
ouabain  is less toxic  t h a n  in i n t ac t  rats .  This  curious 
p h e n o m e n o n  is now under  invest igat ion.  The LD~00 of 
i n t ac t  an imals  has  been de t e rmined  previous ly  as abou t  
17 mg/kg  1~ and  the  LDs0 as 5.5 mg/kg  n.  Var ia t ions  in 
the  tox ic i ty  of ouabain  in d i f fe rent  s t ra ins  of ra t s  is no t  
unusual .  

In  the  exper imen t s  wi th  chloroth iaz ide  ~, n e p h r e c t o m y  
was necessary  in order  to e l iminate  in ter ference  by  the  
diuret ic  ac t ion of the  dosage applied.  However ,  pro-  
nounced  oligodipsia is found  in nephrec tomized  ra ts  wi th  
doses of ouaba in  only  a b o u t  1/25-1/s o of the  LDs0 (see 
Figure).  Such doses are unl ikely to  exer t  any  diuret ic  ac- 
t ion.  Therefore  i t  appea red  possible t h a t  the  oligodipsic 

Table I. Effect of ouabain on water intake after subcutaneous injec- 
tion of hypertonic sodium chloride 

effect  of the  glycoside m a y  be d e m o n s t r a t e d  also in i n t ac t  
animals.  The Figure shows t h a t  indeed  normal  ra t s  d r ink  
less when  smal l  doses of ouabain  are adminis te red .  The 
dose-response curve is less s teep t h a n  the  curve  for 
neph rec tomized  animals,  and  in tile range of 0.25 to 2.0 
mg /kg  the  effect  on normal  animals  is weaker.  

The p re sen t  observa t ions  reveal  a new ex t ra rena l  effect  
of ouabain,  an tagon i s t i c  to its diuret ic  action,  b u t  do no t  
ye t  p e rmi t  safe conclusions as to  i ts  localization. F u r t h e r  
expe r imen t s  w i th  imp lan t a t i on  of ouaba in  in to  var ious  
pa r t s  of the  bra in  are necessary  to  es tab l i sh  b ey o n d  d o u b t  
a cent ra l  m e c h a n i s m  for the  oligodipsia evoked by  th is  
drug. 

100 
O/o 

Ouabain 
mg/kg 

Water consumption (mljkg) during the period (h) 

0-2 2 4 4-20 Total % of 
con trol 

A. Nephrectolnized rats 
Control 49 25 53 127 100 
0.25 36 31 54 121 95 
0.5 26 21 50 97 76 
1.0 16 8 40 64 50 

B. Nornlal rats 
Control 58 11 75 144 100 
0.25 45 9 93 147 102 
0.5 46 9 74 129 90 
1.0 28 7 65 100 69 

Groups of 4 rats received 50 ml/kg of 3% NaC1 by subcutaneous in- 
jection and ouabain, dissolved in 0.5 ml isotonic saline, intravenously. 

The controls received intravenous saline only 
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Dose-response curves for the depression of water intake by intra- 
venous ouabain. Groups of 4 rats received 50 ml/kg of 3% NaC1 s.c. 
and the dose of ouabain shown on the abscissa, o--o Normal rats; 
e--o nephrectomized animals. Each point, with the exception of 
8 mg/kg, represents the mean of 3 experiments. Vertical bars indicate 

standard deviation. 

Table II. Acute toxicity of ouabain in normal and nephrectomized 
rats 

Ouabain Death rate 
mg/kg 

Norlnal Nephrectomized 
rats rats 

9 0/4 
lo 2/8 
11 218 014 
12 7/9 1/8 
13 2/4 
14 617 

Groups of 4 rats of 200-300 g body weight received i.v. injections 
of ouabain in 0.5 ml isotonic saline. 

.Rdsumd. L 'ouaba in  d iminue la c o n s o m m a t i o n  d 'eau,  
st imul6e par  l ' in jec t ion  d 'une  solut ion sall6e hype r ton i -  
que, chez les ra ts  n o r m a u x  ou n6phrectomis6s .  
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Chronic Hepatic Injury Following Experimental 
Viral Hepatitis in the Dog 

