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In albino ra t s  exposure  for  long per iods  to 3 ,4 -benzpyrene  alone or in conjuct ion with sulfur  
dioxide leads to a dec rea se  in the concen t ra t ions  of th iamine  and r ibof lavin  in the l i ve r  and 
b r a i n  and to an i n c r e a s e  in the e x e r e t i o n o f v i t a m i n s , B  1, B 2, PP,  and C in the ur ine .  

The supply of v i t amins  to the body is reduced in the p r e s e n c e  of mal ignant  neop lasms  and dur ing ex-  
posure  to chemica l s  [1, 4-6 ,  7, 9, 11]. The subs tance  3 ,4 -benzpyrene  (BP), which is known to posses s  a 
ca rc inogenic  action, is  p r e s e n t  in  the a tmosphere  of modern  c i t ies  along with var ious  chemica l  subs tances ,  
most  commonly  with su l fur  dioxide. The biological  act ion of a combinat ion  of these subs tances  has not 
been studied. 

The object  of the p r e s e n t  inves t iga t ion  was to study the concen t ra t ions  of th iamine,  pyruvic  acid, 
r ibof lavin,  and the pyr id ine  coenzymes  (NAD +NADP) in the organs  and the excre t ion  of th iamine,  pyruvic  
acid, r iboflavin,  N ' -me thy ln i co t i namide  (N'-MNA), and ascorb ic  acid in the u r ine  of ra t s  exposed for long 
per iods  to the action of 3 ,4 -benzpyrene  and su l fur  dioxide. This  las t  substance  is a widespread pol lutant  
which is  most  commonly  found together  with BP in the city a tmosphere .  The role  of SO 2 in combinat ion with 
a ca rc inogenic  agent in the induct ion of t umors  has not h i ther to  been studied. 

Expe r imen t s  were  ca r r i ed  out on 300 noninbred  albino ra t s  (males and females) in five groups.  The 
an imals  of group 1 were  exposed to the combined effects of BP and SO2, group 2 to SO2, group 3 to BP, 
group 4 was an absolute control ,  and the an imals  of group 5 rece ived polyvinylpyrro l idone  by i n t r a t r achea l  
inject ion.  BP was admin i s t e r ed  to the r a t s  in three  monthly doses:  1) 2 mg monthly for 12 months,  total  
24 rag; 2) 2 mg monthly for 6 months and 5 mg monthly for 6 months,  total 42 mg; 3) 5 mg monthly for 6 
months,  total  30 mg. As a p r e l i m i n a r y  measure ,  the an imals  of these  groups were exposed to poisoning by 
SO 2 for 6 months.  BP was injected i n t r a t r achea l ly  as a suspens ion  in a solution of polyvinylpyrro l idone ,  
a colloidal  p l a s m a  expander,  with the addition of ink to mark  the p laces  of deposi t ion of the carc inogen  [12] 
The an ima l s  inhaled SO 2 throughout the day and night for 6 months in  a concent ra t ion  of 10 m g / m  3. 

The concen t ra t ion  of v i t amins  in organs  and u r i ne  of the ra t s  was invest igated in two s tages :  the i r  
concen t ra t ion  in the l i ve r  and b r a i n  of the ra t s  was de te rmined  at the 6th-7th month of the exper iment ,  
when they had rece ived  12-14 mg BP, and excre t ion  of the v i t amins  in the u r ine  was de t e rmined  in the ra ts  
4 months af ter  the end of poisoning with BP for  12 months and 10 months after  exposure  to $02, when the 
an ima l s  had reached the age of 24 months and had rece ived 24, 30, or  42 mg of the ca rc inogenic  hydrocarbon.  

