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Pentobarbital-Induced Increase of Rat Liver Phosphoprotein Phosphatase 

Ear l i e r  pape r s  f rom th i s  l a b o r a t o r y  d e m o n s t r a t e d  
t h a t  phenoba rb i t a l1 ,  ~ and  ce r t a in  s teroids  wh ich  possess 
a res i s tence- increas ing  or ' c a t a t o x i c '  effect  (e.g. p regne-  
nolone-16c~-carbonitr i le  (PCN), SC-11927, a n d  e thy les t re -  
nol  (EE),  etc.), increase  t he  hepa t i c  level  of ex t r amic roso -  
ma l  p h o s p h o p r o t e i n  p h o s p h a t a s e  (PPP-ase )  b y  se lec t ive ly  
increas ing  t he  r a t e  of e n z y m e  synthes isa ,  4. B e t w e e n  t h e  
t e s t ed  s te ro ids  on ly  d e x a m e t h a s o n e  was inef fec t ive  in 
e l eva t ing  t he  level  of h e p a t i c  P P P - a s e  ~. Besides,  i t  was  
found  t h a t  t he  i n d u c t i o n  of P P P - a s e  was i n h i b i t e d  b y  
S K F  525-A, if g iven  40 ra in  before  t he  inducers  2-~. The  
l a t t e r  resu l t s  ra ised  t h e  ques t ion  of the  possible  re la t ion-  
ship  of P P P - a s e  i n d u c t i o n  w i t h  e n h a n c e d  a c t i v i t y  of 
mic rosomal  d r u g - m e t a b o l i z i n g  enzymes .  

P P P - a s e  is loca ted  in t h e  soluble  f r ac t ion  of l iver  cells ~. 
I t  ac ts  on  in t r ace l lu la r  p h o s p h o p r o t e i n s  b y  sp l i t t i ng  t h e  
h i g h  energy  p h o s p h a t e  l inks  ~. T he  l i be ra t ed  ene rgy  and  
p h o s p h a t e  could be  used for s y n t h e t i z i n g  ATP~ ,L  I t  is 
also n o t e w o r t h y  to  m e n t i o n  t h a t  P P P - a s e  m a y  ac t  on  
those  in t r ace l lu la r  p ro te ins  wh ich  are capab le  of ac t ing  as 
p h o s p h a t e  acc ep tors  for p r o t e i n  phos phok i na s e s  v. 

Since p h e n o b a r b i t a l  s t imu la t e s  t he  f o r m a t i o n  of micro-  
somal  d r u g - m e t a b o l i z i n g  enzymes  in t he  r a t  l iver,  as does 
p h e n o b a r b i t a l  s a n d  t he  ' c a t a t ox i c '  s teroids  ~, i t  was of 
i n t e r e s t  to  t e s t  p e n t o b a r b i t a l  as a p o t e n t i a l  inducer  of 
e x t r a m i c r o s o m a l  PPP-ase .  T he  resul t s  p r e sen t ed  here  
show t h a t  p e n t o b a r b i t a l  i nduced  an  increase  in P P P - a s e  
level  a l r eady  20 m i n  a f t e r  a single in jec t ion .  

Material and methods. Male ra t s  of  W i s t a r  s t r a in  (Vinca, 
Belgrade,  Yugos lav ia)  ave rag ing  100 g, m a i n t a i n e d  on 
corn  d ie t  (equal  p ropo r t i ons  of maize  and  oat)  and  t a p  
w a t e r  ad  l i b i t nm,  were used in t he  expe r imen t s .  

The  an ima l s  were d iv ided  in to  4 e x p e r i m e n t a l  groups.  
I n  t h e  1st g roup  t he  effect  of a single dose of p e n t o b a r b i t a l  
was examined .  I n  t h e  2nd group,  t he  effect  of d u r a t i o n  of 
p e n t o b a r b i t a l  t r e a t m e n t  on  t he  e n z y m e  a c t i v i t y  was 

tes ted .  In  t he  3rd group, t he  effect  of d i f fe ren t  da i ly  doses 
of p e n t o b a r b i t a l  was examined .  I n  t he  4 th  g roup  of ani-  
mals,  t he  effect  of s i m u l t a n e o u s  a d m i n i s t r a t i o n  of pen to -  
b a r b i t a l  w i t h  S K F  525-A or cyc lohex imide  on basa l  and  
induced  e n z y m e  level  was examined .  

