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Abstract The aim of the current study was to

evaluate the effect of apocynin (APO) on the devel-

opment of proliferative vitreoretinopathy (PVR). New

Zealand-type male rabbits were randomly grouped

into three as follows: (1) Sham group rabbits which

were applied intraperitoneal (i.p.) vehicle without

PVR; (2) PVR group rabbits where PVR was created

and an i.p. vehicle was administered for 21 successive

days; (3) PVR ? APO group rabbits where PVR was

created and i.p. APO was administered for 21

successive days. Fundus examination was conducted

with an indirect ophthalmoscope before starting the

experiments and at each visit afterwards. At the end of

the work, the rabbits were sacrificed under high-dose

anesthesia and then eye tissues were taken for

histopathological analyses. In the PVR ? APO group,

histopathologic and ophthalmoscopic examination

revealed significant decrease in PVR formation. As

the result, it has been observed that APO at least

partially inhibits PVR formation.
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Introduction

Proliferative vitreoretinopathy (PVR) is an abnormal

tissue response that is characterized by the formation

of membranes which contract with non-neoplastic cell

proliferation on both the inner and outer retinal surface

and vitreous [1]. It most often develops after failed

retinal detachment surgery and also can occur sec-

ondary to proliferative diabetic retinopathy and post-

traumatic sequelae. It is one of the main causes of

permanent vision loss worldwide [2].

The mainstay of the management of PVR is

surgery. Although the surgery resulted in anatomical

success, functional results usually do not reach the

desired level. The basic event of PVR pathophysiol-

ogy is retinal detachment and the relevant vitreal
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changes [3]. However, inflammatory reactions have

been shown to predispose to PVR in several studies

[4–7]. Preclinical investigators have focused espe-

cially on primary treatments or those that are sec-

ondary to surgery. However, several pharmacological

agents have been investigated that did not enter

clinical practice because of ocular and systemic side

effects and low therapeutic effect [4–7].

Apocynin (4-hydroxy-3-methoxyacetophenone;

APO) is an effective NADPH-oxidase (NOX) inhibitor

obtained from the root of the apocynum cannabinum

plant [8]. Excessive reactive oxygen species (ROS)

formation is known to lead to clinical disorders by

increasing oxidative stress and apoptotic cell death.

APO decreases ROS and thus oxidative stress through

NOX inhibition [9, 10]. Kilic et al. have reported that

APO decreases neutrophil oxidative burst and neu-

trophil chemotaxis, and therefore neutrophil-mediated

cell injury. APO was emphasized to have therapeutic

and protective effects on pulmonary fibrosis in the same

study. Neuroprotective effects of APO have also been

demonstrated in the study of Simonyi et al. [8].

The relationship between NOX and vascular

endothelial growth factor (VEGF) in ischemic

retinopathy was investigated in a study by Al-

Shabrawey et al. [11]. In this study, APOwas observed

to suppress the oxidative stress triggered by ischemia,

decrease VEGF to normal levels, and provide protec-

tion from retinal neovascularization in rats. Another

study found that superoxide radical production was

decreased significantly and rod cells were preserved

when APO was administered to rats with photorecep-

tor degeneration [12].

We could not find any study on the effects of APO

on PVR in the literature. So, in this study, we aimed to

clinically and histopathologically investigate the

therapeutic effect of APO administered intraperi-

toneally against PVR in an experimental PVR model

in rabbits.

Materials and methods

New Zealand-type male rabbits aged 1 year with a

mean weight of 2.5 kg were kept at 20 ± 2 �C
temperature, 55–60 % humidity, and a 12:12 light/dark

cycle. All the experiments and animal care procedures

were regulated in accordance with the Association for

Research in Vision and Ophthalmology (ARVO)

Statement for the Use of Animals in Ophthalmic and

Vision Research and were approved by the Inönü

University Local Animal Experimentation Ethics Com-

mittee (Ref No: 2015/A-72). The rabbits were ran-

domly divided into three groups: (1) Sham group

rabbits that were administered intraperitoneal (i.p.)

vehicle without creating PVR; (2) PVR group rabbits

where PVR was created and an intraperitoneal (i.p.)

vehicle was administered for 21 successive days; (3)

PVR ? APO group rabbits where PVR was created

and i.p. APO 20 mg/kg (Apocynin, Sigma-Aldrich)

was administered for 21 successive days. The animals

in all groups were then sacrificed with a high anesthetic

dose on the 22nd day and the eyes were enucleated.

