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The hydrosmot i c  response  to  med ium hype r ton ic i ty  was 
no t  decreased s ignif icant ly  by  colchicine bu t  the  effect  of 
oxytocin ,  in ag reemen t  wi th  previous  results6, 7, was s t rong-  
ly reduced (Table). W h e n  copper  was added  to colchi- 
c ine- t rea ted  bladders ,  a comple te  disociat ion be tween  the  
response to A D H  and  hyperosmola r i ty  was  observed:  
while copper  inhibi ts  comple te ly  the  response to ADH,  it 
does no t  affect  s ignif icant ly  the  response to hype r ton ic i ty  
(Table). 

Hype r ton i c i t y  po ten t i a t e s  t he  effect  of ADH2. To see 
the  act ion of colchicine on th is  po ten t ia t ion ,  a f i rs t  
s t imula t ion  wi th  10 10 21/I oxytoc in  was followed, af ter  
washing,  by  addi t ion  of 50 m M  sucrose to the  serosal ba th .  
30 min  af ter  the  increase of serosal osmolari ty ,  a second 
s t imula t ion  wi th  10 -16 M oxytoc in  was super imposed  to 
hyper ton ic i ty .  I t  can be seen in the Figure t h a t  the  clear 
po t en t i a t i on  observed  in t he  control  hemib ladders  is 
comple te ly  p r even t ed  in the  colchic ine- t rea ted  ones. 

Two hypo theses  have  been pos tu la ted  to explain  the  
effects of colchicine 6 and cytochalas ine  B n in t oad  
ur inary  b ladder :  1. These alkaloids affect  pr imar i ly  the  
pe rmeab i l i ty  to wa te r  of the  apical  m e m b r a n e  of epi thel ial  
cells; 2. They  d i s rup t  micro tubules  and/or  microf i laments  
which would p lay  a role in the  coupling be tween  the  
cyclase sys t em and  the  change  in m e m b r a n e  permeabi l i ty .  

Our resul ts  indica te  tha t ,  in con t ras t  to  w h a t  hap p en s  
wi th  ADH,  the  mechan i sms  involved in the  hydrosmot i c  
response to hype r ton i c i t y  are no t  a l tered by  colchicine. 
If, as suppor t ed  by s t rong exper imen ta l  evidence e, A D H  
and  the  e levat ion of med ium tonic i ty  induce similar  
changes  in the  mucosal  borde r  of epithelial  cells, (perhaps 
envolving an endocy to t i c  process 12, it seems logical to 
conclude t h a t  colchicine is ac t ing  at  one of the  s teps  
previous  to the  change  in m e m b r a n e  permeabi l i ty .  Since 

colchicine inhib i t s  the  act ion of exogenous cycl ic-AMP 6, 
the  effect  should be located in the  s y s t em which couples 
the  nucleot ide  concen t ra t ion  wi th  the  hypo the t i ca l  change  
in m e m b r a n e  s t ructure ,  i.e. a pos t  cycl ic-AMP step.  

I t  has  recent ly  been repor ted  t h a t  in renal  epi thel ia l  
cells colehicine b inds  ma in ly  to  the  cytosol  f rac t ion  18. 
This reinforces the  view given here of a n o n - m e m b r a n e  
act ion of th is  alkaloid. A direct  effect of colchicine on the  
apical  m e m b r a n e  would be conceivable  only  if there  were 
two pe rmeab i l i t y  barriers,  one t r iggered by  A D H  and  the  
o ther  by  hyper ton ic i ty .  

Resumen.  Los efectos de la oci tocina y la h iper tonfa  
serosa sobre la respues ta  h idrosm6t ica  de la vej iga 
ur inar ia  del sapo pueden  ser disociados empleando  colchi- 
cina, y mas  ev iden t emen te  cuando  el alcaloide es colocado 
jun to  con Cu++. 
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Evo lu t ion  of the G e n o m e  and Cell S i z e s  in S a l a m a n d e r s  

The ques t ion  of the  mean ing  of the  increases in t he  
genome size, which  seem to have  charac ter ized  the  
phy logeny  of Eucaryo tes ,  has  given rise to  various hypo-  
theses  which  a l t e rna t ive ly  p l a c e  greater  weight  on the  
evolu t ionary  1 or func t iona l  aspects  of th is  p rob lem 2. In  
some groups of organisms displaying b road  var ia t ions  a t  
t he  interspecif ic  level, the re  is some correla t ion be tween  
the  genome size and  several  cytological,  physiological  or 
ecological factors  sub jec ted  to  na tura l  selection; hence in 
var ious  cases the  genome size is l ikely to  take  on an  
adap t ive  mean ing  8. 

