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ABSTRACT 

AN EVALUATION OF THE CENTRAL NEUROTOXI C EFFECTS OF AROCLOR 125 4 ,  A 

CO�lliERCIAL MIXTURE OF POLYCHLORINATED B IPHENYLS , IN M I CE 

Diane 1. Rosin 

Medical College of Virginia - Virginia Commonwealth University, 1982 

Major Advisor: Billy R .  Martin, Ph . D .  

Polychlorinated biphenyls (PCBs) are industrial compounds whose 

ubiquitous environmental contamination has been known since the late 

1960's. Incidents of human intoxication have been reported, most nota­

bly, the "Yusho" incident that affected over 1600 people in Japan in 

1968. A broad spectrum of adverse effects are produced by PCBs , inclu­

ding some neurological symptoms. \Vhile examination of the toxic effects 

of PCBs has received much attention, there has been little work on the 

neurotoxicity of PCBs . The intent of the experiments presented in this 

thesis is to provide further informqtion on the central neurotoxicity 

of PCBs in mice. 

A commercial mixture of PCBs  (Aroclor 1254) was used in these ex­

periments. The first set of experiments was initiated to evaluate the 

behavioral effects of orally administered Aroclor 1254 in mice. A dose 

of 500 mg/kg depressed spontaneous motor activity at times of 15 min to 

3 hr after gavage, with the peak effect observed at 45 min. A dose-re­

sponse curve generated at 45 min revealed statistically s ign i f i cant 

effects only at the highest dose, 500 mg/kg . Aroclor 1254 had no 

effect on the other behavioral measures evaluated - performance on the 

rotor rod and inverted screen and effect on pentylenetetrazol-induced 
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convul s ions . The s e  re sults  s ugge s t  that Arocl o r  1 25 4  may b e  exe rting a 

CNS dep r e s s ant effect  a s  evidenced by a supp re s s ion o f  spontaneous 

a c t i vi ty in the abs ence of imp a i r e d  mo to r  coord ination . 

In  o rder  to examine further the sugge s te d  CNS dep re s s ant e ffect , 

the interaction o f  Aro c l o r  1 2 54 with a kno wn CNS dep r e s s a nt ,  p entoba r ­

b i t a l , wa s inve stigated . Pretreatment with a s ingl e  d o s e  o f  Aro c l o r  

1 2 5 4  ( 5 0 0  mg/kg ) s i gni ficantly enhanced pentob a rb ita l - induce d  s le ep 

t ime a t  p retreatment time s o f  0 ,  0 . 75 ,  2 ,  4 and 8 hr . A do s e - re spons e 

rel a tionship was demons trated with d o s e s  o f  5 to  5 0 0  mg/ kg o f  Aro c l o r  

1 25 4  g iven at  the pretreatment t ime o f  p e a k  e ffect , 2 hr . By contra s t , 

s ub chronic ( 1 4  day) a dminis tration o f  Aro c l o r  1 2 5 4  (30 o r  1 0 0  mg/kg ) 

reduced  p entobarb i t a l - induced  s leep time in  a d o s e - d ependent fa shion  

when p entobarbital  was g iven 45 min after  the  l as t  dose  o f  Aro c l or 1 2 5 4  

with a further . reduction when g iven 24  hr a f t e r  Aro c l o r  1 25 4 . Re sults  

of  s tudi e s  o f  the d i spos ition of  1 4C-pentob a rb i t a l  fo llowing Aro c l o r 

1254-pretreatment sugge s ted  that a cute Aro c l o r  1 2 5 4 -p retreatment inh i ­

b i t s  p entob a rb i t a l  metab o l i sm whi l e  �ubchron i c  PCB-p retreatment e nhan­

c es p entob a rbital  metab o l i sm a s  evidence d  by t i s sue leve l s  of  p entob a r­

bita l and metabolite s . Therefo re , i t  app e a r s  tha t the ob s e rved in­

c re a s e  in pentobarb i ta l - induced  s leep time is  not a result  of  a l t e re d  

CNS s ens i t ivity o r  c omb ined dep re s s ant effects  o f  the two c ompounds , 

but rathe r i s  due to  Aro c l o r  1 254- induce d  a l te rations  in the pha rmaco ­

kine t i c s  o f  p entob a rb i ta l . 

The next s e ri e s  o f  exp e r iments wa s a imed  a t  evalua ting the e ffect s  

o f  Arocl o r  1 25 4  on neurochemi s t ry .  Aro c l o r  1 254  p r oduce d  c oncentra ­

t ion- dependent a lte rations in the fol l owing pa rameters  mea s ured  in 

vitro : inhibi tion o f  neurotransmitte r  and p r ecurso r  uptake , enhancement 



xxvi 

o f  neurotransmitte r relea s e , enhancement o f  synapto s omal  4 5Ca
++ 

uptake , 

++ 
s t imulation  of ATP- s upported mito chond r i a l  4 5Ca uptake , inhib ition o f  

+ + ++ 
synaptosomal  Na /K - and Mg -ATPa s e s , and inhib ition  of mito chond r i a l  

++ 
Mg -ATPa s e s . Effective concentra tions  o f  Aro clor 1 2 5 4  in the s e  in 

-6 -4 vitro sys tems ranged from 10  to  10  M .  Acute (up to 500 mg/ kg ) and 

s ub chroni c (90  day) a dmini s t ration  of  Aro c l or 1254 had no e ffe c t  on 

uptake o f  neurotransmi tters  or p re curs ors  by synap to s omes i s o la te d  from 

Aro c l o r  1 254- treated mice . No r wa s the re  any effect  on ATPa s e  a ct iv i -

t i e s  i n  synapto s omes  o r  mito chond r i a  i s o lated  from mice  exp o s e d  to  

a cute o r  sub chronic  ( 1 4  day)  Aro c l or 1 25 4  regimens . 

Thi s  disparity between the results  o f  in  vitro and in vivo exp o -

s ure t o  Aro c l or 1 2 5 4  prompted  s tud i e s  o f  the d i s p o s ition  o f  14C - PCBs . 

A t ime cour s e  o f  radioactivity in p l a sma and brain  fo llowing a 5 0 0  

mg/kg d o s e  o£ l1c-PCBs  ( a mixture o f  PCBs with 5 0% C l  by we ight and 

uniformly labeled  with 14C )  c omp a red  favorably with that of the beha-

vioral  a ctivity o f  Aro c l or 1 25 4 . No d i fferenc e s  in b r a in regiona l  

d i s tr ibution o f  14C - PCBs wa s ob s e rve d . Mo s t  imp o rtantly , l eve l s  o f  

radioa ctivity i n  synaptos omes  and mitochondr i a  o f  subfractionated  

b ra ins o f  mice  that had been  exp o s e d  to a behavio r a l ly a c t ive dose  o f  

1 4C -PCBs (500  mg/ kg)  we re comp a rabl e  t o  t i s s ue leve l s  i n  i s o l a ted 

synaptosomes and mito chondria  tha t had been  incub a ted with concentra ­

tions of 1 4C-PCBs ( 1 0
- 5  

to  1 0
- 4 

M )  that a ltered neuro chemi s try in  

vitro . Thus , e ffective concentrations of  14C - PCBs  a re app a rently 

a ch i eved  in sub c ellular organe l l e s  o f  bra in fo llowing o r a l  a dm inis tra-

tion  o f  a behavio rally a ctive dos e . The l a c k  o f  ob s e rvable neuro chemi -

c a l  e ffects  in Aro c l o r  1 25 4 - treated  mi c e  may b e  due to compens atory 

mechanisms that m a inta in home o s ta s i s  i n  the intact b rain . 
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I n  s umma ry, Aro c l o r  1254 ha s been  shown to p roduce  a dep re s s ion  o f  

spontaneous motor  a ctivity i n  mi ce , change s i n  pentob a rb ital-induc e d  

s le ep time (an effect  that i s  p robably a manife s tation o f  changes  in  

the pha rmacokine tic  behavior  o f  pentob a rb i ta l  rathe r than a d i re c t  

e f f e c t  o f  Aro c l o r  1254 o n  bra in ) , and a l te ra tions  in a numbe r  o f  neuro-

chemi c a l  events in vitro . The s e  results  may he lp to expand the l imited  

data  base  on the neurotox i c i ty o f  PCBs . 



I .  INTRODUCTION 

A. Polychlo rinated B ipheny l s  

1. Production, prop e rti e s , and use  

Polychlo rinated b ipheny l s  (PCBs ) a re a group o f  synthet i c  chl o r i ­

nated  hydrocarbons whi ch have b e e n  used  comme r c i a l ly f o r  ove r 4 0  ye a rs 
and recently have re c e ived much a ttention from both the l ay and s c ien­

t i f i c  communities . They were f i r s t synthe s ized in the late  1 9 th cen­

tury (Griefs , 1 8 6 7 ;  S chmidt  and Schultz , 1 88 1 )  but  did  not b ecome 

ava i lable  fo r comme r c i a l  use  unti l  the e a r ly 1 930 ' s  (Hubba r d , 1 9 6 4 ) .  

The s t ructure o f  PCBs i s  s hown in  Figure 1 .  The synthet i c  process 
invo lves the progre s s ive chlorination o f  thi s biphenyl  ring sys tem . 

The o ret i c a l ly , 210 p os s ib l e  chl o rinated b iphenyl mo lecules  could  be 
formed with frOID 1 to  10 chlorine s a t  p o s i tions  indi cated  in the figure. 
The individua l b iphenyls  a re o ften inco rrectly refe rred to in  the 

l ite rature as " i s ome rs . "  Thi s  t e rm is inapp rop riate , as it is u sed  to 

de s c ribe  comp ounds  of ident i c a l  mol e cula r comp o s i tion . Pe rhap s a more 
app rop riate  term would b e  " congene rs , a lthough when po s s ib l e , they may 

simply b e  ca l l ed individua l " chlorinate d  b iphenyl s . "  

Commer c i a l  use  o f  PCBs do s e  not attend to the s e  individua l con­

gene r s , but rather involves a p ro duct  o f  ma nufa cturing whi ch is  a 

mixture of chlo rinated  b iphenyl s .  The s e  comme r c i a l  mixture s  were  

manufactured in  s everal  d i ffe rent count r i e s , and each ha s its  own trade 

name (by which i t  i s  referred  to i n  the l iterature ) :  Aro c lor  (U.S.A.), 

Pheno c l or (France ) , Kane chl o r  (Japa n ) , C lophen (West Germany ) , Fenchlor 

( I ta ly ) , and Sovol (U . S . S.R. ) . The composition of the mixture and i ts 
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a s s o c i ated  i dent i f i c ation numb e r  a re gene ra l ly de fined on the b a s i s  o f  

the chl o rine c ontent . Fo r examp l e ,  the Aro c lo r s  (produced  b y  the �lon­

s anto Chem i c a l  Co . ,  S t . Loui s , MO) are identifi ed  by a four d i g i t  c o d e . 

The f i r s t  two dig i t s  de fine the ring s ys tem , e . g .  12 fo r b iphenyl s ,  

5 4  fo r te rphenyl s .  The chl o r ine c ontent o f  the mixture , i n  % chl o r ­

ine b y  we ight , i s  g iven by the s e cond two d i g i t s . The r e f o r e , Aro c l o r  

125 4 ,  whi ch i s  the comme r c i a l  mixture u s e d  i n  the exp e r iments to b e  

de s c r ibed  i n  thi s  the s i s , i s  a mixture o f  chl o rinated  b iphenyl s with 

5 4% chl o rine c ontent (w/w) . Ana lys i s  o f  s ome  b a t ches  o f  s eve r a l  d i f f e r ­

ent c omme r c i a l  mixtures  o f  PCB s ha s reve a l e d  the p res ence o f  impu r i ­

tie s , s uch a s  the polychlo r inated dibenzo furans (PCDFs) and p o lychlo ri­

nated naphthalene s (PCNs ) , the s t ructures  of which a re shown in  F i gure 

2 .  Thi s f inding b e c ome s p a rti cul a rly imp o rtant in  i nte rp reting eva l ua ­

tions o f  the-toxi c ity o f  the s e  mixture s and wi l l  b e  dis cus s ed i n  more  

deta i l  in a s ub s equent s e ct i o n  (Toxi c o lo gy , Human S tud i e s ) . 

The phys i c a l  and chemi ca l p rop e r t i e s  o f  PCBs contr ibute b o th t o  

the i r  w i d e s p r e a d  indus t r i a l  app l i cations a n d  to the i r  ub iquitous  e nv i ­

ronmenta l c ontamina tion  a n d  s ub s equent b i o l ogi ca l e f f e c t s .  PCBs s e e  

the i r  p rima ry app l i ca tion i n  the e le c t r ica l industry owing to the i r  

excellent die l e ctri c  prope r t i e s  (i . e . , they d o  not c onduct  el e ctr i c i ty 

and the refo re , a re goo d  insul a t o r s ) and r e s i s tance  to heat . The majo ri­

ty of the PCBs p roduced  wo rldwide have b e e n  used as dielectri c flui ds 

in trans fo rme r s  and large cap a c ito r s . PCBs a re a l s o  ve ry stable 

chem i c a lly and are non-flammable. vla ter s o lubi lity o f  PCBs i s  quite 

low and d e c rea s e s  wi th inc rea s ing chlorine c ontent . Monsanto gives the 

following \�a ter s o lub i l i ty f i gures  for s ome of i t s  p rep a r a t i ons : 
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Figure 2 
Structures of polychlorinated naphthalenes (PCNs) 

and polychlorinated dibenzofurans (PCDFs) 
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Aro c l o r  1 242, 200  ppb ; Aro c l o r  1 254 , 40 ppb ; Aro c l o r  1 260,  25 ppb 

( Pan e l  on  Ha zardous T race Sub s tances,  1 9 7 2 ) . Non-ioni c surfactants , 

such  as Tween
® 

80 , wi l l  incre a s e  the s o lub ili ty o f  PCBs  in wa te r ,  a nd 

if an aqueous medium i s  not  r e qui r e d, PCBs are s o lub l e  in many o rgan i c  

s o lvents and o i l s . 

With the s e  chemical and phys i cal p o rp e r t i e s  in mind, i t  i s  und e r ­

s tandab l e  that PCBs m e t  with s u c h  a recep t ive market and s aw the i r  way 

into  s o  many us e s . The i r  us e s  can b e  grouped into the fo l l owing thr e e  

c atego r i e s :  1) large c l o s e d  sys tems PCBs u s e d  as d i e l e c t r i c  fluids in 

tran s f o rme r s  and large capa ci t o r s . When thi s  equipment i s  repl ac e d, 

the PCBs can b e  re c l a ime d ; 2 ) sma l l  c l o s e d  sys tems - PCBs u s e d  in 

s ma l l e r  quant i t i e s  in hyd raul i c  and heat trans f e r  syste sm, gas tur­

b in e s , and va cuum pl�pS . Be cau s e  small quantitie s of fluid a re use d, 

PCBs are rarely_re c ove re d . The s e  type s o f  e quipment are very wide ly 

used  and are  s e rv i c e d  frequently, the refo re p roviding inc rea s e d  o ppor­

tun i ty fo r a c c i denta l c ontaminati on . Prope r  dis po s a l  o f  s pent e quip ­

ment ha s been d i f f i cult  t o  enfo r c e ; �nd 3) d i s s ipative u s e s  - appli c a­

tions  in which PCBs can  eas ily gain  ac c e s s  t o  the envi ronment , such  as 

the i r  us e as fire reta rdants ,  lub r i cating and cutting o i l s ,  p las t i c i -

z e r s  (in adhe s ive s,  text i l e s ,  s urfa c e  c oatings, s eal ants, carb o nl e ss 

c opy pap e r, and p a int) , and a s  a n  add itive in pest i c i d e s  to  reduce  

vo l a t i l i z a ti on. Leakage and imprope r d i spo s a l  of  PCBs  o r  PCB-contain­

ing equipment and d i r e c t  c onta c t  between open-ended us e s  o f  PCBs and 

the environment may a ll contribute to contamination  of the env i r o nment 

by PCBs . 

With all o f  the s e  attrac t ive applications,  i t  i s  no wonder that 

PCBs p roduction and use e s cala ted in the 4 0  years from the i r  introduc -
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tion on the marke t . I t  wa s no t unt i l  the l a te 1 9 60 ' s tha t attent i o n  

wa s c a l led  to the matte r , when Jens en ( 1 9 6 6 )  rep o rted tha t PCBs c o u l d  

b e  detected  in b i rds a nd mamma l s  wo r l dwide . Pub l i c  conc e rn b e g a n  t o  

deve l op rega rd ing the hea l th e f f e c t s  o f  PCBs , a n d  b y  the e a r ly 19 7 0 ' s ,  

b o th vo lunta ry and goverment cont r o l  o f  PCB us a ge had been ins ti tute d  

in  s eve ra l countri e s . B y  1 9 7 1 , U . S .  p ro du c t i on wa s volunt a r i ly l imite d  

t o  c l o s e d  systems . Japa n  banned a l l  p roduc tion  o f  PCBs i n  1 9 7 2 . 

Throughout the e a r ly to  m i d - 1 9 7 0 ' s ,  va rious  U . S .  gove rnmental  a ge n c i e s  

b e c ame invo lved i n  the i nve s t i ga ti o n  o f  the PCB p rob l em , and nume rous  

re s tri cti ons we re  p l a ced on PCB us e a nd d i s p o s a l .  Fina l ly ,  on  Novemb e r  

1 ,  19 7 9 , the Envi ronmenta l Prote c t i o n  Agency d e c l a red tha t PCBs would 

no l onge r be  app roved fo r new sys tems , and tha t exi s ting e quipment wa s 

p e rmitted to  rema in i n  u s e  only unt i l  July 1 ,  1 9 8 4  (Fed . Regi s . ,  19 80) . 

De spite . the s e  contro l s , the re i s  s t i l l  the p otent i a l  for continued 

PCB exp o s ure . Wo rkers who ma i nta i n  c ap a c i to r s  a nd trans fo rmers may b e ­

c ome exp o s ed , a s  we l l  a s  tho s e  who d i s p o s e  o f  o ld e quipment . In  a ddi ­

tion , the gene r a l  p opula t i on c ome s in  c onta c t  with PCBs through e nviro n ­

ment a l  c ontamina tion . The refore , b e caus e human exp o sure  to  P C B s  i s  

s t i l l  a p o tent i a l  p rob l em , eva lua t i o n  o f  the t ox i c i ty o f  PCBs continu e s 

to p rovi de  u s e ful info rma t i on . 

Addi t i ona l info rma t i on on the p rop e rti e s  and us e s  o f  PCBs c a n  b e  

found i n  s eve ra l reviews (H iguchi , 1 9 7 6 ; Hut z inge r ,  1 9 7 6 ; IARC , 1 9 7 8 ;  

Panel on  Ha za rdous T r a c e  Sub s tanc e s , 19 7 2 ; Rapp e and Bus e r , 1 9 80 ; \�IO , 
19 7 6) . 
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2 .  Env i ronmental  l evels o f  PCBs in a i r , wa te r , s o i l , and l iving organi sm� 

A d i s cus s ion o f  envi ronmenta l contamina t i o n  h i ghl ights  the na ture  

o f  the  PCB p rob l em , i . e .  the s o urc e and extent of  contamina t i o n  and the 

imp a c t  of  the s e  f a ctors on the tox i c i ty of PCBs . As ment ioned  p r e ­

vious ly , the propertie s o f  PCBs , p a rti cularly chem i c a l  s t ab i l i ty ,  whi c h  

l e d  to  the i r  wide s p r e a d  indus t r i a l  app l i ca t i o n  have a l s o  contr ibut e d  t o  

the gravity o f  envi ronmenta l c ontamina tion a n d  tox i c i ty .  

The fate o f  PCBs  i n  the e nv ironment i s  d e te rmined by a numbe r  o f  

fa ctors . Phys i c a l  and chemi c a l  p rope rt i e s  p l ay a ro l e  i n  t ransport and  

trans fo rma tion o f  PCBs in  the envi ronment . Whi l e  the i r  water s o lub i l i ­

ty i s  r e l a t ively low , o n  the o rd e r  o f  25 - 20 0  ppb (Pane l o n  Ha z a rdous 

Tra c e  Sub s tanc e s , 1 9 7 2 ) , PCBs  a re r e a d i ly ab s o rb e d  onto wa t e r  s ed iment s . 

L ikewi s e , despite  l ow vap o r  p re s s u re s , l eve l s  o f  PCBs in a ir have b e e n  

e s tima ted to - range fo rm 1 t o  5 0  ng/m3 i n  the United  State s (Pane l o n  

Haza rdous Tra c e  Sub s tanc e s , 1 9 7 2) and may even app ro a c h  the �g/m3 l eve l 

i n  urban a re a s , a s  ha s been  found i n  s ome Japane s e  c i t i e s  ( Ta k s ukawa , 

1 9 7 6 ) . Wha teve r the med ium with wh�ch they a r  a s s o c iated , the comp o s i ­

tion o f  PCBs i n  the e nvironment c a n  b e  a ltered  by one o r  mo r e  p ro ce s s e s . 

As woul d b e  exp e c te d , upt a ke o f  PCBS by l iving o rganisms  and metab o l i c  

trans formation  wi l l  a lt e r  thei r  chemi c a l  comp o s i t i o n . I f  no t taken up 

by an o rgani s m ,  PCBs in the env i r o nment a r e  gene r a l ly chem i ca l ly s tab l e , 

howeve r they may b e  l i ght s en s i t ive . Hutz ing e r  and Sa fe ( 1 9 7 2 )  have 

demonstrated  that PCBs can  undergo  a photo lyt i c  p ro c e s s in whi ch d e ­

chl o rination  results i n  the fo rma tion  o f  d i ffe rent congene r s  o f  uni den­

tified  chemi c a l , phys i c a l , or  tox i c o l o g i c a l  p rope rti e s . 

One o f  the p rob l ems a s s o ci a t e d  with PCB s  p o l lution i s  the i r  a c c umu­

l a t i o n  in t i s sue and magnification  in food  cha ins . PCBs a re h i ghly 
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lipid s o lub l e  and chem i c a l ly s tab le  thus s e tting the s tage  f o r  upta ke 

by and p e r s i stant s t o ra g e  in fa tty t i s sue (s e e  the n e x t  s e ction, Pha rma ­

cokineti c s ,  for  deta i l s ) . Loo king at  total  body l eve l s  o f  PCB s in  

o rganisms  at va rious  t roph i c  s ta g e s  o f  a foo d  cha in, one  finds inc re a s ­

ing leve l s  a t  highe r s ta g e s  i n  the fo od  cha in .  B i omagn i f i cation o f  PCB 

l eve l s  of 1 0- to 1 00-fo l d  at  e a ch s tep can be  found in both ma rine and 

te rre s tr i a l  e c o sys tems (Ris eb rough et a l . , 1 9 6 8 ) . Thi s be come s p a rticu­

l a r ly impo rtant when consid e ring the contr ibution of diet to the tota l 

body burden o f  PCBs in humans . 

Contaminated foo d s tuffs  can b e  divided into two group s ,  unp r o ­

c e s s e d  and p ro c e s s e d  foo d s . The fo rme r cate g o ry inc lud e s  p l ants o r  

a nima l s  tha t  have come d i r e ct ly in c onta ct with e nvironmenta l contam i ­

na tion, e . g . , fish i n  c ontaminate d  b o d i e s  o f  wate r , o r  foo d s tuffs  tha t 

have been  contaminated a s  a cons e quen c e  o f  indus tr i a l  a c c id ents , such  

as  a sp i l l  into anima l feed . Pa ckaging mate ria l s  a re the  s ource  o f  

contamination f r , r p r o c e s s e d  foods . PCBs  have been  u s e d  in pre s sure ­

s ens i tive dup l i ca ting p ap e r, and when thi s  p ap e r  i s  r e cyc l e d, PCBs  a r e  

trans ferred  to food  p a c ka g ing mate r i a l s  (l'la suda e t  a I . , 1 9 7 2 ) . 

Since  the e a rly 1 9 7 0 ' s ,  the u s e  o f  PCBs ha s b e en confined to  

c l o s e d  sys tems , t i ghte r c ontr o l s  on  d i sp o s a l  have  b e en ins ti tuted  and 
enfo r c e d, and thus , l eve l s  of PCBs in mo s t  foods have d e c l ined  to b e low 

de tectab l e  l eve l s . The exceptions  a r e meat, poultry ,  and fish i n  whi ch 

t r a c e  l eve l s  can s t i ll b e  dete cted  ( C o rdle  e t  a� . ,  1 9 7 8 ) . 

3. Pha rma c o k i n e t i c s  

Exp e rimenta l  eva luat ion o f  the pha rma c o kinetic s o f  PCBs ha s b e e n  a 

dif f i cult prob l em b e c a u s e  o f  the comp l e x i ty o f  the comme r c i a l  PCB mix-
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tures . Be cause  PCBs are u s e d  indus t r i a l ly as mixture s a n d  gai n ac c e s s  

t o  the environment in that f o rm , i t  wou l d  b e  u s e ful t o  have data o n  the 

pharmaco kine tic s of the c ommme rcial PCB p roduc t s . While this app roach 

may s e em valid , the re are al s o  s eve ral d rawbac ks . With so many mixtur e s  

availab l e  on  the marke t , i t  i s  d i f ficul t  to make a s tatement conce rning 

PCBs  as a who l e . F o r  one thing , each mixture c ontains a large numbe r  

o f  diffe rent cons tituent s , e . g .  ove r 5 0  comp onents o f  Aro c l o r  1 25 4  have 

been identifi e d  (S i s s ons and We lti , 1 9 7 1 ) , and ano the r mixture may 

c ontain a c omp l ete ly d i f fe rent array o f  c ongene r s . The o re t i cal ly , each 

c ongene r could behave d i ffe rently in the b o dy .  I dea l ly , one would like  

to  b e  ab l e  to identify and quantitate each s eparate component and its  

metab o lit e s  in bio l o gical samp l e s , howeve r the s tructure s of  many o f  

the s e  compound s  are unknown . For  the s e  r e a s ons , many inves tigato r s  

have taken the �our s e  o f  evaluating indiv idual chlo rinated biphenyl s . 

One advantage o f  this app roach is that it i s  nluch easie r to  eva luate 

one s ingl e  compound , howeve r this d o e s  not answer  the que s tion o f  what 

happens when a p e r s on is exp o s e d  to . a PCB mixture . Furthe rmo r e , the 

ta s k  o f  evaluating all the p o s s ib l e  PCB c ongene r s  is fo rmidab l e ,  i f  not  

imp o s s ib l e . Neve rthe rl e s s ,  b o th app rao che s have been  taken , and 

examp l e s  wi l l  be given o f  each . 

A numb e r  o f  recent reviews p rovide furthe r d etail s on the pharma­

cokinetic s of PCBs ( S a fe , 1 9 8 0 ; WHO , 19 7 6 ; Yo s himura and Yo s h i h a ra , 

1 9 7 6) . 

a .  Abs o rption 

The re are three  p o s s ib l e  route s  by which humans may b e  expo s e d  to 

PCBs : de rmal , o ral , and inhalation .  The firs t  indica tion that PCBs 
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could b e  ab s o rbed  through the s kin appea red in the l ite ra ture in  the 

e a r ly 1 9 30 ' s .  A numbe r  of c a s e s  of human toxi c i ty from o c cup a t iona l 

exp o sure  were reported  (Dr inke r e t  a l . , 1 9 3 7 ; Greenburg e t  a l . , 1 9 39 ; 

S chwa rtz , 1 9 3 6 ) .  La te r , Vos and Beems ( 1 9 7 1 )  c onc luded  tha t sys temi c 

e ffects  obs e rved in  rabb i t s  fo l l owing derma l exposure we re due to  

abs o rption o f  PCBs  through the  s kin . I nha l a t i on i s  the s e cond maj o r  

route o f  exposure i n  the indus t r i a l  s etting , and Benthe e t  a l . ( 1 9 7 2 )  

have demons t rated  ab s o rption o f  a PCB- conta ining a e ro s o l  through the 

lungs . Fina l ly ,  the gene ra l p opula tion is exp o s e d  to PCBs through 

c ontaminated food and wa te r s ource s . Both Alb ro and Fi shb e in ( 1 9 7 2 )  

and Allen e t  a l . ( 1 9 7 4 )  have s hown tha t PCBs a r e  readi ly ab s o rb e d  f rom 

the g a s t ro intes t ina l ( GI )  tra c t . 

b .  D i stribution 

PCBs a re highly l ipoph i l i c  compound s ,  the refo re one woul d  exp e c t  

to f ind highe s t  concent rations  in fatty t i s sues . Following o r a l  o r  

intravenous a dmini s t ration , PCBs a r� found d i s tributed throughout the 

body with highe s t  concentra t i ons  in  adip o s e  t i s s ue . For examp l e , Grant 

et a l . ( 1 9 7 4 )  a dminis tered  Aro c l o r  1 2 5 4  o ra l ly to rat s  a t  a d o s e  of 5 0 0  

mg/kg for  4 days a n d  then l o oked a t  t i s s ue d i s tr ibutions . Highe s t  

leve l s  we re found i n  fat , fo l l owed by l ive r , then lower l eve l s  in  

hea r t , t e s t e s , spleen , kidney , and brain , and lowe s t  concentrations  in  

blood . Othe r inves t i gators  have dete c ted high concentra t ions o f  PCBs  

in lung , adrena l s , s kin , glandul a r  s e c re t ing t i s sue , and mus c l e  

(Yoshimura and Yo shiha ra , 1 9 7 6 ) . 

