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fo rward  pa s s iv i t y  p h e n o m e n a ,  i t  seems reasonab le  to  
asser t  t h a t  mode ls  of mot ion ,  r h y t h m  and  electr ical  dis- 
cha rge  based  on phys iochemica l  act ion,  wh ich  h a v e  been  
of ten  used in t he  ve rba l l y  t r a n s m i t t e d  cu l tu re  of phys io-  
logy, deserve  a wider  aud ience  a n d  a more  careful  ana lys i s  
t h a n  t h e y  h a v e  ye t  received.  

k u n g e n  des E l e k t r o p o t e n t i a l s  u n d  des W i d e r s t a n d s  wur-  
den  gemessen  u n d  z u s a m l n e n  m i t  den  m e c h a n i s c h e n  
S c h w a n k u n g e n  p h o t o g r a p h i e r t .  

T. POWELL, M. E. VALENTINUZZ1, H. ]E. HOFF a n d  
L. A. GEDDES 

Zusammen/assung. D u r c h  E in f f ih rung  e iner  S t a h l n a d e l  
werden  a n d a u e r n d e  e lek t r i sche  u n d  m e c h a n i s c h e  Schwan-  
k u n g e n  erzeugt  u n d  zwar  bei  wechse lnder  Oberf l~chen-  
o x y d a t i o n  u n d  R e d u k t i o n  eines Quecks i lbe r t r6pfchens ,  
das  in  v e r d i i n n t e r  Siiure m i t  KxCrxO 7 liegt. Die Schwan-  
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Phenobarbital  Liver Microsornal Induction in MHV-3 Viral Hepatitis of the Mouse 

Mouse hepa t i t i s  b y  MHV-3  Craig v i rus  is cha rac t e r i zed  
b y  p a r e n c h y m a l  d a m a g e  evo lv ing  r ap id ly  t o w a r d s  a 
d i fused necrosis  a b o u t  48 h f rom v i rus  i nocu la t i on  1. 
P rev ious  works  f rom th i s  l a b o r a t o r y  h a v e  shown t h a t  t he  
ear l ies t  l iver  cell lesions invo lve  lysosome m e m b r a n e s ,  
whi le  d a m a g e  of m i t o c h o n d r i a  and  of p l a s m a  m e m b r a n e s  
appea r s  l a t e r  "-4. P r o t e i n  a n d  R N A  syn thes i s  do no t  seem 
to  be  s u b s t a n t i a l l y  a l t e red  even  a t  a n  a d v a n c e d  s tage of 
the  infectionS, 6. The  poss ib i l i ty  of e n h a n c i n g  e n z y m e  
syn thes i s  a f te r  p h e n o b a r b i t a l  t r e a t m e n t  of mice in t he  
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Fig. 1. Microsomal enzymes from mouse liver during and after 
phenobarbital treatment. Mean values of 2 concordant experiments. 
* m[~moles per mg of mierosomal protein. ** activities expressed as 
mt~moles of snbstrate metabolized or product formed per rag of 
nlierosonlal protein/h. * ** [tmoles of Piliberated per mg of microsomal 
protein/h. E, Phenobarbital (PB) 40 mg/kg i.p. twice a day. 

p resence  of a progressed  l iver  d a m a g e  seemed to be of 
p a r t i c u l a r  i n t e r e s t  and  has  been  actually t h e  ob jec t  of th i s  
research.  

Materials and methods. Mate a lb ino  Swiss mice  weighing  
20-25 g were used. T r e a t e d  an ima l s  were g iven  40 m g / k g  
i.p. twice  a day  of p h e n o b a r b i t a l  (PB) in 0.9% NaC1, 
whi le  cont ro l s  rece ived  an  e q u i v a l e n t  v o l u m e  of 0.9% 
NaC1. 

In  t he  f i rs t  series of e x p e r i m e n t s  t he  course of P B  
i n d u c t i o n  in n o r m a l  mice was examined .  Groups  of 6-7  
mice fed ad  l i b i t u m  were ki l led b y  d e c a p i t a t i o n  1, 2 or 3 
days  aKer  P B  t r e a t m e n t  and  1, 2, 3 or 4 days  a f t e r  
cessa t ion  of t r e a t m e n t ,  as r epo r t ed  in F igure  1. 

