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The "Third Eye"- A new concept of trans-differentiation of pineal gland
into median eye in amphibian tadpoles of Bufo melanostictus
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Median third eye was found to develop from transplanted pineal gland of external gill stage tadpoles in the recipient
5 toe stage tadpoles of Bulo melanostictus. Pineal gland along with a bit part of brain tissue of the donor external gill stage
tadpole was cut out and transplanted into a pit made between two lateral eyes of 5 toe stage recipient tadpoles. Half of the
operated tadpoles were treated with vitamin A (15 IUlmi.) for 15 days. Median "third eye" was found to develop in the both
untreated and vitamin A treated tadpoles. However, vitamin A increased the percentage of the development of median eyes.
Morphological and histological study revealed' that newly transformed median eyes were similar to that of normal functional
eyes. A stalk like structure developed which connects the median eye to the brain. The median third eye could not develop
when pineal gland of 5 toe stage mature tadpole was transplanted into the tadpole of the same age.
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The tenn trans-differentiation denotes the changes of
the detennined state of a cell to an indifferent state,
which initiate a new pathway of differentiation. Thus,
it is a process by which differentiated cells alter their
identity to become some other distinct cell type. It is
particularly obvious in segmented animals like insects
in which one body segment may be transfonned into
some other body part. Hadom 1 and Shearn et al. 2
studied the trans-differentiation in imaginal disc cells
of Drosophila melanogastor and found that the
frequency of trans-differentiation is co-related with
increase in proliferation of cells. Most of the known
trans-differentiation steps were realized by homeotic
mutation which causes the partial replacement of a
body part by structures nonnally belonging to some
other body part3-5. Trans~differentiation is not
restricted to the invertebrates only but is widely
distributed· in the vertebrates also.
Under certain conditions, differentiated cells are
not stable and this provides demonstration of potential
reversibility of pattern of gene activity. Classic
example of such a change is regeneration of lens from
pigmented epithelial cells ofthe iris in the eye6 •
Another example may be de-differentiation in
which there is loss of differentiated characteristics of
muscle cells in newt limb regeneration and the ability
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of these cells to give rise to cartilage7 • A number of
cell types have been found to undergo such a change
in tissue culture particularly when the culture
conditions are altered by the addition of chemical
agents'.
With reference to evolutional transfonnation in
structure and function, the pineal gland is found to be
unique and useful model system for developmental
neurobiology and cell culture as it offers a useful tool
for the understanding of development and cell transdifferentiation9 •
It is a generally accepted view that primitive
vertebrates (Ostracodenns and Placodenns) possessed
a median third eye apart from the paired lateral eyes.
Each being an epiphysial evagination fonned as
evagination of the diencephalon, wall of the brain in
the same fashion as lateral eyes 10. In the later
evolutionary history of vertebrates while the pained
lateral eyes gained prominence, assuming the main
visual function, the median pineal eye generally
degenerated and the pineal foramen was closed.
Otherwise in most of the lower vertebrates a median
foramen in the skull roof was there to allow the
passage of epiphysial evagination. In living fonns
vestigial median eye persists in some vertebrates like
spotted
dogfish Scy/iorhinus
canicu/us, the
salamander Ambyostoma tigerinum, the frog Acris
lizard
tuatara
Sphenodon
grylus and the
punctatum 11 - 14 • Whereas, non-visual photoreceptor
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pineal organ is present in most of the vertebrates
including man. SatolS reported that avian pineal organ
represents a transitional type between a photosensory
organ of lower vertebrates and the endocrine gland of
mammals and shows remarkable changes in its
innervation
and
structure during ontogeny.
Immunoreactivity for photopigments is reduced
during the post hatching development of chicken
whereas neuron specific enolase (NSE = cytoplasmic
marker of neurons and neuroendocrine tissue) in the
immunoreactive pinealocytes increases remarkably in
number in the end vesicle of the domestic fowl with
age, followed by a gradual expansion towards the
proximal portion (secretary part). Thus, it reflects the
sequence of changes leading from pineal sense organs
to pineal gland. The pineal of adult birds is a photoendocrine organ and is considered to synthesize and
secrete melatonin in intrapineal rhythm which can be
modified by direct light stimulation of the pineal
photo receptor, whereas the pineal gland in mammals
is an endocrine organ and generally does not exhibit
neuronal characteristics. However, it is known that
under culture conditions cells from ne~born rat pineal
express properties characteristic of photoreceptors 16.
Evolutional transfonnation characteristics of pineal
gland and previous findings in which median eye was
found to develop from the pineal gland in situ after
removal of both lateral eyes in the early gill stage
tadpoles of Bufo melanoslictus l7 ,1& motivated the
present study with the aim to extend further the
knowledge of trans-differentiation of pineal gland into
median third eye in trans-plantation set up.

