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A single injection of N - m e t h y l - N - n i t r o s o u r e a  (80 m g / k g )  into mice  with a hepatoma causes  
injury to the pr inc ipa l  components  of the p ro te in -syn thes iz ing  s y s t e m  (the po ly r ibosomal  c o m -  
plex and soluble f a c t o r s  of the cel l  juice) in the l i ve r  ce l l s  ( revers ib le  changes) and in ce l l s  
of hepatoma 22a ( i r r eve r s ib l e  changes).  The r e su l t s  a r e  conf i rmed by expe r imen t s  in v i t ro  
on a c e l l - f r e e  p ro te in -syn thes iz ing  sys t em.  

Despi te  the :successful  c l inical  use  of N - a l k y l - N - n i t r o s o u r e a  and the r e su l t s  of invest igat ions into the 
m e c h a n i s m  of the i r  an t i tumor  action, the causes  of the se lec t iv i ty  of act ion of these compoflnds on dividing 
ce l l s  have not yet  been d i scovered  [5, 10]. 

The effect  of N - m e t h y l - N - n i t r o s o u r e a  0VINU), which has mutagenic ,  carc inogenic ,  and an t i tumor  ac -  
t iv i ty  [2, 4, 7, 8], on the p ro te in - syn thes iz ing  sy s t em was studied in l i v e r  ce l l s  of adult  mice  and on ce l l s  of 
hepatoma 22a. 

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

Male C3HA m i c e  of three  g roups  were  used in the investigation: healthy newborn (1 week) and adult 
an ima l s  (weighing 20-22 g) and an ima l s  with hepatoma 22a on the 12th-13th day a f t e r  inoculation [3]. MNU 
in 0.9% NaC1 solution was injected in t raper i tonea l ly  in doses  of 20-80 m g / k g .  These  doses  a r e  close to the 
therapeut ic  level  (LD~0= 138 m g / k g ,  max ima l  p e r m i s s i b l e  dose 100 m g / k g ) .  Incorpora t ion  of leuc ine-C ~4 
(8-10 #Ci) into total  p ro te ins  of the l i ve r  and hepatoma t i s sue  homogenate  and into complete  polypepttde 
chains of po lysomes  (mice decapi tated 15 rain a f t e r  in t raper i tonea l  injection of the isotope) and in growing 
polypept ides  (decapitation 5 min  a f t e r  injection) was de te rmined  [1]. Sedimentat ion analys is  of the polyso-  
r e a l - r i b o s o m a l  m a t e r i a l  was c a r r i e d  out in a sucrose  densi ty gradient  with low and high ionic s t rength.  

Expe r imen t s  in vi tro.  MNU was injected into the an ima l s  in a dose of 80 m g / k g ,  and they were  killed 
1, 19, and 48 h la ter .  Samples  of a c e l l - f r e e  s y s t e m  (0.1 ml) contained the following components  [6, 9]: 1 
m m o l e  ATP,  0.1 m m o l e  GTP, 0.6 m m o l e  CTP, 7 mmole  mercaptoe thanol ,  10 mmole  c rea t ine  phosphate,  
0.16 m g / m l  c rea t ine  phosphokinase,  60 m m o l e  t r i s - H C l ,  pH 7.6, 55 mmole  KC1, 55 m m o l e  NH4C1 , 5 mmole  
MgC12, a mix tu re  of unlabeled L-amino  acid (without valine,  leucine, lysine,  and phenylalanine) in concen t ra -  
t ions of 0.04 mmole  each, and of C 14 amino  acids  (valine, lysine,  leucine, and phenylalanine) with ac t iv i t ies  
of 0.3 #Ci  each, and 30/~1 of the 15S or 30S fract ion.  The content of po lysomes  and 150S pro te in  in the ex-  
p e r i m e n t s  with the recons t i tu ted  c e l l - f r e e  s y s t e m  var ied .  Samples  were  incubated for  30-45 rain at  37~ 
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Fig. 1. Inhibition of protein synthesis (in vivo) in 

