
EFFECT OF DDT ON DISTRIBUTION OF 

COENZYMES (NAD AND NADP) IN CELL 

OF THE LIVER AND BRAIN 

I. I. Pavlova and B. I. Khaikina 

N I C O T I N A M I D E  

S T R U C T U R E S  

UDC 615.285.7. 099.07 : [616.36 +616,831]- 
008.931 : 577.158.8.013-074 

Dichlorodiphenyltriehloroethane, when administered to rats in large doses, or when given for 
long periods in small doses, lowers the content of nicotinamide coenzymes in homogenenates 
and cell structures of the liver and brain. The fall in level of NAD and NADP in the nuclei, 
mitochondria, and cytoplasmic fluid of the liver and brain is extremely irregular. The most 
marked changes are found in the mitoehondria. 

After a long exposure of warm-blooded animals to small  doses of dicholorodiphenyltr ichloroethane 
(DDT), considerable  changes were found [5] in the content of oxidized and reduced forms of nicot inamide-  
adenine nucleotides (NAD and NADP; NAD.H 2 and NADP.H2) in the hear t ,  l iver ,  and brain t issues.  

Investigations of nicotinamide-adenine nucleotides undertaken on subcellular structures in cases of 
experimental myocarditis, denervation of muscles, carcinogenesis, and thyrotoxicosis have shed light on 
some of the problems in this field of pathology [3, 4, 9, II]. 

Toxicological aspects of this problem have received inadequate study. The only work so far published 
is by Christie and Le Page [8], Galagher and Koch [12], and Galagher [13], who studied the state of the nico- 
tinamide coenzymes in cell structures of the liver after poisoning with heliotrine, sporidesmin, and pyr- 
rolidine. 

To supplement the writers T earlier observations, changes in the content of NAD and NADP in cell 
structures of the liver and brain under the influence of different doses of DDT, acting for different periods, 
were studied. 

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

Exper iments  were ca r r i ed  out on male albino rats .  DDT (70 mg/kg) was given in vegetable oil by 
mouth on three occas ions  (acute poisoning), and also in a dose of 3.5 m g / k g  daily for  5 months (chronic 
poisoning). The animals were sacr i f iced  by decapitation. Cell fract ions of the l iver and brain were isolated 
by differential  centrifugation. The isolation medium was 0.25 M sucrose  with the addition of 50 mmoles  
nicotinamide to prevent  enzymic breakdown of the nicotinamide-adenine nucleotides. The nuclei were sedi -  
mented at 1500 rpm. The fract ion of mitochondria  was obtained by centrifugation of the supernatant for 20 
rain at 15,000 rpm. The cytoplasmic  fluid was used in the experiments  af ter  sedimentat ion of the nuclear 
and mitochondrial  f ract ions.  The mitochondria  were washed in 0.25 M sucrose  solution with 50 mmoles  
nicotinamide and resuspended in cold 0.25 M sucrose solution. The content of nicotinamide coenzymes in 
the homogenates and cellular structures of the liver and brain was determined fluorometrically [14]. The 
content of NAD and NADP was expressed in pg/g fresh weight of tissues. 
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Fig. 1. Content of nicot inamide nucleotides in subeel lu lar  s t r u c t u r e s  of the l iver :  A) 
homogenate;  B) nuclei;  C) mi tochondr ia ;  D) supernatant ;  1) control ;  2) acute DDT poi -  
soning; 3) chronic  DDT poisoning. Unshaded pa r t  of columns r e p r e s e n t s  oxidized fo rms ,  
shaded p a r t  reduced  fo rms .  

Fig. 2. Content  of nicot inamide nucleotides in subce l lu la r  s t r u c t u r e s  of the bra in .  Leg -  
end as in Fig. 1. 

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

The r e su l t s  given in Fig. 1 show that  in acute DDT poisoning and a f te r  chronic  exposure  to smal l  
doses  the content of n ico t inamide-adenine  nueleotides in l ive r  homogenate was lowered by 40 and 37%, 
r e spec t ive ly .  Marked  changes  were  obse rved  in some cell  s t r u c t u r e s :  nuclei ,  mi toehondr ia ,  and cy to -  
p l a smic  fluid. However ,  the NAD and NADP levels  fell  by di f ferent  amounts  in the different  f rac t ions .  
The content of n ieo t inamide-adenine  nucleot ides in the l ive r  mi tochondr ia ,  for  example ,  fell  a lmos t  by half 
in both acute and chronic  poisoning with the pest ic ide .  The level  of the nicot inamide coenzymes  in the cy to -  
p l a smic  fluid fell  in these  two ca se s  by 15 and 13%,respect ively .  The content of nucleotides in the nuclei 
was p rac t i ca l ly  unchanged a f t e r  admin i s t r a t ion  of DDT. 

The obse rved  d e c r e a s e  in the content of n ico t inamide-adenine  nucleotides in the mi tochondr ia  and 
homogenate  of the l ive r  of an imals  r ece iv ing  DDT was evidently due to an inc rease  in ac t iv i ty  of NAD- 
hydrolyzing enzymes  and to d i s turbance  of the pe rmeab i l i t y  of the mi tochondr ia l  m e m b r a n e s ,  with sub-  
sequent  loss  of coenzymes  into the cy top lasmic  fluid. 