two lateral eyes of the anesthetized five toe stage
recipient tadpoles. For making the pit a small incision
was made in between two lateral eyes. The incision
was made deep up to the brain. Then the tissue (pineal
gland along with a small part of brain) was gently
inserted into the pit. During the operation the animals
were kept on a pad of filter paper moistened with MS
222 solution. After transplantation, each animal was
kept immovable for 30-40 min by keeping it partly
immersed in diluted MS 222 solution in a petri dish.
This allowed time for the graft to be taken. After the
implantation, tadpoles were divided into two groups.
Half (20) of them were reared inl5 IUlml vitamin-A
solution and the remaining 20 were reared in tap
water (controls). For the second part of experiment
the technique followed was the same but the stage of
donor tadpoles was different, i.e., 40 mature 5 toe
stage tadpoles were employed (as donors), whereas
the stage of recipient tadpoles was kept same
(5 toe stage). The experiment was carried out at room
temperature (35°_37°C). The method of operation and
implantation is shown in Figs 1-3. Following the
operation, the tadpoles were preserved in Bouin's
solution at different intervals (day 3, 5, 7 and 15) for
morphological and histological study. The experiment
was terminated on day 15 after operation.
Results
The results are presented in Table I. These results
"
fi10d'lOgs 17-19 . I n prevIous
"
support prevIous
stud"les
median ''third eye" was successfully developed after
STAGE OF

-..rATION

Materials and Methods
The present study was done in two parts. For the
first part 80. tadpoles of the toad, B. melanostictus of
two different stages viz., 40 of external gill stage and
40 five-toe stage were employed. The tadpoles of
external gill stage were treated as "donors" and were
anaesthetized in a 1: 4000 solution ofMS 222 (ethylm-aminobenzoate methane sulphonate, Sandoz)
before their operation. A fine oblique cut was made to
remove the anterior part of cephalic region including
both developing eyes, keeping the oral armature
intact. For the transplantation purpose, the pineal
gland along with a small part of brain was cut out
from the operated donor tadpoles by a fine blade
under the stereoscopic binocular. Care was taken to
leave the major part of the brain intact. The isolated
tissue was then grafted into the pit made between the

Fig.l Line sketch diagram showing the technique of
transplantation of donor's pineal gland into the pit made between
two lateral eyes of recipient mature tadpole.
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Figs 2 and 3-4 - Photograph of external gill stage tadpole of the toad. Bllfo me/anostictlls in which anterior cephalic region including
two lateral eyes were removed. The circle (Fig. I) sho\\~ the po5ition of pineal gland of Ihe donor tadpole and arrow (--0) in Fig.2
indicates the position where donor's pineal gland transplanted into the pit made bC!IICCn two latcral eyes of recipient mature tadpole.
Fig. 4 - Photograph of a rccipicnt malllre tadpole showing development of mcdian third eye from thc transplanted pineal tissue (TPT) un
day 3 in vitamin A treatcd group. Fig . .5 - Photograph ofa recipient I'itamin A treated mature tadpole that received pineal gland implant
showing well.developed median third eye (1[1) in oclWeen 1110 original laleral eyes on day 7. Fig. 6 - Photograph of a recipient vitamin
A treated metamorphosed load!el (young toad) shuwing well·develuped median third eye (111). (PP = pigmented protuberance. E = cye,
MTE = median third eye. WMTE '" well developed median third cye)lFig. 2: 10 x: Fig. 3: 5:<:: Fig. 4: 5:<:: Fig. 5: 5x: Fig. 6: 5x]_
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removal of both lateral eyes in early external gill stage
tadpoles of the toad, B. meianostic/us. In the present
study, the fate of implants in recipient tadpoles at
different intervals of time was observed and found
that:
I. A protuberance like structure starts to appear at
the site of implantation in controls as welt as
vitamin A treated tadpoles (Fig.4). Later on by
day 5 to 7 after implantation these protuberances
trans~differentiated into the median third eye
(Fig.5). By day 15 post operation complete
median third eye was found to develop in tadpoles
of both the groups (Figs 5 and 6). Such a median
eye developed in 9 out of 20 cases in controls but
in 18 out of 20 cases of vitamin A treated group
(Table I).

