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 Background: This study aimed to explore the effects of plumbagin (PLB) on epithelial-to-mesenchymal transition in retinal 
pigment epithelial (RPE) cells and in proliferative vitreoretinopathy (PVR) rabbit models.

 Material/Methods: Rabbit RPE cells were exposed to various concentrations (0, 5, 15, and 25 µM) of PLB. Motility, migration, and 
invasion of PLB-treated cells were determined in vitro using Transwell chamber assays and scratch wound as-
says. The contractile ability was evaluated by cell contraction assay. Expression of matrix metalloproteinases 
(MMPs) and epithelial-mesenchymal transition (EMT) markers were assessed by western blotting. Furthermore, 
PLB was injected in rabbit eyes along with RPE cells after gas compression of the vitreous. The presence of PVR 
was determined by indirect ophthalmoscopy on days 1, 7, 14, and 21 after injection. Also, optical coherence 
tomography (OCT), ultrasound images, electroretinograms (ERG), and histopathology were used to assess ef-
ficacy and toxicity.

 Results: PLB significantly inhibited the migration and invasion of RPE cells. The agent also markedly reduced cell con-
tractive ability. Furthermore, PLB treatment resulted in the decreased expression of MMP-1, MMP2, a-SMA, and 
the protection of ZO-1. In addition, the PLB-treated eyes showed lower PVR grades than the untreated eyes in 
rabbit models. PLB exhibited a wide safety margin, indicating no evidence of causing retinal toxicity.

 Conclusions: PLB effectively inhibited the EMT of rabbit RPE cells in vitro and in the experimental PVR models. The results 
open new avenues for the use of PLB in prevention and treatment of PVR.
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Background

Proliferative vitreoretinopathy (PVR) is a fibrotic disease charac-
terized by the formation and constriction of epiretinal membranes 
(ERMs) composed of various kinds of cells and their extracellular 
matrix (ECM), finally leading to tractional retinal detachments 
and visual impairment [1]. The most important cell type in PVR 
pathogenesis is retinal pigment epithelial (RPE) cells, which are 
believed to undergo epithelial-mesenchymal transition (EMT) to 
a fibroblastic phenotype, then migrate, proliferate, and at last 
form epi-retinal membranes [2]. Nowadays, more efforts have 
been made to look for prophylactic or therapeutic agents to in-
hibit the EMT of RPE in order to stop PVR at an early stage [3].

Plumbagin (PLB; 5-hydroxy-2-methyl-1,4-naphthoquinone) is a 
kind of natural naphthoquinone component isolated from the 
root of Plumbago zeylanica L, which has an extensive range 
of effects including anti-inflammation, anti-microbe, anti-can-
cer, and neuroprotection in multiple cell lines and animal mod-
els [4]. Recently, the anti-EMT effect of PLB has been a high in-
terest research topic. It has been proven that this effect of PLB 
may be the main reason causing cell viability suppression [5,6].

In the present study, we aimed to investigate whether PLB 
could effectively inhibit the EMT of rabbit RPE cells in vitro 
and in an experimental model of PVR.

Material and Methods

In vitro study

Rabbit RPE cell culture

The tissue-cultured RPE cells in our study were taken from New 
Zealand albino rabbits. We enucleated the rabbit eyes, removed 
the anterior segment and vitreous, and trypsinized the RPE cells 
with 0.25% trypsin with 0.02% EDTA (Sigma-Aldrich; St. Louis, 
MO, USA) at 37°C for 30 minutes. Afterwards, the cells were 
cultured in a DMEM/F12 medium supplemented with 10% FBS 
and regular antibiotics (1% penicillin and streptomycin) (Gibco®; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37°C in a 
humidified atmosphere with 5% CO2 with medium changes ev-
ery three days, and subcultured if confluence was reached. PLB; 
Sigma-Aldrich; St. Louis, MO, USA) was dissolved in dimethyl 
sulfoxide (DMSO; Sigma-Aldrich) and stocked at 100 mM, which 
was diluted into working concentrations with culture medium. 
The control group received the vehicle (0.05% DMSO) only.

Transwell chamber assays

Transwell chamber assay (Costar, Cambridge, MA, USA) was 
used to measure the motility of rabbit RPE cells. In brief, the 

wells of 24-well culture plates were separated into upper and 
the lower chambers with 8-μm pore size inserts. There was 
600 μL DMEM/F12 containing 10% FBS in the lower chamber, 
while 5×104 RPE cells with various concentration of PLB (0, 5, 
15, or 25 µM) were cultured for 24 hours in the upper cham-
ber. The cells which migrated through the pores were displayed 
by crystal violet and calculated using the microscope (Axiovert 
200, Zeiss; Oberkochen, Germany).

