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f : . Young tadpoles of the toad, Bufo andersoni, at a-very early stage of hind limb. development

’ underwent anllputatlon through the shanks and were exposed to I5IU of vitamin A palm1tate per
Y . I ml of water.

“f LI Whereas 'controls regenerated normal limbs, in the treated tadpoles the regenerates were re-

; . tarded and hlghly abnormal. In 6’ out of 14 cases multiple regenerates developed from :the stump.

5 In 5 cases the regenerated portion consnsted of rudiments of the whole hmb ifncluding thlgh, shank, ,
L | and foot regions, i.e. also from parts already present in the stump. :

3o Itis suggested that exposure to excess vitamin A inéreases the potencies of ‘the blastemas thus
enabling them to overcomie the restrictive influences of the stump‘and to form a whole limb instead

of only thé dzstal parts- actually removed by amputation.

maternal - hypervitaminosis A at critical stages of organogenesis- causes in the foetuses
g BRI a variety of malformations including those of limbs (TAKEKOSHI, 1964;- MORRIS, 1973).
T .- In anurans excessf vitamin A retards ontogenetic development of hind limbs, suppresses
A thyrmd ‘activity - (NIAZI and ‘SAXENA, 1972), and affects tail regeneration (NIAZI and
¢ . SAXENA, 1968). '
' } 7} 'The aim of the present study was to investigate the effects of excess vitamin A on hind
_limb regeneration jin toad tadpoles. The results demonstrate that hypervitaminosis A not
5 only retards the regeneration process, but also causes malformations and reduplications.

£ ;
E" Since the lmtxal finding of- COHLAN (1953) it has become well established that in. mammals
;

A TERIAL AND METHODS

Young tadpolefs of the toad, Bufo andersoni, were used in the experiments. At the time
of amputation the|three primary segments, thigh, shank and foot, were just recognizable
in the developing hind limbs and on the margin of the foot-paddle the prominences of the
4th and 5th toe rudiments had become-distinct. According to the Normal Table of SHIVPAL
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and Niazi ( 1977) for this species, the tadpoles were at about stages VII—VIIL. Previous,
unpublished observations had shown that at this stage regenerative capacity in the hind
limbs is quite high.

The tadpoles were anaesthetized with MS 222, , Sandoz”, (1 : 4000) and both hind
limbs of each ‘individual were amputated through the shank. One group of 5 tadpoles
was then rearedlm ordinary tap water and served as control. The experimental group,
consxs ing of 7 tadpoles, was placed in a large bowl containing vitamin A palmitate (,,Aro-

’, Roche, India), at a dose of 15 IU per 1 ml water. To this bowl more water, but no
v1tamm A was gradually added to maintain the level of the medium. ‘The animals were
regularly fed fresh boiled spinach. The experiments were carried out at room temperature
(30—32°) and lasted for 28 days from the day of amputation.

For histological examination the tadpoles were fixed in Bouin’s fluid, embedded in
paraffin, sectioned at 7.um,-and-stained- with-haematoxylin and eosin.

RESULTS

By the end of the 4th week all 5 control tadpoles were metamorphosing with bot-
fore-limbs emerged and tails in the process of resorption. Treated tadpoles had lagged far

behind and non¢ of them showed any metamorphic changes. o

Regeneration had occured in all 10 limbs of the 5 control tadpoles. The regenerates'
were completely inormal and well - -developed (Fig. 1), contained normally differentiated
* skeletal elements and striated muscle bundles and their epxdermls was of adult type with
" numerous, ﬁask—shaped multicellular mucous - glands.

Regeneration 'had also occured in all 14limbs of the 7 treated tadpoles but they differed
in the type of regenerates produced However, all regenerates of this group were retarded
in growth and dl?ﬁ”erentlatlon and were abnormal in shape. The type of abnormality and
the degree of retardation in regenerates of the right and left limbs of each individual were
more or less identical or very ‘similar. Hlstologlcally, skeletal and muscle dlﬁerentlatlon
was very poor and in- most cases the mesenchyme ‘was almost completely undifferentiated.
The skin was of Jarval type with in no case any- ‘multicellular mucous glands. The type of
regeneration which occuredin the experlmental tadpoles is described below.

Case 1. The régenerated shank region was normal but morphogenesis of the foot
. was defective m!both regenerates. The feet were swollen and oligodactylous (Fig. 2).

Case 2. The regenerates had not developed beyond the foot-paddie stage and the shank
region was swollen (Fig. 3). _

Case 3. The! amputation plane had passed exceptionally through the thigh, above
the knee, and not through the shank. The regenerate of each side consisted of two knob-.
like protuberances which, in sections, were found to contain only undifferentiated mesen-
chyme. The protuberances looked like persistent blastemas (Fig. 4). - ’ i

Case 4. Although both the right and left regenerates were more or less normally shaped,
the feet were oligodactylous, having three digits each. Both regenerates growing out of the
shank stumps cods1s ted of thigh, shank, and foot regions. Internally, the mesenchyme had
not advanced beyond the very early stage of condensation (Fig. 5).

