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The i d e n t i f i c a t i o n  of po |ych ]o r ina ted  b iphenyls  PCBs as contaminants in 

pes t i c i de  residue analys is  ( | )  is respons ib le  f o r  recent concern over env i ron -  

mental p o l l u t i o n  by these i n d u s t r i a l  chemicals (2).  Indeed, the PCBs have been 

detected in the natura l  environment in the same or g rea ter  order  of  magnitude 

as the ch lo r i na ted  pes t i c ides  (1 ,3 ,4 ) .  More recen t l y ,  an aquat ic  environment 

of F lo r ida  (5) ,  and eagle eggs (6) ,  and carcasses (7) were found to  conta in re- 

sidues of  the PCBs. That humans are not exempt from th is  form of p o l l u t i o n  was 

recent ly  demonstrated by the observat ion  that  human adipose t issue a lso contained 

res idual  PCB mater ia l  (8) .  

The t o x i c  nature of PCBs is recognized (9-12).  Furthermore, repor ts  that  

d i e ta r y  PCBs a l t e red  serum l i p i d  pat terns in mice (13) and may a f f e c t  s t e r o i d  

hormone metabolism in b i rds  (2) emphasizes our need fo r  f u r t he r  i nves t i ga t i ons  

on the t ox i co logy  of the PCBs. 

Recent reports that  DDT (14) and o ther  ch lo r ina ted  i nsec t i c i des  (15) in-  

h i b i t e d  mi tochondr ia l  e lec t ron  t ranspor t  systems prov ided the incen t i ve  fo r  in -  

v e s t i g a t i n g  the e f f e c t  of the PCBs on mi tochondr ia l  NADH-oxidase and succ in-  

oxldase systems. 

METHODS 

Heavy beef hear t  mi tochondr ia (HBHM) were obtained as descr ibed (16). Mano- 

met r ic  determinat ion of  HBHM NADH-oxidase and succinoxidase enzyme systems was 

conducted in the absence and presence of  the var ious PCB samples (15,17).  The 

PCBs were added to the react ion mix ture  in e thano l .  The same ethanol c o n c e n -  

t r a t i o n  was maintained in each of the assay f lasks  (O.l ml ethanol in 3 mi of  

react ion b u f f e r ) .  Coenzyme Q was added (lO0 nmoles per assay f lask )  to each o f  
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the react ion f lasks used in the NADH-oxidase experiments to insure of  maximal 

enzyme a c t i v i t y .  

Mi tochondr ia l  p ro te in  was determined as descr ibed (18). 

RESULTS AND DISCUSSION 

The e f f e c t  of the var ious PCB samples on HBHM, NADH-oxidase and succ in-  

oxidase systems was determined and the data presented in Tables 1 and 11 respec- 

t i v e l y .  The data presented in Table 1 demonstrate that  a l l  o f  the PCBs tested 

are i n h i b i t o r y  to the NADH-oxidase system, s ince they a l l  depressed enzyme ac- 

t i v i t y  to below 2O% of  the un inh ib i t ed  con t ro l s .  S i m i l a r l y ,  a l l  o f  the PCB 

samples tested depressed succ inox idase a c t i v i t y  to below 20~ of  the un inh ib i t ed  

con t ro ls  (Table 11). These f ind ings  suggest tha t  at  the concent ra t ions employed, 

the degree of chlorination of PCB material between the range of 21 - 62% is of 

minor structura] significance in relation to electron transport inhibit ion. 

These data however do not permit a s t r i c t  comparison of potency between the 

various PCB samples, since potency comparisons would necessitate experiments 

designed to determine that dose required to e l i c i t  a given inhibit ion response. 

Titrat ion of enzyme act iv i ty  with the various PCB mixtures was not conducted 

during the course of these investigations, but w i l l  be conducted in the future 

employing purif ied PCB components. 

The effect of PCBs on cytochrome oxidase act iv i ty  was assessed by determin- 

ing the ab i l i t y  of N,N,N~N'-tetramethyl-p-phenylenediamine (TMPD) to bypass the 

inhibit ion of NADH-oxidase caused by the PCBs (15,17). That this indirect mea- 

surement of cytochrome oxidase inhibit ion is valid is supported by the finding 

that the inhibit ion of NADH-oxidase caused by rotenone, antimycin and 2-N-heptyl- 

4-hydroxyquinoline-N-oxide, but not cyanide, was bypassed by TMPD (17). 

