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The ef fec t  of feeding r a t s  with la rge  doses  of v i t amin  A on the concentra t ion  of the polycycl ic  
hydrocarbon 7 ,12-dimethylbenz(a)anthracene  (DMBA) and its metabol i tes  in va r ious  organs  
and in the blood and a lso  on the r a t e  of me tabo l i sm  in the l iver  of ra t s  a f t e r  intravenous 
injection of  the ca rc inogen  were  studied. In hyperv i t aminos i s  A the quantity of DMBA and 
its metabol i t es  was found to be cons ide rab ly  reduced in al l  the organs  tes ted and in the 
blood. The r a t e  of DMBA m e t a b o l i s m  in the l iver  of the an imals  inc reased  with an inc rease  
in the dose of  v i t amin  A. 

KEY WORDS: hyperv i t aminos i s  A; 7 ,12-dimethylbenz(a)anthracene;  me tabo l i sm;  c a r c i n o -  
genesis  of  the m a m m a r y  gland. 

During the l a s t  decade the ant icarc inogenic  act ivi ty  of v i t amin  A has been studied in many countr ies .  It 
has been shown that  v i t amin  A has a prophylac t ic  act ion and, in some p recance rous  s t a tes ,  a therapeut ic  act ion 
a lso  in expe r imen ta l  an imals .  P r e l i m i n a r y  feeding with la rge  doses  of v i tamin  A p ro tec t s  an imals  aga ins t  
induction of c ance r  in them by var ious  chemica l  carc inogens  [2]. The ant icarc inogenic  act ion of v i t amin  A in 
such cases  may be due to modif icat ion of me tabo l i sm of hydrocarbons  in the body [9] and to a change in the 
level  of the ca rc inogen  or  of  its ca rc inogenic  metabol i te  in the t a rge t  organ.  Some worke r s  cons ider  that  the 
concentra t ion  of a ca rc inogen  in the t a rge t  o rgan  is an impor tan t  factor  for  the induction of t umors  by poly-  

cycl ic  hydrocarbons  [4]. 

The objec t  of  this invest igat ion was to study the concentra t ion of a ca rc inogen  and its metabol i tes  in c e r -  
ta in o rgans  and in the t a rge t  o rgan  during induction of m a m m a r y  gland cance r  in r a t s  rece iv ing  large  doses  of 

v i t amin  A. 
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Fig. 1. Concentrat ion of DMBA-3H and its metabolites in organs and blood of ra ts  
af ter  intravenous injection of 2 mg DMBA with an activity of 10 #Ci. A) Control 
r a t s ;  B) ra ts  receiving 150 ' 103 i.u. of vitamin A; C) rats  receiving 250 " 103 i.u. of 
vitamin A. 1) Liver ;  2) m a m m a r y  gland; 3) adrenals ;  4) blood. Here and in Figs. 
2 and 3: abscissa~ t ime of investigation (in h); ordinate,  radioactivi ty (in Figs. 1 
and 2 - in counts/rain o 105/g t issue o r / m l  blood; in Fig. 3 - DMBA-3H concentrat ion 
expressed in relat ive units). 
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Fig. 2. Concentration of DMBA-3H and its metabolites in lipids of rat liver after intravenous 
injection of 2 mg DMBA with activity of 10 pCi. 1) Control rats; 2) rats receiving 150 - 103 
i.u. of vitamin A daily for 3 days; 3) rats receiving 250 �9 10 a i.u. vitamin A daily for 5 days. 

Fig. 3. Concentration of DMBA-3H in rat liver after intravenous injection of 2 mg DMBA 
with activity of 10 pCi. Legend as in Fig. 2. 
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E X P E R I M E N T A L  M E T H O D  

Female  Wistar  ra ts  weighing 100-110 g were used. The animals of the control  group received 1.25 m[ 
co rn  oil daily for 5 days before receiving the carcinogen;  the animals of the two experimental  groups received 
vi tamin A acetate  per  os in a dose of 150 "103 i.u. daily for 3 days and 250 "103 i.u. daily for 5 days in 1.25 ml 
oil. 

