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doses of pyrazo le  h a d  a n  effect  on  l ivers  of r a t s  s imi la r  to  
t h a t  of f r a n k  h e p a t o t o x i e  agents .  Ma%s~e l iver  cell 
necrosis  deve lop ing  w i t h o u t  s y m p t o m s  of acu t e  in tox ica -  
t ion,  w h e n  an ima l s  were k e p t  on  e t h a n o l  so lu t ions  as 
sole source of d r i n k i n g  fluid d u r i n g  pyrazo le - induced  
i n h i b i t i o n  of ADH,  seems to  a rgue  aga ins t  t he  a s s u m p t i o n  
t h a t  necrosis  was  mere ly  due  to  h y p o x i a  or shock, A t  
p re sen t  i t  could  no t  be  decided w h e t h e r  e t hano l  on ly  
p o t e n t i a t e d  pyrazo le  toxic i ty .  However ,  i t  seemed more  
l ikely t h a t  py razo le - induced  i n h i b i t i o n  of e t hano l  m e t a b o -  
l ism increased  e t h a n o l  t ox i c i t y  r e s u l t i n g  in l iver  cell 
d a m a g e  of a seve r i ty  h i t h e r t o  no t  r epo r t ed  w i t h  con- 
v e n t i o n a l  feeding t echn iques .  This  ra ises  t he  ques t ion  
w h e t h e r  a n y  h y p o t h e t i c a l  h e p a t o t o x i c  ac t ion  of e t h a n o l  
m a y  be  d i s t i nc t  f rom i ts  m e t a b o l i c  effect. I n  fats ,  w i th  
t he i r  h igh  r a t e  of e t h a n o l  ox ida t ion ,  t h e  use of a compe t i -  
t i ve  A D H - i n h i b i t o r  m a y  be  i n s t r u m e n t a l  in p roduc ing  

l iver  lesions r e sembl ing  those  of ' acu te  alcoholic h e p a t i t i s '  
in  m a n .  Th i s  e x p e r i m e n t a l  des ign  m a y  p rove  to  b e  of 
va lue  in s t u d y i n g  possible  h e p a t o t o x i c  p roper t i e s  of 
e thanol .  

Zusammen/assung. Alkoho lzu fuh r  bei  par t ie l le r  H e m -  
m u n g  der  A lkoho ldehyd rogenase  d u r c h  Py razo l  f t ih r te  
bei  R a t t e n  m i t  i h r e m  re l a t i v  h o h e n  A l k o h o l u m s a t z  in  
k u r z e r  Zei t  zu a u s g e d e h n t e n  LeberzeI]nekrosen,  bei  e inigen 
T ie ren  s u c h  zu b indegeweb igen  Repa ra t i ons -  u n d  U m b a u -  
vorg~Lngen. 
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Respiratory Responses of the Conscious Dog to Severe Heat Stress 

W h e n  the  conscious sheep ~ a n d  ox ~ are  sub jec t ed  to  
severe h e a t  stress,  b o d y  t e m p e r a t u r e ,  r e s p i r a t o r y  fre- 
quency  a n d  r e sp i r a t o r y  d e a d  space v e n t i l a t i o n  all  
increase.  R e s p i r a t o r y  f r equency  u l t i m a t e l y  reaches  a 
m a x i m u m  and  t h e n  decl ines;  du r ing  th i s  second phase  
r e sp i r a to ry  m i n u t e  vo lume  a n d  a lveola r  v e n t i l a t i o n  f u r t he r  
increase  a n d  r e sp i r a t o r y  alkalosis  develops.  Dur ing  sub-  
s e q u e n t  cooling t h e r e  is a r evers ion  to  r ap id  shal low 
p u n t i n g  before  r e sp i ra t ion  s lowly r e t u r n s  to  normal .  The  
p a t t e r n  is qu i t e  d i f fe ren t  in  t h e  a n a e s t h e t i z e d  dog3,4: 
t h e r e  is no  increase  in r e s p i r a t o r y  f r equency  un t i l  t he re  
has  been  a cons iderab le  rise in  b o d y  t e m p e r a t u r e  (Tr) a n d  
t he  second p h a s e  is assoc ia ted  w i t h  a decrease  in  respi ra-  
t o r y  m i n u t e  v o l u m e  and  a lveola r  v e n t i l a t i o n  which  is 
no t  reversed  b y  s u b s e q u e n t  cool ing;  d e a t h  f rom cardio-  
vascu la r  fa i lure  usua l ly  occurs  s. HIGGINS a n d  IAMPIETRO 6 