540 



Table 1 - The Effect of Various Polychlorinated 
Biphenyls on the Mitochondrial NADH-oxidase System 

Compovnd Enzyme Specific Act iv i ty Percent 2 
Added" (~atoms oxygen consumed/min./m~, protein) 

I II I l l  IV V Vl 

0 1.123 1.123 0.902 0.804 0.818 0.749 I00 

Arochlor 1221 0.069 0.055 O.]ll 0.125 0.083 0.069 5 - 15 

Arochlor 1232 0.055 0.069 0.069 0.125 0.083 0.111 5 - 15 

Arc~chlor 1242 0.069 0.042 0.069 0.014 0.069 0.069 0 - I0 

Arochlor 1248 0.055 0.083 0.083 0.083 0.083 0.083 5 - lO 

Arochlor 1254 0.055 0.069 0.III 0.139 0.069 0.055 5 - 20 

Arochlor 1260 O.lll 0.055 0.125 0.097 0.125 0.097 5 - 20 

Arochlor 1262 0.055 0.083 0.153 0.097 0.156 0.055 5 - 20 

Arochlor 5442 0.139 O.lll 0.166 0.III 0.156 0.139 I0 - 20 

I. All PCB additions were at one umole per flask. The average molecular weight of the PCB 

mixtures was calculated based on the percent chlorination designated in the last two 

digits of the Arochlor number. The mitochondrial protein was at 0.52 mg. per flask. 

The f i r s t  two digits of the Arochlor designation represent the following: 12 = bi-  

phenyl, 54 = triphenyl. 

2. Percent of the uninhibited controls respectively. 
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Table II - The Effect of Various Polychlorinated 
Biphenyls on the Mitochondrial Succinoxidase System 

Compound Enzyme Specific Activity Percent2 
Added I (patoms oxygen consumed/min,/m~, protein) 

l II Ill IV V Vl 

0 0.439 0.735 0.700 0.638 0.735 0.532 I00 

Arochlor 1221 0.086 0.097 0,097 0.104 0.104 0.043 5 - 20 

Arochlor 1232 0.060 0.097 0.I04 0.049 0.083 0.077 5 - 15 

Arochlor 1242 0.060 0.062 0.097 0,035 0.062 0.069 5 - 15 

Arochlor 1248 0.043 0.I05 0.097 0.021 0.055 0.]20 0 - 20 

Arochlor 1254 0.000 0.069 0.111 0.02] 0.097 0.052 0 - 15 

Arochlor 1260 0.000 0.076 0.118 0.042 0.083 -- 0 - 15 

Arochlor 1262 0.026 0.083 0.069 0.042 0.049 -- 5 - 15 

Arochlor 5442 0.089 0.222 0.194 0.118 0.153 -- 15 - 30 

1. A l l  PCB a d d i t i o n s  were a t  one ~mole per f l a s k .  The average mo lecu la r  we igh t  o f  the PCB 

mix tures  was ca l cu l a ted  based on the percen t  c h l o r i n a t i o n  des ignated  in the l a s t  two 

d i g i t s  o f  the Aroch lo r  number. The m i tochond r ia l  p r o t e i n  was a t  0.52 mg. per  f l a s k .  

The f i r s t  two d i g i t s  o f  the A roch lo r  des igna t i on  represent  the f o l l o w i n g :  12 = b i -  

pheny l ,  54 = t r i p h e n y l .  

2. Percent  o f  the u n i n h i b i t e d  c o n t r o l s  r e s p e c t i v e l y .  
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Table I l l  - Effect of N,N,N~N'-tetrarnethyl-p-phenylenediamine (TMPD) on the 
Inhibi t ion of Mitochondrial Electron Transport by PCBs 

Compound NADH-OXIDASE SPECIFIC ACTIVITY Percent  2 
Addedl (patoms oxygen consumed/min./mg, p r o t e i n )  

I I I  

-TMPD +TMPD -TMPD +TMPD -TMPD +TMPD 

0 0.610 --  0.593 - -  lO0 - -  

Arochlor 1221 0.028 0.555 0.097 0.610 5 - 15 90 - 105 

Aroch lo r  1232 0.111 0.596 0.069 0.596 10 - 20 95 - 105 

Aroch lo r  1242 0,125 0.610 0.083 0.610 10 - 20 100 - 105 

A roch lo r  1248 0.097 0.569 0.115 0.583 15 - 20 90 - 100 

Arochlor 1254 0.083 0.596 0.097 0.424 I0 - 20 75 - I00 

Arochlor 1260 0.139 0.610 0.097 0.525 15 - 25 90 - lO0 

Arochlor 1262 0.180 0.596 0.111 0.513 15 - 30 85 - I00 

Arochior 5442 0.083 0.624 0.153 0.513 I0 - 25 85 - I05 

I .  Al l  PCB additions were at one pmole per f lask.  The average molecular weight of the 

