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ABSTRACT 
In this article we present the ocular tissue plasticity during retinal regeneration. Surgical approach with 
concomitant removal of the anterior portion of the eye was used to assess the capacity of retinal 
pigmented epithelium to regenerate the retina with and without Vitamin A treatment in tadpoles of the 
toad, Bufo melanostictus. Experiments were conducted on young and mature tadpoles in two phases: in 
first phase- anterior part of eye including cornea, lens and iris was removed surgically in situ and in 
second phase of experiment- meshed extract of ocular tissue was implanted into the pit made on mid 
lateral position of the tail of host tadpoles. Operated tadpoles were treated with vitamin A. The results 
obtained in the present study give clear evidence of plasticity of differentiated ocular tissue during retina 
regeneration. Vitamin A was found good model to accelerate retina regeneration in situ as well as at 
ectopic site in transplantation set up. 
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INTRODUCTION 
The high regenerative ability of amphibians provides valuable basic information on plasticity and 
transdifferentiation. Ocular tissues present a good model for studying plasticity in differentiation of tissue 
cells.  
Retinal regeneration is considered as example of transdifferentiation, s ince the source of this regeneration 
is the retinal pigmented epithelial cells (RPE cells) (Okada, 1991; Del Rio-Tsonis and Tsonis, 2003; 
Yoshii et al., 2007; Fischer, 2005). Okada (1991) reported that after retinal removal, the RPE cells lose 
their differentiation phenotypes and become retinal progenitor cells, which then undergo histogenesis of 
retinal structure.  
Retinal regeneration has also been documented in frogs, embryonic and post-natal chickens, and fish 
(Araki, 2007; Bernardos et al., 2007; Del Rio-Tsonis and Tsonis, 2003; Fischer, 2005; Vergara and Del 
Rio-Tsonis, 2009; Yoshii et al., 2007).  
Ide et al., (1984) reported that Xenopus laevis tadpoles are capable of regenerating retina after surgical 
removal of ⅔ of the eye.  
In further studies, chick embryonic retinal pigmented epithelial cells have been shown to differentiate into 
retinal cells but only in early period of development. 
Several workers have reported multi sources for retina regeneration in Xenopus models (Del Rio-Tsonis 
and Tsonis, 2003; Araki, 2014). For local small damage, intra retinal progenitor cells are recruited to 
produce new retinal cells.  
Lenkowski and Raymond (2014) reported müller glial cells playing important role in retinal regeneration 
when the whole retina is removed, the RPE cells and/or epithelial cells in the ciliary marginal zone 
(CMZ) are activated as retinal stem cells.  
However, Chiba and Mitashov (2007) noted that in the newt, retina regeneration occurred from the RPE 
and CMZ seems to regenerate only the peripheral part.  
Particularly in anuran amphibians for retina regeneration, the cellular sources are the RPE cells that 
subsequently undergo transdifferentiate into retinal progenitor cells. Similar to regeneration in newts, 
RPE transdifferentiation is considered to be a major source of regenerating cells in frogs. 
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The factors that regulate regeneration from the RPE are not well characterized in either amphibians or in 
birds, one of the first factors demonstrated to stimulate the process of regeneration from the RPE was 
basic fibroblast growth factor (FGF2), which has been shown to be effective in both amphibians and chick 
embryos (Sakaguchi et al., 1997; Pittack et al., 1991). 
In the present study, vitamin A as a model chemical will be employed to accelerate transdifferentiation 
process of RPE cells that are the main source of retinal regeneration in tadpoles of the anuran toad, Bufo 
melanostictus.  
Tsonis et al., (2000) presumed that possible pathway of vitamin A action might be through the inf luence 
of FGF (Fibroblastic growth factor). The above cited observations motivated the present work to explore 
more knowledge about the influence of vitamin A on ocular cell plasticity during retinal regeneration in 
situ as well as in transplantation set up. 