In  a second series of e x p e r i m e n t s  i nduc t i on  b y  P B  of 
l iver  mic rosoma l  enzymes  was s tud ied  in t he  course of 
hepa t i t i s .  An ima l s  were g iven  i.p. 0.1 ml  suspens ion  of 
in fec ted  mouse  l iver  c o n t a i n i n g  a b o u t  10,000 LD50 of t he  
Craig s t r a in  of MHV-3  virus.  Groups  of 6-7  mice were 
sacr i f i ced  a t  0, 24 and  48 h of P B  t r e a t m e n t ,  and  a t  0, 24 
and  48 h of in fec t ion  w i t h  all  t h e  re la t ive  possible  com- 
b ina t ions .  Blood was collected in hepar in ized  t ubes  a n d  
p l a s m a  g lu tamic -oxa lace t i c  t r a n s a m i n a s e  (GOT) was 
d e t e r m i n e d  accord ing  to TONHAZY et  al. v 

Pools  of l ivers  f rom the  va r ious  g roups  of an ima l s  were 
weighed,  chi l led on ice and  homogen ized  w i th  4 vo lumes  
of cold 1.15% KC1. The  h o m o g e n a t e  was cen t r i fuged  a t  
10,000 g for 20 rain  and  t h e n  t he  s u p e r n a t a n t  f rac t ion  was 
aga in  cen t r i fuged  a t  105,000 g for 1 h in a Spinco Ul t r a -  
cent r i fuge .  The  mic rosome  pe l le t  was  f ina l ly  suspended  in 
1.15% KC1 so t h a t  1.0 ml  c o n t a i n e d  t he  mic rosomes  f rom 
1.0 g of wet  liver.  

P r o t e i n  c o n t e n t  was  d e t e r m i n e d  accord ing  to Lowry  
et  al. s. The  m e a n  p ro t e in  c o n t e n t  of mic rosomes  was found  
to  be  26.5 m g  ~: 4.2 (S.D.) per  g r a m  of wet  liver.  No 
s u b s t a n t i a l  d i f ference as regards  t he  p ro t e in  mic rosomal  
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con ten t  was observed  be tween  control  and infected mice, 
and be tween  the  P B  t r ea ted  against  the  non- t r ea ted  
animals .  

The following microsomal  enzyme act ivi t ies  were as- 
sayed:  cy tochrome  P-450 and N A D P H  oxidase were 
de t e rmined  according to  HAST and  FouTsg; glncose-6- 
phospha ta se  was assayed subs tan t i a l ly  af ter  DE DvvE et  
al.l~ aniline hydroxy lase  was e s t ima ted  wi th  the  m e t h o d  
of KATO and  GILLETTE 11 modif ied  (the l ibera ted  para-  
aminophenol  was di rec t ly  de t e rmined  in the  incuba t ion  
mixture ,  wi th  the  phenol  reagent  w i thou t  e ther  extrac-  
tion). 

The histological  p ic ture  of t he  liver a t  the  various 
phases  of infect ion was checked in a cer ta in  n u m b e r  of 
animals.  A mild focal necrosis was observed at  24 h, and  
a mass ive  liver necrosis a t  48 h f rom the  infection.  The 
dea th  of the  mice occurred invar iab ly  be tween  48 and  72 h 
af ter  virus inoculat ion.  In  accordance wi th  the  histo-  
logical appearances ,  a massive increase of p la sma  GOT 
was found at  48 h of infect ion (Table). 

Plasma glutamie-oxalacetie transaminase during, hepatitis and 
phenobarbital treatment for 24 and 48 h (PB-24 and PB-48). tzlnoles 
of oxalacetate formed per ml/min at 37 ~ Mean values of 4 experi- 
ments ~: S.D. 

- -  PB-24 PB-48 

Control 0.18 ~: 0.02 0.22 ~: 0.03 0.23 :c 0.02 
24 h infected 0.26 m 0.04 0.25 • 0.05 0.25 :L 0.04 
48 h infected 0.83 4- 0.10 0.90 ~: 0.09 0.86 == 0.12 
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Fig. 2. Changes of liver microsomal enzymes in infected mice and in 
controls with and without phenobarbital treatment for 24 and 48 h 
(PB-24, PB-48). The enzyme activities are expressed as in Figure 1. 
Mean values of 4 experiments 4- S.D. For the levels of the significance 
see the text. 