P e n t o b a r b i t a l  was in jec ted  i.p. in  da i ly  doses of 2 mg  or 
4 rag/100 g b o d y  wt.  S K F  525-A was a d m i n i s t e r e d  pe r  os, 
40 min  before  p e n t o b a r b i t a l ,  in da i ly  doses of 2.5 rag/100 g 
b o d y  wt.  Cyc lohex imide  was g iven  i.p. in  a dose of 100#g/  
100 g b o d y  wt.  Cont ro l  an ima l s  rece ived  a n  e q u i v a l e n t  vo- 
lume  of phys io logica l  saline.  

All t he  an ima l s  were kil led b y  d e c a p i t a t i o n  be tween  
08.00 and  09.00 h. Samples  of whole  l iver  h o m o g e n a t e  
were t a k e n  for d e t e r m i n a t i o n  of P P P - a s e  ac t iv i ty .  The  
e n z y m e  a c t i v i t y  was d e t e r m i n e d  accord ing  to  t he  m e t h o d  
of FEINSTEIN and  VOLK 10 a n d  expressed  in #g  of phos-  
p h o r u s  l i be ra t ed  f rom casein per  g of wet  l iver  t issue.  

Results and discussion. Figure  1 shows t h a t  a single dose 
of p e n t o b a r b i t a l  (4 rag/100 g body  wt.) a l r eady  a f t e r  20 
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Fig. 1. Course of phosphoprotein phosphatase induction after a 
single pentobarbital injection. Arrows indicate pentobarbital injec- 
tions. Each point represents the mean of 7 rats. 
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Fig. 2. Enhanced rate of phosphoprotein phosphatase activity after 
different daily doses of pentobarbital. Arrows indicate pentobarbital 
injections, and points the mean of 7 rats. 
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No. of Pentobarbital injections 

Controls 1 3 5 10 20 30 

No of experimental 7 7 7 7 7 7 7 
animals in groups 

M ~ SD 135 -4- 17.30 ~ 172 • 35.61 190 -c 5.95 233 4- 32.96 189 -c 31.06 222 • 28.91 203 4- 28.87 

of Controls - -  + 27.3 + 40.8 + 73 + 40 + 64.5 + 50.4 

p-value -- 0.05 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Enzym activity as ,ag P/g liver wet weight/15 min. 

min  p roduced  measurab le  changes  in the  ac t iv i ty  of r a t  
l iver PPP-ase .  This  effect  las ted for t he  n e x t  24 h. In  the  
case of r epea t ed  admin i s t r a t i on  of p e n t o b a r b i t a l  (Table), 
the  m a x i m a l  response  was ob ta ined  af ter  5 days  of t rea t -  
m e n t  wi th  the  drug. 

These resul ts  and  the  resul ts  ob ta ined  earlier wi th  phe-  
nobarb i t a l  2 show t h a t  t he  p a t t e r n  oi P P P - a s e  induc t ion  is 
ve ry  s imilar  to the  induc t ion  process  of microsomal  drug- 
metabol iz ing  enzymes  11. A p la teau  of ac t iv i ty  in b o t h  in- 
duc t ion  processes was reached  a l te r  5 days  of t r e a t m e n t  
w i th  the  drugs.  I t  seems t h a t  a t  t h a t  t ime  a repressor  (or 
repressors) appears ,  which  inh ib i t s  a fu r the r  increase in 
ex t r amic rosomal  P P P - a s e  ac t iv i ty ,  as well as in the  acti-  
v i t y  of microsomal  d rug-metabo l i z ing  enzymes  sys t em *~. 

The ra te  of induc t ion  and  the  m a g n i t u d e  of response  
were  found  to  be d e p e n d e n t  on dai ly  doses of pen toba r -  
b i ta l  (Figure 2). W i t h  m a x i m a l  doses of p e n t o b a r b i t a l  
(4 mg/100 g b o d y  wt.  per  day), a p la teau  of ac t iv i ty  was 
reached  a f te r  5 dai ly  inject ions.  Lower  doses (2 mg/100 g 
body  wt.) p rovoked  also a p la teau  of ac t iv i ty  af ter  5 dai ly 
in jec t ions  bu t  of lower i n t ens i ty  (Figure 2). 