Case 5. The regenerates at both sides were trifurcated and each branch appeared to
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be an elong§ted comcal blastema, except for one whose distal margin was flattened and
somewhat spatulate. Internally, these regenerates contained only undifferentiated mesen-
chyme (Fig. 6). |

Case 6. The right regcnerated limb was swollen and the foot was oligodactylous. The
regenerate of the left'limb had a normally shaped foot with rudiments of all five toes.
Moreover, this regenerate developing on ‘the stump consisted of all the parts of a limb,
i.e. a thigh, shank, and foot (Fig..7).

Case 7. In this tadpole the regenerates of both right and left sides were very similar.
Distally to each stump there had developed three regenerates which, however, exhibited

..different degrees of development Oge regenerate of each stump was better formed with

a normal type of foot, rhe other two being small with inhibited morphogenesis. The normal
one of the three regenerates on each stump consisted of thigh, shank, and foot regions,
similarly to those found in cases 4 and 6 (Figs 8 and 9).

DISCUSSION

The results obtamed in the present study demonstrate that an excess of vitamin A causes
very abnormal limb regeneration in anuran tadpoles. The abnormalities include retarded
it morphooenesm and growth and also reduplications. In the ontogenetic development of
frog tadpole limbs under hypervitaminosis A only retarded growth was observed for which -
antithyroid action of the vitamin was- postulated as the major cause (NIAZI and SAXENA,
1972 also see KOLLROSS, 1961) However, reduplications of regenerating limbs are not
easy %o explain on thls basis alone. Pro some-direct eﬁ'ects of vitamin A on the exposed s
stump tissues followmg amputatro m. also be involved.

As descrlbed abo e, m an utated hmbs of treated tadpoles dupllcated or

multiple regenerates on.
durmg the very early phas : atlon As it is known amputation is followed by N
TApldermal cap over the wound surface; subse-’ .

{\L on chick embryo limb buds‘and f1
sturaps result mreduphcatedhmbsandregenerates reSpectlvely(ZWlLLING 1961; THORNTON °
and THORNTON,. 1965; see also FABEE, 1971, 1976; and StocuM and DEARLOVE, 1972)
It is therefore possrble that exposure to ‘excess vitamin A during the period immediately
following amputatron fesults ‘in the formation of multlple apical epidermal caps which,
subsequently, lead to thé aocumulatron of blastema cells at several centres, ]aymg "down
the basis for the formation of more than one regenerate on the stump. However, in., order
{o verify this hypothesis more detailed studies on the effect of hypervitaminosis A on early
phases of regeneratlon are needed. One of the mechanisms involved in the formation of
multiple regenerates: lcould be increased cell death in certain reglons of the wound epithelium.
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A highly signilﬁcant phenomenon was the formation of regenerates which appeared to
consist of more than the distal parts of limbs actually removed by amputation. In 5 out
of 14 regenerates; of the tieated tadpoles rudiments of whole new limbs had grown out
of the stumps which themselves consisted of the thigh and proximal portion of the shank.
The regenerates included a new thigh, shank and foot. By a different procedure DE BOTH
(1970) also obtained in a few cases the formation of some proximal structures, though
the blastemas were formed after amputation at a more distal level. DE BotH (1970) ampu-
tated the forelimbs of axolotls through the wrist, removed the resultant blastemas from
the stumps, denuded them of the.epidermis, and transplanted the combined mesenchymal
components of several such blastemas into the flank or the orbit from which the eyeball
had been removed. The blastemal mesenchyme formed at the wrist level and then trans-
planted, dlﬁ”erentlated into not only hand but also forearm and even upper arm structures
1in some cases. Accordlngly, the conclusion was drawn that blastemal mesenchyme derived
from distal levels of a limb may, be capable of forming the whole limb and not merely”
structures distal to the level of amputation. The results obtained in the present study support
this conclusion.

Normally, the sturmnp influences the morphogenetlc potentialities of the blastema, per-
mitting the latter to form only distal parts of the limb which are actually removed or lost
(Goss, 1961). In the opinion of FaBER (1971, 1976), although this restrictive influence of
the stump certainly operates, it is notindispensable. According to him such influence is super-
imposed upon the self-organizing propertigs of the blastema. The present authors fully agree
with this hypothesis on the basis of the: observatxons described above. It may be recalled
that DE BoTH (1970) obtained-the: format n of proximal parts from distal level blastemas
by transplanting them into the ﬂank e orbit and thus liberating them from the in-
fluence of the stump. In the presen iments whole limbs were regenerated in continuity
with the stump, in spite of the-latter’s: ed restrictive influence. These results suggest
that an actual physxcal separatlon' fthe blastema from the stump may not be an essential
pre-requlsxte for the blastema to. |13 rnorphooeneuc potentialities. The additonal
factor in the present experlme“ts th exposure of the tadpoles and thelr amputated

of wound healmg, dedlﬂ'erentlatlon,»
of the regenerates, ! These early. processes of hmb regeneratlon in tadpoles of Bufo andersom
are completedin about 3days: after amputatlon at 30—32°C. It may bethat exposure to excess
vitamin A facilitated the acquisition’ by’ blastema cells of greater than usual potencies

(pertaps through a greater degree of dedxﬁ”erentxatlon), thus enabling the blastema to over-/

come the restrictive influence of the’ stump and to form all the parts of a limb instead of ~
only the distal ones.