Platelet-rich plasma (PRP) preparation and PVR

creation

All rabbits were anesthetized with ketamine

hydrochloride at a dose of 50 mg/kg body weight

and 2 % xylazine hydrochloride at a dose of 10 mg/kg

body weight intramuscularly. A 10-ml blood sample

was drawn from the marginal ear vein after anesthesia.

This 10-ml blood sample was added to a tube and

mixed. The single centrifuge protocol was imple-

mented to obtain PRP [13]. The separation of blood

cell elements was realized using a laboratory-type

centrifuge at 160 g for 3 min at 3000 rpm and at room

temperature, and the blood was separated into three

basic components: red blood cells (the bottom layer),

PRP (the middle layer of the tube), and platelet-poor

plasma (PPP) (the top layer). The PPP layer was

removed with a pipette and discarded. We then placed

a mark 2 mm below the line separating the bottom

layer from the middle layer. All the components above

this mark (about 1.2 ml) were removed with a pipette.

Tropicamide drops (1 %) (Tropamid forte, Bilim,

Turkey) were administered twice to the eyes of the

rabbits in group 2 and 3 to provide mydriasis. Then,

0.15 ml (75,000) U PRP was administered intravitre-

ally with the help of an indirect ophthalmoscope using

a 30-gauge syringe placed right below the upper

temporal limbus. Fundus examination was performed

everyday to make sure PVR had developed.

Apocynin treatment

Group 3 was administered i.p. 20 mg/kg APO every-

day for 21 days starting with the day after intravitreal
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PRP administration. The eyes were enucleated and

sent to the laboratory for histopathologic analyses

following indirect ophthalmoscopic examination on

the 22nd day of the study.

Ophthalmoscopic examination

Fundus examination was conducted with a

portable indirect ophthalmoscope (Heine Optotech-

nik, Herrsching, Germany) after the eyes were dilated

with tropicamide before starting the experiments and

at each visit afterwards. The results were recorded

using the PVR classification modified by Machemer

et al. [14] in 1991 as grade A: limited to cells in the

vitreous and blurring, grade B: tear with rolled or

irregular edges or subclinical contractions character-

ized by wrinkles at the inner retinal surface, or grade

C: preretinal or retinal membranes that are anterior

(Ca) or posterior to the equator (Cb) [14].

Histological evaluation

Enucleated eyes were fixed in 10 % formalin and

embedded in paraffin. Paraffin-embedded specimens

were cut into 4-lm-thick sections as horizontal section

through the optic disk of the eye and mounted on

slides. The sections were stained with hematoxylin

and eosin for the evaluation of disruption of inner

retina (from the inner plexiform layer to the inner

limiting membrane), epiretinal membrane formation,

the presence of retinal fold, and abnormal blood vessel

growth.

Proliferative changes of PVR were graded accord-

ing to the classification of Fastenberg except moderate

modification [15]. PVR is divided into three progres-

sive grades with grade 1 being the least severe and

grade 3 being the severest according to the scoring

system (Table 1). Microscopic analysis was carried

out at X40 objective with a Leica DFC 280 light

microscope (Leica Micros Imaging Solutions Ltd,

Cambridge, UK).

Statistical analysis

All data were analyzed with a commercially available

statistics software package (SPSS for Windows v.

15.0, Chicago, IL., USA). Distribution of the groups

were analyzed with the Kolmogorov–Smirnov test, as

with all groups showed a normal distribution. For all

parameters, one-way ANOVA was performed with

Tukey’s post hoc test. Results were presented as

mean ± SD. p\ 0.05 were regarded as statistically

significant in all data (Table 2).

Results

Histologic results

Layers of the retina were observed as intact in sham

group using H–E staining methods (Fig. 1). Prolifer-

ative changes such as the formation of new blood

vessel or preretinal membrane was not observed in this

group. However, sections from PVR groups showed

markedly edematous inner retina and new blood vessel

formation along with retina inner surface. Some of the

vessels were filled with blood cells and dilated.

Furthermore, epiretinal membrane was also recog-

nized. An epiretinal membrane was a fibrocellular

tissue found on the inner surface of the retina (Fig. 2a,

b). This membrane tightly adhering to the internal

limiting membrane in some areas, in addition to the

retina, was convoluted in some places. While the mean

PVR stages of the without drug group was found

2.28 ± 0.75, a PVR ? drug group was 1.42 ± 0.53.

The difference between the PVR group and

PVR ? drug groups was statistically significant

(p = 0.04) (Table 3). On the other hand, although

retinal damage was recognized as alleviated in

PVR ? drug group, the lesions did not completely

improve. Degenerative alterations like focal edema-

tous alterations, epiretinal membrane formation, and

localized vascular changes were still present in this

group (Fig. 3a, b). In addition, a significant difference

was observed in both groups (PVR group and

PVR ? drug) in terms of the score of PVR when

compared with the sham group (p = 0.001 and

p = 0.04, respectively). Inflammatory cells were not

observed in any of PVR groups.

