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F igu re  2 gives  t h e  regress ion l ines f i t t i ng  t h e  d a t a  con-  
ce rn ing  t he  m o t o r  a c t i v i t y  levels (for each  g e n o t y p e  a n d  
sex t he  m e a n s  of t h e  15 r epe t i t i ons  are  p l o t t e d  as per-  
c en t age  of possible  m o v e s  in func t i on  of t ime) .  F o r  males  
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as  for females,  t he  d i f ferences  b e t w e e n  t h e  t h r ee  geno-  
types  are  a lways  s ign i f i can t  or  h i g h l y  s ign i f ican t ,  t h e  
o rde r  of s u p e r i o r i t y  be ing  t he  s a m e  as for t h e  sexua l  
a c t i v i t y  of t h e  males .  P e r h a p s  t he  c o m m o n  level  of ag i t a -  
t ion  could  be  a s t i m u l a t i n g  f ac to r  for t he  cou r t i ng  in i t i a -  
t i ves  of t h e  males .  

T h e  two  me lan i s t i c  m u t a n t s  ebony a n d  black, p h e n o -  
t yp i ca l l y  v e r y  s imi lar ,  are  c e r t a i n l y  d i f f e ren t  in  se lec t ive  
value ,  T h e  second one  is r ap id ly  e l i m i n a t e d  in c o m p e t i t i o n  
w i t h  i ts  wild t y p e  allele, bu t ,  u n d e r  t he  s ame  condi t ions ,  
ebony m a y  be  p r e s e n t  in  t he  p o p u l a t i o n  for  m a n y  genera-  
t ions .  The  e x p l a n a t i o n  of i t s  m a i n t e n a n c e  can c e r t a i n l y  
n o t  be  found  in t he  di f ference of a c t i v i t y :  t he  ebony flies 
are  t he  l eas t  ac t ive .  Bu t ,  in  a p r e v i o u s  paper ,  we h a v e  
shown  t h a t  t he  sexua l  a c t i v i t y  of h e t e r o z y g o t e  flies f rom 
f a t h e r  wild a n d  m o t h e r  ebony is s ign i f i can t ly  h ighe r  t h a n  
t h a t  of the  wild ones  5. 

Rdsumd. L ' o b s e r v a t i o n  d i rec te  a m o n t r 6  qu ' i l  n ' y  a pas  
d ' i s o l e m e n t  sexue l  e n t r e  le t y p e  sauvage e t  les m u t a n t s  
m61aniques  ebony e t  blach de Drosophila melan~gaster, m a i s  
i l  ex i s te  de  n o t a b l e s  diff6rences  e n t r e  l ' a c t iv i t6  sexuel le  e t  
mo t r i ce  des  m~tes  des  t ro i s  g~notypes .  L ' i m p o r t a n c e  
s61eclive de  ces di f f6rences  e s t  soulign6e. 

A. A. ELENS 

Facultds Universitaires N.D. de la Paix, 
Ddpt de Physiologic Gdndrale, Namur (Belgium), 
September 21, 1964. 
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The Regeneration of Accessory Limb Parts 
Following Epidermal Cap Transplantation 

in Urodeles 

Introduction. Recen t ly ,  i n t e r e s t  in t he  func t ions  of t he  
w o u n d  ep ide rmis  in  a m p h i b i a n  l i m b  r e g e n e r a t i o n  has  
focused on  t h e  p h a g o c y t i c  and  h i s to ly t i c  ac t iv i t i e s  of t h e  
ep i the l i a l  cells 1, a n d  on  t h e i r  a p p a r e n t  ab i l i t y  to  in f luence  
t he  agg rega t ion  of m e s e n c h y m a t o u s  ceils to  f o r m  t h e  re- 
g e n e r a t i o n  b l a s t e m a  ~,~. T h e  pu rpose  of t h i s  c o m m u n i c a -  
t i on  is to  s u p p l y  new i n f o r m a t i o n  on  t he  inf luence  of the  
ap ica l  e p i d e r m a l  c ap  on  t h e  f o r m a t i o n  a n d  o u t g r o w t h  of 
the  l i m b  b ta s t ema ,  a n d  in pa r t i cu la r ,  to  desc r ibe  t h e  pro-  
duc t i on  of accessory  l imb  o u t g r o w t h s  fol lowing t r ans -  
p l a n t a t i o n  of e p i d e r m a l  caps  to  t he  basa l  a reas  of l i m b  
b l a s t e m a t a .  