 

MATERIALS AND METHODS  
The experiments were carried out on young (3 toe stage) and mature (5 toe stage) tadpoles of the toad, 
Bufo melanostictus.  
Tadpoles were raised from the spawn collected from local ponds of the IASE Deemed University 
Campus, Sardarshahar (Rajasthan).  
Tadpoles were fed on half boiled spinach leaves and were anaesthetized in 1:2000 MS222 solution before 
operation and fixation. Experiments were conducted at room temperature (35˚C-37˚C) and designed as 
follow (Table 1) 
Experiment I: In vivo study of retinal plasticity during regeneration 
Operation: Only one eye (right eye) was operated per animal to increase the survival rate. The cornea was 
cut with a scalpel and lens was removed through the pupil with forceps. Then, anterior one third part of 
the eye ball was removed by micro scissors. Although, we have removed anterior part of operated eye 
however, this does not discard the possibility that the ciliary body and iris might also participate in 
regeneration when they are left in the eye. 
Animals were allowed to recover and then reared in respective solutions. The operated animals were 
preserved at different time intervals in Bouin’s solution for histological evaluation.  For histological 
processing tadpoles were fixed in Bouin’s solution and embedded in paraffin. Sections were cut and 
stained with haematoxylin and counter stained with eosin.  
Experiment II: Retinal plasticity during regeneration at ectopic site under transplantation set up 
To test experimentally whether meshed extracts of retinal tissue can regenerate retina at ectopic site, tail 
of the host tadpole was used as a model. 
Preparation of Explants 

Twenty young tadpoles were anaesthetized in MS222 solution (1:2000) before operation. One eye ball per 
animal was taken out.  
After removal of cornea and lens, the remaining part of the eye ball taken out and pooled them in 2ml 
saline solution and meshed and there after meshed eye tissues were used as explants. 
Preparation of Recipients 

One hundred sixty tadpoles of young and mature stage were employed as recipients or host animals. For 
this purpose a pit of about 1mm deep and 1mm wide was made by a sharp sterile needle at mid lateral 
position of the tail (towards trunk) of anaesthetized tadpoles. 
Implantation 

At operated site on the tail of host animal, a pin head size meshed eye tissue was implanted in to the pit. 
After insertion of the meshed eye tissue explant, skin flap was covered over it.  
Half of the operated tadpoles were reared in vitamin A solution (15 IU/ ml) for the first 3 days and then 
transferred in tap water and remaining half operated tadpoles were reared in tap water as control group 
animals (Table 1).  
Operated tadpoles of both groups were fixed in Bouin’s solution for 24 hours on day 5, 15 & 30 after 
operation for histological evaluation. 
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Table 1: Plan of Experiment: The Experiment was Designed into Two Series I & II 

Series Developmental 

Stage of Tadpoles 

Employed 

Group Day of 

Preservation 

Number of 

Operated 

Tadpoles 
 
 
 
 
S-I 
Tadpoles with 
retinectomized 
right eye. 

 
 
Young tadpole  
(3 toe stage) 

Control 
(A1) 
(D0-D30= Water) 

5 10 

15 10 

20 20 

Vitamin. A Treated (A2) 
(D0-D3= Vit. A sol

n
) 

(D4-D30= Water) 

5 10 

15 10 

20 20 

 
 
Mature tadpole 
(5 toe stage) 

Control 
(A3) 
(D0-D30= Water) 

5 10 

15 10 

20 20 

Vitamin. A Treated (A4) 
(D0-D3= Vit. A sol

n
) 

(D4-D30= Water) 

5 10 

15 10 

20 20 

 
 
 
 
 
 
S-II 
Tadpoles bearing 
meshed ocular 
tissue explants in a 
pit on their tail 

 
 
Young tadpole  
(3 toe stage) 

Control 
(B1) 
(D0-D30= Water) 

5 10 

15 10 

20 20 

Vitamin. A Treated (B2) 
(D0-D3= Vit. A sol

n
) 

(D4-D30= Water) 

5 10 

15 10 

20 20 

 
 
