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Ev�8 for the environmental contamination with polychlorinated 
biphenyls (PCBs) has been widely reported and is documented by a 
recent review (I). Several workers have reported the toxlclty of 
these chemlcals fo several organlsms but there exlsts a lack of 
evidence for the physiological action of PCBs. Ne have recently 
reported that, in vitro, PCBs Inhibit Mg 2+ ATPase and Na + - K + 
AT~ase actlvity--(2) and more speclfically oligomycin-insensitive 
Mg 2+ ATPase activity in flsh (Blue Gili) tissue homogenates (3). 

The present work was initiated to complement the in vltro studies 
with information on chronic exposure effects of PCBs, in vivo, on 
ATPases actlvity in fish. 

EXPERIMENTAL 

Fat head minnows, Pimephales promelas, were chronically exposed to 
Aroclors R 1242 and 1254 ai the National Water Quality Laboratory, 
Environmental Protection Agency, Duluth, Minnesota, for several 
months. Chronic exposure studies were conducted under the direc- 
tion of Dr. A11en Nebeker, NWQL. Samples of flsh were obtained 
ata point in the experiment where reductlon in the number of 
flsh exposed to each speclfic concentration of PCB was warranted. 
The aerlal dilution doslng apparatus used was developed by Mount 
and Brungs (4,5). 

Newly hatched fish (less than 24 hours old) were selected using 
twenty fish for each concentration of both PCBs in duplicate. 
They were exposed in January, 1971 and dissected in May for enzyme 
preparatlous. They were fed twice daily on brlne shrimp, Daphnia, 
frozen and dried trout fry granules, during the exposure period. 
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The water used in the tanks was untreated from Lake Superlor, 
except for the chemicals whlch were dissolved in acetone. The 
added acetone was equlvalent fo 40 ppm. Fish exposed to acetone 
alone were used as controls. It was round that fat head mlnnows 
will tolerate 15,000 ppm of acetone. However, 100% mortallty 
occurred w�8238 4 - I0 days at concentrations of PCBs of 25 and 
75 ppb. At low concentrations the mortallty was much less wlth 
about 50% mortallty in rive months ai 8.3 ppb. The water tempera- 
ture was malntained at 22oc inltlally, increased at 24~ ai 
maturity (2 mos.) and fo 26~ at four months. 

The fish tissues were dissected, homogenized and fractionated by 
centrifuging ai 900g for ten minutes followed by 13,000 g for 20 
minutes and the latter sedlment was resuspended in 0.32 M sucrose 
I mM EDTA and i0 mM imldazole accordlng to the procedure reported 
by Koch (6). The B fraction (suspension of the 13,000 g sedlment) 
contained mitochondrla and nerve ending partlcles. Each prepara- 
tion was appropriately diluted and the samples were qulck frozen 
in llquid nitrogen and stored at -20~ untll the ATPase assay. 

ATPase activity was determined by a continuous method described by 
Pullman et al. (7) and Frltz and Hamrick (8) and as reported by 
Yap and Cutkomp (9). Total ATPase is measured when Mg 2+, Na +, K + 
were present in the reaction mixture. Mg 2+ ATPase actlvlty vas 
measured when I mM ouabain was present in the reaction mixture. 
Ouabain is a cardlac glycoside whlch speclf�8 �8 the 
Na + - K + ATPase activlty (i0). Na + - K+ ATPase actlvlty fs the 
total ATPase activity minus Mg z+ ATPase activity. Mg 2+ ATPase 
was further separated into oligomycln sensitive (mltochondr�8 
and oligomycin - Insensltive portions by addlng O.03.ug oligomycin 
(ollgomycln A 15% and B 85%) per ml reaction mixture (11-13). 

The 3 ml reactlon mixture used contalned: 4.3 mM ATP, 5 mM Mg 2+, 
100 mM Na +, 20 mM K +, 135 mM Imldazole buffer (pH 7.5), 0.2 mM 
NADh, 0.5 mM PEP (phosphoenol - pyruvate), 0.02 per cent BSA 
(bovine serum albumln), approxlmately 9 unlts of pyruvate klnase 
and 12 unlts of lactic dehydrogenase and i00 #I of homogenate 
fraction. The reaction temperature was maintalned at 37~ 
Absorbante changes were measured at 340 nm over a period of 15 
minutes using a Beckman DU spectrophotometer wlth constant tempera- 
ture control. 

Protein determinations followed the procedure developed by Lowry 
et al. (14) with absorbante measured at 660 nm using a Spectronic 
20 colorimeter. 

