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PCBs INDUCE LONG-TERM CHANGES IN DOPAMINERGIC 
FUNCTION IN THE NON-HUMAN PRIMATE 

Seegal. R.. Bush, B., Brosch, K. 
Wadsworth Center, New York State Department of Health, 
Box 509, Albany, NY 12201-0509, USA 
School of Public Health, University at Albany, NY 12203-3399, USA 

The persistence of neurochemical change after cessation of exposure to PCBs was 
examined in the adult non-human primate. Male Macaca nemestrina were exposed to either 
Aroclor 1016 or 1260 for 20 weeks and then followed for an additional 24 weeks post­
exposure. Initial exposure reduced regional brain dopamine (DA) concentrations in both 
Aroclor exposure groups. In spite of significant (50-60%) decreases in brain PCB 
concentrations in the post-exposure animals, brain DA concentrations continued to be 
depressed compared to control animals. We suggest that these persistent effects are due to 
the initial insult rather than the continued action of the remaining PCBs found in the brains 
of post-exposure animals. 

INTRODUCTION 
Perinatal exposure to PCBs yields long-lasting changes in behavior in humans' and 

behavior and neurochemistry in experimental animals.^" These changes in neuronal function 
are thought to be due to toxicant effects on neuronal growth and synaptogenesis'. However, 
these potential actions cannot be the only mechanisms by which PCBs alter neurochemical 
function since exposure of the adult non-human primate and rodent also yields changes in 
neuronal function.*'̂  Infonnation on the duration of neurochemical change in the adult and 
the mechanisms by which adult exposure to PCBs alters neuronal function will aid in 
elucidating potential mechanisms by which perinatal exposure to PCBs alters neuronal 
function. 

METHODS 
Subjects consisted of adult male non-human primates, Macaca nemestrina, three to five 

years of age. All animals were singly housed in stainless steel primate cages and given ad 
libitum access to water and NIH primate chow supplemented with fruit. All animal procedures 
were approved by the Institutional Animal Care and Use Committee. 

Animals were orally-exposed to 3.2 mg/(kgday) of either Aroclor 1016 or Aroclor 
1260, on a daily basis, for twenty weeks. We measured daily food consumption, collected 
measures of animal well-being and determined, on a biweekly or monthly basis, serum 
concentrations of PCBs. Following the 20 week exposure to PCBs the animals were removed 
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from PCBs and followed for an additional 24 weeks post-exposure. In both the initial 20 
week exposure and in the 24 week post-exposure groups there were 3-5 animals/group. 

At the end of the post-exposure interval the animals were sacrificed, their brains 
rapidly removed, sliced along the mid-line, frozen in powdered dry-ice and stored in a -80°C 
freezer. 

2-mm thick coronal sections were cut and 2-mm diameter punches were taken from 
the different brain regions, rapidly weighed and homogenized in forty volumes of ice-cold 0.2 
N perchloric acid containing 100 mg/1 of EGTA. Each sample was centrifuged and 
concentrations of biogenic amines and metabolites were determined in the supernatant by high-
performance liquid chromatography with electrochemical detection.* PCB concentrations in 
the tissue pellet were determined by high-resolution glass capillary gas chromatography.' 

RESULTS 
Brain PCB Cbncentrations 

Brain PCB concentrations, measured 24 weeks post-exposure, were lower than values 
obtained from similarly dosed animals sacrificed immediately following 20 weeks exposure 
(Table I). The highest PCB concentrations were observed in the Aroclor 1260 exposed 
animals. 

PCB-Induced Changes in Brain Biogenic Amine Concentrations 
Exposure to either Aroclor 1016 or Aroclor 1260 for 20 weeks significantly decreased 

DA concentrations in all brain regions except for the substantia nigra (Table II). DA 
concentrations in brain regions from both Aroclor exposure groups, except for the substantia 
nigra, continued to be depressed 24 weeks following removal from PCBs. 

TABLE I. REGIONAL PCB CONCENTRATIONS IN NON-HUMAN 
PRIMATE BRAIN AFTER 20 WEEKS EXPOSURE OR 24-WEEKS 
POST-EXPOSURE 
Region 

Aroclor 1016 
Caudate 
Putamen 
Substantia Nigra 
Hypothalamus 

Aroclor 1260 
Caudate 
Putamen 
Substantia Nigra 
Hypothalamus 

Concentration (opm) 
20 Weeks 24 Weeks 
Exposure Post-Exposure 

4.1+0.4 1.3+0.3 
5.0+0.8 1.2+0.3 
4.1+2.0 2.2+0.3 
3.4+0.7 1.0+0.2 

19.3+0.4 3.8+1.0 
21.9+0.6 5.0+2.0 
16.9+2.1 9.5+0.4 
19.3+10.2 0.6+0.1 
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1 TABLE n . REGIONAL DOPAMINE CONCENTRATIONS IN 
^ NON-HUMAN PRIMATE BRAIN AFTER 20 WEEKS EXPOSURE OR 