Mature tadpole 
(5 toe stage) 

Control 
(B3) 
(D0-D30= Water) 

5 10 

15 10 

20 20 

Vitamin. A Treated (B4) 
(D0-D3= Vit. A sol

n
) 

(D4-D30= Water) 

5 10 

15 10 

20 20 

 

RESULTS AND DISCUSSION 
Results 

The results presented in the table 2 show that tadpoles of the toad, Bufo melanostictus were able to 
regenerate the amputated retina in situ as well as at ectopic site on transplantation. Vitamin A treatment 
was found to accelerate the percentage of retinal regeneration in both modes of experiment (in situ as well 
as at ectopic site on transplantation). 
In the first phase of experiment we observed that toad tadpoles were able to regenerate a neural retina in 
vivo.  
As shown in table 2 the percentage of retina regeneration in young tadpoles was higher 
(67.5%+7.5%=75%) in vitamin A treated cases in comparison to that of control animals (30%). The 
similar trend was reported in mature tadpoles; it was (60%+5%=65%) in vitamin A treated and (25%) in 
untreated control group tadpoles. 
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The regenerated tissue has the characteristics of a differentiated retina as assessed by the presence of 
different retinal cells (Figure 7). In the second phase of experiment it was observed that retinal 
regeneration could take place independently of the presence of the eye ball. Here also the percentage of 
retinal regeneration in vitamin A treated animals was higher (40%+5%=45%) in comparison to that of 
untreated control group tadpoles (15%) in young tadpoles as well as in mature tadpoles (Table 2). 
Histological changes occurred during retinal regeneration in vitamin A treated and untreated tadpoles 
were found almost similar except a few cases where duplication of retina regenerates were observed in 
vitamin A treated cases (Figure 11). During retinal regeneration after removal of anterior part of the eye 
including lens and cornea, the transformation of the pigmented epithelium into retina involves 
depigmentation, proliferation and then formation of layers of retina (Figures 1-7). 
 

  
Figures 1 & 2: Microphotograph of Sections Passing through the Retinectomized Eye of Vitamin A 
Treated Tadpoles; Figure Showing Retinal Regeneration on Day 5 after Operation; Here, Cells are 

Migrating from RPE and Undergo Proliferation; Some of them Become Depigmented 

 

  
Figures 3 & 4: Microphotograph of Sections Passing through the Retinectomized Eye of Vitamin A 

Treated Tadpoles; by Day 15 after Operation, Cells from RPE Transdifferentiated into Retinal 

Cells and later on become more Epithelial 

 
 
Beginning from the 5

th
 day after operation, cells of pigmented epithelium start depigmentation and 

flattened ellipsoid cells nuclei become rounded (Figures 1 & 2). After day 5
th

 of operation, intensive 
proliferation proceeded with the formation of retinal structure (Figures 3-6). Now the newly formed 
retinal regenerates become differentiated into different layers (Figures 5-7). In some cases iris structure 
also developed at the terminal tip (Figure 5). By day 15

th
 after operation regenerated into multilayer 

structure ganglionar and inner nuclear ones, layer of visual cells and reticular layers (Figure 6). By day 
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30
th

 after operation regenerated retinal layers become well differentiated and give similar looks to that of 
intact retina (Figure 7).  
By day 30

th
 after operation, the regenerated retina in vitamin A treated animals essentially 

indistinguishable from a intact retina with respect to size morphology and histology (Figure 7). In non 
regenerating cases (in both control as well as vitamin A treated of animals) where retinal regeneration 
could not occur, cells of pigmented epithelium remained densely pigmented during the whole period (30 
days) of experiment (Figure 8). In some cases of vitamin A treated animals extensively folded 
neuroepithelium morphologically similar to the neural retina (Figures 9 & 10) were observed. In a few 
cases retinal duplication was reported in vitamin A treated animals (Figure 11). In untreated control group 
animal’s retinal duplication has never been seen. Results of series II are presented in the table 2. Vitamin 
A was found to accelerate the percentage of retinal regeneration in this mode of experiment also. The 
results revealed the declining trend of regeneration with the age of animal, similar to that of series I. 
Histologically, in untreated cases only undifferentiated retina like structure have been found to form from 
the grafts (Figure 12).  
However, in vitamin A treated cases, well differentiated retinal regenerates were observed on day 30 after 
operation. Figures 13, 14 & 15, show the development and differentiation of retina from the ocular 
explants in the pit made on mid lateral position of the host tadpole. Beginning from the 5