showed t h a t  a lkalosis  of venous  b lood can  occur  in t he  
absence  of h y p e r t h e r m i a  in t h e  conscious dog, b u t  t h i s  
s t u d y  does n o t  p e r m i t  t h e  comple te  reso lu t ion  of the  
ques t ion  w h e t h e r  t h e  resul ts  o b t a i n e d  on  t h e  a n a e s t h e t i z e d  
dog are  whol ly  a t t r i b u t a b l e  to  t he  effects of anaes thes ia ,  
or w h e t h e r  t he re  are rea l  species differences  in t he  respi ra-  
t o r y  responses  to  h e a t  stress. F u r t h e r  s tud ies  on t h e  
conscious dog which  can  be  c o m p a r e d  d i rec t ly  w i t h  those  
m a d e  on  t he  sheep ~ a n d  ox 2 h a v e  the re fore  been  made .  

Methods. 3 mongre l  dogs weighing  15.3-16.7 kg were 
used. The  r i g h t  c o m m o n  ca ro t id  a r t e r y  was b r o u g h t  to  
a s u b c u t a n e o u s  pos i t ion  b y  p rev ious  su rge ry  1. A poly-  
e thy lene  c a t h e t e r  (bore 1 . 0 m m ,  wal l  0 . 2 5 m m )  was 
i n t r o d u c e d  in to  t he  a r t e r y  t h r o u g h  a 13 s.w.g, h y p o d e r m i c  
needle,  a f te r  local i n f i l t r a t i on  w i t h  p roca ine .  T he  a n i m a l  
t h e n  s tood  or lay  qu ie t ly  in  a room a t  a p p r o x i m a t e l y  
17 ~ d ry  bu lb /12  ~ we t  b u l b  t e m p e r a t u r e  for a b o u t  1 h 
before en t e r ing  a n  e n v i r o n m e n t  of 40/26 ~ Af te r  20 min,  
h u m i d i t y  was r ap id ly  ra i sed  to  give a w e t  b u l b  t e m p e r a -  
t u r e  of 38 ~ The  a n i m a l  r e m a i n e d  in th i s  e n v i r o n m e n t  
un t i l  Tr  r e ached  42~ a f t e r  wh ich  i t  was r e t u r n e d  to  
t h e  cool e n v i r o n m e n t .  

R e c t a l  t e m p e r a t u r e ,  a t  a d e p t h  of 10 cm, a n d  respira-  
t o r y  f r equency  were recorded  t h r o u g h o u t  each  expe r imen t .  
Samples  of a r t e r i a l  b lood were t a k e n  a t  in te rva l s ,  a n d  
a b lood  gas and  p H  elec t rode  s y s t e m  (Rad iomete r ,  
Copenhagen)  was used to d e t e r m i n e  b lood Pco~ wi th  an  
accu racy  of • 1 m m  Hg, Po~ w i t h  an  accu racy  of 4- 2 m m  
H g  a n d  p H  w i t h  a n  accu racy  of ~= 0.005 uni ts .  Blood 
oxygen  s a t u r a t i o n  (S@ was m e a s u r e d  to  w i t h i n  0 .5% 

on an  o x i m e t e r  (Amer ican  Opt ica l  Company)  which  h a d  
been  ca l i b r a t ed  w i t h  a s t a n d a r d  s p e c t r o p h o t o m e t r i c  
t e c h n i q u e  v. 

I n  a n  a d d i t i o n a l  e x p e r i m e n t  on  one dog t i da l  v o l u m e  
a n d  r e sp i r a to ry  m i n u t e  v o l u m e  were d e t e r m i n e d  u n d e r  
t h e  s ame  e x p e r i m e n t a l  cond i t ions  us ing  a p n e u m o t a c h o -  
m e t e r  s , b u t  no  b lood  samples  were t aken .  I n  a n o t h e r  
e x p e r i m e n t  a dog was a n a e s t h e t i z e d  w i t h  sod ium pen to -  
b a r b i t o n e  (30 m g / k g  i.v. + 1.5 m g / k g  a t  30 m i n  i n t e rva l s  
c o m m e n c i n g  2 h a f t e r  t he  in i t ia l  dose) a n d  was h e a t e d  
b e n e a t h  a n  electr ic  b l a n k e t  whi le  r ec ta l  t e m p e r a t u r e  and  
r e sp i r a to ry  f r equency  were recorded.  

