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The wide use of ethylenebisdithiocarbamates (EBDC) in agri- 
culture, as fungicides, poses the problem of potential harm to 

public health, since itis known that dithiocarbamates and their 
degradation products contaminate plants,soil and water to various 
degrees. 

Evidence has  been p r e s e n t e d  t h a t  t h e s e  compounds bave t e r a -  
t o g e n i c  a c t i v i t y  in  d e v e l o p i n g  mammalian f e t u s e s  (PETROVA-VEROIEVA 
and IVANOVA-TCHEMISHANSKA 1973, IARSSON e t  a l .  1976) in  ch ick  
embryos (van STEENIS and van LOGTEN 1971) and in  amphibian embryos 
(BANCROFT and PRAHIAD 1973). 

The ability of amphibians, especially the urodeles, to re- 
generate lost appendages is well established and various investiga 
tors have stressed the similarity between developmental processes 
which govern limb regeneration and ontogeny. 

Therefore, it was chosen fo use the regenerating limb of the 
crested newt as an experimental model for investigation of the pos- 

sible teratogenie effects of manganese ethylenebisdithiocarbamate 
(maneb).  

I n  t he  p r e s e n t  s t udy  a t t e n t i o n  was focused  on e a r l y  
r e g e n e r a t i o n  s t a g e s ,  i n  o rde r  to  e v a l u a t e  t he  e f f e c t s  o f  maneb on 
b l a s t ema  development ,  and on the  subsequent  r e d i f f e r e n t i a t i o n  and 
l imb morphogenes is .  Th is  r e p o r t  d e a l s  wi th  t he  g r o s s  morphology 
and wi th  t he  o b s e r v a t i o n s  of  t he  s k e l e t a l  e lements .  A l a t e r  
r e p o r t  w i l l  d e a l  wi th  h i s t o l o g y .  

Maneb t r e a t m e n t  r e s u l t e d  in  de l ayed  growth,  reduced  melano-  
g e n e s i s  and m a l f o r m a t i o n s  o f  r e g e n e r a t i n g  l imbs .  

MATERIAL AND METHODS 

Male and female  a d u l t  newts ,  T r i t u r u s  c r i s t a t u s  c a r n i f e x ,  
were collected near P e rug i a  and maintained prior fo experimentat- 
ion in running water ,  

A t o t a l  o f  72 an ima l s  were used.  They were d i v i d e d  in  two 
groups  (a c o n t r o l  and an e x p e r i m e n t a l  g roup)  o f  36 newts o f  abou t  
equivalent sizes, 18 males and 18 females each. 
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Animals in  the  c o n t r o l  and e x p e r i m e n t a l  group were 
a n e s t h e t i z e d  in  a 1:2OOO d i l u t i o n  of  MS 222 ( t r i c a i n e  methane-  
s u l f o n a t e ,  SANDOZ) in  b o i l e d  wate r .  T h e i r  f o r e l i m b s  were amputa ted  
b i l a t e r a l l y  th rough  the  d i s t a l  t h i r d  of  t he  humerus. A f t e r  the  
s o f t  t i s s u e s  r e t r a c t e d ,  p r o t r u d i n g  bone was trimmed o f f  to  
produce a r e l a t i v e l y  f l a t  ampu ta t ion  s u r f a c e .  Then, p r i o r  t o  
r e c e i v i n g  t r e a t m e n t ,  t he  an imals  were kep t  f o r t w o  days a t  room 
t e m p e r a t u r e  in  30-L g l a s s  a q u a r i a  wi th  r e p e a t e d l y  changed b o i l e d  
water .  No m o r t a l i t y  was obse rved  dur ing  the  e x p e r i m e n t a l  p e r i o d :  
on ly  one male newt d ied  w i t h i n  24 h p o s t - a m p u t a t i o n .  