Scratch wound assay

RPE cell monolayers were scratched by a 200 μL pipette tip 
and washed thrice. Then the cells were cultured in serum-free 
medium with different concentration of PLB (0, 5, 15, or 25 
µM) for 24 hours. The migratory ability was assessed by the 
relative migration rate.

Cell contraction assay

After treatment as described previously, 1×106 RPE cells from 
each group were suspended in a solution containing 1.5 mg/mL 
neutralized collagen I (INAMED; Fremont, CA, USA), and trans-
ferred into a 24-well plate which had been pre-incubated with 
5 mg/mL bovine serum albumin overnight. After incubation at 
37°C for 90 minutes, the collagen gel polymerized and the area 
was calculated to evaluate the contractile ability of RPE cells.

Western blot

The expressions of EMT-related proteins were assessed by west-
ern blotting assays. Rabbit RPE cells were incubated with var-
ious concentrations of PLB (0, 5, 1, and 25 µM) for 24 hours, 
or exposed to 15 µM PLB for 12, 24, and 48 hours. The treat-
ed cells were lysed with RIPA buffer (Solario; Beijing, China) 
and protein contents were determined by Pierce™ bicincho-
ninic acid (BCA) protein assay kit (Thermo Fisher Scientific Inc.; 
MA, USA). Each protein sample at 50 ng and rainbow molecu-
lar weight markers (11–245 kDa; Solario; Beijing, China) were 
electrophoresed on 8–10% sodium dodecyl sulfate polyacryl-
amide gel electrophoresis minigel (SDS-PAGE) after thermal de-
naturation at 95°C for five minutes. Proteins were electrotrans-
ferred onto polyvinylidene difluoride (PVDF) membranes (EMD 
Millipore; Billerica, MA, USA) at 100 V at 4°C for two hours, and 
then stopped with 5% non-fat milk. Subsequently, membranes 
were probed with indicated primary antibody against MMP1 
(ab38929), MMP2 [EPR1184](ab92536), alpha-SMA[EPR5368]
(ab124964), and ZO-1(ab96587), (Abcam, Cambridge, UK) at 
4°C overnight, then marked by goat anti-rabbit horseradish 
peroxidase-conjugated secondary antibody (IgG; catalog no. 
7074S; Cell Signaling Technology Inc.; MA, USA) for one hour 
at room temperature according to the manufacturer’s proto-
col. The protein bands were visualized by the Bio-Rad Chemi 
Doc™ XRS system (Bio-Rad Laboratories Inc.; CA, USA) and 
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the density was measured by Image ImageJ analytical soft-
ware (National Institutes of Health, Bethesda, MD, USA). The 
protein concentrations were calculated based on the value of 
the internal control glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH; ab128915; Abcam; Cambridge, UK).

In vivo study

Animals

All animal management in the present study abided by the 
Association for Research in Vision and Ophthalmology (ARVO) 
Statement for the Use of Animals in Ophthalmic and Vision 
Research and the NIH Principles of Laboratory Animal Care (re-
vised 1985). Thirty-four New Zealand albino rabbits weighing 
between 2.5 kg and 3 kg were used. The animals were sedated 
by intravenous injection of pentobarbital (2 mg/kg). The eyes 
were topically anesthetized with proparacaine hydrochloride 
eye drops and the pupils were dilated with topical 1% tropi-
camide and 2.5% phenylephrine. Rabbits were sacrificed by in-
travenous injection of an overdose of pentobarbital.

Toxicity study

We use electroretinograms (ERG) as a criterion to assess the 
retinal toxicity of PLB. Twelve rabbits were divided into three 
groups: four eyes accepted intravitreous injections through pars 
plana with 25 μM PLB, four eyes with 50 μM PLB while four eyes 
with DMSO (0.5‰) only as the control group. Each right eye 
was treated with the left eye as the control one. Bilateral ERG 
(Neuropack-II Plus; Nihon, Kohden, Japan) were operated on the 
day before the injection, on days 3, 7, 14, and 21 after the injec-
tion, and maximal b-wave amplitude was used for evaluation. 
Three weeks later, the eyeballs were taken out instantly after 
the rabbits were sacrificed, and fixed with formaldehyde, dehy-
drated in ethanol series, sliced into epoxy resin sheets, stained 
with hematoxylin and eosin, then examined by light microscopy.

