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Five groups of esterase spots were recorded, according 
to electrophoretic migration: 

(1) fls-7 region: A stow esterase is present in some sera 
of pigeons and ducks7; i t  is inhibited by prostigmin 
M 10-5 for duck sera bu t  not inhibited even by M 10 -4 
for pigeons. A somewhat faster esterase is present in all 
examined sera of guinea-fowl; it  is inhibited by prostig- 
rain. 

(2) fll region (around the reservoir): Present in all sera; 
variable in intensi ty;  more important  in Gallinaceae than 
in other species; the most intense for" pheasants and 
guinea-fowl sera; inhibited by prostigmin; the only spot 
coloured by butyrylthiocholine. 

(3) ~*-~x region: Present in all sera; variable in in- 
tensity and mobili ty;  the most important  in Anatidae and 
pigeons; in these species no individual variations were 
observed; for turkeys, pheasants and hens (with excep- 
tion of the M44 strain) small variations in intensi ty;  in 
guinea-fowl sera there are two spots variable in intensity;  
in quail 's sera, significant variations in number,  intensi ty 
and mobility were encountered: some sera contain a slow 
~-esterase, some a fast ~-esterase, some both of them and 
others none. All m-esterases are inhibited by the D F P  and 
they are resistant to prostigmin. 

(4) Albumin region: Some quail sera contain an esterase 
covering partially the a lbumin area. 

(5) 0 (rapid) : This esterase, faster than albumin, is less 
frequent and less intense than  the preceding one; not  
Observed in hen, t u rkey  or guinea-fowl sera, quite im- 
portant  in pheasants, it  is also present in ducks and 
pigeons. 

Although for some species there are individual varia- 
tions, on the whole significant differences between species 
were observed. In  some cases these were more striking 
than differences between proteinograms. Thus the es- 
terase pat tern appears as a sensitive technique for dif- 
ferentiation of bird species. 

The intra-species variations observed might, on the 
other hand, be ascribed to the genetically determined 
families of components, as for example, transferrins, 
haptoglobins etc. An investigation is in progress on quail. 

In  some species quite uniform patterns were found 
which could be interpreted in terms of biological homo- 
geneity of the strain examined, as for instance the M44. In  
the case of duck sera, however, theremarkable  constancy 
of results was obtained with a considerable number  of 
samples from animals of various races, and, as such, cer- 
ta inly not  closely related. As their protein patterns were 
previously found variable 6,a, this discrepancy between 
esterases and main proteins would indicate tha t  they do 
not  correspond to the same phase of phylogenetic evolu- 
t ion ~. 

Rdsum& Les taches color~es correspondant £ l 'activit6 
est~rasique des s6rums d'oiseaux, apr~s 61ectrophor~se en 
g410se, different entre elles en hombre, localization et 
relative intensit6 de coloration darts les s6rums provenant  
de familles diff6rentes: Poules, Canards, Pigeons ou 
d'esp~ces d 'une m~me famille. Chez certaines esp~ces, on 
peut 6galement observer des variations individuelles. 

MARIE KAMINSKI 
with the technical assistance of M. JEANNE-RosE 

Laboratoire de Histophysiotogie du Collkge de France, 
Paris (France), November 15, 1963. 
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The  C O 2 - B i n d i n g  Capac i ty  of Rat  B r a i n  T i s s u e  
in vivo 

There has been no systematic determination of the 
C02-binding capacity of brain tissue in vivo and the 
scattered values which exist have been based on tissue 
material subjected to post mortem changes. I t  has been 
shown tha t  accurate analysis of the acid-base metabolism 
of the brain requires tha t  the tissue is frozen in  situ 1,~. 
Carbon dioxide dissociation curves on brain tissue homo- 
genates, on the other hand, do not  t ruly reflect the in vivo 
buffer capacity of the tissue, since this capacity may in- 
volve active t ransport  mechanisms as well as metabolic- 
ally induced changes of the tissue buffer systems. The 
present study, which is par t  of a systematic investigation 
of the acid-base metabolism of brain tissue, describes the 
COn-binding capacity of rat  brain tissue exposed to ar- 
terial carbon dioxide tensions of 12-107 mm Hg. 