RESULTS AND DISCUSSION 

Results of the ATPase determinations obtained from chron�8 
treated fish are presented in Table I for Aroclor 1242, and in 
Table 2 for Aroclor 1254. Ai1 flsh showed responses of ATPase 
actlvlties to exposure to the Aroclors compared fo control flsh. 
As with earller in vitro studies (3) both inhibition and stimula- 
tion responses were observed for the different tissues tested and 
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varlations occurred between the two Aroclors. Braln was Che only 
tissue Chat showed only inhibition of ollgomycln sensitive Mg 2+ 
ATPase after exposure to both Aroclors (Tables 1,2) o The maximum 
inhibltory effect on the ATPases occurred wlth Aroclor [242 on 
kldney tissue (Table 1). It was hOt possible to e8tabllsh a dose 
effect of PCBs (2,3) because of an apparent greater sensltlvity 
ai exposure level 2.8 ppb than at higher or lower exposure levels 
(Table I). 

There appears fo be a difference in the response of the ATPase 
~ctlvltln to Aroclors 1254 and 1242 between in vivo and in vltro 

exposure of the enzymes. In vltro, on blue gill flsh (3), 1254 
and 1242 were both qu�8 inhlbltory to the ATPases for all tlssues 
tested, Some stimulation of mitochondrlal Mg 2+ ATPase actlvlty 
was observed for muscle and kldney ai the lower concentrations 
tested (0.5 to 1.0 ppm). However, Aroclors 1221 and 1268 caused 
deflnite stimulation of m�8 Mg 2+ ATPase actlvity in most 
of the tissues tested in vltro (3). In the present prelim�8 
in vivo exposure study Aroclor 1254 caused stimulation of Mg 2+ ATPase 
activlty, as was observed in vltro (3). However, in v v_~ both oll- 
gomycln sensitive (mltochondrlal) and insens�8 actlvlties showed 
stimulation in kldney and llver tissue (Table 2). No st�8 of 
ollgomycln �8 act�8 was observed in vltro (3). 

In general, when stimulation occurred it was more promš  a t  
lower concentrations and more erratlc. Stimulation also occurred 
more often wlth those Aroclors whlch were the poorest Inhlbitors 
(in vltro 1221 and 1268, in vivo 1254) of Mg 2+ ATPases and even of 
Na -~ - K+ ATPase. In addition, the compound (1242) showlng greatest 
inhibition of Mg 2+ ATPases, both in vivo (Table 1,2) and in vltro 
(3), corresponded to those Aroclors (1242, 1248) wh�8 were most 
toxlc under chron�8 toxlcologlcal test conditions (Dr. Nebeker, 
personal con~nunlcatlons). However, wlth Aroclor 1242, in vlvo~ 
gceaCer inh�8 of ollgomycln sensitive than in~ensi~ve Mg2+ 
ATPases was observed (Table I), while in vitro flndings showed 
ollgomyc�8 Insensltive act�8 somewhat more inhlblted than 
ml tochondrlal actlvlty by 1242 (3). Na + - K + ATPase sensitlvlty 
to the Aroclors varled conslderably for the dlfferent tlssues 
under in vivo exposure (Tables 1,2). Further studies will be 
requlred to determ�8 the slgnlflcance of Na + - K + ATPase responses 
to Aroclors. 

Although d i f f e r e n c e s  d �8  occu r  b e t ~ e e n  i n  v i v o  and i n  v f t r o  r e -  
s u l t s � 8 7  t h e r e  appea r s  t o b e  s u f f i c i e n t  e v i d e n c e  from t h e s e  s t u d i e s  
to indlcate that ATPase inhibition may be the speclflc site of 
"attack" of PCB's in flsh tissues. The apparent dlfferences in 
responses of ollgomycin sensitive and insensltlve Mg 2+ ATl~.ase 
actlvltles between in vivo and in vltro results requlres further 
study; also more detailed study--~i~o) on Indlvldual tissues Is 
requlred to determlne if there is a w'~~arget '' tissue for PCB attack. 
The prellmlnary results, reported h e r e ,  would seem to indlcate 
that kldney tissue was most sensitive to Aroclor 1242. However, 
from vlsual observations durlng dissection both llver and kldney 
tlssues had undergone conslderable degradatlon st 8.3 ppb 
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level of exposure for both Aroclor 1242 and 1254. Also in vltro 
f�8 (3) showed muscle tissue to be hlghly sensitive to P---CBTs. 
We were unable to conflrm thls flndlng because of technlcal pro- 
blems in dlfferentlal centrlfugatlon of the tissue homoEenates. 
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