th
 day after 

operation cells of PE depigmented and flattened ellipsoid cell nuclei became rounded. After 15 days of 
post operation, tubular structure developed and their intensive proliferation proceeded with the formation 
of retina (Figure 13) and thus, newly formed retina became differentiated into multi layers ganglionar, 
inner nuclear ones, layer of visual cells and reticular layers (Figures 14 & 15). 
 

  

           
Figures 5, 6 & 7: Microphotograph of Sections Passing through the Retinectomized Eye of Vitamin 

A Treated Tadpoles; At Day 30 after Operation, Retinal Regenerate Showed Complete 

Differentiation with Multilayered Stratified Structure. Figure 7 is Shown at a Higher 

Magnification; the Arrow (→) Indicates the RVM Consisting of Basement Membrane and 

Capillaries and this Structure Plays a Crucial Role in Retina Regeneration 
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Table 2: The Influence of Vitamin A on Ocular Cell Plasticity during Retina Regeneration in Young and Mature Tadpoles of the Toad, Bufo 

Melanostictus 

Series Developmental 
Stage of 

Tadpoles 

Employed 

Group Day of 

Preservation 

No. of 
Animals 

Preserved 

No. (%) of Structure Developed 

Simple 

Retina 

Duplicate 

Retina 

No Regeneration 

 

 

 

S-I 

Tadpoles with 
retinotectomized 

right eye 

 

Young Tadpoles 

 (3 toe stage) 

Control S-I(A1) 

(D0-D30= Water) 

5 10 - - 10 

15 10 4 - 6 

30 20 8 (30%) - 12 (70%) 

Vitamin A S-I (A2) 
(D0-D3= Vit. A sol

n
) 

(D3-D30= Water) 

5 10 5 - 5 

15 10 7 - 3 

30 20 15 (67.5%) 3 (7.5%) 2 (25%) 

 

Mature Tadpole 

(5 toe stage) 

Control S-I (A3)   

(D0-D30= Water) 

5 10 - - 10 

15 10 3 - 7 

30 20 7 (25%) - 13 (75%) 

Vitamin A S-II (A2) 
(D0-D3= Vit. A sol

n
) 

(D3-D30= Water) 

5 10 4 - 6 

15 10 7 - 3 

30 20 13 (60%) 2 (5%) 5 (35%) 

 

 

 

S-II 
Tadpoles bearing 
meshed ocular 
tissue explants in 
a pit on their tail 

 

Young Tadpoles 

 (3 toe stage) 

Control S-II (B1)  
(D0-D30= Water) 

5 10 - - 10 

15 10 2 - 8 

30 20 4 (15%) - 16 (85%) 

Vitamin A S-II (B2) 
(D0-D3= Vit. A sol

n
) 

(D3-D30= Water) 

5 10 2 - 8 

15 10 4 - 6 

30 20 10 (40%) 2 (5%) 8 (55%) 

 

Mature Tadpole 

(5 toe stage) 

Control S-II (B3)  
(D0-D30= Water) 

5 10 - - 10 

15 10 - - 10 

30 20 4 (10%) - 16 (90%) 

Vitamin A S-II (B4) 
(D0-D3= Vit. A sol

n
) 

(D3-D30= Water) 

5 10 - - 10 

15 10 4 - 6 

30 20 10 (35%) 2 (5%) 8 (60%) 
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Figure 8: Microphotograph of Section Passing through Operated Eye of Untreated Control Group 

