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only f rom animals  which were quiescent  t h r o u g h o u t  the  
per iod of measurement .  A layer  of minera l  oil on tile floor 
of the  c h a m b e r  t r a p p e d  any  d ropp ings  and  p r e v e n t e d  dis- 
to r t ion  of the  d a t a  by evapora t ion  of wa te r  f rom th is  
source. C h a m b e r  t e m p e r a t u r e  ( T )  was mon i to red  wi th in  

0.2°C, and  relat ive h u mid i t y  in the  chambe r s  was esti-  
m a t e d  by  the use of mixing  rat ios  ~. The ra te  of O 2 con- 
sumpt ion  was compu ted  from app rop r i a t e  equa t ions  TM, 
and the  ra t io  of evapora t ive  hea t  loss to hea t  p roduc t ion ,  
hereaf te r  called the e/p ratio,  was ca lcula ted  on the  basis 
of 0.58 g-cal /mg of water  evapo ra t ed  and  4.8 g-cal/cc O 2 
consumed.  I t  was not  feasible to measure  b o d y  t empe ra -  
ture  (Tb) and resp i ra to ry  exchange  concur ren t ly ,  t n  con- 
di t ions dupl ica t ing  the  r e sp i r a to ry  m e a s u r e m e n t s  b u t  em-  
ploying a quick-access  chamber ,  core b o d y  t e m p e r a t u r e  
was de t e rmined  to ± 0.05°C b y  a fine the rmocoup le  in- 
ser ted  1 cm into  the  cloaca. Measu remen t s  were m a d e  in a 
da rkened  room wi th in  50 see a f te r  open ing  the  chamber .  

Results and Discussion. The d a t a  in the  Table  show 
t h a t  the  zebra  f inch has a capac i ty  for evapora t ive  cooling 
(max imum e / p =  1.37) g rea te r  t h a n  t h a t  known for a n y  
o ther  passerine.  These species a t t a i n  m a x i m u m  e/p  rat ios  
of ca. 0.5 or less when  T a < 4 0 ° C  4'11, and  of ten  exh ib i t  
decreasing e/p rat ios  a t  h igher  Ta, a t  which  evapora t ive  
capac i ty  is m a x i m a l  bu t  metabol ic  ra te  con t inues  to  in- 
crease wi th  h y p e r t h e r m i a .  The  zebra  f inch shows a s imilar  
cooling capac i ty  a t  T a ~ 40°C, b u t  a con t inued  expo-  
nent ial  increase to a t  least "F~ 43.3°C. At  th is  T~, and  

Puhnocutaneous water loss, evaporative cooling (e/p), and cloaeal 
temperature (Tb) as functions of ambient teniperature (Ta) 

T a % R.H. T b Pulmocutaneous e/p 
°C °C evaporation 

mg H~O/cm 3 O, 

20.4 2l 39.8 ~0.4~ 1.93 ::[: 0.06 ~ 0.23 
30.3 10 40,8 -L 0.2 2.39 ~ 0.06 0.29 
36.5 7 41,5 _:L 0.2 3.50 ~__ 0.31 0,42 
40.0 8 4'2,,I :]Z 0. I 4.35 ± 0.33 0.53 
43.4 ~4 43.3 J__ 0.1 I 1.31 4- 1.06 1.37 

Mean :L standard error. 

a t  a n y  grea te r  t h a n  36.5°C, t he  b i rds  sus ta in  a mo d e r a t e  
h y p e r t h e r m i a  which m a i n t a i n s  a posi t ive  g rad ien t  for 
hea t  t ransfer ,  or  a t  least  minimizes  hea t  loading when  
T~ > T b. T h e r m o r e g u l a t o r y  pe r fo rmance  a t  h igher  T a 
was no t  sys t emat i ca l ly  inves t iga ted  because of app rehen -  
sion a b o u t  hea t  d e a t h  of i r replaceable  b i rds  of the  im- 
po r t ed  stock, b u t  a t  mean  T a = 43.9°C, mean  T b of 6 
b i rds  was 43.4 ± 0.1°C; a m a x i m u m  difference of 1.2°C 
was  observed  in one bi rd  a t  T a =  44.2°C. 

