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ABSTRACT. Ocular chemical burns are among the most critical and true ocular emergencies in dogs and cats, with
destructive consequences on the ocular surface and intraocular tissues. Platelet alpha granules are an important reservoir
of growth factors that can stimulate chemotaxis of inflammatory cells, mitosis, migration and differentiation of cells. On
the other hand, tetracyclines and their derivatives exhibit non-antimicrobial properties, such as affecting inflammation,
immunomodulation, cell proliferation and angiogenesis. The objective of this study is to investigate the effect of intras-
tromal platelet rich plasma (PRP) in combination with oral doxycycline in the healing process of the cornea. Thirty six
New Zealand rabbits were used in this experimental study. Alkali burns were created by applying a round filter paper
soaked in NaOH. PRP was prepared by centrifugation of autologous blood. The rabbits were allocated to four groups
(9 animals each). Group 1 served as the control group without any treatment. Group 2 received doxycycline (5 mg/kg
b.w.) orally once a day throughout the study. Group 3 received an intrastromal injection of PRP (0.5 ml) in the cornea,
and group 4 received intrastromal PRP combined with oral doxycycline. Treatments had varied levels of success, with
PRP combined with oral doxycycline producing the best results regarding corneal healing. Animals in the control group
had epithelial defects for the whole duration of the study, and 3 animals presented corneal perforation. Groups 3 and 4
had smaller mean defect area, compared to groups 1 and 2. On the 7th day, neovascularisation was lower in treatment
groups compared to the control group. Groups 3 and 4 also had less corneal oedema compared to the control group on
day 3 and 7. Group 4 exhibited the best wound healing, with less neovascularization and better collagen arrangement,
as shown by the histopathological evaluation. To the authors’ knowledge this is the first experimental study that intra-
stromal PRP is combined with oral doxycycline for the management of corneal chemical burns. This combination is a

simple, safe and economical therapeutic approach that promotes corneal healing.

Keywords: Platelet rich plasma, PRP, doxycycline, corneal alkali burn, cornea

IMEPIAHYH. To ymuké eykadpato Tov KEPUTOEISOVE CVYKATOAEYOVTOL OVAIEGH GTO T1O0 coPapd emsiyovra
0Q0aALOLOYIKE TTEPLOTATIKA, EVD CLYVE £XOVV KATAGTPOPIKA amoTeAéSHATO Yo TNV dpaoctn Kat Tov BoAfo. Xta
0-KOKK{0 TOV OUOTETOM®OV VTAPYOVY PEYOAES TOGOHTNTEG OLENTIKOV TAPAYOVI®OV, TOV EAEYYOLV TN yMUEloTOio
TOV QAEYHLOVOOI®MY KLTTAP®V, TN WTOON, TN KETOVACGTELOT Kol TN dl0poporoinon TV kuttdpov. Exmiéov, ot
TETPAKVKAIVEG KOl TOL TAPAY®OYA TOVG EXNPEALOVY T PAEYLLOVY], THV 0VOGOPLOLLGT), TOV KVTTAPIKO TOAAATAAGLOGHO Kot
TNV OYYELOYEVEDT). TNV TOPOVGH LEAETN SlEPELVNONKE TEPANATIKG 1 EMIOPACT) TOV EUTAOVTICUEVOV GE OLOTETAALL
nAaopotog (PRP) yopnyolpevov evéootpouatikd, 6€ GUVOVAGUO HE GLUOTNUATIKG yopnyobuevn do&ukvkiivn e
ANUIKA EYKODUOTO KEPATOEWOOVG G€ KOVikKAovG. Xpnoipomomnkay cuvolikd 36 kdvikhot Néag Zniavdiag. e dha
T TEPOUATOLMO TPOKANONKE YMIKO EYKAVUA LE TNV €QPAPUOYNH dNONTIKOD YapTod SOUETPOV 6 MM EUTOTIGUEVO
pe NaOH o710 kévipo tov kepatogidovg. H mopackevr tov PRP £ywve petd amd guyokévipnon ovtdAoyov oipoTtog.
Ta mepapatdloa yopiomkov oe 4 opddeg Tov 9 (dov. v opdda 1, n omoia amotelovoe v opdda gréyyov, dev
d00MKe Koo PAPUAKEVTIKN oy@y”. Xtn opdda 2 yopnyndnke do&vkuihiviy ot d6on tov 5 mg/kg, nuepncing and To
otopa. Xtn opdda 3 €ywve gvdootpopatikny yyvon 0,5 ml PRP kot oty opdda 4 €ywve evdootpopotiky Eyyvon PRP
Kot TapdAAnAa yopnynOnke do&ukvkdivn (5 mg/kg). Ot opddeg mov EAafav Bepamevtikn aywyn mapovsiocay Pertimon
o€ UEPIKEG OO TIG TAPAPETPOVG OV EAEYYONKAY, VD M opdda mov EAafe cuvovacpd PRP kot do&uivkdkivng gixe v
KaAvTEPN €EEMEN GTNV ETODAMOT TOL KEPATOELOOVG. LVYKEKPIUEVO, TO, TEPOUATOLMO TOV AVIKOY GTHV OUAda ELEYYXOV
elyav eEMLEIOTO GTOV KEPATOELDN 0 OAN TN OLAPKELN TOV TEWPAUOTIGHOV Kot 6€ 3 amd avTtd mapatnpndnke didTpnon
oV KEPATOEWOVS. Ot onddec 3 kot 4 mopovsiocay EAAEIUUATO KEPOTOEWOOVG LE HKPOTEPT EKTOOT GE GYEON HE TIC
opadeg 1 ko 2. Ty 7m pépa PETE TNV TPOKANGOT TOL YNLUKOD EYKAVUATOS, 1) VEOUYYEIMGT NTOV UIKPOTEPNG EKTAONG
oT1S opddeg mov Ehafav BepamevTIK Ay®YN CLYKPITIKA [E TNV opdda eA&yyov. ZTic opuddeg 3 kou 4 mapartnpnonke
AMyoTEPO O1OMLOL TOV KEPATOEWOVE G GYéom He TNV opdda eAEyyov Vv 31 kot 71 pépa. Xtnv opddo 4, cOUP®VO [
To gupNuato TG totomafoloyikng eEétaong, mopatnpnOnKe KaADTEPT ETOVAMGOT TOV KEPUTOEBOVE, HE UIKPOTEPNG
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€Ktaomng veoayyeimon kat KaAvtepn didtaén TV wvov tov KoAdaydvov. H mapovoa epyacio amoteiel v mpd)