A m o n g  ver tebra tes ,  the  h ighes t  interspecif ic  D N A  
differences are found in the  Caudates  (Amphibia)  in 
which t h e y  range f rom 30 to over  160 (or 200, according 
to  some authors)  p icograms  per  nucleus (pg/N). As in t he  
lungfish, some species in th is  order  possess the  h ighes t  
DNA amoun t s  in the  s u b p h y l u m  4-s. Hence,  these  Am-  
ph ib ians  are sui table  for the  s tudy  of the  p a t t e r n  of 
correla t ion be tween  the  D N A  a m o u n t  and cell size, the  
la t t e r  being more  mani fes t ly  var iable  according to its 
adap t ive  func t ion  (some workers  ma in ta in  t h a t  the  gen- 
ome size m a y  depend  upon  the  cell size 7, bu t  there  is 
evidence t h a t  the  reverse is p robab ly  trueS). 

In  the  p resen t  work  we have  compared  the  nuclear  
D N A  con ten t  wi th  the  main  morphomet r i c  pa rame te r s  of 
the  cell in 39 species, belonging to all the  8 families of 
Caudates  and possessing D N A  amoun t s  which cover  
prac t ica l ly  the  whole range of genome var ia t ions  in th is  
order.  

One of us s had  a l ready measured  h i s topho tomet r i ca l ly  
the  e ry th rocy t e  nuclear  D N A  (blocked in G19). In  smears,  
e ry th rocy tes  take  on the  shape  of a cyl inder  wi th  an 
el lypt ical  base 10. We have  measured  the  d iameters  of the  
ellypse by  means  of a Lei tz  screw mic romete r  eyepiece 
(15 cells for each species) and  the  cyl inder  th ickness  
(which was seen to  be c o n s t a n t  in each smear) by  means  
of a Horn -Gren  (Leitz) mic ro in t e rphe rome te r  in mono-  
chromat ic  l ight  a t  546 nm,  according to  the  ' two em- 
bedd ing  media '  me t h o d  n (10 measu remen t s  per  cell, 6 
cells per  species). 
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I n  t h e  e r y t h r o c y t e s  f r o m  e a c h  spec ies ,  t h e  n u c l e a r  
v o l u m e  (Nv,  in  ~mS), t h e  cell  v o l u m e  (Cv, in  ~ m  3) t h e  
cell  s u r f a c e  a r e a  (Cs, in  B m 2) a n d  t h e  cell  s u r f a c e / c e l l  
v o l u m e  r a t i o  (Cs/Cv,  i n d i c a t e d  h e r e  as  r e l a t i v e  cell  s u r -  
f ace  a rea) ,  w e r e  c a l c u l a t e d .  

T h e  spec i e s  u n d e r  s t u d y  ( l i s t ed  a c c o r d i n g  to  i n c r e a s i n g  
D N A  v a l u e s ) ,  t h e i r  c h r o m o s o m e  n u m b e r  ( k n o w n  t h r o u g h  
o t h e r  i n v e s t i g a t i o n s ) ,  t h e  n u c l e a r  D N A  c o n t e n t  a n d  t h e  
v a r i o u s  m o r p h o m e t r i c  p a r a m e t e r s  for  e a c h  spec i e s  a r e  
r e p o r t e d  in  t h e  T a b l e .  