The  s t a n d a r d  metabol ic  ra te  of the  zebra  f inches was 
3 . 2 8 ~ 0 . 1 2  cm 3 0 a / g × h  (mean body  w e i g h t = l l . 7  g), 
c o mp a r e d  wi th  a p red ic t ed  weigh t - re la t ive  value of 3.17 
cmS/g x h n The t h e r m o n e u t r a l  range  e x t e n d e d  f rom 30°C 
to  ca. 40°C; metabol ic  ra te  increased to  4.86 ~ 0,40 cm3/ 
g x: h a t  T a = 43.5°C. H e a t  p roduc t ion  as a func t ion  of am-  
b ien t  t e m p e r a t u r e  is t hus  s imilar  to  t h a t  of o t h e r  passer-  
ines of comparab l e  size and  does no t  exh ib i t  the  a d a p t i v e  
d i m i n u t i o n  found in cer ta in  eapr imulg idsL  The  unusual ly  
grea t  capac i ty  for evapora t ive  cooling in the  zebra f inch 
results ,  ra ther ,  f rom a re la t ive ly  large capac i ty  for pu lmo-  
cu taneous  evapora t ion  of water .  

Zusammen/assung. O,-Verbrauch  und  Gesamt -Wasse r -  
v e r d u n s t u n g  wurden  bei aus t ra l i schen  Zebraf inken  ge- 
messen.  Bei ger ingem SV~trmeaustausch zwischen KSrpe r  
und U m g e b u n g  d n r c h  S t rah lung ,  K o n v e k t i o n  und  Ablei-  
t u n g  k6nnen  diese \Vi is tenv6gel  den  fiir die W~irinebilanz 
er forder l ichen W~trmeabfluss einzig du rch  V e r d u n s t u n g  
auf  d e m  normalen  Niveau hal ten.  Eine  solche Ffihigkeit  
ist bei Passeres  bisher  n ich t  b e o b a c h t e t  worden .  

}W. A. CALDER 12 and  J. R. KING 

Laboratories o/Zoophysiology, Department o/Zoology, 
Washington State University, Pullman (Washington, 
U.S.A.), May 13, 1963. 

10 F. DEVOCAS and .1. S. ftART, J. appt. Physiol. 10, 388 (1957). 
It j .  R. KtNC, and D. S. FARNER, Biology and Comparative Physiology 

o/ Birds, vol. II (Ed. A. J. MARSHAI.I. Academic Press, London), 
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12 Present address: Department of Zoology, Duke University, Dur- 
ham (North Carolina, U.S.A.). 

Spinal Cord Transect ion and CCl4-Toxicity 

In  rats,  cervical  t r ansec t ion  of the  sp ina l  cord m a r k e d l y  
reduces the  hepa to tox ic  effects  of a single dose of CC14~-4. 
Spinal cord t r ansec t ion  has manifo ld  effects  on the  ani-  
mal. The m a n n e r  in which  it p ro tec t s  in CC1 a in tox ica t ion  
has not  been fully elucidated4,5, a l t hough  e l imina t ion  of 
sympa the t i c  centers  in the  bra in  has been sugges ted  ~,". 

We have observed t h a t  as the  level of cord t r ansec t ion  
is lowered, the  degree of p ro t ec t ion  conferred  d imin-  
ishes ~,4. F u r t h e r m o r e  af ter  cervical  t r ansec t ion  the  ra t s  
become poiki lo thermic;  th is  response  also becomes  tess 
marked  as the  level of t r ansec t ion  is lowered.  These  ob-  
serva t ions  p r o m p t e d  an inves t iga t ion  in to  t he  possible  
role of h y p o t h e r m i a  as a factor  in t he  p ro tec t ive  effect  of 
spinal  cord t ransect ion.  

Male Ho l t zman  ra ts  weighing f rom 180 to  260 g were 
used t h roughou t  the  s tudy.  The animals  were sub jec ted  
to l ight  e ther  anes thes ia  for spinal  cord t r ansec t ion  a t  the  
level of C-7. Twelve cord-sect ioned ra ts  were placed in an 

incuba to r  (34°C) i m m e d i a t e l y  a f te r  surgery.  These  were 
to  be c o m p a r e d  wi th  a second group  of twelve  s imilar ly  
sec t ioned ra t s  ma in t a ined  a t  a m b i e n t  l abo ra to ry  t em-  
pe ra tu res  (about  24°C). 1 h a f te r  su rgery  b o t h  groups  re- 
ce ived 0.625 ml /kg CC14, p.o. 24 h la ter  l iver sect ions were 
t aken  and  f ixed in cold, neu t ra l -buf fe red  formal in  for his- 
tological  e x a m i n a t i o n  ". The level as well as t he  comple te -  

l D. N. CALVERT and T. M. BRODY, Amer. J. Physiol. 198, 669 
(196o). 