Methods. The experiments were performed on rats of 
the Sprague-Dawley strain which were anaesthetized with 
Nembutal  (40-50 mg]kg body weight) and tracheoto- 

mized. The rats were exposed to various carbon dioxide 
concentrations for 5-I  80 min. Low arterial carbon dioxide 
tensions were induced in some animals by artificial hyper- 
venti lat ion with a Palmer Miniature Ideal Respiration 
Pump. The other rats were allowed to breathe sponta- 
neously and they were given gas mixtures containing 
0-12% carbon dioxide in  an open system. The acid-base 
parameters in arterial blood were measured in samples 
drawn from a cannula in the femoral artery, using the 
micromethod of SIGGARD A~DERSEN et  al. 8. Blood anal- 
yses were performed before and at  repeated intervals 
during the exposure of the animals to the altered Pcoe 
At the end of the experiment the head of the animal was 
dipped into liquid nitrogen. The total  carbon dioxide con- 
tent  of the brain was determined with the method recently 
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p u b l i s h e d  f rom th i s  l abora to ry* .  T he  c a r b o n  d ioxide  t en -  
sion of t he  b r a i n  t issue (P¢co,) was  e s t i m a t e d  f rom the  
a r t e r i a l  -Pco, b y  a s suming  t h e  m e a n  t issue c a r b o n  d ioxide  
t en s io n  to  be  1 m m  H g  a b o v e  t he  m e a n  cap i l l a ry  c a r b o n  
d iox ide  tensionS. The  ca lcu la t ion  of t h e  m e a n  cap i l l a ry  
Pco ,  is descr ibed elsewhere% T he  va lues  for t h e  t o t a l  car -  
bon  d ioxide  c o n t e n t  of t he  b r a i n  t i s sue  were  co r rec t ed  for 
a b lood c o n t e n t  of 3% L No o t h e r  cor rec t ions  were  m a d e  
for  reasons  d iscussed e lsewhere  s. T h e  so lub i l i ty  f ac to r s  
used were 0.0301 (xmotes/g/mm H g  for  a r t e r i a l  Mood,  
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[Zig. 1. Relation between the arterial carbon dioxide tension and the 
total carbon dioxide content in rat brain tissue. The animais were 
either artificially hyperventilated (squares) or were breathing spon- 
taneously (circles). The latter were given 0-12% CO 2 in an open 

system. 
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Fig. 2. Relation between the tissue carbon dioxide tension (loga- 
rithmic coordinates) and the logarithm of the buffer ratio 
[HCO~]][Ptco,, S] (see text). The slope of the line 

log [HCOa-] 2.36-- 0.79 logPtco, 
[P~co. ' • 81 

denotes the buffer capacity for carbon dioxide. 

0.0292 for b r a i n  t i ssue  a n d  0.03135 for the  w a t e r  phase  of 
t he  b r a i n  t i ssue  D. 

Resu l t s .  The  Pco~ of t he  a r t e r i a l  b lood r eached  a s t e a d y  
level  in  less t h a n  30 m i n  of exposu re  to  t h e  a l t e r ed  a lveo la r  
c a r b o n  d iox ide  t ens ion .  T h e  73 r a t s  used  for  t h e  cons t ruc -  
t ion  of  t he  c a r b o n  d ioxide  d i s soc ia t ion  c u r v e  were  exposed  
to  t h e  va r i ous  c a r b o n  d iox ide  t ens ions  for 30-180 rain.  

F igure  I gives t h e  'd i ssoc ia t ion  cu rve '  in  i ts  c o n v e n t i o n a l  
f o rm  where  t he  p a r a m e t e r s  a c tua l l y  m e a s u r e d  h a v e  b e e n  
p lo t t ed ,  i.e. t h e  a r t e r i a l  Pco ,  a n d  t h e  t o t a l  c a r b o n  d ioxide  
c o n t e n t  of t h e  b r a i n  t issue.  