Efficacy study

Rabbit PVR model induction and observation

Rabbits were acclimated for one week and then 0.1 mL 
perfluoropropane gas (C3F8; Alcon; Fort Worth, TX, USA) was 
injected into the vitreous cavity of each right eye. One week 
later, the experimental eyes were co-injected with 2 x 105 RPE 
cells suspended in 0.1 mL platelet-rich plasma (PRP) and 0.1 
mL balanced salt solution (BSS) of either 25 uM PLB in DMSO 
(11 eyes experimental), or DMSO alone (11 eyes control) un-
der aseptic conditions. The retinal status was monitored us-
ing indirect ophthalmoscopes (Keeler Instruments, Broomall, 
PA, USA) on 3, 7, 14, and 21 days after injection. Extent of PVR 
was evaluated according to Fastenberg classification as follows: 

stage 0, represented normal; 1, ERM formation; 2, vitreoret-
inal traction without retinal detachment; 3, localized retinal 
detachment of one to two quadrants; 4, extensive retinal de-
tachment of two to four quadrants; 5, complete retinal detach-
ment. Retinal function was assessed by ERGs of every week 
after injection. Intraocular pressures were monitored daily for 
three days after gas injection and for one day after the co-in-
jections using a tonometer (TONO-PEN XL; Reichert; Depew, 
USA). Fundus images were obtained using the Spectralis opti-
cal coherence tomography (OCT) (Heidelberg, Germany), while 
ultrasound images were obtained using AVISO ultrasonic diag-
nostic instrument (Quantel Medical Ltd., France). Signs of toxic-
ity, including intraocular inflammation and hemorrhages, were 
assessed during each fundus examination and by histologi-
cal analysis of retinas after sacrifice of animals. Animals were 
sacrificed at day 21, and eyes were enucleated for later analy-
sis. All examinations were accomplished by the same observers.

Statistical analysis

The in vitro experiments were performed at least three times 
and data were expressed as mean ± standard deviation (SD). 
SPSS version 22.0 (SPSS, Inc.; Chicago, USA) was used to per-
form statistical analyses. Differences between control and 
treated samples were evaluated by one-way analysis of vari-
ance (ANOVA) followed by Tukey’s multiple comparison proce-
dure. A Pearson test was performed for correlation. For in vivo 
studies, the Wilcoxon signed-rank test was chosen to compare 
the degree of PVR between the two groups. A value of p <0.05 
was considered as statistically significant in each experiment.

Results

In vitro studies

PLB inhibited migration and invasion of rabbit RPE cells

To investigate whether PLB could inhibit migratory and in-
vasive properties of rabbit cells, scratch wound assay and 
Transwell chamber assay were used. When cells were incu-
bated with 0, 5, 15, and 25 µM PLB, the total cell numbers 
in the scratch area were (98.7±12.2), (72.3±5.1), (37.7±4.0) 
and (7.3±3.5) respectively (Figure 1A). As shown in Figure 1B, 
the relative cell migration rate were (0.74±0.09), (0.39±0.08) 
and (0.08±0.04) respectively, compared to the control group 
(p=0.005, 0.000, 0.000 respectively). Furthermore, Transwell 
chamber assay showed that cell numbers in the lower chamber 
were (184.0±11.1), (127.7±8.6), (92.7±13.8) and (51.3±9.1) re-
spectively (Figure 2A). And the relative cell invasion rate were 
(0.69±0.05), (0.50±0.07) and (0.28±0.05) respectively, com-
pared to the control group (p=0.001, 0.000, 0.000; Figure 2B). 
The results demonstrated that PLB could significantly inhibit 
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the migration and invasion of rabbit RPE cells dose-depend-
ently (Pearson test; p=0.000).

PLB suppressed contractile ability of RPE cells

The formation and contraction of the epiretinal membrane is 
the hallmark of PVR and plays an important role in tractional 
retinal detachment during PVR. We have developed an assay 
to examine the contractile ability in vitro using rabbit RPE cells. 
As shown in Figure 3, the matrices mixed with RPE cells treat-
ed under 0, 5, 15, 25 μM PLB shrank to 26.0%, 40.1%, 56.9% 
and 77.1% respectively compared to initial area respectively. 
The collagen matrix contraction was reduced significantly when 

cells were cultured with 15 and 25 μM PLB (p=0.003, 0.000 re-
spectively). Moreover, PLB inhibited the contractile ability of 
RPE cells in a dose-dependent manner (Pearson test; p=0.000).