Without delay af ter  decapi ta t ion of the an imals ,  homogenates  were p repa red  f rom the organs  and the 
concen t ra t ions  of th iamine,  pyruvic  acid, r iboflavin,  and the pyr id ine  coenzymes were de te rmined ;  ascorb ic  
acid, r iboflavin,  th iamine,  pyruvic  acid, and N'-MNA were es t imated  in the u r ine  by modern  methods [2, 3, 
8, 10, 13]. For  the e s t ima t ion  of th iamine,  r ibof lavin,  NAD+NADP, and N'-MNA, the t~F-ZM f luo rome te r  
was used. The numer i ca l  r e su l t s  were subjected to s t a t i s t i ca l  ana lys i s .  
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Fig. 1. Concent ra t ions  of th iamine,  pyr -  
uvic acid, andNAD+NADP in rat  l iver :  1) 
control ;  2) SO2; 3) SO 2 +BP;  4) solvent;  
5) BP. 
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Fig. 3. Excre t ion  of r iboflavin,  
N'-MNA, and ascorb ic  acid in 
u r ine  of r a t s :  1, 2, 3, 6, 7) as in 
Fig. 2; 4) SO2+30 mg BP; 5) SO 2. 
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Fig. 2. Excre t ion  of th iamine  and 
pyruvic  acid with u r i ne  of r a t s :  1) 
control ;  2) 24 mg BP+SO2; 3) 42 mg 
BP+SO2; 4) SO2; 5) SO2 +30 mg BP; 
6) 42 mg BP: 7) solvent.  

A dec rea se  in the concen t ra t ion  of th iamine  in the l i ve r  of the 
expe r imen ta l  male  ra ts  can be seen in Fig. 1 and was most  marked 
in ra ts  exposed to BP alone (P < 0.01). A dec rease  in the th iamine  
concent ra t ion  was also found in the b r a i n  of the expe r imen ta l  ra t s ,  
but this  was not s ignif icant .  These f indings can apparent ly  be ex-  
p la ined  on the grounds that d i f fe rent  o rgans  lose th iamine  at d i f ferent  
ra tes :  the th iamine  concent ra t ion  fal ls  most  rapidly  in the l iver ,  
while the b r a i n  can r e t a in  th iamine  longer .  

The dec rease  in the th iamine  concen t ra t ion  in the organs  was 
accompanied  by an i n c r e a s e  in the concen t ra t ion  of pyruvic  acids,  
and this was s ignif icant  in the b r a i n  of ra t s  exposed to BP only (P < 
0.05). A s igni f icant  dec rease  in the concen t ra t ion  of NAD + NADP 
{Fig. 1) and of total  r ibof lav in  was found in the l i ve r  of r a t s  exposed 
to BP alone. 

Inves t iga t ions  of homogenates  of the l i ve r  and b r a i n  t i s sues  of 
the ra t s  thus showed that prolonged exposure  to BP in a dose of 

12-14 rag, to SO 2 in a concentration of I0 mg/m 3, and to a combination of substances produces changes in 
the concentrations of thiamine, pyruvic acid, riboflavin, and NAD+NADF in the organs. The most marked 
changes were observed under the influence of benzpyrene. 

Significant changes also were detected in the excretion of vitamins by the rats in their urine. In the 
case  of male rats of all experimental groups, for example, compared with the controls the excretion of thi- 
amine was reduced, and this decrease was considerable in rats exposed to the combined action of SO 2 +BP 
and also of SO 2 alone. The smallest excretion of thiamine was found in the urine of rats exposed to the 
combined effect of 42 mg BP and SO 2. In rats receiving polyvinylpyrrolidone, the excretion of thiamine 
with the urine was increased (Fig. 2). 

The excretion of riboflavin, ascorbic acid, N'-MNA, and pyruvic acid in the urine of all the experi- 
mental male rats exceeded the excretion of these vitamins by the control rats (Fig. 3). The smallest quan- 
tities of the vitamins were excreted in the urine of rats receiving SO 2 alone, and the largest quantities were 
excreted in the urine of rats receiving a combination of SO 2 +BP, or BP alone. Morphological investigations 
showed that the largest number of malignant neoplasms was formed in animals receiving BP in conjunction 
with SO 2. 

The changes thus d i scovered  in the concent ra t ions  of v i t amins  in the organs  and in the i r  e l imina t ion  
with the u r ine  of albino ra t s  under  the influence of separa te  and combined exposure  to 3 ,4 -benzpyrene  and 
sulfur  dioxide thus indicate severe  d i s tu rbances  of metabo l i sm accompained by loss  of v i tamins .  The d i s -  
tu rbances  are more  pronounced as a resu l t  of the combined action of 3 ,4 -benzpyrene  and sulfur  dioxide, so 
that the l a t t e r  apparent ly  potent ia tes  the action of the carc inogenic  agent. 
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