 5. Graphical representation of mean values attributed to corneal vascularization in rabbits treated with the amniotic membrane
(TG) and control group (CG), after experimental superficial keratectomy

Corneal vascularization was clinically visualized frontells weren’t found in areas of the cornea without lesion
the 4" day after sigery and persisted for 54 daysli@. In  in both groups. In th&G, these cells were found only
the CGit did not occurSatistically there was no significant surrounding the sutures and in great number associated
difference p<0.05) between the groups until the day to the membranes (Figures 7 and 8).
after sugery Between days 5 and 30 aftergamy there The number of fibroblasts was greater in TG animals
was significant dierence [(<0.05). From the 30day no (Table 2)Their proliferation was seen in one animal on day
significant differencef<0.05) was found between groups7 and in six animals on days 15, 30 and 60 aftelesyrin
(Fig.5), with the regression of vesselJ @& the CGthese cells were seen in four animals at 15 and 30

The clinical evaluation of the control group showedlays and in one animal at 60 days after surgery (Figure 9).
that there was no corneal opacity from day 4 to day 13 In both group, corneal edema was seen in all animals
after sugery. From then, nebula occurred, persisting foonly in the first and second days aftergary In these
the rest of the observation period. The corneas thahimals, corneal epithelization was not detected by
received amniotic membrane showed nebula from the filsistology
day after the procedure, remaining with such intensity for Histomorphometric evaluation of corneal thickness
15 days the most. Leucoma occurred in 7 animals in thi$§ TG animals showed no significant difference (p<0,05)
group, showing regression to nebula in 6 of these animdlstween normal and wounded stromal{ies 3 and 4).
(figure 6). The mean value of normal corneal stroma was 457.5 um

Histology showed that amniotic membrane was nand of wounded stroma was 470 um. The control group
incorporated to the host corneas. Epithelization began presented significant difference between normal and
the second day in TG while in control animals it startedlounded areas of the stroma, but not between the same
only on the ™ day However epithelization was still areas of the epithelium (p<0,05). The means of normal
incomplete on days 7 and 15 in treated animals, while @orneal stroma in this group was 285.7 um and in
control ones it was almost complete. wounded area was 300.0 um. In normal corneal epithelium

The number of neutrophils invading corneal stroma dhe mean was 30.0 pm and in wounded area of epithelium
the animals in CG was greater thaf(d (Table 1) These was 29,0 um.
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Note: clinical finding assigned as 1= absent, 2=nebula, 3=leukoma.

Figure 6. Graphical representation of mean values attributed to corneal opacity in rabbits treated with the amniotic membrane (TG)
and control group (CG), after experimental superficial keratectomy
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DISCUSSION dispharge and persistent conjunctival goqgestion in TG
animals suggest a response to the amniotic membrane, as

It is accepted that the sutures were responsible f@fvas xenogeneic and preserved in 99% glycerin.
blepharospasm as its resolution occurred after the sutures’ Ocular discharge in CG animals occurred as expected
removal on the'Tday after surgery (Barr@s al, 1998). in a corneal ulcerative process as a response to the
Additionally, blepharospasm lasted longefi@ animals  stimulus of globet cells (Kern, 199@)though less intense
because of the delayed wound healing in this group. in these animals, conjunctival vessels congestion occurred

It is known that amniotic membrane is not antigenigue to the trauma caused by supporting sutures applied
when used as a homologous transplant (Trelford &uring sugery to immobilize the eye ball. 'G, congestion
Trelford-Sauderl979). Inflammatory inhibitors are presentoccurred due to the same reason, but its persistence until
on epithelium cells of fresh amniotic membrane (ldao the 1% day after surgery was a result of inflammatory
al., 2000). Therefore, the occurrence of mucous ocul@saction and the delayed corneal repair process.

Table 1.Results, over 180 days, from the chi-squared test for polymorphonucleated present in the stroma wounded area from the
animals treated with amniotic membrane (TG) and control (CG) after experimental superficial keratectomy and quantification by
histomorphometry

Groups Points with PMC* Points without PMC Total NCP**
Total % Total %

CG 542 1.3 4146 98.7 4200

TG ov 0.0 4200 100.0 4200

Note: different letters in the same column indicate a significant difference at 5% of probability level. TG: group treated with amniotic
membrane patch; CG: clinical treatment.

* PMC - Polymorphonucleated cells.

** NCP - Total number of counted points.

Figure 7. Photomicrograph of rabbit corneal stroma of the treateigure 8. Photomicrograph of rabbit corneal treated epitelium
group 24 hour after superficial keratectomy and treatment wiffthin arrows) and amniotic membrane (large arrow). Note the
canine preserved amniotic membrane. Note the presenceirgffammatory cells on amniotic membrane. (1000x — GT).
polymorphonuclear cells (thin arrows) around suture (large

arrouw). (1000x - GT).

