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Abstract An experimental study examined the effect of

sub-conjunctival platelet-rich plasma (sPRP) in combination

with topical acetylcysteine on corneal alkali burn ulcers in

rabbits. A total of 20 rabbits were used in this study. After

collecting intracardiac blood samples from ten rabbits,

platelet-rich plasma was obtained by centrifugation. Alkali

wounds were inflicted on the central corneas of rabbits by

applying a round filter paper, 6.0 mm in diameter, soaked in

1 M NaOH for 60 s. Only one eye in each rabbit was used.

A total of 20 rabbits were allocated into four groups of five

animals each. Group 1 served as the control group. Group 2

received 3% N-acetylcysteine (NAC) topically three times

daily for 2 weeks. The third group received only sPRP

whereas group 4 received sPRP with topical 3% NAC three

times daily for 2 weeks. Clinical outcome was monitored by

evaluation of epithelial defects, corneal opacity, duration of

blepharospasm, corneal vascularisation, duration of ocular

discharge and wound area diameter measurement. After

3 weeks eyes were enucleated and corneas were excised

for histopathological analysis. Samples were assessed by

evaluating the number of epithelial rows, stromal vascular-

isation and inflammation and stromal collagen arrangement.

Comparison between groups showed that group 3 had sig-

nificantly shorter duration of blepharospasm than the control

group. Additionally, group 3 had smaller mean defect area

and greater wound healing. Histopathlogical investigation

revealed significantly less inflammation and vascularisation

in the corneas in group 3; this group also had the best

stromal collagen arrangement. In conclusion sPRP seems

to improve corneal epithelial burn healing. However, ace-

tylcysteine and sPRP combination may have a retarded

healing effect as compared with platelet-rich plasma alone.
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Introduction

Corneal wounds still represent an important problem in

clinical ophthalmology because of the loss of transparency

of corneal scar tissue (Suzuki et al. 2003).Ocular burns

account for 12–19% of eye trauma. This pathology requires

quick and efficient action on which the final prognosis will

depend (Marquez-de-Aracena et al. 2007). Burns can be

chemical or physical. Chemical injuries may cause exten-

sive lesions on the ocular surface and inside the eye (Tsai et

al. 2000). Most of chemical burns are produced by acid or

alkaline substances. The severity of a chemical burden is

related to the concentration of the product, the pH of the

solution and the exposure time. Alkaline products cause

more serious damage due to the denaturalization of proteins
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and saponification of membrane lipids, which allows the

alkaline material to quickly penetrate the cornea and enter

the eye (Marquez-de-Aracena et al. 2007).

Alkali injuries are more common than acid ones because

alkalis are components of the most commonly used cleaning

products and civil construction materials (Morgan 1987).

Alkalis may cause lesions on the corneal and conjunctival

epithelium, basal membrane, keratocytes and stromal nerve

endings, corneal and conjunctival vascular endothelium and

episclera (Tsai et al. 2000). Alkali-induced corneal lesions

frequently result in deep ulcer and perforations (Donzic and

Mondino 1987). Despite many clinical treatments being

advocated, moderate and severe alkali burns remain difficult

to treat and frequently lead to a protracted treatment course

with various sight-threatening complications (Abbaszadeh

et al. 2009). On the other hand, in corneal ulcers the com-

bination of over expression of certain destructive protei-

nases and reduction of anti-protease activity can lead to

rapid degeneration of collagen and other components of

corneal extracellular matrix (Strubbe et al. 2000). Matrix

metalloproteinases (MMPs) and serine proteinase seem to

be the predominant proteinases in corneal wound healing

process. These enzymes are produced by both polymorpho-

nuclear leukocytes and injured epithelial and stromal kera-

tocytes (Chandler et al. 2003). Matrix metalloproteinases

inhibitors, such as acetylcysteine (Brown et al. 1970), eth-

ylene diamine tetra acetic acid (Slansky et al. 1969), syn-

thetic inhibitors of metalloproteinases (Byon et al. 1995)

and aprotinin (plasmin inhibitor) (Stuart et al. 1989), have

been used therapeutically on corneal alkali wounds and have

proved efficient in preventing corneal ulceration and perfo-

ration. Acetylcysteine has been used for its stability and

commercial availability (Berman 1980). However, the need

for refrigeration, the frequent instillations required, poor

ability to penetrate the corneal stroma and relative toxicity

are undesirable characteristic of this agent (Wagoner 1997).