almost identical to normal functional eyes. In the
second part of the experiment the same technique
of operation was perfonned on older tadpoles (5
toe stage tadpoles). Older tadpoles (4{) were
employed as donors from which pineal gland
along with a small part of brain tissue was taken
out and transplanted into the pit made between
two lateral eyes of 40 older recipient tadpoles. In
these experiments median third eye was not
reported even in a single operated tadpole of
either controls or vitamin A treated groups; only
an undifferentiated and unidentified cellular mass
was seen.

Discussion
The findings are at preliminary stage but
interesting. The causal chain behind transdifferentiation of pineal gland into a median third eye
is not yet clear. Development of median third eye was
found only in earl~ external gills stage tadpoles in
previous findings 17, 8, but has not been reported in the
late stage tadpoles. However, the results of present
transplantation technique clearly show that the pineal
gland could be transformed into median third eye, and
vitamin A enhanced the percentage of this
transformation. It seems true as normal lateral eyes
and pineal gland both have almost similar embryonic
development. Similar to paired eyes the pineal sacs
also developed by evagination of the diencephalon
roof.
Trans-differentiation (conversion of one cell type
to another) generally occurs between cells, which
arise from neighbouring region of the same germ
layer. In vitro the best-studied model for transdifferentiation is the conversion of pigmented
epithelial cells of the retina to lens cells so called
WoUnan lens regeneration. Eguchi et al. 20 also-

2. Although the percentage of median third eye was
found high (90%) in vitamin A treated tadpoles in
comparison to untreated control tadpoles (45%),
structurally the median eyes so developed were
found similar in all respects to nonnal eyes in
both. Similar to nonnal eyes the newly developed
median third eyes contain normal cornea, retina
and lens.
Histological findings revealed that the median
third eyes so developed were similar to nonnal
intact eyes having normal size with spacious
vitreous chamber. The aqueous chamber is also
present and bounded externally by the cornea. Iris
and retina were found of differentiated state. The
visual cells, rods and cones were associated with
ganglion layer. In most cases, newly transformed
median eye was connected with the brain by a
stalk like structure (Fig.7) while in some other
cases median third eye show direct connection
with the brain (Figs.S and 9). Thus the
histological features of median eye were found
Table I
Group

Development of median third eye from the implanted pineal cells in the tadpoles of toad, B. melanostictus
No. of
implanted cases

Control group
(operated animals
reared in water)

20

Vitamin A treated
group (operated
animals reared in
vitamin A solution)

20

Number of

Number of
Days of
preserVation
after operation

Preserved
animals

Median protuberance
llke structure

3

3
3

0
3
0
0
2

5

3

Median
third eye

Percentage of
median third
eyes

45

2
4

7
15

11

3
5

3
3

7
15

3

3

II

10

3
90
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Fig.7 - Microphotograph of a scction through thc developing median third eye of vitamin A treated tadpole showing carl~
morphogem!tie developmental stage or lens (L) and rdina (R). A cellular stalk like structure (S) develops bdween developing median eye
and the brain on day 5 after implantation (100 x). Fig.S - Microphotograph of a section through m<!dian third <!y<! of vitamin A treated
tadpole sho\\ ing fu rther advance differentiation of eyc components like lens (Ll, retina (R) and cornea (C) on day 7 after implantation
(100 x). Fig.9 - Microphotograph of a section through developed median eye of vitamin A treated tadpole showing \\ell differentiated
lens (L). retina (R) and cornea (C). (PP = pigmented protuberance. BT = brain tissue. E = eye. MTE "" median third eye. WMTE = \\ell
developed oll'dian third cyeJiFig. 9: 100 xl
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observed that pigmented epithelial cells of avian
embryos and even in human fetuses they can readily
trans-differentiate into lens cells, when dissociated
and cultured in vitro. Several environmental
conditions controlling the processes have been

