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The  lack of increase  in a m b u l a t o r y  a c t i v i t y  a m o n g  
d rug  t r e a t e d  B A L B / c J  mice  du r ing  t he  f i rs t  4 days  does 
no t  m e a n  t h a t  these  an ima l s  were no t  h y p e r a c t i v e ;  some 
of t h e m  were ac tua l ly  qu i te  h y p e r a c t i v e  ill t he i r  h o m e  
cages ( a l though  no t  as m u c h  as C57BL/10J)  b u t  ' f roze '  
w h e n  t h e y  were p u t  in  t he  open  field. T h e y  b e c a m e  
h y p e r a c t i v e  in  t he  open  field on ly  a f t e r  5 days  of t r ea t -  
men t ,  wh ich  m i g h t  be  due  to  an  a l te red  response  to t h e  
d rug  a f te r  i ts  chronic  a d m i n i s t r a t i o n  or to  psychologica l  
h a b i t u a t i o n  to  t he  open  field caused b y  r epea t ed  exposure  
to it, 

Several authors have shown that amphetamine has 
different effects in mice of different genotypes : upon body 
temperature :, upon temperature and lethality s, and 
upon measures of emotionality 9. This experiment shows 
that genetic factors are also important determinants of 
the response to amphetamine as measured by the open 
field test. 

The different behavioral response to amphetamine of 
these 2 strains of mice suggests a difference in the brain 
aminerg ic  m e c h a n i s m s  t h r o u g h  wh ich  a m p h e t a m i n e  acts.  
I t  would  be  of vaIue  to s t u d y  t he  c o m p a r a t i v e  effects of 
a m p h e t a m i n e  on  b r a i n  ea t echo lamines  and  se ro ton in  in 
BAL13/cJ and  C57BL/10J  mice. 

Rdsumd. Chez des souris C57BL/10J ,  on  cons t a t e  une  
a u g m e n t a t i o n  de l ' ac t iv i t6  locomotr ice  d u r a n t  tons  les 
7 jours  qu i  s u i v en t  leur  in j ec t ion  avec  la d - a m p h 6 t a m i n e .  
Chez des souris B A L B / c J ,  ce t te  a u g m e n t a t i o n  n ' a p p a r a i t  
pas, sauf  16g~rement aprSs le qua t r i~me  jour .  Des fac teurs  
g6n6t iques  j o u e n t  u n  r61e i m p o r t a n t  dans  la d4 t e rmina -  
t ion  de la r6ponse  c o m p o r t e m e n t a l e  ~ la d - a m p h 6 t a m i n e .  
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Serological Relationships of Frogs (Ranidae) and Toads (Bufonidae) 

The  two fami l ia r  tai l less a m p h i b i a n s ,  t h e  frogs of t h e  
f ami ly  R a n i d a e  a n d  t he  toads  of t he  f ami ly  Bufonidae ,  
are no t  as closely r e l a t ed  as p o p u l a r l y  imagined .  Indeed ,  
t he  h o r n y - s k i n n e d  toads  are evo lu t i ona r i l y  more  al l ied 
to t h e  smal l  t ree  frogs (Hyl idae)  t h a n  to  t he  t r ue  frog 
f ami ly  (Ranidae) .  The  fossil  record  suggests  t h a t  the  
l~anidae  a n d  t he  Bufon idae  d iverged  f rom some c o m m o n  
ances to r  in Ju r r a s i c  t imes ,  150 mi l l ion  years  ago, a n d  t h e  
two  groups  h a v e  long since evo lved  a long sepa ra t e  lines*. 
The  l o n g - s t a n d i n g  s e p a r a t i o n  of t he  frog a n d  t o a d  
l ineages  is re f lec ted  in t h e  nea r  absence  of c o m m o n  
an t igen ic  c o m p o n e n t s  in  t h e i r  se rum prote ins ,  as revea led  
b y  t he  s t u d y  p resen ted  he re in  of i m m u n o e l e c t r o p h o r e t i c  
p a t t e r n s  of r e p r e s e n t a t i v e  A m e r i c a n  frogs and  toads.  The  
bas ic  a s s u m p t i o n  is t h a t  t he  degree of differences  in  
an t igen ic  c o n s t i t u e n t s  is a func t ion  of t he  l e n g t h  of t i m e  
two l ineages  h a v e  been  a p a r t  2, 3. 