Structural mechanism of wound healing process requires

several raw materials such as growth factors, vitamins,

glucose and so on. The easiest and most efficacious source

to obtain this raw material is blood, as mentioned in other

wound healing models. Until recently, various blood deriv-

atives were used for this purpose, such as foetal calf serum,

umbilical cord serum and autologous/allogenic serum.

Platelet-rich plasma (PRP) is a nontoxic and non-

immunogenic product that can easily be obtained from the

donor’s blood. In the literature, it has been demonstrated

that a great amount of growth and wound healing factors

were stored as concentrated (Frechette et al. 2005). Growth

factors are stored within platelet α-granules, some of them

include platelet-derived growth factor, transforming growth

factor-ß1, platelet-derived epidermal growth factor (EGF),

insulin-like growth factor (IGF) and vascular endothelial

growth factor (VEGF). Growth factors are involved in the

stages of wound healing and regenerative processes including

chemotaxis, proliferation, differentiation and angiogenesis

(Bennett and Schultz 1993). Alio et al. revealed that corneal

surface application of PRP stimulates and improves corneal

epithelial wound healing. Considering the destructive

activity of alkali substances on the ocular surface and the

consequent direct and indirect intraocular lesions, the purpose

of the present study was to investigate the healing process

from the effect of 1-shot sub-conjunctival PRP (sPRP) in

combination with topical acetylcysteine on corneal alkali burn

ulcers.

Materials and methods

This study was approved by the Iranian Laboratory Ethics

Committee and carried out under the supervision of Iranian

SPCA. Twenty adult female New Zealand Albino rabbits,

weighing 2.5–4 kg were used in this experimental study.

Before the study all rabbits underwent a complete ophthal-

mic examination, including indirect opthalmoscopy, slit

lamp biomicroscopy, Schirmer’s tear test and fluorescein

staining. Rabbits with normal eyes were allocated into four

groups with five animals each. Animals were anaesthetised

with xylazine 2% (5 mg/kg, IMAlfesan, Holland) and ket-

amine (35 mg/kg, IM Alfesan, Holland). The corneal alkali

burn was made by placing a 6-mm diameter, circular piece

of filter paper soaked in 1 M NaOH on the central cornea for

1 min. Burning was induced only in the left eye. After disc

removal, remnants of the corneal epithelium on the lesion

were removed with a sterile swab and the ocular surface was

rinsed with 2 ml of physiological saline for 2 min. Fluorescein

dye test was used to confirm and delimit the burn lesion

induced. A single-dose Flunexin Meglumine (1 mg/kg, sc,

Alfesan, Holland) was administered for pain control in all

rabbits. Five rabbits without treatment after the alkali burn

were designated as the control group. Eyes in group 2 were

treated topically with one drop of 3% N-acetylcysteine

(NAC) (Rotexmedia, Germany) three times a day for

2 weeks (Aldavood et al. 2003). In groups 3 (sPRP group)

and 4 (sPRP + NAC) for the preparation of PRP, an 8.7 ml

intercardiac blood sample was aspirated (under general an-

aesthesia) with a 10-ml syringe containing 1.3 ml of Anti-

coagulant Citrate Dextrose. Each blood sample was

centrifuged for 15 min at 72g at 4°C resulting in the three

following layers: the inferior layer composed of red cells,

the intermediate layer composed of white cells and the

superior layer made up of plasma. The 6-ml plasma layer

was centrifuged for another 5 min at 1,006g in order to

obtain a two-part plasma: the upper part consisting of

5.5 ml of poor-platelet plasma (PPP) and the lower part

consisting of 0.5 ml of PRP. The PPP was first aspirated to

avoid mixing up with the PRP. The PRP was then gently
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aspirated with another pipette and placed in a sterile tube