Pla centa l transport  o f  PCBs  ha s been d emons t rated  in a var i e ty o f  

anima l spe c i e s  and humans .  PCBs a dmin i s te re d  to pregnant anima l s  we re  
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detected  i n  the fetus e s  of  rabb i t s  (Grant e t  a l . , 1 9 7 1 ) , rats  ( Curley 

e t  a l . ,  1 9 7 3 ) , and mice  (Be r l in et  a l . ,  1 9 7 5 ; Na suda  et  a l . , 1 9 7 8a , b ;  

1 9 7 9 ) .  Bab ies  born to mothe rs  who we re exp o s e d  to PCBs in the Yusho 

incident a l s o  show�d s i gns  of  tox i c i ty ;  a b r i e f  de s c ription of  the s e  

c a s e s  i s  g iven b y  Kuratsune ( 1 9 8 0 ) . 

c .  �Ietab o l i sm 

A huge body o f  l ite rature exi s ts on the metab o l i sm o f  PCBs , and 

s eve r a l  reviews have appeare d  on the s ubj ect  (Hutz inge r e t  a l . , 1 9 74 ;  

Natthews e t  a I , 1 9 7 8 ; S a fe , 1 9 8 0 ; WHO , 1 9 7 6 ) . Particula rly notewo rthy 

i s  the review by Yo shimura and Yo shiha ra ( 1 9 7 6 )  in  which  they g ive a 

tho rough d i s cus s ion o f  the metab o l i sm o f  individua l chl o r
·
ob iphenyl s .  

The re a re s eve r a l  i s sues  to  b e  addre s s e d  conce rning p rob lems and 

goa l s  a s s o c iated  with the s tudy of PCBs metab o l i sm . As  mentioned p re ­

vious ly , s tudi e s  invo lving the comme r c i a l  P C B  mixture s , pa rti cula rly 

metab o l i c  s tudi e s , a r e  extremely d i f f i cult due  to  the  complexity of  the 

mixture . Ana lys i s  of the s t ructure of metab o l i t e s  ha s been the fo cus  

of  many of  the s e  s tudie s . Because the re exi s ts s uch a dive r s i ty o f  PCB  

c ongeners , many inve s tigators  have examined the  e ffect  o f  pos i tion  and  

numb e r  o f  chl o r ines  on metabol ism . Taken a ltogethe r , determination  o f  

metab o l i c  pathways for  PCBs ha s b e en a n  a rduous t a s k . 

A few gene ral  p o ints can  be  made about PCB metab o l i sm . PCBs , l i ke 

many o the r endogenous c ompounds and xenob i o t i c s , a re metab o l ized  in the 

l ive r to  mo re p o l a r  deriva tive s ( Go l d s tein  et a 1. , 1 9 7 4 ) . The rate  o f  

metaob l i s m  i s  inve r s e ly related  t o  the numb e r  o f  chl o r ine s p e r  mol e cule 

(Ma tthews and And e r s on , 1 9 75 ) . The p o s ition  o f  the chl orines  a l s o  

become s imp o rtant , pa rti cula rly when the re a r e  four o r  mo re ha l ogens 
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p e r  mole cule , because  oxida t ive metab o l i sm of PCBs i s  more l ike ly when 

the re  a re two adj a cent , unsub s ti tuted c a rb ons . 

Al though ring hyd roxylation  i s  the maj o r  route o f  metabo l i s m , a 

numbe r  o f  othe r products  have a l s o  been  ident i f i e d . The f o l l owing PCB 

metab o l i te s  have been  i denti fied  in  vivo : d i hydrodi o l s , pheno l s , pheno l 

a cetates  and methyl  e the rs , de chlo rinated d e r ivative s , and sul fur - c on­

tai ning metabolites  ( s ee  Sa fe , 1 9 8 0 ) . 

The impact  o f  the s e  metab o l i c  p rop e r t i e s  on PCB tox i c i ty i s  a c om­

p lex  p robl em . I n  rats , the l owe r chl o rinated  congene r s , whi ch a re 

metab o l i zed  and excreted  more rap i d ly ,  a re a l s o  l e s s  tox i c  than the 

mo re  highly chlo rinated  congene r s , howeve r the re is no a s so c i a t i on 

between the degree o f  chlo r inat ion and the a cute tox i c ity in rabb i t s  

(Pane l on  Haza rdous Tra ce  Sub s tanc e s , 19 7 2) . I nve s ti ga tion o f  the 

toxi c  e ffects of the PCB metab o l i te s  ha s re c e ived l i ttle  attent i on . 

Whi l e  it  i s  o ften the c a s e  that metabo l i sm to more p o l a r  d e r iva t ives  i s  

a detox i fying me chani sm , i t  may not b e  app l i cab l e  t o  PCB ma tab o l i te s . 

Yamamoto  and Yo shimura ( 1 9 7 3 )  eva lu�t e d  the tox i c i ty of the 5 - hydroxy­

deriva tive o f  2 , 4 , 3 ' 4 ' - tetrachlo rob iphenyl  in  mice . The LD s o ' s  fo r the 

p a rent and the metabo l ite ( g iven i . p . ) were  2 . 1 5 and 0 . 43 g/ kg , re sp e c ­

tive ly .  The re fore , the a cute tox i c i ty o f  PCBs may b e  due , i n  p a r t , to  

the production o f  pheno l i c  metabo l i t e s . 

In  l ine with thi s  think i ng i s  the p o s s i l i ty tha t a rene oxide  

inte rmediates  may b e  formed when PCBs  a re metab o l iz e d  by the hep a t i c  

mixed- function oxida s e s . Ga rdne r e t  a l . (1 9 7 3 )  were  the  f i r s t  t o  

repo rt evidence for  the exi s tence o f  a n  a rene oxide . The imp l i c a t i on 

o f  the forma t ion o f  s uch a s  intermediate  l i e s  in the e l e c t roph i l i c  

nature and highly rea ctive p rope r t i e s  o f  the a rene oxide s . Thus , they 
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can  p otent ia l ly b ind cova lently t o  c r i t i c a l  c e l l  m o l e cul e s  - p rote in , 

RNA , and DNA - and p roduce a cyto tox i c , mut a geni c ,  o r  c a r c inogeni c  

respons e . Bind ing o f  two hexa chlo rob ipheny l s  to  l ive r ma c romo l e cu l e s  

ha s b een demonstrated  by Mo ra le s  and Matthews ( 1 9 7 8 ) . The ca r c inogenic  

potential  o f  PCBs w i l l  b e  d i s cus s e d  in a s ub s e quent s e c ti on . 

d .  E l imination 

Fecal  excretion is  the  maj o r  route  of  e l imination fo r PCBs , a nd 

s ince  greate r than 9 0% o f  the excreted  PCBs i s  in the f o rm o f  metabo ­

lites , excretion i s  dependent upon the rate  o f  metab o l i sm . A s  in  the 

metabo l i sm of PCBs , the degree  of chlo rination ha s an e f f e c t  OIl e l imi­

nation , i . e .  the rate  o f  e l imination d e c rea s e s  w i th inc re a s ing chl o r i ­

nation . Furthe rmo re , the route o f  excretion i s  a l s o  dete rmined by thi s  

p a ramete r ; Matthews and And e r s on ( 1 9 7 5 ) showed that mono chlorinated 

b iphenyl s we re e x c reted  p rima r i ly in the urine , whe rea s with inc re a s ing 

chlo rination the maj o r i ty of the c omp ound wa s exc reted  in the f e c e s . 

Be caus e the maj ority o f  the ex � rete d PCBs i s  in  the f o rm o f  met a ­

b o l ite s ,  the s ource  o f  fe c a l  exc retion p roducts  can  n o t  s o l e ly b e  unab ­

s o rbed  PCBs from the GI  t ra ct , e xp e c i a l ly i f  the d o s e  ha s been  g iven by 

a p a rente ral  route . Yo s himura and Yamamoto ( 1 9 75 )  demons trated  the re­

ab s o rption o f  unchanged compound thro ugh the  inte s t ina l  wa l l  and  e x c r e ­

t i o n  into the sma l l  inte s t ine o f  ra t s . Tuey a n d  Ma t thews ( 1 9 8 0 )  have 

a l s o  p rovi ded evidence  that PCB metab o l i t e s  unde rgo b i l i a ry ex c re t i o n 

in m i c e . 

Whi l e  a lte rna t ive modes  o f exc retion may not contribute s i gni f i ­

cantly to the b u l k  o f  e l imina t i o n , the re a re imp o rtant cons e quence s .  

O f  p a r t i cul a r conc e rn in  terms  o f human he a l th e ffe cts  ha s been  the 

d e t e c t i o n  of PCBs in  human m i l k . PCBs have been  detected  in  Japana e s e  



1 4  

women who we re exp o s e d  to  PCBs o c cupationa l ly (Ya ku s hij i e t  a l . , 1 9 7 8 )  

and non- o c cupa tiona l ly (Yakushij i ,  1 9 7 9 a ,  b )  and i n  populations  through-

out the wo rld in which  no known PCB exp o sure ha s o c curred . A s wruna ry 

o f  thi s l i te rature i s  given by Land rigan ( 1 9 8 0 ) . 

4 .  Tox i c o logy 

a .  An ima l s tudie s  

The a cute toxi c i ty o f  o ra l ly a dmini s te re d  PCBs (gene ra l ly the 

comme r c i a l  mixture s )  ha s typ i c a l ly been evaluated by us ing letha l i ty a s  

the endpo int . Acute o r a l  LDs o ' s i n  rats  for  a s e ri e s  o f  Aro c l o rs we re 

determine d by Mons anto C o rp . (Pane l on Ha za rdous Tra ce  Sub s tance s ,  

1 9 7 2 )  and value s ranged f rom 4 to  1 1  g / kg . S imi l a r  findings in  rats  

were repo rted in an FDA s tudy ( see  F i s hb e in , 1 9 7 4 )  with Aro c l o r  LD 5 0 ' S 

between 3 and 1 9  g/ kg . A survey o f  othe r s tud i e s  in  rats , rabb i t s , and  

mi c e  shows the s ame range o f  va lue s , f rom 1 to  10  g/kg (Kimbrough e t  

a l . , 1 9 7 8 ) . The s e  value s ind i c a te tha t PCBs have a relatively l ow 

o rde r o f  a cute tox i c ity . Yamamoto and Yo shimura ( 1 9 7 3 ) determined  the 

a cute tox i c i ty of a s ingle do s e  ( i . p . )  of a pure tetra chlo robiphenyl  

and  i t s  maj o r  metabo l ite , the 5 - hydroxy d e r ivative . The LDs o ' s  wer e  

2 . 15 a nd 0 . 43 g/ kg for  p a rent c ompound and metabo l ite , resp e c t ively . 

Thi s  s tudy would s ugge s t  tha t furthe r eva lua tion  o f  the tox i c i ty o f  PCB 

metab o l i t e s  is wa rranted . 

As  for  spec i f i c  e ffe c t s  o f  PCBs , B ruckne r e t  a l . ( 1 9 7 3 )  examined -- --

the respon s e  o f  rats  t o  a s ingle o r a l  d o s e  o f  Aro clor  1 2 5 4 . They rep o r ­

ted  tha t a d o s e  o f  4 g/ kg ( the LD s o wa s � 4 . 25 g/kg)  resulted  i n  l o s s 

of  body we ight , dia�rhea , a taxia , l a c k  o f  response  to pa inful s timul i , 

ano rexia , we a kne s s , and d e c r e a s e d  exp l o ratory behavior . Coma and death 
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ensue d . Pathologi c a l  a lte ra t i ons were  ob s e rved only in the l ive r and 

kidney .  

Because  derma l expo sure to PCBs i s  a p rob l em , pa rticula rly in the 

indus t r i a l  s etting , Vo s and Beems ( 1 9 7 1 )  app l i e d  a mixture of 3 commer­

cial  PCBs  ( a ll  with 6 0% C l  by we i ght ) to  the s ki n  o f  rabb its , 5 time s 

e a ch day for  38  days . S kin l e s ions  were ob s e rved a s  wel l  a s  l ive r and 

kidney damage , thus i ndicating tha t PCBs were  rea dily ab s o rbed  through 

the s kin . 

Sub chronic  expo sure  to PCBs  yields  a much greate r degree  o f  tox i c i ­

t y  than a cute do s e s  and imp l i e s  that repeated  dos ing p roduc e s  cumula ­

t ive tox i c  effect s . For examp l e , Bruckne r e t  a l . ( 1 9 7 3 )  extended  

d o s ing fo r a period  o f  3 wk  on a regimen of  1 0 0  mg/ kg d o s e  (p . o . ) eve ry 

o the r day . Histopa tho logica l  change s were mo re  p ronounced  than tho s e  

des c ribed above - fo r a cute exposure  and included l ive r enla rgement , 

fa tty infi ltration , and hep a t i c  ne c ro s i s . Hep a t i c  micro s omal  enzyme 

a c t ivity wa s a l s o  e l evate d . Rhe sus  monkeys exhib ited  fa c i a l  edema , 

a l op e c i a , and a cne following a 2 moqth exp o sure to 25 ppm o f  PCBs in  

the diet  (Al len e t  a 1 . , 1 9 7 4 ) . Nink i s  the mo s t  s ensi tive spe c i e s  t o  

the e ffects  o f  PCBs . Exp o sure to 3 0  ppm o f  PCBs i n  the diet  resulted  

in 1 00% morta l i ty wi thin 6 months (Auleri ch e t  a l . , 1 9 73 ) . 

Toxicity has  a l s o  been  eva luated  fo l l owing longer periods  o f  

exposure , i . e . , chroni c a dmin i s tration  o f  PCBs . Ra ts  we re  exp o s e d  to  

Aro c l o r  1254  o r  1260  for  8 months at  concentrations o f  2 0 , 1 0 0 , 5 00 , o r  

1 000 g o f  PCBs / kg o f  diet . A t  the highes t  do s e , s ep a ra t ion  o f  e f f e c t s  

b y  s ex wa s ob s e rved . Whe re a s  a l l  the ma l e  r a t s  survive d , 8 0% mo rta l i ty 

in the fema les  wa s ob s e rved . I n  male  rats , a do s e - dependent  increa s e  
in l iver  we i ght oc curred ( s igni f i cant even a t  the lowe s t  d o s e  o f  PCBs ) , 
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and a s s o c iated l iver  mo rpho l o g i c a l  changes  we re found (Kimb rough e t  

a l . , 1 9 7 2 ) . 

Rhe sus monkeys a re the only species  that exhib it  a symp tomo l o g i c a l  

p i cture that i s  s im i l a r  t o  Yusho patients (Al len , 1 9 75 ; Al len  and 

No rback , 1 9 7 3 ; Allen e t  a l . , 1 9 7 4 ) . Admin i s t ra tion o f  Aro c l o r  1 248 a t  

l eve l s  o f  2 . 5  and 5 mg/ kg o f  diet  for  1 yea r  produced f a c i a l  edema , 

a lope c i a , and a cne within 1 to 2 months . Hi ghe r dos e s  ( 1 0 0  to  3 0 0  

mg/kg o f  d i e t )  resulted  in 1 0 0% mo rta l i ty wi thin 2 t o  3 months . 

The reproductive e ffects  o f  s eve r a l  Aro c lo r s  were eva lua ted in  

rats  (Kep l inge r e t  a l . , 1 9 7 1 ) . De creased  pup surviva l wa s ob s e rved 

fol l owing exp osure of  mothe rs  to  dietary l eve l s  o f  1 0 0  ppm o f  Aro c l o r  

1 25 4  f o r  1 8  months . Compa r i s on o f  the PCB mixtures indicated  that 

decreased  rep roductive e ffe cts  we re  produced  with inc rea s ing chl o rina­

t i on . Lowe � � o s e s  of  Aro c l o r  1 2 5 4  ( 2 0  ppm) p roduced decrea s e d  l itte r 

s iz e  in  rats  in a nothe r s tudy (Linder  et  a l . ,  1 9 7 4 ) , but o ffsp ring 

morta lity wa s again  ob s e rved only with 1 0 0  ppm in the diet  o f  mothe r s . 

Rabb its  appear  to b e  mo re s ens i t ive �o the s e  e ffects  than rats . Do s e s  

o f  1 2 . 5  t o  5 0  mg/ kg/day p roduce d  abortions and s t i l lb i rths , but no 

feta l abno rma lities  were ob s e rved (Vi l leneuve et a l . , 1 9 7 1 ) . Ne i the r 

ha s the re been a ny evidence  o f  tera togeni c i ty in  rats  (Kip l inger  e t  

a 1 . , 1 9 7 1 ) . 

The c a r c inogen i c  p otent i a l  o f  PCBs ha s been  the subj e c t  o f  s ome 

controve rsy , but the consensus  i s  that the l iver  i s  appa rently the o nly 

s ite of neop l a s t i c  l e s ions , as ind i cated  by the f o l l owing examp l e s . 

Live r nodule s  and hepato c e l lular  c a r c inoma s we re detected  in  m i c e  

exposed  to 5 0 0  ppm o f  Kane chlo r  5 0 0  i n  the d i e t  for  3 2  wk ; n o  tumo r s  

we re found i n  o the r o rgans ( I to e t  a I . , 1 9 7 3 ) . Dietary exp o sure  to  3 0 0  
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ppm o f  Aro c l o r  1 25 4  fo r 6 o r  1 1  months re s ulted  in a denofib r o s i s  in  

l ive r s  of  mice  in  the 1 1  month exp o s u re group and hepa toma s i n  b o th 

g ro up s  (Kimb rough and Linde r ,  1 9 7 4 ) . S imi l a r  re sults  have b e e n  ob­

s e rved in rats  (Kimb rough e t  a l . , 1 9 7 2 , 1 9 7 5 ) . 

Mutageni c i ty ha s been  eva luated  in a numbe r  o f  di ffe rent sys tems . 

Green e t  a l . ( 1 9 75 a ) we re unab le  to  demons t r a te any mutageni c e f fe c t s  

a s  mea s ured b y  the dominant l etha l t e s t  in  rats  fo l l owing a va r i e ty o f  

do s ing regimens o f  Aro c l o r s  1 242 and 1 25 4 . No r wa s the re a ny evi dence  

of  an increa s e  in  chromo s oma l abe r rations in  bone ma rrow and  s p e rma t o ­

gonial  c e l l s  from rats  treated  with e i the r Aro c 1 o r  ( Green e t  a l . ,  

1 9 75b ) . 

PCBs p roduce a numb e r  o f  b i o chemi ca l e ff e c t s  in  anima l s . One o f  

the b e s t  chara cterized  e ffects  o f  PCBs i s  the inductive e ffe ct  o n  the 

hep a t i c  mi c ro s oma l enzyme sys tem ( Bruckne r et a l . ,  1 9 7 4 , 1 9 7 7 ; 

Gol d s tein , 1 9 7 9 , 1 9 8 0 ; Grant e t  al . ,  1 9 7 4 ; L i tte r s t  e t  a l . , 1 9 7 2 ; 

L i tte r s t  and van Loon , 1 9 7 4 ) . Low d o s e s  o f  PCBs w i l l  p roduce  thi s in­

ductive re spons e , f or  examp l e , as  l ittle  as  1 mg/ kg (p . o . ) of Aro c l o r  

1 242  given daily f o r  2 1  days p roduce d  a n  incre a s e  i n  l ive r enzyme 
a ctivity in the ra t ( Ive r s on e t  a l . , 1 9 75 ) . The imp l i ca t i o n  o f  thi s  

effect  i s  that PCB exp o s ure can p r o duce changes  i n  the respons e to  

othe r drugs o r  tox i c  compounds that a re metab o l i z e d  in the l ive r . Fo r 

examp l e , PCB-p retreatment enhanc e s  p entob a rb i t a l  e l imina t i o n  ( Chu et  

a l . ,  1 9 7 7 ; Ste l l a  and Chu , 1 9 8 0 ) and reduces  pentob a rb i ta l - induced  

s leep time ( S and e r s  a n d  Ki rkpa tri ck , 1 9 7 5 ; S a nd e r s  e t  a 1 . , 1 9 7 4 ; 

Vi l leneuve e t  a l . ,  1 9 7 2 ; Zepp e t  a l . , 1 9 7 4 ) . 

Anothe r bio chemi c a l  e ff e c t  o f  PCBs i s  the p roduction o f  p o rphyr i a , 

a d i s o rder  in po rphy ri n metab o l i s m  mani fes ted by exce s s  po rphyrin 
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p roduction  and exc retion i n  the ur ine . Po rphyria  ha s b een ob s e rved in 

PCB- treated  rabb i t s  (Vo s and Beems , 1 9 7 1 ) , qua i l  (Vo s e t  a l . ,  1 9 7 1 ) , 

chi ckens (Vo s and Koeman , 1 9 7 0 ) , and rats  ( Go l d s tein  e t  a l . , 1 9 7 4 , 

1 9 75b ) and i s  p robab ly a s s o c i a ted  with the b i o chemi c a l  e ffects  o f  PCBs  

on  the  l iver . Thi s s ubj e c t  ha s recently been reviewed by  Strik  e t  a l . 

( 1 9 8 0 )  . 

Las tly , PCBs have been s hown to have immuno s upp re s s ive p rope rt i e s .  

Atrophy o f  lymphoi d  t i s s ue ha s been demons trated  in chickens (Vo s and 

Koeman , 1 9 7 0 ) , rabb i t s  (Vos and Beems , 1 9 7 1 )  and guinea p i g s  (Vos and  

van  Driel - Grootenhui s ,  1 9 7 2 ) . Supp re s s ion of  humo ral  in�unity , a s  

evidenced by decre a s ed antibody p roduction i n  response  to antigeni c 

cha l l enge , wa s s hown in guinea p i g s  (Vo s and de  Ro ij , 1 9 7 2 ; Vo s and van 

D r i e l - Grootenhui s ,  1 9 7 2 ) and mice  ( Lo o s e  e t  a l . , 1 9 7 7 ) . Thi s  l a t t e r  

s tudy a l s o  rep o rted  a d e c re a s e  in  c i rculating immunoglobulins ; PCB­

p re t re a ted mice  a l s o  s howed an inc rea sed  sus cep t ib i l i ty to  infe ction  

when pres ented with a b a c te r i a l  cha llenge (Loo s e  e t  a l . , 1 9 7 8 ) . Fur ­

the r deta i l s  o f  immune a lterations  hy PCBs c a n  be  found in a recent 

review (Vo s e t  a l . ,  1 9 8 0 ) . 

As can  be  s een by thi s b r i e f  review , PCBs p ro duce a va r i e ty o f  

toxi c e f f e c t s  i n  anim a l s  exp o s e d  t o  ei ther a c u t e  o r  ch ron i c d o s i n g  

regimens . Stud i e s  o f  the neurotoxi c  effects  wi l l  be  handled  s ep a -

rately in a sub s e quent s e c tion o f  thi s chapte r .  Add i t i onal info rmat i o n  

on the toxi c i ty o f  PCBs c a n  b e  found in a numbe r  o f  reviews (Fi s hb e in , 

1 9 7 4 ; Kimb rough , 1 9 7 4 ; Kimb rough e t  a 1 . , 1 9 7 8 ; HcConne l l , 1 9 8 0 ; Ueda , 

1 9 7 6 ; WHO , 1 9 7 6 ) . 
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b .  Human s tudi e s  

Although tra g i c  to tho s e  ind ivi dua l s  invo lved , the re have b e e n  

s eve ral  inc ident s o f  P C B  p o i s oning which  have p rovided  a p lethora o f  

va luab l e  info rmation  on  the human tox i c i ty o f  PCBs . Probab ly the mo s t  

widely inve s tigated inc i dent wa s one that o c curred i n  Japan i n  1 9 6 8 . A 

s e cond population from whom tox i c o l o g i ca l data  ha s been d rawn includ e s  

worke r s  who have b e en o c cup a tiona l ly exp o s e d  t o  PCBs . Fina l ly ,  gene ra l 

p opula t i on exposure through envi ronmenta l contamina tion i s  a p rob lem 

worldwide . 

1) . Yusho 

In  e arly 1 9 6 8  in Kyus ho , Japan , phys i c i ans b egan to s e e  an  eve r ­

incre a s ing numbe r  o f  c a s e s  o f  an  uni dent i f i e d  d i s e a s e  that wa s l i kened 

to chlo ra cne-. - - Actually , the f i r s t  symp toms to appear  were d i s cha rges  

from the  eye , swe l l ing o f  the uppe r  l i d , and weakened eye s i ght . About 

2 to 3 months late r , derma l s i gns  began to appea r and included comedo 

formation , a cneform e ruptions , enl a rBed fo l l i cula r  openings , and a 

b l a cki sh-brown p i gmentation o f  the na i l s , s kin , l ip s , and gingiva e . 

Other e a rly symp toms included swe l l ing and numbne s s  o f  the l imb s , 

naus ea , vomiting , abno rma l menstrua tion , and impotence . Laboratory 

te s t s  detected  increas ed  s erum a l k a l ine phospha ta s e  and triglyc e r i d e s  

and e l evated  SGOT and SGPT in s eve re c a s e s . E a rl i e s t  repo rts  o f  thi s 

curious d i s e a s e  app e a red  in the Jap ane s e  l i t e r a ture (Kurat s une e t  a l . ,  

1 9 6 9 ; Goto and H i guchi , 1 9 6 9 ; Yo shimura , 1 9 7 1 )  but have b e en s umm a r i z e d  

in Engli sh  by  Kurat s une e t  a l . ( 1 9 7 2 ) . Reviews o f  the Yus ho inc ident 

and sub s e quent fo l l ow-up reports  have appea red mo re  re cently ( C o rd l e  et  

a 1 . , 1 9 7 8 ; Hi rayama , 1 9 7 6 ; Kura tsune , 1 9 7 6 , 1 9 8 0 ; Urabe , 1 9 7 9 ; WHO , 

1 9 7 6 ) . 
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With hundreds  o f  c a s e s  app e a ring throughout 1 9 68 , a S tudy Group 

wa s formed at  Kyusho Un ive rs i ty to inves t igate the etiology o f  Yus ho . 

The results  o f  the i r  ep idemio logi c a l  s tudy reve a l e d  tha t a l l  a ffected  

p e r s ons had us ed  a spe c i f i c  lot  o f  r i c e  oil  p roduced  o r  shipped  by  the 

Kanemi Soko Co . on Feb rua ry 5 or 6 ,  1 9 68 . Thi s  s ugge s ted  caus a l  re l a ­

tionship wa s corrobo rated  b y  a c a r e ful ana lyti c a l  s tudy . Ana lys i s  o f  

the identified  batche s  o f  r i c e  o i l  s howed tha t they were  contaminat e d  

with Kane chlo r  400 , a comme r c i a l  b rand o f  PCBs conta ining 48% chlo rine 

by we ight and p roduced by the Kanega fuchi Chem i c a l  Indus try Co . Thi s 

d i s cove ry correlated  we l l  with dete ction o f  PCBs in  the blood  o f  Yus ho 

p a t i ents . Furthe rmo re , o the r batche s o f  r ice  o i l  (p roduced b e fo re o r  

after  Feb rua ry) conta ined n o  dete c tab le  l eve l s  o r  trace  amounts o f  

PCBs , and consume rs  who us ed  thi s o i l  had n o  s igns  o f  the d i s ea s e . 

Although the 
. . 

e�� c t  s ource o f  the PCB contamination f la s neve r been  un­

equivo c a l ly determine d , it app e a r s  mo s t  l ike ly tha t  PCBs l e a ked  into 

the r i ce  o i l  during the final s tep of proce s s ing . PCBs we re  us e d  in a 

hea t  trans fe r unit  to  hea t  the o i l  to 200 0 C i n  a deodo riz ing s tep . 

Smal l  hol e s  were found in a s ection  o f  p ip e  through whi ch the Kane chl o r  

could  have leaked  into the r i c e  o i l . The name "Yusho" wa s thus app l i e d  

t o  the d i s ea s e , a s  i t  i s  trans l a te d  l i t e ra l ly to  mean " ri c e  o i l  d i s e a s e . "  

Mo re  recent ana lys i s  o f  the r i c e  o i l  ha s b rought s ome new evidence 

to  l i ght . Initia l ly , it  wa s rep o rted that the PCB concentration i n  the 

r ice  o i l  was 2000  to  3000  ppm . At the time , no s p e c i f i c  ana lyt i c a l  

methods  we re ava i lab le  f o r  P C B s , a nd chlo rine content wa s u s e d  to  p r o ­

vide an e s timate . More recently , PCBs were measured  d i re ctly , and a 

figure o f  1000 ppm wa s rep o rted  (Na gayama e t  a l . , 1 9 7 6 )  s ugges ting tha t 

the rema ining chlo r ine content mus t  be  a s s o c iated  with o the r chlo r i -
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nated  c ompounds . PCDFs we re detected  a t  a concentration o f  5 ppm , a 

va lue tha t wa s 25 0 t ime s wha t woul d  have been  expected  b a s e d  on l eve l s  

i n  unused  Kanechlo r 400  (Na gayama et  a 1 . , 1 9 7 6 ) . Thi s  d i s c repa ncy ha s 

been  a c counted for  by the sugge s tion  tha t  the p ro longed he a ting o f  PCBs  

cou l d  have p roduced  s ome conve r s i on to  PCDFs (Niyata  et  a 1 . , 1 9 7 8 ) . 