Materials and Methods. Sera  were ob t a ined  f rom a d u l t  
i nd iv idua l s  of t he  c o m m o n  A m e r i c a n  toad ,  Bu[o ameri- 
canus, f rom Wiscons in  (USA);  t he  Gulf  Coast  toad,  

Bu/o valliceps, f rom Lou i s i ana  (USA);  Fowler ' s  toad ,  
Bu/o /owleri, f rom Lou i s i ana  (USA);  a n d  t h e  c o m m o n  
leopard  frog, Rana pipiens. Because  of t h e  ex tens ive  
morpholog ica l  an d  physio logica l  geographica l  v a r i a t i o n  
in Rana pipiens ~, m e m b e r s  of th i s  w ide - r ang ing  species 
(or species complex)  were o b t a i n e d  f rom 4 geographica l  
areas :  Wiscons in  (USA), V e r m o n t  (USA), L o u i s i a n a  
(USA), an d  t h e  p rov ince  of T a m a u l i p a s  in Mexico. 
Specific a n t i s e r u m  aga ins t  t h e  s e rum of each  of t h e  7 
r e p r e s e n t a t i v e  a n u r a n s  was p roduced  in adu l t ,  male ,  
New Zea land  r abb i t s .  T h e  immuno log i ca l  t echn iques  used 
for c o m p a r i n g  se rum an t igens  a n d  the i r  respec t ive  r a b b i t  
an t i s e r a  were i m m u n o d i f f u s i o n  b y  t h e  OUCI~TERLONY s 

1 M. K. HECHT, Syst. Zool. 72, 20 (1963). 
s S. N. SALTHE and N. O. KAPLAN, Evolution 20, 603 (1966). 
a H. C. DESSAUER and W. Fox, Science 12d, 225 (1965). 
r J. S. MECHA?a, J. exp. ZooI. 770, 169 (1970). 
50 .  OUCHTIgRLONY, in: J. F. ACKROYD, Immunological Methods 

(Blackwell Scientific Publications, Oxford 1964), p. 55. 

Fig. 1. Irnmunodiffusion patterns between frog and toad antigens and anti-Rana pipiens rabbit serum. Central well contains anti-Rane 
pipiens (Louisiana) rabbit serum and peripheral wells contain normal sera of 1 Louisiana Rana pipiens; 2 2~u/o valticeps; 3 Vermont Rana 
pipiem; 4 Bu]o americanus; 5 Wisconsin Rana pipiens; 6 Bu/o ]owleri; 7. Mexican Rana pipiens; and 8. htlman (Homo sapiens). 
Different arrangements of the 8 antigens distinguish (A) and (B). 
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Fig. 2. Immunoelectz'ophoretic patterns. (A) Rana pipiens 
(Vermont) serum (top) and Rana pipiens (Louisiana) serum 
(bottom) reacting against anti-Rana pipiens (Vermont) rab- 
bit serum. (B) Bu]o a~nericanus serum (top) and Bu]o valliceps 
serum (bottom) reacting against anti-Bu[o americanus rabbit 
serum. (C) Rctna pipiecr (Wisconsin) serum (top) and Bu]o 
americanus serum (bottom) reacting against ailti-Rana 
pipiens (Wisconsin) rabbit serum. Arrow is directed to a 
slight precipitate line, which suggests some cross reactivity. 
(D) Bu]o valliceps serum (top) and Rctlza pipiem (Louisiana) 
serum (bottom) reacting against anti-Bu/o valliceps rabbit 
serum. 

method  (employing an L K B  6800A-7 S t anda rd  I m m u n o -  
diffusion Set), immunoe lec t rophores i s  af ter  GRABAR and  
WILLIAMS ~, and passive hemagg lu t ina t ion  after  BOYDEN 7 
(employing Micro- t i ter  'U' plates).  