T h e  T a b l e  s h o w s  t h a t  no  c o r r e l a t i o n  e x i s t s  b e t w e e n  
t h e  D N A  a m o u n t  a n d  t h e  c h r o m o s o m e  n u m b e r  ( the  
s p e c i e s  s t u d i e d  a r e  al l  d ip lo id ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  
of Sirenids12) .  O n  t h e  o t h e r  h a n d ,  t h e  f a c t  t h a t  a l l  t h e  
s p e c i e s  f r o m  t h e  4 p a e d o g e n e t i c  f a m i l i e s  of  t h i s  o r d e r  
( C r y p t o b r a n c h i d s ,  A m p h i u m i d s ,  P r o t e i d s  a n d  S i ren ids ) ,  
s h o w  t h e  m a x i m u m  D N A  leve l s  m a y  be  s i g n i f i c a n t .  

T h e  T a b l e  h a s  b e e n  se t  o u t  on  a s y s t e m  of  C a r t e s i a n  
axes ,  t h e  D N A  v a l u e s  b e i n g  r e p r e s e n t e d  a l o n g  t h e  
a b s c i s s a  a n d  t h e  v a r i o u s  ce l l u l a r  p a r a m e t e r s  u p  t h e  ord i -  
n a t e .  S t a t i s t i c a l  e l a b o r a t i o n  of t h e  c o r r e l a t i o n s  b e t w e e n  
t h e s e  v a l u e s  w a s  p e r f o r m e d  w i t h  t h e  a i d  of  a c o m p u t e r ,  
to  w h i c h  t h e  c a l c u l a t i o n  of  t h e  i n t e g r a t i o n  p a t t e r n s  of  t h e  
v a r i o u s  g r a p h s  w a s  a l so  e n t r u s t e d  ( F i g u r e s  1 a n d  2). 

A d i rec t ,  l i n e a r  a n d  s i g n i f i c a n t  c o r r e l a t i o n  e x i s t s  be -  
t w e e n  t h e  D N A  a m o u n t  on  t h e  one  h a n d ,  a n d  t h e  n u c l e a r  
v o l u m e  (A), t h e  ceil  v o l u m e  (B) a n d  t h e  cell  s u r f a c e  (C) 

o n  t h e  o t h e r  ( F i g u r e  1). I t  m a y  be  i n f e r r e d  f r o m  t h e  T a b l e  
t h a t  t h e  i n c r e a s e  in  cell  v o l u m e  is p r o p o r t i o n a l l y  s m a l l e r  
t h a n  t h a t  in  n u c l e a r  v o l u m e  (as a l r e a d y  s e e n  in  less  
h o m o g e n e o u s  s a m p l e  13,14). 

I n  o u r  v i ew ,  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  r e l a t i v e  cell  
s u r f a c e  (Cs/Cv) a n d  n u c l e a r  D N A  a re  of  p a r t i c u l a r  i n t e r e s t .  
I n  f ac t ,  t h e  f i r s t  p a r a m e t e r  is d i r e c t l y  c o r r e l a t e d  w i t h  t h e  
p e r m e a b i l i t y  c o e f f i c i e n t  ~5, w h i c h  r e p r e s e n t s  t h e  c r i t i c a l  
f a c t o r  i n v o l v e d  in  t h e  c o n t r o l  of  t h e  o x y d a t i v e  m e t a b o l i s m  
of  t h e  cell~6; h e n c e  t h e  v a r i a t i o n s  in  t h e  r e l a t i v e  cell  
s u r f a c e  y i e ld  a n  e x a c t  e v a l u a t i o n  of  t h e  v a r i a t i o n s  in  cel l  
m e t a b o l i s m .  

I n  r e l a t i o n  to  t h e  D N A  inc r ea se ,  t h e  r e l a t i v e  cell  
s u r f a c e  e x h i b i t s  a b e h a v i o u r  w h i c h  c a n  s i g n i f i c a n t l y  b e  
i d e n t i f i e d  b y  a f u n c t i o n  o f  e x p o n e n t i a l  t y p e  ( F i g u r e  2): 
i t  r a p i d l y  d r o p s  u n t i l  D N A  v a l u e s  r a n g e  a r o u n d  70 p g / N ,  
b e y o n d  w h i c h  v a l u e  i t  t e n d s  to  d e c r e a s e  o n l y  i m p e r c e p t i -  
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2n DNA Nv Cv Cs Cs/Cv 