TMEWPAUOTIKY LEAETN TNG EVOOSTPOUATIKNG Yopnynons PRP oe cuvdvacud pe cuotnuatikd xopnyovuevn doEukuikiivn

Yo TNV OVTIUETOMIOT EVOG YMNUKOD €YKODUOTOS KEPATOEWOVG. O GUVELOOUOC 0LTOG amOTEAEL Lot OTAT, AGQAAN KoL

OTOTELEGLOTIKT OEPOTEVTIKY TPOGEYYIOT], TOV TPOAYEL TV ETOVAMGT] TOV KEPUTOELDOVG.

Keywords: TTAGopa eumhovticpévo og atponetdie, PRP, do&ukvkdiv, 0AKoAMKO £yKOvo KEPATOEIOO0VS, KEPUTOEIONG

INTRODUCTION

cular chemical burns represent potentially

blinding ophthalmic injuries in humans (Dua
et al., 2001), and could be among the most critical
and true ocular emergencies in dogs (Christmas,
1991) and cats (Senel and Ergin, 2014). Alkali burns,
that can be caused by ammonia, lye or potassium
hydroxide (McCulley, 1987), are more common than
acid ones since alkalis are components of commonly
used cleaning products and civic construction
materials (Wagoner, 1997; Williams et al., 2002;
Busse et al., 2014), with soaps being the most
common source in dogs and cats (Christmas, 1991).

Alkali agents can cause severe damage to the eye,
as they have both hydrophilic and lipophilic prop-
erties, allowing them to quickly penetrate the cell
membranes and enter the anterior chamber (Dua et
al., 2001). The damage to the cornea is related to pH
change, ulceration, proteolyses and collagen synthesis
defects. Alkalis are deposited within the ocular sur-
face and can cause saponification reaction. Besides,
the damaged tissue secretes proteolytic enzymes as
part of an inflammatory response, which leads to
further damage (Singh et al., 2013). Moreover, the
production of free radicals has been implicated in the
pathogenesis of an alkali burn cornea damage and
the cornea becomes more susceptible to the harmful
effects of reactive oxygen radicals (Gunay et al.,
2015).

After an ocular chemical burn, in dogs, the pre-
senting sings include blepharospasm, conjunctival
hyperaemia, chemosis and conjunctival ischemia in
injured areas (Busse et al., 2014). Other symptoms
include tear film deficiency, corneal neovasculariza-
tion, ulceration and uveitis (Christmas, 1991). Limbal
stem cell deficiency is also noticed, if the damage of
the corneal and conjunctival epithelium involves the
limbus. The loss of goblet cells and inflammation
of conjunctiva can result in tear film inadequacy. In

addition, if the alkaline material penetrates the ante-
rior chamber, the result may be cataract formation,
and damage of the ciliary body and the trabecular
meshwork (Singh et al., 2013). In general, chemical
injuries of the cornea are followed by four phases:
immediate, acute, early reparative and late reparative
(McCulley, 1987). Limbus loss, inflammation and
neovascularization take place during the acute phase
and the clarity of the cornea is compromised by the
slow epithelialisation, the persistent ulceration, cor-
neal perforation and neovascularization (Kuo, 2004).
In this phase, anti-inflammatory and anti-angiogenic
treatments, as well as treatments that promote corne-
al healing are proposed (Bakunowicz-tazarczyk and
Urban, 2016).