Tadpole Showing Non-Regenerating Retina; Here, Pigmented Epithelium Remained Densely 

Pigmented 
 

  
Figures 9 & 10: Microphotograph of Sections Passing through the Retinectomized Eyes of Vitamin 

A Treated Tadpoles, Showing Multifolding in Regenerated Retina on Day 30 after Operation; Folds 

are Comprising Neuro-Epithelium Morphologically Similar to the Neural Retina 

 

 
Figure 11: Microphotograph of Section Passing through the Retinectomized Eye of Vitamin A 

Treated Tadpole, Showing Duplicated Retinal Regenerates on Day 30 after Operation; Newly 

Developed Duplicated Retinas are Comprising Normal Architecture of Retina 
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Figure 12: Microphotograph of Section Passing 

through the Ocular Graft in the Tail of Control 
Group Host Tadpole, Showing Undifferentiated 

Retina Like Structure on Day 30 after 

Operation 
 

Figure 13: Microphotograph of Section Passing 

through the Ocular Graft in the Tail of Vitamin 
A Treated Tadpole, Showing Tubular 

Regenerated Retina on Day 15 after Operation 

  
Figure 14 & 15: Microphotograph of Section Passing through the Ocular Graft in the Tail of 
Vitamin A Treated Tadpole, Showing Differentiation of Regenerated Retinas on Day 30 after 

Operation; Differentiation of Retinal Layers are Clearly Evident in Figure 15, Indicating 

Development of Stratified Retinal Structure from the Graft Tissue at Ectopic Site 
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Abbreviations (Fig. 14 & 15) 

DR- Duplicated Retina 
FR- Folded Retina 
GCL- Ganglion Cell Layer 
INL- Inner Nuclear Layer 
INR- Injured Retina 
IRG- Irregularly Arranged RPE cells  
NRR- Non-Regenerating Retina 
NT- Notochord 
ONL- Outer Nuclear Layer 
RLS- Retina Like Structure  
RPE- Retinal Pigmented Epithelium 
RR- Regenerated Retina 
RVM- Retinal Vascular Membrane 
TRC- Trasdifferentiating Retinal cells  
TRR- Tubular Regenerated Retina 
 