Desmognathus Juscus (P) 28 30.2 122 765 897 1.17 
Leurognathus marmoratus (P) 28 33.1 77 417 830 1.99 
Hynobius dunni (H) 56 33.8 111 437 799 1.83 
Hynobius retardatus (H) 40 38.3 83 413 714 1.73 
Hynobius nebulosus (H) 56 38.4 49 380 865 2.28 
Hynobius naev, ius (H) 56 40.9 123 681 1085 1..59 
Eurycea bislineata (P) 28 41..5 141 1138 1141 1.00 
Eurycea luci/uga (P) 28 42.1 129 557 1003 1.80 
Triturus cristatus (S) 24 43.6 91 731 1182 1.62 
Gyrinophilus danielsi (P) 28 44.5 182 1079 1351 1.25 
Plethodon cinereus (P) 28 46.1 248 1299 1263 0.97 
Ambystoma opacum (A) 28 47.7 212 1611 1299 0.81 
A mbystoma texanum (A) 28 48.3 287 1462 1250 0.85 
Triturus vulgaris (S) 24 48.5 77 449 833 1.85 
Pseudotriton ruber (P) 28 48.7 171 1157 1273 1..10 
~l'ylototriton verrucosus (S) 24 49.0 97 524 1157 2.21 
Gyrinophilus porphyriticus (P) 28 49.6 359 1664 1171 0.70 
Eurycealongicaudo (P) 28 52.2 132 704 1061 1.51 
Ambystoma macrodactylum (A) 28 52.3 247 1192 883 0.74 
A mbystoma maculatum (A) 28 52.4 103 559 1054 1.89 
Plethodon glutinosus (P) 28 54.2 326 1791 1287 0.72 
Taricha torosa (S) 22 56.0 241 1518 1350 0.89 
Tarichagranulosa (S) 22 59.1 490 1795 1161 0.65 
Taricha r4vularis (S) 22 59.8 119 1828 2002 1.09 
A mbystoma talpoideum (A) 28 62.2 90 538 1088 2.02 
Salamandra atra (S) 24 65.1 407 2649 2308 0.87 
Paramesotriton hongkongensis (S) 24 68.4 213 1575 1548 0.98 
Notophthalmus viridescens (S) 22 69.6 198 1255 1092 0.87 
Batrachoseps attenuatus (P) 26 84.0 228 1233 1092 0.88 
Ensatina eschscholtzii (P) 28 84.3 281 1523 1595 1.05 
Aneides lugubris (P) 28 85.7 435 1995 1765 0.88 
Pseudobranchus striatus (Si) 64 90.8 364 2021 1377 0.68 
Megalobatrachus japonicus (C) 60 92.9 502 2105 1819 0.86 
Proteus anguinus (Pr) 38 96.8 327 1472 1324 0.90 
Megalobatrachus davidianus (C) 60 100.1 412 1831 1547 0.84 
Siren intermedia (Si) 46 107.7 517 1902 1660 0.87 
Siren lacertina (Si) 52 114.4 831 2712 1468 0.54 
A mphiuma means (Ap) 28 149.9 640 3520 2605 0.74 
Neeturus maeulosus (Pr) 38 1.65.1 946 3348 2377 0.71 

A, Ambystomatids;  Ap, Amphiumids;  C, Cryptobranchids; H, Hynobiids; P, Plethodontids; Pr, Proteids; S, Salamandrids; Si, Sirenids. 
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bly, even despi te  large nuclear  DNA var ia t ions .  Thus  the  
Caudates  possessing a grea ter  D N A  a m o u n t  general ly  
have  a lower me tabo l i sm (in keeping wi th  o the r  observa-  
tionsZT); never theless ,  beyond  cer ta in  DNA values  - 
which  are in any  case overs tepped  by  all the  paedogene t ic  
species - large differences in genome (and cell) size are 
paral leled by  sl ight  metabol ic  variat ions.  