A lipid emulsion containing 7,12-dimethylbenz(a)anthracene (DMBA) was injected into the caudal vein in 
a dose of 2 mg per animal. The concentrat ion of DMBA and its metabolites in different organs af ter  injection 
of the carcinogen was studied by means of  DMBA-3H (Radiochemical Centre,  Amersham,  specific radioactivi ty 
6.4 Ci/mmole),  which was injected along with the unlabeled carcinogen in a dose of 10 gCi per animal. The 
ra ts  were killed 10 rain and 2, 4, and 6 h af ter  the injection. Lipids were isolated by Folch 's  method [5]. The 
carc inogen and its metabolites were separated by th in- layer  chromatography [10]. The content of radioactivi ty 
in the samples was measured  on a liquid scintil lation spec t rometer .  

E X P E R I M E N T A L  R E S U L T S  

The dynamics of the concentrat ion of the carcinogen and its metabolites in the various organs  and blood 
is i l lustrated in Fig. 1. Radioactivity was maximal af ter  10 min in the liver,  followed (in diminishing order) by 
the adrenals ,  spleen, kidneys, blood, and m a m m a r y  gland. With the passage of t ime the radioact ivi ty decreased 
in all organs,  but remained maximal  i n t h e  mammary  gland after  1.5 h. In the animals with hypervi taminosis  A 
the radioactivi ty in all  the organs and in the blood was considerably lower than in the control  animals.  An 
increase  in the dose of vitamin A led to a decrease  in the content of label in all the organs.  

Measurement  of the radioact ive label of DMBA-3H in the various organs reflected not only the quantity of 
unchanged DMBA, but also the quantity of various products formed during metabol ism of the carcinogen (lipid- 
soluble products ,  water -so luble  products,  and also various complexes of the carcinogen or its metabolites with 
cell  receptors) .  Investigation of the quantity of radioactivi ty in the lipids showed that feeding the animals with 
vitamin A led to a dec rease  in l ipid-soluble metabolic products of DMBA, and in this case  the changes were 
found to depend on the content of vitamin A in the an imals '  diet (compare Figs. 1 and 2). 

With an increase  in the content of vitamin A in the an imals '  diet the rate  of metabol ism of the carcinogen 
increased (Fig. 3). 

Metabolism of polycyclic hydrocarbons is known to take place by means of a sys tem of mult ipurpose 
oxidases,  located mainly in the endoplasmic re t iculum of the liver cells of animals.  Polar  metabolites a re  
rapidly excreted with the urine or as conjugates with glucuronic and sulfuric acids they are  excreted with the 
bile into the a l imentary  t rac t  [8]. It has also been found that the formation of polar metabolites is direct ly 
dependent on the ra te  of metabol ism of the carcinogen [8]. 

Experiments  in vitro showed that vitamin A inhibits the binding of DMBA with macromolecules  of ra t  
liver mic rosomes  [6], and acce lera tes  the format ion of water -so luble  and re ta rds  the formation of l ipid-solu-  
ble metabolic products of the carcinogen [1]. 

Microsomal  enzymes of the l iver and target  organ a re  responsible  for detoxication of severa l  exog- 
enous xenobiotics, including carcinogens [3]. A reduction of carcinogenici ty  of this sor t  has been observed for 
aromat ic  amines and polycyclic hydrocarbons [11]. Huggins et al. [7] found that pre l iminary  administrat ion of 
small  quantities of polycyclic hydrocarbons to ra ts  reduced the frequency of appearance of m a m m a r y  gland 
tumors induced by DMBA. It was reported in 1968 [11] that intraperi toneal  injection of 5,6-benzoflavine 
inhibited the formation of tumors induced by 3-methylcholanthrene in the lungs of ra ts .  Later  these same 
workers  showed [12] that 5,6-benzoflavine is a powerful inducer of a ry l - ca rbon  hydroxylases in the liver,  lungs, 

and small  intestine of ra ts  and mice. 