E x p e r i m e n t a l  p roduc t ion  of chronic  hepa t ic  disease in 
animals  has been possible only  by  wi thdrawal  of essential  
nut r ients ,  admin i s t r a t i on  of toxic  chemicals  or a com- 
b ina t ion  of both .  Al though  much  useful in fo rmat ion  has  
been ob ta ined  by these  methods ,  the  re la t ion  of hepa t ic  
in jury  produced  in th is  way  to the  chronic  liver disease 
seen following viral infect ion remains  doubtful .  The 
avai labi l i ty  of an exper imen ta l  model  bear ing a closer 
resemblance  to  chronic hepa t ic  disease in man  would be 
desirable. This repor t  describes a spon taneous ly  occurr ing 

fo rm of pro longed hepa t ic  in ju ry  in dogs following ex- 
pe r imen ta l  infect ion wi th  the  virus of hepa t i t i s  eanis. This  
disease pa t t e rn ,  when  con t ras ted  wi th  the  course of acu te  
canine  hepat i t i s ,  appears  to be d i s t inc t ly  different .  

In  the  course of a s t u d y  on the  corre la t ion of viral 
invas ion  wi th  hepa t ic  dys func t ion*  dur ing  hepa t i t i s  in 
12-16-week-old pure -b red  Beagle dogs, a t  least  16 
examples  of subacu te  and chronic  progress ive  hepa t ic  
damage  have  been  encountered .  These  puppies  of 5-7 kg 

1 R. PREISIG, D. GOCKE, J. SWEETING, T. MORRIS, and S. E. BRAD 
LEV, Gastroenterology 48, 5l] {1965). 
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b o d y  we igh t  h a d  been  rea red  on  a n  i so la ted  f a r m  a n d  
were p r e - i m m u n i z e d  aga in s t  d i s t e m p e r  a n d  leptospirosis .  
U p o n  a r r iva l  in  the  l abo ra to ry ,  t h e y  were in fec ted  in t r a -  
ocu la r ly  w i t h  300 TCIDs0 of can ine  hepa t i t i s  virus.  I n  
c o n t r a s t  to  an imal s  w i t h  acu te  disease wh ich  died in 
4 -6  days  w i t h  ex tens ive  hepa t i c  necrosis,  these  dogs sur-  
v i v e d  t he  in i t ia l  phase  even  t h o u g h  the re  was def in i te  
ev idence  of v i ra l  i n v o l v e m e n t  of t he  l iver.  Foei  of necrosis  
w i t h  cha rac t e r i s t i c  v i ra l  i n t r a n u c l e a r  inc lus ion  bodies,  
wh ich  s t a ined  w i t h  f luorescein  label led  a n t i v i r a l  an t i -  
body ,  could be  d e m o n s t r a t e d  in t he  f i rs t  week  a f t e r  
in fec t ion  (Figure a). 

6 of these  dogs d ied  8-21 days  a f t e r  infect ion.  A t  

course  of the  infect ion.  Consequen t ly ,  a t t e m p t s  were 
m a d e  to  m o d u l a t e  t h e  disease b y  i n t r a v e n o u s  a d m i n i s t r a -  
t i on  of a dose of i m m u n e  se rum ca lcu la ted  to yie ld  se rum 
t i t e r s  b e t w een  1/4 a n d  1/100 in  t h e  animal .  A l t h o u g h  
suff ic ient  t ime  has  n o t  ye t  e lapsed for  a d e q u a t e  observa-  
t ion  of all of these  dogs, in a t  leas t  5 of 8 an ima l s  sequen-  
t ia l  hepa t i c  biopsies  h a v e  shown  t h e  evo lu t ion  of t h e  same 
chron ic  p a t t e r n  descr ibed  above .  

Thus ,  i t  a p p e a r s  t h a t  p a r t i a l  i m m u n i t y  m a y  modi fy  
the  course of can ine  hepa t i t i s ,  w i t h  r e su l t ing  chronic  
hepa t i c  in jury .  Th i s  modi f i ca t ion  of v i r a l  hepa t i t i s  in  t he  
dog m a y  p rov ide  a mode l  su i t ab l e  for  t h e  s t u d y  of l iver  
i n j u r y  r e sembl ing  chronic  hepa t i t i s  in man .  

au topsy ,  severe  hepa t i c  necrosis  w i th  dense  col lect ions of 
r o u n d  cells a n d  p l a s m a  cells was  found,  b u t  t h e  v i rus  
could n o t  be  d e m o n s t r a t e d  a n y  longer.  The  r e m a i n i n g  10 
dogs su rv ived  up  to  8 mon ths .  