F igure  2 gives t h e  r e l a t ion  b e t w e e n  t he  m e a n  t i ssue  
c a r b o n  d ioxide  t en s ion  (-P~co, m m  Hg) in l o g a r i t h m i c  
coord ina te s  a n d  t h e  l o g a r i t h m  of t h e  buf fe r  r a t i o  
[HCOa-] / [Ptco~"  S]  where  [HCOs-  ] a n d  EPtco~ .S]  are  
t h e  m e a n  b i c a r b o n a t e  a n d  t h e  m e a n  ca rbon ic  ac id  con-  
c e n t r a t i o n  in  txmotes/g of w a t e r  in  t h e  t issue,  r espec t ive ly .  
S t a t i s t i c a l  ca lcu la t ions  a s s u m i n g  a l inea r  regress ion  gave  
a coeff ic ient  of co r re l a t ion  of - 0 . 9 8 9  a n d  t he  regress ion  
e q u a t i o n  

[HCO3-] 
log s] - 2.36- 0.79 logP,co, 

A Ptco, value of 40 mm Hg corresponds to a bicarbonate 
c o n c e n t r a t i o n  of 15.5 txmoles/g of w a t e r  in  t h e  t issue.  

D i s c u s s i o n .  T h e  slope of t h e  l ine in  F igu re  2 deno t e s  t h e  
buf fe r  c apac i t y  of t he  s u p r a t e n t o r i a l  p a r t s  of t he  r a t  b r a i n  
t issue,  i nc lud ing  a n y  e x t r a c e l l u l a r  f luid a n d  also t he  
a m o u n t  of c e r eb rosp ina l  f luid p resen t .  Since t h e  know-  
ledge of t he  size a n d  t h e  c o m p o s i t i o n  of t he  ex t r aee l lu l a r  
space  is s t i l l  v e r y  i n c o m p l e t e  a n d  s ince t h e  ce reb rosp ina l  
f luid does n o t  b e h a v e  as  a s imple  sa l t  so lu t ion  in  t h e  buf -  
fer ing a g a i n s t  c a r b o n  d iox ide  ~°.~, no  co r rec t ion  ha s  been  
app l ied  tor  these  c o m p a r t m e n t s .  T h e  buf fe r  c a p a c i t y  of 
t he  b r a i n  t i ssue  is m u c h  lower t h a n  t h a t  of whole  b lood  
a n d  even  a l i t t l e  less t h a n  t h a t  g iven  for  cor t ica l  t i s sue  
h o m o g e n a t e s  ~*. T h e  l a t t e r  m i g h t  be  e x p l a i n e d  b y  d i f f e ren t  
a m o u n t s  of c e r eb rosp ina l  f luid in  t h e  a n a l y s e d  ma te r i a l s .  

T h e  regress ion  in F i g u r e  2 is t r e a t e d  as a l i nea r  one 
wh ich  is a n  a p p r o x i m a t i o n  w i t h o u t  p r ac t i c a l  s igni f icance  
in the  Pco,  r a n g e  used here.  

Knowledge  of t he  buf fe r  c a p a c i t y  of b r a i n  t i ssue  for  
c a r b o n  d iox ide  m a k e s  i t  possiMe to  d i f f e r en t i a t e  b e t w e e n  
r e s p i r a t o r y  a n d  n o n - r e s p i r a t o r y  ac id-base  changes  in t he  
t issue.  Thus ,  r e s p i r a t o r y  changes  are  a d e q u a t e l y  de-  
scr ibed b y  the  Pco, ,  whi le  n o n - r e s p i r a t o r y  changes  are 
def ined  b y  para l l e l  d i s p l a c e m e n t s  of t h e  bu f f e r  l ine.  These  
changes  can  t h e n  eas i ly  be  expressed  as changes  in  t h e  
b i c a r b o n a t e  c o n c e n t r a t i o n  a t  a def ined  P c o , ,  i.e. as 
changes  in t he  s t a n d a r d  b i c a r b o n a t e  8,13. 
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Zusammen/assung. 73 R a t t e n  w u r d e n  h y p e r v e n t i l i e r t  
und  m i t  G a s g e m i s c h e n  v e r s c h i e d e n e r  CO~-Gehalte  (0-  
12%) w~ihrend 30-180 m i n  b e a t m e t  (ar ter ie l ler  Pco ,  12 -  
107 Torr) .  Die Ve r suchs t i e r e  w u r d e n  in situ e ingef ro ren  
a n d  de r  C O , - G e h a l t  des G e h i r n g e w e b e s  m i t  e igener  
Methode  b e s t i m m t .  D i s soz i a t i onsku rve  u n d  P u f f e r k a p a -  