Various medical means such as sodium hyaluronate
1% (Chung et al., 1996), autologous serum (Salman
and Gundogdu, 2010; Gunay et al., 2015), mesen-
chymal stem cells (Almaliotis et al., 2015), amniotic
membrane therapy (Fish and Davidson, 2010), and
platelet rich plasma (PRP) (Marquez-de-Aracena et
al., 2007; Khaksar et al., 2013) have been proposed
for the promotion of the biological healing process
after a chemical burn. Furthermore, several collage-
nase inhibitors have been studied for the management
of chemical burns, such as acetylcysteine (Khaksar et
al., 2013), EDTA, synthetic peptides, tetracyclines,
sodium citrate, cysteine (Burns et al., 1989), aprotinin
(Stuart et al., 1989), ascorbic acid (Levinson et al.,
1976) and citric acid (Pfister et al., 1988). Also a vari-
ety of anti-angiogenic agents have been recommend-
ed for the prevention of corneal neovascularization
including steroids (Crum et al., 1985), angiostatin
(Ambati et al., 2002), methotrexate (Joussen et al.,
1999) and ascorbic acid (Peyman et al., 2007).

Healing of the cornea after a trauma is a complex
biological process, in which growth factors play a
critical role (Schultz et al., 1992). Corneal wound
healing is a unique process due to the fact that cornea
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is an avascular tissue. Stimulation and regulation of
healing rely on growth factors which can reach the
cornea through the tears, aqueous humor and the
limbic vessels (Swank and Hosgood, 1996). Platelet
alpha granules are an important reservoir of proteins
and growth factors such as platelet-derived growth
factor (PDGF), transforming growth factor-a (TGF-
o), transforming growth factor-B (TGF-), epidermal
growth factor (EGF), insulin growth factor (IGF),
fibroblast growth factor 2 (FGF-2), and vascular
endothelial growth factor (VEGF). Growth factors
can stimulate chemotaxis of inflammatory cells, mito-
sis, migration and differentiation of cells, angiogene-
sis, and the production and regulation of other growth
factors (Nurden, 2011). Platelets can release growth
factors upon activation (Borzini and Mazzucco, 2005)
and it has been demonstrated that a great amount of
growth and wound healing factors can be stored as
concentrated in PRP. It has been found that nonac-
tivated PRP to whole blood ratio is 4.6 for EGF and
1.9 for IGF-I (Frechette et al., 2005). PRP has been
used experimentally and in clinical trials for the treat-
ment of several ocular conditions, such as corneal
epithelial wounds (Tanidir et al., 2010), chemical
burns (Khaksar et al., 2013; Marquez-de-Aracena et
al., 2007), dry eye (Alio et al., 2007b), corneal ulcers
caused by neurotrophic keratitis or trauma (Geremic-
ca et al., 2010) and other ocular surface disorders
(Alio et al., 2015).

Apart from the antibiotic properties of tetracyclines
and their derivatives, it is known that they exhib-
it non-antimicrobial properties, such as affecting
inflammation, immunomodulation, cell proliferation
and angiogenesis (Federici, 2011). It is suggested that
tetracyclines can bind essential Zn2+ in collagenase
and thus inhibit collagenase activity by this mecha-
nism (Burns et al., 1989). Previous studies suggest
that tetracyclines can inhibit the gene expression of
neutrophil collagenase (Suomalainen et al., 1992)
and epithelial gelatinase (Nip et al., 1993), and also
reduce degradation of l-antitrypsin (Sorsa et al.,
1993). Additionally, tetracyclines can inhibit colla-
genase activity by the scavenging of reactive oxygen
species thus diminishing the amount of neutrophil
procollagenase that is activated (Ramamurthy et al.,
1993). It has been reported that among tetracyclines,
doxycycline is the most potent corneal collagenase

inhibitor (Burns et al., 1989). Other properties of
tetracyclines are also their ability to inhibit the forma-
tion of arachidonic acid (Vadas et al., 1991) and the
synthesis of prostaglandin E2 (El Attar et al., 1988).

Considering the destructive consequences of alkali
chemical burns on the ocular surface and intraocu-
lar tissues (Singh et al., 2013), as well as the poor,
already known treatment outcomes, there is a great
interest for an effective, easy and safe treatment
(Bakunowicz-tazarczyk and Urban 2016). The aim of
this study is to experimentally investigate the effect
of intrastromal injection of PRP in combination with
oral doxycycline, after an alkali burn, and to propose
an alternative treatment acting directly to the lesion
site, accelerating more sufficiently the healing pro-
cess.