PLB modulated expression of EMT-related proteins and MMPs 
in RPE cells

In order to further explore the anti-motive mechanism of PLB on 
RPE cells, we evaluated the expression of proteins associated 
with this phenomenon. It was well known that MMPs induced 
epithelial to mesenchymal transition and thus increased the 
invasive potential of cells. To determine their involvement in 
RPE cells, the expression levels of protein MMP-1, MMP-2 were 
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Figure 1.  Plumbagin (PLB) inhibited migration of rabbit retinal pigment epithelial (RPE) cells. (A) Rabbit RPE cells were treated with 
indicated concentrations (0, 5, 15, and 25 µM) of PLB. (B) Bar graphs show the relative migration rate of the cells treated 
with PLB at 0, 5, 15, and 25 µM for 24 hours; * p<0.05 by one-way ANOVA, n=3.
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Figure 2.  Plumbagin (PLB) inhibited invasion of rabbit retinal pigment epithelial (RPE) cells. (A) Rabbit RPE cells stained with crystal 
violet. (B) Bar graphs show the relative invasion rate of the cells treated with PLB at 0, 5, 15, and 25 µM for 24 hours; 
* p<0.05 by one-way ANOVA, n=3.
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assessed by western blotting analysis (Figure 4A). When ARPE 
cells were incubated with PLB at 5, 15, and 25 µM for 24 hours, 
the level of MMP-1 decreased to 69.4%, 39.7% and 26.7% re-
spectively compared to control group (each p=0.000). Similarly, 
the content of MMP-2 reduced to 83.5%, 65.2% and 49.9% 
respectively (p=0.013, 0.000, 0.000; Figure 4B). Furthermore, 
the differences between adjacent groups also had statistical 
significance (p<0.05) and the changes was dependent on the 
concentration of PLB (Pearson test; p=0.000). In parallel ex-
periments, we found that PLB regulated these MMP proteins 
in a time-dependent manner as well (Pearson test; p=0.000). 
Briefly, RPE cells were exposed to 15 µM PLB for 12, 24, or 48 
hours, the expression of MMP-1 decreased to 87.3%, 49.7%, 
and 48.8% respectively (p=0.033, 0.000, 0.000) and the lev-
el of MMP-2 was reduced to 93.8%, 76.3% and 64.4% respec-
tively compared to control cells, respectively (P=0.450, 0.001, 
0.000; Figure 4C). Together with the data from our previous 
study, these results demonstrated a downregulating role in 
the MMPs expression of PLB in ARPE cells.

As is known to all, cells that have undergone EMT usually have 
reduced epithelial features such as zonula occludens-1 (ZO-1), 
whereas increase mesenchymal features such as a-smooth 
muscle actin (a-SMA). Herein, we observed the expression of 
a-SMA and ZO-1 as EMT symbolic factors using western blot-
ting (Figure 4A). After treatment with 5, 15, and 25 µM PLB for 
24 hours, the content of a-SMA in RPE cells decreased signif-
icantly from 0.98 at base level to 0.88, 0.75 and 0.63 respec-
tively, dose-dependently (p=0.104, 0.002, 0.000; Pearson test, 
p=0.000). On contrast, the level of ZO-1 increased slightly 
from 0.39 at the basal line to 0.42, 0.44, and 0.40 respective-
ly (p=0.067, 0.001, 0.918; Pearson test, p=0.672; Figure 4D). 
Furthermore, when RPE cells were exposed to 15 µM PLB for 
12, 24, and 48 hours, there was a 11.5%, 24.4%, and 27.4% re-
spective reduction in the level of a-SMA (p=0.009, 0.000, 0.000; 

Pearson test, p=0.000), while 8.2%, 11.4%, and 4.1% respective 
augment in the level of ZO-1 (p=0.027, 0.004, 0.324; Pearson 
test, p=0.512), in comparison to the control group(Figure 4E).