z i t~ t  des Geh i rngewebes  ffir CO~ in vivo w e r d e n  m i t g e -  
te i l t .  

U. PONTI~N 

Departments o/Neurological Surgery, University o/Lund 
(Sweden), January 23, 7964. 

P r o n e p h r i c  S y s t e m  in Haplo id  and Diplo id  
L a r v a e  o f  X e n o p u s  laevis 

I)ALCQ 1 sugges ted  t h a t  t h e  o e d e m a  w h i c h  deve lops  in 
a b o u t  90% of hap lo id  frog t adpo le s  is t h e  r e su l t  of b lock-  
age, a n d  c o n s e q u e n t l y  m a l f unc t i on ,  of the  p r o n e p h r i c  sys- 
tem.  However ,  in  ou r  exper i ence  w i t h  Xenopus laevis such  
o e d e m a t o u s  t adpo le s  h a v e  g r ea t l y  swollen,  b u t  a p p a r e n t l y  
p a t e n t  p r o n e p h r i c  t u b u l e s  a n d  V¢olffian ducts ,  a n d  i t  
s eemed  possible  t h a t  t h e  o e d e m a  m i g h t  be  caused  r a t h e r  
by  inc reased  w a t e r  u p t a k e  t h a n  b y  reduced  e l imina t ion .  
If  t h i s  were so, t h e  occas ional  hap lo id  e m b r y o  deve lop ing  
w i t h o u t  o e d e m a  m i g h t  owe i ts  h e a l t h  to  a n  excep t iona l l y  
ac t ive  neph r i c  sys tem.  If  t h e  hap lo id  k i d n e y  is h a v i n g  to  
e l imina te  more  w a t e r  t h a n  a diploid  in o rde r  to  p r e v e n t  
the  d e v e l o p m e n t  of oedema,  i t  m i g h t  become  h y p e r t r o -  
ph i ed  in t he  w a y  t h a t  the  r e m a i n i n g  k i d n e y  does a f t e r  uni -  
l a te ra l  p r o n e p h r e c t o m y  in  d ip lo id  Triturus (Fox~).  W e  
the re fo re  c o m p a r e d  t h e  s t r u c t u r e  of t he  p r o n e p h r i c  sys-  
t ems  of five hap lo id  t adpo le s  showing  fa i r ly  n o r m a l  de-  
v e l o p m e n t  a n d  no  o e d e m a  w i t h  those  of five con t ro l  
diploids.  T h e  m e a s u r e m e n t s  were m a d e  on  l o n g i t u d i n a l  
a n d  t r a n s v e r s e  ser ia l  sect ions,  a n d  are  s u m m a r i z e d  in t h e  
Table .  All  t he  d i f ferences  b e t w e e n  t h e  hap lo ids  a n d  dip-  
loids t he re  s h o w n  are  s igni f icant .  