Table 2.Results, over 180 days, from the chi-squared test for fibroblasts present in the stroma wounded area from the animals treated
with the amniotic membrane (TG) and control (CG) after experimental superficial keratectomy and quantification by histomorphometry

PCF* PWFE**
Groups NCP***
Total % Total %
GC 615 14.6 3585 85.4 4200
GT 1012 24.1 3188 75.9 4200

Note: different letters in the same column indicate a significant difference at 5% of probability level. TG: group treated with amniotic
membrane patch; CG: clinical treatment.

* PCF - Points containing fibroblasts.

* PWF - Points without fibroblasts.

*** NCP - Total number of counted points.
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In TG animals, the amniotic membrane acted restraining
inflammatory cells on its surface and had an important
role in wound protection, acting as a bandage; control
corneas were invaded by inflammatory cells. It is possible
that interleukins from lachrymal film and inflammatory cells
did not bind to keratinocytes in stroma of TG animals in
the same intensity as they did to these cells in CG animals.
It is suggested that, as a result, keratinocytes in treated
corneas underwent apoptosis in less intendihe
remaining keratinocytes started to proliferate and migrate,
beginning an earlier corneal repair (Cassatella, 1\885;
sonet al, 2001).

Vascularization results indicate that amniotic
membrane previously preserved in 99% glycerin at room
Figure 9. Photomicrograph of rabbit corneal stroma of the treatddgMPerature may have lost its anti-angiogenic properties.

group 30 days after superficial keratectomy and treatment withdditionally, the delayed epithelial repair may have
canine preserved amniotic membrane. Note the presencecgintributed to the chronic signsTits animals. In the CG

fibroblasts and vascularization (arrow). (GT —400x). the repair process occurred faster and no vascularization
was observed.
Table 3— Mean values (um) of corneal stomal and epithelium Corneal opacity can be attributed to the presence of

thicknesses of rabbits treated with the amniotic membrane (Tﬁ)e amniotic membrane, the delayed repair process and

after experimental superficial keratectomy and measuremeq}_? timul to v | growth in the n
by histomorphometryover 180 days € s ulus essel gro cornea.

Vascularization allowed the deposition of granulation
tissue and the formation of a scar; this last one was more
Normal area 457.3 42.3 dense and opaque in the treated corneas. In thétCG
Wounded area 470.0 41.0 occurred without vascular formati¢®latter & Dietrich,
Note: same letters in the same column indicate no significarz(_)o?). The animals were observed up to 180 days after
difference by the Wilcoxon test at 5% of probability level. TG: f | . luati
group treated with amniotic membrane patch. surgery for corneal opacity evaluation.
The hydrophilic character of stromal collagen and

Table 4— Mean values(m) of corneal stomal and epithelium mucopolysaccharides influence water entrance in the
thlckr_lesstesl of r?t_)blnks |r; ctontrol group (CG) atftebE:ornea while the epithelium acts as a barrier (Slatter &
experimentalsuperficial keratectomy and measurements by,. . .
histomorphometryover 180 days .bletr-lch, 2(.307)..In the.pre.sent stl,!dyiema occurred only

— in animals in which epithelial repair was absent. The results

Sroma (um)  Epithelium (um)  yeyeal no differences between groups.

Normal area 285.7 30.0 Edema and invasion of inflammatory cells give rise to
Wounded area 300.0 20 an increase in stroma thickness (Spent@96); which
Note: different letters in the same column indicate a significa xplain r r mean value for stromal thickn fth
difference by the Wilcoxon test at 5% of probability level. CGr;é plainsag eat[e ca . alue for stromal thic ess.o the
clinical treatment. wounded area in CG animals. The treated group did not
show a significant inflammatory cells invasion except

. ) L around the sutures.
The non incorporation of amniotic membrane to the

host corneas confirms thf';lt the membrarmjnhellum CONCLUSION
promotes wound protection and has an anti-adhesive
effect, also reported by other authors when the membranesBased on these results and according to the criteria of
were used as a patch (Azuara-Blanco, 1999). this research, it can be concluded that amniotic membrane
Histology results confirm clinical ones. Fluoresceimpreserved in 99% glycerin and used as a patch was
staining indicated that the implant delayed théeneficial in the initiation of tissue repaaccelerating the
epithelization development. Similar observations werkeginning of the process, protecting the cornea and
reported when comparing fresh with glycerin preservesstraining polymorphonucleated cells. Nevertheless, it
amniotic membranes (Sampaéb al, 2006).Authors delayed its later phases. Therefore, we suggest that the
reported that amniotic membrane, preserved in -80°C aci@ahniotic membrane used in these conditions can be
sequestrating lymphocytes and blocking their entran@pplied as a therapy for superficial corneal ulcers in the
in corneal stroma (Shimuet al, 2001). initial phases of repair process.

Sroma (um) Epithelium (pm)
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