- EGucH! and WATANABB-(-1-9.73)-were able to obtain newt lcns regeneration from ventral
iris by treatment of the latter with a carcinogen, N-methyl-N'-nitro-N-nitrosoguanidine.
Lens regeneration has never been obtained from the ventral iris under normal circum-
stances. The results of the quoted study indicate, therefore, that certain experimental condi-

“tions can facilitate reawakening of deveiopmemal potentialities in some ftissues which

otherwise remain; suppressed. An excess of vitamin A may have similar properties.
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STRESZCZENIE

J. A. N1azr i S. SAXENA: Nietypowa regeneracja tylnych koriczyn kijanek, Bufo andersoni, poddanych
dzialaniu witaminy A

Miodym kijankolm ropuchy, Bufo andersoni, amputowano tylne koAczyny na 'poziomie podudzia,
po czym poddano jé dzialaniu palmitynianu witaminy A (15 j.m./ml wody).

Podczas gdy kijanki kontrolne regenerowatly prawidiowe koficzyny, regeneraty kijanek, na ktore dzia-
lano witamina A byly zahamowane w rozwoju i anormalne. W 6 przypadkach na 14 na kikutach wytwa-
rzalo si¢ po kilka regeneratow. 5 regeneratow sktadalo sie z zawiazkoéw calych. konczyn tj. z uda, podudzm
i stopy, a wiec takze z tych czeéci, ktore pozostaly- w-kikucie.

Autorzy sugeruja, ze witamina A zwieksza potencjat TOZWOjowy blastemy regeneracyjnej i umozliwia
jei pokonanie ograniczajacych wlasciwosci kikuta. Dzigki temu regenerat roznicuje sie w cala konczyne,
a nie tylko w czgsci dystalne -usunigte podczas amputacji.

COIEPXAHHUE

J. A. Niaz1, S. SAXENA: He uHaR pereHePaYUR 3a0HUX KOHeuHocmeii 20n06acmuxoe Bufo andersoni,

noodgep rscennsix Qeiicmeuro eumasura A

Manuim rosioBacTuKam »xaGbl Bufo -andersoni, aMIryTUpOBalu 3aJHIOI KOHEYHOCTh H2 YPOBHE To-
Jedy, 33TeM FOJOBAaCTMKHM MOXBEpiany ACHCTBMIO. MANBMUTWHWAHA BHTaMur2 A (15 m.e./ml BOmBI).

B @0 Bpems, Kak y KOHTPOJILHBIX TOJIOBACTHKOB HPORMCXOQMJIA PEreHepalis HOPMAIBHBIX KOHEY-
HOCTeli, pereHepaThl FOJIOBaCTHKOB, nozmepmenumi ReHCTBHIO BaTaMuBEa A GBLIM 2HOPMAJBHEI H Ha-
6JII0Z2JI0CH TOPMO)KEHHE paasm‘wx Ha 14 cnyqaes B 6 ciyvasx Ha oOpyOKax 0oGpa3oBajioce To° He-
CKOJILKO PEereHepaToB. 5 pereneparos COCTOSJIO. M3:334YaTKOB. BCEH KOHEUHOCTH, TO €CTh, 13 Genpa, ro-
JICHM M CTYIHH, TaKHM o6pasom, H3 TeX vacreld,, KOTOpBIE: '0CTaBa)mCh B OOpy6Ke.

] ABTOpB! NPENOIATAIOT, TTO Bm'amnn A BEI3BIBaET .yB&JpuCcHEE MOTSHLHANI2 Pa3BHTHA- PEreHepa-
HHOHHOM ©/1acTeMbl M MaéT . Boamomocrs eit npeononm OrpaHMIMBAIOIIHE CBOMCTBA oepysxa Baaro-
RapA 3TOMy pereHepa'r J:md;d;epemmpye'rcx B MIOJIHYIO KOHEUHOCTE, 3 HE TOJIBKO B BucTajIbHBIe e€ vacTu,
YAANEHHbIE NMyTEM amny'rarmn.l :
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PLATE I

Fig. 1. Right and left regenerated hind limbs of 'a.;_"cpxiﬂtiél.'tédpole of Bufo andersoni.
' tated through the shanks.

Both limbs were ampu-
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PLATE IIT

Regenerates of hind limbs of tadpoles of Bufo andersoni exposed after amputation to excess vitamin A.
Fig. 6. Case. 5. The regenerates are trifurcated. The distal margin of one of the branches (arrow) is fattened.
Fig. 7. Case 6. Note that the regenerate of the left limb (growing out of the shank) consists of thigh (T),
shank (S), and foot A regions. The arrow indicates the knee of the regenerate. Fig. 8. Case 7, right limb.
Fig. 9. Case 7, left limb. Note that on both stumps in this tadpole three regenerates are visible, one of them
being better developed than the other two. The “normal” regenerate consisted of thigh (T), shank (S), and

foot (A) regions, though the limbs were amputated through the shank.