The rema ining chl o rine content ha s been  attributed to p o l y c h l o r i n a t e d  

quate rphenyls  (PCQ s ) a t  a concentration  of 866 ppm (Kamp s  e t  a l . , 1 9 7 8 ; 

Miya ta et  a l . , 1 9 7 8 ) . Furthermo re , both PCQs CKa shimoto e t  a l . ,  1 9 8 1 )  

and PCDFs CNagayama e t  a l . , 1 9 7 7 ) have been  detected  in Yus ho p a t ient s . 
The r amific a tion o f  s uch findings  a re comp lex . Ba s ed on the s e  mo r e  

recent find ings , the symptoms o f  Yusho cannot b e  attrib uted s o l e ly t o  

PCBs , b u t  the rol e  o f  the s e  o the r contaminants  i s  unc le a r . The symp t o ­

mato logy o f  Yusho i s  s imi l a r  to tha t o f  o c cupationa l ly exp o s e d  p a ti ent s , 
s uppo rting the . view that PCBs were  a contributing fa cto r  in Yus ho but 

not ne c e s s a ri ly ruling out the p o s s ib i l i ty tha t othe r chl o r ina ted  

c omp o und s m a y  play a ro le  in the  d i s ea s e . 

The p rogre s s  o f  Yusho patients i s s t i l l  be ing followe d . Urabe 
( 1 9 7 9 ) rep o rted  o n  the s ta tus o f  1 6 65  Yus ho p a t i ents tha t ha d been  

identified  by  1 9 7 7 . Ove r the yea r s  1 9 6 9  to  1 9 75 mo s t o f  the muc ocu­
taneous  l e s ions had imp roved in  6 4% of the p a t i ents , howeve r system i c  

d i s o rd e rs p e r s i s ted o r  appeared  l a t e r  (Urab e , 1 9 7 9 ; Kura t s une , 1 9 80 ) . 

In  addi tion to the d e rma l and o cul a r  s i gns d e s c ribed  above , p a t i ents 
a l s o  repo rted gene r a l  fatigue , heavy he adedne s s  a nd he a da che , numb ne s s  

and swe l l ing i n  the l irrili s , coughing , anorexi a , and abdomina l p a i n . 

Labo rato ry findings inc luded e l evated  s e r wn tri glyc e r i d e s  and a l t e re d  

adreno corti c o s te ro i d  metab o l i sm . Chi l d ren b o rn t o  Yus ho mother s  we re 

s eve rely a ffected , showing d e rma l and o cu l a r  s igns and reta rded g rowth  

deve l opment . 



2 2  

2 ) . O c cupa tiona l exp osure  

Soon  a fter  PCBs  we re  introduc ed into  indus t ry ( a round 1 9 3 0 ) re ­

ports  on  hea lth effects  began  to app e a r  invo lving wo rke rs  emp l oyed  in  

the  p roduction o f  PCBs  and  in the manufac ture o f  p ro duc t s  c onta ining 

PCBs , mo s t  commonly in the e l e c t r i c a l  indu s t ry .  In the s e  e a rly  r e ­

p o rt s , chloracne a n d  hep a t i c  e ffects  we re the mo s t  c ommon symp toms 

(D rinke r e t  a l . ,  1 9 3 7 ; Greenburg e t  a l . , 1 9 39 ; Meigs  e t  a l . ,  1 9 5 4 ; 

S chwa rtz , 1 9 36 , 1 9 4 3 ) . 

As  awa rene s s  grew o f  the tox i c i ty o f  PCB s , inve s tigations  o f  the 

hea l th e ffects  of PCBs in  the o c cupa tional s etting b e c ame mo re  d e ta i le d  

and gene ra l ly included  analys i s  o f  envi ronmenta l leve l s  o f  PCBs  i n  the 

wo rkp l a c e  and PCB l eve l s  in b l o o d , a record of medi c a l  hi s to ry and 

phys i c a l  examination  o f  wo rke r s , and a s e r i e s  of  l ab o rato ry te s t s  f o r  

var ious b i ochemi c a l  pa ramete r s . 

In  1 9 7 6 , Ouw surveyed envi ronmenta l l eve l s  and health  e ff e c t s  o f  

wo rke r s  i n  a capa c i t o r  p l a nt i n  New South Wal e s , Aus t ra l i a  i n  which  

Aro c l o r  1 242 wa s us e d . Symptoms rep? rted inc lude chlo ra cne , abnorma l 

l iver function tes t s , and i rritation o f  the eye s and s kin . Mea n  PCB 

l eve l s  in  blood  we re 400  ppb . 

Alte red l ip i d  metab o l i sm ha s been  ob s e rved in humans , a s  demon­

s t rated  by the dete ct i on of e l eva ted  s e rum t r iglyc e r i d e s  ln  s eve ra l  

p opulations o f  o c cupationa l ly exp o s e d  worke rs  (Fis chb e i n  e t  a l . ,  1 9 7 9 ; 

Smith e t  a l . ,  1 9 7 8 ) . 

Deta i l e d  ana lys i s  o f  326  wo rke r s  i n  a capa c i t o r  p l an t  i s  given by 

F i s chb e i n  e t  a l . ( 1 9 7 9 ) . Emp l oye e s  we r e  given a comp lete p hys i c a l  

examinati on  and eva luated fo r symp toms o f  PCB tox i c i ty . Hed i c a l  hi s ­

torie s  we re taken , and 2 6  b i ochemi c a l  p a ramete r s  we re  eva lua te d . A 
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l a rge p e rcentage o f  tho s e  s tud ied  (�5 0%) r e p o r t e d  dermato l o g i c a l  symp ­

toms . Equa l ly nume rous ( a l s o  �5 0%) we re  tho s e  who comp l a ined o f  neuro­

logi c a l  p roblems including heada che , d i z z i ne s s , depre s s i on , memo ry 

l o s s , fatigue , ne rvousne s s , and s le ep d i s o rders . While  not p a rticul a r ­

l y  s triking , labo ratory te s t s  revea led  s ome abno rma l va lues for  l ive r 

function and s e rum lipids . Dete rmination  o f  s e rum PCB l eve ls p rovided  

a s ignif i cant correlation  b e tween d e rma l symp toms and  PCB  l eve l s  and 

between abno rma l SGOT va lues and PCB l eve l s . 

I n  a report pub l i shed  s ep a rate ly on  thi s group o f  capa c i t o r  wo r­

ke rs  (Wa rshaw et  a l . , 1 9 7 9 ) , o cula r  and upp e r  r e s p i rato ry i rritation  

wa s ob s e rved in 5 8% of  tho s e  examined . Spi rome t r i c  mea s urements s howed 

reduced vita l capa c i ty in 1 4% o f  a group o f  worke r s  who had been  ident i ­

f i e d  a s  having n o  p revious exp o s ure t o  a sb e s to s , texti l e  dus t ,  o r  t a l c . 

Thi s  ob s e rvat.ion correlates  well  wi . h  anima l s tud i e s  in whi ch it  wa s 

found that PCBs a c cumulated  s e l e c t ively in  the muco s a  o f  the b ronchi , 

trache a , and la rynx o f  m i c e  (Brandt , 1 9 7 7 )  and we re  a l s o  found to p e r ­

s i s t  in  lung p a renchyma ( B randt e t  a� . ,  1 9 8 1 ) . Furthe rmo re , Yusho 

patients a l s o  exhib i t  symptoms of b ronchitis  (Kura tsune , 1 9 80 ) . 

Fina l ly ,  in  addition to the United  State s and Japan , I taly ha s 

a l s o  s een its  s ha re o f  PCB - re lated  toxi city . Ho roni e t  a l . ( 1 9 8 1 a , b )  

surveyed envi ronmenta l  l eve l s  in a capa c i t o r  p l ant and blood  concentra ­

tions  in  it s  worke rs  (va lues  ranged from �5 0 to 1 0 0 0  ppb ) . Medical  

hi s to r i e s  were  taken and  phys i c a l  examinat ions  and laborato ry tes t s  

we re p e r fo rmed o n  8 0  wo rke r s  with an ave rage  o f  1 2  yea rs o f  employment . 

Ten c a s e s  o f  chlo ra cne and fol l i cu l i t i s  we re  rep o r te d , and hep a t i c  

e ffe c ts , includ ing l ive r enlargement a nd abnormal  l ive r enzyme va lue s , 

we re  ob s e rved in 1 6  ind ividua l s . A correla tion  b e tween b l o o d  leve l s  

and frequence of  l ive r involvement wa s e s t ab l i shed . 
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Thus , it  can b e  s een tha t PCB- expo sure  in the workp l a c e  p roduc e s  

many o f  the s ame symptoms tha t have been ob s e rved  in Yusho patients a s  

we l l  a s  in  anima l s tudie s .  Because  the r o l e  o f  contaminant s , e sp e c i a l ­

l y  PCDFs , i n  the PCB - c ontaminated r i c e  o i l  in  Japan rema ins unc l e a r ,  

the s e  data on tox i c i ty in PCB-exp o s e d  worke r s  p rovide evidence fo r the 

contribution of PCBs to the symptomatology of Yusho . 
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B .  Neurotoxi c  effects  o f  PCBs 

Only a l imited numb e r  o f  s tud i e s  have appea red in the l ite rature 

in whi ch the e ffe c t s  of PCBs on  the ne rvous sys tem have been examine d . 

A few o f  the s e  have b e en s e l e cted and w i l l  b e  de s c ribed he re . 

Studie s  in  two nonmamma lian  s p e c i e s  have app roa ched thi s  p rob l em 

from a neuro chemi c a l  angl e . Fingerman and Rus s e l l  ( 1 9 8 0 )  detected  

dec re a s ed no repinephrine (NE ) and dopamine (DA )  content in b ra ins  o f  

Gul f  ki l l i fi s h  that had been  exp o s e d  t o  Aro c lo r  1 242  ( 0 . 0 004% i n  the 

wate r ) for 3 days . Incre a s e d  l o comotor  a ct ivity wa s a l s o  obs e rved i n  

the s e  f i sh . S imi l a r ly ,  He inz et  a l . ( 1 9 8 0 ) f e d  Aro c l o r  1 2 5 4  ( 1 , 1 0 , o r  

1 0 0  ppm i n  the d i e t )  t o  ring dove s fo r 8 weeks  and found reduced leve l s  

o f  NE and DA i n  b r a in . 

The rema ining s tudi e s  emp l oye d mamma l s  and focused  p r ima r i ly on 

behaviora l  measures  in off spring of  p regnant anima l s  that we re exp o s ed 

to PCBs . The rationa l e  fo r in utero  exposure  s tems from the fa ct  tha t 

PCBs a re abl e  to c ro s s  the p l a c enta ( s e e  Introduction  - Pha rma coki -

neti c s )  and a ffects  infants b o rn t o  �xpo s ed mothe rs  ( s e e  I ntroduction  -

Yus ho ) . A " spinning syndrome" ha s been  ob s e rved i n  mice  that were  

exp o s e d  to a tetra chlo rob iphenyl  in  utero . The autho rs  ( Chou e t  a l . , 

1 9 7 9 )  d e s c ribe thi s  condition a s  " sp ontaneous sus ta ined turning" tha t 

i s  o ften uni d i re ctiona l  and with a t  l ea s t  40  turns /min . Turning wa s 

modi fied  by a dminis tering DA a gonis t s  and wa s comp letely abo l i sh e d  by 

ha l op e r i do l , a DA antagonis t , thus sugge s ting that the syndrome in-

volve s a b i o chemi ca l l e s ion  in the dopamine rgic  sys tem . T i l son  e t  a l . 

( 1 9 7 9 ) exp o s e d  mice  to the s ame compound and examined the s e  off spring 

a t  a dul thood . " Sp inner s "  disp layed increa s e d  a c t ivity ,  and all  PCB - ex -

p o s e d  m i c e  ( " sp inner s " and "non- spinne r s " ) exhib ited  imp a i red moto r 
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c o o r d ination and increa s e d  l a tenc i e s  in  a n  avo idance ta s k ,  evidence  

s ugge s t ive o f  a lea rning defi c i t . A lterna tive ly the obs e rved behav i o r -

a l  changes  could be  due to imp a i r e d  ab i l ity t o  p ro c e s s  s ens o ry input . 

The autho rs  conclude that the s e  i rreve r s ib l e  changes  in behavio r  a re 

due to  damage during a c ritica l p e r iod  in the deve lop ing ne rvous sys tem 

b e cause  1 )  no PCBs were detected  i n  bra ins of a ffec ted a dult o f f s p ring 

exp o s e d  s o le ly to PCBs in mi lk , and 3 )  thi s synd rome ha s not been 

ob s e rved in adults  exp o s e d  to  l a rge d o s e s  of  PCBs . 

The s ens itivity o f  the deve lop ing ne rvous  sys tem to PCBs has  been  

conf i rmed in rhesus  monkeys . Mothe rs  we re exp o s e d  to Aro c l o r  1 248  in 

the i r  diet through ge s tation  and 3 months of nur s ing . The o ffspring 

we re then subj ected  to a b a tt e ry of behavi o r a l  t e s t s . Bowman e t  a l . 

( 1 9 7 8 )  repo rted hyp e r a c t ivity and d e f i c i t s  in a numbe r  o f  d i s cr imina -

tion l e a rnin� �� s ks in the s e  anima l s . Aga in , the s e  changes  we re  i r r e -

ve r s ib le and not dependent upon s u s t a ined PCB l eve l s , a s  the l ea rning 

d e f i c i t s  p e r s i sted  even a fter  PCBs had been  c l e a re d  from the b o dy . An 

interes ting development later  app e a red in the s e  monkeys at the age o f  

4 4  months . Hypoa ctivity wa s ob s e rved in  the s e  adole s c ent monkeys who 

we re hyp e ra ctive as j uveni l e s  (Bowman and He i ronimus , 1 9 8 1 ) .  The re -

fo re , a delayed neurotoxi c  effect  o f  much e a r l i e r  exp o s ure wa s ob s e rved . 

The impo rtance o f  pursuing the s e  s tud i e s  in  exp e rimenta l anima l s  

i s  evident from obs e rvations  o f  human PCB exp o s ure . As mentioned 

above , the re i s  good  reason for  examining the e ffe cts  of  p rena t a l  

exp o sure  on neuro l o g i c a l function . Equa l ly impo rtant a re the e ffe c t s  

on a d ults  that we re de s c ribed in the p receeding s e ction . 
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Thus , i s  can b e  s een tha t the re i s  p r e cedence  f o r  �va lua t ing P C B  

neuro tox i c i ty ,  both on c l ini c a l  grounds and on the b a s i s  of a s p a r c e  

l i t e ra t ure b a s e . The exp e r iments to be  de s c ribed  h e r e  we re intende d  t o  

expand the experimental  info rmation in thi s  a re a . 
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C .  Expe r imenta l Obj e c t ive s 

Al though a numb e r  o f  neuro l o g i ca l symptoms have been  repo rted by 

humans exp o s e d  to PCBs , the re is o nly l imited  data ava i lab l e  in  the 

l ite rature on the centra l neurotoxic  e f fedts  of PCBs  in exp e rimenta l 

anima l s . 

The experiments in thi s the s i s  were  des igned to ve r i fy the p re ­

vious ly repo rted tox i c  e ffects  o f  PCBs o n  the CNS and t o  determine 

PCBs ' me chanism of a c tion . Mo re  s p e c i f i c a l ly , t h e  obj e ctive s we re  

1 )  to determine the b ehavio r a l  effects  of  PCBs in mice  as  a n  ind i ca t ion 

of  central  neurotox i c  effects  a nd to e s tab l i s h  an  o r a l ly a c t ive d o s e  

and t ime cour s e  o f  the effect  o f  PCBs . Wh i l e  b ehavior  may b e  a mani ­

fe s tation  o f  both CNS and PNS function , exp e r iments can  be  des i gned  to  

rul e  out the contribution o f  p e riphe ra l  function  to ob s e rved e f f e ct s ; 

and 2 )  to ev�l�.ate  the effects  o f  PCBs on neuro chemica i function in the 

CNS , as b ehavio r a l  e ffe cts  of PCBs wou l d  p r e s umab ly be  a s s o ciated  with 

an  a l te ration in neuro chemi s t ry .  The s e  neurochem i c a l exp e r iments might 

sugge s t  a me chanism  of a c ti on for  the c entral e f f e c t s  of PCBs . 

The mouse  wa s s elected  for the exp e r iments in  thi s the s i s  f o r  a 

numbe r  o f  rea s ons . While  the re  ha s been l i ttle  inve s t igation  o f  the 

neurotoxi c  effects  of PCBs in  anima l s , the mous e ha s been u s e d  exten­

s ive ly for eva lua ting othe r toxic  e ffe cts  of PCBs  as  wel l  a s  the pha rma­

c okineti c s  o f  PCBs , s uch tha t c o mp a r i s o n o f  the re sul ts o f  th i s  the s i s  

p roj e c t  w i th the e x i s t ing l i te ra tu r e can  b e  made . Furthe rmo re , mo s t  o f  

the te chnique s tha t we r e  t o  be  u s e d  ( e . g .  behavioral  mea sure s and 

neuro chem i c a l  a s s ays ) have been  wo rke d out in  the mous e . 
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I I . GENERAL METHODOLOGY 

A .  Anima l s 

Ma l e  CD- 1 mice  ( 25 - 2 9  g ) we r e  ob t a ined f r o m  Cha r l e s  Rive r Lab o r a ­

tories  (Wi lmington , MA ) and a l l ow e d  f r e e  a c c e s s  t o  Purina l ab o r a to ry 

chow and tap wa te r .  They we re  hou s e d  in community s t a inl e s s - s t e e l  

c a g e s  (me a s ur ing 25 x 45 Col , wi th 15  mi c e/ c a ge )  a n d  a l l owed 1 we e k  t o  

a d ap t  t o  the envi r o nment . An ima l s  we r e  ma inta i n e d  o n  a 1 2  h r  l i gh t ­

d a r k  cy c l e . Fo r s ub chron i c  e xp e r iments in whi ch m i c e  we r e  hous e d for 

longer p e ri o d s  of time ( 1 4  o r  9 0  day s ) , t h e  numb e r  o f  m i c e  wa s r e duc e d 

to 4/ cage . 

B .  Gene r a l ma te r i a l s and me tho d s  

A c omme r c i a l  mixture o f  P C B s , A ro c l o r  1 25 4  (Mon s anto Chemi c a l  

Company , S t . . .  L_0!li s , MO) wa s  emp l oy e d  i n  the s e  exp e r iment s . It wa s 

d i s s o lve d in 95% e thano l (EtOH) f o r  i n  v i t r o  exp e r iment s and wa s d i lu­

ted in an emulpho r : s a l ine ( 1 : 8 ,  v/v ) vehi c l e  fo r i n  vivo admini s t r a ­

t i o n . C a l c u l a t i ons we r e  b a s e d  on a n  ave r a g e  m o l e cu l a r we i ght o f  3 2 7  
for Aro c l o r  1 25 4 . Emulpho r® 

i s  a p o lyoxye thy l a t e d ve getab l e  o i l  ( GAF 

C o rp . , N . Y . , N . Y . ) . A r o c l o r  1 25 4  wa s a dm i n i s te r e d  o ra l ly to mi c e by 

gavage . B e c a u s e  o f  the l im i t e d  s o lub i l i ty in  a qu e o u s  m e d i um , the mos t  

concentrated  s o lut i o n o f  Aro c l o r  1 2 5 4  p r ep a re d  wa s 2 5  mg/ml . The r e ­

f o r e , a d o s ing vo lume o f  2 0  m l / kg b ody we i ght w a s  emp l oye d t o  yi e l d a 

d o s e  o f  5 0 0  mg/ kg . S o l u t i o n s  f o r  lowe r d o s e s w e r e  p re p a r e d  a c c o r d i n g ly 

s o  that a c o n s tant d o s ing vo lume c o u l d  b e  u s e d  throughout . E x c e p t i o n s  

a re n o t e d  i n  t h e  text . 

In exp e r iment s  in whi ch r a d i o a c t ive i s o t op e s  we r e  used  (e . g . , 

3H- neu r o t r a n smitte r s , 1 4 C - PC B s , a nd 1 4 C -p entob a rb i ta l ) , quench c o r r e c -
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tion  was made  us ing the exte rna l s ta n d a r d  ratio  method n.Jang et a l . , 

1 9 75 ) . App rop r iate  quench curve s were  dete rmined for  each  ra d i o a c tive 

i s o tope for use in the conve r s ion of counts p e r  min ( cpm ) to d i s int e ­

gra tions p e r  m i n  ( dpm ) . The counting f l u i d s  u s e d  we re Aqueous  Counting 

S c inti l l ant (ACS j Ame rsham S e a rl e )  f o r  a queous s amp l e s  and a TFF s c in­

t il l a tion cockta il  (to luene conta ining 0 . 4% d iphenyl oxa z o l e  and 0 . 0 1% 

1 , 4 -b i s [ 2 - (4 -methyl-5 -phenyloxazo lyl ) ] benzene ) f o r  orga n i c  s ampl e s .  

C .  �ta t i s t i c a l  ana lys i s  

App rop riate  stati s t i c a l  ana lys e s  have been  app li e d  t o  the d a ta 

f rom e a ch exp e r iment us ing s tandard  methods  a s  d e s c ribed by Bruning and 

Kintz ( 1 9 7 7 ) and Sne d e c o r  and C o chran ( 1 9 67 ) . The spe c i f i c  ana lys i s  

empl oyed i s  given for  e a ch exp e riment a s  the data  a re p r e s ente d  i n  ea ch 

"Re sult s "  s ection . The term " s i gn i f i cant" is u s e d  throughout thi s 

the s i s  to  denote s ta t i s t i c a l  s igni f i cance . The level o f  s i gn i f i cance  

i s  given fo r e a ch compa r i s on , but  in no  case  i s  i t  greate r than 0 . 05 .  
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I I I . EXPERIMENT 1 - ASSESS�lliNT OF THE BEHAVI ORAL EFFECTS OF AROCLOR 

1 2 5 4  

A .  Introduction 

As d i s cu s s e d  i n  the gene ral  introduction , a numbe r  o f  neu ro l o g i c a l  

symptoms have been repo rted b y  humans who have b e en exp o s e d  t o  PCBs . 

Whi l e  thi s c l inica l p i cture exi s t s , the re  have been  very few ana lys e s  

o f  the neurotoxi c  e ffects  o f  PCBs i n  exp e r imental  anima l s  and only 

l imited a s s e s sment of neuro chemi c a l  e ffects . Because  o f  the p auc ity o f  
prel imina ry data  ava ilab l e , a numbe r  o f  behavio r a l  mea sure s were  s e l e c ­

t e d  t o  s c reen f o r  neurotoxi c i ty and a s  a means f o r  determining a suit­

able  range of  do s e s  o f  Aro c l o r  1 2 5 4  and time course  o f  a ction . The u s e  

o f  b ehavioral  mea sures  for eva lua ting neurotoxi c i ty ha s p re c edence  i n  

the l i te rature and has b e e n  the s ubj e c t  o f  s everal  reviews (No rton , 

1 9 7 8 ; Re ite r , 1 9 7 8 ; T i l s on et  a l . , 1 9 8 0 ) . 

Behavior  can b e  viewed a s  the functiona l output o f  the integration  

of  a numbe r  o f  related  p r o c es s e s , s uch a s  mo to r , s ensory ,  and c o gni ­

tive . Be cause  o f  the comp l ex inte ractions  o f  the s e  p ro c es s e s , b e havio r  

canno t p o s s ib ly b e  eva lua ted  by one s ingle t e s t . A numb e r  o f  b ehav­

ioral  te s t s  a r e  ava il ab l e , and the s e  te s t s  may be d ivided  into mea s u r e s  

o f  spontaneous behavio r ,  tho s e  requi r ing  l i t t l e  o r  n o  tra ining , and 

mo re  comp lex ta s ks , tho s e  that require  mo re  extens ive training . The 

forme r a re gene ra l ly s imp l e , rap i d , and inexpens ive and mea sure r athe r 

g ro s s  pa ramete rs , whi l e  the l atte r are  typ i c a l ly more  s en s i t ive ind i ­

cators  o f  subtle  changes  in behavio r . Becaus e o f  the time involved i n  

tra ining and tes ting anima l s  repetative ly in  ope rant p ro cedure s , the 

more s impl e  s c reens we re cho s en fo r the s e  exp e riments , as the data  they 
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p rovide a re suffic ient fo r the intended purp o s e . I n  the exp e r iments  

de s c r ibed  he rein , the behavio ra l  e ffects  o f  Aro c l o r  1254 were eva lua ted  

by roto r rod and  inve rted s c reen  te s t s  ( a s  ind i c a t o r s  o f  mo tor  c o o r d i ­

nation ) , spontaneous a ctivity ( a  mani f e s tation o f  a comp o s ite  o f  behav­

i o r s  - moto r , s ens o ry , and exp l o ra to ry) , and convuls ant a ct ivity ( a s  a 

mea s ure o f  CNS a rous a l ) .  

Because  many b ehavio r a l  mea sures  (whethe r they a re ope ra t i ona l 

ta s ks o r  spontaneous , une l i c i te d  b ehavi o r s ) require  no rma l functiona l 

capa c i ty o f  the neuromus cul a r  sys tem , i t  i s  imp o rtant to dete rmine the 

e ffe ct  of the compound in que s tion on  neuromus cul a r  control  and c o o r d i ­

nation . Performance on  the r o t o r  r o d  (Kinna rd e t  a l . , 1 95 7 ; Durham e t  

a l . , 1 95 7 )  and inve rted s c reen  (Ba l s te r , 1 9 8 0 ) we re  s ele cted  fo r thi s  

purpo s e . 

Spontan.e.QllS moto r a ctivity i s  a mea sure o f  a c omp lex  s umma tion  o f  

b ehavio r s  tha t are  inhe rent t o  the animal ' s normal  b ehavi o r , such  a s  

walking , rea r ing , gnawing , l i cking , sni ff ing , grooming , s itting , turn­

ing , e ating , a nd drinking . Va rious  tes t s  have been devis ed fo r eva l ua ­

t ing spontaneous a ctivity ,  and the s e  methods  have recently been  r e ­

viewed (Rei te r , 1 9 7 8 ; Robb ins , 1 9 7 7 ) . 

The l a s t  experiment in thi s chapter  i s  a n  eva luation  o f  the convu l ­

s ant a ctivity o f  Aro c l o r  1 25 4 . The re  a re a ctua l ly two f a c e t s  o f  thi s 

app ro a ch . An expe riment o f  this s o rt can  b e  de s igned t o  dete c t  e ithe r 

CNS excitato ry o r  dep re s s ant e ff e c ts , i . e .  c onvuls ant o r  anticonvul s ant 

effects . Anti convul s ant a c t ivity is eva luated  us ing one o f  t�vo exp e r i ­

menta l model s . Maximal e l e c trosho c k  ha s b e e n  u s e d  a s  a mode l f o r  g rand 

ma l s e i zure s , whe reas  pentylenetetrazo l , a medul l a ry s t imulant , induce s  

convuls ions  rep re s entative o f  petit  ma l s e i zure s . The s e  mode l s  a re 
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gene ra l ly good predi cto rs  o f  the c l ini ca l e f f i ca cy o f  new anticonvu l ­

sant a gents . A review o f  thi s  a re a  ha s been given by Kral l  e t  a l . 

( 1 9 7 8a , b ) . 

The conve r s e  o f  thi s s itua tion  i s  tha t a compound may have convul ­

s ant effects  o f  i t s  own . .  Thi s  p o s s ib i l i ty can b e  exp l o red  by p re ­

treating with the te s t  compound and then cha l l eng ing the anima l w i th a 

sub convuls ive do s e  o f  pentylenetetrazol  o r  with s ub thresho l d  e l e ctro­

sho c k  vo ltage . Potent i a tion  o f  the e ffects  o f  the  convul s ant treatment 

would  indi cate that the compound may exhib it  convul s ant p rope r t i e s  o f  

i t s  own o r  that i t  may exa c e rb a te a p re e x i s t ing condition . 
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B .  Mate r i a l s  and Method s  

1 .  Effect  o f  Aro c l o r  1 2 5 4  on spontane ous moto r a ct ivity 

Spontaneous motor  a ct ivity wa s mea s ured  in  a nove l envi ronment 

us ing photocell  chambe r s . Chamb e r s , cons i s t ing of a rectangula r  p l a s ­

t i c  cage  t raversed  l ongitudina l ly by a photob e am , were  placed  i n  a n  

encl o s ure t o  attenua te s ound and l i ght . The photo c e l l  wa s connected  t o  

a digital  counter  such that e a ch inte rruption o f  the beam b y  movements 

o f  the animal wa s reco rded a s  one count . Mice we re a dmini s te red  Aro­

clor  1 2 5 4  o r  vehi cle  and  we re  returned to  the i r  home cage . At the 

app rop riate  time fo l lowing d rug a dmini s tration  ( te s t  latency ) , two m i c e  

w e r e  p l a c e d  in e a c h  p l a s t i c  c a g e  ( 1 8 x 2 9  cm) , c ove red  with a p e rfo r a ­

ted  p l a s t i c  l i d , and a l lowed a 5 lllin  o r i entat i on pe riod . Comb ined 

a ct ivity o f  the two mice  i n  each c a ge wa s monitored  during a ·s ub s e quent 

10 min period . Longer  te s t  p e r i o d s  could not be used , b e caus e an  adap­

tation phenomenon resulted  when  mice  remained in  the chambers  f o r  

l onger than 1 0  min . Vehi c l e  and Aro c l o r  1 2 5 4  group s  we re a lways t e s te d  

c oncurrently , s o  tha t s ta ti s t i c a l  comp a r i s on could be  made when app l i ­

cable  between e a ch treatment and i t s  own control  us ing Student ' s  t - te s t . 