This  hypothesis  was conf i rmed  by p r e l i m i n a r y  expe r imen t s  c a r r i e d  out on subce l lu la r  s t r u c t u r e s  of 
the l i ve r  and bra in ,  in which an i nc r ea s e  in the act ivi ty  of enzymes  par t ic ipa t ing  in hydrolys is  of the nieo-  
t inamide nucleotides was found. 

Other  evidence of a d i s turbance  of the pe rmeab i l i t y  of the mi toehondr ia  is  given by the change in 
cont rac t i le  p r o p e r t i e s  of the mi tochondr ia  obse rvab le  under these  conditions [6]. 

As the r e su l t s  (Fig. 1) show, not only the total  content  of n ico t inamide-adenine  nucleotides in the l iver  
homogenate  was changed, but a l so  the content of the i r  s epa r a t e  f o rms .  In acute DDT poisoning there  was a 
g r e a t e r  d e c r e a s e  in the content of the reduced  f o r m s  than of the oxidized. This m a y  have been due to the i r  
i nc rea sed  oxidation in the r e s p i r a t o r y  cycle  under the conditions of NAD deficiency.  The content of oxidized 
and reduced  f o r m s  of the eoenzymes  fell equally in the mi toehondr ia .  

Against  the background of a m a r k e d  d e c r e a s e  in the level  of nicot inamide coenzymes  in the bra in  
homogenate ,  the study of the content of n ico t inamide-adenine  nucleotides in the subeel lu lar  s t r u c t u r e s  of the 
b ra in  r evea led  a r e l a t ive ly  uniform d e c r e a s e  in all  these  s t r u c t u r e s  (Fig. 2). The m o s t  ma rked  effect  was 
produced by chronic  poisoning with sma l l  doses  of DDT on the content of NAD and NADP in the bra in  m i t o -  
chondria ,  where the i r  level  fell  by one- th i rd ,  p r inc ipa l ly  on account  of the oxidized fo rms .  

The cons iderab le  d e c r e a s e  in content of NAD and NADP in the subce l lu la r  s t r ( lc tures  of the l iver  and 
b ra in  obse rved  in chronic  DDT poisoning was evidently due to the cumulat ive  p rope r ty  of the pest ic ide .  

The d e c r e a s e  in content  of nicot inamide nucleotides in the homogenate  and subcel lu lar  f rac t ions  of 
the l ive r  and b ra in  thus indicates  a reduct ion in the ene rgy-p roduc ing  capaci ty  of the t i s sues  in DDT poi -  
soning. Inves t igat ions  have in fact  shown that cl inical  mani fes ta t ions  of DDT poisoning re f l ec t  a d is turbance  
of nervous  act ivi ty  and profound changes in l iver  function and morphology  [1, 2, 10]. It  mus t  be emphas ized  
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that the d e c r e a s e  in content  of NAD and NADP in the subcel lu lar  s t r u c t u r e s  of t i s sues  can influence not 
only the energy  me tabo l i sm  of the ce l l s ,  but also the s ta te  of the s y s t e m s  of~microsomal  enzymes  of the 
liver~ respons ib le  for  the detoxicat ion of fore ign subs tances  in the body [7, 15]. 

L I T E R A T U R E  C I T E D  

1. E . I .  Makovs 'ka  and S. G. Se reb ryana ,  Fiz iol .  Zh. (Ukr.), No. 2, 251 (1961). 
2. L . I .  Medved '  et  al . ,  in: Genera l  P r o b l e m s  in Indust r ia l  Toxicology [in Russian] ,  Moscow (1967), 

p. 11. 
3. S . E .  Sever in ,  L. A. Tse i t l in ,  and T. N. Druzhinina,  Biokhimiya,  No. 1, 145 (1963). 
4. V . I .  Te lepneva  and N. A. Cherkash ina ,  Vopr.  Med. Khimii ,  No. 4, 393 (1966). 
5. B . I .  Khaikina and U. A. Kuz 'minskaya ,  in: Hygiene and Toxicology of Pes t i c ides  and the Clinical  

P ic ture  of Poisoning [in Russ ian] ,  No. 5, Kiev (1967), p. 217. 
6. B . I .  Khaikina and A. E. Os t rovskaya ,  in: Hygiene and Toxicology of Pes t i c ides  and the Clinical  P i c -  

ture of Poisoning  [in Russian] ,  No. 5, Kiev (1967), p. 240. 
J .  Axelrod,  in: Drugs  and Enzymes ,  Prague  (1965), p. 309. 
G. Chr i s t i e  and K. Le Page ,  Biochem. J . ,  84, 25 (1962). 

7. 

8. 

9. H. Coper, J. Helge, and H. Herken, Arch. Exp. Path. Pharmak., 243, 99 (1962). 
i0. W. Dale, Science, 142, 1472 (1963). 
Ii. P. Emmelot and C. Bos, Exp. Cell Res., 14, 132 (1958). 
12. C. Galagher  and J.  Koch, Biochem. P h a r m a c o l . ,  3, 231 (1960). 
13. C. Gatagher ,  Biochem. P h a r m a c o l . ,  13, 1017 (1964). 
14. J .  Huff and W. Pe r l zwe ig ,  J .  Biol. Chem. ,  167, 157 (1947). 
15. A. Morel lo ,  Canad. J.  Biochem. ,  43, 1289 (1965). 

47 