Results. The dai ly t r e a t m e n t  wi th  phenobarb i t a l  in 
normal  mice (Figure 1) caused a gradual  increase of 
microsome cy tochrome  P-450, N A D P H  oxidase and  
aniline hydroxylase .  Af ter  cessat ion of t r e a t m e n t  these  
enzymes  decreased so t h a t  the  init ial  levels were reached 
af ter  3-4 days.  A specular  behav iour  of glucose-6- 
phospha ta se  was observed,  wi th  enzyme levels decreasing 
following P B  t r e a t m e n t  and  increasing af ter  its suspen-  
sion. 

The following changes  of microsomal  enzymes  were 
observed dur ing  MHV-3 infect ion (Figure 2) : a s ignif icant  
r educ t ion  (p < 0.05) of cy toch rome  P-450, N A D P H  
oxidase and anil ine hydroxy lase  in t he  animals  infected 
af ter  48 h in respect  to uninfec ted  mice, regardless of the  
P B  t r e a t m e n t .  These enzymes  no tab ly  increased af ter  P B  
t r e a t m e n t  in infected as well as in hea l thy  mice (p < 0.05 
in mice P B  t r ea t ed  for 48 h). Microsome glucose-6- 
phospha t a se  showed on the  con t ra ry  a gradual  decrease 
in the  course of P B  t r e a t m e n t  bo th  in normal  and  in in- 
fected mice. This decrease was s ignif icant  (p < 0.05) in 
the  animals  PB  t r ea t ed  for 48 h. 

Discussion. The microsomal  con ten t  of cy toch rome  
P-450, N A D P H  oxidase and aniline hydroxy lase  appear  
to be marked ly  reduced in the  mouse viral  hepa t i t i s  a t  the  
stage of extens ive  liver cytonecrosis .  The mos t  s ignif icant  
f inding of our research is indeed the  phenoba rb i t a l  sti- 
mu la t ed  e levat ion of these  enzymes  even at  th is  s tage of 
the  disease. Ph en o b a rb i t a l  is a d m i t t e d  to  cause a R N A  
med ia t ed  de novo synthes is  of enzyme protein ,  p resum-  
ably  reac t ing  wi th  a repressor  compoundl~.  Our resul ts  
indicate  the  p rese rva t ion  of these  mechan i sms  in spi te  of 
an extens ive  viral  damage  of the  liver. This is well in 
keeping wi th  the  results  of the  research a l ready men-  
t ioned  on l iver pro te in  and  R N A  synthes is  in mouse  virus 
hepa t i t i s  5, 6. The observed  decrease of g lucose-6-phospha-  
tase  af ter  PB  t r e a t m e n t  in normal  and infected mice 
migh t  arise f rom a q u a n t i t a t i v e  d i spropor t ion  be tween  
rough endoplasmic  re t icu lum where the  enzyme is main ly  
located,  which is not  subs tan t i a l ly  inf luenced by  P B  
t r e a t m e n t ,  and  the  s mo o t h  endoplasmic  re t icu lum which 
is quan t i t a t i ve ly  augmen ted  af ter  phenoba rb i t a l  enzyme 
induct ion.  

Riassunto. Sono s ta te  s tud ia te  le var iazioni  di alcuni 
enzimi  microsomial i  del fegato di topi  t r a t t a t i  con feno- 
ba rb i t a l  in varie fasi della epa t i t e  da MHV-3. ~ s ta to  
osservato  che anche in fasi di avanza ta  ci tonecrosi  epat ica  
il t r a t t a m e n t o  con fenobarb i ta l  de t e rmina  ne t t i  inc rement i  
dei e i tocromo P-450, della N A D P H  ossidasi e della 
anil ina idrossilasi microsomiali .  Nelle stesse condizioni  
invece la glucosio-6-fosfatasi  mos t ra  un dec remen to  s is  
nei topi  controllo che negli infetti .  
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