It is possible that the protect ive effect of pre l iminary  process ing  of the inducers is par t ly  due to an 
inc rease  in the rate  of r emova l  of the carcinogen f rom the body. Wheatley [13] suggested that the increase  of 
tumor formation induced by DMBA in the m a m m a r y  gland observed under the influence of 2-diethylaminoethyl-  
2,2-diphenylvalerate hydrochloride,  an inhibitor of mic rosomal  enzymes,  is due to ra i s ing  of the carcinogen 
level in the target  organ. Dao et al. [4] consider  that the concentrat ions of the carcinogen in the target  organ 
is an important  factor  in the origin of a tumor.  

The presen t  investigation showed that the rate of metabol ism of the carcinogen in the animal ' s  l iver is 
increased in hypervi taminosis  A. The carcinogen is more  rapidly excreted f rom the body as polar m_etabolites 
and its concentrat ion in the target  organ is substantially reduced. 
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R E A C T I V I T Y  OF T H E  L I V E R  TO G L U C O C O R T I C O I D S  D U R I N G  

C H E M I C A L  H E P A T O C A R C I N O G E N E S I S  

V .  I .  M e c h i t o v ,  V. V. A d l e r ,  UDC 616.36-006.6-092:615.357.453 
a n d  V. S. S h a p o t *  

Liver  cells  during chemical  carc inogenesis  (3 ' -methyldimethylaminoazobenzene)  and cells  of 
p r i m a r y  hepatomas re ta in  the p roper ty  of react ing to par t ia l  hepatectomy by increased incor-  
porat ion of 3H-thymidine into DNA, just  as under normal  conditions this p rocess  is inhibited 
by dexamethasone.  The inducibility of tyros ine  amino t rans fe rase  (EC 2.6.1.5) l ikewise 
remained  unchanged, whereas induction of tryptophan pyr ro la se  (EC 1.13.11.11) in p r imary  
hepatomas was abolished. The adequacy of a model of chemical  carcinogenesis  of an organ 
if the heterogenei ty  of its cel l  populations is d is regarded  is discussed. 

KEY WORDS: dexamethasone;  hepatocarc inogenesis ;  enzymes ;  DNA. 

It is now widely recognized that among the p roper t i es  of neoplasms as a whole p r im a ry  and secondary  
proper t ies  must  be distinguished [2]. The p r i m a r y  p rope r t i e s ,  possessed  by both benign and malignant tumors ,  
include uncontrol led cel l  prol i fera t ion,  whereas  the secondary  p roper t i e s  include sys temic  action of the tumor 
on the host a r i s ing  in the course  of its p rog res s ion  and charac te r iz ing  only t issue which has undergone malig-  
nant change, ability to produce metas tases ,  ch romosomal  anomal ies ,  and absence of control  over  specific func- 
tions belonging to the homologous t issue.  It is evident that during the investigation of uncontrolled cel l  p ro-  
l i ferat ion cha rac t e r i s t i c  of a neoplasm attention must  be di rected to concre te  control  mechanisms.  The object  
of this investigation was to study the action of glucocort icoids ,  which inhibit DNA synthesis and cel l  division 
both in the l iver ,  in which they induce the synthesis  of var ious enzymes ,  notably ty ros ine  amino t rans fe rase  
(TAT) and tryptophan py r ro l a se  (TP), and in the t issues  in which they give a catabolic effect  ( lymphocytes,  
f ibroblas ts ,  etc.) [2, 11, 13]. It was hoped to elucidate changes in the regulat ion of DNA synthesis  and induction 
of enzyme synthezis  by glucoeort icoids  during chemical  carc inogenes is .  

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

Male Wistar  ra t s  weighing 150-250 g, kept on an ord inary  diet  or  on a spec ia l  diet including 3 ' -me thy l -  
dimethylaminoazobenzene (3'-MDAB) (diet No. 3 according to [9]), were  used. Animals with Zajdela asci tes  
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