Exper imen ta l  an imals  were exposed p e r c u t a n e o u s l y  to  maneb 
of  t e c h n i c a l  g rade  (Maneb 80, 80~~ a c t i v e  component, s u p p l i e d  
by SIPCAM Milano) a t a  c o n c e n t r a t i o n  l e v e l  o f  5 ppm.This l e v e l  
was chosen a f t e r  p r e l i m i n a r y  t o x i c i t y  s t u d i e s  (PACCES ZAFFARONI 
e t  a l .  1978, in  p r e s s ) .  C o n t r o l  newts were kep t  in  t a p  water .  
A t e m p e r a t u r e  o f  24 ~ + loC was ma in t a ined  f o r  t he  d u r a t i o n  of  

n 

t he  exper iment  and no a t t e m p t  was made a t  r e g u l a t i o n  of  a s p e c i f i c  
d i n r n a l  cyc l e .  The exper iment  was begun in  September.  

The f o l l o w i n g  schedule  ~ms adop ted :  on Honday and Wednesday 
f r e s h  s o l u t i o n s  were made, on F r i d a y  a l l  an imals  were p h o t o g r a p h -  
ed and e v a l u a t e d  f o r  t he  p r o g r e s s  of  r e g e n e r a t i o n ,  on Sa tu rday  
t h e y  were fed  a d i e t  o f  chopped b e e f  l i v e r .  The newts were exposed 
t o  t he  t o x i c a n t  f o r  f o u r  days a week and fed  in  f r e s h  wa te r  to  
avo id  i n g e s t i o n  of  t he  t e s t  subs t ance .  

I n d i v i d u a l s  an imals  were i d e n t i f i e d  by the  abdominal  spot  
p a t t e r n s  and t h e  deve lopmenta l  s t a g e  was r eco rded  weekly ,  a c c o r d i n g  
to  the  c r i t e r i a  d e s c r i b e d  by  I T ~  and BRYANT (1973).  Animals were 
k i l l e d  s t a r t i n g  on the  15th day and t h e r e a f t e r  a t  weekly i n t e r v a l s  
u n t i l  t h e  65th day p o s t - a m p u t a t i o n .  The l a s t  twe lve  newts were 
k i l l e d  on the  85th  day. 

To examine the  f o r m a t i o n  of  c a r t i l a g i n e o u s  s k e l e t o n ,  the  
r e g e n e r a t e d  l imbs  were f i x e d  in  B o u i n ' s  f l u i d  and s t a i n e d  in  
t o t o  wi th  methy lene  b lue .  The t i s s u e s  were dehydra t ed  and 
c l e a r e d  i n  me thy l  s a l i c y l a t e .  Some l imbs  were p r o c e s s e d  f o r  
histological examination, whose results will be reported later. 

RESULTS AND DISCUSSION 

Gross morphology 

Delayed growth of the regenerate was observed in maneb 
treated newts. This difference in the rate of regeneration 
existed until the fifth week post-amputation in the females and 

until the sixth week in the males. In order to quantify the dif- 
ferent growth rates of experimental and control animals, an arbi- 
trary number was assigned to each morphological stage of ITEN and 
BRYANT (1973). Figure 1 shows graphically the time after amputa- 
tion at which the developmental stages of regeneration �87 
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a t t a i n e d  in  the  two groups of  an imals .  In  the  females ,  the  d i f -  

f e r ence  between the  two groups was s i g n i f s  a f  t e r  3 weeks 
(P < 0.05, t test) and highly significant after 4 and 5 weeks 
(P < 0.001~. In the males, the delay of growth was clearly evident 
at the 5th week (P < 0.001) and the 6th week (P < 0.01). After six 
weeks, ~the regenerates of the 18 control animals were at the 
stage of late digits (LD), except in two cases, whereas in the 
experimental group the regenerate had hot reached this stage in 
8 of 19 animals. Even after seven weeks, digits were not com- 

pletely developed in 5 of 17 treated newts. 