The time cour s e  o f  the effe c t  o n  spontaneous a c t ivity was  deter­

mined  by  a dmini stering veh i c l e  or  Aro c l o r  1 25 4  (500  mg/ kg)  and  te s t ing 

mice 0 . 25 ,  0 . 5 ,  0 . 75 ,  1 ,  2 ,  3 ,  8 ,  or 2 4  hr l a te r . As s e s sment of a 

do se- respons e relationship wa s made by giving Aro c l o r  1 2 5 4  a t  do s e s  o f  

0 . 1 ,  1 ,  2 ,  1 0 , 30 , 1 0 0 , 250 , o r  5 0 0  mg/ kg and t e s t ing 45 min l a te r ,  the 

time at whi ch the greate s t  d i f fe rence  b e tween treatment and cont r o l  wa s 

ob s e rved . 
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Befo re dete rmining the e f fe ct s  of s ub chron i c  d o s ing of Aro c l o r  

1 25 4  o n  spontaneous a ctivity , m i c e  we re pretes ted in p a i r s  o n  day 0 

( the day  p revious to  the fi r s t  day o f  treatment ) . Two determinat i on s  

were m a d e  o n  thi s d a y  whi ch w e r e  s epa rated b y  a 7 5  m i n  inte rva l i n  

order  to s imulate the p roto c o l  that wa s t o  b e  used  during treatment . 

Mice  were then gavaged  d a i ly f o r  1 4  days with e i the r veh i c l e  o r  Aro c l o r  

1 2 5 4  ( 3 0  o r  1 0 0  mg/ kg )  and te sted  4 5  o r  1 2 0  min later  on days 1 ,  3 ,  7 ,  

1 0 , and 1 4 . Mice  we re  a l s o  te s t e d  on day 1 5  which  was  24  hr a fter  the 

l a s t  do s e . In  addition , mice  were  weighed throughout the 2 week p e ri o d . 

2 .  E ffect  o f  Aro c l o r  1 25 4  on  mou s e  Ee rfo rmance on the roto r rod  

The rotor  rod i s  u sed  to mea sure moto r coo rdinat ion by eva luating 

the abi l i ty o f  a mous e to rema in  on a rotating woo den rod . The rod i s  

2 . 5  cm in diamete r and i s  p l a c e d  at  a he i ght o f  3 0  cm above the c ount e r  

top to dete r  mice  f rom j ump ing o f f . The appa ratus  u sed  in  the se expe r i -

ments wa s a dj usted  to  a s p e e d  o f  7 rotations /min . Mice  were a l l owed a 

5 min tra ining p e r i o d , and only tho �e m i c e  whi ch were succe s s ful in  

c omp l et ing this p re s c re ening tas k  were  cho s e n  for  s ub s e quent te s t ing . 

Veh i c l e  o r  Aro c l o r  1 25 4  ( 3 , 1 0 0 , 2 0 0 , o r  5 0 0  mg/ kg ) wa s a dmini s t e red , 

and mice  were returned to the i r  home c age . At a s p e c i fied  time the re­

a fter  ( 0 , 5 ,  1 0 , 1 5 , 30 , 6 0 , o r  1 2 0  min  a ft e r  treatment ) , m ice  were  

p l a ced  on the rotor  rod , and  the i r  abi l i ty to rema in  on the  rota ting 

ro d wa s determined during a 2 min t e s t  p e r i o d . Data  were  reco rded  a s  

the numb e r  o f  mice  that fe l l  during the te s t  p e r i o d . 
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3 . I nve rted s c reen te s t  

The inve rted s c reen i s  anothe r devi ce  used  f o r  eva lua ting moto r 

c o o rdination . The te s t  wa s c a r r i e d  out e s s entia l ly a s  de s c ribed by 

Ba l s te r  ( 1 9 8 0 ) . The app a ratus cons i s t s  of a row of 6 wire me s h  s qua re s 

mounted  ho rizonta l ly on a meta l rod . Vehi c l e  o r  Aro c l o r  1254  ( 5 0 0  

mg/kg ) wa s a dmini s t e red , and mice  we re tes ted 4 5  m i n  l a te r . Afte r 

p l a c ing one mouse  on e a ch s c reen , the rod  wa s rotated  1 80 0  such tha t 

m i c e  and s c reens were inve rted . At the end o f  a 6 0  s e c  te s t  p e r i o d , 

the number  o f  mice  which  had c l imb e d  to the top o f  the s c reen wa s 

c ounted .  

4.  Convuls ive a ctivity o f  Aro c l o r  1 25 4  

Convuls ive a ct ivity wa s examined b y  determining the effects  o f  

Aro c l o r  1254 '0�- p entylenetetra z o 1 - induced  convul s ions . Pentylenet e t r a ­

z o l  wa s a dmini s tered  in dos e s  o f  7 5  o r  1 2 5  mg/kg ( i . p . ) ,  a n d  ob s e rv a ­

tion o f  anima l s  began immediately . Norta l i ty a nd the numb e r  o f  ton i c  

a n d  c lonic  convuls ions were recorded  during a 20  min period . The 

e ffect  of Aro c1or  1 25 4  on pentylenetetrazol- induced convlus ions  wa s 

eva luated  by pretreating anima l s  with vehic l e  o r  Aro c l o r  1254  ( 5 0 0  

mg/kg)  4 5  m i n  o r  2 hr  b e fo re the convul s ant . 
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C .  Re sults  

1 .  Effect  o f  Aro c l o r  1 25 4  on spontaneous motor  a ctivity 

The time cour s e  o f  the effects  o f  Aro c l o r  1 25 4  on  spontaneous  

a ct ivity i s  pres ented in Figure 3 .  Locomotor  a ct ivity wa s de c re a s e d  

s igni ficantly f rom vehi c l e  cont ro l  between 1 5  min and 3 h r  a ft e r  d o s ing 

but had returned to  control  va lue s by 8 hr . As s e s sment o f  a d o s e - re ­

spons e relationship reve a l e d  that only the highe s t  d o s e  o f  Aro c l o r  1 25 4  

t e s te d  ( 5 0 0  mg/kg ) s igni fi cantly decrea s e d  a c t ivity (Figure 4 ) , howeve r 

a t  l ower do s e s  1 0 , 3 0 , o r  1 0 0  mg/ kg ) the re app e a re d  to b e  a trend , 

though not s i gnificant , towa rd inc reas e d  a ctivity relative to  contro l . 

Thi s  potentia l ly b ipha s i c  re spons e i s  not unp re c edented . S imi l a r  b i ­

pha s i c  e ffects  o n  a ct ivity have b e en ob s e rved with amphetamine , a CNS 

s timulant . Amphetamine s t imulates  spontaneous a ct ivity at l ow d o s e s  

whi l e  dep re s s ing a ctivity at  high d o s e s  ( s e e  S e i den and Dyks tra , 1 9 7 7 ) . 

F o r  this rea s on , l owe r do s e s  o f  Aro c l o r  1 2 5 4  were te s ted . Wi th d o s e s  

a s  l o w  a s  0 . 1 ,  1 ,  and 2 mg/kg , ther� wa s an inc re a s e  i n  a ctivity , 

though not s ignif i cant , relative to  vehi c l e  control .  

The e ffe cts  o f  s ub chroni c d o s ing o f  Aro c l o r  1 25 4  on spontaneous  

a ct ivity a re s hown in  Tabl e  1 .  A l l  group s  b e gan with the s ame b a s e l ine  

l evel a ctivity on day o .  A smal l  decrea s e  in  a ctivity wa s ob s e rved on  

thi s  day when the anima l s  we re rete s ted  a t  2 hr , but  this  effect  wa s 

not apparent in s ub s equent t e s t  s e s s ions  ov e r  the 2 week p e riod . A 

ra the r p ronounced d rop in  a ct ivity w a s  ob s e rved on day 1 r e l a t ive to  

a ctivity on day  o .  Thi s e ffect  o c cur red a c ro s s a ll  group s , and  the re­

fore  i s  not  a re sul t  o f  Aro c l o r  1 2 5 4  treatment , but  rathe r i s  p robably 
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Figure 3 

T ime cours e  o f  the e f f e c t  o f  a s ingle  o ra l  d o s e  o f  Aro c l o r  1 2 5 4  ( [J  , 

5 0 0  mg/ kg ) and vehi c l e  ( C)  ) on spontaneous a ctivity . Time , on  the 

abs ci s s a , refers  to the l atency b e tween Aro c l o r  1 25 4  admini s tration  and 

the  beginning o f  the  te s t  pe riod . Va lue s rep re s ent the mean ± S . E .  f o r  

determina tions from 6 p a i r s  o f  mice . T o  minim i z e  adaptation , a s ep a ­

rate g roup o f  m i c e  wa s t e s ted  a t  e a ch time p o int . S i gni f i cance  a s  

evaluated by Student ' s t - t e s t  i s  i ndicated : * , p < . 05 ;  ** , p < . 0 1 .  
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F i gure 4 

Dos e - re spons e relationship for  the e ffect  o f  s ingl e  o ra l  do s e s  o f  

Aro c l o r  1 2 5 4  o n  spontaneous a ctivity . Open b a r s , vehi c l e ; s haded  b a r s , 

Aro c l o r  1 25 4 . Tes t  p e riods  began at  45 min fo l l owing vehi c l e  o r  Aro­

clor  1 25 4  adminis t ra t ion . Value s  rep re s ent mean ± S . E .  o f  dete rmina ­

tions  from 6 p a i r s  o f  mice . The e ffect  o f  Aro c l o r  1 2 5 4  at  a do s e  o f  

5 0 0  mg/ kg wa s s igni f i cant a t  the p < . 05 l eve l (S tudent ' s t - te s t ) . 



4
1 

.. 

��-
-----------------------� 

I o
 

!!l 

.. �
�

--
--

--
--

--
--

--
--

--
�

 

I o
 

� 
I o

 
&l)

 

OO
I�3d 1531 U!W Ol/SJ NnO

) 

o
 

o
 

&l)
 

o
 

&l)
 

N
 

o
 

o
 

o
 

M
 

Ct:
 

o ..
.. 

u
 

o Ct:
 

<t 



D ay o f  

4 2  

TAB L E  1 
Effects  o f  14 Day O ra l  Adm i n i s trati o n  o f  

Aroc l o r 1254 o n  Spontan e o u s  Ac t i v i ty i n  M i c e  

C o u nts/10 m i n Te s t  P e r i o da 

Aroc l o r  1254 Aro c l o r  1254 
Veh i c l e Te s t i ng  

45 1 120 1 45 1 30  mg/ kg 
120 1 

100  mg/ kg 
45 1 120  1 

0 205  ± 10  186  ± 11  197  ± 12 179  ± 14 2 0 6  ± 15 186 ± 

1 147 ± 13 143 ± 20  138 ± 16 134 ± 19 146 ± 15  147  ± 

3 151  ± 14 156 ± 17 139  ± 16 127 ± 16 139 ± 17 153  ± 
7 138 ± 18 100 ± 17 137 ± 18 126  ± 16 122 ± 17 131 ± 

10 136 ± 15  112 ± 16 144 ± 20 148 ± 18 105 ± 2 2  1 2 5  

14 152  ± 17 147 ± 13 156 ± 18 162 ± 13 127 ± 34 13 9 

15d 139 ± 14 162 ± 9 150  ± 2 6c 

a Val u e s  repre s e nt the  mean  ± S . E .  f o r  N = 12 p a i r s  o f  m i c e  ( exc e p t  
a s  i nd i cate d )  fo r t e s t  s e s s i o n s  b e g i n n i n g at  45  and  1 2 0  m i n after  
treatme nt 

b N = 10 pa i r s  

c N = 7 p a i rs  

d M i c e  we re te s ted  at  24 h r  afte r the  l a s t  do s e  ( day 14) 

± 

± 

12 

16 

19 

18 

24b 

3 3c 
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due to an  adaptation phenomenon (M . J .  Ka l lman , per s ona l communication ) . 

No effects  o f  Aro c l o r  1 2 5 4  on a c t ivity we re  ob s e rved relative to veh i ­

c l e  a t  e i the r the 4 5  o r  1 2 0  min time p o ints , excep t  perhap s o n  days 7 

through 1 4  for the 1 0 0  mg/ kg dose  o f  Aro c l o r  1 2 5 4  a t  the 45 min t ime 

p o int . On the s e  days , a sma l l  reduction in a ct ivity wa s ob s e rved 

rel a t ive to days 1 through 6 ,  but thi s wa s l e s s appa rent at  the 2 hr  

t ime po int . Activity rema ined cons tant on day 1 5 , 2 4  hr a fter  the l a s t  

d o s e  o f  vehi cle  o r  Aro c l o r  1 25 4 . Although anima l s  exhib ited  n o  ove rt 

s igns of tox i c i ty ,  2 p a i r s  of mice in  the high d o s e  group had died by 

day 7 and a total of 5 p a i r s  by day 1 4 . De s p i te the letha l i ty o f  the 

high d o s e  o f  Aro c l o r  1 25 4  ( 1 0 0  mg/ kg) , Aro c l o r  1 25 4  had no s i gni f icant 

effect  on body we i ght comp a red  to vehi c l e , and a l l  group s  gained we i ght 

ove r the cour s e  of 1 4  days ( two -way ana lys i s  of variance with rep e a t e d  

mea sure s ; p � . .  0 1 )  . 

2 .  E ffect  o f  Aro c l o r  1 2 5 4  on mous e  p e r fo rmance  on the rotor  rod  

The effects  o f  Aro c l o r  1 2 5 4  on  mous e p e rformance on the roto r rod  

a re s umma rized  in Table  2 .  The va lue s a t  ea ch time point are  rep e a t e d  

mea sures on the s ame group o f  anima l s . A t  a l l  t imes a n d  do s e s  te s ted , 

Aroc l o r  1 2 5 4  had no e ffe ct  on roto r rod  performance \vhen compared  to  

the app ropriate contro l . 

3 .  Effect  o f  Aro c l o r  1 2 5 4  on mou s e  perfo rmance on the inve rted s c reen  

te s t  

Motor performance fo l l owing exposure  to Aro c l o r  1 25 4  ( 5 0 0  mg/ kg )  

was al so  eva luated us ing the s c reen  te s t .  O f  1 2  mi ce  tes ted in e a ch 

group , 1 1  o r  10 o f  the vehi c l e - o r  Aro c l o r  1 2 5 4 - treated  mice , respe c -
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TAB L E  2 

E ffect  o f  Aroc l o r 1254 o n  Rotor  
Rod P e r fo rma n c e  

N u m b e r  o f  F a l l s a 

Tre atme n t  1 "  b l m e 

0 5 10  15 30  60  

Ve h i c l ec 0 

Aroc l o r 1254 , 3 mg/ kgC 0 

Aroc l o r  1254 , 100 mg/ kgC 0 

Aroc l o r 1254 , 200  mg/ kgC 0 

Ve h i c l ed 

Aroc l o r 1254 , .500 mg/ kgd 

o 
1 

0 

0 

0 
0 

1 

1 

0 

0 

0 

0 

1 

1 

a Refers  to the  n umbe r  o f  m i c e o u t  o f  a tota l o f  6 that  fe l l o f f  
t h e  rod d u r i n g  a 2 m i n te s t  p e r i o� 

b T i m e  o f  te s t i n g  ( m i n )  a fte r treatme n t  

C Ve h i c l e o r  Aroc l o r 1254 de l i v e r e d  i n  a v o l ume  o f  1 0  m l / kg 
b o dy we i ght 

d Ve h i c l e o r  Aroc l o r  1254 de l i v e r e d  i n  a v o l ume of 2 0  m l / kg 
b o dy we i ght 

0 

0 

0 

0 

1 

1 

120 

1 

o 
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tive ly , we re ab le  to complete  the ta s k  and c l imb to the top of the 

s c reen  within 60  s e c . No mice  fel l  o f f  the s c reen  during thi s time . 

Thus , Aro c l o r  1254  had  no e ffect  on moto r c o o rdination  a s  mea sured  by 

thi s p rocedure . 

4 .  Convul s ive a ctivity o f  Aro c l o r  1254  

Convuls ive a ct ivity o f  Aro c l o r  1 25 4  wa s eva lua ted by  examining the 

e ffects  of Aro c l o r  1 25 4  on p entylenetetrazo l - induced  s e izure s . The l ow 

d o s e  o f  pentylenetetrazol  a lone ( 7 5  mg/kg ) p roduced  b o th ton i c  and 

c loni c convul s ions , whe reas  the high do s e  ( 1 25 mg/ kg )  p roduced p redomi­

nantly tonic  convul s ions (Tab le  3 ) . \�i l e  vehi c l e -pretreatment may 

have had s ome effect  on the p a tte rn of c loni c and tonic  convul s ions  in 

the l ow dos e  group , the e ffects  of Aro c l o r  1 254-pretreatment on con­

vul s ions induced by p entylenetetrazol  were  no d i f fe rent from vehi c l e ­

pretreatment rega rd le s s  o f  time o f  p retreatment . 



TAB LE 3 
Effect  o f  Aro c l o r  1254 O n  

P e n ty l e n e tetrazo l - i nduced  S e i z u re s  

% o f  Tota l a 

r b 
P e n ty l e netetrazo l 

T . c C l o n i cd P retreatmen t  l me ( mg/ kg ,  i .  2 .  ) o n l C 
i 

7 5  4 0  40  
1 2 5  9 0  1 0  

Ve h i c l e 45 75 2 0  8 0  
125 100 0 

Aroc l o r 1254 45 75 10 80 
500 mg/ kg 125 80 20  

V e h i c l e 120 7 5  0 7 0  
1 2 5  . 8 0  10  

Aroc l o r 1254 120 7 5  0 9 0  
5 0 0  mg/ kg 1 2 5  9 0  1 0  

a N = 1 0  
b T i me  ( m i n )  betwe e n  pretreatm e n t  ( p . o . ) a n d  p e n ty l e netetrazo l  

c P e r c e n t  o f  a n i ma l s di s p l ay i n g  to n i c  c o n v u l s i o n s  

d P e r c e n t  o f  a n i ma l s di sp l ay i n g  c l o n i c c o nv u l s i o n s  

e Pe r c e n t  o f  an i ma l s that d i ed 

Morta l i tye 

40 
9 0  
2 0  

1 0 0  
1 0  
8 0  

0 
7 0  

0 
90  

N o  e ffect  

2 0  

10 

30 � 
(J\ 10 

10 
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D .  D i s cus s ion 

The purp o s e  o f  the exp e r iments de s c ribed  he re  wa s to a s s e s s  the 

neurobehavioral  e ffe cts  of Aro c l o r  1 2 5 4 . Only the highe s t  d o s e  o f  

Aro c l o r  1 25 4  ( 5 0 0  mg/kg)  te s te d  wa s found t o  b e  b ehavio ra l ly a c t ive 

( spontaneous a ctivity wa s dep re s s ed ) . I t  wa s impo rtant to dete rmine 

the e ffects  of Aro c l o r  1 25 4  on moto r function , s ince the l a tter  is an 

imp o rtant component of spontaneous a c tivity . Whi l e  dep re s s ed a ct ivity 

could be  a mani festation  o f  imp a i red  moto r coo rdination , thi s  d i d  no t 

appea r to  be  the c a s e  f o r  Aro c l o r  1 25 4 , s ince  a cute a dmini s tr a t i on o f  

Aro c l o r  1 2 5 4  had no effect  o n  mous e performance o n  rotor  r o d  o r  i nve r ­

t e d  s creen . 

Whe reas  a cute Aro c l o r  1 2 5 4  a dmini s tration  a ltered  spontaneous 

a ct ivity , no e ffect on spontaneous a ctivity wa s obs e rved e ithe r during 

o r  immediately a fte r a 1 4  day regimen of  Aro c l o r  1254  a dminis tration . 

PCBs a re highly l ip ophi l i c  compound s and rea d i ly a c cumulate  in t i s sue  

( see  Introduction - Pha rma cokinet i c s ) . Therefo re , i t  was  a nt i c ip a t e d  

tha t the 1 4  day treatment would  have· s ome e f fe c t  on spontaneous a ct iv i ­

ty . S eve ral  exp l anations  can  b e  o fferred  fo r thi s l a c k  o f  e ff e c t . 

During the cours e o f  treatment , no change in  spontaneous a ct iv i ty wa s 

obs e rve d , but thi s coul d e a s i ly b e  attributed to the p re s ence o f  sub ­

threshold  d o s e s  ( 3 0  and 1 0 0  mg/kg ) a s  ob s e rved i n  the a cute s tudy . 

Although one might exp e c t  to s e e  an  a c cumulation o f  A ro c l o r  1 2 5 4  a ft e r  

1 4  days o f  exp o sure , a c cumulation  may have o c curred , b u t  not  t o  a l evel 

sufficient to a lter  spontaneous a ctivity . Additiona l ly ,  a c cumu l a t i o n  

may have b e e n  off set  b y  a metab o l i c  effect , ina smuch a s  PCBs  a re p otent  

induce r s  of  the l ive r m i c r o s oma l enzyme s .  E nzyme induct i o n  could  

e a s i ly have o c curred given  the  d o s e s  and duration  of  expo sure  ( s e e  
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I nt roductio l  - Tox i c o logy ) . Because  PCBs a re a l s o  metab o l ized  by thi s 

s ame enzyme sys tem , they could be  inducing the i r  own metabo li sm , the re­

by enhanc ing clea rance and  p r e c luding t i s sue a c cumul a t i on . An additiona l  

exp lana tion for  the l a c k  o f  e ffe c t  i s  that pha rma c odynami c o r  behav i o r a l  

tolerance  ( a s  d i s tinctions f rom the metab o l i c  tole rance de s c ribed  

above ) may have deve loped to  the b ehavio r a l  effect  o f  Aro c l o r  1 25 4 . 

As s e s sment o f  the convul s ant propertie s  o f  Aro c l o r  1 2 5 4  wa s cho s en 

for two rea s ons , one be ing the antithe s i s  o f  the othe r . On the one 

hand , the e ffects  of Aro c l o r  1 25 4  on spontaneous a c t ivity would sugge s t  

that Aro c l o r  1 2 5 4  may b e  exe rting a CNS dep re s s ant e ffect . I f  s o , one 

might expect  to detect  ant i convul s ant p rope r t i e s  of Aro c l o r  1 2 5 4  as i s  

the c a s e  for  phenoba rb i ta l , a general  CNS dep re s s ant . On the othe r 

hand , convuls ive p ropertie s  have b e en reported  for  o the r c l a s s e s  o f  

chlo r ina ted hydroc a rbons (Joy , 1 9 7 6 ) . The protocol  u sed  i n  the exp e r i ­

ment s  de s c ribed he re  wa s d e s i gned with the s e  two p o s s ib i litie s  in  mind . 

Prudent s e l e c tion o f  p entylenetetrazol  do s e s  a ffords  the fea s ab i l i ty o f  

detecting e i the r convul s ant o r  ant i c.onvuls ant p rope r t i e s  o f  the te s t  

c ompound . The lower do s e  given a l one p roduced only clonic  convul s ions , 

whe rea s both toni c and clonic  convul s ions we re ob s e rved with the highe r 

dos e . Thus , a s t imul ant o r  convu l s ant effect  o f  a te s t  drug ,·wuld  b e  

obs e rved a s  a n  exa c e rba tion o f  the effects  o f  the l owe r p entylenete t r a ­

z o l  do s e , and a depre s s an t  e ffect  wo u l d  app e a r  a s  an  anta gonism o f  the 

convul s a nt effects  o f  the higher  pentyl enetetrazol  d o s e . Howeve r , 

Aro c l o r  1 25 4  did  not a l te r  the convul s ant a ctivity o f  e ithe r do s e  o f  

p entylenetet razol . 
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Thus , spontaneous a c t ivity wa s the  only  behavio ra l  mea s ure a l t e re d  

b y  Aro c l o r  1 2 5 4 . To re ite rate , thi s  sma l l  s amp l ing o f  s imp le  behav­

i o r a l  ta s k s  wa s cho s en to s c re en for centra l neurotox i c i ty of Aro c l o r  

1 2 5 4 . The pos s ib i l i ty that Aro c l o r  1 2 5 4  may a lter  performance i n  o the r 

b ehavioral  mea s ures  cannot be  ruled  out . 
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I V . EXPERHlENT 2 - A COHPARI SON OF THE EFFECTS OF ACUTE AND SUBCHRON I C 

ADHI N I S TRAT I ON OF AROCLOR 1 2 5 4  ON PENTOBARB I TAL I N ­

DUCED SLEEP T I �lE kVD 1 4 C - PENTOBARB I TAL D I SPOS I T I ON 

A .  Introduction 

The ob s e rva tion tha t a cute ly admini stered  Aro c l o r  1254 dep r e s s e d  

spontane ous m o t o r  a c t ivity without imp a i r ing moto r coo rdination  ( s e e  

Exp e riment 1 )  s ugge s te d  tha t Aro c l o r  1 2 5 4  may b e  having a d i r e c t  dep re s ­

s ant e f f e c t  o n  the centra l ne rvous sys tem (CNS ) . I t wa s thus o f  inte r ­

e s t  to examine the e ffects  o f  Aro c l o r  1 2 5 4  in s ome othe r sys tem capab l e  

o f  predi cting CNS dep re s s ion . I t  i s  we l l  known tha t many o f  the CNS 

dep re s s ants (e . g . , b a rb i tura tes  and a l coho l ) have additive e f f e c t s  

(Goodman a n d  Gilman , 1 9 8 0 ) . S l e ep time i s  a re spons e to b a rb i turat e s  

tha t c a n  e a s i ly be  quant i tated . I f  the reduction  ln  s le ep time i s  a 

manifes tation o f  CNS dep re s s ion ,  one might exp e c t  to s e e  a syne rg i s t i c , 

o r  a t  b e s t  additive , e ffect  o f  Aro c l o r  1 25 4  and p entob a rbital  whi ch 

would be  mani fe s ted  a s  a n  increa s e  in pentob a rb i t a l - induced s le ep t ime . 

I f  s o , i t  would be  inte r e s ting to e s tab l i s h  the me chani sm o f  thi s  

inte raction . Aro c l o r  1 2 5 4  could a l t e r  the r e spons ivene s s  o f  the CNS to 

p entob a rbital , the inte ra c t i on could s imp ly b e  one o f  additive e f f e c t s , 

or  i t  could be  a pha rma cokine t i c  e ffect , i . e .  a l t e r e d  metab o l i sm and/ o r  

d i sp o s i tion o f  pentob a rb it a l . 

In  contra s t  to the a fo rement i o n e d  hypothe s i s  tha t a cutely a dmini s ­

tered  Aro c l� r 1 25 4  could enhance p entob a rb i t a l- induced  s le ep time , i t  

ha s been c l e a r ly e s tabl i shed that chroni c a l ly a dmini s te red  PCBs induce 

m i c ro somal  enzymes  and enhance  drug metaboli s m  (Bruckne r e t  a l . , 1 9 7 7 ; 

Go l d s te in , 1 9 7 9 ; Grant et  a l . , 1 9 7 4 ; L itte r s t  e t  a l . ,  1 9 7 2 ) . As a 
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c o n s e quenc e o f  thi s e nzyme induction , chroni c a l ly a dmini s te red PCBs  

enhance  p entob a rb i t a l  metab o l i sm ( Chu e t  a l . ,  1 9 7 7 ; S t e l l a  and Chu , 

1 9 8 0 )  and reduce pentob a rb i t a l - induced s l eep time  ( Sande rs  and 
Kirkp a t r i c k , 1 9 7 5 ; Sande r s  e t  a l . , 1 9 7 4 ; Villene uve e t  a l . , 1 9 7 2 ; Zepp 

e t  a l . , 1 9 7 4 ) . Thus , if the e ffe c t s  of chroni c a l ly a dmini s t e r e d  Aro ­

c l o r  1 25 4  on p entob a rb i t a l - induced  s le ep time a r e o f  metab o l i c  o r ig i n , 

i t  would b e  inte r e s t ing to  pursue the e t i o l o gy o f  an  a cute Aro c l o r  

1 25 4/pentob a rbital  inte r a c t i on . Thi s  reas oning p rompted  the exp e r i ­

ments to  b e  des c rib e d  he rein  in  whi ch a comp a r i s on wa s made b e tween  the 

effe c t s  of a cute and s ub chroni c Aro c l o r  1 25 4  a dmini s t ration  on p ento ­

b a rb i ta l - induced  s le ep time and on  pentob a rb i t a l  d i s po s i tion . 
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1 .  Mat e r i a l s  
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S - [ ring - 2 - 1 4 C ] -E thyl - 5 - ( 1 -me thylbutyl ) b a rb itur i c  a c id ( 1 4C-pento­

b a rb i ta l ; 5 2  mCi/mmo l )  wa s purcha s ed from New England Nuc l e a r  (Bo s ton , 

MA ) . I t s  radiochemi c a l  purity wa s e s tabl i s he d by thin l aye r chromato­

g raphy (TLC ) on s i l i ca ge l p l a te s  (Analtech , Newa rk , DE ) us ing a chl o ro ­

form : a c etone ( 9 : 1 ) s o lvent sys tem (Co chin and Da ly , 1 9 6 3 )  and v i s ua l i z ­

ing with i o d ine vap o r s . Sodium p entob a rb i t a l  (Nembuta l
@

) wa s purcha s e d  

f rom Abbott  Labo rato r i e s  (No rth Chicago , I L )  and d i luted w i th the s ame 

vehi c l e  [ 95% e thano l : p ropylene glyco l : H2 0  ( 1 : 4 : 5 ) ] in  whi ch it w a s  

s upp l i e d . 