Cycloheximide,  a t  a concen t ra t ion  inh ib i t ing  p ro te in  
syn thes i s  in m a m m a l i a n  cells 1=, abol ished induc t ion  by  
the  p e n t o b a r b i t a l  (Figure 3). These resul ts  lend suppor t  
to  the  conclusion t h a t  enhanced  de novo synthes is  of P P P -  
ase molecules underl ies  t he  ac t ion  of the  drug. 

W h e n  the  me tabo l i sm  of the  drug  was b locked by  
s imul taneous  admin i s t r a t i on  of S K F  525-A, no de tec tab le  

changes  were regis tered in the  liver P P P - a s e  ac t iv i ty .  The 
enzyme ac t iv i ty  r emained  at  the  cont ro l  level (Figure 3). 
According to these  results,  i t  is reasonable  to suppose  t h a t  
the  induc t ion  of P P P - a s e  migh t  be s t imu la t ed  by  pen to-  
ba rb i t a l  or by  some of its metabol i tes ,  or by  both.  

Whi le  these  d a t a  suggest  t h a t  pen toba rb i t a l ,  or some of 
its metabol i tes ,  m a y  s t imula te  the  induc t ion  of PPP-ase ,  
t h e y  also raise o the r  quest ions.  Fi rs t ,  w h a t  is t he  me- 
chan i sm t h ro u g h  which  the  drug  effects  t he  induc t ion  of 
P P P - a s e  ? And  second, w h a t  is the  s ignif icance of an in- 
duc t ion  of ex t r amic rosomal  P P P - a s e  by  p en t o b a rb i t a l  
and o the r  enzyme inducers  ? As to  the  f i rs t  quest ion,  t he  
drug  m a y  induce the  increase in P P P - a s e  level by  ac t ing  
d i rec t ly  a t  the  level of l iver cells. The expe r imen t s  w i th  
S K F  525-A par t ia l ly  suppor t  this  possibi l i ty.  However ,  it  
is qui te  possible  t h a t  the  increase in the  P P P - a s e  level m a y  
be secondary  to  some endocr ine  changes  p rovoked  by  pen-  
toba rb i t a l  t r e a t m e n t .  The answer  to  the  second ques t ion  
at  t he  m o m e n t  m a y  be of a specula t ive  na tu re  only. S tar t -  
ing f rom the  k n o w n  facts  t h a t  P P P - a s e  acts  on in t ra-  
cellular prote ins ,  especial ly those  capable  of ac t ing  as 
p h o s p h a t e  acceptors  for p ro te in  phosphok inase  6, 7 and  t h a t  
l ibera ted  energy  and p h o s p h a t e  could be used for syn-  
the t i z ing  A T P  6, 7, i t  is possible  to  suppose  a r egu la to ry  role 
in the  syn thes i s  of some coenzymes  and  in the  ac t iva t ion  
of some apoenzymes  t h a t  pa r t i c ipa te  in t he  metabo l ic  
t r ans fo rma t ions  of the  drugs and s teroids  a t  the  level of 
l iver cells. 
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Fig. 3. Inhibition of the pentobarbitai-induced phopshoprotein 
phosphatase activity by simultaneous administration of SKF 525-A 
and cycIoheximide. Cycloheximide (100 Dg/100 g body wt.) was given 
simultaneous with pentobartital (4 mg/100 g body wt.) and SKF 
525-A (2.5 mg/100 g body wt.) 40 rain before pentobarbitai. The 
animals were sacrificed 20 min after the pentobarbital injection. 
Each column represents the mean of 5 rats. 

Rdsumd. Le p en t o b a rb i t a l  p rovoque  un accro issement  
i m p o r t a n t  de l 'ac t iv i t6  de la p h o s p h o p r o t e i n - p h o s p h a t a s e  
ex t ramicrosomia le  du foie du rat .  L ' acc ro i s semen t  de 
l ' ac t iv i t6  de l ' enzyme se p ro d u i t  dej~ 20 rain apr~s Fad- 
min i s t r a t ion  du m6d icamen t  ( + 4 0 % )  e t d u r e  a u t a n t  que 
le t r a i t e m e n t  ( + 5 0 - 7 0 % ) .  Le niveau de l ' i nduc t ion  d6- 
pend  de la dose du pen tobarb i t a l .  L ' i nduc t i on  est  bloqu6e 
par  l ' admin i s t r a t i on  s imul tan6e du cyc loheximide  on du 
S K F  525-A. 
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