Ophthalmoscopy results

Data recorded according to the clinical PVR grading

system are summarized in (Table 4). Briefly,

PVR ? APO group showed improvement in a statis-

tically significant level according to the grading

system of Machemer et al.[14], and there was no

grade C-specific PVR finding (p = 0.001).
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Discussion

The most common reason for PVR is unsuccessful or

inadequate retinal detachment surgery. PVR is usually

related to giant retinal tears, posterior segment trauma,

vascular proliferative retinopathy, and excessive

cryotherapy (Table 5). It is believed to be the result

of a recovery from biological injury and is character-

ized by the proliferation of retinal pigment epithelium

cells, glial cells, and fibroblasts [16].

A more detailed explanation of PVR pathogenesis

is as follows: a cascade occurs during the recovery

from a tissue injury. This recovery from the injury

process can be divided into three basic phases:

inflammation, proliferation, and scar formation. The

inflammation phase in the vitreoretinal region devel-

ops because the blood–retina barrier is damaged. The

platelets active in this region secrete chemotactic

factors such as platelet-derived growth factor, trans-

forming growth factor b (TGF-b), and epidermal

growth factor leading to monocyte and macrophage

influx to the region. Monocytes and macrophages also

produce proliferative factors such as VEGF, fibroblast

growth factor, insulin-like growth factor, and hepato-

cyte growth factor [17]. In conclusion, a proliferation

phase that results in connective tissue cells and

granulation tissue formation in the area is realized

[18]. In the following scar phase, there is a reorgani-

zation of extracellular matrix formation, fibroblast

contraction, and development of intensive granulation

tissue [19]. This is clinically observed with cellular

membranes on both retinal surfaces and hyaloid.

These membranes apply traction to the retina and

macula that can lead to new tears, persistently

detached areas, granulation tissue formation in all

retinal layers, and a distorted macula [16].

Surgery has been the standard treatment for PVR.

Anatomic success is achieved with successful surgery.

However, the functional results are not at the desired

level3. Investigators have tried various medical treat-

ments for this purpose, but only some of them could be

used in clinical studies due to the low degree of effect

and/or high incidence of side effects [20, 21].

Corticosteroids and antimetabolites such as 5-flu-

orouracil and mytomycin-c, which are thought to be

able to prevent PVR pathogenesis, have been used in

Table 1 Scoring systems used for evaluation of the retinal histological structure classification for the grading of PVR in rabbit

PVR

grade

Description

Grade 0 Retina without pathologic evidence

Grade 1 Minimal disruption in the inner retina and mildly abnormal blood vessels growth

Grade 2 Up to 50 % of the retina is vascularized (moderately abnormal blood vessel growth), moderate disruption in the inner

retina and epiretinal membrane formation

Grade 3 Between 50 and 100 % of retina is vascularized (severely abnormal blood vessels growth) severe disruption in the inner

retina and extensive epiretinal membrane formation, the presence of retinal folds

Table 2 Frequency of histologic damage in the groups of the

study

Stage Sham (n) PVR (n) PVR ? drug (n)

Stage 0 7 0 0

Stage 1 0 1 4

Stage 2 0 3 3

Stage 3 0 3 0

n number of rabbit

Fig. 1 Sham group. All layers of the retina are well organized

X40, H–E
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animal and human studies [7, 22]. The effects of

corticosteroids have been shown to be weak outside

the early period or preoperative use [23]. Antimetabo-

lite use has not become popular due to the serious side

effects [7]. Drugs and molecules such as retinoic acid,

retinol, carmustine, silicone oil tamponade, inter-

leukin-4, nilvadipine, and taxol have also been tried

for treatment in various experimental models [24–27].

In this study, we created a successful PVR model

with intravitreal PRP administration and started

intraperitoneal treatment with APO to investigate its

therapeutic effects in rabbits. We thought that APO

could be used as an alternative or additional treatment

for surgical procedures when planning our study as it

suppresses VEGF production via NOX inhibition,

protects structures such as photoreceptor cells directly

relevant to vision physiology, and it has been proven

antioxidant and neuroprotective effects [12, 28, 29].