MATERIALS AND METHODS

Thirty six New Zealand rabbits, weighing 2.7-3.0 kg,
were used in this experimental study, obtained from
a licensed rabbit farm (ELOSRABS8Y). All rabbits
were kept in a well-ventilated room with a stan-
dard 12-hour light dark cycle and stable temperature
and humidity. Animals had free access to food and
water and everything was performed according to
the ARVO Statement for the Use of Animals in Oph-
thalmic and Vision Research (ARVO, 2016). All pro-
cedures and experimental designs of the study were
reviewed and approved by the Ethics Committee of
the Aristotle University of Thessaloniki as well as
by the local Committee of the Department of Vet-
erinary Medicine of Thessaloniki (licence number:
74188/485, date issued: 30/3/2015). The study was
conducted in the Companion Animal Clinic, Faculty
of Veterinary Medicine, Aristotle University of Thes-
saloniki (facility licence number: EL54BIO18).

A complete and thorough ophthalmic examination
was performed in all rabbits to ensure that they were
free of any ocular pathologic conditions. The rabbits
were then randomly allocated into four groups of nine
animals each.

Preparation of PRP

For the preparation of PRP the method described by
Gimeno et al. (2006) was followed. A 10 ml syringe,
preloaded with 1.3 ml of Anticoagulant Citrate Dex-
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trose solution (ACD citrate-dextrose solution, Sig-
ma-Aldrich, U.S.A.) to avoid coagulation, was used
to draw 8.7 ml of blood under strict aseptic condi-
tions from the jugular vein. One millilitre was set
apart for cell counting. Two centrifugations were
made at 40C. After centrifuging the whole blood at
72 g for 15 minutes, the 6 ml plasma layer was aspi-
rated and centrifuged for a second time at 1006 g for
5 minutes. After removing the upper part (platelet
poor plasma, PPP), the lower part consisting of 0.5
ml was the platelet rich plasma. PRP was aspirated in
a sterile 1 ml syringe and kept at 4°C until use (Gime-
no et al., 2000).

PRP that was prepared from animals that were allo-
cated in the control group was used for platelet count
that was performed using the ADVIA 120 haema-
tology system (Siemens, Germany). A veterinary
software package was run and “rabbit” was chosen
as the default species in all cell-counting procedures.
Enrichment percentage was calculated as described
by Efeoglu et al. (2004).

Chemical burn

All animals were anaesthetized with dexmedetomi-
dine (Dexdomitor, Zoetis Hellas) 0.075-0.1 mg/kg
b.w., intramuscularly, and ketamine (Imalgene 1000,
Merial, France) 15 mg/kg b.w., intramuscularly, and
1-2 drops of topical anaesthetic (proxymetacaine
hydrochloride, Alcaine, Alcon Laboratories Hellas)
were installed. The ocular surface and the conjuncti-
val fornix were cleansed and disinfected with a mild
antiseptic solution containing aqueous 0.5% povi-
done—iodine, and an eye lid retractor was placed. The
alkali burn was induced only in one eye of each ani-
mal for ethical purposes, as described by Khaksar et
al. (2013). A round filter paper, 6.0 mm in diameter,
pre-soaked in sodium hydroxide (1 M NaOH) was
placed on the central cornea for 60 seconds (Khaksar
et al., 2013). After the disc removal, remnants of the
corneal epithelium on the lesion were removed with
a sterile swab and the ocular surface was rinsed with
physiological saline for 2 minutes.

Treatment groups

The rabbits were allocated to four groups of 9 ani-
mals each. Group 1 was the control group and

received no treatment. Group 2 received doxycycline
(Novadox oral suspension, AST Farma, Netherlands)
at a dose of 5 mg/kg b.w. orally once a day through-
out the study. Group 3 received 0.5 ml of PRP, which
was injected with the aid of a 22mm, 30g sterile
ophthalmic microsurgical cannula at 3 sites in the
anterior corneal stroma, through pockets around the
lesion, created by a 15° knife. Group 4 received both
intrastromal PRP and oral doxycycline, as described
above (Fig. 1).

All animals received tobramycin (Tobrex eye drops
solution, Alcon Laboratories Hellas) every 6 hours
for the first postoperative day, and meloxicam (Meta-
cam, Boehringer Ingelheim, Germany) was given
for 5 days (0.2 mg/kg b.w., subcutaneously, SID).
Throughout the study, a tear film substitute with dex-
panthenol (Corneregel eye gel, PharmaSwiss Hellas)
was used three times a day and an Elizabethan collar
was placed to prevent self-trauma.

