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CORRELATION OF THE PROXIMALIZING EFFECT OF RETINOID TREATHMENT ON
LIMB REGENERATION IN ANURAN TADPOLES WITH THE NORMAL CAPACITY TO
REGENERATE- - I.A. Niazi, Department of Zoology, University of
Rajasthan; Jaipur 302004, India.

The unique effect of retinoids on Timb regeneration in amphibi-
ans is by now well documented. Contrary to the -general rule the
bl#stema of retinoid treated anuran tadpoles and ‘the urodele larvae
and adults gives rise to the limb regenerate in which some or all
of the stump structures are duplicated - a phenonienon described as
P-D duplication or proximalization (1-7). In the urodeles this
effect ‘has béen demonstrated after amputation through stylopodium,
- Zeugopodium as well as autopodium of both. fore- and hindlimbs 1in
the larvae and also adults. In the anurans regenerative capacity
gradually declines along the P-D axis of the growing hindlimb and
finally disappears completely.as the tadpole approaches metamorpho-
sis. At our laboratory the effect of retinol palmitate treatment
on hindlimb regeneration was investigated in Bufo melanostictus
tadpoles of developmental stages when the ability to regenerate
was high, when it was declining and finally when it had-dis-

~ appeared (8). Hindlimbs of the tadpoles of this toad at stages
. 30/31, 34, 36 and 38 according to Khan (9) were amputated through
thigh, shank and ankle. The tadpoles were then immersed in 15 IU/mI
aqueous suspension of retinol palmitate for 3 days and subsequently
reared in bgdinary well water for another 12 days at room tempera-
. ture (30-32°C). The limb regenerates were examined after in toto
staining with victoria blue or sectioned for microscopic study.

‘In the controls regenerates were of the usual type consisting
of only the parts distal to amputation level. At stages 30/31 and
34 regeneration occurred in 100% cases but at stage 36 this percen-
tage declined significantly at thigh, shank and ankle levels, in
this order. In stage 38 tadpoles thigh and-shank stumps simply
healed up; in only a few cases (15%) small spikes regenerated at
- ankle level..Most regenerates in the youngest tadpoles were morpho-
- Togically perfect but in older ones they were found to be increasingly
hypomorphic. : : -

‘In the treated groups 4 types of regenerates were produced in
varying freguencies from the three levels of amputation in tadpoles
-.of different stages : (a) Proximalized type possessing P-D duplica-
‘tions of stump structures; (b) usual control type; (c) small spikes
containing some cartilage and (d) inhibited blastemas which did not
redifferentiate. At stage 30/31 all good regenerates were proximali-
zed type. This category included 90%, 95% and 56% cases of regenera-
tes produced at thigh, shank and ankle levels, respectively. Remain-
ing cases were those of inhibited blastemas. At stage 34 both -
_proximalized and control types of regenerates developed. Good regene-
rates arising from thigh, shank and ankle levels, .respectively,
included 16%, -60% and 76% cases of proximalized type and 34%, 12%
and 8% of control type. In-the rest blastema was formed which did
not differentiate. At stage 36 only control type regeneration
occurred in 53% cases at thigh and in’'all 100% cases at shank and
ankle levels. In the remaining 47% thigh level amputees only
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blastemas were formed. In stage 38 tadpoles retinoid treatment incre-
ased spik% regeneration to 50% cases at ankle level and induced such
regeneration in 10% thigh and 20% shank level amputees also. In a
number of cases of proximalized regeneration more than one (multiple)
regeneratengrew out of the same stump. Frequency of such multiple
regeneratio] was greater in stage 34 than in stage 30/31 tadpoles and
was the least at ankle level.

[
The following conclusions and suggestions emerge from this study:
(i) The ability of retinoids to cause P-D duplication is correlated
with the presence of normal capacity to regenerate limbs. This is
supported by the reported observations on Xenopus (10) and Rana
breviceps (11). This may be the rule for alT amphibians including

the urodeles which possess this capacity throughout Tlife.

(ii) Since retinoid treatment causes alterations in protein synthesis’
in the blastema (12) P-D duplication can be reasonably attributed
ultimately to gene reprogramming in the blastema cells in which
specific cytoplasmic retinoid binding protein(s) may be involved (13).
Increased pqoductionlof such protein(s)-during blastema formation
appears to be the normal event not caused by the retinoid (13); but
perhaps the javailability of enhanced quantity of a suitable retinoid

" together with the presence of sufficient amount of the appropriate

binding proﬁein in'the dedifferentiating cells may affect gene trans-
cription pattern in the blastema cells altering it to ‘that of the
original 1ihb bud. capable of forming a complete 1limb. Vitamin A is
essential for proper morphogenesis . and differentiation. It is known
that Tevels of cytoplasmic binding proteins {CRABP, CRBP) have been
found to be high in many tissues of foetal and neonatal stages of
mammals but they drop in the adult stage (14). Investigations of the
levels of CRABP and CRBP and vitamin A in the original 1imb buds and
the 1imb regeneration -blastemas of retinoid treated and untreated '
amphibians may be very useful. Such studies on the anuran tadpoles of
various developmental stages may shed some 1ight on the molecular
basis of the decline and loss of the power to regenerate limts in
these animals. '

(111) The extent of P-D duplication is known to be related to dose
and duration of retinoid treatment. This may be due to graded effects
On gene activity related to dose and duration of exposure to the
retinoid. Improvement in the morphological quality of the usual normal
type regenerates of treated stages 34 and 36 tadpoles a$ compared to
those of corresponding controls may be the expression of.a lesser
qrade or a different type of effect of the retinoid on the genome in
the blastema cells of older tadpoles in which the normal capacity to
regenerate is on the decline.

(iv) Retinoids cause dissolution of cartilage matrix liberating cells
that may remain healthy capable of redifferentiation on withdrawal

of treatment. This may explain the regeneration of small spikes con-
taining some cartilage in the most advanced tadpoles otherwise having
no power to regenerate. :

(v) Duplication in the A-P axis manifested in the production of multi-

nle regenerates from the same stump may be due to mechanical causes
emanating from increased destruction of tissues at the cut end by the
toxic action of the retinoid, distortion in the formation of a smooth
wound epithelium and consequent development of more than one apical
cap: on the amputation surface. : '
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