Discussion 

In the present study we show that vitamin A affect the cell plasticity during retina regeneration. In toad 
tadpoles, it is found that retinal pigmented epithelium (RPE) is able to regenerate the injured retina 
through a process of trans-differentiation, which involves the dedifferentiation of mature cells, their 
proliferation and subsequent differentiation into the various cell types that constitute normal retina. The 
current model of retina regeneration in toad tadpoles is based on two aspects: firstly removal of anterior 
part of retina in situ and secondly ectopic transplantation of meshed ocular tissue extract in the tail region. 
In both modes of experiments, vitamin A treatment was found beneficial to accelerate the percentage  of 
retina regeneration (Table 2). The results obtained give clear evidence of plasticity of differentiated ocular 
tissue during retina regeneration. Regeneration of the retina in some fish, birds and amphibian larvae has 
been observed to take place by transdifferentiation of the retinal pigment epithelium. In amphibians and 
chicken embryos, a subset of cells of the retinal pigment epithelium (RPE) transdifferentiates to form a 
neuroepithelium from which a new retina differentiates. However, only certain urodeles retina has the 
capability to regenerate via transdifferentiation as adults (Lopashov and Stroeva, 1964; Mitashov, 1996, 
1997; Raymond and Hitechock, 2000; Fischer and Reh, 2001; Del Rio-Tsonis and Tsonis, 2003). 
The present results demonstrated that vitamin A induces and accelerated the percentage of retina 
regeneration. However, percentage of regeneration declined with age of animal in both vitamin A treated 
and untreated animals. Even in transplantation mode the declining trend of retina regeneration 
demonstrated the similar pattern (Table 2). 
In our previous findings, we reported accelerating effect of vitamin A on lens, limb, cornea and heart 
regeneration in different species of vertebrates (Jangir & Niazi, 1978; Sekhawat et al., 2001; Sharma et 
al., 2010; Jangir et al., 2005, 2012, 2013, 2014). How vitamin A affects retinal regeneration is still not 
clear. Several workers reported that retinoids, retinoic acid binding proteins and RA receptors are found 
throughout the retina, including the photoreceptor cell layer (Milam et al., 1990; Stumpf et al., 1991; Mc 
Caffery et al., 1992). RA affects cell proliferation and differentiation in the retina of fishes, amphibians 
and chicks (Reh et al., 1993; Manns and Fritzsch, 1991; Hyatt et al., 1992). Exogenous treatment of 
zebrafish embryos with retinoic acid induces a duplication of the retinas during development (Hyatt et al., 
1992).  
Reh & Nagy (1987) also reported inductive influence of retinoic acid on PECs to proliferate and 
differentiate into a neural retina. It has also been suggested that retinoids enter the cells via some surface 
receptor and then bind to cytoplasm binding proteins. The complex then transported to the nuclei where it 
ultimately alters the pattern of gene activity (Chytill & Ong, 1984; Maden et al., 1988; Nagal et al., 2008; 
Jangir & Sharma, 2006; Jangir et al., 2005, 2012, 2013, 2014).  
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Vitamin A was also found to affect the cell surface or inter cellular space stabilizing factors of the ocular 
tissue. It was speculated that molecules detected in either cell surface or inter cellular space stabilizing the 
differentiated stage of pigmented epithelium cells in the newt and the loss of these molecules might be 
one of the key steps of such transdifferentiation.  
Kelley et al., (1994) reported that retinoic acid promotes differentiation of retinal cells during 
development and regeneration. Vitamin A action might be through the influence on fibroblast growth 
factor (FGF). FGF is found to control and induce the development and regeneration of lens and retina. It 
was reported that FGF2 can stimulate transdifferentiation of retinal pigmented epithelium (RPE) explant 
cultures from embryonic rat (Zhao et al., 1995) into neural retina. Sakami et al., (2008) also reported that 
members of the FGF family can stimulate the RPE to generate neural retina. Embryonic chicks, which can 
also regenerate their retinas via transdifferentiation of RPE with FGF, lose this layer as it becomes the 
neuroepithelium and eventually differentiates into all retinal layers. This suggests that the integrity of the 
regenerated tissue may depend upon the presence of the RPE, which perhaps functions as a source of 
growth factors.  
Vitamin A might have induced the factors and make the meshed explants to differentiate  into retina 
regenerates. Reports of other scientists also support the present findings of retina regeneration at ectopic 
site. Ito et al., (1999) reported that lens was formed from iris PECs when dissociated PECs transplanted 
into blastema of forelimbs in the newt. All these results give clear evidence that by any how vitamin A 
might have activated FGFs and consequently transdifferentiation of meshed ocular tissue into retina even 
at non-ocular site (mid tail of the tadpoles). 
Tissue interaction plays an important role in RPE transdifferentiation as shown by the culture studies and 
also in vivo observations Araki (2007). The choroid makes a direct contact with RPE and appears to play 
a direct role in initial step of transdifferentiation. The choroid is supposed to be the source of FGF2 , a 
trigger signal for transdifferentiation. FGF2 in the choroid is transmitted to RPE cells. This, in turn, up 
regulates several transcription factors including Pax 6 that are necessary for retinal regeneration (Azuma 
et al., 2005; Spence et al., 2007). Araki (2007) reported that RPE when cultured on the choroid only then 
RPE cells start to transdifferentiate to neuronal cells. This supports the present results obtained in the 
second series where meshed ocular tissue extract was implanted into tail region along with choroid part of 
the eye resulting the regeneration of ectopic retina.  
From the present study it can be concluded that vitamin A plays an evident role in retinal tissue plasticity 
during regeneration. The study offers a new insight for further detail findings for therapies designated to 
repair the degenerated tissue or organs. 
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