On the 3rd and 7th postoperative days 2 animals of
each group were euthanatized while the remaining 5
animals of each group were euthanatized on the 14th
day. For euthanasia, a mixture of dexmedetomidine
(0.1 mg/kg b.w., intramuscularly) and ketamine (15
mg/kg b.w., intramuscularly) followed by a high dose
of iv propofol and potassium chloride was used. Enu-
cleation was performed and the eye globes were fixed
for histopathological analysis.

Figure 1. Intrastromal injection of PRP in groups 3 and 4
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Clinical evaluation

The outcome was monitored daily by detailed clini-
cal evaluation of the eyes, with the use of a portable
slit lamp biomicroscope and photographs were taken.
Corneal opacity and neovascularisation were record-
ed, and fluorescein dye test was performed to detect
epithelial defects. Photographs were analyzed by
ImagelJ 1.31v (an image-processing software), exam-
ining the area of oedema, neovascularization and epi-
thelial defect, and the lesion areas were determined
in terms of mm or mm?2 on digitized photographs.
Conjunctival congestion, ocular discharge and the
presence of uveitis were scored using a scale from 0
to 3. Grade O represented no abnormalities (normal
conjunctiva, absence of ocular discharge, and normal
iris and anterior chamber), grade 1 represented mild
symptoms (mild conjunctival congestion, serous
discharge, mild iris hyperaemia and inflammation),
grade 2 represented moderate symptoms (moderate
conjunctival congestion, mucoid ocular discharge,
miosis, iris hyperaemia and inflammation) and grade
3 represented severe symptoms (severe conjunctival
congestion, copious purulent discharge, and mio-
sis, aqueous flare and iris inflammation respective-
ly). Corneal sensitivity was measured at the centre
and the periphery of the cornea using a handheld
Cochet-Bonnet esthesiometer (quantitative method).
To determine the eye dryness, Schirmer tear test
1 (STT) was performed. Intraocular pressure was
not measured due to the deleterious effects of local
anaesthetics on the healing process (Bisla and Tane-
lian, 1992).

Histopathological examination

The enucleated eye globes were fixed in formalde-
hyde and prepared for paraffin embedding. Paraffin
sections (5 mm thick) were obtained with a micro-
keratome and the samples were subjected to rou-
tine hematoxylin and eosin staining. Histopatholog-
ical analysis was carried out by a single pathologist
blinded to the experimental groupings.

Statistical evaluation

Data were analyzed using SPSS version 22.0 soft-
ware. Statistical analysis between the groups for
corneal oedema, corneal vascularisation, corneal

sensitivity and STT was performed by the nonpara-
metric Kruskal-Wallis test. Pair-wise comparison
between each group and control was performed using
a Mann-Whitney U test. Chi-squared test was per-
formed for corneal reepithelialisation, conjunctival
congestion, ocular discharge and the presence of
uveitis. P values of <0.05 were considered to be sig-
nificant.

RESULTS
Platelet count

The mean value of platelet counts in venous blood
was 642.330/uL, in PRP it was 4950.400/uL and in
PPP it was 196.850/uL. The mean enrichment per-
centage was 670%.

Clinical evaluation

Corneas in all animals became cloudy immediate-
ly after the chemical burn, turned opaque with a
ground-glass appearance and were distinct from the
rest of the normal tissue of the cornea. Comparison
between groups (Fig. 2) showed that groups 3 and 4
had statistically less corneal oedema compared to the
control group on day 3 (P: 0.001 for group 3 and P:
0.003 for group 4) and 7 (P: 0.004 for group 3 and
P: 0.018 for group 4). Corneal opacity revealed no
significant differences on the 14th postoperative day
between groups (P>0.05).

The new vessels were fine and superficial, and
emerged from the limbus on the 3rd and 4th day after
the chemical burn in most animals from all groups.
Statistical analysis for corneal vascularisation (Fig.
3) between groups on days 3 and 7 showed signif-
icant difference (P<0.05), but there were not any
statistical differences for day 14 (P>0.05). More spe-
cifically, on the 3rd day groups 1 (P: 0.012) and 3 (P:
0.012) had less vascularization compared to group
4, and on the 7th day vascularisation was lower in
groups 2 (P<0.001), 3 (P<0.001) and 4 (P: 0.001)
when compared to the control group; but comparison
between treatment groups was not statistically signif-
1cant.