~- T. M. BRODY, D. N. CALVERT, and A. F. SCRNEn)ER, J. Pharmaciil. 
exp. Therap. 131, 341 (1961). 

3 R. E. LARSON and (L L. PLAA, Fed. Proc. 22, 189 (t963). 
4 R. E. LARSON, G. L. PLAA, and L. M. CREW'S, Toxieol. appl. 

Pharmacol., in press. 
5 D. W. FASS~:TT, Annual Review o/ Pharmacology (Annual Reviews 

Inc., Palo Alto, Calif. 1963), vol. 3, p. 267. 
6 The tissue sections for this study were prepared by Dr. L. M. 

CREWS, Pathologist, Hazleton Laboratories, Inc., Falls Church 
(Virginia, U.S.A.). 
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Fig. 1. Liver section from cord-transected rat (maintained at room 
temperature) 24 h after CCI~. H. & I~2. stain, 55 ×. 

Fig. 2. laver section from cord-transected rat (maintained at a4°C) 
24 h after CCI 4. H. & E. stain, 55 x. 

ness of  the  t r ansec t ion  were verif ied by  post morlem ex- 
amina t ion .  At the  t ime of sacrifice t he  recta l  t e m p e r a t u r e s  
of t he  cord-sec t ioned ,  i ncuba ted  ra t s  were f rom 35 to 
36°C while those  of t he  ra t s  m a i n t a i n e d  a t  room t emp e ra -  
ture  were f rom 24 to  25°C. O the r  s imul t aneous ly  run 
controls  consis ted  of : (1) non-sec t ioned,  CCl~-treated ra ts  
kep t  a t  e i ther  i ncuba to r  or l abo ra to ry  t empe ra tu r e ,  and  
(2) sec t ioned and  non-sec t ioned  ra ts  kep t  a t  e i ther  t em-  
pe ra tu re  b u t  given corn oil alone. The non-sec t ioned  ra ts  
unde r  all condi t ions  m a i n t a i n e d  rectal  t e m p e r a t u r e s  of 
from 36 to 38°C. 

The CC14-treated, cord-sec t ioned  rats ,  m a i n t a i n e d  at  
room t e m p e r a t u r e ,  were p ro t ec t ed  in t h a t  the i r  livers 
showed only  min imal  changes  (i.e. sca t t e red ,  fine vacuo-  
l izat ion and  sl ight ly decreased  basophi l ia  in the  cent r i -  
lobular  area), as seen in Figure  1. On the  o the r  hand ,  t he  
livers of the  CCl4-treated, cord-sec t ioned,  i ncuba ted  ra ts  
showed severe  cent r i lobular  necrosis  (Figure 2). Thus  the  
d e v e l o p m e n t  of the  lesion af ter  CCI, inges t ion  was ap- 
p a r en t l y  re la ted  to the  an imals '  body  t empera tu r e .  Incu-  
ba t ion  of the  non-sec t ioned  ra ts  did no t  p o t e n t i a t e  the  
effects  of CCI4: th is  is cons i s t en t  wi th  the  hypo thes i s  
since the i r  body  t e m p e r a t u r e s  were the  same under  bo th  
condi t ions .  