l i ve r  and hepatoma cel ls  depending on dose and t ime 
of act ion of MNU. MNU injected in t raper i tonea l ly  in- 
to an imals  (5-7 in a group) followed by leucine-C ~4 
a f t e r  specif ied t ime  in te rva l s  (growing polypeptides 
labeled in 5 rain, total pro te ins  in 15 rain): a, b) effect  
of different  does of MNU given as  a single injection 1 
and 19 h before  injection of leucine-C 14 on incorpora -  
t ion into total  prote in  (1) and incorporat ion into g row-  
ing polypept ides  (2) of l i v e r  (a) and hepatoma (b); c) 
degree  of inhibition of pro te in  synthes is  in l i ve r  (1) and 
hepa toma ce l l s  (2) as  a function of t ime  of act ion of 
MNU (80 m g / k g ) .  Mean values  of five de te rmina t ions  
given. 
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Fig.  2. Act ivi ty  of unfract ionated p ro te in - syn thes iz ing  ce l l -  
f r ee  s y s t e m  of hepatoma (a, b) and l ive r  (c) of mice  t r ea t ed  
with MNU." a, c) 15S supernatant  (10 rain at  15,000 g); b) 30S 
supernatant  (1 rain a t  30,000 g). Kinet ics  of incorpora t ion  of 
C 14 amino ac ids  e x p r e s s e d  in pulses  [min] A260 unit: 1) con- 
trol ;  2) 1 h, 3) 19 h, 4) 48 h a f t e r  injection of MNU (80 m g / k g ) .  

The reac t ion  was  stopped by the addition of 0.1 N KOH solution and the s amples  incubated for  20 rain at 37~ 
and 20 h a t  5~ Acid-so luble  label  was r emoved  by washing on mi l l ipore  f i l t e r s .  Samples  (0.1 ml) fo r  de-  
t e rmina t ion  of the accep tor  act ivi ty  of tRNA contained 3 mmole  ATP,  50 m m o l e  t r is -HC1,  pH 7.6, 55 re_mole 
KC1, 50 m m o l e  NtI4C1 , 5 mmole  MgC12, and 0.375p Ci C 1~ amino acids .  After  incubation for  15 rain at  37~ 
2 ml  of i ce -co ld  5% TCA containing 0.1% of unlabeled amino acid was added, and 30 rain l a t e r  the s a m p l e s  
were  washed in mi l l ipore  f i l t e r s  with 5% TCA and ethanol. 

The concent ra t ions  of po lysomes  and tRNA were  de te rmined  spec t ropho tomet r i ca l ly  [61 9]. The con- 
cent ra t ion  of 15S pro te in  was  e x p r e s s e d  in optical  units  pe r  ml  and calcula ted by the formula:  (A2e 0 - A280) 
• dilution. The concentra t ion of 150S pro te in  was e x p r e s s e d  in mg p r o t e i n / m l  and calculated by  the fo r -  
mula: {A280 - 0.5 xA260) • 1.5 • dilution. Radioact ivi ty  was de te rmined  by a scint i l la t ion counter  (Mark II, 
Nuc lea r  Chicago, USA), us ing mi l l ipore  f i l t e r s  of AUFS, RUFS, and HUFS (Chemopol, Czechoslovakia)  types 
and a P P O - P O P O P  toluene sys tem.  All the s amp le s  fo r  compar i son  contained identical  quanti t ies of protein.  
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E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

A single injection of var ious  doses  of MNU into healthy animals  and animals  with tumors  caused the 
absolute ra te  of prote in  synthesis  in the exper iments  in vivo in the l iver  and hepatorna cells  to be r e d u c e d  
by 50-60% af te r  1 h, but in the l iver  cel ls  the ra te  of prote in  synthesis  re turned  to its initial level  a f t e r  15- 
24 h while in the hepatoma cel ls  it s t i l l  remained low (Fig. 1). 

Analysis  of the po lysomal - r ibosomal  ma te r i a l  in a sucrose  density gradient  showed that by the action 
of MNU the re la t ive  number  of 80S- and 105S-part icles  and of r ibosomes  capable of dissociat ing into 60S- 
and 40S-subunits in a medium of high ionic s t rength  was increased .  This effect  was found in both types of 
cells,  but in the l iver  a f t e r  19 h it was complete ly  r eve r s ib le  while in the hepatoma its effect  increased  with 
t ime. 

In the exper iments  in vi t ro  on ce l l - f r ee  sys tems  of prote in  synthesis  the functional act ivi ty of the 
"coa r se"  sys tem (postmitochondrial  or pos tmic rosomal  supernatant  + n e c e s s a r y  additives) was reduced af- 
t e r  a single injection of MNU, but a f t e r  19 h the act ivi ty of the l ive r  sys tem was prac t ica l ly  complete ly  r e -  
s tored although the hepatoma activity continued to fail, and by 48 h it was only 5-10% of the control  (Fig. 2). 

Special exper iments  with the reconst i tu ted sys tem showed that during the action of MNU both poly- 
somes and components  of the cel l  juice, but not tRNA, are  damaged in the hepatoma cel ls .  

Af ter  a single injection of MNU into mice with hepatoma the pr incipal  components of the p ro te in - syn-  
thesizing sys tem in the cei ls  of the l i ve r  ( revers ib le  changes) and in the cei ls  of hepatoma 22a ( i r revers ib le  
changes) a re  thus damaged. 
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