2 .  Pentobarb i ta l - induced  s l eep time 

Mi ce  we·{e · pretreated  with Aro c l o r  1 25 4  o r  vehi c l e  by o ra l  gava ge . 

Some exp e r iments a l s o  c onta ined a na ive group whi ch re c e ived  no trea t -

ment p r i o r  t o  pentob a rb ita l . Mi c e  then re c e ived a 25 mg/ kg do s e  o f  

pentob a rbital  ( i . p . ) ,  and s leep time'S we re re c o rded fo r e a ch mous e . 

Pentob a rbital- induce d  s l e ep time i s  de fined a s  the t ime int e rva l b e ­

tween l o s s  and regaining o f  the r i ghting r e f l ex . 

A t ime cours e o f  e f fects  o f  Aro c l o r  1 25 4 -pretreatment o n  s le ep 

time wa s determined by treating mi c e  with vehi c l e  o r  Aro c l o r  1 2 5 4  ( 5 0 0  

rng/ kg )  a t  0 , 0 . 75 ,  2 ,  4 ,  8 ,  o r  2 4  hr b e fo r e  p entob a rb i t a l . O n c e  the 

p retreatment time fo r maximum effe ct  had been  de te rm i ne d ,  a do s e - re ­

sponse  relationship for Aro c l o r  1 25 4  wa s then e s tab l i she d by a dmin i s ­

tering vehi c l e  o r  Aro c l o r  1254  i n  d o s e s  o f  5 ,  1 0 , 25 , 5 0 , 1 0 0 , 25 0 o r  

5 0 0  mg/kg 2 h r  p r i o r  t o  p entobarb i t a l . 
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The effects o f  s ub chron i c  treatment o f  Aro c l o r  1 25 4  o n  s l eep t ime 

we re dete rmined fo l l owing o r a l  admin i s tra t i on of vehi c l e  or Aro c l o r  

1 25 4  ( 30  o r  1 0 0  mg/ kg ) for  1 4  suc ce s s ive days . M i c e  in  e a c h  treatment 

group were admini s t e re d  p entob a rb i ta l  ( 25 mg/kg , i . p . ) e ithe r 45 min  

or  24  hr  a ft e r  rece iving vehi c l e  o r  Aro c l o r  1 25 4  on day  1 4 . S l e ep 

time s we re then reco rded  for  a l l  g roup s . 

3 .  Dispo s i tion o f  1 4C -pentoba rb i ta l  

a .  Va l idation o f  the extraction method 

The extra ction  method of Brodie  et  a 1 . ( 1 9 5 3 )  repo rtedly s ep a ra t e s  

pentob a rb i ta l  from its  metab o l i te s . The maj o r  metab o l ites  o f  pentob a r ­

bital  are  the pentoba rb ital  a lcoho l and pentob a rb i t a l  ca rboxyl i c  a c id 

(Bro d i e  e t  a l . , 1 953 ; Coop e r  and Brodie , 1 9 5 7 ; Mayne rt and van Dyke , 

1 9 5 0 ) , the structur e s  o f  which  a re shown in  Figure 5 .  The s e  metab o ­

l i t e s  a re much m o r e  water  s o lub l e  than the p a rent compound , and the re­

fore  can readily be  s epa ra ted from  pentob a rb it a l  by  us ing an extra c t i o n  

sys tem tha t cap i ta l i z e s  on  d i f fe rence s i n  s o lub i ltiy o f  the compounds 

to be  s epa rated . The method o f  Brodie  e t  a l .  ( 1 95 3 )  emp loys  thi s  

concept . Thei r  method invo lve s detection  o f  p entob a rb i t a l  by a s p e c t r o ­

photomet r i c  method . A mod i f i c a tion  o f  the i r  method was  emp l oyed fo r 

the s e  s tudie s . I f  1 4C - lab e l l e d  pentob a rbital  i s  admini ste red  to ani ­

ma l s , and i f  in fa ct , pa rent compound can  b e  s e l e c tively extra cted into 

the o rgani c pha s e  of thi s  extra c t i on sys tem , then pentob a rb ita l can  be 
quant itated  by counting an  a l i quot of the o rgani c pha s e . I t  wa s thus 

ne c e s s a ry to demons trate both qua l ita tive a nd quantitative va l idation  

o f  thi s  app l i ca t i on of  the Brodie  method , i . e . , tha t all  of  the  rad i o ­

a c t ivity in the o rgan i c  pha se  i s , in  fact , p entob a rb ital  and tha t the 
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P e n to ba r b i ta l  

P e n to ba r b i ta l c a r b oxyl i c  
a c i d  

P e n t o ba r b i ta l a l c o h o l  

F i g u r e  5 M e t a b o l i sm o f  p e n t o ba r b i ta l 
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method can efficiently extra c t  pentob a rb i ta l from ti s sue s amp l e s . 

The s e  two criteria  we re ve rified  a s  fol lows . 

I n  o rder  to  dete rmine the extra c tion e f f i c i ency o f  the sys tem , 

p l a sma , l ive r and b r a in we re  taken from untreated  mice . Brain  and 

l ive r we re  homogenized  in 3 volume s of ice c o l d  0 . 1  N HC l us ing a 

Brinkman Ins truments polytron (Rexda l e , Ont . , Canada ) . Extraction  o f  

p entob a rbital  i s  imp roved i n  a c i d i fied  medium , b ecaus e pentob a rb i ta l , 

a s  the free  a c i d , i s  l e s s  s o lubl e  in a queous medium and mo re  l i ke ly to  

p a rtition into the o r gani c phas e .  An  a l i quot o f  p l a sma (5 0  �l )  o r  

ti s s ue homogenate ( 1 . 5  m l )  wa s buffe red  wi th 1 . 8  o r  1 . 5 ml , re spe c ­

tively , o f  1 M NaH2P04 (pH 5 . 5 ) . E a ch t i s sue s ampl e  wa s then spike d  

with 5 � l  1 4C -pentob a rb i t a l  ("'5 nC i ) , swi rled  rap idly to  mix , and 1 5  m l  

o f  petroleum ethe r conta ining 1 . 5% i s oamyl a l coho l wa s added  immed i ­

ately t o  prevent any p o s s ib l e  metab o l i sm o f  the pentob a rbital . Samp l e s  

were shaken f o r  30  min and cent r i fuged . Aliquots  o f  the a queous and 

o rganic  pha s e s  we re  counted  in 1 0  ml o f  ACS or TPP , re spective ly . O f  

the tota l radioactivity a dded , < 1 0% wa s found in the a queous l aye r and 

b e tween 9 0  and 95% in  the o rgani c laye r for  a l l  3 t i s s ue s . Thus , the 

s o lvent system is capable  of e f f i c iently extra cting 1 4C -p entob a rb i t a l  

from t i s sues . 

Pentob a rbital  ha s rep ortedly been s epa rated  from i t s  metab o l it e s  

i n  the TLC sys tem d e s c r ibed  b y  C ochin and Da ly ( 1 9 6 3 ) . Because  thi s 
TLC sys tem wa s to be  used  to  e stab l i s h  the p r e s umpt ive ident i ty o f  

unknown radioactive compounds i n  the extra ction  s amp l e s , i t  wa s ne c e ­

s s a ry t o  confirm the chromatograph i c  behavio r  o f  known s tanda rds  in  

thi s sys tem . The idea l cho i c e  o f  s tandards  f o r  thi s p a r t i cul a r  ex­

p e r iment would  have been pentob a rb i ta l  and  i t s  maj o r  metabo l i te s . 
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Because  the s e  metab o l i t e s  a re not re a d i ly ava ilab l e  comme rcia l ly ,  

authenti c  s amp l e s  o f  pentob a rb i t a l  and thiop enta l ,  a le s s  p o l a r  ba rb i ­

turate  than pentob a rb i t a l , were chroma t o  graphed i n  the s ame TLC sys tem . 

The resul ting Rf value s , 0 . 5 1 and 0 . 7 8 fo r pentob a rb i ta l and thio­

p enta l , respectively , we re cons i s tent with tho s e  repo rted by Co  chin  and 

Da ly ( 1 9 6 3 ) . Acco rding to Co  chin and Da ly ( 1 9 6 3 ) , p o l a r  metabo l i t e s  

migrate more s lowly than p entob a rb ital  and would appear  a s  spots  c l o s e r  

t o  the o rigin . 

In  o rder  to addre s s  the qua l itative a s p e c t  o f  the extra ction  

method 3 mice  were  inj e cted with  1 4C-pentoba rb i t a l  ( 80  �Ci/ 25mg/ kg ) . 

Mice  were s a c ri f i c e d  9 0  min late r , and p l a sma , b rain , and l ive r we re  

taken . Thi s  time p o int wa s cho s e n  b ecaus e i t  wa s anti c ipated  that a 

la rge p roportion o f  the p entob a rb ital  would a l re a dy have been  metab o ­

lized . High . tis sue leve l s  o f  metab o l it e s  would thus maximize  the 

cha l lenge to the extra ction sys tem . T i s sue s  we r e  extra cted as de s c rib­

ed  above , an  a l i quot o f  the o rgan i c  pha s e  wa s c ounted in 1 0  ml  TPP , and  

the  rema inder  wa s evaporated  to d ry�e s s  und e r  a s tream o f  nitrogen . 

The dried  s amp l e s  o f  the o rganic  pha s e  we re then re cons tituted in  a 

sma l l  vo lume o f  chloroform , and a l iquots we re  s ubj ected  to  ana lys i s  by 

TLC as de s cribed  in "Materia l s . "  Pentoba rb i t a l  and thiopenta l we re 

used as reference s tand a rd s . The r e s o lved spots  of unknown s amp l e  were  

vi sua l ized  with  iod ine , and bands  o f  ab s o rb ent were  s c raped from the 

plate . To  the s e  s amp l e s  1 ml of 5 0% methano l wa s added , s amp l e s  we r e  

sonicate d  f o r  3 0  m i n  t o  s o lub i l i z e  radiolab e l l e d  mat e r i a l ,  1 0  ml o f  ACS 

wa s a dded , and the samp l e s  we re counted . I n  a l l  three  t i s su e s , > 9 0% o f  

the radioactivity i n  a n  a l i quot o f  the organic  p ha s e  c o - chroma tographed 

with the pentob a rb ital  s tanda rd i nd i c a t ing tha t  a l l o f  the radioa c t iv-
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i ty in  the o rganic  pha s e  wa s a s s o c i a t e d  with  p a rent comp o und and tha t , 

appa rently , no metab o l i te s  were  p r e s ent in th i s  pha s e . Thi s  ob s e rva -

tion thus va lidates  the app l i cation  o f  the method o f  Brod i e  e t  a l . 

( 1 953)  for  quantitating l eve l s  o f  1 4C-pentob a rb i t a l  in t i s s ue s amp l e s . 
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b .  E ffects  o f  Aro c l o r  1 25 4  on d i spo s it ion of 1 4C - p entoba rb i t a l  

T i s sue leve l s  o f  1 4C -pentob a rb i ta l a n d  metab o l i te s  we re dete rmined 

by the above mentioned modi fi cation o f  the method o f  Brodie  e t  a 1 . 

( 1 9 5 3 ) . In  gene ra l , Aro c l o r  1 25 4  o r  vehi c l e  wa s a dm ini s te red  o r a l ly to  

mice  2 hr prior  to 1 4C-pentob a rb i t a 1  (80 � C i / 25 mg/ kg , i . p . ) .  M i c e  we re  

decap itated , and t runk b lood wa s colle cted  from  the  cervi c a l  wound and 

centri fuged at  1 0 0 0  x & fo r 2 0  min to obtain  p l a sma . Brain  and l ive r 

we re  removed and homogenized  a s  d e s c ribe d  p revi ous ly .  Al i quot s  o f  

p l a sma and ti s sue homogenates  ( 5 0  � l )  we re taken t o  determine tota l 

rad ioactivity . In  o rder  to extra c t  p a rent compound (pentob a rb i t a l ) , an  

a l i quot o f  p l a sma ( 200  �l )  o r  t i s sue homogenate  ( 1 . 5 ml ) , wa s buffe red  

with  1 . 8  o r  1 . 5 ml , re spective ly , o f  1 M NaR2P04 buffe r (pH  5 . 5 )  b e fo re 

the addition o f  1 5  ml of  petroleum e the r conta ining 1 . 5% i s o amyl a l co -

ho I . Samp 1e.S. were  shaken for  30  min and cent r i fuge d . A 6 ml a l iquot 

of the o rganic pha s e  wa s counted in  10 m1 of TPP . Pentob a rb i t a l  ( in  

the  o rgani c pha s e )  was  then c a l culated  from the  spe c i f i c  a ctivity o f  

the s t arting mate ria l and exp r e s s e d  
.
a s  nmo l  p e r  g o f  t i s sue o r  m l  o f  

p l a sma . Level s  o f  metabolites  we re  c a l culated  a s  the d ifference b e -

tween tota l radioactivity and that a s s o c i a ted  with p a rent compound . 

More  speci f i c a l ly , three exp e r iments were  des i gned to comp l iment 

the s le ep time s tudi e s .  In the f i r s t  exp e riment , vehi cle  or Aro c l o r  

1 2 5 4  ( 5 0 0  mg/ kg ) wa s given 2 hr  b e fore  1 4C-pentob a rb i t a l , and  mice  were  

s a c r i f i ced  0 . 25 ,  0 . 5 , 1 ,  1 . 5 ,  2 ,  o r  3 hr  a fter  1 4C -pentob a rb i t a l . The 

s e cond experiment involved a dmins tration of veh i c l e  or va rying do s e s  o f  

Aro c l o r  1 2 5 4  (5 , 1 0 , 25 , 5 0 , 1 0 0 , 250 , o r  5 0 0  mg/kg )  2 h r  p r i o r  to  

1 4C -p entob a rbita1 and  s a c ri f i c ing mi c e  2 h r  a fte r 1 4C-pentob a rb i t a l . 

Fo r the thi rd experiment , veh i c l e  o r  Aro c l o r  1 25 4  ( 3 0  mg/kg ) we re  a d -
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minis te red  for  1 4  days , and  m i c e  were  weighed eve ry othe r day . As  in  

the  s le ep time study , anima l s  were  divi ded into  two group s  on day 1 4 . 

Group A re ceived 1 4C-pentob a rb i t a l  45 min a fter  vehi cle  o r  Aro c l o r  

1 25 4 , and group B r e c e ived 1 4 C -pentob a rb ital 2 4  hr a fter  vehi c l e  o r  

Aro c l o r  1 25 4 . Mice  we re s a c ri f i c e d  a t  3 0 , 6 0 , o r  9 0  min a fter  1 4 C _  

p entob a rbital . 
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C .  Re sults  

1 .  E ffe cts  o f  Aro c l o r  1 2 5 4  on pentob a rb i ta l - induced  s le ep time 

Aro c l o r  1 25 4 , g iven at va rious  t imes p ri o r  to pentob a rb i ta l , 

enhanced s leep t ime relative to vehi c l e  p retreament . As shown in  

Figure 6 ,  co- admini s tration o f  Aro c l o r  1 2 5 4  and pentob a rb i t a l  ( a t  a 

p retreatment time o f  z e ro hr ) p roduced a mode s t  inc rea s e  in s leep t ime 

when comp a red to vehi cle-p retreated  m i ce (p  < . 05 ) . The effect  o f  

Aro c l o r  1 2 5 4  o n  pentob a rb i t a l - induced  s leep t ime wa s enhanced a s  p r e ­

tre a tment time wa s increas ed  unt i l  a maximum wa s s een a t  2 hr . Aro c l o r  

1 25 4  s t i l l  had s i gni f icant e ffects  at  the 4 and 8 h r  p retreatment 

time s . By 24  hr , Aro c l o r  1 254  p r o duced a sma l l  but s i gnificant d e ­

creas e  in s leep t ime compa red  to  vehi cle -pretreatment . Not shown i n  

Figure 6 i s  �h�- s leep t ime fo r na ive anima l s  ( 5 1 ± 2 ,  N = 1 0 ) . Ana ly­

s i s  of va riance us ing a 2 - fa c t o r  factorial  des i gn re sulted in  a s igni ­

ficant e ffect  o f  Aro c l o r  1 254  and o f  t ime o f  Aro c l o r  1 254-pretreatment . 

A s ignifi cant inte raction  between Ar.o c l o r  1 2 5 4 - treatment and p retreat­

ment t ime wa s a l so  found , i . e . , the e ffect  o f  Aro c l o r  1 254  on s leep 

t ime depends on the t ime interva l b e tween Aro c l o r  1 25 4  and p entob a rb i� 

tal a dmi n i s t ra tion . 

Ba s e d  on the above t ime cours e ,  a 2 hr  p retreatment t ime wa s 

cho s en in  o r d e r  to examine a do s e - r e spons e relationship for  Aro clor  

1 2 5 4  (Figure 7 ) . S l e ep time fo r na ive anima l s  (N = 3 0 )  wa s 54  ± 4 

( data  not s hown) . S le ep time wa s incre a s e d  in a do s e - dep endent f a s h i o n  
re l a tive to vehi c l e - or  Aro c l o r  1 25 4 -p retreatment up to an  Aro c l o r  1 25 4  

d o s e  of  2 5  mg/kg , a t  whi ch p oint s leep t ime increa s e d  only s l i ghtly 

with l a rge r d o s e s  o f  Aro c l o r  1 254 . The effect  o f  a d o s e  o f  5 0 0  mg/ kg 
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Figure 6 

Pretreatment time cour s e  o f  the e f fe c t  o f  Aro c l o r  1 2 5 4  on p entob a rb i ­

ta l - induced  s leep time . Mice  we re  p re t reated  o r a l ly with e i the r ve ­

h i c l e  (�) or  Aro c l o r  1 2 5 4  (II - tl ;  5 0 0  mg/ kg ) . Va lue s a re given a s  

mean ± S . E .  for group s  o f  1 0  mice  e a ch .  A 2 x 6 facto r i a l  ana lys i s  o f  

the data  revea led  s i gnifi cant e ffects  o f  Aro c l o r  1 25 4 -pretre a tment , 

t ime o f  p retreatment , and an  inte r a ction o f  treatment and t ime 

(p < . 00 1 ) . S leep time fol lowing Aro c l o r  1 25 4 - p retreatment wa s s igni f i ­

cantly different from that following vehi cle -pret reatment a t  a l l  p r e ­

treatment t ime s (p  < . 00 1 )  excep t  a t  z e ro time · ·  whi ch s igni f icance  

wa s e stab l ished a t  the  p < . 05 l eve l ( Student ' s t - t e s t ) .  
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F i gure  7 

Dos e - re spons e curve for  the effect  o f  A ro c l o r  1 25 4  on pentob a rb i t a l ­

induced  s leep t ime . Vehi cle  ( V )  o r  Aro c l o r  1 25 4  wa s admini s t e re d  

o r a l ly 2 hr before  p entoba rb i ta l . Va lue s rep r e s ent mean ± S . E .  o f  

group s  o f  2 0  t o  4 0  mice . A l l  but the 5 mg/ kg do s e  o f  Aro c l o r  1 25 4  we re  

s igni fi cantly d i f fe rent from control  (p < . 0 1 )  as  determined by analy­

s i s  of va riance and Dunnett ' s t - te s t . 
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wa s s igni fi cantly greater  than the  e ffects  o f  doses  o f  5 ,  1 0 , 25 , 5 0 , 

o r  1 0 0  (p < . 0 1 )  but no t 25 0 mg/kg a s  dete rmine d by ana lys i s  o f  va r i ­

a n c e  a n d  Duncan ' s mul t ip le  range t e s t . 

F i gure 8 i l lus trates  the re s ults  o f  the s ub chroni c s tudy . I n  

contra s t  t o  the a cute s tudie s , p entob a rb i ta l - induced  s le ep time wa s 

reduced  in  anima l s  treated  with Aro c l o r  1 2 5 4  fo r 1 4  days . Thi s e ffect  

wa s dependent upon the d o s e  o f  Aro c l o r  1 2 5 4  a s  \ve l l  a s  the time inte r­

va l between the last  do s e  o f  Aro c l o r  1 2 5 4  ( d ay 14 )  and  a dmini stration 

of p entob a rbita l . The degree of s upp re s s ion  of s le ep time wa s greater  

fo r the 24  hr than the 45  min time interva l . S i gnifi cance wa s e s ta ­

b l ished f o r  the e ffect  o f  Aro c l o r  1 2 5 4  and o f  the t ime inte rva l b e tween 

Aroc l o r  1254 and pentob a rb i t a l  a dmini stration  but not for  an  inte ra c ­

tion between the two factors  a s  eva lua ted  b y  ana lys i s  o f  va riance  us ing 

a 2 - fa c to r  f.a.c!-�r i a l  des ign .  Thus , the e ffect  of va rying d o s e s  o f  

Aro c l o r  1 25 4  does  not depend upon the l atency b e tween Aro c l o r  1 25 4  and 

p entob a rb ital  admini s t ration . I n  addition , the e ffect  ob s e rved a t  

various time inte rval s  does  not depend upon the d o s e  o f  Aro c l o r  1 2 5 4 . 

As in the 2 p revious s tudie s , s le ep t ime for  na ive anima l s  ( 63  ± 2 ,  

N = 1 0 )  wa s l e s s  than vehi c l e . S l e ep t ime i s  rep o rted  fo r a sma l l e r  

numb e r  o f  mice  i n  the group rece iving the highe r d o s e  o f  Aro c l o r  1 25 4  

due to  the lethal effects  o f  thi s do s e . A tota l o f  1 0  m i c e  o f  the 
o riginal 25  in thi s g roup had  died  by day 1 4 . Despite  the l etha l 

e ffects  o f  the high d o s e , m ice  exhib ited  no ove rt  s igns o f  tox i c i ty . 

A l l  group s  ga ined we ight ove r the cour s e  o f  1 4  days , and Aro c l o r  1 2 5 4  

had n o  s i gni f i c ant e ffe ct  on thi s  wei ght g a i n  when compared  to  c ontro l s  

( two-way analys i s  o f  variance with repeated  mea s ures ) ,  ind i c a t ing tha t 

mice  we re appa rently in  good hea l th . 
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Figure 8 

Pentob a rb i t a l - induced  s l eep time fo l l owing 1 4  day a dmini s tration  o f  

vehi c l e  (V)  o r  Aro c l o r  1 2 5 4 . Shaded b a r s , p entob a rb i ta l  g iven 4 5  min 

a ft e r  the l a s t  do s e  o f  V or  Aro c l o r  1 25 4 . Open b a r s , pentob a rb i t a l  

given 24  hr a fte r V o r  Aro c l o r  1 25 4 . Va lue s rep res ent mean ± S . E .  

Numb e r s  ove r S . E .  b a r s  ind i cate  numb e r  of  m i c e  p e r  group . S igni f i cant  

e ffe c t s  o f  Aro c l o r  1 25 4 -p retreatment (p  < . 0 0 1 )  and  time o f  admini s t r a ­

tion o f  pentob a rbital  ( p  < . 05 )  we re reve a l e d  b y  a 2 x 3 facto r i a l  

ana lys i s  o f  the data , howeve r the re  wa s n o  s ignifi cant interaction  

between treatment and  time . 
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2 .  E f fe ct  o f  Aro c l o r  1 2 5 4  on d i spo s i tion of 1 4 C-pentob a rbital  

Having e s tab l i shed  tha t Aro c l o r  1 25 4  a lter s  p entob a rb i ta l - induced  

s le ep time , the que s tion of  how thi s  wa s o c curring rema ine d unanswe r e d . 

One p o s s ib l e  explanation  could b e  tha t Aro c l o r  1 25 4  a lters  the pha rma ­

cokine t i c s  o f  pentob a rb i ta l . The refore , a d e s i gn s imi l a r  to the s le ep 

time s tudi e s  wa s cho s en to examine the d i spos ition o f  1 4C-pentob a rb i t a l  

fo l l owing a dmins tration o f  Aro c l o r  1 25 4 . The f i r s t  exp e r iment wa s 

exe cuted to determine the e ffect  o f  Aro c l o r  1 25 4 - o r  vehi c l e - p re t reat­

ment on the time cour s e  o f  leve l s  o f  pa rent compound (pentob a rb i ta l )  

and metabo l i te s  i n  b r a in , l ive r , and p l a sma (Figure 9 ) . I n  a l l  three  

t i s s ue s , l evel s  o f  p entob a rb ita l we re highe r i n  the Aro c l o r  1 25 4 - p r e ­

t r e a t e d  g roup s  than in the veh i c l e -pretreated  group s . Leve l s  o f  meta ­

b o l i t e s  we re lowe r in  l iver  and p l a sma in  Aro c l o r  1 25 4-pretreated  

group s . No  dete ctab l e  l eve l s  o f  metabolite s  were  found in b r a i n , i . e . , 

a l l  o f  the radioactivity wa s a s s o c iated  with the p a rent compound . 

A do s e - re spons e curve for  Aro c l o r  1 25 4-pretreatment wa s then 

generate d . Aro c l o r  1 2 5 4  increa s e d  p entob a rb i t a l  l eve l s  and d e c re a s e d  

metab o l ite  leve l s  do s e - re spons ively in a l l  three t i s s ue s  relative t o  

the vehi cle  contro l , and thi s e ffect  began  to  l eve l o f f  with Aro c l o r  

1 25 4  d o s e s  o f  1 0 0  mg/kg and highe r (Fi gure 1 0 ) . 

Fo r the pharma cokineti c  compl iment o f  the s ub chronic s tudy , m i c e  

w e r e  exp o s ed to vehi c l e  o r  Aro c l o r  1 25 4  f o r  1 4  days . M i c e  s howed n o  

ove rt s i gns of toxi c i ty . As  in the p revious  1 4  day s tudy , a l l  m i c e  

gained wei ght ove r the 1 4  day p e r i o d , a n d  Aro c l o r  1 25 4  h a d  no  e ffe c t  on  

body we i ght a s  comp a red  to vehi c l e  ( two-way ana lys i s  o f  va r i ance  with  

repeated  mea sure s ) , ind i c ating that all  m i c e  were  app a rently in good  

hea lth . Leve l s  o f  pentob a rb i t a l  and  metab o l i t e s  in b ra in , l ive r and 
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Figure  9 

Time cour s e  of  leve l s  o f  pentob a rb i ta l  and metab o l i t e s  in  b ra in , l ive r , 

and p l a sma o f  mice  which  received Aro c l o r  1 25 4  ( 5 0 0  mg/kg )  o r  vehi c l e  2 

hr b e fo re 1 4C-pentob a rb i ta l . Va lues g iven a s  mean ± S . E .  for  dete r ­

mina t ions from 5 mice . Whe re S . E .  b ar s  a re n o t  s hown , the va lue s l i e  

within the bounds o f  the symb o l . Abs c i s s a , t ime o f  s a c r i fi ce fo l l owing 

pentob a rbital  admini s t ration . S o l i d  line s , pentob a rb i t a l  l eve l s . 

Da shed l ine , metab o l i te leve l s . � , Aro c l o r  1 25 4-pretreated  mice . 

, vehi c l e -p retreated  mi ce . 
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Figure  1 0  

E f f e c t s  o f  va rying do s e s  o f  Aro c l o r  1 2 5 4  o n  ti s s u "  leve l s  o f  pento ­

b a rb i t a l  and metab o l i te s . Aro c l o r  1 2 5 4  o r  vehi c l e  (V)  wa s admin i s ter e d  

2 h r  p r i o r  t o  1 4C-pentob a rb ita l ,  and mice  we re s a c rificed  2 hr a ft e r  

1 4C-pentob a rb ita l .  Va lue s a re given a s  mean  ± S . E .  for  dete rmina t i on s  

f rom 5 m i c e  ( fo r  a l l  excep t V a n d  5 0  mg/ kg whe re N = 1 0 ) . Whe re S . E .  

b a r s  a r e  not shown , the value s  l i e  within the b ound s  o f  the symb o l . 

, pentoba rbital  l eve l s . EI , metabol ite  l evel s .  
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p l a sma a re shown i n  Figure 1 1 . In  a l l  t i s sues  from vehi c l e -pretreated  

mice , l eve l s  of  pentob a rbital  d e c l ined in  a l i n e a r  fashion ( co rr e l a tion  

c o e f f i c i ents ranged from . 9 929  to . 9 9 9 1 ) . The  s l op e s  o f  the s e  l ine s 

we re app roxima tely e qua l when comp a r ing the 45 min vs . 24 hr latency 

for  pentob a rb i ta l l eve l s  in a l l  three t i s sue s  ( bra in ,  -0 . 9 6 7  vs . - 1 . 02 ;  

p l a sma , - 0 . 8 1 7  vs . - 0 . 7 0 ;  l ive r ,  - 1 . 95 vs . - 2 . 05 ) . Aro c l o r  125 4-p r e ­

treatment reduced the level s  o f  p entob a rbital  in  a l l  three tis sues  

relative to l eve l s  from vehic l e -p retreated  m i c e . Metabolite  leve l s  

were gene ra lly highe r i n  Aro clo r  1 25 4-pretreated  mice  except i n  s ome 

c a s e s  a t  the later t ime po ints ( i . e . , 6 0  o r  90  min a fter  1 4C -pentob a r­

b i ta l ) , when l eve l s  dropped  b elow tho s e  o f  vehi cle-p retreated  mice . I n  

c ontra s t  to the vehi c l e -p retreated  group s , the re  wa s a di ffe rence in 

the p a ttern o f  pentob a rb i t a l  di spos ition when  c omp a r ing group s  A and B 

from Aro c l o r. 1254-pretreated  mice . Pentob a rb i t a l  leve l s  we re  lowe r 

initi a l ly in t i s sues  from group B ,  de c l ined more  rap idly , and rea ched a 

l ower l eve l by 9 0  min than tho s e  in  group A .  The s l op e s  o f  the s e  l ine s 

were - 0 . 4 1 7  and - 0 . 343 in pla sma , - 0 . 5 6 7  and - 0 . 49 0  in b ra in , and - 1 . 32 

and - 1 . 04 in l iver for  the 45 min and 2 4  hr l a tenc i e s , re spectively 

( c o rrelations coeffic ients ranged  from . 9 3 9 3  to  . 9 9 9 7 ) . 