Comparison between groups (Fig. 4) showed that
groups 3 and 4 had smaller mean defect area and
greater wound healing. When considering as “corne-
al healing” the healing of 80% of the initial wound
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Figure 2. Corneal opacity measured in mm2 on the 3rd (left) and 7th (right) day after the chemical burn in all groups.
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Figure 3. Corneal neovascularization (mm) on the 7th
day after the chemical burn in groups 1, 2, 3 and 4.

surface (Table 1), there were statistically significant
differences between all groups on days 3, 7 and 14 (P
<0.05). On the 3rd day 55% of the animals in group
3 and 77% of the animals in group 4 had a corneal

defect whose surface was less than 20% of the initial
defect area on the 1st day. On the 7th and 14th all
animals in group 3 and 4 had less than 20% of the
initial defect area, compared to 20% of the animals in
group 2. Animals in the control group had epithelial
defects greater than the 20% of the initial surface for
the whole duration of the study. Furthermore, cor-
neal perforation was noticed only in 3 animals that
belonged to the control group on the 10th (N=2) and
on the 14th (N=1) day after the chemical burn.
Conjunctival congestion was significantly different
(P <0.001) on days 7 and 14, showing more intense
congestion in animals in the control group compared
to the treatment groups.
On the 3rd day, ocular discharge was statistically
significantly (P <0.001) less in group 3 compared to
the other groups. On the 7th (P: 0.01) and 14th day
(P: 0.012) control group had statistically significantly
more discharge compared to the other groups.

For the presence of uveitis there were statistically

Table 1: Percentage (%) of corneal healing of the 80% of the initial wound surface on days 3, 7 and 14 after the chemi-

cal burn

Day Wound healing Group 1 Group 2 Group 3 Group 4
3rd >80% 11.1 77.8 55.6
P: 0.002 <80% 100 88.9 22.2 44.4
7th >80% 100 100
P: 0.000 <80% 100 100

14th >80% 20.0 100 100
P: 0.000 <80% 100 80.0
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Table 2: Percentage (%) of severity of uveitis on days 3, 7 and 14 after the chemical burn

Day grade* Group 1 Group 2 Group 3 Group 4
3rd 0 333 100 88.9 100
P: 0.001 1 22.2 11.1

2 444

3
7th 0 100 85.7 100
P: 0.000 1

2 14.3 14.3

3 85.7
14th 0 80.0 100 100
P: 0.001 1 20.0

2 20.0

3 80.0

*grade 0: normal iris and anterior chamber, grade 1: mild iris hyperaemia and inflammation, grade 2: miosis, iris hyperaemia and
inflammation, grade 3: miosis, aqueous flare, severe iris hyperaemia and inflammation.

significant differences between groups (P <0.05) for
days 3, 7 and 14 (Table 2). More specifically, on the
3rd day 66.7% of the animals in the control group
showed signs of uveitis, compared to 11.1% of ani-
mals in group 3 and none of the animals in groups
2 and 4. On the 7th day all animals in the control
group had signs of uveitis, compared to 14.3% of
animals in group 3 and none of the animals in groups
2 and 4. Lastly, on the 14th day all animals in the
control group and 20% of animals in group 2 had
uveitis, whereas none of the animals in groups 3 and
4 showed signs of uveitis.

Corneal sensitivity in the periphery of the cornea
(Fig. 5) was significantly higher in groups 2 (P: 0.03)
and 4 (P: 0.045) compared to the control group on
the 3rd day. On the 7th and 14th day no statistically
significant differences were noticed. Also, corneal
sensitivity measurements in the centre of the cor-
nea showed no statistically significant difference
(P>0.05) between groups.

The STT showed no statistically significant dif-
Figure 4.. Postoperative photos in group 1 (a-c), group 2 ferences in tear production between groups for the

(d-f), group 3 (g-1) and group 4 (j-1) at days 3, 7 and 14. whole duration of the study.
In group 1 intense conjunctival congestion is seen, along

with iris inflammation, corneal opacity, neovasculariza-
tion and perforation. In group 2 conjunctival congestion Histopathological evaluation

and corneal opacity is shown. Group 3 had complete In the control group, histopathological evaluation on
corneal healing and limited corneal opacity, as group 4, .
N : the 3rd day revealed superficial and deep neovascu-
where conjunctival congestion was not present. .
larization of the cornea, moderate corneal oedema,
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Figure 5. Corneal sensitivity (cm) in the periphery of
the cornea, on the 3rd day after the chemical burn.

and infiltration of inflammation cells (mostly lym-
phocytes and some neutrophils). On the 7th and 14th
day, intense neovascularization, corneal oedema and
epithelial hyperplasia were noticed. In group 2, cor-
neal oedema and infiltration were lower compared to

Figure 6. Histopathological examination in group 1 (a-c),
group 2 (d-f), group 3 (g-i) and group 4 (j-1) at days 3,

7 and 14. In group 1 intense superficial and deep vascu-
larization are noticed, along with epithelial hyperplasia,
stromal oedema and the presence of inflammatory cells.
In group 2 there is less corneal oedema, but neovascular-
ization is present. In group 3, vascularization is seen on
the 3rd day, and on the 7th and 14th mild corneal oedema
is noticed. In group 4, mild corneal oedema, less vascu-
larization and better collagen arrangement is recorded,
without any epithelial hyperplasia.