suggested, particularly the stage of embryonic
development. De Pomerai and Clayton11 also studied
the influence of embryonic stage on the trans
differentiation of chick neural retina cells in culture.
They found that neural retina cells from chick
embryos upto 15 days of incubation can transdifferentiate in culture into both lentoids and
pigmented cells while no trans-differentiation
occulTed in cultures of neural retina from embryo
immediately before hatching.
The above findings support the present result. In
the present study too, the pineal tissue of early
external gill stage tadpoles could trans-differentiate
into complete median eyes, whereas implants from
older tadpoles could not form the median eye. The
ciliated cells and supporting cells of the pineal gland
become specialized as photoreceptor22 • They show the
same general plan as the paired eyes but with no
differentiated lens of the dioptric apparatus. Further,
pineal retina of Tachysurus sona and also the retina of
the lateral eyes may be derived from the
photoreceptor rich diencephalon wall of the brain n .
This accounts for the presence of corresponding
auxiliary structures for their photosensory functioning
namely a transparent cornea equivalent and a
biconvex lens equivalent, be it a lateral eye or a
median pineal eye. Srivastava and Srivastava22
suggested that the pineal retina is very close to the
lens in Tachysurus sona and therefore, some form of
an indirect visual role if not subject imaging is not
ruled out such as shadow·imaging of objects moving
above the head of the fish in environment exposed to
sunshine during day (photo phase, twilight). Thus, the
third eye of this living catfish may throw light on its
possible primitive function in early vertebrates.
SivakB observed that anatomically well-developed
median eye of lamprey (Petromyzon) and tuatara
(Sphenodon) consisted of a lens, a vitreous body and a
pigmented retina. The ontogenetic development of the
median eye appears to be consistent among the
species possessing such an organ. In every case, the
median eye is formed as dorsal vesicular outgrowth of
the diencephalon, the distaJ portion of which develops
in a lens, while the proximal end develops into a
retina. Even in mammals Araki24 reported that under

culture conditions, cells from newborn rat pineals
express properties characteristic of photoreceptors. In
the pineals of all studied animals, the antibody against
the red sensitive cone opsin exclusively recognized
the degenerate photoreceptor outer segments25 . It was
suggested that the presence of immunopositive visual
pigments indicates the possibility of a retained light
sensitivity
in
the
blind
cave
salamander
photoreceptors. At molecular level even the pineal
glands were found to be similar to },aired lateral eyes
in some respects. Casarosa et al. 2 studieq Xrx·l, a
novel Xenopus homeobox gene expressed during eye
and pineal gland development. They found Xrx·l is
expressed in the anterior neural plate and
subsequently in the neural structure of the developing
eye (neural retina and pigmented epithelium) and in
the pineal gland. Vigh et aP compared the
distribution of immunoreactive glutamate in the
pineal complex and retina of frogs and found that
there was no essential difference in the
immunoreactivity of retina and pineal elements of the
species studied. Moreover, Ho et al. 16 observed that
radopsin kinase, once thought to be a retinal enzyme,
was found at high level in the pineal gland.
Melatonin·binding sites have also been demonstrated
in the cells of pineal gland as well as in retinal cells of
the eye. It has also been observed that pinealocytes of
the pineal share common components of signal
transduction 28 • More recently, Bellingham et al. 29
suggested that photoreceptor is best understood in the
retinal rods and cones and in pineal gland as well.
Thus, the similarities of pineal gland to paired eyes
and previous findings 17,18 give an idea that the pineal
gland may be activated and get trans·differentiated
into a median third eye. It may be possible that
mesenchymal cells of this cephalic region,
particularly the eye field region, may induce the
epidennal cells to transfonn into a complete median
eye. For trans-differentiation the basic principle is the
eell interaction model. Cells are communicating
through
signals and
receptors during the
developmental process. One cell signals to reserve
cells to make a certain sort of cell which then, when it
is made, itself signals to other reserve cells to make
yet another type of cell. In this way, specialized cells
are developed in a certain order. Signaling genes
control the process of eel1 formation. The signaling
factors and receptors are currently being identified.
One class of factors is called transforming growth
factor beta (TGF beta): a class, which is particularly