Material and methods. Two species of urode le  l a rvae  
were used in these  e x p e r i m e n t s :  Ambystoma talpoideum 
70 80 m m  long, a n d  A. mezicanum 80-90 m m  long. T he  
r i g h t  fore l imbs  were a m p u t a t e d  t h r o u g h  t he  d i s ta l  con-  
dyles  of the  humerus .  Af te r  11 days  (A. talpoideum) or 
14 days  (A. mexicanum) a m o u n d - s t a g e  b l a s t e m a  h a d  
fo rmed  a t  the  end  of the  l imb  s t u m p .  A t  th i s  s tage  t h e  
l a r v a e  were a n e s t h e t i z e d  w i th  MS 222 and  p laced  on a pad  
of s ter i le  gauze  m o i s t e n e d  in  R i n g e r ' s  so lut ion.  A sec t ion  
of ep idermis ,  e q u i v a l e n t  in a rea  to  t h e  ap ica l  e p i d e r m a l  
cap,  was  excised f rom t he  ba se  of each  b l a s t e m a  on  i ts  

p re -ax ia l  surface.  I m m e d i a t e l y  a f t e r  t h e  ep ide rmis  was 
r e m o v e d  t he  ap ica l  cap  was cu t  a w a y  I t e m  t h e  b l a s t e m a  
t ip ,  c leared of a d h e r i n g  b l a s t e m a  cells a n d  p laced  au to-  
p l a s t i ca l l y  ove r  t h e  p r o x i m a l  w o u n d  in  t h e  b l a s t ema .  
E a c h  l a rva  was p laced  for 6 h in  a re f r igera tor ,  he ld  a t  
6°C, in  o rder  to  insu re  hea l ing  e l  t h e  edges of t he  ap ica l  
cap  w i t h  t h e  cu t  edges of t he  b l a s t e m a l  ep idermis .  W i t h i n  
a week  a new apica l  cap  r e g e n e r a t e d  a t  t h e  b l a s t e m a  t i p  
to  rep lace  t h e  one  w h i c h  h a d  b e e n  r e m o v e d  a n d  t r a n s -  
p l an t ed .  I n  27 of 51 b l a s t e m a t a  b o t h  e p i d e r m a l  caps  ( the  
g ra f t ed  a n d  t i le  r egenera ted )  c o n t i n u e d  t h e i r  i n d i v i d u a l  
g rowth .  In  these  cases, therefore ,  t h e  l i m b  b l a s t e m a t a  
c o n t i n u e d  to  deve lop  in assoc ia t ion  w i t h  t he  r egene ra t ed  
e p i d e r m a l  caps  whi le  a s e c o n d a r y  b l a s t e m a  fo rmed  be-  
n e a t h  each  of t he  g ra f t ed  e p i d e r m a l  caps.  These  accessory  
b l a s t e m a t a  d i f f e r en t i a t ed  s u p e r n u m e r a r y  l i m b  pa r t s .  I n  
t h e  r e m a i n i n g  24 cases t h e  g ra f t  cap  was suppres sed  or i t s  
o u t g r o w t h  fused  i n d i s t i n g u i s h a b l y  w i t h  t h a t  of t h e  re- 
g e n e r a t e d  ap ica l ly  s i t u a t e d  cap  so t h a t  single, t yp i ca l  
l imbs  were p roduced .  

Cont ro l  e x p e r i m e n t s  cons i s ted  of the  t r a n s p l a n t a t i o n  of 
whole  head  sk in  (dermis  and  ep ide rmi s  - 10 cases) a n d  
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regenera ted  head skin (epidermis ahme - 10 cases, Figure 1 ) 
which were  placed at  the  surface of the blas tema to 
close an epidermal  wound in a manner  similar to tha t  used 
for the  graf ted apical  caps;  and of the implanta t ion of 
pieces of urodele l iver  {10 cases) and kidney (10 cases) 
which were placed jus t  beneath  the  skin of the blas tema 
by  means  of a slit in the  skin of the l imb s tump adjacent  
to the  btastema.  Final ly,  a simple skin excision, similar 
to t h a t  made  in prepara t ion  for the apical cap grafts, was 
pe r fo rmed  in 10 cases. There were no instances of acces- 
sory ou tgrowths  in any of the control experiments.  

