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’ INTRODUCT!ONb '

The unique effect of vitamin A and its derivatives (collectively

« called~retinoids)- on limb* regeneration,.in amphibians is. by now

well documented. Contrary to the general rule of distal transfor-
mation of blastema, in regenerating amphibian limb, the blastema
of retinoid treated anuran tadpoles and urodeles _generally
gives rise to a regenerate; in which all or some of the structures
are duplycated Since the original discovery of this proximalizing
effect of vitamin A in young toad tadpoles (Jangir and Niazi,
1978, Niazi and Saxena 1978); it has been confirmed in the
tadpoles of several anuran species and the larvae and adults
of several urodeles treated with various. retinoids after limb
amputation (A4nurans : Maden, 1983; Niazi and Alam; 1984;
Niazi and Ratnasamy, 1984; Niazi and Sharma, 1985; Scadding
and Maden, 1986; Urodeles :-Maden, 1982; Thoms and Stocum,

- 1984; Lheureux et al 1986; Xim and Stocum, 1986; Koussoulakos

et al; 1986). It is well ‘known that in the anurans the capacity to
regencrate declines progressively along the P-D axis of the limb,
until it disappears throughout the limb some time. before meta-

" morphosis. The extent of - this capacity varies at different P-D

levels of the limbs during the various devclopmental stages of the
tadpoles. In this communication we report the results of a study
on the effects of retinol palmitate treatment on amputated limbs

of Bufo melanostictus tadpoles, belonging.to different stages.

Amputations were performed through thigh, shank and ankle.

" MATERIALS AND METHODS

The tadpoles belonging to stages 30/31, 34, 36 and 38
(Khan 1965) were used. At stage 30/31, the tiny hind-limb has
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two constrictions marking the thigh-skank and shank-ankle 8

Junctxons the dlstal edge is either flattened or a small indentation -

marks the 5th toe rudiment. At stage 34 the limb is longer; thigh,
shank and ankle--foot reglons are distinct and shallow interdigital

_indematit;)n’s - distingiish  the rudiments of all- the five toes.
At stage; 36. the limb further elongates, the palmer region of the

foot is closely applied to the lateral surface of the ventral tail fin.
The anal Itube extends up to the ankle. At stage 38 the limbs are
well developed and functional, shank makes an acute angle with the
thigh; tarsal region_ is parallel to the tail fin but the toes are
directed away from the body axns, the anal tube dxsappears.

The tadpoles were narcotxzed ml 4000 solution of MS2‘2‘2‘

(Sandoz) and then their limbs were amputated through thlgh shank
or ankle region with a sharp blade under'a stereoscopxc binocular

microscope. The -control. groups -were reared in tap ‘water for 15

days after amputation. The tadpoles of the experimental series were

exposed tlo 15 1U/ml solution of retinol palmitate for 3 days (see’

Niazi andI Ratnasamy, 1984) and then reared in tap water for the

remammg 12 days. - Each group consisted of 15-25 tadpoles. They.

were maximally fed with boiled spmach and the rearing medium

was changed every other day,’ All experiments were carried out at”
room temlperature (30-32°). On''the 15th day the tadpoles were .

fixed in ’Boumsﬂmd The regenerates, in which post-blastemic

- redifferentiation had not occurred were sectioned and stained with -
haematoxylin and eosin for histological study. The ‘well formed
) reoeneratxes were .stained in foro with Victoria blue to wsuahse the

skeletal structures.

RESULTS'

The regenerates showed four types of structures in “various’
proportions in different animal groups. (i) Normal (N-type) : these
consisted| of only’ the portion distal to amputation level (Fig.
1a). (ii) !Whole limb (WL-type) : The regenerate was a complete

limb proximo- distally containing a girdle, thigh, shank and ankle

| :
+foot structural elements, in this order. Such regenerates included

cases in v»llhich one (Figs. 1b, c,d), two (Fig. 1e) and very occasionally

three whole limbs developed from the same stump. (iii)

Persistent‘bla.stemq.s (PB-type) : mostly one, and in a few cases two

blastemas developed on the stump but they persisted as such:
i ,

|
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Fig. I.