W e  agree  w i t h  FA~CKI~AUSER 3 who  suggested,  as a re- 
su l t  of h is  s tud ies  on  hap l o i d  s a l a m a n d e r s ,  t h a t  t he re  is a 
t e n d e n c y  for  hap lo id  o rgans  to  c o m p e n s a t e  for sma l l  cell 
size b y  a n  increase  in cell n u m b e r .  However ,  i t  was  f o u n d  

t h a t  t he  hap lo id  p r o n e p h r i c  s y s t e m  in Xenopus no t  on ly  
c o m p e n s a t e d ,  b u t  o v e r - c o m p e n s a t e d .  Our  f igures  show a 
16% supe r io r i t y  in  t o t a l  cell v o l u m e  in hap lo ids  a n d  a 
c o r r e s p o n d i n g  increase  of  i 4 0 %  in cell n u m b e r s .  C o m p a r -  
ab le  f igures  for  h y p e r t r o p h i e d  a n d  h y p e r f u n e t i o n a l  Tri- 
turus diplo id  p r o n e p h r o s  ~ were 340,/0 a n d  17%. 

T h u s  we feel jus t i f ied  in sugges t ing  t h a t ,  s ince t h e  pro-  
neph r i c  s y s t e m  of n o n - o e d e m a t o u s  hap lo id  t adpo le s  is 
h y p e r t r o p h i e d  a n d  poss ib ly  h y p e r f u n c t i o n a l ,  t h e  o e d e m a  
so o f t en  seen in hap lo ids  m a y  not ,  in  fact ,  be  caused  b y  
k i d n e y  dys func t ion ,  b u t  r a t h e r  b y  fai lure  to  cope w i th  a 
q u i t e  excep t ionM f u n c t i o n a l  d e m a n d .  

Zusammen/assung. Eine  m o r p h o t o g i s c h e  U n t e r s u c h u n g  
des  V o r n i e r e n s y s t e m s  in h a p t o i d e n  u n d  d ip lo iden  X e n o -  
p u s l a r v e n  weis t  d a r a u f  bin,  dass  das  hap lo ide  Oedem 
n i c h t  d u r c h  eine F u n k t i o n s s t 6 r u n g  des  V o r n i e r e n s y s t e m s  
v e r u r s a c h t  ist.  

H.  F o x  a n d  L o u I E  HAMILTON 

Department o/ Zoology, University College, London, and 
Department o[ Biology, Middlesex" Hospital Medical School, 
London (England), January IO, 1964. 
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Measurements and calculations of various components of the pronephric system of diploid and haploid larvae of Xenopus laevis 
(five animals in each group) 

Pronephros Pronephric duct 

diploid haploid diploid haploid 

Mean antero-posterior length (ram) 
Mean nuclear population 
Mean total volume of ceils (ram 8 × 10 -8) 
Mean total volume of lumina (ram 3 × 10 -a) 
Mean internal surface area of lunfina (ram ~) 
Mean volume of individual cell (~x a) 
Mean anterlor-posterior nuclear length 

from horizontal section (500 pronephros, 
200 duct) ([z) 

Mean nuclear diameter from transverse 
section (800) (~t) 

Calculated nuclear volume (ix a) 
Calculated nucleo-cytoplasmic volume ratio 
Calculated nuclear surface area (W ~) 
Calculated volume (/x 3) of cytoplasm/1 tz ~ 

nuclear surface 

Calculated length/breadth nuclear index 

0.243 :~ 0.0099 0.279 4- 0.0124 0.562 4- 0.0160 0.436 4- 0,0310 
1337 + 57 3159 4- 257 276 4- 7 793 4- 43 
3.2 4- 0.21 3.7 4- 0.33 0.37 4- 0.020 0.60 -4- 0.044 
1.5 4- 0.11 2.5 4- 0.14 0.21 4- 0.011 0.49 4- 0.062 
0.'2236 ~ 0.01521 0.2450 ~ 0.01679 0.0415 ~ 0.00117 0.0604 i 0.00522 
2419 ~t: 128 I194 4- 79 1353 4- 76 761 :/: 49 
8.87 i 0.051 6.59 =t: 0.047 8.59 4- 0.078 6.35 4- 0.070 

6.56 ::[: 0.021 5.18 4- 0.017 6.54 4- 0.023 5.18 4- 0.017 

300 139 290 13.1 
0.142 0.132 0.273 0,214 
250 149 243 145 
8.5 7.1 4.4 4.3 

1.352 1.272 1.313 1.226 