(Gimeno et al. 2006). Animals in groups 3 and 4 received a

single dose of sub-conjunctival autologous PRP. A total of

0.5 ml autologous PRP was injected into the superior bulbar

conjunctiva with the aid of 1-ml syringe 27-gauge half-inch

needle (Marquez-de-Aracena et al. 2007). One drop of 3%

NAC (Rotexmedia, Germany) combination was used, three

times daily for 2 weeks in group 4(sPRP + NAC). Low-

magnification ophthalmic examination, slit lamp biomicro-

scopy and the fluorescein dye test were performed at

24-h intervals for 21 days. The wound margin was outlined

directly with fluorescein solution, and the eyes were photo-

graphed by a digital camera (Olympus DP12, Japan) on

days 1, 3, 6, 10, 15 and 21 and the pictures transferred onto

a computer. The wound area was measured in square milli-

metre using an image measurement analysis software (Scion

Image, 2000–2001 Scion Corporation, USA). In addition

clinical outcome was monitored and documented every day

by corneal opacity, duration of blepharospasm, corneal vascu-

larisation and duration of ocular discharge.

Statistical analysis for corneal opacity and corneal vascu-

larisation was performed on days 3, 6, 10, 15 and 21. The

severity of corneal opacity was graded 0–3 by an investiga-

tor unaware of which group each case came from (Pfister

and Pfister 1997). Grade 0 represents a completely clear

cornea, grade 1 represents faint corneal haze, grade 2 rep-

resents blurred iris detail and grade 3 represents pupil not

visible. Corneal vascularisation was graded 0–3 (Kozak et

al. 2002). Grade 0 represents no vascularisation, grade 1

represents superficial focal vascularisation, grade 2 repre-

sents superficial diffuse vascularisation and grade 3 repre-

sents deep vascularisation. At 21 days after alkali corneal

burning, each animal’s cornea was removed 1 mm close to

limbus, and tissue samples were fixed in phosphate-buffered

10% formaldehyde. After fixation of the excised cornea,

defective areas were removed and tissue samples were

rinsed in phosphate-buffered saline and dehydrated in grad-

ed ethanol solutions, cleared in toluene and prepared for

routine paraffin embedding. Paraffin sections (5-μm thick)

were obtained with Leica SM 2000 R microkeratome and

subjected to routine haematoxylin and eosin staining. For each

animal, stained sections were examined under the photomi-

croscope (Olympus DP12, Japan). Histopathological investi-

gations of the sample include five major topics: numbers of

epithelial rows, stromal oedema, inflammation reaction and

vascularisation and stromal collagen arrangement.

Statistical analysis between the four groups for duration

of ocular discharge, duration of blepharospasm, corneal

oedema, corneal vascularisation and wound area was per-

formed by Kruskal–Wallis test. Pairwise comparison be-

tween each group and control was performed using a

Mann–Whitney U test. P values of <0.05 were considered

to be significant.

Results

Freshly burned corneas became cloudy immediately after

burning and subsequently turned opaque within 24 h. All

rabbits showed blepharospasm due to pain on the first 3 days

following ulcer formation and the eyes were semi-closed.

Corneal oedema was most prominent in the first week

after surgery in all groups after inducing ulcers. Corneal

opacity revealed no significant statistical differences on

days 3, 6, 10, 15 and 21 (P>0.05).

Comparison between groups showed that the sPRP +

NAC group had significantly lower (P00.009) mean dis-

charge days in comparison with the control group. The mean

duration of blepharospasm in groups 3 (sPRP group) and 4

(sPRP + NAC) were statistically shorter than the control

group (P00.009 in group 3 and P00.016 in group 4)

(Fig. 1). Statistical analysis for corneal vascularisation be-

tween groups on days 3, 6, 10, 15 and 21 were not significant

(P>0.05).

There was no significant difference between mean defect

area in any groups on days 3, 6, 10, 15 and 21 (P>0.05).

Generally, comparison between groups showed that group 3

(sPRP group) had smaller mean defect area and greater

wound healing (Fig. 2).

Haematoxylin and eosin staining revealed that no eyes

were perforated and that Descemet’s membrane and endo-

thelium were normal in all 20 eyes. The numbers of epithe-

lial rows in different groups showed no significant statistical

difference (P>0.05).