One additiona l obs e rva tion wa s made  in thi s e xp eriment . Live r 

weight wa s dete rmined a t  the t ime o f  s a c r i f i c e , and a s  may be  exp e ct ed ,  

liver enla rgement wa s obs e rved in the Aro c l o r  1 25 4 - treated  group s . 

Liver wet we i ght/body weight ratios  were  0 . 048  ± 0 . 00 1  and 0 . 05 8  ± 

0 . 00 1  fo r vehi c l e - treated  mice  ( g roup s  A and B ,  respectively)  and 0 . 07 1  

± 0 . 002 a nd 0 . 082 ± 0 . 0 02  for  Aro c l o r  1 2 5 4 - treated  mice  ( group s  A and 

B ,  respe ctively) for  group s  of  15 mice  e a ch . 
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F i gure  1 1  

Effects  o f  1 4  day a dmini s tration  o f  vehi c l e  o r  Aro c l o r  1 254  ( 30  mg/kg ) 

on t i s s ue leve l s  o f  pentob a rbita l and metab o l ites . 1 4C-pentob a rb i t a l  

wa s a dminis te red 4 5  m i n  ( le ft pane l ; group A)  o r  2 4  hr ( right pane l ; 

group B )  a fter the l a s t  d o s e  o f  vehi c l e  o r  Aroc l o r  1 254 . Mice  we re  

s a c ri f i ced  30 , 60 , o r  9 0  min a fte r 1 4 C -pentob a rb i ta l . Va lue s a re given 

as mean ± S . E .  fo r determinat i ons  from 5 mice . Whe re S . E .  b a r s  a re not 

shown , val ue s  l i e  within the b ound s of the symb o l . Ab s c i s s a , t ime o f  

s a c r i fice  following p entob a rbita l admini s tration . S o l i d  l ine s , pento­

b a rb i t a l  l eve l s . Da s hed  l ine s , me tab o l i t e  l evel s .  � , Aro c l o r  1 2 5 4 -

p retreated  mice . G) , vehic l e -pretreate d  mice . 



75 

so • 
. � 
t 

25 

150 

·- 100 
• 

� 
so 

100 

75 

25 

7 5 

B R A I N  

45 min  

LIVER 

PLASMA 

30 60 90 

T IME ( min)  

2 4  h r  

- - -� 
\ 

i - _ .r. 
- - liil:" ", .;.. - - -t ... " -

'" , '" , ... '" , 

30 60 

' i  

90 



D .  D i s cus s ion 

As  d i s cu s s e d  in the p revious chapter , reduction  of  spontaneous 

a c t ivity by Aro c l o r  1 25 4  without moto r imp a i rment would sugge s t  tha t 

Aro c l o r  1 2 5 4  may b e  exerting a CNS dep r e s s ant e ffect . I n  o rder  to  

pursue this finding , s tudi e s  we re unde rtaken to dete rmine whethe r 

Aro c l o r  1 254  would  augment the c entra l e ffects  o f  p entob a rb ital , a 

known CNS dep re s s ant . An inte raction with othe r CNS depre s s ants might 

p rovide s ome ins ight into the me chani sm of a ct i on of Aro c l o r  1 25 4 . 

Initial  exp e r iments involved the u s e  o f  a high d o s e  o f  Aro c l o r  

1 2 5 4 , 5 0 0  mg/ kg , s ince  thi s i s  a behaviorally a ctive d o s e  tha t i s  known 

to dep r e s s spontaneous l ocomo to r a ct ivity a s  demons trated in the p r e -

vious chapte r .  The results  o f  the s e  exp e r iments showed that a cutely 

a dmin i s te red  Aro c l o r  1254  potentiated  the  e ffect  o f  p entob a rb i t a l  on  

the CNS a s  eyidenced by a p r o l onged s le ep time . The rea s on for  the 

obs e rved diffe rence in  s le ep time between na ive and vehi c l e - treated  

anima l s  i s  not known . Ce rta inly , i t  would  b e  p refe rrabl e  to  s e e  no 

d i fference in effects  b e tween na ive �nd vehi c l e - treated  anima l s , or to  

b e  abl e  to exp l a in the e ffects  of  vehi c l e . Howeve r ,  PCBs  a r e  ins o lub l e  

i n  a queous s olutions and the r e fo re , mus t b e  p repa re d  i n  a suitab l e  

vehi c l e . Treatment o f  animal s  with PCBs ne ce s s a ri ly invo lves concommi -

tant exp o s ure t o  vehi c l e . The l imitations o f  this  methodo logical  

p robl em can only b e  minimized  by comp a r ing all  Aro c l o r 1 2 5 4  group s  t o  a 

vehi c l e  contro l . 

Aro clor  1 254  enhancement o f  p entob a rb i ta l - induced  s le ep t ime could 

be attributed to the fo l l owing concepts : 1 )  Aro c l o r  1 254  may a lt e r  CNS 

respons ivene s s  to  pentob a rb i t a l  or 2 )  Aro c l o r  1 2 5 4  may have a d i r e c t  

dep re s s ant e f fect  on brain  that i s  additive with t h e  e ffe ct  o f  pento-
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b a rb i ta l , o r  3 )  the pha rma cokineti c s  o f  p entob a rb i ta l ,  i n  p a rti cula r 

d i s tribution to the b ra in , may be  mod i fied  by A ro c l o r  1 2 5 4 . Evidence  

for  the  l atter  i s  p rovided by  the dispos ition s tudi e s  repo rted he r e . 

I t  app e a r s  that p ro longe d s l e ep time p roduced by Aro c l o r  1 2 5 4  c a n  b e  

a s cribed  t o  incre a s e d  leve l s  o f  p entob a rbital  in  b ra in . Sha rom a nd 

Me l l o r s  ( 1 9 8 0 )  have shown that memb rane pe rturb a tion by PCBs i s  the 

result  of a nonspe c i f i c  phys i c a l  tox i c i ty .  Thus , i t  wa s initi a l ly 

p ropo s e d  that Aro c l o r  1 254  increa sed  l eve l s  o f  p entob a rb i t a l  in b ra in 

by a ltering brain p e rmeab i l ity .  The da ta , howeve r ,  do  n o t  s uppo rt thi s 

p ropo s e d  me chani sm , but rathe r , they p o int to a pharma cokinet i c  e f f e c t . 

Thi s conclus ion i s  evident when comp a r ing the r e s ults  s hown in Figure  7 

with tho s e  in Figure 1 0 . Incre a s e d  s leep t ime a s  wel l  a s  inc re a s e d  

pentoba rb i ta l  leve l s  i n  b rain  we re obs e rved a s  the d o s e  o f  Aro c l o r  1 25 4  

wa s inc re a s ed t o  5 0  mg/ kg . The p a tte rns  o f  s le ep time a nd p entob a rb i ­

tal brain leve l s  we re s imi l a r  in that litt l e  increa s e  in  e i the r wa s 

found fo l l owing highe r do s e s  o f  Aro c l o r  1 25 4 . Ina smuch a s  reduce d  

l eve l s  o f  p entob a rbital  metab o l i t e s  �ere  found i n  l iver and p l a sma  o f  

Aro c l o r  125 4-p retreated  m i c e , it  i s  l i kely that Aro c l o r  1 25 4  i s  inh i ­

biting the metab o l i sm o f  pentob a rb i t a l , p e rhap s b y  comp e t ing for  cOlnmon 

metab o l i c  s ites  in the l ive r .  Support  for thi s hypothe s i s  can  b e  

inferred  from the work o f  S chmoldt e t  a l . ( 1 9 7 7 )  who rep o rted that PCBs 

caus ed competitive inhibi tion of aminopyrine demethylation in  vitro by 

rat l ive r m i c ro s omal monoxygena s e s . Cons i s tent with the i r  f indings 

tha t highe r concentrations  of PCBs p roduced  no furthe r i nhib ition o f  
metab o l i sm , a s imi l a r  finding wa s a l s o  ob s e rved here , i . e . , hi ghe r 

d o s e s  o f  Aro c l o r  1 2 5 4  p roduced  no furthe r  inc re a s e  o r  decrea s e  o f  

p entob a rb i t a l  o r  metab o l i t e  l eve l s , resp e ctive ly . Neve rthe l es s , one 
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canno t rule  o ut the p o s s ib i l i ty tha t a l te ra t i ons p roduced b y  Aro c l o r  

1 2 5 4  i n  p entob a rb i ta l ' s  ab s o rp t i on , d i s tribution , o r  e l imination  may 

cont r ibute to the ob s e rved changes  in di spo s i tion of pentob a rb i t a l  and 

it s  metab o l i te s . 

The effect  o f  Aro c l o r  1 254  o n  pentob a rb i ta l - induced  s le ep t ime 1 S  

dependent upon the frequency o f  exposure  to Aro c l o r  1 25 4 . The data  

reported  he rein demons trate  that a cute a dmini s tration o f  Aro c l o r  1 25 4  

enhanced p entob a rb i ta l ' s  a c t i ons , whi l e  chroni c a dminis tration o f  PCBs  

ha s been  repo rted to reduce p entob a rb i ta l - induced  s leep time in r a t s  

( Chu e t  a l . ,  1 9 7 7 ; Vil leneuve e t  a l . , 1 9 7 2 ) , rabb its  ( Zepp e t  a l . , 

1 9 7 4 ) , and mice  (Sande rs  and Kirkpatrick , 1 9 75 ; Sande rs  e t  a l . , 1 9 7 4 ) . 

Potentiation o f  pentob a rb i t a l  s l e ep time ha s a l s o  been  ob s e rved by 

C e c i l  and her colleague s ( 1 9 75 )  who rep orted  incre a s e d  s leep times  in  

Japane s e  quail · p retreated  with a s ingl e  1 0 0  mg/ kg do s e  o f  a mixture of  

PCBs  (Aro clors  1 2 2 1 , 1 232 , 1 242 , 1 248 , 1 2 5 4 , 1 260 , 1 262 , and  1 2 6 8 ) and  

d e c r e a s e d  s le ep t ime s a fter  3 days o f  ad  l ib i tum feed ing o f  300  ppm o f  

PCBs . Howeve r ,  the s e  inve stigato r s  y.'er e  not ab l e  t o  demons t rate  do s e ­

respons ivene s s , no r d i d  they pursue  the etiology o f  the s e  two d i f f e rent 

respons e s . By contra s t , the results  from the a cute a nd sub chronic 

s tud i e s  reported he rein  reve a l e d  a do s e - respons e re l a t i onship b e tween 

Aro c l o r  1254  and  p entob a rb i ta l - induced  s le ep time . Furthe rmo re , the s e  

data  may sugges t  a n  exp l ana tion f o r  th i s  b ip ha s i c  re spons e . The ob s e r ­
va tion that chroni c Aro c l o r  1 254  treatment reduced  p entob a rb i t a l - in­
duced s l e ep t ime is not unexp e cted . Thi s reduction of s le ep t ime i s  

p robably a re f l e ction  o f  induction  o f  p entob a rb i ta l -metab o l i z ing en­

zyme s fo l l owing 14  day a dmini s tra tion  o f  Aro clo r 1 2 5 4 , ina smuch as  an  

indu c t ive e f fe c t  o f  PCB s on m i c ro s oma l enzyme s ha s been  we l l  e s ta -
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b l i s hed  in the l iterature  (Bruckne r e t  a l . , 1 9 7 4 , 1 9 7 7 ; Litte r s t  e t  

a l . , 1 9 7 2 ; Litte r s t  and van Loon , 1 9 7 4 ) . O n  the o the r hand , the graded  

respons e with resp e c t  to  the interva l between the l a s t  Aro c l o r  1 25 4  

do s e  and a dmini s t ra tion o f  pentob a rb i t a l  i s  rathe r curious . The reduc­

tion  in  pentob a rb i t a l  s leep time s een in mi ce  2 4  hr  a fter  the l a s t  

A ro c l o r  1 25 4  treatment wa s pa rti a l ly reve r s e d  in  anima l s  who rece ived 

p entob a rbital  only 45 min a fte r the l a s t  Aro c l o r  1 25 4  treatment . At 

thi s l a tte r time po int ( 45 min) , it  is conceivabl e  that exi s t ing leve l s  

o f  Aro c l o r  1254  i n  the l ive r compete  with pentob a rb i ta l  fo r the a l re a dy 

induced  enzyme s ,  the reby parti a l ly reve rs ing the inductive effect . 

Re sults  o f  the di spos ition o f  1 4C -p entob a rb i t a l  fol l owing the s ub ­

chroni c  Aro c l o r  1 2 5 4  regimen furthe r sub stantiate  thi s c l a im .  Suc ce s ­

s ive 1 4  day tre a tments with Aro c l o r  1 254  reduced p entob a rb i t a l  l eve l s  

in a pa tte rn p��a l l e l ing the e ffe c t  o f  Aro c l o r  1 25 4  on s le ep t ime , 

i . e . , l eve l s  were l owe r and s leep time wa s s horter  in the group tha t 

received pentob a rb ita l 2 4  hr a fte r Aro c l o r  1 25 4  comp a re d  to tho s e  that 

received pentob a rb i t a l  45 min a ft e r  Aro c l o r  1 2 5 4  in  whi ch l eve l s  and 

s leep time we re intermediate b e tween the "24 hr/Aro c l o r  1 254"  group and 

vehi c l e -p retreated m i c e . The obs e rved l ive r enla rgement i n  the Aro c l o r  

1 2 5 4 - t reated  m i c e  lends  furthe r s upport , though n o t  a l l  unexp e c te d , for  

a metab o l i c  ro l e  in  the Aro c l o r  1 25 4 -pentob a rbital  inte raction . Thi s 

f inding i s  cons i s tent with p revious rep o rts  in  the l iterature (Al l en e t  

a 1 . , 1 9 7 6 ; Bruckne r e t  a 1 . ,  1 9 7 4 ; Grant et  a 1 . ,  1 9 7 4 ) . 

The a lte rnative exp l anat ion o f  thi s  Aro c l o r  1 25 4 -p entobarb it a l  

inte ra ction , i . e . , that Aro c l o r  1 25 4  may a lte r CNS re spons ivene s s , i s  

unl ikely in  view o f  the d i sp o s ition s tudie s . At a time when m i c e  

awa kened from p entobarbital  ane s the s i a  ( a t  the 3 hr time po int f o r  
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Aro c l o r  1 25 4 - p retreatment and a t  45 to 60  min  for  vehi c l e -p retreatment , 

in  Figure 9 ) , equiva lent l eve l s  o f  p entob a rb ita l were found in b r a i n  o f  

both vehi c l e - and Aro c l o r  1 25 4 -p retreated  m i c e . The refore , the p r o ­

longed s leep times  in Aro c l o r  1 25 4 - p retreated  mice  appa rently result  

f rom highe r l eve l s  o f  pentob a rb i t a l  i n  b r a in and  not  from a change in  

s e n s i t ivity to the dep r e s s ant effects  o f  p entoba rbita l .  

Thus , it  has been  demons trated  tha t a cutely a dmini s tered  Aro c l o r  

1 2 5 4  enhanced p entob a rb i ta l - induce d  s le ep t ime whi l e  suba cute a dmini s ­

tration reduced s le ep t ime . The s e  ob s e rva tions can  b e  attributed to 

a lterations in  the pha rma c okineti c s  of  p entob a rb i ta l . Whe reas  p ro ­

longed Aro c l o r  1 2 5 4  expo sure app e a r s  t o  inc re a s e  pentob a rbital  metab o ­

l i sm b y  inducing l ive r micro s oma l enzymes ,  a s ingl e  o r a l  d o s e  o f  Aro­

c l o r  1 2 5 4  may be  dep re s s ing pentob a rb i t a l  metab o l i sm by competing fo r 

metab o l i c  s ites  in the l ive r . Al though Aro c l o r  1 2 5 4  app e a r s  to exert  a 

dep re s s ant effect  upon the centra l nervous sys tem , it  appa rently d o e s  

n o t  a lter  b ra in s ens itivity to p entob a rbital . 

�tore  impo rtant , however ,  a re the imp l i ca t ions s ugge sted  by the s e  

data . Alterations i n  p entob a rb i ta l - induced  s leep t ime and p entob a rb i ­

t a l  di spos ition were  obs e rved i n  m i c e  with d o s e s  o f  Aro c l o r  1 2 5 4  ( 5  o r  

1 0  mg/kg ) that were much l owe r than tho s e  that d i r e ctly a ltered  behav­

i o r  ( 500  mg/ kg) . The s e  obs e rvations  may r e f l e c t  a ltera tions in l ive r 

metab o l ism . I f  s o , l ow l eve l exp o s ure  to Aro c l o r  1 25 4  might a l te r  

b iotrans formation o f  o ther drugs , environmenta l contaminant s , o r  end o ­

genous  sub s trate s that a re metab o l ized  by the l ive r . Such an e f f e c t  

could p roduce adve r s e  reactions to  d rug the rapy o r  change s i n  norma l 

phys i o l o g i c a l  function that depend on l ive r metab ol i sm . 
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v .  EXPERIMENT 3 - NEUROCHEMI CAL EFFE CTS OF AROCLOR 1 25 4 

Neuro chemis try wa s cho s en a s  a means o f  eva lua ting Aro c l o r  1 2 5 4  

neurotox i c ity f o r  s eve ra l rea s ons . I dea l ly , one would l i ke to c o rre ­

late  ob s e rved behaviora l changes  with a lte rations  in  neuro chemi s try .  

Thi s  i s  not an easy  tas k ,  but the re  i s  ce rta inly p re cedence in the 

l i te ra ture for the role  o f  neurot ransmitte rs  in b ehavi o r . For  examp l e , 

s e rotonin ha s been imp l i cated  i n  the regulation o f  s l eep , s exua l beha ­

vio r , and aggre s s ive behavio r  ( s e e  Cha s e  and Murphy , 1 9 7 3 ) , and the re  

is  ce rta inly amp l e  evidence  tha t  a s t riatal  dopamine d e f i c i ency a c counts 

for  the moto r dys function a s s o c iated  with Pa rkon s onism  ( s e e  review by 

Ho rnyki ewicz , 1 9 7 3 ) . S imi la rly , neuro chemi c a l  imb a l ances  have been  

p rop o s e d  a s  causa t ive factors  in  the  behavio ra l  manifes tations o f  

s chizophrenfa {Kety , 1 9 5 9 ; Matthys s e , 1 9 7 8 )  a nd a ffective d i s orders  

(S chi l dkraut , 1 9 65 , 1 9 7 8 ) . On  a more  fundamenta l l eve l , howeve r �  the 

b i o chemica l bas i s  for  the a ctions of therapeut i ca l ly us e ful CNS a gents  

and d rugs o f  abus e ha s been  e xp l o red  in  great  deta i l  ove r the yea rs . 

One might d i s tinguish  b e tween  pharmacology and toxi cology s o l e ly on  the 

b a s i s  of d o s e , as s ugge s ted  by Pa ra c e lsus  ( 1 4 9 3  - 1 5 4 1 )  - "All s ub s tan­

ces  a re p o i s ons ; there  is  none whi ch is  not a p o i s on .  The right d o s e  

di ffe rentiates  a p o i s on and a reme dy . " Thus , i f  neuro chemi c a l  e f f e c t s  

o f  pha rma cologi c a l ly a c t ive CNS a gents c a n  b e  detecte d , o n e  might a l s o  

expect  that  it  i s  fea s ib l e  to  determine neuro chemi c a l  changes  re sulting 

f rom exposure to a tox i c  compouno for  whi ch neuro logi c a l  symptoms have 

been reported . Thus , b a s ed on the behavioral  e ffects  of Aro c l o r  1 2 5 4  

repo rted he re and o n  the neuro log i c a l  symptoms repo rted b y  humans who 

have been o c cupationa l ly exp o s ed to PCBs , an eva luation of the e ffe c t s  
o f  Aro c l o r  1 2 5 4  o n  neuro chem i s t ry wa s unde rtaken . 
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Because  of the dive r s i ty o f  neuro chemi ca l p a rameters  eva lua ted , 

thi s chapte r i s  divide d into two s e ctions . Pa r t  A includes  da ta on  

neurotransmitte r uptake and  rele a s e  and  ca l c ium ( Ca++ ) flux in the 

ne rve ending , whe rea s  Part B inc lude s data on  ne rve termina l ATPa s e s . 

The e ffect  o f  Aro c l o r  1 25 4  within e a ch a rea  wi l l  b e  d i s cus s e d  s ep a ra t e -

ly , a fte r whi ch an ove ra l l  d i s cus s i on ( in Gene ra l D i s cus s ion ) wi l l  

a ttemp t  t o  uni fy the s e  concepts . 

Pa rt A - E ffects  o f  Aro c l o r  1 2 5 4  on  neurotransmitter  uptake and re l e a s e  

++ 
and Ca  flux 

I .  Introduction 

Transmi s s ion of  e l e ct r i c a l  impul s e s  within the  CNS  is  e s s enti a l  

for CNS function and i s  dependent upon neurotransmitter function . Any 

changes  in the proce s s e s  a s s o ciated  with neurotransmi s s ion  may re s u l t  

in an obs e rvab l e  CNS e ffect . S i t e s  a t  whi ch pha rma colog i c a l  o r  tox i c o -

l o g i c a l  a gents may a c t  a re dep i cted  .in Figure 1 2 . To de s c ribe the s e  

b ri e f ly ,  neurotransmitters  a re synthe s iz e d  and s to red  within the ne rve 

ending . Releas e  is initiated  by a dep o l a rization- induced influx o f  

+ +  d b ' 
. . 1 1  1 C 

++ . C a  an  a su  s e quent lncrea s e  ln lntrace  u a r  a concentratlon , 

[ Ca++ ] . (Rubin , 1 9 7 4 ) . Upon rel e a s e  from the ne rve ending , the neuro -1 

transmitte r d i ffus e s  a c ros s the synapt i c  c l e ft to the p o s tsynapt i c  

memb rane whe re i t  c a n  b ind to  spe c i f i c  re cep to r s  a n d  e l i c it a re spons e . 

Neurot ransmi s s ion i s  a temp o r a l ly d i s c rete  event , a nd therefo re , 

s ome regula to ry sys tem mus t be  pres ent for  the fine tuning o f  thi s 

pha s i c  on-o f f  proce s s .  S eve ra l  me chani sms contribute in  thi s  regula ­

to ry s cheme . 1 )  Rememb e r ing that Ca
++ 

influx appea rs  to  b e  the t r i g g e r  

fo r neuro s e c retion , the re mus t exi s t  s ome mechanism  for  the r e gul a t i o n  
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F i gure  1 2  
S chemati c mode l o f  the b i o chemi c a l  events invo lved in  neuro -

transmi s s ion . 
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[ Ca
++

] . d h o f  an t e termina t i on o f  transmi tte r r e l ea s e . 1 2 )  An a d d i t ion-

al  mode o f  regulation  o f  relea s e  involve s pre synapt i c  recepto rs  on the 

ne rve termina l memb rane ( s ee  reviews by Lange r ,  1 9 7 7 ; Sta rke , 1 9 8 1 ; 

We s t fa l l , 1 9 7 7 ) . The s e  recepto rs  a re b e l i eved to  b e  s ens i tive to  

concentrations o f  t ransmitte r in the  synap s e , in  tha t high c o n c e nt r a -

tions  inhibit rel e a s e  and low concentra tions enhance  relea s e . 3 )  Once 

a neurotransmitte r has been  relea s e d , the re mus t b e  s ome means  fo r 

te rminating its  a ction a t  the p o s t synap t i c  s ite . I n  the ca s e  o f  the 

b iogenic  amine s , a high- a ffinity a ctive- transpo r t  me chani sm a c counts 

for  the termination o f  transmi s s ion  by re-uptake o f  the neurotrans -

mitter into the presynapt i c  neuron , the reby removing i t  from the synap -

t i c  c l e ft and a l s o  p roviding a means for  cons e rva tion  o f  t J nsmitte r ,  

i . e . , thi s re l e a s e d  transmitte r can  be  taken up and reus ed  ( Ive r s en , 

1 9 7 1 , 1 9 7 3 ) . - - The neurotransmitte r s , nor ep i nephrine (NE )  , dopamine 

(DA)  , and s e ro tonin , (5 -HT ) , a re taken up by s ynapto s omes  in  vitro  

(Coyle  and Snyde r ,  1 9 69 ; Kuha r e t  a l . , 1 9 7 2 )  as  is  t ryptophan (TP ) , the 

5 -HT p re curs o r  (Kuha r et  at . , 1 9 7 2 )  . . Hetab o l i s m  is the s o l e  means  o f  

te rminating the a ction o f  ACh (Ec c l e s  e t  a l . , 1 9 4 2 ; Katz and The s l e f f , 

1 95 7 ) . Acetylcho l ine , its e l f , i s  not taken up into the p re s ynap t i c  

te rmina l , howeve r the re i s  a re-uptake mechanism  f o r  C h  (Haga a n d  Noda , 

1 9 7 3 ; Yamamura and Snyde r ,  1 9 7 3 ) , a p roduct o f  ACh metab o l i sm a s  wel l  

a s  i t s  synthet i c  p re curs o r . 4 )  Fina l ly , both synap t o s oma l and mito chon -

d r i a l  ATPa s e s  may p l ay a role  in  neurotransmi tte r re-uptake and r e l e a s e  

( s e e  Exp e riment 3 - Part  B ) . 

As  mentioned p revious ly , incre a s e d  [ Ca
++

] .  triggers  n e u ro t ra n s -1 
++ 

mitte r relea s e , but fo l l owing relea s e , [ Ca ] .  mus t  b e  returned to 1 

p re - ex i s ting l ow l eve l s , o n  the o rder  o f  �10 -7 M o r  le s s  ( free  cyt o -



p l a sm i c  concent ration) . 

invo lved in thi s proces s .  
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The re a re a nwnbe r  o f  diffe rent me cha ni sms  

++ 
As the memb rane rep o l a rize s , C a  p robab ly 

d i f fus e s  away from the a ctive region of the te rmina l (whe re s e c r e t i on 
o c curs ) . Free cytop l a smic  [ Ca

++
] can then b e  reduced by a numbe r  o f  

buffe ring mechanisms . C a l c ium may b ind to intra cel lula r anions such  a s  

ATP and c itrate o r  t o  cytop lasmic  Ca
++

-b inding p rote ins (Ba ke r and 

S chlaep fe r , 1 9 7 8 ) . C a l c ium can a l s o  be  s eque s te re d  by intra c e l lul a r  

o rgane l l e s .  Mito chondr i a  have the capa c i ty to a ccumulate l a rge quan-

. . f Ca
++ 

by . .  d d ( t1t1es  0 a resp1 rat10n- epen ent tra n sport  proce s s  s e e  
Lehninge r et  a l . , 1 9 6 7 ) . Howeve r , i t  app e a r s  tha t nonmi to chond r i a l  

s to rage s ite s a re p robably the maj o r  s ite  o f  intra c e l lula r  Ca
++ 

s eque s -

tration . Evidence ha s recently been  p r e s ent e d  for  the exis tence  o f  a n  

ATP- d ep endent norrmito chondria l Ca
++

-buffe ring s ite  (Blaustein  e t  a l . ,  

++ ++ 
1 9 7 8a ) , for  -invo lvement o f  a Ca /�lg -ATPa s e  in the s e que s t ra t i on 

me chani sm (Blaus te in  e t  a l . , 1 9 7 8b ) , and for  ident i f i cation  o f  smooth 

endop l a smi c reticulum ( SER) a s  the  o rgane l l e  i n  whi ch Ca
++ 

i s  s to re d  

(Blaus tein e t  a 1 . , 1 9 8 0 ; McGra\v e t  � . , 1 9 8 0 ) . Although SER may p lay a 

more imp o rtant role  a cutely in buffe ring [ Ca
++

] . , mito chondria  may 1 

s t i l l  rep re s ent an imp o rtant s to ra ge s ite from which  Ca
++ 

can b e  re -
l e a s e d . Finally , f r e e  cytop l a smic  Ca

++ 
can  b e  extruded from the ne rve 

termina l by a Na+/ Ca++- e x change me chani sm (Blaus tein  and E ctor , 1 9 7 6 ; 

Blaustein and Hodgkin , 1 9 6 9 ; Blaus tein  and Obo rn , 1 9 75 ) . 