the control group, but neovascularization was present
on the 3rd, 7th and 14th day. In group 3 neovascu-
larization and corneal oedema were lower compared
to groups 1 and 2. On the 7th and 14th day mild
corneal oedema was recorded. In group 4 superficial
vascularization of the cornea was noticed on the 3rd
day, but on days 7 and 14 it was limited. Corneal
epithelium appeared normal, without any hyperplasia
and with less corneal oedema; furthermore collagen
arrangement was better when compared to the other
groups (Fig. 6).

DISCUSSION

In the present study the therapeutic efficacy of intra-
stromal PRP injection, oral doxycycline treatment or
combination of them were evaluated on corneal alka-
li burns in New Zealand rabbits.

In the present study, for the preparation of PRP
the method described by Gimeno et al. (2006) was
followed. The same method has been used in other
experimental protocols in rabbits regarding ocular
surface conditions (Gimeno et al., 2010; Tanidir et
al., 2010; Khaksar et al., 2013). Intracardiac blood
sampling was not performed, and blood was drawn
from the jugular vein as it can be well tolerated by
rabbits, no anaesthesia was required and the result-
ing blood collection was without clumps. The mean
enrichment percentage was greater compared to pre-
vious studies (Efeoglu et al., 2004; Gimeno et al.,
2006) resulting in greater platelet number in PRP,
possibly due to the higher platelet concentration in
the whole blood.

In previous studies PRP has been administered by
subconjunctival application (Marquez-de-Aracena et
al., 2007; Tanidir et al., 2010; Khaksar et al., 2013)
or as topical eye drops (Alio et al., 2007a,b). In this
experimental study PRP was delivered in the form of
intrastromal injections, a route previously used in cor-
neal chemical burns in rabbits for the administration of
stem cells (Almaliotis et al., 2015). In our study intra-
stromal injections were preferred as they can increase
the concentration of growth factors in the deep layers
of the cornea in a minimally invasive way.

In corneal chemical burns one of the major treat-
ment goals is control of the balance between collagen
synthesis and collagenolysis (Singh et al., 2013). In
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this study doxycycline was used as a MMP inhibitor.
Among tetracyclines, doxycycline has been shown to
be the most potent corneal collagenase inhibitor (Burns
et al., 1989). Perry et al. (1993) examined the effects
of orally administered doxycycline in rabbits after a
chemical burn and their findings suggest that the dose
of 5 mg/kg once a day of doxycycline can promote
corneal reepithelization compared to 1.5 mg/kg. The
same dosage was used in this study for groups 2 and 4.

It is noteworthy that animals that received PRP
(groups 3 and 4) had less corneal oedema compared
to the control group on the 3rd and 7th day after
the chemical burn. In another study the effect of
subconjunctival PRP in combination with topical
acetylcysteine on corneal alkali burns in rabbits was
investigated. The findings of that study revealed
prominent corneal oedema in all groups for the first
week (Khaksar et al., 2013). The reduction of cor-
neal oedema in our study may be related to the more
direct application of PRP, as an intrastromal route
was used for the delivery of growth factors into the
cornea. Furthermore, in the study of Khaksar et al.
(2013) the group that received only PRP had smaller
mean defect area and greater wound healing com-
pared to the group that received PRP and acetylcyste-
ine. The retarded healing effect in that group was due
to acetylcysteine’s poor ability to penetrate the cor-
neal stroma and its relative toxicity (Wagoner, 1997).
In our study, the collagenase inhibitor agent (doxy-
cycline) was administered systemically to avoid any
topical toxicity effects.

In a study carried out by Dan et al. (2008), the effi-
cacy of oral doxycycline compared to oral and topi-
cal dexamethasone for inhibiting corneal neovascu-
larization after an alkali burn in rats was investigated.
In the group that was treated with oral doxycycline,
corneal neovascularisation was less compared to the
untreated control group, and the epithelial healing
was significantly more rapid. It was concluded that
oral doxycycline can inhibit neovascularization with-
out the harmful side-effects associated with oral or
topical dexamethasone use (Dan et al., 2008). These
results are in accordance with our results concerning
the significantly less neovascularization of the groups
which received doxycycline compared to the control
group. One possible explanation for the inhibition
of neovascularization is the inhibition of MMPs, but

further investigation is needed (Dan et al., 2008).