Results. A typica l  ou tcome of immunodi f fus ion  is 
shown in F igure  1, in which  anti-Rana pipiem r abb i t  
se rum was placed in the  center  well of the  agar  t e m p l a t e  
and  8 t e s t  an t igens  were placed in t he  per iphera l  wells. 
The t es t  an t igens  were the  normal  sera of t he  7 anuran  
rep resen ta t ives  and  normal  h u m a n  serum. The 8 ant igens  
were a r ranged  in 2 d i f fe ren t  fashions,  as i l lus t ra ted by  
Figures  1A and  lB .  When ,  as in Figure  1A, the  an t igens  
of the  4 Rana pipiem represen ta t ives  were placed in wells 
ad jacen t  to each other,  the i r  bands  of p rec ip i ta te  fused. 
The converg ing  arcs reveal  the  so-called ' reac t ion  of 
iden t i ty ' ,  ind ica t ing  t h a t  the  4 geographical  forms of 
Rana pipiens share  ant igenic  de t e rminan t s .  There  is no 
discernible  cross r eac t iv i ty  be tween  a n t i - R a n a  pipiem 
r abb i t  se rum and the  ant igens  of Bu]o valliceps, Bu]o 
/owleri, or, of course, man.  A s l ight  p rec ip i t a t e  line wi th  
Bufo americanus normal  se rum is suggest ive  of some cross 
r eac t iv i ty  w i th  a n t i - R a n a  pipiem r abb i t  serum. The 
l imited,  if any, cross r eac t iv i ty  be tween  a ranid  and 
bufonid  is ev iden t  when,  as in Figure  1B, the  frog and 
toad  ant igens  are placed in such a m a n n e r  t h a t  a well 
con ta in ing  a par t icu lar  frog an t igen  a l te rna tes  w i th  a well 
con ta in ing  a par t i cu la r  t oad  ant igen.  In  th is  case, the  
p rec ip i t a t e  lines of the  4 frog groups do no t  fuse because 
the  ad jacen t  toad  samples  do no t  con ta in  ant igenic  
d e t e r m i n a n t s  in common.  The results  were invar iab ly  the  
same when  the  cent ra l  well con ta ined  a n t i - R a n a  pipiem 
r abb i t  se rum f rom the  4 d i f fe rent  sources (Vermont ,  
Wisconsin,  Louisiana,  or Mexico a n t i - R a n a  pipiem r abb i t  
serum). 

The above  f indings  were subs t an t i a t ed  ill the  second 
set of immunodi f fus ion  exper imen t s  in which  the  cent ra l  
well con ta ined  anti-Bu]o r abb i t  sera, e i ther  anti-Bu/o 

americanus, anti-Bu/o /owleri, or anti-Bu/o valliceps. The 
fusion of bands  of prec ip i ta te ,  indicat ive  of l ikeness of 
ant igens,  occurred only when  the  ant igens  of t he  3 t oad  
groups were placed in ad jacen t  wells. W h e n  the  ant igens  
of tile frog and toad  groups w e r e  ill a l t e rna te  wells, there  
was no indica t ion  of a cross react ion be tween  the  ant igens  
of any  of the  frog represen ta t ives  and any  of the  ant i -  
Bu]o r abb i t  sera. 