Thi s d i s cus s ion o f  the neuro chem i s t ry o f  the ne rve ending may b e  

summa rized  b y  con s i de r i ng the s ite s  a t  whi ch a d rug o r  tox i c comp ound 

may inte ra ct  to a lt e r  neurotransmi s s ion , a s  s een  in  Figure 1 2 . Some o f  
the s e potential  inte ractions a re 1 )  inhibi t i on o f  synthe s i s , 2 )  inter-

ference with  storage , 3 )  enha nc e d  o r  redu c e d  relea s e , 4 )  inhib i t i o n  o f  
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r e - uptake , 5 )  agonist  or  antagoni s t  effects  at  the p o s tsynapt i c  re cep ­

+ + 
tor , 6 )  inhibition o f  metab o l i sm , 7 )  enhanced  o r  dep re s s e d  Na /K -ATP-

a s e  a ctivity , and 8)  a lt e ra t i on of [ Ca
++

] . by any o f  a numbe r  of me cha -1 

nisms . 

The obj ective o f  the exp e r iments to b e  de s c ribed he re wa s to  

determine the effect  o f  Aro c l o r  1 254  on neuro chemi c a l  func tion . 
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B .  Nethods  

1 .  T i s sue prepa ration 

Synap to s omes and  mitochondria  were  ob ta ined by sub c e l lula r fra c -

tionation o f  mous e b ra in f o l l owing the me thod o f  �1cGovern e t  a l . ( 1 9 7 3 ) . 
Mice  were  decapitated , and the bra ins were r emoved rap idly and homoge -

nized  in 0 . 32 M sucro s e  c onta ining 5 . 0  mM HEPES (N- 2 - hydroxyethyl -N- 2 -

e thane - s ul fonic a c i d )  tha t had been  a dj usted  t o  p H  7 . 4  with 1 . 0  N T r i s  

( 2 - amino- 2-hyd roxymethylp ropane - 1 , 3 -dio l ) . C rude mito chond r i a l  p e l l e t s  

we re p repa red  b y  cent r i fugation  ( 1 8 , 0 0 0  x & fo r 2 0  min)  o f  the 1 000  x & 
( 1 0  min)  s upe rnatant o f  the homogenate . The re sulting p e l lets  were  

sub s e quently s ubfrac tionated on a d i s continuous F i c o l l  f loatation  

grad ient which  wa s cent r i fuged a t  82 , 5 0 0  x & ( at  r = 1 1 . 8  cm)  fo r 9 0  av 
min . SynaptQs ome s (banding at  the 7 . 5% - 1 6% F i c o l l  inte r fa c e )  and 

mito chond r i a l  p e l lets  we re  re c ove red and resuspended in app rop r i a te 

media . The buffered  s a l t  s o lution (BS S )  for  synapto s ome s cons i s ted  o f  

1 2 0  mM NaC l , 5 mH KCl , 1 .  2 m�l NaH2PO.4 , 1 . 2  mN �lgC 1 2 ' 1 . 0  mM C a C 1 2 , 1 0  

mM gluco s e , and 2 0  mM HEPES whi ch wa s a dj usted  to  p H  7 . 4  with 1 . 0  m.l'1 
Tris . Mitochondrial  buffer (pH 7 . 4 ) c onta ined 25 0 �1 sucro s e , 5 0  �1 
KCl , 1 . 0  filM NaH2P04 , 0 . 2  filM CaC12 , and  2 . 0  filM HEPE S . Thi s puri f i e d  

fra ction o f  synap to s ome s wa s employed fo r a l l  a s s ays  except the synap-

to s omal  neurotransmitter and  p r e c ur s o r  uptake a s s ay in  whi ch a c rude  

synaptos oma l prep a ra t i on wa s used  ( s ee below ) . Protein c o ntent o f  

t i s sue  s amp l e s  wa s determined by the method o f  Bradford  ( 1 9 7 6 ) . The 

s tandard c a l ibration  fo r p rotein  determina t i on is given in the Appendix 

(Fi gure 3 4 ) . 
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2 .  papto s omal  3H-neurotransmitter  and  pre cur s o r  uptake 

Uptake o f  radio  labe led  neurot ransmitt e r s  and the i r  p re curs o r s  in  a 

c rude synapto s oma l p repa ration  wa s a s s e s s e d  a c c o rd ing to the method o f  

Coyle and Snyde r  ( 1 9 69 ) . 3 , 4- { ethyl - I - 3H (N ) } - d i hydroxyphenylethylamine 

ta rtrate ( 3H-DA , 1 6 . 6  C i /mmo l ) , 5 - { 1 , 2 , _ 3H (N) } - hyd roxytryptamine b i ­

noxylate  ( 3H-5 -HT , 2 7 . 4  C i/mmo l )  a nd {methyl- 3H } - chol ine ( 3H-Ch , 8 0  

C i/mmol )  were purcha s e d  from New England Nuc l e a r  (Bos ton , ��) . 1 - { e thyl-

1 , 2 - 3H (N) } -norep inephrine ( 3H-NE , 35  C i/mmo l )  wa s purcha s e d  from 

Ame rsham Sea rle . 3H-tryptophan ( 3H-TP , 5 . 6  C i /mmo l )  wa s obta ined f r om 

Schwa rz/Nann . Nouse  forebrain  wa s homogenized  in  0 . 32 M sucro s e  and 

centri fuged at 1 0 0 0  x g for 10 min . The resulting s upe rnatant y i e l d e d  

a c rude synapto s oma l suspens ion . Aliquot s  o f  t h e  suspens ion we re  

p r e incubated  a t  370  C f or  5 min in the  p re s ence  of  vehi cle  o r  va rious  

- 7  -4 - 8  concentration& o f  te s t  d rug ( 1 0  to  1 0  M Aro c l o r  1 25 4  o r  1 0  t o  

1 0 - 4 
M imip ramine ) i n  a mod i f i e d  Kreb s -Hens e l e i t  ( 1 9 3 2 )  b i c a rbonate  

medium (K-H buffer ) .  The K-H  buffe r (pH 7 . 4 )  wa s mod i fied  to conta in 

Ca
++ 

( 1 . 3  mH) , gluc o s e  ( 1 1  roM) , e thy'lenediamine tetraacetic  a c i d  ( 0 . 1 3 

mM) , and a s corb i c  a c i d  ( 1 . 1  roM) . Pa rgyl ine ( 1 25  �M) wa s a l s o  added  in  

app rop riate experiments to inhib i t  monoamine oxida s e . Uptake wa s then 

ini t i a te d  by the addition  of r a d i o l abe led  transmitte r or precur s o r  ( 0 . 1  

�Ci ) . Fina l concentrations o f  the s e  compounds  were  25 nM 3H- 5 -HT , 5 0  

nM 3H-DA , 1 0  �H 3H-TP and 0 . 5  �H 3H-Ch . Incub a t i on s  p ro ceeded  fo r a n  

additiona l 5 min . The rea ction wa s then t e rminated  by addition  o f  i ce 

c o l d  0 . 9% NaC l  and centri fugat i on a t  20 , 0 0 0  x g f o r  2 0  min . P e l l e t s  

were washed once with cold  K - H  buffe r , re cent r i fuged ,  a n d  s o lub i l i z e d  

in 0 . 5  N NaOH b y  hea ting a t  1 0 0 0  C fo r 3 0  min . Dige s ta t e s  we re neu-

tra l i zed  with 0 . 5  N HCl and counted  in 10 ml of ACS . Samp l e s  we re  
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corre cted  fo r nonspec i f i c  upta ke b y  mea s uring uptake o f  3H-NE , 3H-DA , 

and 3H-5 -HT at  2 °  C and o f  3H-TP and 3H-Ch in  the p r e s ence o f  exce s s  

sub s t rate . 

To determine the e ffects  o f  in  vivo expo sure  to Aro c l o r  1 2 5 4  on 

neuro transmitte r and p re curs o r  re-uptake , mice were  given vehi c l e  or a 

s ingl e  d o s e  o f  Aro c l o r  1 2 5 4  ( 3 0  o r  300  mg/kg ) . Mice  we re s a c r i f i c e d  45 

min l a te r , and a c rude synapto s oma l fracti on wa s p repa red from each  

b r a in for  uptake a s s ays . On a s epa rate day , mi c e  we re given vehi c l e  o r  

a do s e  o f  5 0 0  mg/ kg o f  Aro c l o r  1 25 4 , and uptake wa s deter  . .  " ed .  

I n  a s econd exp e r iment , the e f fe c t  o f  s ub chronic  Aro c ] o r  1 25 4 -

treatment o n  uptake w a s  dete rmined i n  4 group s  o f  mice . The na ive 

group received no treatment but wa s handled  in the s ame manne r as a l l  

o the r group s  ove r the 9 0  day period . The rema ining three  g roup s  o f  

mice  re c e ived vehi c l e  o r  Aro c l o r  1 25 4  ( 0 . 3  o r  3 mg/ kg ) by o r a l  gava ge 

for  90 cons e cutive days . The s e  do s e s  of Aro c l o r  1 254 , 0 . 3  and 3 mg/ kg , 

co rre spond to 3 , 00 0  and 3 0 , 0 0 0  t ime s , re spective ly , the e s t imated 

average d a i ly human consumption  of  P�B s  i n  d rinking wate r . On day 9 1 , 

24 hr a fter  the l a s t  do s e , mice  we re  s a c r i f i c ed and uptake o f  neuro -

transmitte r s  and p r e cur s o r s  w a s  determined . 

3 . Synaptos oma l 3H-neurotransmitter relea s e  

Tritiated neurotransmitt e r  o r  p re curs o r  wa s incubated  with the 

synap t o s oma l suspens ion  at 3 7 °  C in  order  to l ab e l  neurotransmitter  

p o o l s . Concentrations o f  3H-neurotransmitte r s  we re a lways l e s s  than 

the K ' s  for  
m 

( 6  x 1 0
- 8  

M )  

_ 7  
high a f f inity uptake (�1 0 M) . Incubations with 3H-DA 

and 3H-5 -HT ( 3 . 6  x 1 0
-8  

M) proceeded  for 1 0  min . Synapto-

s ome s were  loaded  with 3H-NE during a 3 0  min incuba tion in the p r e s ence  
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o f  1 . 0  mN a s c o rb i c  a c i d ; fina l concentration  o f  3H-NE wa s 2 . 9  x 1 0 - 8  N .  
311- Ch , the precur s o r  used  to lab e l  ACh s t o r e s , wa s incubated  with 

synap to s omes  ( a t  a f ina l concentration o f  8 x 1 0
- 8  

M )  fo r 30  min . 

Uptake wa s te rminated  by addition o f  i c e  c o ld  B S S . The labeled  synap -

to s ome s we re centri fuged a t  1 8 , 000  x � for  1 0  min , wa shed  once  with i c e  

c o l d  BSS , and re suspended  i n  BSS t o  y i e l d  a fina l p rotein  concentration  

o f  0 . 5  mg/ml . Aliquots  of  the synapt o s omal  suspens ion we re  incubated  

with  veh i c l e  o r  va rious concentrations o f  te s t  d rug ( 1 0
- 7  

to 1 0
- 3  M 

Aro c l o r  1 254  o r  po s it ive control ) for  2 min . Spontaneous neuro t rans -

mitte r relea s e  wa s then ini t i a te d  by the addition  o f  p rewarmed ( 3 7 0  C )  

BSS  ( conta ining 5 �1 KC I ) . Depo l a rization- evoked relea s e  wa s initiated  

b y  addition  o f  p rewa rmed Na - free  BSS conta ining high [ K
+

] to yield  a 

final  concentration o f  60  �1 KCl . Incubation wa s continued for  1 0  min , 

following whi ch rel e a s e  wa s termina ted  by addition o f  Mg
++

, Ca
++

- free  

BSS  conta i ning 3 . 0  mM EGTA ( e thyleneglyc o l -b i s - { �- aminoe thyl e the r } -N-

N ' - te t ra a c e t i c  a c i d ) . Suspens ions  we re cent r i fuged in�ediately a t  

1 8 , 000  x � f o r  1 0  min . Al iquots  o f  s upe rnatant we re counted  in  1 0  ml  

o f  ACS  fo r determination o f  the amount o f  3H-neurot ransmitte r re lea s e d . 

4 .  ++ 
Synapto s omal 4 5Ca  uptake 

The me thod des cribed by B l a u s tein and \�e i sman ( 1 9 70 )  wa s u s e d  t o  

++ 
a s s e s s  synaptos oma l 4 5Ca  uptake . Synap to s ome s were p repa red  a s  

de s cr ibed  above , and a l i quots  we re  p r e incubated  i n  the pres ence o f  

vehi c l e  o r  va rious concentra tions o f  te s t  d rug ( 10 - 6 
t o  1 0

- 4 M Aro c l o r  

1 254  o r  p o s i t ive contro l )  fo r 2 m i n  a t  3 7 0  C .  Uptake wa s then ini t i ­

++ 
ated by adding p rewa rmed BSS conta ining 2 . 0  � C i  4 5C a  ( 4 5C a C l z , New 

Eng l and Nucle a r , 1 5 - 2 0  C i/mmo l ) . Fina l K
+ 

concentrations of 5 mN KC I 
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and 6 0  �1 KC I we re u s e d  t o  s imulate  sp ontaneous and depolarization-

evoked influx , respective ly . Fo l l owing a 10 min incubation , influx wa s 

te rmina ted  by addition o f  i ce  c o l d  BSS-EGTA and immediate  centri fuga -

tion  a t  1 8 , 000  x g for  1 0  min . Synap to s oma l p e l lets  were wa shed once 

++ 
with C a  - free  BSS , s o lub i l ized  as de s c ribed  fo r neurotransmitte r up -

take s tudie s , and counted in 1 0  ml  ACS to dete rmine synapto s oma l 4 5C a
++ 

content . 

5 .  Mitochondrial  4 5Ca
++ 

uptake 

The te chni que of  Reed and Bygrave ( 1 9 75 ) wa s modified  for  s tudying 

4 5Ca
++ 

uptake in b ra in mito chondria . Mito chondria  we re i s o lated  and 

re s usp ended in mito chondri a l  buffe r , a s  de s cribed above , to yie ld  a 

protein  concentration o f  0 . 7  mg/ml . Preincub a t ion o f  a l i quots o f  

mito chondria� _  ��spens i ons proceeded  fo r 1 m i n  a t  3 0 °  C i n  the p re s ence  

o f  vehi c l e  or  va rious concentrations o f  te st  d rug ( 1 0
- 7  

to 1 0
- 3  

M 

Aro c l o r  1 25 4  o r  p o s itive control ) .  Uptake wa s initiated by adding 

p rewa rmed buffer containing 1 . 0  �Ci 4 5Ca
++

. Uptake wa s a s s e s s e d  und e r  

ba s a l  conditions ( a s s ay medium conta ining n o  mito chondrial  s ub s trate ) 

o r  in  the p re s ence  o f  2 . 0 mM succinate o r  8 0 0  �M ATP . The reaction wa s 

termina ted by adding i c e  cold  Ca
++

- free  b a s a l  mito chondria l buffe r 

conta ining 1 . 0  mM EGTA . Suspens ions  w e r e  centri fuge d  imme d i a tely a t  

1 8 , 00 0  x g fo r 4 min . The mito chond r i a l  p e l lets we re washed once with 

++ 
E GTA buffe r before  the 4 5Ca  content wa s mea s ured  as de s cr ibed  fo r 

synapto s oma l 4 5C a
++ 

uptake s tud ie s . 
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C .  Re sults  

1 .  Synaptos oma l 3H-neurotransmitter  and precu r s o r  uptake 

Eva luation o f  the e ffects  o f  Aro c l o r  1 2 5 4  on neuro chemical  p a ra -

mete r s  began with a n  a s s e s sment o f  synapto s oma l neurotransmitter  and 

p re cursor  up take . 

Add ition o f  Aro c l o r  1 25 4  to the incubation med i a  o f  i s olated  

synapto s ome s p roduced  a concentration- dependent inhib ition  o f  neuro­

transmi tte r (NE , DA , and  5 -HT ;  Figure 1 3 )  and  p r e curs o r  uptake (Figure 

1 4 ) .  The s e  results  can  b e  s umma rized  and exp re s s ed a s  I C s o va lues fo r 

Aro c l o r  1 254  a s  c a l culated  f rom the means o f  rep l i cate experiment s and 

de fined  as  the concentration of Aro c l o r  1254 that inhib ited  uptake by 

5 0% relative to contro l . I C s o values  for  Aro clor  1 25 4  for  inhibition  

of  NE ,  DA , 5.-.HT, and  Ch uptake we re  3 6 . 3 , 33 . 6 , 4 7 . 9 , 9 2 . 2  I-lM , re ­

spective ly . An I C s o  value for  inhib it ion o f  TP uptake wa s not c a l cu­

lated , a s  uptake wa s inhibi ted  only 23% a t  a concentra tion o f  1 0
- 4 

M 

A ro c l o r  1 25 4 . From the s e  data , i t  aJp e a r s  that the neurotransmitte r s  

we re  m o r e  s ens itive to this inhib itory e ff e c t  than the precurs o r s . 

The t r i cyc l i c  antidep re s s ant , imip ramine , wa s used  a s  a p o s i t ive 

contro l in the s e  s tudi es .  As  exp e cted , imip ramine inhib ited  neuro­

transmitte r uptake in a do s e - dependent fa shion (Figure 1 5 ) . The re  wa s 

l i tt l e  e ffect  on uptake o f  the p recurs o r s , Ch and TP ; 1 0
- 4  

M imip ramine 

p roduced only 28  and 24% inhib i tion , re spective ly , of Ch and TP uptake . 

I C s o va lue s for  imip ramine , c a l culated  a s  d e s crib e d  above , for  inhibi ­

tion o f  NE , DA , and 5 -HT uptake were  1 0 . 7 ,  2 1 . 4 ,  and 0 . 1 3 I-lM , r e sp e c -

tively , indica ting that cate chol amine uptake wa s 2 o rders  o f  magnitude 

l e s s s en s i t ive to the effects  of imip ramine than wa s 5 -HT uptake . 
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Figure  1 3  

Concent ra tion- dependent inhib i tion  o f  mouse  b rain  synapto s omal  upt a ke 

o f  3H-neurotransmitters  by Aro c l o r  1 25 4 . DA , 3H-DA C � ) . 5 -HT ,  

3H- 5 -HT uptake C O ) .  NE , 3H-NE uptake C a ) . S ,  s a l ine contro l . E ,  
E tOH vehicle  for  Aro c l o r  1254 . Va lue s a re exp re s s ed a s  mean  ± S . E .  o f  

data  from 3 experiments ; s amp l e s  were rep l i cated  6 times  within e a ch 

exp e riment . Where  S . E .  b a r s  a re not shown , values l i e  within the 

bounds of the symb o l . Lea s t  s qua res  line a r  regre s s ion  ana lys i s  y i e l ded 

correlation coeffic ients of - 0 . 9 042 , - 0 . 9 7 35 ,  and - 0 . 84 1 4 , resp e c t ive ­

ly , for  DA , 5 -HT , and NE .  
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F i gure 1 4  

Concentration- dependent inhib ition  o f  mous e b r a in synapto s oma l upta ke 

of 3H-precursors  by Aro c l o r  1 254 . Ch , 3H-Ch uptake ( � ) .  TP , 3H- TP 

upt a ke ( ) . S ,  s a l ine contro l . E ,  EtOH vehi c l e  for Aro c l o r  1 25 4 . 

Values  a re exp re s s e d  a s  mean ± S . E .  o f  data  from 3 experiments ; samp l e s  

we re rep l icated  6 times within each  experiment . Lea s t  s qua res  line a r  

regre s s ion analys i s  yielded  corre l a tion coe f f i c i ents o f  - 0 . 9 686  and 

- 0 . 9 3 6 2 , respective ly , for  Ch and TP . 
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9 8  

Figure 1 5  

E ffe c t  o f  the tricyc l i c  antidep re s s ant , imip ramine , on uptake o f  3H­

neurotransmitters  by mous e b rain  synaptos ome s .  S ,  s a l ine contro l . NE , 

3H-NE uptake ( � ) . Va lues rep res ent mean ± S . E .  (N = 6 rep l i cates ) o f  

data  f rom one exp e r iment . The exp e r iment wa s repeated  twice  with 

s im i l a r  results . DA , 3H-DA uptake ( EI ) . Va lue s repres ent mean ± S . E . 

(N = 6 rep l i cates ) o f  data from one exp e r iment . The experiment wa s 

repeated  3 times  with s imi l a r  re s ults . 5 -HT , 3H-5 -HT uptake ( � ) . 

Value s rep res ent mean ± S . E .  o f  data from 4 exp e r iment s ; s amp l e s  we re 

repl i c a ted  6 times  within each exp e r iment . Whe re S . E .  va lue s a re not 

shown , value s lie  within the bound s o f  the symb o l . Lea s t  s qua res  

l inea r  regre s s ion analys i s  yielded  correlation  coeffic ients o f  - 0 . 9 6 1 7 , 

- 0 . 9 642 , and - 0 . 8339 , respectively , for  NE ,  DA , and 5 -HT .  
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The  next  two exp e riments we re exe cuted to dete rmine whethe r 

effects  on uptake could be  demons tra ted fo l l owing in vivo exp o s ure to  

A ro c l o r  1 25 4 . The first  experiment invo lved the  a c u te a dmini s t ra t i on 

o f  vehicle  o r  Aro c l o r  1 254 . As s een in Tab l e  4 ,  uptake  into synapt o ­

s omes  from Aro clor  1 254- treated  mice  wa s n o  d i fferent from tha t i n  

app ropriate  contro l s . The va lue for  5 -HT upta ke fo l l owing vehi c l e  

a dmini s tra tion wa s higher o n  the s econd day than on the f i rs t . S t i l l , 

A ro c l o r  1 25 4  (500  mg/kg ) had no effect  on  5 -HT uptake when comp a re d  to  

its  p a i red  control  (vehi c l e  on the s ame day) . 

The s e cond exp e riment wa s a 9 0 - day s tudy invo lving 4 group s  o f  

mice . Uptake wa s una ltered  by 9 0 - day Aro c l o r  1254-treatment a s  c om­

p a re d  to the vehi c l e , no r was there  any d i f fe rence b e tween the  na ive 

and vehi c l e - t reated mice  (Tabl e  5 ) . 

2 .  Synaptosoma l 3H-neurotransmitter  relea s e  

T o  furthe r examine the neuro chemical  e f fe c t  o f  Aro c l o r  1 25 4  tha t 

was obs e rved in  vitro , neurot ransmitte r rel e a s e  f rom i s olated s ynapt o ­

s ome s wa s eva luated  in the p r e s ence  o f  Aro c l o r  1 254 . I t  was found that 

Aro c l o r  1 254  enhanced the spontaneous relea s e  ( in the p re s ence  o f  5 roM 
KCl , i . e . , res ting s tate ) o f  3H-NE , 3H-DA , 3H-5HT and 3H-ACh (Figure s 

1 6 , 1 7 , 1 8 , a nd 1 9 ) in a c o n c e nt r a t i o n - d ep end e nt ma nne r . Summa r i z ing 

the s e  results , EC s o va lue s  ( c a l culated  from rep l i ca t e  exp eriment s  a nd 

de fined a s  the concentrat i on o f  Aro c l o r  1 25 4  that enhance d  relea s e  by a 

va lue o f  5 0% o f  control ) a re 34 . 2 ,  3 1 . 0 ,  6 1 . 2 ,  and 8 6 . 1  �M fo r NE ,  DA , 

5 -HT , and ACh relea s e , resp e c t ive ly . The s e  data  ind i c a t e  that the 

four neurotransmitters  examined a re equa l ly s ens i t ive to  the e ff e c t s  o f  

Aro c l o r  1 25 4 . By contra s t , Aro c l o r  1 25 4  wa s without effe c t  on  p o ta s s ium-
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TAB L E  4 

N e u rotra n s m i tte r Upta ke by Mo u s e  B r a i n Synapto s omes  
F o l l owi n g  Acute  Ora l  Adm i n i s t rat i o n  o f  Aroc l o r 1254 

Tre atme nt  

Ve h i c l eb 

Aroc l o r  1254b , 
3 0 mg/ kg 

Aro c l o r  1254b , 
3 0 0  mg/ kg 

Ve h i c l e 

Aroc l o r 1254d , 
5 0 0  mg/ kg 

a �1e a n  ± s. E. 
b N = 3 m i ce 

c N = 5 m i ce  

d N = 6 mi c e  

N o re�i n e�h r i n e  

4 7  ± 1 

47 ± 4 

49 ± 3 

45 ± 4c 

47 ± 6 

pmo l /g/m i na 

Do�am i n e  Se roto n i n 

110 ± 11 43 ± 3 

104 ± 18 42 ± 5 

94 ± 5 43 ± 2 

9 1  ± 3 64 ± 4 



Treatme nt 

N a i v e  

Ve h i c l e 

Aro c l o r  1254 , 
0 . 3 mg/ kg 

Aroc l o r 1254 , 
3 . 0  mg/ kg 

TAB LE  5 

The  Effects  o f  90  D a i l y  Gavag e s  o f  Aroc l o r  1254 o n  t h e  Upta ke O f  
N e u ro t ra n s m i tte rs a n d  P re c u rs o r s  By Mo u s e  Bra i n Syn apto s om e s  

pmo l e/g/m'i na 
, 
i 

S e roto n i n Do�am i ne  NoreE i n eEh r i n e  C h o l i ne 

49 ± 2 60  ± 1 22  ± 3 457 ± 41  

46 ± 2 65  ± 5 24 ± 2 456  ± 55  

46 ± 3 61  ± 3 24 ± 2 449 ± 19 

46 ± 2 63 ± · 4 27 ± 3 434 ± 56 

a Va l u e s  repre s e n t  th e  mean  ± S . E .  for determi nati o n s  from 6 m i ce 

TrYEtoE h a n  

26 , 400 ± 3400 

29 , 400 ± 2800 

26 , 000  ± 2500  
...... 0 
N 

2 6 , 900  ± 2500  
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F i gure 1 6  

Concentrati on- dependent enhancement o f  ba s a l  r e l e a s e  o f  3H-NE from 

mous e b r a in synapto s omes  by Aro c l o r  1 25 4 . C ,  control  ( El ) . E ,  E tOH 

A - 6  A vehi cle  ( � ) for  Aro c l o r  1 2 5 4  ( C»  and A23 1 8 7  ( 1 0  ; ,, ) . Va lue s 

repres ent mean ± S . E .  o f  data  from 4 experiment s ; e a ch s amp le wa s 

rep l i cated  4 times \vithin e a ch exp e r iment . C l o s e d  symb o l s , ba s a l  

relea s e  ( in the p r e s ence o f  5 ruM KC1 ) . Open symb o l s , dep o l a r i z a t i on-

evoked re l e a s e  ( in  the p re s ence of 60  ruM KC 1 ) . Lea s t  s qua res  l ine a r  

regre s s ion analys i s  o f  the Aro c l o r  1 25 4  concentrat ion- effe c t  rel a t i on-

ship yielded  a correla tion coeff i c i ent of 0 . 9 6 9 4 . 
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Figure 1 7  

Concentrati on- dependent enhancement o f  b a s a l  relea s e  o f  3H-DA f rom 

mous e b ra in synapto s omes  by Aro c l o r  1 2 5 4 . Aro c l o r  1 254  ( � ) . K ,  

-5  
kepone ( 1 0  M ;  a ) .  A23 1 8 7  ( 1 0

- 6  
M ;  A ) . Va lues  repres ent mean ± 

S . E .  o f  data  from 4 exp e r iment s ; s amp l e s  we re rep l i ca te d  4 t ime s within  

e a ch experiment . Ordinate , e ffects  a re expressed  a s  percent o f  re l e a s e  

obs e rved in the pres ence  o f  EtOH vehi c l e  (EtOH had no e ffect  o f  i t s  own 

comp a red to contro l ) . Va lue s  fo r ab s olute relea s e  (pmo l e quiva l ents  o f  

transmitte r/mg p rotein/hr ) were the refore  norma l ized  t o  p a i re d  EtOH 

vehi c l e  controls  ( except for the 6 0  mM KCI value which  i s  exp re s s ed a s  

percent o f  the 5 nili KCl va lue ) . No S . E .  ba rs  a r e  shown fo r the kepone 

p oint , because thi s corre sponds to results  o f  only one expe r iment . Ab -

s ol ute  va lues o f  b a s a l  dopamine re l ea s e  unde r  control  cond i t i ons  we re  

approximately I -pmol /mg p rotein/hr . Lea s t  s qua res  l inea r  regre s s ion  

ana lys i s  o f  the Aro c l o r  1 254  concentration-effect  relations hip y i e l d e d  

a correla tion coefficient o f  0 . 9 9 7 9 . 
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F i gure  1 8  

Concentration- dependent enhancement o f  b a s a l  and depo la rization- evoked 

relea s e  o f  3H-5 -HT from mouse  brain synapto s ome s by Aro c l o r  1 25 4 . 

- 6  C ( ) , control . E ( � ) ,  E tOH vehicle  f o r  Aro c l o r  1 25 4 ( Gt )  and 1 0  M 

A23 1 8 7  ( � ) .  Va lue s  rep res ent mea n  ± S . E .  (N = 4 rep l i ca te s )  of  data  

from  1 experiment ; the exp e riment wa s repeate d  twi ce  with s imilar  

results . C losed  symb o l s , b a s a l  relea s e  ( in the pres ence o f  5 mM KCl ) . 