Effects of retinol paimitate on limb regeneration - . 2%

Skeletal . eléments of 15 day Old regenerated hmd-llmbg of Bufo

melanosncrus tadpoles, drawn from the photographs of Vicforia blue
preparauons Transverse lines (unlabelled) indicate the leveis of amput-
ation in each case (brokenlines: indicate the levels of: amputations in
other cases). (a) represents the control regenerate, (b\e) represent
retrnol palmltate treated regenerates -

* F=stump; femur Fi:: Fg_duphcate femurs G~duphcme girdle

TF—ubro-ﬁbula of stump. o

a. N-type regenerate of a control amputated through thlgh
Regenerated portion consist of parts only distal “to the level of
amputatlon

b, c,d. Single WL- type regenerates developed 'after amputatlon
s through thigh (b), shank ¢) and ankle (d) in treated tadpoles -

' é. Two mlrror-rmaged ‘WL- type regenerates developed fromi the

same -stump after amputatlon through thigh in a tl'eated tadpole
of stage 30/31.
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Fig. 2. 15 day old PB-type regenerate developed on a thigh stump of
stage 30/31 tadpole. (a) external view; (b) L.S. of stump and
regenerate. ’ i

without ‘my morphogenesis or histogenesis (Fig. 2), (iv) Small
spike-like out-growths contained some cartilage.

Each regenerate was examined for the number of digits in the

foot and the average number of toes per N-fype regenerate

served as: a measure of morphological quality: With very few
exceptions, the WL-type, whether single or multiple, were pentad-

- actylous.

Controls

Positive regenerative growth occurred in 100% cases
from all t;he three levels of amputations up to stage 34. Thereafter,
this tendpncy declined at all the levels until at stage 38, no
regeneration of any kind ‘occurred and only spikes developed in
a few cases after amputation through ankle. At stage 30/31 the

number of perfectly formed, pentadactylous regenerates was high. .
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In the older stages there was progressive increase in hypomorphism =~
and oligodactyly indicated by the reduction in the number of toés
in the thigh, shank and ankle level regenerates in this _'Ofder
(Table I). .

Treated tadpoiés
The following features were noted :

(i) WL-type regeneration occurred only in stage 30/3y
_ and 34 tadpoles. In the former all the well formed regenerateg
were of this type; the frequency . of such regenerates was very
- high at both the thigh and shank levels but it was much lower
at the ankle level. At stage 34, both N-fype and - WL-type
regenerates were produced but in significantly different proportiong
*atall the 3 levels l(Table Do '

P

(il The WL-type regenerates included both singlé as well
as multiple ones arising from the same stump. The multip]e
types constituted about 1/3 to 1/2 of all the WL regenerates
but this propensity was greater in older tadpoles. - :

(iii) Almost all regenerates from the three levels at Stage
36 were of N-type and well developed. Also, the N-type.
regenerates of stage 34 treated tadpoles were structurally better
formed and had more digits as compared to the corresponding -
- controls (table 1). :

(iv) Whereas, the @ohtrol} possessed no regenerative capacity
at stage 38 in thigh and shank level amputations, the treated
blastemas showed small spikes,wiih a little cartilage in 10 to 20y
cases. At ankle level amputations, however, only a few controlg
had spike formation, while the treated blastemas formed spikes
in 509 cases ((Table 1). ' -

(v) The incidence of inhibited regenerates (PB-fype) varieq
significantly at various levels of amputations in the tadpoles of
differeat stages but no such case was found at any level in stage
38 tadpoles (Table 1). ' ' :

DISCUSSION

The results demonstrate that even an identical treatment ‘With
retinol palmitate produces different effects on limb regeneratiop,
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TABLE 1

|

]

Effect o{ retmol palmitate on hind-limb regeneration in Bufo melanostictus
l tadpoles of different developmenta] stages

Stage Almpu- © Group % amputated % of the three % pentadacty-

ta;tion : limbs ~types of regen- lous limbs in
: leivel : s showing erates N-type
: ' -regeneration regenerates
: (average no. of -
N WL PB toes/regenerate)
30/31 Thigh - Control 100 100 — — 84 (4.7)
: : Treated 100 — 9 10 —_
Shank  Control 100 1000 — — - 87 (4.8
‘ Treated 100 - 95 5 ) —_
Ankle  Control 100 . 1w - — . 85 (4.9)
Treated 100 — 56 44 —
34 Thligh Control 10 1000 — — 40 (3.9)
- 1. owesea y, Treated 100 < 36416 48 o 67 (4.7
SHank  Control 100 100 — — 47 (4.1)
Treated 100 12 60 28 100 (5.0
Ankle  Control 100 100 — - 67 (4.6)
' Treated - 100 8 76 24 100 (5.0) -
36  Thigh Control 43 100 — — 0.0 (1.8
Treated 52 53 — 47 14 (3.8)
Shank  Control 67 100 — - 30 (3.5)
Treated 72 100 —_ - 50 (4.8
An{kle Control ‘73 100 —_— - 27 (4.0)
| Treated 85 . 100 — —_ 59 (4.6)
38 Thigh Control 0 = - = —
i . Treated 10* —_— = = —
Shank  Control - 0 —_ - - —
: Treate_d 20* —_ = - —_
Ankle  Control - 15* - = - —_

Treated - 50* _ = -

*Small spxkes

N, WL a.nd| . PB; see text for explanation.