A possible exp lana t ion  for the  p ro tec t ion  seen could be 
t h a t  the  metabo l ic  ac t iv i ty  of the  l iver was reduced  by  
h y p o t h e r m i a .  If  th is  were t rue  we t h o u g h t  t h a t  it  m igh t  
be possible to p roduce  hepa t ic  necrosis  in cervical ly 
t r ansec t ed  an imals  kep t  a t  room t e m p e r a t u r e  by pro-  
longing the  exposure  of the  l iver to  CCI 4. Accordingly,  
twelve  C-7 t r ansec t ed  ra t s  received CC14 1 h af ter  surgery  
as before. In  add i t ion  t h e y  received second and  th i rd  
doses 12 and  24 h later.  24 h n i te r  the  t h i rd  dose l iver  sec- 
t ions  were t aken  as descr ibed  above.  These an imals  had  
been ma in t a ined  a t  room t e m p e r a t u r e  (24°C) for the  en-  
t i re  48 h period.  At  abou t  10 h a f te r  su rgery  the i r  rec ta l  
t e m p e r a t u r e s  were f rom 24 to 25°C and  remained  so unti l  
sacrifice. The livers of these  ra t s  showed the  severe cen-  
t r i lobular  necrosis  and  bands  of swollen vacuola ted  ceils 
typ ica l  of the  p ic ture  seen in livers of non-sec t ioned  ra ts  
24 h a f te r  CCt 4 (Figure 3). No necrosis was seen when  a 
single dose  of CC1, was admin i s t e r ed  24 h a f t e r  cervical  
t r ansec t ion  and  the  animals  (main ta ined  at  room tem-  
pera ture)  sacrificed 24 h a f te r  dosing. 

Red u ced  metabo l ic  ac t iv i ty  resu l t ing  f rom h y p o t h e r -  
mia following cervical  co rd - t r ansec t ion  is s t rong ly  impli-  
ca ted  by  these resul ts  as an i m p o r t a n t  fac tor  in the  protec-  
t ion af forded by  th is  surgical  p rocedure  aga ins t  CC14 
hepa t ic  necrosis.  I t  is diff icul t  to  reconcile these  resul ts  
wi th  the  hypo thes i s  of a p r i m a r y  act ion of CCI 4 on sym-  
p a t h e t i c  cen te r s  in the  brain,  since in the  p re sen t  s tud ies  
s y m p a t h e t i c  out f low had  been mechanica l ly  e l imina ted  
and  necrot ic  changes  were still  p roduced  L 

Zusammen/assung. Typisch  CCl4-verursachte l ,eber-  
schS.den wurden  bei R a t t e n  mi t  R t i c k e n m a r k d u r c h t r e n -  
nung  und  K b r p e r t e m p e r a t u r e n  von  35 bis 36°C beob-  
ach te t .  Minimale h i s topa tho log i sche  Ver / inderungen  wur-  
den  bei gleich b e h a n d e l t e n  R a t t e n  bei Z i m m e r t e m p e r a t u r  
beobach t e t .  Ver l~ngerung  der  Beo b ach t u n g s ze i t  an spi- 
na l i s ie r ten  ausgeki ih l ten  R a t t e n  liisst aber  auch  bei Zim- 
m e r t e m p e r a t u r  typ i sche  Lebe rve r l e t zungen  en t s t ehen .  
Diese Ergebnisse  deu ten  auI Ver / inderung des Lebers tof f -  

Fig. 3. Liver section from cord-transected rat (maintained at room 
temperature) which had received 3 doses of CC14 12 h apart. H. & E. 

stain, 55 ×. 
7 This study was supported in part by U.S.P.H.S. Research Grant 

A-5802 and U.S.P.H.S. Training Grant 2G-141. 
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wechsels  d u r c h  t t y p o t h e r m i e  hin,  u n d  es is t  d a h e r  anzu -  
n e h m e n ,  dass  dies die Ursache  ist,  wesha lb  die L e b e r  y o n  
R a t t e n  m i t  R t i c k e n m a r k s c h n i t t  gegen CC14-Sch/iden 
r e l a t i v  gesehi i tz t  ist. 

R. E. LARSON a n d  G. L. PLAA 

Department of Pharmacology, State University of Iowa, 
Iowa City (U.S.A.), June 4, 1963. 

D I S P U T A N D U M  

Ferrous Complexes  in the Catalase Reaction 

I n  a r ecen t  a r t ic le  ~ I h a v e  p o i n t e d  o u t  t h a t  po laro-  
g raph ic  ev idence  ex is t s  for t he  f o r m a t i o n  of a c o m p l e x  be-  
tween  f e r rohaem a n d  h y d r o g e n  peroxide .  