The results  of immunodi f fus ion  were s o mew h a t  
surprising,  since the  expec ta t ion  was t h a t  the  2 anuran  
groups  being compared  (frogs and toads)  would  possess 
some common antigenic determinants. Nevertheless, 
the outcome of immunoelectrophoresis experiments Mso 
revealed a vast disparity in the serological patterns of the 
frogs and toads. Results that typify this phase of the 
study are shown in Figure 2. In Figure 2A, the trough was 
filled with anti-Rana pipiem (Vermont) rabbit serum, and 
the 2 circular wells contained normal sere of Vermont 
frogs (upper well) and Louisiana frogs (lower well). 
Numerous arcs reveal the great complexity in the protein 
composition of the normal serum of Rana p@ie~r No 
differences in the reactivity of Vermont and Louisiana 
normal sere could be detected. For that matter, none of 
the 4 geographical forms of Ranc~ pipiem could be 
distinguished by their immunoelectrophoretic patterns. 
Figure 2B represents the reactions of anti-Bufo ameri- 
canus rabbit serum against the antigens of Bufo ameri- 
canus and B@o valliceps. The p a t t e r n  of Bu]o americanus 
normal  serum is r ep resen ta t ive  of all 3 groups of toad  
species tes ted.  The immunoe lec t rophore t i c  p a t t e r n  of the  
t oad  a p p a r e n t l y  is less complex  t h a n  t h a t  of the  leopard  
frog; a noteworthy feature is the fewer bands in the glo- 
bulin regions of the toad serum: Figure 2C shows the 
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Fig. 3. Results of passive hemagglutination test using an t i -R~a  pipiens (Vermont) rabbit serum and antigens of various frogs and toads 
at 1:100 dilution. Results are expressed in terms of numerals which reflect the degree of alteration of the button pattern of settled cells. 

response  of anti-Rana pipiens (Wisconsin)  r a b b i t  s e rum 
to i ts  own  an t igens  and  to  those  of Bu[o americanus. 
Li t t l e  cross r eac t ions  are  e v i d e n t ;  a t  bes t ,  on ly  1 b a n d  is 
sha red  be tween  Bu/o americanus and  Rana pipiens 
n o r m a l  sera. As seen in  F igure  2 D, Rana pipiens (Loui- 
s iana)  an t i gens  fai l  to  r eac t  w i t h  anti-Bu/o valliceps 
r a b b i t  serum.  I n  fact ,  a comple t e  lack of response  of 
Rana pipiens an t igens  was seen also w h e n  t h e i r  an t igens  
were exposed to anti-Bu[o [owleri r a b b i t  serum.  

The  pass ive  h e m a g g l n t i n a t i o n  t e s t  p rov ides  a sens i t ive  
i ndex  of t he  a n t i b o d y  c o n t e n t  of sera, as well  as furn ishes  
a good gauge of an t igen  s imi lar i t ies  and  diss imilar i t ies .  
F igure  3 shows r e p r e s e n t a t i v e  resul t s  of t he  reac t ions  of 
frog a n d  t oad  an t igens  (at  d i lu t ion  1:100) aga ins t  an t i -  
Rana pipiens (Vermont)  r a b b i t  serum.  Tile end  p o i n t  was  
t he  h ighes t  d i l u t ion  of r a b b i t  an t i s e r a  t h a t  caused  a 
consp icuous  a l t e r a t i o n  of t he  b u t t o n  p a t t e r n  of se t t l ed  
u n a g g l u t i n a t e d  cells (value of 2 or  h ighe r ;  see ' key '  in  
F igure  3). The  s t ronges t  react ion,  as expected ,  was 
be tween  n o r m a l  Rana pipiens (Vermont)  s e rum a n d  
a n t i - R a n a  pipiens (Vermont )  r a b b i t  s e rum (end p o i n t  = 
s e rum d i l u t i o n  of 1:128,000). T i t e r  va lues  were lower  for  
the  o the r  geograph ica l  fo rms  of Rana pipiens, w i t h  
Mexican  an t igens  (end p o i n t  = 1:16,000) be ing  lower 
t h a n  e i the r  Wiscons in  or Lou i s i ana  (end p o i n t  = 1:32,000). 
There  are, accordingly ,  sub t l e  di f ferences  a m o n g  t he  
se rum an t igens  of t he  4 geograph ica l  fo rms  of Rana 
pipiem. The  same  k inds  of m i n o r  differences  were found  
a t  va r ious  d i lu t ions  of frog an t igens  (1:50, 1:200, and  
1:400).  Once again,  we d i rec t  a t t e n t i o n  (Figure  3) to  t he  
exceedingly  l i t t l e  cross r e a c t i v i t y  be tween  Rana a n d  
Bu[o species. Pos i t ive  reac t ions  (value of 2) were o b t a i n e d  
on ly  a t  such  e x t r a o r d i n a r i l y  low t i t e r s  as 1:100 (Bu[o 
americanus) a n d  1:10 (Bu/o valliceps). 

