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Liver Cell  N e c r o s i s  in Rats  After  P r o l o n g e d  Ethano l  I n g e s t i o n  U n d e r  the  Inf luence  of an A l c o h o l -  
D e h y d r o g e n a s e  Inhib i tor  

Inc idence  a n d  t y p e  of l iver  d a m a g e  in a hom ogeneous  
group of 526 male  alcoholics  showed  a s ign i f ican t  cor- 
r e l a t ion  w i t h  d u r a t i o n  a n d  degree of a lcohol  abuse  ~-4. 
P rec i r rho t i c  and  c i r rho t ic  lesions p r e d o m i n a n t l y  occur red  
w h e n  m e a n  da i ly  e t hano l  i n t a k e  h a d  for m a n y  years  
c o n t i n u o u s l y  e x h a u s t e d  t h e . l i m i t e d  capac i t y  for a lcohol  
m e t a b o l i s m  in m a n  ill00 • 30 m g  pe r  kg/h ,  r ange  59 to 
180 m g  pe r  k g / h ~ , 6  ~. I n  t he  ra t ,  however ,  t h e  r a t e  of 
e t hano l  ox ida t i on  is a lmos t  th r i ce  as high.  E x p e r i m e n t a l l y ,  
even i nco rpo ra t i on  of e t hano l  in to  t o t a l l y  l iquid  n u t r i t i o u s  
d ie ts  to  t he  e x t e n t  of 36-50~o of to t a l  calories,  t h o u g h  
resu l t ing  in f a t t y  changes ,  u l t r a s t r u c t u r a l  h e p a t i c  a l te ra -  
t ions  and  alcoholic  hya l ineT-L d id  no t  lead to severe  
hepa t i c  d a m a g e  as seen in t h e  h u m a n  alcoholic.  There -  
fore, i n s t ead  of t r y i n g  to  f u r t h e r  increase  e thano l  in take ,  
i t  seemed logical  to  i nves t i ga t e  a t t e m p t s  to  decrease  t he  
capac i t y  for  e t h a n o l  m e t a b o l i s m  ill r a t s  b y  pa r t i a l l y  
i n h i b i t i n g  t he  r a t e - l im i t i ng  e n z y m e  a lcoho l -dehydro-  
genase  (ADH).  Compet i t ive ,  dose -dependen t  a n d  specific 
i n h i b i t i o n  of A D I I  in  v i t ro  and  in r i v e  b y  pyrazo le  was 
r epo r t ed  b y  THEORI~:LL et  a l )  ~  However ,  no f u r t h e r  
i n f o r m a t i o n  0n  t he  p h a r m a c o l o g y  of th is  c o m p o u n d  was 
avai lable .  

M a t e r i a l  a n d  method.  Commerc ia l ly  ava i l ab le  ma le  
W i s t a r - r a t s  were each  housed  in i n d i v i d u a l  cages a n d  
fed a commerc i a l  s t a n d a r d  solid d ie t  ( .Mtromin-R|  ad  
l i b i t u m  w i t h  free access to  t ap -wa te r .  Pyrazole ,  easi ly  
soluble  in  w a t e r  and  a lcohol  (purchased  f rom Messrs. 
D. Schucha rd t ,  Munich) ,  was  used as 1% a n d  5% w/v  
aqueous  solut ions.  E t h a n o l  was  e i the r  fed as sole source  
of d r i n k i n g  f luid (15(~o v /v)  or g iven  b y  s t o m a c h  t u b e  
(30~o v /v) .  LDs0 was d e t e r m i n e d  accord ing  to ~VILCOXON 
a n d  LITCHFIF-LD 12. Blood a lcohol  c o n c e n t r a t i o n  (BAC) 
in samples  ob t a ined  b y  h e a r t  punctJure was d e t e r m i n e d  
as means  of t r i p l i ca t e  ana lyses  b y  NVIDMARK'S micro-  
m e t h o d  and  t he  e n z y m a t i c  me thod .  P o s t : m o r t e m  exami -  
n a t i o n  was done  on  each a n i m a l  ; samples  of l iver,  k idney ,  
lung,  hea r t ,  spleen, a n d  ad rena l s  were f ixed in 10~ 
:formalin. P a r a f f i n - e m b e d d e d  sec t ions  were s t a ined  w i t h  
h e m a t o x y l i n - e o s i n  and  V a n  Gieson ' s  s t a in ;  f rozen sec- 
t ions  were s t a ined  for fa t  w i t h  S u d a n - I I I .  