APO is known as a strong NOX inhibitor and it has

been shown to have a positive therapeutic effect on

photoreceptors in a study conducted on mice with

Fig. 2 PVR group.

a Epiretinal membrane on

the surface of the retina (thin

arrows) is evident. Star

indicates retinal fold X20,

b The presence of blood

vessels along on the retina

surface with erythrocytes

(thick arrows). Increase of

inner retina thickness (IPL-

ILM) due to edema is

prominent X40, H–E

Table 3 The mean histologic PVR stages in the study groups

Stage Sham (n) PVR (n) PVR ? drug

(n)

Mean

PVR ± SD

0.0 ± 0.0 2.28 ± 0.75a 1.42 ± 0.53a,b

a Significant increase (p = 0.001), versus Sham group
b Significant decrease (p = 0.04), versus PVR group

Fig. 3 a Without retinal

folds, epiretinal membrane

on the of the internal

limiting membrane, focal

neovascularization (thick

arrow) X20, b Moderately

inner retinal (IPL-ILM)

edema are still existing (thin

arrows) in some areas X40,

H–E

Table 4 Frequency of clinical PVR grade in the groups of the

study

Stage Sham (n) PVR (n) PVR ? drug (n)

Grade A 7 0 3

Grade B 0 0 4

Grade Ca 0 3 0

Grade Cb 0 4 0

n number of rabbit

Table 5 The mean clinical PVR stages in the study groups

Stage Sham (n) PVR (n) PVR ? drug

(n)

Mean

PVR ± SD

0.0 ± 0.0 2.39 ± 0.87a 0.89 ± 0.33a,b

a Significant increase (p = 0.001), versus Sham group
b Significant decrease (p = 0.001), versus PVR group
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photoreceptor degeneration [12]. The authors of that

study stated that neuronal cells and those related to

vision physiology were especially negatively affected

by the NOX activation in retinal dystrophies and that

NOX inhibitors could give positive results [12]. NOX

activation is thought to trigger the choroidal endothe-

lial cell migration that has critical importance in age-

related macular degeneration and it was suppressed

with APO in an in vitro model with ultimately a

significant reduction in choroidal neovascularization

due to the powerful antioxidant effects [28]. APO

showed strong neuroprotective effects in monkeys

with experimental Parkinson’s disease and decreased

Parkinson’s symptoms in a study evaluating the

neuroprotective effects [29].

Most of the previous studies which were evaluated

the APO on the eye are realized its effects via NOX

inhibition. Positive effects of APO and similar NOX

inhibitors have been shown in conditions such as

choroidal neovascularization and diabetic retinopathy

where the intraocular placental growth factor (PGF),

tumor necrosis factor (TNF), VEGF, and similar

enzymes have increased [30, 31]. These effects were

also proven histopathologically and biochemically. It

is well established that intraocular levels of PGF, TNF,

VEGF, and similar enzymes increase in PVR devel-

oping secondarily to vitreoretinal surgery or advanced

proliferative diabetic retinopathy [32, 33]. We believe

that APO could at least partially decrease unwanted

inflammation, granulation, and scar formation through

NOX inhibition.

Kilic et al. have shown that APO decreases

granulation and fibrosis in bleomycin-induced pul-

monary fibrosis [34]. The fibroblastic activity increase

and granulation tissue formation provide anatomic

healing during there recovery process after injury but

have negative effects on functional recovery. This

granulation tissue that develops in disorders like PVR

that involve all layers of the retina replaces structures

such as photoreceptors and ganglion cells following

recovery and it has a negative effect on vision [16].

The effects of APO on the hepatotoxicity induced by

cisplatin were investigated in a recent study and it

showed positive effects on inflammation, granulation

tissue formation, and vascular structures [35]. The

positive effects of APO on apoptosis and histopatho-

logical changes were also demonstrated in a study

which evaluated the effects of APO in radiotherapy-

induced intestinal damage where a decrease in

granulation tissue and scar formation [36]. In our

study, we found a significant improvement in

histopathological parameters such as retinal folds,

epiretinal membrane formation, and neovasculariza-

tion. There was almost no clinically significant

pathology on ophthalmoscopic examination in the

group that received treatment other than one rabbit

with membranes at the posterior equator and four

rabbits with vitreous haze. In addition, retinal tears

were not observed in any of treatment group eyes. At

least one retinal tears were observed in all of non-

treatment group eyes.

One of the limitations of our study is that the current

study could not include oxidative stress parameters

biologically as APO is known to be a strong antiox-

idant, and not photographing the fundi due to our

limited equipment.

In conclusion, we believe that APO can be used to

treat PVR both histopathologically and clinically, at

least to some extent. Considering all the described

features of APO, it could be used primarily or in

addition to the primary treatment in eye disorders

without a definite treatment, such as PVR. However,

further experimental and clinical studies are needed to

verify these results before its use in clinical practice.
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