Results and discussion. Figure 2 is a photomicrograph 
of a pa r t  of a longi tudinal  section through a blastema 
showing the  grafted cap and its small accessory blastema 
6 days  af ter  the t ransplanta t ion.  A prominent  basement  
membrane  can be seen to underly the epidermis of the 
host  b las tema bu t  is absent  beneath the grafted cap. A 
dense cluster  of b las tema cells of which approximate ly  
20% are undergoing mitosis lies in close contact  with the 
under  surface of the  grafted cap. These cells appcar to 
have  been recrui ted from the blastema cells of the host 
regenerate .  At  this t ime, a l though it  is not  shown in 
F igure  2, car t i lage different iat ion is beginning in the 
cent ra l  axis of the host  b las tema so tha t  both prolifera- 
t ion arid di f ferent ia t ion are proceeding in neighboring cell 
populat ions.  

F igure  3 is a photomicrograph  of an accessory blastema 
10 days  af ter  ep idermal  cap t ransplantat ion.  No basement 
m e m b r a n e  can ye t  be observed beneath  the grafted cap. 

The accumulat ion of b las tema cells has increased, la rge ly  
by mitot ic  proliferation, to enlarge the  v o l u m e  of the  ac- 
cessory blastema. Cont inued growth of accessory blaste-  
m a t a  is in no way unusual  and by 3 weeks af ter  t ransplan-  
ta t ion of the  apical cap, morphogenesis  is near ly  com-  
pleted, as may  be seen in Figure 4 which is an example  of 
the differentiat ion of an accessory digit .  An unexpla ined  
species difference in response to t ransp lan ted  ep idermal  
caps was discovered. The  b las temata  of the  axolot l  pro- 
duced a higher percentage of accessory l imb ou tg rowths  
following apical cap t ransplanta t ions  (14 of 23) bu t  these  
wcrc inwtriably aeccssory digits (whose skele tons  fuscd 
proximal ly  with thc metacarpals) .  Thc  b la s t cma ta  of thc  
A. talpoideum larvae produced fewer cases of accessory 
l imb outgrowths  (10 of 27) but  all of the posi t ive cases 
consisted of several l imb segments.  In  6 cases, the  super-  
numcrary  l imb consisted of thc distal  third of the  humerus  
(fused proximal ly  with the host  humerus),  the  radius and 
ulna, the carpals and the metacarpals  and phalanges 
associated with 3 digits (Figure 5). The remaining 4 eases 
were similar except  only tha t  2 digits were developed in 
each, 

In the b las tcmata  of the A. talpoideum larvae the 
grafted epidermal  cap rcmained a t  its original  implan ta -  
tion site near the base of the b las tema as morphogenesis  
proceeded, In the axolotl ,  on the o ther  hand, as morpho-  
genesis proceeded in the host  blastema,  the graf ted cap, 
with its accessory blastema, was carried dis tal ly  so t h a t  
when histogenesis began the accessory b las tema was 

Fig. 1. Regenerated head skia (epidermis) grafted to base of host 
blastema (A. mexicanum). B11sterna cells have not accumulated to 

form an accessory blastema at 12 days ( ~ 195). 

Fig. 3. Accessory blastema (A. mexicanum) developing on the pre- 
axial surface of a limb blastema 10 days after transplantation of an 

epidermal cap x 195), 

Fig. 2. Small accessory blastema {A. mexicanum) at 6 days following 
transplantation of an epidermal cap ( × 325), 

Fig, 4. Regenerated accessory digit (A. mexicanum) × 136}. 
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loca ted  a t  t he  m e t a c a r p a l  level  of the  hos t  r egenera te .  Thus ,  
in  t he  two  species of urode le  used in these  e x p e r i m e n t s  
t he  n a t u r e  of morphogenes i s  of the  accessory  b l a s t e m a t a  
was  d i r ec t l y  co r re l a t ed  w i t h  t h e i r  loca t ion  a long  t he  
p rox imo-d i s t a l  axis  of the  h o s t  r egenera te .  I t  is conc luded  

t h a t  t h e  stimulus for  t h e  a c c u m u l a t i o n  of t h e  b l a s t e m a  
cells of t h e  accessory  regenera tes ,  as  d i s t i n c t  f r o m  t h e i r  
morphogeneti¢ i nduc t ion ,  was  p r o v i d e d  b y  t h e  t r a n s -  
p l a n t e d  e p i d e r m a l  cap  4. 

