
be determined not only by the total quantity of cholesterol, but also by the quantity of ATP and of coenzyme A. 
This hypothesis was confirmed by measuring ACAT activity in different parts of the human aorta in the intima, 
media, and adventitia, using palmityl-[14C]-CoALs the substrate. As Table 1 shows, ACAT activity in the human 
aorta, when labeled cholesterol was given, did not exceed 27 pmoles/mg protein, h, or 27 conventional Units 
(e.u.). When labeled palmityl-CoA was used, ACAT activity was sharply "increased" and ranged from 250 to 
400 c.u. in different parts of the intima, from 300 to 880 c.u. in the media, and between i00 and 970 c.u. in the 
adventitia. In parallel experiments, in the same areas activity of the enzyme hydrolyzing cholesterol esters 
was determined, using cholesteryl-palmitate as the substrate. The hydrolyzing activity varied from 1 to 3 
c.u. in the intima, from 1.4 to 3.6 c.u. in the media, and from 2.0 to 4.6 c.u. in the adventitia. All the data 
given above relate to the adult human aorta. The aortas of children had appreciably higher ACAT activity than 
those of adults, although activity of cholesterol esterase in this case showed little change (Table 3). 

The approach to the study of the role of enzymes synthesizing and hydrolyzing cholesterol esters in the 
processes of atherogenesis by seeking factors activating or inhibiting these enzymes, but without allowing for 
the whole range or, at least, the principal components which determine enzymic activity at a given moment, in 
the given area of the vessel wall, is thus technically incorrect. 
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M E C H A N I S M  OF M E T H Y L A T I O N  OF DNA BASES  

BY S Y M M E T R I C A L  D I M E T H Y L H Y D R A Z I N E  

A. Ya .  L i k h a c h e v ,  A. S. P e t r o v ,  
L .  G. P " r v a n o v a ,  and  K. M. P o z h a r i s s k i i  

UDC 615.277.4.015.42:612.398.145.1 

The effect of disulfiram on alkylation of the purine bases of DNA in the l iver and intestine of 
rats was studied during the action of 1,2-dimethylhydrazine-3H (DMH). Pre l iminary adminis- 
tration of disulfiram, which inhibits N-oxidation of DMIt, prevents methylation of the guanine 
of DNA. Under these circumstances,  however, radioactivity is incorporated into normal (non- 
methylated) purine bases in the course of their synthesis. The absence of methylation of DNA 
during the action of disulfiram is evidence that it is alkylated by the carbonium ion and not by 
the methyl radical. 

KEY WORDS: metabolism of 1,2-dimethylhydrazine; disulfiram; alkylation of DNA. 

1,2-Dimethylhydrazine (DMH), which selectively induces intestinal neoplas ms [3 ], leads to methylation 
of DNA in various tissues [1, 8, 12]. DMH metabolism begins with its dehydrogenation to azomethane [4]. The 
conversion of azomethane can take place either through N-oxidation with the formation of methylazoxymethane 
or by a-C-hydroxylation with conversion into methylazomethanol. In the f i rs t  case, as a result  of the decom- 
position of methylazoxymethanol a carbonium ion (CI.I3 +) is formed, whereas in the second case it would be ex- 
pected that a methyl radical (C'H 3) wouldbe formed as a result  of the homolytic breakdown of methyldiimine. 
However, these terminal particles,  which differ in their chemical nature and reactivity, can interact differently 

N. N. Petrov Research Institute of Oncology, Ministry of Health of the USSR, Leningrad. (Presented by 
Academician of the Academy of Medical Sciences of the USSR L. M. Shabad.) Translated from Byulleten T 
l~ksperimental'noi Biologii i Meditsiny, Vol. 86, No. 12, pp. 679-681, December, 1978. Original art icle sub- 
mitted May 10, 1978. 
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Fig. 1. Rad ioch roma tog ram on Sephadex G-10 column of hydro lysa te  of DNA f r o m  mucous m e m -  
b rane  of r a t  l a rge  intestine:  a) group 1; b) group 2; c) group 3. Broken line r e p r e s e n t s  r ad ioac -  
t ivi ty (in cpm/ f r ac t i on ) ,  continuous line optical  densi ty (E260). P.o.) Pyr imid ine  oligonucleotides;  
1-meA) 1-methyladenine;  3-meA) 3-methyladenine;  7-meA) 7-methyladenine;  3-meG) 3 - m e t h y l -  
guanine; 7-meG) 7-methylguanine;  G) guanine; A) adenine; O6-meG) O6-methylguanine.  

with b iopo lymer s .  I t h a s b e e n  suggested that the carc inogenic  act ion of DMH is due to methylat ion of i n fo rma-  
tion m a c r o m o l e c u l e s  with the ca rbonium ion only [4]. 

I t  has r ecen t ly  been shown that d i su l f i r am,  which comple te ly  p reven ts  the carc inogenic  effect  of DMH 
[13], blocks the N-oxidat ion of azomethane  [6], so that it is imposs ib le  for  the carbonium ion to be fo rmed  [4, 
5, 14]. 

The facts  desc r ibed  above, toge ther  with theore t ica l  assumpt ions ,  enable the mechan i sm of methylat ion 
of DNA by D1V[H metabol i tes  to be studied by using the abi l i ty of d i su l f i ram to block penet ra t ion  of the ea rb o -  
nium ion. 