A c o m p a r a b l e  p i c tu re  emerged  w h e n  frog a n d  t o a d  
an t igens  were exposed to  anti-Bu]o americanus r a b b i t  
serum.  S t r o n g  reac t ions  were obse rved  on ly  w h e n  t h i s  
t o a d  a n t i s e r u m  was t e s t e d  aga i n s t  i t s  ow n  specific 
a n t i g e n  or r e l a t ed  an t i gens  (Bu[o [owleri and  Bu]o valli- 

ceps). This  sens i t ive  t e s t  revea led  s l igh t  dif ferences  in  t he  
se rum an t igens  of t he  3 t o a d  species, b u t  t he re  were no 
ind ica t ions  t h a t  Bu]o and  Rana h a v e  m a n y  an t igens  in  
common .  

Conclusions. GRIFFITHS 8 has  s t a t e d  t h a t  t he  tai l less 
a m p h i b i a n s  (Anura)  ' . . . a r e  t he  m o s t  d i f f icul t  order  in 
wh ich  to ana lyse  phy le t i c  t r e n d s . . . ' .  Based  on osteological  
charac te rs ,  a n u r a n  p h y l o g e n y  is t r aceab le  a long  2 dis- 
t i n c t  l ines : famil ies  w i t h  t he  more  p r i m i t i v e  ' a r c i f e r a l ' t ype  
of pec to ra l  girdle, and  fami l ies  w i t h  t he  more  a d v a n c e d  
' f i rmi s t e rna l '  t y p e  of shou lder  girdle~ The  Bufon idae  
fal l  i n to  t h e  fo rmer  group,  whi le  t he  R a n i d a e  be long  to 
t he  l a t t e r  ca tegory .  Our  s t u d y  revea ls  a s t r i k ing  d e a r t h  
of c o m m o n  an t igen ic  d e t e r m i n a n t s  in  t he  s e rum pro te ins  
of r an ids  and  bufonids .  Our  d a t a  sugges t  a n  ear ly  separa-  
t i on  of t he  two  l ineages  as well  as apprec iab le  genet ic  
d ive rgence  d u r i n g  t h e  per iod  of s epa ra t e  exis tence.  

Zusammen/assung. Das E r g e b n i s  der  i m m u n o e l e k t r o -  
p h o r e t i s c h e n  U n t e r s u c h u n g e n  zeigt  e inen  gewal t igen  
U n t e r s c h i e d  in den  serologischen M u s t e r n  de r  F r6sche  
(Ranidae)  u n d  K r 6 t e n  (Bufonidae) .  Die  a m e r i k a n i s c h e n  
V e r t r e t e r  tier R a n i d a e  u n d  der  Bufon idae  h a b e n  sehr  
wenig  geme insame  Se rmnan t igene .  Der  Mange l  a n  gemein-  
s a m e n  an t i gen i s ehen  B e s t a n d t e i l e n  in ih ren  Serum-  
p r o t e i n e n  weis t  sowohl  auf  eine fr i ihe E v o l u t i o n s t r e n n u n g  
des Frosches  u n d  der  Kr6 t e  wie auch  auf  eli1 merk l i ehes  
genet i sches  A u s e i n a n d e r g e h e n  der  zwei S t ~ m m e  w/ thrend  
der  l angen  Z e i t s p a n n e  isol ier ter  E x i s t e n z  hin.  
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