In vivo studies

Toxicity study

Bilateral ERGs were obtained to evaluate the toxicity of PLB 
and the ratios of scotopic b-wave amplitudes from right eyes 
to left eyes were used to lessen variability. Figure 5A demon-
strates the mean b-wave ratio was 1.03 at base line, changed 
to 1.05 on day 3, then mildly decreased on day 7, 14, and at 
last to 1.00 on day 21 in the 25 uM group. At the same time, 
in the 50 uM group, the mean b-wave ratio declined from 1.07 
to 1.01 on day 3, transiently increased to 1.03 on day 7, there-
after declined to 0.94 on day 14 and at last 0.95 on day 21. 
These numbers were not significantly different compared to 
control group (DMSO group), confirming no electrophysiolog-
ically detectable injury in the PLB group.

Furthermore, indirect ophthalmoscopy indicated no signs of 
retinal damage on either day in any group. Histologic obser-
vations using light microscopy in Figures 5B showed well pre-
served nuclear layers and photoreceptor segments 21 days after 
injection. Based on the above-mentioned events, a concentra-
tion of 25 uM PLB was determined for subsequent experiments.

Efficacy study

Twenty-two rabbits were involved in this efficacy study. One 
rabbit died of overdose anesthesia and another rabbit suf-
fered severe vitreous hemorrhage which were excluded dur-
ing the study period. No signs of intraocular infection such as 
iris synechiae or hypopyon was observed.

The PVR grades of treated group were markedly lower than 
those of control group on days 3, 7, 14, and 21 after injection 
of RPE cells (p=0.043, 0.009, 0.023, 0.035 respectively; Figure 
6A). Ultrasound and OCT examinations showed that drug bo-
luses and cell clusters could be visualized in rabbit vitreous 
cavity approximately in the first week then dissolved and dis-
persed gradually. The incidence of tractional retinal detach-
ments in PLB group versus the control group was: 20% ver-
sus 60% on day 14, and 30% versus 70% on day 21. The PVR 
was prominently less severe in the PLB treated eyes during 
the whole experimental period (Figure 6B).

Discussion

Epithelial-mesenchymal transition (EMT) is a cellular meta-
morphosis procedure in which epithelial cells abandon their 
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Figure 3.  Plumbagin suppressed contractile ability of retinal 
pigment epithelial cells; * p<0.05 by one-way ANOVA, 
n=3.
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Figure 4.  Effect of plumbagin (PLB) on the expression of EMT-related proteins in ARPE cells. (* p<0.05 by one-way ANOVA, n=3). 
(A) The expression levels of MMP-1, MMP-2, a-SMA and ZO-1 determined by western blotting assay. GAPDH was used as 
the internal control. (B) Bar graphs show the expression levels of MMP-1 and MMP-2 when ARPE cells were treated with PLB 
at 0, 5, 15, and 25 µM for 24 hours. (C) Bar graphs show the expression levels of MMP-1 and MMP-2 when ARPE cells were 
treated with PLB at 15 µM for 0, 12, 24 and 48 hours. (D) Bar graphs show the expression levels of a-SMA and ZO-1 when 
ARPE cells were treated with PLB at 0, 5, 15, and 25 µM for 24 hours. (E) Bar graphs show the expression levels of a-SMA 
and ZO-1 when ARPE cells were treated with PLB at 15 µM for 0, 12, 24, and 48 hours.
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Figure 5.  Electroretinography and histology of rabbits treated with Plumbagin (PLB). (A) The mean ratio of b-wave amplitudes of dark 
adaptation electroretinograms of rabbit eyes treated with 25 μM PLB, 50 μM PLB, or DMSO only, on the day before the 
infection, day 3, 7, 14 and 21; n=4 at each dose. (B) Light microscopy of the rabbit retina 21 days after intravitreous injection 
of PLB (50 μM). Every layer appeared to be normal with well-preserved photoreceptor outer segments; hematoxylin and 
eosin staining; magnification 400×.

differentiated phenotypes and turn into mesenchymal-like cells. 
Meanwhile, a series of cellular functions, including cell motility, 
proliferation, protein expression, and extracellular matrix have 
changed [7]. EMT mediates physiologic courses of embryon-
ic development, organ generation or wound healing. But EMT 
also takes part in pathophysiological processes, for example, 
fibrosis [8], cancer metastasis [9], or PVR [10].