According to  a hypo thes i s  developed elsewhere by  one 
of us ~8, fu r the rance  of the  corre la t ions  described'  above  
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Fig. 1. The nuclear volume (Nv: triangles), cell volume (Cv: circles), 
and cell surface (Cs: squares) on the ordinate, plotted against the 
nuclear DNA content, on the abscissa, in 39 species of Caudates 
(Table). White symbols for the paedogenetic species. The resulting 
straight lines (A is relative to Nv, B to Cv, and C to Cs) are highly 
significant. 
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Fig. 2. The relative cell surface (Cs/Cv), on the ordinate, plotted 
against the nuclear DNA content, on the abscissa, in the same 
sample of Caudates. Triangles indicate the paedogenetic species. A 
well fitting regression line (F 'Snedecor' test significant at a level of 
p 0.01) is the hyperbolic curve presented in the figure, calculated by 
a computer. 

migh t  provide  a plausible i n t e rp re t a t i on  of the  fact  t h a t  
in the  Caudates,  despi te  the i r  no t  being more  evolved 
t h a n  the  o ther  t e t r apods ,  nor  possessing peculiar  mecha-  
n isms rela t ive to  nuclear  or ch romosome funct ions  
(according to the  hypo theses  fo rwarded  Z, 2), the  genome 
and  cell sizes are on an average  cons iderably  larger t h a n  
those  of the  o the r  land Ver tebra tes .  Al though  this  is a t  
odds  wi th  some workers '  opinionS, the  Caudates  m a y  be 
looked upon  as hav ing  d i f fe ren t ia ted  (like the  lungfish 19) 
f rom organisms wi th  smaller  genomes,  comparab le  to  
those  of mos t  fishes (Latimerie i tself possesses only 13 pg /N 
of DNA) ~~ In the  h ab i t a t s  p rope r  to  the  Caudates,  pro-  
gressive metabol ic  decay m a y  have  p roved  select ively 
advantageous~Z: these  p h e n o m e n a  are associated wi th  
the  increase in the  genome and  cell size. In  the  Caudates  
which are more  specialized for given env i ronmen t s  
(notably  the  wa te r  hab i ta t ,  in which some paedogenet ic  
species are ad ap t ed  to condi t ions  which are adverse  to  
otherwise  compet i t ive  forms, e.g. the  fish22), oxyda t ive  
metabo l i sm has fallen to  ve ry  low levels. Fu r t h e r  varia-  
t ions, however  slight, can  be acqui red  only in parallel  to  a 
huge increase  in DNA amount .  This accounts  for the  
fact  t ha t ,  among  paedogene t ic  forms, large differences in 
nuclear  D N A  are shown by  species exhib i t ing  an ana lo -  
gous evolu t ionary  or physiological  level (such is the  case 
for Proteus and  Necturus among  the  perenn ibranch ia te ,  
or Amphiuma and  Megalobat~,achus among  tile semilarval  
species). 

To conclude,  t h a t  sort  of nuclear  h y p e r t r o p h y  which  
character izes  the  paedogene t ic  Caudates  (having given 
rise to  a va r i e ty  of specula t ions  on the  role of such a 
large D N A  bulk 5) may  be the  goal of adap t ive  processes 
at  the  cell level in those  organisms which are also pheno-  
typica l ly  specialized, t h o u g h  p e r m a n e n t l y  re ta in ing a 
larval  hab i tus  ~. 

Riassunto. Sono s ta te  s tud ia te  le relazioni Ira alcuni 
p a r a m e t r i  morfomet r ic i  della cellula e la quan t i tk  di 
DNA nucleare in 39 specie di  t u t t e  le famiglie di Caudati .  
Volume nucleare e cellulare e superficie cellulare aumen-  
tano  in parallelo al DNA in man ie ra  l ineare;  il r appor to  
superf ic ie /volume della cellula (funzione del suo metabo-  
lismo) decresce r ap idamen te  con l ' aumen to  del DNA, 
t en d en d o  perb a stabil izzarsi  a valori  di D N A  superiori  ai 
70 pg. Poich~ quest i  u l t imi  sono raggiunt i  da specie 
pedogenet iche  di  varie famiglie, viene f a t t a  l ' ipotesi  di un 
loro ruolo ada t t a t i vo  connesso con le variazioni  nel 
metabo l i smo cellulare. 
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