Resu l t s .  Acute  oral t o x i c i t y  (LDs0) of pyrazole ,  de ter -  
m i n e d  a f t e r  a 24-hour  fas t  w i t h  free access to  t a p - w a t e r  
in  2 groups  of 40 ra t s  each,  we igh ing  205-220 g, was  
1010 m g / k g  (c.l.: 840-1214 mg/kg)  ; m i n i m a l  l e t h a l  dose 
was 850 mg/kg .  Af te r  s ingle doses la rger  t h a n  1000 m g / k g  
lead ing  to  a comatose  s t a t e  w i t h  d e a t h  occur r ing  w i t h i n  
12-36 h, no l iver  cell a l t e r a t i ons  were seen microscopica l ly  ; 
l ivers  of r a t s  dy ing  6-11 days  a f t e r  850-1000 m g / k g  
showed ex tens ive  cen t ro lobu l a r  necrosis  w i t h  i n f l a m m a -  
t o r y  r eac t ions  and  a p p e a r a n c e  of f a t  ill su rv iv ing  l iver  
cells. 

I n  chronic  expe r imen t s ,  py razo le  g iven  da i ly  b y  s tom-  
ach  t u b e  in doses of 37-38 m g / k g  (1/,, 5 of m i n i m a l  l e tha l  
dose) for 8 weeks  t o g e t h e r  w i t h  sucrose  in  a m o u n t s  iso- 
caloric  w i t h  7 g /kg e t h a n o l  resu l ted  in a r e t a r d a t i o n  of 
g r o w t h  b u t  no t  in  any  microscopica l  l iver  damage .  E v e n  
a f te r  23 weeks, d a i l y d o s e s  of 35 m g / k g  pyrazo le  on ly  
led to  t h e  a p p e a r a n c e  of a few fa t  d rop le t s  in  s ingle  
sca t t e r ed  l iver  ceils a n d  some m u l t i n u c l e a t e d  hepa to -  
cytes.  

In  v ivo  i nh ib i t i on  of e t hano l  ox ida t i on  b y  pyrazo le  
was  s tud ied  ill 4 groups  (I--I) ')  of 11 non - f a s t ed  ma le  rats .  
BAC was d e t e r m i n e d  precise ly  24 h a f t e r  a single oral  
dose of 6.4 g /kg e t h a n o l  a lone  (I) or t o g e t h e r  w i t h  32, 
50 or 70 m g / k g  pyrazo le  ( [ I - IV) .  In  g roup  I m e a n  BAC 

was 2 rag/100 ml  (0-5), b u t  in  t he  py razo l e - t r ea t ed  g roups  
i t  was  sti l t  s ign i f ican t ly  e leva ted  a t  th i s  t i m e  ( l I :  28 mg /  
1 0 0 m l  (3-49);  I I I :  3 9 m g / 1 0 0 m l  (16--84); IV :  7 2 m g /  
1 0 0 m l  (35-.-170)). I n h i b i t i o n  t h u s  seemed to be  dose- 
dependen t .  

The  m a i n  purpose  was to  s t u d y  t he  effect  of p ro longed  
e thano l  i n t a k e  on  r a t  l iver  u n d e r  t h e  inf luence  of inh ib i -  
t o ry  t h r e s h o l d  doses of pyrazole .  Af te r  5 weeks on  a 15~) 
e t h a n o l  so lu t ion  as sole source of d r i n k i n g  fluid 5 ma le  
r a t s  were t h e n  g iven  31 m g / k g  pyrazo le  da i ly  b y  s t o m a c h  
tube .  A c t i v i t y  seemed no t  i m p a i r e d  b u t  s p o n t a n e o u s  
e t h a n o l  i n t a k e  was  r educed  a n d  an ima l s  d ied  5-19 days  
later .  L ivers  of all 5 an ima l s  showed  a greyish-yel low 
m o t t l i n g ;  microscopica l ly  t h e r e  was p a t c h y  cen t ro lobu l a r  
to  ex tens ive  mass ive  ac idophi l ic  l iver  cell necrosis  w i t h  
i n f l a m m a t o r y  cell r eac t ion  and  f a t t y  degene ra t i on  of 
su rv iv ing  p a r e n c h y m a .  