t?dsttmd. Les 6 v 6 n e m e n t s  m o r p h o g 6 n 6 t i q u e s  qui  s u i v e n t  
le greffage d ' u n  b l a s t , m e  apica l  k la face p r6ax ia le  d ' u n  
m e m b r e  an t6 r i eu r  en  vole r6g6n6ratr iee ,  chez A mbystoma, 
son t  t o u t  h fa i t  n o r m a u x ,  ma i s  le n i v e a u  off se localise le 
r6g6n6ra t  accessoire  es t  d i f f6 ren t  selon l 'esp~ce util is6.  
Ces r6su l t a t s  son t  d iscut6s  au p o i n t  de v u e  du  s t i m u l u s  
d ' a g r 6 g a t i o n  des  cellules a p p a r t e n a n t  au  r6g6n6ra t  ac- 
cessoire. 

C. S. THORNTON a n d  MARY T. THORNTON 

Department o/Zoology, Michigan State University, 
East Lansing (Michigan USA), August 28, 1964. 

Fig. 5. Regenerated accessory 3-digit limb (A. talpoideum) x 6). 

4 This work was supported by a research grant (NB 04128) from 
the National Institute of Neurological Diseases and Blindness, 
National Institutes of Health. 

Cannulation of the Popliteal Lymph Node in Rab- 
bits: A Method for Introducing Radio-Opaque 

Substances into the Lymphatic System 

T h e  need  to  h a v e  ava i l ab l e  a n  e x p e r i m e n t a l  m e t h o d  for  
the  f i rs t  e v a l u a t i o n  of l y m p h o g r a p h i c  c o n t r a s t  m e d i a  is 
m u c h  fel t  a t  p resen t .  

A useful  m e t h o d  for  t h i s  pu rpose  m u s t  e s sen t i a l ly  
c o m p l y  w i t h  t he  fol lowing p r a c t i c a l  r e q u i r e m e n t s :  (1) be  
usable  in  o r d i n a r y  l a b o r a t o r y  an imals ,  poss ib ly  of low 
cos t ;  (2) n o t  offer  too  g r e a t  t e c h n i c a l  d i f f icul t ies ;  (3) per-  
m i t  good s t a n d a r d i z a t i o n  of t he  m e t h o d s  of a d m i n i s t r a -  
t ion ,  p a r t i c u l a r l y  as  r ega rds  t h e  r a t e ;  (4) ensu re  s u r v i v a l  
of t h e  a n i m a l  in  o rde r  to  a l low l o n g - t e r m  cont ro ls .  

Two rou tes  of i n t r o d u c t i o n  of t he  c o n t r a s t  m e d i u m  - t h e  
l y m p h a t i c  vessel  a n d  t he  l y m p h  node  - are  k n o w n  in  
d i r ec t  l y m p h o g r a p h y .  W i t h  the  p rocedure s  now in use, 
e ach  of t h e  rou te s  of i n t r o d u c t i o n  offers bene f i t s  a n d  in-  
conven iences  w h i c h  h a v e  b e e n  c lear ly  s h o w n  b y  TJERN- 
BERO ~ in his  r e p o r t s  of e x p e r i m e n t s  on  r a b b i t s  a n d  dogs. 

O n  in j ec t i ng  t h e  c o n t r a s t  m e d i u m  in to  t he  l y m p h  node  
t h r o u g h  a h y p o d e r m i c  needle,  TJ~RNBERG o b s e r v e d  t h a t  
t h e  ease w i t h  w h i c h  t h e  s u b s t a n c e  flows f rom t h e  s i te  a t  
w h i c h  t h e  need le  is i n t roduced ,  a n d  t he  insuf f ic ien t  con-  
t ro l  of t he  flow, due  to the  ' m a n u a l '  r egu la t ion ,  r a t h e r  
l imi t  t h e  poss ibi l i t ies  of  e x a m i n i n g  t he  l y m p h a t i c  s t ruc -  
t u r e s  r e m o t e  f rom t h e  s i te  of i n t r o d u c t i o n .  

H e  conc ludes ,  however ,  t h a t  t h i s  is st i l l  t h e  s imp les t  
m e t h o d  for  c a r r y i n g  o u t  d i r ec t  l y m p h o g r a p h y  a n d  ex- 
presses  t h e  h o p e  t h a t  r e sea rch  will pe r fec t  t e c h n i q u e s  
c a p a b l e  of e l i m i n a t i n g  t he  a b o v e - m e n t i o n e d  i nconve -  
niences .  

