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After  a single injection of the alkylating agent dipin into rats  in a dose of 15 mg/kg,  fol-  
lowed by delayed intensive induction of cytochrome P450 in the endoplasmic ret iculum of 
rat hepatoeytes produced by phenobarbital,  the level of inductive synthesis of the enzyme 
was reduced. The effect of the chemical  mutagen on inductive synthesis  of cy tochrome 
could be demonstrated for  seven days. 

Sufficient facts have now been accumulated to show the inducing action of phenobarbital (PB) on the 
synthesis of cy tochrome P450 [13], a key enzyme of the NADP.H2-dependent detoxicating sys tem Of the endo- 
plasmic ret iculum {ER) of rat hepatocytes [2]. It has also been shown that the induction of enzymes by the 
action of PB is connected basical ly  with the i r  synthesis de novo [12]. Some workers  hold the view that PB 
is a combined inducer and dep res so r  of the genome [11, 14]. 

It was therefore  interest ing to investigate the action of a chemical  mutagen on the inductive synthesis  
of cy tochrome P450 in the ER with the aid of PB. 

Despite many investigations of the effects of ionizing radiation on inductive enzyme synthesis  [5, 6, 
7, 15], the present  investigation is of grea t  theore t ica l  importance because the biological effect of radiation 
is not identical with the action of chemical  mutagens,  including the so-ca l led  radiomimet ics .  In the present  
case the late effects of a smal l  dose of chemical  mutagen were studied, unlike in most  other  investigations 
when the action of relat ively large doses of radiation on enzyme synthesis was examined [3, 16]. 

E X P E R I M E N T A L  M E T H O D  

Noninbred male rats weighing 150-170 g were used. Dipin (tetraethylenimide of piperazinediphos-  
phoric acid) [4], in a dose of 15 mg/kg,  was injected once into the animals,  while PB, as the soluble sodium 
salt (Merck) was injected four t imes in doses of 60 mg/kg  at intervals of 24 h. The substances were dis-  
solved in distilled water  and injected intraperi toneally.  

The rats  were killed by decapitation. The l iver was perfused with 0.25 M sucrose  solution through 
the infer ior  vena cava and then extirpated, weighed, and homogenized in 0.25 M sucrose  solution in the ratio 
of 1 : 3. The homogenate was centrifuged at 9,000 g for  15 rain on a high speed 18 MSE centrifuge at 4~ 
to sediment mitochondria  and nuclei. The content of cy tochrome in the mic rosoma l  faction of the homo-  
genate was determined with the SF-10 spect rophotometer  [1]. The difference between the optical density 
at the maximum at 450 nm and the minimum at 490 nm, calculated per  m i c r o g r a m  phosphorus of DNA per  
g ram t issue,  was used as the index of the cytochrome P450 content, expressed in conventional units: 
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Fig.  1. Concentrat ion of cy tochrome 
1)450 under  different  expe r imen ta l  
conditions: a) phenobarbi ta l -Na;  
b) dipin; c) d ip in+phenobarb i ta l -  
Na; d) control .  

E X 1 ) E R I M E N T A L  R E S U L T S  

After  four  injections of 1)B into the an imals  the re  was a 
m a r k e d  inc rease  in the cy tochrome 1)45 o level ,  and 24 h a f t e r  
the las t  injection of the inducer  the cy tochrome concentra t ion 
in ER of the hepatocytes  was 4.6 t imes  higher  than in the control .  
During the next two days the cy tochrome concentra t ion reached 
its  max imum.  The dynamics  of the cy tochrome concentra t ion 
followed a gradual ly  falling fluctuating curve .  On the sixth day 
a f t e r  injection of laB the cy tochrome concentrat ion ER of the 
hepatocytes  was indistinguishable f rom the control  (Fig. la) .  

During investigation of the effect  of dipin on adaptive syn-  
thes i s  of cy tochrome t)450 in the ER of the hepatocytes  fo r  seven 

days,  the cy tochrome level  was found to be indist inguishable f r o m  that of the cor responding  control  (Fig. lb). 
Consider ing that p rac t i ca l ly  all  of the dipin and its metabol i tes  is excre ted  in about t h ree  days [10], the 
combined action of dipin and PB was t e s t ed  a f t e r  an in te rva l  of seven days in o rde r  to prevent  any poss ib le  
chemica l  in teract ion between them.  

Af ter  a single injection of dipin into the an imals  followed by injection of 1)B a f t e r  seven days,  a sharp  
dec r ea se  in the cy tochrome P450 concentrat ion in the ER m e m b r a n e s  was obse rved  compared  with its level  
a f t e r  PB alone (Fig. lc ) .  On the second and th i rd  days a f t e r  the last  injection of PB the cy tochrome concen-  
t ra t ion  of the l ive r  was p rac t i ca l ly  halved. On the whole, the curve  of inductive cy tochrome synthes is  in 
an imals  receiving the mutagen was a lmos t  the m i r r o r  image of the curve  of inductive synthes is  of the en-  
zyme in the intact an imals .  The curves  of inductive synthes is  of cy tochrome,  the cy tochrome level  in the 
an imals  receiving dipin, and the cy tochrome concentra t ion in the ra ts  receiving dipin and 1)B were  indis-  
t inguishable f rom the control  on the sixth day of investigation.  

The late a f te ref fec t  of a smal l  dose of a chemica l  mutagen can thus lead to a reduc t ion  in the induci- 
bil i ty of an enzyme despi te  its intensive s t imulat ion.  These  facts  concur  with o thers  obtained by one of the 
w r i t e r s  [9] in re la t ion to inhibition of r egenera t ive  pro l i fe ra t ion  in the ra t  l ive r  a f t e r  pa r t i a l  hepatee tomy 
if the animal,  t r e a t e d  with a noncytostat ic  dose of the mutagen,  was exposed to s t imulat ion with PB. An 
unequivocal effect also was obse rved  when the t ime  in terva l  between the mutagenic  and inducing action was 
90 days [8]. 

The dec r ea s e  in the inductive synthesis  of cy tochrome 1)450 obse rved  in this investigation in an imals  
rece iv ing  a single therapeut ic  dose of dipin seven days before  induction was probably  connected with changes 
in the genetic appara tus  of the l ive r  cei ls .  The exis tence of genetic in jur ies  induced by mutagens  and func-  
t ional  in c h a r a c t e r  can be postulated.  
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