In  a n o t h e r  group of 95 r a t s  w i t h  free access to  t ap -  
w a t e r  a n d  t he  s t a n d a r d  diet ,  e t h a n o l  was a d m i n i s t e r e d  
once da i ly  b y  s t o m a c h  t u b e  in doses of 6.0-7.7 g /kg  
t o g e t h e r  w i t h  a m e a n  dose of 36.6 m g / k g  pyrazo le  ( range 
25-50 mg/kg) .  Acu te  i n t o x i c a t i o n  was genera l ly  n o t e d  
d u r i n g  t he  f i r s t ' 8  h of each  day  a f t e r  wh ich  an ima l s  
usua l ly  began  to  rega in  fa i r ly  n o r m a l  ac t iv i ty .  40 r a t s  
of th i s  g roup  died  wi th in  t he  f i rs t  week  of th i s  t r e a t m e n t ,  
23 su rv ived  up  to  2 weeks, 16 up  to  3 weeks, a n d  16 
longer  t h a n  3 weeks ( m a x i m u m  68 days).  BAC d e t e r m i n e d  
a t  d i f fe ren t  t imes  ( 1 3 t h - 2 5 t h  day)  ill 5 r a t s  24 h a f t e r  
t he  las t  p reced ing  app l i c a t i on  r a n g e d  f rom 26 to  307 m g /  
100 ml.  

Livers  of more  t h a n  ha l f  of t he  an ima l s  were b rown-  
yel low to  ye l lowish-red  w i t h  f ine to coarse  greyish  mo t -  
t l ing.  Microscopical ly,  on ly  9 r a t s  showed  no hepa to -  
cel lular  damage .  I n  27 r a t s  t he re  were mi ld  to  d i s t i nc t  
m o s t l y  cen t ro lobu l a r  nec rob io t i c  lesions, such  as cyto-  
p la smic  hya l in iza t ion ,  hyd rop i c  degenera t ion ,  pyknos i s  
a n d  k a r y o r r h e x i s  a n d  cons iderab le  f a t t y  change .  I n  59 
ra ts ,  however ,  t h e r e  was f r a n k  acidophfl ic  necrosis  
r ang ing  f r o m . p a t c h y  cen t ro lobu l a r  d i s t r i bu t i on  to  mas -  
s ive de s t ruc t i on  of large  i r regula r  areas  a c c o m p a n i e d  b y  
v a r y i n g  degrees  of i n f l a m m a t o r y  cell r e ac t i on  (Figures 
la ,  b). I n  a few an ima l s  a t t e m p t s  a t  r epa i r  w i t h  prol i fera-  
t ion  of f ib rous  t issue, d is tors ion  of lobu la r  a r ch i t e c tu r e  
a n d  f o r m a t i o n  of g i a n t  cells a n d  new bile duc tu les  were 
found  ( F i g u r e s  lc,  d). 

D i s c u s s i o n .  Pro longed  e thano l  a d m i n i s t r a t i o n  u n d e r  
t i le inf luence  of pa r t i a l  i n h i b i t i o n  of A D H  b y  t h r e sho ld  
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EXPI,:RIENr 25/8 Speeialia 817 

(a) Network-like hepatocellular necrosis. 6.2 g/kg ethanol : 50 ing/k a pyrazole daily, death aft(r 10 days. I-Iematoxylin-Eesin. (b) Patchy 
centrolobular nee.rosis with fatty infiltration of remaining parenchyma. 6.8 g/kg ethanol -: 30 ing/kg pyrazole daily, death after 44 days. 
Hematoxylin-l~oMn. (e and d) Attempts at repair with proliferation of fibrous tissue, production of bile duetules alld distorsion of lobular 
architecture. 6.7 g/kg ethanol z- 35 mg/kg pyrazole daily, death after 19 days, Van Gieson's stain. 
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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. 

W. K. LELBACH 

Medizinische Universitgtsklinik, U*~iversity of Bonn, 
53 Bonn-Venusberg (Germany), 70 April 1969. 

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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