Delayed growth has also been observed in amphibian embryos 
(BANCROFT and PRAHIAD 1973), in chicken embryos (van STEENIS and 
van LOGTEN 1971) and in mammalian refuses (PETROVA-VERGIEVA and 

IVANOVA-TCBEMIS}MNSKA 1973, IARSSON Set al 1976) following 
treatment with maneb and other dithiocarbamates. Since antithy- 
roid compounds are formed by decomposition and metabolic processes 
from ~BCD (FIS~EIN 1976), our results are also consistent with 
those reported by FOX and TURNER (1967), who observed an inhibition 
of growth in Xenopus laevis and in RaD~% temporaria larvae after 
treatment with thiourea and phenylthiourea. However�87 SCHMIDT 

(1958) observed a faster rate of regeneration of forelimbs in 
thyroidectomized adult newts. Therefore, if is doubtful than an 

inhibition of thyroid function alone could aceount for the growth 
retardation observed in our experiment. Because of the trophic 
role of innervation in limb regeneration (SINGER 1952) the neuro- 
toxic effects of dithiocarbamates must also be considered 

(EDINGTON and HOWELL 1966). Possible degenerative changes in the 
peripheral nerves could well result in slower growth and 
inharmonious development of the limb. In this regard, it seems of 
interest to note that in out experiments maneb treatment was begun 

two days after limb amputation, when regenerating nerve fibers 
already pervade the wound and regenerating tissues (SINGER 1974). 

In approximately hall of the animals treated with maneb, 
the regenerates appeared tobe ]ess pigmented than those of the 
control group, especially at the fifth to the seventh week.Subse- 
quently�87 there was a trend toward normal pigmentation. In almost 
all the experimental newts, the stump af ter one week was markedly 
hyperemic and easily bleeding. In the subsequent stages of re- 
generation, various degrees of vascular dilatation and extensive 
hemorrhages were frequently seen through the undam~ged skin. 
Digits also often showed hemorrhagic foci at the tip. 

Distal deformities were the most commonly occurring devel- 
opmental disturbances after exposure to maneb. At the fifth week 
post-amputation, arthrogryposis was observed in all the expert- 
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Fig. 1 - Graph comparing the developmental stages of regener  
a t e s  a f t e r  amputation in  con t ro l  (open c i r c l e s )  and t r e a t e d  animals 
(c losed c i r c l e s ) .  The abbrev ia t ions  fo r  each stage a re :  Amp, 
amputation; WH, wound heal ing;  EDD, ea r l y  d e d i f f e r e n t i a t � 8  LDD, 
l a t e  d e d i f f e r e n t i a t � 8  MEB, moderate ea r ly  bud; EB, ea r ly  bud; 
MB, medium bud; LB, l a t e  bud; Pal ,  p a l e t t e ;  ED, ea r ly  d i g i t s ;  MB, 
medium d i g i t s ;  LD, l a t e  d i g i t s  (ITEN and BRYANT 1973). Bars 
r ep resen t  standard e r ro r s  of the mean. The number of limbs i s  
ind ica ted  f o r  each poin t .  

Fig. 2 - Forelimbs of maneb-treated newtso A. Day 35 r egene r - -  
are  of a male: a r th rog rypos i s ,  hyperemia (arrows),  and s l i g h t l y  
pigmented skino B. Day 63 regenera te  of a female: d i g i t  de fo rmi t i e s .  
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mental newts, the autopodium being always twisted dorsally (fig. 

2 A). At the late digit stage, arthrogryposis was sti]] present 

only in some of the animals. Arthrogryposis was also observed by 

van STEENIS and van IOGT~ (1971) in the hindlimb of chick embryos 
treated with tecoram. According to them this anoma]y could be due 
to contracture of the musculature. If is of interest that abnor- 
mal development of the muscular tissue has also been observed in 
amphibian embryos treated with nabam and diquat (ANDERSON and 
PRAHIAD 1976). By six weeks and even more through the following 
weeks, the majority of digits was variously deformed (fig. 2 B). 