Bea r ing  t h i s  sugges t ion  in mind ,  we h a v e  s tud ied  a pro-  
cedure  of d i r ec t  l y m p h o g r a p h y  in r a b b i t s  which ,  a l t h o u g h  
us ing  t h e  l y m p h a t i c  node  as a r o u t e  of i n t r o d u c t i o n ,  also 
offers t h e  a d v a n t a g e s  o b t a i n e d  w i t h  c a n n u l i z a t i o n .  Th i s  
p rocedu re  is ba sed  on  t he  use of a p o l y e t h y l e n e  c a t h e t e r  

i n s t ead  of t h e  needle,  a n d  on  t h e  poss ib i l i ty  of l i g a t u r i n g  
the  l y m p h  node  capsu le  a r o u n d  same.  

Method. A d u l t  r a b b i t s  of b o t h  sexes were used. Af te r  
p e n t o b a r b i t a l  anaes thes i a ,  t h e  skin  a r ea  is s h a v e d  a n d  
d i s in fec ted  w i t h  alcohol .  T h e  sk in  is inc ised  for  2 era, fol- 
lowing t h e  fold b e t w e e n  t h e  f emora l  a n d  s e m i - m e m b r a n o u s  
b iceps  as closely as  possible.  I n  o rde r  to  d e t e r m i n e  t h e  
exac t  p o i n t  of t h e  incision,  i t  is a lways  adv i sab l e  to  press  
t h e  s ides  of t h e  pop l i t e a l  fossa to  m a k e  t h e  l y m p h  nodes  
s t a n d  o u t  b e t t e r  be low t h e  skin ,  f o rmi n g  a h e r n i a  b e t w e e n  
t h e  m a r g i n s  of t h e  a b o v e - m e n t i o n e d  muscles .  

Af t e r  inc is ing  t h e  skin,  we usua l ly  c o n t i n u e  u n d e r  a 
d i ssec t ion  mic roscope  (magn i f i ca t ion  : 6 × ) in  o rde r  to  free 
t h e  l y m p h  node  f rom t h e  s u r r o u n d i n g  c o n n e c t i v e  t issue.  
T h e  l y m p h  node  is genera l ly  easi ly  recognized,  b u t  i t  m a y  
b e  of he lp  to  m a k e  i t  s t a n d  o u t  b y  s u b c u t a n e o u s l y  in jec t -  
ing P a t e n t  b lue  per ipher ica l ly ,  in  t h e  q u a n t i t y  of 1-2  ml  
of 5% solu t ion .  

Del ica te ly  h o l d i n g  t h e  l y m p h  node  b e t w e e n  t w o  fingers,  
a hole  is m a d e  in t h e  capsule  a t  t h e  infer ior  pole, us ing  a 
no. 1 h y p o d e r m i c  needle  a n d  p e n e t r a t i n g  for  2 -3  m m  in to  
t h e  pulp .  A p o l y e t h y l e n e  P E  100 c a t h e t e r ,  40 -50  m m  long, 
is t h e n  i n t r o d u c e d  t h r o u g h  t h e  hole,  m a k i n g  i t  p e n e t r a t e  
for  4-5 mm,  w i t h  r o t a t o r y  m o v e m e n t s .  A t  t h i s  po in t ,  
us ing  c u r v e d  forceps,  t h e  c a t h e t e r  is he ld  f i rm a n d  a circle 
of l y m p h  node  t i ssue  is col lec ted  a r o u n d  it. A t  t h e  same  
t ime ,  a p p l y i n g  s l igh t  t r ac t ion ,  a n  a s s i s t a n t  c a n  c a r r y  o u t  
a l i ga tu re  w i t h  s i lk  t h r e a d  i m m e d i a t e l y  be low t h e  h o l d i n g  
p o i n t  of t h e  forceps.  T h e  l iga tu re  fixes t h e  c a t h e t e r  to  t h e  
l y m p h  node  a n d  ensures  a pe r f ec t  fit. 

Af te r  p lac ing  t h e  a n i m a l  u n d e r  t h e  rad io logica l  ap-  
p a r a t u s  in  t h e  require.d pos i t ion ,  t h e  sy r inge  c o n t a i n i n g  
t h e  c o n t r a s t  m e d i u m  is c o n n e c t e d  to t h e  c a t h e t e r  f ixed in 

1 ]3. TJERNBERG, Acta rad., Suppl. 214 (1962). 