Corneal vascularisation revealed significant differences

between groups. Pairwise comparison indicated groups 3

and 4 had significantly lower degree of corneal vascularisation

than the control group (Figs. 3 and 4) (P00.019).

Stromal oedema was most prominent in the control

group and statistical analysis revealed significant differ-

ences between groups (P00.031). Pairwise comparison

indicated that group 3 had a lower degree of stromal oedema

(Figs. 5 and 6).

Statistical analysis showed significant difference between

groups in inflammation reaction (P00.003) and group 3

Fig. 1 Bar graph of the mean duration of blepharospasm between the

four groups
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showed significantly less inflammation in comparison with

the control group (P00.005) (Figs. 3, 4, 5 and 6)

Stromal collagen arrangement revealed significant differ-

ences between groups (P00.01). Pairwise comparison indi-

cated group 3 had significantly the best stromal collagen

arrangement (P00.007) (Figs. 5 and 6)

Discussion

The repair of the severely ulcerated cornea is a challenge for

ophthalmologists. Alkali burns are the most serious of

chemical injuries to the anterior segment of the eye (Meller

et al. 2000). Several correction methods and materials have

been described in the last few years for defects in the cornea

(Abbaszadeh et al. 2009; Chen et al. 2000; Hanada et al.

2001; Kim 2000; Meller et al. 2000; Saberi et al. 2010; Tsai

et al. 2000).

The purpose of the present studywas to investigate the effect

of a 1-shot sub-conjunctival PRP in combination with topical

acetylcysteine on corneal alkali burn ulcers healing process.

Acetylcysteine is an MMP inhibitor commonly used in

human as well as veterinary ophthalmology (Berman 1980;

Kanao et al. 1993; Petroutsos et al. 1982). The beneficial

effects of acetylcysteine on corneal wound healing have

been reported by several authors (Aldavood et al. 2003;

Berman and Dohlman 1975; Berman and Manable 1973;

Brown et al. 1970; Burns et al. 1989; Corbett et al. 2001;

Fraunfelder et al. 1977; Kanao et al. 1993; Petroutsos et al.

1982). Most of these studies have shown that low concen-

trations of acetylcysteine, if used topically, have no toxic

effects on the cornea, yet accelerate the corneal wound

healing (Abbaszadeh et al. 2009; Berman and Dohlman

1975; Petroutsos et al. 1982). However, the need for refrig-

eration, the frequent instillations required, poor ability to

penetrate the corneal stroma and relative toxicity are unde-

sirable characteristic of this agent (Wagoner 1997).

Aldavood et al. (2003) evaluated the effects of 3%, 10%

and 20% concentration of acetylcysteine on corneal wound

healing in dogs. They reported that a 3% concentration of

acetylcysteine significantly decreased mean healing time

compared with a control group. Petroutsos et al. (1982)

studied the rate of re-epithelialization of the rabbit cornea,

after receiving isotonic NaCl solution and acetylcysteine

(Mucomyst) solution at 10% and 20% concentrations follow-

ing a superficial epithelial ulcer by fluorescein staining, pho-

tography and light microscopy. In this study acetylcysteine

solution did not seem to retard normal epithelial healing

compared with control animals which received isotonic NaCl

solution.

Fig. 2 Line graph of the comparison between the mean defect area in

any groups on days 3, 6, 10, 15 and 21

Fig. 3 Histopathological investigations of the sample cornea for group

3 (corneal vascularisation)

Fig. 4 Histopathological investigations of the sample cornea for group

4 (corneal vascularisation)