Regeneration defects appeared to be related fo both the severity 
and the localization of the vascular disturbances observed in the 

earlier stages. Very often those digits which had shown apical 

hemorrhages subsequently appeared deformed. 
In all the control animals, regenerated limbs were normal 

except for three males which deve]oped only two or three digits 
and one female with a supernumerary forelimb. 

Skeletal examination 

The forelimb of Triturus cristatus carnifex has four digits. 
The phalangeal formula is 2-2-3-2. There are four metacarpals, 
seven carpal elements (os intermedium and os ulnare always fused), 
radius, ulna and humerus. The occurrence of carpal fusion and 

occasional deviations in the number of phalangeal elements (8-9) 
was considered within normal limits (fig. 3 A depicts what is 
considered to be a normal regenerated limb). 

Nine female and nine male treated newts were examined for 

skeletal morphology (fig. 3 B,C,D). In the animals exposed fo 
maneb, deformed phalanges were observed in most of the digits. 
Most often deformities involved distal phalanges, which were hook 
-shaped and sometimes kinky. This malformation seems to be the 

most characteristic change induced by maneb. More rarely, de- 
formed metacarpals were found. Other skeletal anomalies were also 
observed, still involving the autopodium, such as fused or miss- 
in~ phalanges, or fused metacarpals. Occasionally proximal de- 
formities such as shortened radius and ulna were round. Skeletal 
abnormalities were also observed in limbs with apparently normal 
gross morphology, 

In the females�87 the incidence of malformed limbs was I00~ 
in the exper imenta l  group, which ~ms statistically significant 
when compared to control newts. Conversely, in male newts the 
incidence of malformed limbs was not statistically significant 
when compared to the control group (Table I). 

The skeletal morphology of one or both limbs of seven 
female and ten male control newts was examined. With one excep- 
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TABLE 1 

Frequency  o f  s k e l e t a l  m a l f o r m a t i o n s  o f  t he  r e g e n e r a t i n g  f o r e l � 8  
in  ne~ t s  exposed to  maneb a t a  c o n c e n t r a t i o n  l e v e l  o f  5 ppm 

Treatment total normal malformed limbs 
group limbs a limbs No. % 

female 
c o n t r o l  10 9 1 b 10 

maneb 11 0 11 IO0 c 

male 
c o n t r o l  10 4 6 60 

maneb 9 0 9 I00 d 

a Not a l l  l imbs  were s e l e c t e d  f o r  s t a i n i n g  o f  s k e l e t a l  e lements  
b Supernumerary l imb 
c S i g n � 8  d i f f e r e n t  from c o n t r o l  group a t  0.1% (X~ t e s t )  
d Not s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  group 

F ig .  3 - C a r t i l a g e  e lements  s t a i n e d  wi th  methy lene  b l u e ;  
l imbs  c l e a r e d  in  methyl  s a l i c y l a t e .  A. Day 57 r e g e n e r a t e  o f  a 
c o n t r o l  f ema le .  Normal morphology.  B. Day 57 r e g e n e r a t e  of  a 
t r e a t e d  f emale .  I ncu rved  pha langes  o f  d � 8  I I ,  I I I  and IV. C. 
Day 65 r e g e n e r a t e  of  a t r e a t e d  maie .  D e f o r m i t y  o f  middle  pha lange  
o f  d i g i t  I i i  and d i s t a l  f u s i o n  of  m e t a c a r p a l s  I I I  and IV. 
I n c o m p l e t e  remode l ing  of  c a r p a l s .  D. Day 58  r e g e n e r a t e  o f  a 
t r e a t e d  f e ~ a l e .  Severe  a b n o r m a l i t i e s  a f f e c t i n g  pb~langes  o f  
digits II and III (arrows). 
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t i o n  (where t h e r e  was a supernumerary  l imb wi th  some i r r e g u l a r  