Serial  hepa t i c  biopsies  d e m o n s t r a t e d  t he  evo lu t ion  of a 
p a t t e r n  cha rac t e r i zed  b y  absence  of i n t r a n u c l e a r  inclu-  
sions or  f luorescen t  s ta in ing,  a n d  b y  t he  a p p e a r a n c e  of 
l y m p h o c y t e s  a n d  p l a s m a  ceils, p r e d o m i n a n t l y  localized 
in  dense  col lect ions  a b o u t  t h e  p o r t a l  regions  (Figure b 
and  c). E v e n t u a l l y ,  f ibrosis  appea red  in these  areas  an d  
progressed  to  ' b r i dge - fo rma t ion '  (Figure d). 

I t  was  obse rved  t h a t  all  t h e  dogs w i t h  th i s  chron ic  
disease p a t t e r n  h a d  low levels of neu t r a l i z ing  a n t i v i r M  
a n t i b o d y  p r io r  to  infect ion.  Since an ima l s  dy ing  w i th  t h e  
accu te  i l lness n e v e r  h a d  d e t e c t a b l e  a n t i b o d y ,  i t  was  sus- 
pec t ed  t h a t  pa r t i a l  i m m u n i t y  m a y  h a v e  modif ied  t h e  

Sequential hepatic biopsies demonstrating the 
evolution of progressive hepatic damage following 
infection with canine hepatitis virus (dog 'Tally, ; 
pre-infection neutralization titer 1/100; 300 
TCIDs0 of virus intraocularly; hematoxylin and 
eosin stain). (a) Day 5 after infection: small 
focus of hepatic necrosis with characteristic 
intranuclear viral inclusions (arrow). x 430. (b) 
Day 27 after infection: accumulation of round 
cells and plasma cells in hepatic parenchyma. 
x 430. (c) 2 months after infection: portM tract 

infiltrated with round cells and plasma cells 
(arrow). x 430. (d) 7 months after infection, post- 
mortem: section showing chronic inflammation, 

fibrosis and bridging, x 100. 

Zusammenfassung. 20 junge,  n i c h t  i m m u n e  Beagle  
H u n d e  (Neu t r a l i s a t i ons t i t e r  < 1/4) w u r d e n  m i t  300 IDs0 
(Gewebskul tur )  des Hepa t i t i s - can t s -Vi rus  infiziert .  Alle 
Tiere s t a r b e n  i n n e r h a l b  yon  4 -6  Tagen  a n  a u s g e d e h n t e r  
Lebernekrose .  I m  Gegensa tz  dazu  i ibe r leb ten  16 par t ie l l  
i m m u n e  Tiere (Neu t r a l i s a t i ons t i t e r  1/4 bis 1/100) die 
a k u t e  E r k r a n k u n g .  I m  Ver laufe  e iner  t~ber lebensze i t  bis  
zu 8 M o n a r c h  en twicke l t e  s ich eine d e r  mensch l i chen  
H e p a t i t i s  ch ron ica  ~hnl iche  L e b e r e r k r a n k u n g .  
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A Use fu l  N e w  Sta in  for  E lec tron  M i c r o s c o p y  

The  use of aqueous  sa l ts  of dodeca-tungstoboric acid for 
nega t ive  c o n t r a s t  e x a m i n a t i o n  of p r o t e i n  molecules  has  
been  sugges ted  b y  R o w e  1; i t  was said to  be p re fe rab le  to  
p h o s p h o t u n g s t a t e  because  i t  caused  less molecu la r  ag- 
grega t ion .  I t h o u g h t  t h a t  t u n g s t o b o r a t e  m i g h t  also be  a 
good d i rec t  s ta in ,  t h a t  is, useful  for t he  e lec t ron  micro-  
scopic e x a m i n a t i o n  of u l t r a - t h i n  sect ions  of e m b e d d e d  
tissues.  Th i s  has  p roved  to be  so. 

T u n g s t o b o r i c  acid c rys ta l s  (Hopk in  a n d  Wil l iams)  are 
v e r y  soluble  b o t h  in w a t e r  an d  in alcohol.  F o r  s t a in ing  
t h e y  h a v e  been  used a t  10 % c o n c e n t r a t i o n  w/v  in e thanol .  
I n  t h i s  f o rm  t h e  i n t e n s i t y  of s t a in ing  seems of t h e  order  
o b t a i n e d  w i t h  2 %  u r a n y l  ace t a t e  in  m e t h a n o l ,  b u t  w i th  
the  a d v a n t a g e  t h a t  no  c o n t a m i n a t i n g  p rec ip i t a t e  is ob- 
t a i n e d  b y  exposure  to  t h e  a tmosphe re .  

I A. J. RowE, Proe. R. Soc. B 160, 437 (1964). 