Th i s  f ind ing  forms  a n  a na l ogy  (or p receden t )  for one of 
t he  f ive r eac t ions  p o s t u l a t e d  b y  "~VESTHEIMER 2 to  exp l a i n  
t he  ca t a l a t i c  decompos i t i on  of h y d r o g e n  pe rox ide  a n d  t h u s  
m a k e s  th i s  m e c h a n i s m  ceteris paribus more  likely.  I t  cer- 
t a i n l y  does n o t  p rove  t h e  W'ESTHEtMER m e c h a n i s m .  
N I C H O L L S  3 h a s  r e c e n t l y  cr i t ic ized  ~X~rESTHEIMER'S mech-  
an ism,  a n d  to th i s  c r i t i c i sm I feel i t  is no t  m y  t a s k  to  reply .  

However ,  to  f u r t h e r  w e a k e n  t he  m e c h a n i s m  p roposed  
b y  WESTHmMER, NICHOLLS h a s  also a t t a c k e d  t h e  polaro-  
g raph ic  ev idence  for  t h e  f o r m a t i o n  of a c o m p l e x  b e t w e e n  
I e r rohaem a n d  HzO 2 a n d  in fact ,  p o l a r o g r a p h i c  k ine t ics  in  
general .  This  c r i t i c i sm is c o m p l e t e l y  w i t h o u t  f o u n d a t i o n  
a n d  ha s  been  m a d e  o b v i o u s l y  w i t h o u t  t h o r o u g h  knowledge  
of t h i s  field of s tudy .  T h e  p o i n t s  t a k e n  are  on  t h e  level  of  
1943 and  to  re fu te  t h e m  i t  wou ld  be  neces sa ry  to  r e p u b l i s h  
all  t h e  work,  m a n y  t imes  r ev i ewed  b y  BRDISKA ~, w h i c h  
ha s  b e e n  done  since. 

Nicholls  c la ims  t h a t  t he  o x i d a t i o n  of f e r r o h a e m  to  
hemine  b y  H 2 0  2 m a y  be  t h e  e x p l a n a t i o n  of t he  polaro-  
g raph ic  reac t ion .  Th i s  h a s  been  cons ide red  a n d  d i sproved .  
H e  t r ies  to  s u p p o r t  h i s  c l a im  b y  a q u o t a t i o n  f rom KOLT- 
HOFF and  PARRY 5 to  t h e  effect  t h a t  t h e r e  are  g rea t  dis- 
crepancies  b e t w e e n  t h e  t r u e  a n d  p o l a r o g r a p h i c  r a t e s  of 
reac t ion .  

Th i s  s t a t e m e n t  was  m a d e  in  1951 a n d  is b a s e d  on  a 
comple te ly  inco r rec t  c a l cu l a t i on  of a s y s t e m  t he  t r e a t m e n t  
of which  ha s  now been  clar if ied for years  4. W h e r e v e r  i t  
was  possible  to  m a k e  a d i r ec t  c o m p a r i s o n  b e t w e e n  t h e  
va lues  of r a t e  c o n s t a n t s  d e t e r m i n e d  b y  c o n v e n t i o n a l  
m e t h o d s  a n d  those  de r ived  f rom k ine t i c  c u r r e n t s  t h e  
a g r e e m e n t  was exce l l en t  "-8. 

Th i s  is also t r u e  of t h e  specific case c i t ed  b y  KOLTHOFF 
a n d  PARRY. T h e  a g r e e m e n t  he re  is also exce l l en t  9 w h e n  
t he  ca l cu l a t i on  is done  p roper ly .  

F u r t h e r m o r e ,  in  t he  case of t he  p o l a r o g r a p h i c  r eac t i on  
of t h e  h e m i n e / H , O  2 s y s t e m  no rea l  c o m p a r i s o n  of r a t e s  is 
invo lved .  T h e r e  is no  d o u b t  t h a t  t h e  p o l a r o g r a p h i c  reac-  
t ion  is a n  ' e x t r e m e l y  r ap id  r eac t ion ' ,  i.e. u n d e r  c o n v e n -  
t i o n a l  cond i t i ons  i n s t a n t a n e o u s .  On t h e  o t h e r  h a n d ,  m a n y  
f e r r o h a e m  complexes  w h i c h  give t he  p o l a r o g r a p h i c  reac-  
t i o n  a re  ox id ized  b y  H202 v e r y  s lowly or  n o t  a t  all. 