Results and discussion. The  3 conscious  dogs r e sponded  
similar ly.  T h e  effects  of severe  h e a t  s t ress  on r e sp i r a to ry  
f requency,  T r, b lood gases a n d  b lood p H  are shown  in 
F igure  1. I m m e d i a t e l y  u p o n  exposu ie  to  t he  h o t  d ry  
e n v i r o n m e n t  r e sp i r a to ry  f r equency  inc reased  18-fold 
f rom 18 b r e a t h s / m i n  to  340 b r e a t h s / m i n .  W h e n  a m b i e n t  
h u m i d i t y  was ra ised  t he re  was  a f u r t h e r  increase  in 
r e s p i r a t o r y  f r equency  wh ich  rose, w i t h i n  t0  min,  to  a 
p e a k  r a t e  of 410 b r e a t h s / m i n ,  before  decreas ing  to 
260 b rea th s / r a in .  

F r o m  the  record  of t ho rac i c  m o v e m e n t s  a n d  v i sua l  
o b s e r v a t i o n s  i t  was  e v i d e n t  t h a t  w h e n  r e s p i r a t o r y  fre- 
q u e n c y  rose, t he  d e p t h  of b r e a t h i n g  decreased.  However ,  
w h e n  r e sp i r a to ry  f r equency  fell a t  t he  onse t  of t he  
second phase,  t h e  d e p t h  of b r e a t h i n g  increased,  Th i s  was  
conf i rmed  b y  r e sp i r a to ry  v e n t i l a t i o n  m e a s u r e m e n t s  on  
one of t he  dogs (Figure  2). T ida l  v o l u m e  decreased  f rom 
215 ml  to 30 ml,  a n d  t h e n  increased  to  203 ml.  The  resu l t  
was  a g r adua l  increase  in r e s p i r a t o r y  m i n u t e  v o l u m e  to  
3 t imes  t h e  pro-exposure  va lue  a t  t he  p e a k  of r ap id  
shal low pan t ing ,  and  t h e n  a f u r t h e r  increase  to  11 t imes  
t h e  pro-exposure  level  w i t h  s lower deeper  b r e a t h i n g .  
These  changes  are v e r y  s imi la r  to  those  seen in t he  
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conscious  sheep  ~ a n d  ox e, excep t  t h a t  in these  species 
t h e  increase  in r e s p i r a t o r y  f r e q u e n c y  is more  gradua l .  

The re  was no  change  in t h e  oxygen  or ac id-base  s t a t u s  
of t he  a r t e r i a l  b lood  in t he  conscious  dog u n t i l  r ap id  
shal low p a n t i n g  was a p p r o a c h i n g  i ts  p e a k  level.  A t  t he  

I t  m a y  be conc luded  f rom these  o b s e r v a t i o n s  t h a t  t h e  
r e s p i r a t o r y  responses  of t he  conscious  dog  to  severe  h e a t  
s t ress  differ  s ign i f i can t ly  f rom those  of t h e  a n a e s t h e t i z e d  
dog, a n d  are genera l ly  s imi la r  to those  of t h e  conscious  
sheep  a n d  ox  1~,~ 
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Fig. I. The mean results from 3 conscious dogs of the effects of 
severe heat stress on respiratory frequency (@); arterial PCO~ (~); 
pH ( I ) ;  Po~ (&); SO~ (�9 and rectal temperature (.). The dry 
bulb/wet bulb temperatures to which the animals were exposed are 
indicated at the top. The vertical interrupted lines denote rapid 
changes in the ambient conditions. 
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Fig. 2. The effect of severe heat stress on respiratory frequency (�9 ; 
tidal volume (A); respiratory minute volume (I) ,  and reetal teln- 
perature (.) of a conscious dog. 

same  t i m e  a r t e r i a l  Pco~ fell to  a b o u t  18 m m  l l g  a n d  p H  
inc reased  to  a b o u t  7.59. T h e  Po2 a n d  Sos were inc reased  
b y  a b o u t  32 m m  I Ig  a n d  3% respect ively .  D u r i n g  t h e  
slower, deeper  b r e a t h i n g  Pco~ fell to  a f inal  level  of 
a b o u t  4 m m  H g  a b o u t  20 m i n  before  t he  end  of t he  h e a t  
exposure ,  whi le  p H  rose to  7.71 t o w a r d s  t he  end  of t h e  
h e a t  exposure .  Again ,  t h i s  p a t t e r n  of changes  is v e r y  
s imi la r  to  t h a t  of t h e  conscious  sheep 1 a n d  ox 9, a l t h o u g h  
t h e  sheep  does n o t  e x h i b i t  such  m a r k e d  changes  in acid 
base  ba l ance  d u r i n g  r ap id  Shallow pan t ing ,  a n d  t he  f inal  
degree of r e s p i r a t o r y  alkalosis  in  t h e  ox is n o t  usua l ly  
so great .  