The frequ;ency and quantum of regeneration depends on the level of
amputation and the stage of developmz=nt of the tadpoles. Nearly
similar observatxons have been made on Rana breviceps tadpoles
(Niazi and Sharma, 1985; Sharma and Niazi, 1986). The present
results further show that the proximalizing effect of retinoid treat-
ment is correlated with the presence of high ability to regenerate
normally The WL-type regenerates were obtained only at stages

|
|

|
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--30/31 and 34 when the power to regenerate was high at .all the 3

levels. However, it should be noted that whereas the regenerates of
stage 30/31 controls were perfect in 84-879 cases, the number of

- “such good pentadactylous regenerates at stage 24 was much less. As

indicated by the percentage of pentadactylous regenerates of the
- controls at this stage and the average number of toes per regenerate,
the regeneration ability at the 3 P-D levéls was thigh < shank
< ankle. It is éigniﬁcant that the frequency of proximalized
WL-type regenerates obtained at the 3 levels in stage ‘34 treated

tadpoles showed a P-D gradient similar to that of the perfect

regenerates of the control series of this stage, i.e. thigh < shank
< ankle (see Table 1). With further reduction of the normal
power of regeneration at all levels at stage 36, retinoid treatment
failed to produce a single case of proximalized regenerate. This
is indicated by increased oligodactyly of the regenerates and

-+complete absence of regéneration-at stage 38. The observations of = "' """ =’

Scadding and Maden (1986) on Xenopus and of Sharma and Niazi
(1986) on older tadpoles of Rana breviceps together with the present
results on B. melanostictus provide strong support for the suggestion
that the capacity of retinoids to proximalize limb regeneration
in anurans is correlated with their normal ability to regenerate.
The urodeles commonly used in such studies are all able to regen-

erate limbs throughout life, and in them production or duplic- '

ation of stump structures in the regencrates has been achieved by

retinoid treatment in both larvae and adults. The correlation of

this effect of retinoids with the power of regeneration may be the
general rule for all amphibians,

In the treated groups, a number of good regenerates at stage
34 and all of them at stage 36 were of N-type, in which the retinoid
had failed to produce duplication of any stump element. However,
these were better formed morphologically than those of the
corresponding controls. Retinoids cause extensive dissolution
of stump tissues, liberating large number of cells resembling
dedifferentiated mesenchymal cells, and also delay the onset of
redifferentiation of the blastema (Jangir and Niazi, 1978; Kim and
Stocum, 1986; Lheureux et al., 1986; Sharma and Anton, 1986);
Vitamin A treatment also reduces, or suppresses, thyroid activity
in the tadpoles, delaying or preventing metamorphosis (Sharma

and Niazi,- 1983). It is known that increasing thyroid activity -

exp‘edites redifferentiation. It is suggested that these effects may
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be involved m the improved regeneratlon in cases where th:

retinoid IB unable to cause proximalization® of the regenerates.

. The mductlon of regcneratnon even though of a very low order, in

the non-rlegeneratmg limbs may also be ascribed to the same effects.

Expo!sure of regeneratihg Jimbs to retinoids beyond blastema
stage has jbeen found to inhibit morphogenesis and redifferentiation
of the blastema (Saxena and Niazi, 1977; Jangir and Niazi, 1978).

. During the present study, however, a fairly large number of

inhibited | PB-type regenerates were obtained even though the
treatment| was restricted to the period of blastema formation (3
days postl amputation). - Perhaps, within the same group some

mdnvxduals may have ingested more of the drug from the rearing .

medium tpan others. However, this assumption does not fully
explain the pattern of variations in the frequency of such
regenerates -at -various-levels in tadpoles of - different stages.

Possnbly,'these variations may also be due to differences in the -

stage of differentiation of tissues at the three ‘P-D Jevels of the

'dcvelopm'g limb, at different stages of development of the tadpoles.

The blastema cells emerging from the tissues at different levels of
hlstogenesm may dlﬂ'er in their sensitivity to the same retinoid

treatment|

Freq1|1ent production of more than one proximalized regenerates

" from the Same stump in the treated tadpoles, also observed in

Pieurodeliés larvae (Lbeureux et al, 1986), is another striking
feature. The reasons for this need to be looked for in the initial
stages of. regenerauon and beginning of the treatment. Formation
of twin b}astemas on the same stump was observed withia 2-3 days
by Saxenma and Niazi (1977) in the toad tadpoles exposed to
vitamin A| treatment after amputation of the limbs,
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