EXPERIMENTAL METHOD 

Experiments were carried out on 15 noninbred male rats. For 8 days 5 rats (group i) were given di- 
sulfiram (Teturam) in sunflower oil in a dose of 5 g/kg body weight daily through a tube. Four hours after the 
l a s t  in t roduct ion of d i su l f i r am the r a t s  were  given a subcutaneous inject ion of a neut ra l  solution of t r i t i a ted  
DMH- 2HC1 (specific act iv i ty  14.2 m C i / m m o l e )  in a dose of 3 mCi /kg .  The dose of the label  was adjusted to 
21 mg/kg ,  calcula ted as base ,  by the addition of unlabeled DM}t. Fou r  hours  a f t e r  injection of the D M H J H  
a fu r the r  dose of su l f i r am was given, suff icient  to comple te ly  p reven t  N-oxidat ion of the carcinogen.  Another 
5 ra t s  (group 2) r ece ived  a subcutaneous inject ion of [3H]-DMItwhereas the remain ing  5 an imals  (group 3) r e -  
ceived [3H]-H20 in the s a m e  dose,  without any p r e l i m i n a r y p r e c e d u r e s .  

The ra t s  we re  kil led by ce rv i ca l  dis locat ion 9 h a f te r  rece iv ing  the labeled DMH or  wate r ,  and the l i ve r  
and mucous m e m b r a n e  of the l a rge  intest ine were  f rozen  in liquid ni trogen.  DNA was ext racted f r o m  the 
t i s sues  by the phenol method. The purine bases  we re  sepa ra ted  ch romatograph ica l ly  in a Sephadex G-10 co l -  
umn and the i r  rad ioac t iv i ty  de te rmined  in a Mark  II scint i l la t ion counter  (Nuclear  Chicago, USA) by the method 
of Margison et al. [10, 11]. 

EXPERIMENTAL RESULTS 

As Table 1 shows, the 7-methylguanine level in DNA of the mucous membrane of the large intestine of 
the animals receiving DMH (group 2) was only one-fifth of that in the liver DNA. Meanwhile the O6-methyl - 
guanine level in the liver DNA was only twice as high as in the DNA of the large intestine. As a result the 
O6-methylguanine: 7-methylguanine ratio in the DNA of the large intestine was twice as high. By contrast with 
these observations, in the rats receiving disulfiram before DMH (group i), no alkylation of purine took place. 

The chromatogram of the purine bases of DNA in the mucous membrane of the large intestine of the rats 
demonstrated absence of alkylated purine in animals receiving sulfiram before injection of DMH and also in 
animals receiving labeled water only. However, by contrast with the rats of group 3, intensive incorporation 
of radioactivity into adenine and guanine was observed in the rats of group 1 (Fig. i). 
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TABLE 1. Levels  of 7-Methylguanine and O6-Methylguanine in 
DNA of L iver  and Mucous Membrane of Large  Intestine of Rats 
Receiving DMH 

Experimental eondRiom Organ 

Administration of disulfiram Liver 
andDMH (group I) I Large intestine 

Administration 0fDMH', I Liver 
(group 2) I Large intestine 

Quantity of methylated 
I guanine, epm/~ mole 

I 7-in.ethyl- ~ -  
! guanine I guanine " 

Ratio 0 6- 
methyl- 
guamne: 
7-me.thyl- 
guamne 

0 
0 

3237 
664 

0 
0 

355 
141 

m 

m 

0,I1 
0.21 

The resu l t s  indicate that the ra t io  OLmethylguanine : 7-methylguanine in DNA of the mucous membrane  
of the la rge  intestine,  an organ with affinity for  DMH, 9 h a f te r  injection of DMH was increased  a lmost  four -  
fold compared  with its value 3 h a f te r  adminis t ra t ion of this carcinogen [1]. These  resu l t s  thus agree  with 
the view that the format ion  of O6-methylguanine l ies at the basis  of the carcinogenic action of alkylating com-  
pounds, for  pe r s i s t ence  of this "promutagenic"  base  in the DNA molecule inc reases  the likelihood of non- 
complementa ry  base pair ing during DNA repl ica t ion  [7, 9, 11]. 

Incorporat ion of radioact ivi ty  into normal  (nonmethylated) purine bases  of ra ts  with blocked N-oxidation, 
i . e . ,  in animals  receiving disul f i ram before  adminis t ra t ion of DMH, indicates that the methyl  group of DMH 
is used in the i r  synthesis .  Radioactive label was evidently incorporated into adenine and guanine f rom the 
fo rma te  fo rmed  f rom formaldehyde e i ther  as a resu l t  of he tero lys is  of methylazomethanol  into methyldiimine 
or  by fu r the r  oxidation of the la t te r  compound. The control  exper iments ,  in which no label was incorpora ted  
e i ther  into adenine o r  into guanine a f t e r  adminis t ra t ion  of labeled water  to the ra ts ,  conf i rmed this conclusion. 

In the ra ts  which rece ived  d isu l f i ram as well as DMH, incorporat ion of radioact ivi ty  into the pur ine  
bases  in the cou r se  of the i r  synthesis  was much more  intensive than in animals receiving DMH alone (Fig. 1). 
This could indicate slowing of the total  destruct ion of DMH under these conditions and the g r ea t e r  degree  of 
uti l ization of the formaldehyde formed in the course  of its metabol i sm in purine synthesis ,  as is conf i rmed by 
the considerable  reduct ion in CO 2 format ion  during such exper iments  [6 ]. 

As was observed  previous ly  [4], DMH metabol ism,  proceeding through ~-C-hydroxyla t ion ,  p r ede t e rmines  
the format ion  of a methyl radical .  In the exper iments  with disulf i ram,  ruling out the possibi l i ty  of N-oxidation 
of DMId metabol i tes ,  a methyl  radical  is evidently formed,  but methylat ion of the purine bases  of DNA does 
not take place under  these  c i r cumstances .  The investigations thus demons t ra te  that only the carbonium ion 
has a methylating effect  on DNA bases.  
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