Fig. 5 Histopathological investigation of the sample cornea for group

3 (stromal oedema)
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Freitas et al. (2003) reported that the autologous blood

serum and 10% acetylcysteine did not alter the healing

process kinetics of dog corneas that suffered the caustic

effects of 3 M sodium hydroxide compared to corneas that

received 0.90% balanced saline solution. The authors

reported the inefficiency of acetylcysteine in corneal alkali

burn ulcers. Likewise in this study, acetylcysteine had no

effect on corneal alkali burn ulcer healing when compared

with the control group for clinical and histopathological

factors. The delay in epithelial healing of the

acetylcysteine-treated group may be because of its poor

ability to penetrate the corneal stroma and relative toxicity

of acetylcysteine (Wagoner 1997). The unique experimental

study in the literature investigating the effect of autologous

blood derivatives on corneal epithelial wound healing

process was undertaken by Akyol-Salman (2006). They

used concentrated autologous serum, 20% diluted autolo-

gous serum, physiologic saline solution and preservative-

free artificial tear drops topically four times a day, each

preparation in a different study group, and observed the best

results with the concentrated autologous serum group. Au-

tologous serum can provide vitamin A, transforming growth

factor-b, fibronectin and other cytokines for ocular tissue

(Tsubota et al. 1999). Because PRP contains a large number

of whole platelets, they can attach to an ocular surface and

accelerate biochemical and biological mechanisms. PRP

contains higher concentration of growth factors compared

with autologous serum. Frechette et al. (2005) reported that

non-activated PRP to whole blood ratio to be 4.6, 1.9 and

3.2 for EGF, IGF-I and angiopoietin-2, respectively.

The major limitation of PRP treatment in animals with

low circulation volumes is to obtain enough blood for prep-

aration of the end product. Contrary to the drop form, sPRP

can be used as a single shot and does not need any treatment

combinations. Thus, we used sPRP instead of drop form

because we anticipated better results in rabbits. The first

application of sPRP on cornea was undertaken by

Marquez-de-Aracena et al. (2007) in patients with ocular

burns as a result of work-related accidents. The authors

reported a 50% decrease in healing duration after sPRP

application as compared with the group treated by conven-

tional procedures.

Alio et al. (2007a, b, c) used PRP in a total of 40 eyes

with dormant corneal ulcers in order to investigate the

potential role of autologous platelet-rich plasma in promot-

ing healing in dormant corneal ulcers. They reported that

PRP improved photophobia, pain and inflammation; facili-

tated re-epithelialization, promoting corneal wound healing

and improving clinical conditions; and resulted in improved

vision in the majority of the patients.

Hu et al. (2009) examined the effect of basic fibroblast

growth factor (bFGF) on the healing of corneal epithelial

wounds in dogs; the histological examination showed more

epithelial layers, a more regular rearrangement and fewer

inflammatory cells in the epithelium of the bFGF-treated

group. Likewise in this study, group 3 (sPRP) had the best

result for the clinical and histopathological factors including

less duration of blepharospasm, less corneal vascularisa-

tion, less corneal inflammation, smaller mean defect

area and greater wound healing. Histopathological in-

vestigation revealed significantly less inflammation and

vascularisation in corneas in group 3. Additionally,

group 3 had significantly better stromal collagen ar-

rangement and increased numbers of epithelial rows

similar to results from other studies.

Tandir et al. (2011) investigated the effect of single-dose

sPRP injections with or without antibiotic treatment on

corneal epithelial wound healing in a rabbit model and

reported that sPRP seems to improve corneal epithelial

wound healing. However, antibiotic and sPRP combina-

tion may have a retarded healing effect when compared

with PRP alone. They explained that the delay in the

epithelial healing of the antibiotic-treated group may be

due to the preservative-containing composition of

antibiotics.

Interestingly, in the present study, pairwise comparison

between groups 3 (sPRP) and 4 (sPRP + NAC) revealed that

group 3 had better conditions of wound healing in clinical

and histopathological factors (except for mean days of dis-

charge). Perhaps, the frequent instillations required, poor

ability to penetrate the corneal stroma and relative toxicity

of acetylcysteine were the cause of these results which are

similar to those presented by Freitas et al.

The result of this study showed that the sub-

conjunctival application of autologous platelet-rich plas-

ma on corneal alkali burn ulcer is a simple and an

economic treatment for ocular surface burns, free of

undesirable side effects. It is a safe and easily producible

material containing several mediators such as growth

factors, which are needed in wound healing. PRP seems

to be a promising agent for clinical use in the epithelial

wound healing process.

Fig. 6 Histopathological investigation of the sample cornea for the

control group (stromal oedema)
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