JANGIR et al.: DEVELOPMENT OF THIRD EYE IN TADPOLES

good at making cells specialize in different directions.
Only a very tiny amount (a million millionth of a
molar solution) of this factor is needed to switch a cell
from one fate to another. In the present study, vitamin
A may have activated the TGF beta of pineal organ to
fonn a new median third eye.
As the development of median eye is reported in
the tadpoles of both the control and vitamin A treated
groups, it is quite possible that the simple cut
employed might have induced the cells present
surrounding the pineal body to trans-differentiate into
the complete median eye. It may.also be possible that
after the removal of both lateral eyes of this early.
stage tadpoles, some of the cells concerned with the
development of eye remained in the ''regeneration
territory" or «regeneration field" and may have
regenerated a complete eye as reported by Jangir
et al. 11 ,18. As these cells were transplanted along with
pineal gland in recipient tadpoles might have transdifferentiated into complete median eye. After
removal of both lateral eyes, it is not inevitable that
the regeneration be completely repressed if the whole
of the
regeneration territory is destroyed.
Regeneration may QCcur, but in a different way. In the
shrimp Palinurus, the eye may regenerate after being
removed, The cut, however, must be made through
the eye stalk just proximal to the eye and distal to the
nerve ganglion lying at the base of the eye, If the cut
is made at the base of stalk, so that the ganglion is
removed with the eye, the eye will not regenerate; the
regeneration blastema develops into an antenna like
organ. Thus, the most plausible explanation of such
heteromorphosis is that the ganglion and the eye
together constitute one regeneration territory. If a part
of the territory remains intact, the complete system
may be restored. Similarly, for the present observation
it may be possible that the pineal body and its
surrounding tissues would have been potent to transdifferentiate into complete median third eye.
After discussing the possible similarities between
the pineal gland and paired lateral eyes it is
appropriate to discuss the role played by vitamin A
which increased the percentage of development of
median third eye in the present study. Vitamin A and
its derivatives, the retinoids, have remarkable effects
on various systems in the developing embryo,
Synthesis of melatonin in pineal gland is under the
control of light environment. Fu et ai. 30 observed
retinal rhodospin in the avian pinealocytes and
suggested that vitamin A is involved in photo
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responses of both the pineal gland and lateral eyes.
The most remarkable effects of retinoids, namely the
homeotic transfonnation of tail cells into limbs were
31
and later
reported by Mohanty-Hejmadi et al.
3
Maden 2,33 conftnned the results and suggested that
retinoic acid acts on cells to establish or change the
pattern of gene activity. Tini et al. 34 also reported that
retinoic acid (RA) effect on the eye as a natural
endogenous morphogenetic agent and is a regulator of
gene expression in the lens. In the present study, too,
vitamin A was found to induce pineal gland to
transfonn into median third eye in situ (in previous
study Jangir et aI11,IS) as well as in transplantation
condition.
Besides, like other teratogens, vitamin A was also
found to show stage dependent effect on developing
organs. The origin as well as disappearance of
sensitivity to the influence of retinoids are supposed
to be the outcome of certain degree of differentiation
of tissues 3s • It gives support to the present results of
second part of the experiment in which vitamin A
could not induce trans-differentiation of pineal
implants into median third eye in mature 5 toe stage
tadpoles,
Regarding the mechanism, how vitamin A affects the
cells to increase the developmental JX.ltencies, Maden36,37
suggested retinoids enter the cells either via unidentified
sutface receptor or by liJX.lphilic intercalation through
the membrane and then binds to cytoplasm binding
protein38 , The complex is then transported to the nucleus
where it ultimately alters the pattern of gene
transcription perhaps by interaction with receptor
proteins. Thus, it can be suggested that retinoids play an
important role in the transmission of their ligands from
the cell membrane to the nucleus where the pattern of
gene activity may be altered. From the present results it
can be concluded that similar to the previous
findings l1,]s. Vitamin A may have induced and
accelerated. the implanted pineal gland to transfonn into
the median third eye.
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