p h a l a n g e s ) ,  s k e l e t a l  e lements  o f  the  r e g e n e r a t e s  were normal  in  
a l l  t h e  f emale  nexr In  two male nexr t h e r e  was an i r r e g u l a r i -  
t y  o f  t he  d i s t a l  pha langes  of  d i g i t s  I a n d / o r  I I ,  q u i t e  s i m i l a r  
t o  bu t  l e s s  s e v e r e  than  t h o s e  obse rved  in  t he  maneb group.  In  
a n o t h e r  f o u r  ma les ,  t he  f o l l o w i n g  d i s t a l  d e f o r m i t i e s  were ob-  
s e rved :  o l i g o d a c t y l y  (two l i m b s ) ,  p a r t i a l  f u s i o n  o f  the  proxima• 
pha langes  of  d i g i t s  I I I  and IV wi th  m e t a c a r p a l  IV (one l imb) ,  
underdevelopment  of  m e t a c a r p a l  I I ,  n o n - a r t i c u l a t e d  wi th  b a s a l  
c a r p a l s  (one l imb) .  Four l imbs  had normal  s k e l e t a l  p a t t e r n .  

I t  i s  t emp t ing  to  assume t h a t  the  obse rved  anoma l i e s  might  
be a s c r i b e d  go t o x i c  compounds wi th  t e r a t o g e n i c  a c t i v i t y  p r e s e n t  
i n  t h e  c i t y  t a p  ~r In  f a c t ,  du r ing  the  cour se  of  t he  e x p e r i -  
ment no c a r e  was t aken  to  p u r i f y  the  t a p  wate r .  S ince  i n  t he  
c o n t r o l  female  newts t he  r e g e n e r a t e s  were normal ,  males  would 
appea r  t o  be  more s u s c e p t i b l e  than  f ema le s  to  p o l l u t a n t s  which 
might  be p r e s e n t  i n  t he  environment .  

With r e g a r d  go the  mechanism of  t he  t e r a t o g e n i c  e f f e c t s  o f  
maneb, i t  i s  we l l  known t h a t  t he  d i t h i o c a r b a m a t e s  and t h e i r  de -  
compos i t ion  p r o d u c t s  can i n t e r f e r e  wi th  many enzyme sys tems 
(DU BOIS e t  a l  1961). Acco rd ing ly ,  IARSSON e t  a l .  (1976) hypo th -  
e s i z e d  t h a t  the  t e r a t o g e n i c  e f f e c t s  o f  maneb in  r a t  f e t u s e s  may 
be r e l a t e d  go embryonal  z inc  d e f i c i e n c y ,  due to  t he  c h e l a t i n g  
e f f e c t s  o f  t he  d i t h i o c a r b a m a t e s .  Severe  v a s c u l a r  d i s t u r b a n c e  may 
a l s o  c o n t r i b u t e  go a l t e r e d  development  th rough  a d e f e c t  i n  n u t r i -  
t i o n a l  supp ly  and impai rment  of  gas  exchange.  As a l r e a d y  men- 
t i o n e d  p o s s i b l e  p e r i p h e r a l  n e r v e  d e g e n e r a t i o n  might  a l s o  accoun t  
f o r  t he  abnormal  development  o f  t he  r e g e n e r a t e .  

The c o n c l u s i o n  may be drawn t h a t  maneb t r e a t m e n t  r e s u l t s  
in  t e r a t o g e n i c  e f f e c t s  i n  t he  r e g e n e r a t i n g  newt f o r e l i m b  as  we l l  
as  i n  amphibian  embryos and homeothermic v e r t e b r a t e  embryos. 
Thus,  t he  p r e s e n t  da t a  i n d i c a t e  the  f e a s i b i l i t y  of  u s i n g  the  newt 
r e g e n e r a t i n g  f o r e l i m b  as  an e x p e r i m e n t a l  model f o r  a s s e s s i n g  the  
t e r a t o g e n i c  r i s k s  of  p e s t i c i d e s .  
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