24 WEEKS POST-EXPOSURE 
Region 

Aroclor 1016 
Caudate 
Putamen 
Substantia Nigra 
Hypothalamus 

Aroclor 1260 
Caudate 
Putamen 
Substantia Nigra 
Hypothalamus 

Concentration (onm) 
Control 

(N=5^ 

18.3+1.2 
19.0+0.7 
3.6+0.9 
0.9+0.1 

18.3+1.2 
19.0+0.7 
3.6+0.9 
0.8+0.1 

20 Weeks 
Exposure 
rN=4) 

15.2+0.3* 
16.3+0.3" 
1.2+0.5 
0.4+0.1" 

14.7+0.4* 
15.8+0.6" 
2.4+0.6 
0.5+0.1** 

24 Weeks 
Post-Exposure 
(N=4) 

14.2+0.6* 
15.1+0.6" 
3.4+0.6 
0.3+0.1** 

14.1+0.8* 
14.6+0.4" 
2.0+0.5 
0.4±0.0** 

'=p<p.05, "=p<0.01, with respect to the control group using the 
Student-Newman-Keuls test. 

DISCUSSION 
The major finding of this study is that DA concentrations in the majority of the brain 

regions examined in animals sacrificed immediately after exposure continue to be depressed 
24 weeks after removal from PCBs. 

These findings are important because they demonstrate a weakening of the relationship 
between brain PCB concentrations and alterations in neurochemical function. In previous 
studies, where we examined the effects of continuous exposure to PCBs,*'̂  we demonstrated 
a strong relationship between applied dose, brain PCB concentrations and decreases in brain 
neurochemical function. However, in this study we find evidence of continued depression in 
brain DA concentrations in animals with brain PCB concentrations similar to those seen in 
lower-dosed animals sacrificed immediately after exposure who did not show evidence of 
decreases in brain DA concentrations*. Thus, the neurochemical changes induced by the initial 
20-week exposure to the Aroclor mixtures persist 24 weeks post-exposure, in spite of reduced 
brain PCB concentrations that had not previously been associated with neurochemical change. 
These results suggest that the initial insult or injury, rather than the continued action of the 
lower concentrations of PCBs found in the brains of the post-exposure animals, is responsible 
for the continued depression in neurochemical function. 

In summary, these results suggest that the long term dysfunctions in behavior and/or 
neurochemistry following perinatal exposure of both animals and humans to PCBs might be 
due not only to the neuroteratogenic action of PCBs but also to persistent alterations in 
dopaminergic function induced by the initial exposure and insult. 

211 
Organohalogen Compounds (1992) Volume 10



TOX 
Session 21 

REFERENCES 
1 Jacobson J, Jacobson S, Humphrey H. Effects of in utero exposure to polychlorinated 
biphenyls and related contaminants on cognitive functioning in young children. / Pediatr 
1990; 116:38-45. 
2 Levin E, Schantz S, Bowman R. Delayed spatial alteration deficits resulting from perinatal 
PCB exposure in monkeys. Arch Toxicol 1988; 62:267-273. 
3 Tilson H, Davis G, Mclachlan J, Lucier G. The effects of polychlorinated biphenyls given 
prenatally on the neurobehavioral development of mice. Environ Res 1979; 18:466-474. 
4 Agrawal A, Tilson H, Bondy S. 3,4,3',4'-Tetrachlorobiphenyl given to mice prenatally 
produces long term decreases in striatal dopamine and receptor binding sites in the caudate 
nucleus. Toxicol Lett 1981; 7:417-424. 
5 Tilson H, Jacobson J, Rogan W. Polychlorinated biphenyls and developing nervous system: 
cross-species comparisons. Neurotoxicol Teratol 1990; 12:239-248. 
6 Seegal R, Bush B, Brosch K. Comparison of effects of Arociors 1016 and 1260 on 
nonhuman primate catecholamine function. Toxicology 1991; 66:145-163. 
7 Seegal R, Bush B, Brosch K. Sub-chronic exposure of the adult rat to Aroclor 1254 yields 
regionally-specific changes in central dopaminergic function. Neurotoxicology 1991; 12:55-66. 
8 Seegal R, Brosch K, Bush B. High-performance liquid chromatography of biogenic amines 
and metabolites in brain, cerebrospinal fluid, urine and plasma. / Chromatogr 1986; 
377:131-144. 
9 Bush B, Murphy M, Connor S, Snow J, Barnard E. Improvements in glass capillary gas 
chromatographic polychlorobiphenyl analysis. J Chromatogr Sci 1985; 23:509-515. 

212 Organohalogen Compounds (1992) Volume 10