Regarding the healing process, animals that
received PRP (groups 3 and 4) had smaller defect
area compared to control group and group 2. These
findings are in accordance with a study by Tanidir et
al. (2010), where the effect of PRP was examined in
corneal epithelial wound healing in rabbits. After the
creation of a 7-mm diameter central epithelial defect,
a single dose of subconjunctival PRP was injected,
with or without concurrent antibiotic treatment. Ani-
mals that received PRP had a better healing process
compared to the control group (Tanidir et al., 2010).
In our study topical antibiotics were used only for the
1st day after the chemical burn, to avoid any retarded
healing effect. In the study of Tanidir at al. (2010),
it was pointed out that the group that received PRP
in combination with topical antibiotic had a delay in
the epithelial healing, and it should be due to corneal
toxicity caused by the antibiotic or the preservatives
included in the antibiotic solutions, or by possible
distraction on the balanced process during cornea
healing (Tanidir et al., 2010).

In group 2 (where only doxycycline was adminis-
tered), 20% of the animals had less than 20% of the
group’s initial defect area on the 14th day, and no
corneal perforations were reported compared to the
control group. This effect of doxycycline is probably
related to the drug’s ability to inhibit collagenase
activity. Tetracyclines have been studied in corneal
chemical burns in rabbits (Seedor et al., 1987; Perry
et al., 1993) and rats (Dan et al., 2008) for their effect
on corneal healing and angiogenesis. It is reported
that corneal tetracycline levels are directly correlated
to the dose administered systemically, and eyes with
higher levels of tetracycline in ocular tissues are less
likely to ulcerate (Seedor et al., 1987).

Animals that received only doxycycline (group 2)
had less conjunctival congestion and less ocular dis-
charge compared to the control group. Also, groups
2 and 4 (doxycycline and doxycycline+PRP groups)
had fewer sings of uveitis when compared to the
control group and the group that received PRP only.
These findings may be the result of the anti-inflam-
matory and immunemodulatory properties of doxy-
cycline (Federici, 2011).

In the present study corneal sensitivity was greater
in groups that received oral doxycycline. Further-
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more, animals that received combination of doxy-
cycline and PRP (group 4) had increased corneal
sensitivity on the 3rd day compared to the group that
received only PRP (group 3). This effect can be due
to the anti-inflammatory properties of doxycycline
(Sapadin and Fleischmajer, 2006). Also doxycy-
cline can have neuroprotective effect to the sensory
(trigeminal) nerve fibers, like the neuroprotective
features of tetracycline (Uckun et al., 2015) and
minocycline (Sanchez Mejia et al., 2001) to the brain
tissue, which can be attributed to the increased corne-
al sensitivity; however further studies are needed.

Among the late complications that occur usually
three weeks after a chemical ocular injury are xeroph-
thalmia and dry eyes (Singh et al., 2013). In the pres-
ent study no statistically significant differences were
noted among groups regarding tear production, maybe
due to the relatively short duration of the study (14
days). On the other hand, normal STT values for rab-
bits may be useful only for the evaluation of increased
values correlated with ocular irritation, rather than for
the determination of decreased values associated with
keratoconjunctivitis sicca (Abrams et al., 1990).

A study was carried out by Campos et al. (2003),
with experimentally induced corneal chemical ulcers
in dogs. For the treatment, topical applied autoge-
nous serum and 10% acetylcysteine were used. It was
noticed that when compared to the control group, no
differences were found in the healing process of the
cornea, whereas in the present study the animals
that received PRP had smaller defect area and better
wound healing. These results may be due to the fact
that blood serum contains lower concentrations of
growth factors compared to PRP (Frechette et al.,
2005). Therefore, the efficacy of PRP and doxycy-

cline may have beneficial results in other species
than rabbits, as dogs and cats experiencing ulcerative
keratitis with MMP involvement.

CONCLUSIONS

This is the first experimental study that uses PRP
with intrastromal injection to the cornea. We believe
that despite the local destruction of the cornea’s
architecture, the close proximity of growth factors
to the lesion site can have beneficial results to the
outcome of a chemical burn, or other severe corneal
lesions with collagenase activity. Despite the fact that
PRP alone had better results in corneal healing on
the 3rd day after the chemical burn, on the 7th and
14th day the combination of PRP and doxycycline
resulted in better corneal healing, with better colla-
gen arrangement and less corneal oedema in histo-
pathological examination. Further studies are needed
to examine the effect of intrastromal PRP in other
corneal conditions. Doxycycline on the other hand,
is a potent collagenase inhibitor, with minimal side
effects and thus a safe additional treatment option
for chemical burns. According to our findings, dox-
ycycline can reduce the clinical symptoms caused by
chemical burns, resulting in less intense uveitis, ocu-
lar discharge and conjunctival congestion. Therefore,
the above combination is a simple, safe and more
economical therapeutic approach to promote quick
corneal healing, so anti-inflammatory agents can be
used when the epithelium becomes intact without
any undesirable side effects.
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