PCB mixtures was calculated based on the percent chlorinat ion designation in the last 

two digi ts of the Arochlor number. The mitochondrial protein was at 0.52 mg. per 

f lask.  The f i r s t  two dig i ts  of the Arochlor designation represent the fol lowing: 

12 = biphenyl, 54 = tr iphenyl. 

2. Percent of  the uninhibited controls respectively. 
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The data presented in Table l l l  indicate that i nh ib i t i on  of NADH-oxidase 

by a l l  of the PCBs tested was bypassed by TMPD; hence, the s i te  of in terac t ion 

of the PCBs in mitochondrlal  e lect ron t ransport  systems is on the substrate 

side of cytochrome c, i . e . ,  NADH-cytochrome c reductase and succinate-cytochrome 

c reductase. 

An e a r l i e r  report  indicated that out of eleven ch lor inated insect ic ides 

tested, three inh ib i ted  both mitochondrial  NADH-oxidase and succinoxidase 

systems (15). In contrast ,  a l l  of the PCBs tested in the present study inh ib i ted  

both mitochondrial  enzyme systems. Although the physio logical  s ign i f icance of 

these in v i t r o  studies remains to be establ ished in v ivo, these data fur ther  

demonstrate the tox ic  nature of the PCBs. 

REFERENCES 

1. Jensen, S,, New Sci. 3_..22, 612, 1966 

2. Risebrough, R. W., Rieche, P., Herman, S. G., Peakal l ,  D. B., and Kirveu, 
M. N., Nature 220, 1098, 1968 

3. Jensen, S., Johnels, A. G., Olsson, M. and O t te r l i nd ,  G., Nature 224p 247,1969 

4. Holmes, D. C., Simmons, J. H. and Tatton, J. O'G., Nature 21~6, 227, 1967 

5. Duke, T. W., Lowe, J. I . ,  and Wilson, A. J . ,  Bul l .  Environ. Contam. Toxicol .  
~, 171, 1970 

6. Kranz, W. C., Mulhern, B. M., Bagley, G. E., Sprunt, A.,  Ligas, F. J. and 
Robertson, W. B., Pest ic ide Monit. J. ~, 136, 1970 

7. Mulhern, B. M., Reichel, W. L.,  Locke, L. N., Lamont, T. H., Be l i s le ,  A., 
Cromartie, E., Bagley, G. E., and Prouty, R. M., Pest ic ide Monit. J. ~p 
141, 1970 

Biros, F. J . ,  Walker, A. C. and Medberry, A.,  Bul l .  Environ. Contam. Toxicol .  
~, 317, 1970 

Sax, N. I . ,  "Dangerous Propert ies of Indust r ia l  Mater ia ls"  3rd Ed., Reinhold 
Book Corp., N. Y.,  p. 551, 1968 

M i l l e r ,  J. W., Publ. Health Rep. Wash. 5_~9, 1085, 1944 

8~ 

9. 

lO. 

544 



l l .  McLaughIing, J., Marliac, J. P., Verret, M. J., Mutchler, M. K., and Fitzhugh, 
OjGo~ Toxicol. Appl. Pharmacol. 5p 760, 1963 

12. Morlarty, F., Entom. Exp. Appl. 12, 206, 1969 

13. Tanaka, K., Setsuharu, F., Komatsu, F., and Tamura, N., Fukuoka-lgaku-Zasshi 
60, s44, ~969 

14. Pardini, R. S. and Heidker, J. C., Proc. 25th Annual N.W. Reg. Am. Chem. Soc., 
pp. 50, June 1970 

15. Pardini, R. S., Heidker, J. C. and Payne, B., Bull. Environ. Contam. Toxicol. 
6, 436, 1971 

16. Szarkowska, L., Arch. Biochem. Biophys. 113, 519, 1966 

17. Pardini, R. S., Heidker~ J. C. and Fletcher, D. C., Biochem. Pharmacol. I_~9, 
2695, 1970 

18. Layne, E., Methods in Enzymol. ~, 447, 1957 

545 