As everyone knows, RPE is a monolayer of pigmented cells tight-
ly connected and is crucial for the preservation of photorecep-
tor function. Normally, RPE cells remain quiescent, maintaining 
original characteristic morphology and action. Under patho-
logical circumstances such as retinal break, the outer blood-
retinal barrier (BRB) breaks down, RPE cells disseminate into 
the vitreous cavity, where they lose RPE cell-cell contact and 
initiate EMT [11]. During EMT, RPE cells express less epitheli-
al symbols such as zonula occludens-1 (ZO-1), E-cadherin but 
more mesenchymal symbols such as a-smooth muscle actin 
(a-SMA), vimentin, and fibronectin [12]. These dedifferentiat-
ed RPE cells can then migrate, proliferate, change into fibro-
blasts, and contract, at last resulting in PVR. Previous studies 
showed inhibition of proliferative ability of cells may reduce 
the severity of the illness, but could not completely block the 
progress of PVR [13]. It has been suggested that perhaps the 
EMT of RPE deserves more attention since it plays a more cru-
cial role in the development of PVR [10,11]. Therefore, it is im-
perative to develop drugs for blocking EMT, thus providing an-
other pharmacological target to prevent PVR.

In a previous study, PLB was identified as a proliferative sup-
pressor because of its role on cell apoptosis [14]. Here, we 

further defined its inhibitory effect on EMT of RPE cells. Our 
study proved that PLB could downregulate mesenchymal-as-
sociated molecules such as a-SMA. At the same time, PLB 
protected the epithelial junctional protein ZO-1, which is con-
sidered to maintained cell-cell adhesion to prevent EMT [11]. 
Furthermore, PLB is thought to also repress the expression 
of MMP-1 and MMP-2, which may cleave extracellular matrix 
components, and thus increase the motility of cells [15–17]. 
Indeed, the results of our scratch wound assay and Transwell 
chamber assay indicated that PLB could significantly inhibit 
the migratory and invasive ability of RPE cells. Herein, we elu-
cidated these suppressive effects of PLB on EMT of PRE cells, 
leading to weakened motility and contraction. Moreover, these 
declined abilities were more than the decreased cell num-
bers as marker ZO-1 were elevated or maintained during the 
whole experiment.

In the present study, rabbit eyes were chosen as animal mod-
els to test the possibility that PLB could prevent and treat of 
PVR in vivo, because they imitated the human disorder close-
ly, with collapsed vitreous and epiretinal membranes [18,19]. 
Under control conditions, a dense fibrotic membrane derived 
from RPE cells formed on the collagen matrix, resulting in ret-
inal detachment. In PLB treatment group, these membranes 
were not as dense as in the control group and were signifi-
cantly less contractile, similarly like the cell contraction assay 
in vitro. Our animal results demonstrated that intravitreous 
injection of 25 uM PLB could effectively reduce the morbidity 
and severity of experimental PVR. Moreover, no evidence of 
toxicity has been observed in rabbit eyes given either 25 or 50 
uM PLB injection, suggesting PLB had a wide safety margin.
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The present experiment has some limitations: first, RPE cell 
may be the most important cells involved in the process of PVR 
but they are not the only factor. The pathogenesis of PVR is 
extremely complicated involving many cells, such as glial cells 
or macrophages [1]. We only used RPE cells in this experiment, 
excluding the action and interference of other cells. Second, in 
a real retina detached eye, the retina and cells are already im-
paired and may be more susceptible, which could affect the ef-
ficacy and toxicity of PLB. Third, some aspects of toxicity may 
take longer to present. Further studies on pharmacokinetics 
of PLB and long-term observation of animal model are need-
ed to perform next. Fourth, since many cell proliferation in-
hibitor could suppress the development of PVR [18,20], next 
we may choose some of them as control groups to compare 

the efficacy of the two therapies or discover a proper combi-
nation of drugs to prevent PVR better.

Conclusions

In the present study, PLB was proven to have inhibitory effects 
on migration, invasion, as well as the expression of EMT-related 
proteins and MMPs in RPE cells. Besides, PLB could attenuate 
the severity degrees of PVR in rabbit experimental models. 
These findings in vitro and in vivo suggest that PLB may pos-
sess potential efficacy for prophylaxis and treatment of PVR 
and needs further investigation regarding pharmacokinetics 
and comparison with analogous drugs.

Figure 6.  Efficacy study of Plumbagin (PLB) for rabbit experimental proliferative vitreoretinopathy (PVR). (A) The PVR grades of the 
treatment eyes versus those of the control eyes. (B) The optical coherence tomography and B-ultrasound observations of the 
treatment eyes versus those of the control eyes.
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