I n  c o n t r a s t  to  t he  ox a n d  sheep in wh ich  t he re  was 
a co r re l a t ion  b e t w e e n  r e s p i r a t o r y  a c t i v i t y  a n d  deep b o d y  
t e m p e r a t u r e  9, none  was  found  in t h e  conscious  dog. R e c t a l  
t e m p e r a t u r e  usua l ly  r e m a i n e d  u n c h a n g e d  d u r i n g  exposure  
to  t h e  h o t  d ry  e n v i r o n m e n t ,  a n d  t h e n  increased  to  42 ~ 
w i t h i n  60 m i n  of t h e  h u m i d i t y  be ing  ra i sed ;  a t  t he  p e a k  
of r ap id  sha l low p a n t i n g  i t  was  40.0, 39.5, 39.0 a n d  
39.0 ~ in t he  4 e x p e r i m e n t s  on  conscious  dogs a n d  41.5 ~ 
in t h e  one a n a e s t h e t i z e d  dog. 

D u r i n g  cooling fol lowing severe  h e a t  stress, p a n t i n g  
r e v e r t e d  to  t he  r ap id  sha l low fo rm before  r e sp i r a t i on  
r e t u r n e d  to  normal ,  as occurs  in  t he  ox 10 and  sheep 11 b u t  
no t  in  a n a e s t h e t i z e d  dogs 3, ~. Our  one e x p e r i m e n t  on  a n  
a n a e s t h e t i z e d  dog conf i rms  t he  ear l ier  rei)orts3, 4 of a 
g r ad ua l  onse t  of r ap id  shal low p a n t i n g  fol lowed b y  an  
i r revers ib le  p h a s e  of s lower deeper  pan t i ng .  

Zusammenfassung. A t m u n g s v e r h a l t e n  u n n a r k o t i s i e r t e r  
H u n d e  bei  s t a r k e r  t h e r m i s c h e r  Be la s tung :  I n  e r s t e r  P h a s e  
E r h 6 h u n g  des A t e m m i n u t e n v o l u m e n s  d u r c h  Z u n a h m e  
der  A t e m f r e q u e n z  bei  n i ed r igem A t e m z u g s v o l u m e n .  I n  
zwei ter  P h a s e  wei tere  Z u n a h m e  des A t e m m i n u t e n v o l u -  
mens  bei  s i n k e n d e r  A t e m f r e q u e n z  u n d  e r h 6 h t e m  A t e m -  
zugsvo lumen .  E n t w i c k l u n g  re sp i r a to r i sche r  Alkalose.  
Sp/ i tere  S e n k u n g  de r  L u f t t e m p e r a t u r  au f  17~ e rg ib t  
~Vechsel des  A t e m t y p u s  zu f l achem h o c h f r e q u e n t e m  
Heche ln  der  e rs ten  P h a s e  u n d  d a n n  R i i c k k e h r  zur  nor -  
m a l e n  R u h e a t m u n g .  

j. I~. c. HALES14 and J. BLIGH 

A.R.C. Institute of Animal Physiology, 
Babraham, Cambridge (England), 76 April t959. 

9 j .  D. I~'INDLAY and G. C. W I l I T T O W ,  J. Physiol. 186, 333 (1966). 
10 W. R. BEAKLEY and J. D. FIXOI.AY, J. agrie. Sei., Camb. 45, 452 

(1955). 
11 j .  R. S. ItALES, J. eomp. Biochem. Physiol., in press (1969). 
12 We thank Messrs A. J. BARTON, M. MASKREY and D. T. NEWMAN 

for their technical assistance. 
is This work was carried out while J.R.S.II. was i n receipt of a 

scholarship from C.S.I.R.O., Australia. 
14 Present address: C.S.I.R.O., Ian Clunies Ross Animal Research 

Laboratory, ProspeCt (N.S.W., Australia). 