Zusammen/assung. V o r  k u r z e m  wurde  yon  NICHOLLS 
d e r  \VEsTHEIMER-Mechanismus des  H2Ou-Zerfalls d u r c h  
K a t a l a s e  m i t  A r g u m e n t e n  e ine r  unseres  E r a c h t e n s  ab -  
wegigen  I n t e r p r e t a t i o n  de r  p o l a r o g r a p h i s c h e n  K i n e t i k  
kr i t i s ie r t .  Die  A r g u m e n t e  w e r d e n  d u r c h  Hinwe i se  au f  
unbe r i i ck s i ch t i g t e  A r b e i t e n  wider legt .  

K. V~rlESNER 

Organic Chemistry Laboratory, University o/New 
Brunswick, Fredericton (Canada), March 29, 1963. 
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(1953). 
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PRO EXPERIMENTIS 

Zur Registrierung von Riickatmung in 
Nicht -Riickatmungsventi len 

(Non-Rebreathing Valves) 

Das N i c h t - R i i c k a t m u n g s v e n t i i  h a t  bei  de r  B e a t m u n g  
die Aufgaben,  das  m i t  d e m  I n s p i r a t i o n s d r u c k  zugef t ih r te  
Gasgemisch  in die L u f t r 6 h r e  zu le i ten ;  w/ ih rend  de r  E x -  
sp i ra t ion  soil das  aus  den  Alveolen  zu r i i cks t rSmende  Gas-  
gemisch  n i c h t  in  das  B e a t m n n g s s y s t e m  gelangen,  s o n d e r n  
in den  u m g e b e n d e n  R a u m  gelei te t  werden.  Als Regel-  
gr6ssen fiir die S t eue rung  des Vent i l s  wi rken  die yon  der  
A t e m p h a s e  a b l ~ n g i g e n  D r u c k g r a d i e n t e n .  Je  genaue r  das  
B e a t m u n g s v e n t i l  A u s a t m u n g  u n d  E i n a t m n n g  vone in -  
a n d e r  t r e n n e n  kann ,  des to  besser  is t  das  Venti l .  Die 
M6gl ichkei t ,  dass  bei  e inigen V e n t i l e n  diese A n f o r d e r u n g  

n i c h t  genf igend erffi l l t  ist, sch ien  uns  g runds / t t z l i ch  ge- 
geben ,  so dass  w i t  uns  v e r a n l a s s t  sahen ,  die Arbe i t sweise  
yon  N i c h t - R i i c k a t m u n g s v e n t i l e n  zu regis t r ie ren .  

B e o b a c h t e n  wi r  die Arbe i t sweise  eines Ven t i l s  bei  
B e a t m u n g  i m  e inze lnen  u n d  ver fo lgen  wir  gle ichzei t ig  den  
D r u c k  in se inen  drei  A n s e h l u B s t u t z e n  (A in sp i r a to r i s che  
Seite,  B P a t i e n t e n s e i t e ,  C exsp i r a to r i s che  Seite) ,  so er-  
geben  s ich fo lgende  Bi lde r  (F ign r  la ) .  

Zu B e g i n n  de r  I n s p i r a t i o n  s te ig t  au f  de r  I n s p i r a t i o n s -  
sei te  der  Druck ,  bis  die Feder -  ode r  M a g n e t k r a f t  f iber-  
w u n d e n  ist,  die den  V e n t i l s t e m p e l  in  E x s p i r a t i o n s s t e l l u n g  
I ix ie r t ;  n a c h  13ffnung de r  I n s p i r a t i o n s s e i t e  s t e h t  de r  
S t e m p e l  zun / ichs t  in  e iner  Mi t t e l s t e l l ung  u n d  die L u f t  
s t r 6 m t  sowohl  z u m  P a t i e n t e n  als a u c h  z u m  A u s a t m u n g s -  
s t u t zen .  E i n  gewisser  Tel l  des A t e m g a s e s  geh t  d a m i t  ver-  
lo ren ;  das  spie l t  h in s i ch t l i ch  des  B e a t m u n g s a u s m a s s e s  des 
P a t i e n t e n  ke ine  Rolle.  H a t  de r  S t e m p e l  seine I n s p i r a t i o n s -  
s t e l lung  e r re i ch t  (F igur  lb ) ,  s t r 6 m t  w/ th rend  de r  t ib r igen  