Open symb o l s , depolarization-evoked re l e a s e  ( in the presence  o f  60  �I 
KCl ) . Leas t  s qua re s l inea r  regre s s ion ana lys i s  o f  the Aro c l o r  1 2 5 4  

concentration- effect  re lationship s yielded  co rrelation  coe fficients of  

0 . 7 7 25 and  0 . 9 7 42 fo r the 5 and 60 mM KCl  cond i tions , re spe c t ively . 
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Figure  1 9  

Concentra tion- dependent enhancement o f  b a s a l  relea s e  o f  3H-ACh f rom 

mou s e  b ra in synapto s ome s by Aro c l o r  1 2 5 4 . C ( EI ) , control . 

- 6  A E tOH vehicle  for  Aro c l o r  1 254  ( e ) and 1 0  N A23 1 B 7  ( 'iiI' ) .  

E ( A ) , 

Value s 

rep res ent mean ± S . E .  (N = 4 rep l i cates ) o f  data  from 1 experiment ; the 

exp e r iment wa s repeated  twi ce  with s im i l a r  results . C lo sed  symb o l s , 

b a s a l  re l e a s e  ( in the p r e s ence  o f  5 rut! KC l ) . Open symbols , dep o l a r i -

zation-evoked relea s e  ( in the p re s ence o f  60  mtI KCl ) . Lea s t  s qua re s 

line a r  regre s s ion ana lys i s  o f  the Aro c l o r  1 2 5 4  concentra tion- effect  

rel a t i onship yielded  a correlation  coeffici ent o f  0 . 9 62 1 . 
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induced  relea s e  ( i . e . , depola rization-evoked relea s e  in the p res ence o f  

60  mM KC I )  o f  3H-NE , 3H-DA , o r  3H-ACh . Howeve r ,  l a rger  concentra tions  

o f  Aro c l o r  1254  did  enhance dep o l a r i z a tion- evoked release  o f  5 -HT 

- 4  (Fi gure 1 8 )  yielding an  E C s o  va lue o f  7 . 46 x 1 0  M Aro c l o r  1254 . I t  

should b e  noted tha t ACh relea s e  mea sured by the method de s c ribed he re  

is  not a spe c i f i c  mea s ure , i . e .  the  tota l radioa c tivity released  from 

the synaptosome may be  a reflection  o f  the relea s e  o f  3H-Ch p lus 3H-ACh . 

Thi s l imitation o f  the technique wil l  be  addre s s e d  in the D i s cus s ion . 

I n  o rder  to va l i date  the method us e d  fo r the release  a s s ay ,  a 

numb e r  o f  p o s itive controls  we re inc luded in e a ch exp e r iment . Chlo r ­

de cone (Kepone
@

, L i f e  S c i ence Products  Co . ,  Hopewe l l , VA) , ano the r 

chl o r inated hydro c a rbon , ha s been  reported to  enhance neurotransmitte r 

re l e a s e  from rat  b ra in synapto s ome s (End , 1 9 7 8 ) . S imi l a r  results  we re  

found us ing rn9use  brain  synapt o s ome s . Chl o rde cone ( 1 0
-5  

M )  p roduced a 

2- , 5 - , and 8 - fo l d  inc re a s e  in spontaneous relea s e  o f  3H-5 -HT , 3H-DA , 

and 3H-NE , resp e ctively , and a 1 . 5 - to 2 - fo l d  enhancement o f  dep o l a r i -

zation-evoked ( 60  mM KCl )  relea s e  o f  the s e  neurotransmitte rs . 

The c a l cium i onophore , A23 1 8 7 , ha s a l s o  been shown to enhance 

++ 
neurotransmitte r rel e a s e  by vi rtue of its ab i l i ty to  transport C a  

a c ro s s  memb rane s .  The re sult i s  a n  incre a s e d  ava i lab i l ity o f  intra ­

++ 
c e l lula r C a  fo r neuro s e c retion  ( C o lburn et  a l . , 1 9 7 6 ; Ho lz , 1 9 75 ) . 

- 6  A s  with chlo rde cone , A23 1 8 7  ( 1 0  M )  enhanced both spontaneous and 

pota s s ium- induced transmitter relea s e  ( 2 - to  3 - fold  and 1- to 1 . 5 - fo l d , 

resp e ctive ly ) . Selected  examp l e s  o f  thi s  effect  o f  i onopho re  and o f  

chlo rdecone a re shown i n  Figures 1 6 , 1 7 , 1 8 , and 1 9 . The EtOH veh i c l e  

us ed  fo r Aro c l o r  1 25 4 , chlo rdecone , and A23 1 8 7  h a d  n o  e f f e c t  o n  relea s e  

( fina l concentration o f  EtOH wa s 1 7  �M) . 



3 .  
++ 

�tosomal 4 5Ca  uptake 

1 1 2 

++ 
The requi rement of Ca  for  neurotransmitte r relea s e  prompted  

4 5Ca
++ 

flux s tudies  in  i s o l a ted  mou s e  brain  synap to s ome s and mito chon-

d r i a . C a l cium influx in both res ting and depola rized  s tates  wa s s imu-

++ 
l a te d  by mea suring 4 5Ca  uptake by synaptos ome s in vitro . I n  the 

p re s ence  of 60  mH KCl , 4 5Ca
++ 

up take wa s enhanced  2 - fold  from r e s ting 

l eve l s . Chlorde cone ( 1 0
- 5  H) s igni f i cantly inhib ited  both b a s a l  and 

++ 
pota s s ium- s t imula ted  4 5C a  uptake (Fi gure 2 0 ) . Res t ing up take o f  

4 5Ca
++ 

wa s enhanced only 20% b y  1 0
- 4  H Aro c 1 o r  1 254  and pota s s ium-

s t imulated  uptake wa s una ffe cted . 

4 .  Mito chondrial  4 5C a
++ 

uptake 

++ 
Ene rgy- dependent 4 5C a  transport  in  mito chond ria  wa s examined in 

the p r e s ence- -or - abs ence o f  s ub s trate  ( s uc c inate o r  ATP ) . Ba s a l  uptake 

o f  4 5C a
++ 

wa s s timulated  2 . 5 - and 7 . 5 - fold  in the pres ence o f  ATP ( 8 0 0  

!-IH) and succinate ( 2  mN) , re sp e c t ive ly (Tab le  6 ) . The E tOH vehi c l e  h a d  

++ 
no e ffect  on 4 5Ca  uptake . Two mito chond r i a l  inhib itors  were used  a s  

pos itive contro l s . Both succinate and ATP- s timulated  4 5C a
++ 

uptake 

we re inhib ited (�5 0%) by 1 0
- 5  1'1 2 , 4- dinitropheno l ,  a mito chond r i a l  

++ 
uncoup l e r , wherea s  only the ATP - s t imulated  4 5Ca  uptake was inh ib i te d  

(�50%) b y  the Mg
++

-ATPa s e  inhibito r , oligomyc in , a t  a concentration  o f  
, ++ 

Ba s a l  and succ inate - supported  4 5Ca upt a ke we re not altered 
- 4  

b y  Aro c l o r  1 2 5 4  i n  concentrations  up to  1 0  1'1 .  Howeve r ,  Aro c l o r  1 2 5 4  

++ 
enhanced ATP- s uppo rted 4 5Ca  uptake (Figure 2 1 ) . Line a r  regre s s ion  

ana lys i s  o f  the do s e - re spons e curve yielded  an  E C 5 0  va lue of  

-4 
2 . 8  x 1 0  H .  
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Figure  20  

++ 
E f f e c t  o f  Aroclor  1 25 4  on synaptosomal  4 5C a  uptake mea s ured  in the 

p r e s ence o f  5 ruM o r  60 mM KCl . Va lue s rep res ent mean  ± S . E .  eN = 4 

rep l i cates ) o f  data from one exp e riment ; the exp e r iment wa s repeate d  

twi c e  with s imil a r  results . Ana lys i s  o f  va riance  a n d  Dunnett ' s t - te s t  

reve a l e d  s igni fi cance a s  * p < . 05 ;  ** , p < . 005 . 
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TAB LE  6 
Uptake O f  4 5 Ca

++ 
By M i t o c h o n d r i a 

I s o l ated F rom Mo u s e  B ra i n 

B a s a l  

9 . 3 ± 0 . 2 

8 . 9 ± 0 . 2 

pmo l C a
++

/mg p rote i n/10 m i n 

800 IJM AT P 

2 2 . 8 ± 1 . 1 

17 . 9  ± 0 . 7 

2 mM S u c c i nate  

69 . 7 ± 3 . 3 

5 2 . 0  ± 1 .  9 
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Figure  2 1  

E f f e c t  o f  Aro c lo r  1 254  o n  mito chond r i a l  4 5C a
++ 

uptake in the p r e s ence  

o f  800  �M  ATP . C ,  contro l . E ,  EtOH vehi c l e . Value s repres ent mean  ± 

S . E .  eN = 6 rep l i cates ) o f  data  from one exp e riment ; the exp e riment wa s 

rep e a ted  3 times with s im i l a r  results . Ana lys i s  o f  va riance  and 

Dunnett ' s  t -test  revealed  s i gni f i cance as * , p < . 0 1 comp a red to EtOH 

contro l . 
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D .  D i s cus s ion 

The neuro chemical  data pres ented he re ind i c a te tha t Aro c l o r  1 2 5 4  

a l te r s  neurotransmitter function in vitro , b u t  the data d o  not yet 

point to  a spec i f i c  s ite of a c tion . Aro c l o r  1 2 5 4  p roduced both a 

concentration- dependent inhib ition  o f  neurotransmitte r uptake and 

enhancement of neurotransmitter relea s e . Thi s  may be  interp reted  a s  a 

mani fes tation o f  the s ame event , i . e . , increa s e d  relea s e  i s  s imply a 

mea sure o f  an increa s e  in net flux o f  neurotransmitter p roduced by an  

inhib ition  o f  re-uptake . Thi s inte rpretation  i s  p l aus ible  in l i ght of  

the  s imila rity in  concentrations requi red to p roduce the s e  e ffe cts . 

Furthe rmo re , the s e  e ffects  on uptake and relea s e  we re c on�on to a l l  

neurotransmitters  eva luated  sugges ting that Aro c l o r  1 254  may a c t  non­

spe c i f i c a l ly at  a s ite whi ch would  ind i re ctly a l t e r  neurotransmitte r 

function . I t  i s  a l s o  pos s ib l e  that the s e  obs e rved b i o chemi cal  changes  

a re due in p a rt to a phys i c a l  toxi city p roduced by  Aro c l o r  1 254  a s  

sugge s te d  b y  Sha rom and Me llors  ( 1 9 8 0 ) , i . e . , the phys i ca l  p roperties  

o f  PCBs  may contribute to memb rane perturbation . 

The s t imulatory effe c t  o f  Aro c l o r  1 254  on  NE ,  DA , and ACh relea s e  

wa s ob s e rved only fo r b2 , , 1 and not f o r  depo l a r i zation- evoked relea s e . 

Thus , whateve r the mo lecular  mechanism  o f  thi s  e ffect , i t  i s  not a d d i ­

t ive with the e ffe ct o f  depol a riza tion  on relea s e . One might prop o s e  

that the s ys tem i s  maxima l ly s t imul ated  b y  60  nill KC l and that n o  more  

t ransmitter i s  ava i l cb l e  for relea s e . Thes e  two s t imul i  - Aro c l o r  1 25 4  

and 6 0  ruM KC l - may effect  di ffe rent p o o l s  o f  t ransmitte r , howeve r ,  

the r e  i s  ce rta inly ava i lable  transmitt e r  in  the ne rve ending , b e c a u s e  

o ther  compounds , s u c h  a s  chlordecone a n d  the ionopho re , A23 1 87 , a re 

capab l e  o f  enhancing depolarization-evoked relea s e  a s  demons trated  
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he re in . The CNS s t imulant , amphetamine , a l s o  enhances  depolorization­

evoked release  o f  neuro transmi tte r (End , 1 9 7 9 ; Ho lme s and Rutledge , 

1976) .  

In  contra s t  to NE , DA , and  ACh , 5 - HT wa s the only neurotransmitte r 

for  whi ch Aro c l o r  1 2 5 4  enhanced both b a s a l  and pota s s ium- induced re­

l ea s e . I t  i s  impo s s ib l e  from the ava i l ab l e  data  to a ccount fo r thi s 

d i f fe rence , and l ittle  s igni fi cance  ha s been a c c o rded  this obs e rva tion  

in view o f  the high concentrations o f  Aro c l o r  1254  requi red . Furthe r ­

more , n o  di ffe rence wa s obs e rved in s ens itivity o f  NE ,  DA , o r  5 -HT 

uptake me chani sms to  Aro c l o r  1 25 4 , whi ch might d imini s h  one ' s exp e c ta ­

tion o f  finding a s e l e ct ive effect  o f  Aro c l o r  1 25 4  o n  5 -HT relea s e . 

Sti l l  and a l l , one mus t  not d i s count the p o s s ib i l i ty that Aro c l o r  1 2 5 4  

alters  s e rotonergic  function i n  a manner not ob s e rved f o r  the other 

neurotransmit-ters . 

As  mentioned in  the Results  s e ction , the l imi tation o f  the tech­

nique for  measuring ACh rel e a s e  mus t  be  addre s s e d . Acetyl cho l ine 

re l e a s e  wa s not mea s ured directly , b.ut rathe r tota l radioactivity 

released  f rom synapto s omes  p re loaded  with 3H- Ch wa s dete rmined . The 

contribution to thi s tota l a c t ivity might cons i s t  o f  r e l e a s e d  3H-ACh 

( synthe s ized  from 3H - Ch within the synaptos ome ) , nonsp e c i f i c a l ly re ­

l e a s e d  3H-Ch , and 3H - Ch resulting from the enzymat i c  hydrolys i s  of  

3H-ACh . One s olution to  this p robl em would be  to  mea sure d irectly the 

contributions of e a ch of the s e  c omponents to  the total  radioactivity . 

Thi s  is  ce rta inly fea s ib l e  from a methodo l o g i c a l  p o int o f  view , but 

ana lys i s  o f  e a ch individua l s amp l e  would  p r ove to  be a monumenta l t a s k .  
The a lte rnative s o lution i s  t o  deve lop a method whi ch gua rantees  the 

ident i ty of relea s e d  radioactivity as 3H-ACh . This  app roach  is one 



120 

that ha s received a great deal  of attention in the l iterature ( e . g . , 

s e e  Haga , 1 9 7 1 ; Ma r chbanks and I s ra e l , 1 9 7 1 ; Ri chte r , 1 9 7 6 ; Ri chte r a nd 

Ma rchb anks , 1 9 7 1 ) , and whi l e  thi s app roach  me rits  cons ide ration , i t  

wa s n o t  pursued on the fol l owing grounds . The e ffect  o f  A ro c l o r  1 25 4  

o n  neurotransmitte r re lea s e  wa s p robably a nonsp e c i f i c  e f fe c t , i n  tha t 

a l l  neurotransmitte r s  were a f fe c ted  to app roximately the s ame degree . 

The refore , it  wa s felt  tha t the time spent on  deve lopment and va l i d a ­

t i o n  o f  a new method (pa rticularly one whos e  te chni c a l  d i f f i culties  a re 

s o  frequently referred  to in the l i terature ) wa s not wa rranted . Ra the r , 

the data  mus t  be inte rp reted a c cord ingly . Pe rhap s , then , a bette r 

rep res entation o f  the re s ults  would use  a more approp r i a te termino l o gy , 

s uch a s , "Aro c l o r  1 254  enhanced the re l e a s e  o f  radioactivity f rom 

synapto s ome s pre loaded  with the ACh synthet i c  p r e curs o r , 3H - Ch . " 

The s ensitivity o f  the s e  in vitro  sys tems to  exte rna l s t imul i  wa s 

va l i dated  by the use  o f  p o s it ive contro l s . I nhibition o f  uptake by 

imip ramine is cons i s tent with p revious findings that the serotone rgi c 

sys tem i s  mo re  s ens i tive to the effe�t s  o f  antidepres s ant p a rent c om ­

pounds than the c ate cho laminergic  sys tem ( Sha s kan  a n d  Snyde r ,  1 9 7 0 ) .  

Both chlo rde cone and the i onopho re , A23 1 8 7 , enhance d  neurotransmitte r 

rele a s e  a s  expected . Furthermo re , the E C s o ' s  o f  the s e  p o s i t ive con­

t ro l s  we re only ab out l O - fo l d  lowe r than tho s e  o f  Aro c l o r  1 25 4  i n  the 
uptake and relea s e  sys tems sugge s ting that what may app e a r  a s  r a the r 

high concentrations o f  Aro c l o r  1 2 5 4  may be  app ropriate to thes e  in 
vitro sys tems . 

Cal c ium ,  be caus e i t  p l ays  a p ivota l role  i n  neurona l func t i on , 

pres ented its e l f  a s  a candidate fo r s tudy . Although Aro c l o r  1 25 4  d i d  

a l te r  Ca
++ 

metabo l i sm , the relevance o f  thi s  change to neurotransmitte r 
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function  i s  unce rta in . Whe reas  Aro c l o r  1 254  a lte red  neurotransmi tte r 

relea s e  and uptake , a 1 0 - fo l d  highe r concentration  o f  Aro c l o r  1 25 4  wa s 

requi red  to ob s e rve only a mode s t  enhancement o f  synapto s oma l Ca
++ 

influx . No change in depola rization- evoked synaptosoma l Ca
++ 

uptake 

wa s ob s e rved with Aro c l o r  1 2 5 4 , imp lying tha t the s t imulatory effect  o f  

Aro c l o r  1 254  o n  depolarization- evoked 5 -HT re lea s e  o c cured via a me cha ­

nism  othe r than enhanced  Ca
++ 

influx . In  addition , mito chond r i a l  Ca
++ 

uptake ( in the p re s ence o f  ATP ) wa s s timulated  by Aro c l o r  1 25 4 , a n  

effect  that would opp o s e  an inc re a s e  in [ Ca
++

] .  p ro duced  b y  s timul ation  1. 

o f  synapto somal Ca
++ 

influx . I t  would app e a r  from the s e  data that thi s  

e ffect  on neuro s e c retion  i s  not Ca
++

-media ted , but that a nonspe c i f i c  

memb rane e ffect  might b e  p rop o s e d  i n  view o f  the highly l ipophi l i c  

nature o f  PCBs . One cannot , however ,  rule out the p os s ib i l ity tha t 

Aro clor  1 25� �nc rea s e d  [ Ca
++

] .  by an a lterna te method such a s  relea s e  1. 

f rom o r  inhibition o f  s e que s tration  into intra c e l lu l a r  o rgane l l e s . 

I t  i s  pos s ib l e  that the e ffect  o f  Aro c l o r  1 25 4  on neurotransmitte r 

+ + 
uptake and releas e  i s  a r eflection  qf Na /K -ATPa s e  inhib i ti on . I t  ha s 

+ + 
b een  suggested  that Na /K  -ATPa s e  may p lay a r egula t o ry role  in neuro-

transmitte r uptake (Bogdanski e t  a l . , 1 9 68 ; Prakash  e t  a l . , 1 9 7 3 ;  

T i s s a r i  e t  a l . , 1 9 6 9 ) and relea s e  ( Gilb e rt e t  a l . ,  1 9 75 ) . Re cent 

rep o rts  ind icate that PCBs inhibi t  ATPa s e  a ctivity in a va riety o f  

mamma lian  tis sues  (La Ro cca  and Ca r l s on , 1 9 7 9 ; Na rbonne e t  a l . , 1 9 7 8 ) . 

Such an e ffect  would b e  cons i s tent with the findings repo rted he re f o r  

Aro c l o r  1 25 4 ' s e ffec t s  on nenrotransmitter  sys tems . Thi s  p o s s ib i li ty 

w i l l  b e  exp l o red  in p a rt B o f  thi s  chapte r .  

Although the e ffects  o f  Aro c l o r  1 25 4  on  neur o t ransmitte r uptake 

and r e l e a s e  in vitro are  concentration-dep endent , the ques t ion o f  



1 2 2  

spe c i f i c i ty and relevance o f  the s e  changes  l i e s  open to speculation  I n  

view o f  the high concent rations emp l oyed . The data to be p re s ented in 

a s ub s equent chapte r ,  dea l ing with d i spos i tion  o f  1 4C-PCBs , may he lp to  

j us t i fy the s e  concentrations . In  addition , Chang-Tsui  and Ho ( 1 9 7 9 , 

1 9 8 0 )  have repo rted inhib itory e ffe cts  o f  chlo rde cone , anothe r chl o r i -

nated hydrocarbon , o n  synapto s oma l neurotransmi tte r uptake at  s imila r ly 

high concentrations . 

Fina l ly , s ome mention should be  made o f  the lack  of  neuro chem i c a l  

effects  in  synapto s omes i s olated f rom mice  that had b e e n  exp o s ed to  

Aro c l o r  1 254  in vivo . Without p reempting the  results  tha t wi l l  b e  

d i s cus s e d  in  part  B o f  thi s  chapte r ,  s imi l a r  negative findings we re 

found for  ATPa s e  a ctivity following in vivo e xp o s ure . The refo re , thi s  

i s s ue wi l l  be  handled  a s  a whol e  i n  the Gene ra l D i s cus s ion . 

In  summa ry ; the data in thi s s e ction p o int to a neuro chemi c a l  

e ffect  o f  Aro c l o r  1 25 4  in vitro for  whi ch an explanation �annot yet b e  

advanced . Furthe r inve s tigation  o f  thi s  re spons e , to be  presented i n  

s ub s e quent chapte rs , may he lp to i l �uminate thi s  i s sue . 
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PART B - EFFE CT OF AROCLOR 1 2 5 4  ON SYNAPTOSOMAL AND MITOCHONDRIAL 
ATPa s e s  

I .  I ntroduction 

Adeno s ine 5 ' - t r ipho spha t a s e s  (ATPa s e s ) can be  defined gene ra l ly a s  

a group o f  enzyme s tha t cata lyze the hydro lys i s  o f  adenos ine 5 ' - t r i -

phosphate (ATP) to yie l d  adeno s ine d i spho spha te (ADP ) and ino rgani c 

pho sphate  (P . )  with the l ibe ration o f  metabo l i c  ene rgy . Individua l ly ,  1 

the enzymes can be  de fined on the ba s i s  o f  the i r  ioni c requi rement s , 

+ + . ++ ++ ++ 
e . g . , Na /K - a ct 1vate d , Mg - dependent ATPa s e  and  Mg / C a  - dep endent 

ATPa s e . The phys i o l o g i c a l  r o l e s  s ub s e rved by the s e  enzyme s a re as d i -

ve r s e  a s  the i r  d i s t r ibution throughout the body . 

Within the b ra i n , a numbe r  o f  di ffe rent ATPa s e s  have been l o c a ­

l ized  i n  a va riety o f  s ub c e l lu l a r  f ra c tions . The Na
+

/K
+

-ATPa s e  i s 

found in the p l a sma memb rane o f  neurons ( Stahl and Brode r s on , 1 9 7 6 ) , 

glia  ( Gri s a r  et  a l . , 1 9 7 9 ) , mye l in (Rei s s  e t  a l . , 1 9 8 1 ) , inta ct  synap -

to s omes  ( G r i s a r  e t  a 1 . ,  1 9 7 9 ) , and synapt i c  memb ranes  (Hos i e , 1 9 65 ) . 

Ge rma in and Proulx ( 1 9 65 )  i denti fied  a Mg
++

/Ca
++

-ATPa s e  in synapt i c  

ve s i c l e s  f rom r a t  b ra in and s ugges te d  that i t  may p lay a r o l e  i n  t rans -

mitt e r  s to rage and re lea s e . 
++ 

A Mg -ATPa s e  ha s been  l o c a l ized  in synap -

t i c  ves i c l e s  (Ho s i e ,  1 9 65 ) and chroma ffin g ranule s  (Konings and de 
Potte r , 1 9 8 0 ) , and i t s  role  in  cate cholamine uptake ha s been s ugge s te d  

(Nj us  a n d  Radda , 1 9 7 8 ) . 

++ ++ , Another Mg / C a  -AT P a s e  ha s been chara cterized  i n  m i c ro s ome s f rom 

p i g  b rain (Nakama ru et a l . , 1 9 6 7 ) and bovine b ra in ( S a e rma rk and 

Vi lhardt , 1 9 7 9 ) . Na kama ru ( 1 9 7 1 ) s ugge sted  that the enzyme may p lay a 

role  in regulation o f  [ Ca
++

] .  by one o r  both o f  the f o llowing mecha -1 
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nisms : 1 )  Ca
++ 

s e que s tration by the smooth endop la smi c reti culum and 

2)  extrus ion of Ca
++ 

f rom the c e l l  by a Ca
++ 

pump . Robinson  and Lus t 

++ 
( 1 9 6 8 ) have a l s o  demonstrated  such a relati ons hip between Ca  a c cumu-

lation  and Mg
++

/Ca
++

-ATPa s e  activity in  ra t b ra in mi crosome s , and a 

s im i l a r  function wa s sugge s ted  fo r a fraction  o f  i s o lated ve s i c l e s  f rom 

cal f ,  rabbi t  and rat b ra in re s emb l ing s a rcop l a sm i c  reti culum ( B l i tz e t  

a I . , 1 9 7 7 ) . Evidence fo r Nakama ru ' s s e cond p ropo s a l  come s f rom the 

wo rk of D iPolo  and Beauge ( 1 9 7 7 )  who sugge sted  that an  ATP - d r iven pump 

+ ++ 
( s ep a rate from the Na /Ca  exchange me chani sm)  may contr ibute to the 

phys i o l o g i c a l  control  of [ Ca
++

] .  in  s quid axon . 1 

La s t , but not l ea s t , mito chond ria  contain a Mg
++

- s t imulated  ATPa se 

(Ho s ie , 1 9 65 )  that functions in the coup l ing events o f  oxidative pho s -

pho ryl a tion (Pul lman e t  a l . , 1 9 6 0 ) . 

The role" o f  the Na
+

/K
+

-ATPa s e  in  the a ctive transport o f  Na
+ 

and 

K
+ 

a c ro s s  the c e l l  memb rane wa s f i r s t  s ugge sted  by Skou ' s d i s covery o f  

a Na
+

/K
+

-ATPa s e  i n  c rab ne rve ( 1 9 5 7 ) . The metab o l i c  ene rgy de rived 

from ATP hydrolys i s  is converted into me chani c a l  energy required  to 

pump Na
+ 

out o f  the c e l l  against  an  e l e ctro chem i c a l  gradient . Thi s  

extrus ion o f  Na
+ 

i s  coup l e d  with t ranspo rt o f  K
+ 

into the c e l l . I n  

thi s  manne r ,  the c e l l  i s  ab l e  t o  ma inta in  o smot i c  e qui l ib rium by ma in­

taining a low intra c e l lul a r  Na
+ 

concentration ( [Na
+

] . ) and hi gh intra -1 

cellul a r  K
+ 

concentration  ( [K
+

] . ) .  Thi s sys tem i s  a l s o  referred  to  a s  1 

the s o dium pump . Additiona l  deta i l s  may b e  found in two recent reviews 

(S chwa rtz e t  3'11 . , 1 9 7 5 ; Sweadne r and Go ldin , 19 80 ) . 

Na inta ining o smot i c  e quil ib rium i s  pa rticul a r ly imp ortant in  

exc i tabl e  cel l s , such a s  in  myo cardium and  neurons . I n  the neuron , a n  

a c t i on potent i a l  i s  gene rated  by a s timulus and i s  p ropagated a long t he 
axon to the nerve termina l . Dep o l a rization  o f  the excitab l e  neurona l 
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c e l l  memb rane i s  coupled  with Na
+ 

influx and K
+ 

e f f lux . + + 
The Na /K -

ATPa s e  p l ays a key role  in re s to r ing the no rma l intra cel lular  ion  con-

centrations and  memb rane re s t ing p otential  ( Guyton , 1 9 7 9 ) . 

I n  addition , anothe r function o f  the Na
+

/K
+

-ATP a s e  is  its  p rop o s ed 

role  in  neurotransm i s s ion . Although it  i s  wel l  a ccepted tha t Ca
++ 

i s  

requi red fo r neurotransmitter  re l e a s e  (Rubin , 1 9 7 0 )  and that relea s e  

++ 
p robably ( though perhap s not a lways ) o c curs through a Ca - dependent 

exocytotic  mechanism (Kel ly e t  a l . , 1 9 7 9 ) , the exa ct  me chani sm through 

whi c h  Ca
++ 

induce s rele a s e  is unknown . I t  ha s been  s uggested  ( G i lb e rt 

+ + 
e t  a l . , 1 9 75 ; Paton e t  a l . , 1 9 7 1 ; Vizi , 1 9 7 2 )  tha t the Na /K -ATPa s e  

may p lay a role  i n  trigge ring neurotransmitte r relea s e . The evidence  

for  thi s  hypothes i s  wa s reviewed by Vizi  ( 1 9 78 ) , a nd more  re cent re -

po rts shed  furthe r l i ght on thi s  matte r .  An incre a s e  in neurotrans -

mitter  releaB� · o c curs in the p re s ence  o f  agents o r  cond itions that 

inhib it  the ATPa s e s , whe rea s relea s e  i s  dep re s s ed concommittant with 

enzyme stimulation . For examp l e , Meyer  and Coop e r  ( 1 9 8 1 ) demons t r a t e d  

that a numbe r  o f  a gents tha t inhib i�e d  the ATPa s e  ( e . g . , ouab a in and 

p a ra chlo romercuribenzene ) a l s o  p ro duced an enhancement of ACh r e l ea s e , 

an  e ffe c t  which  wa s s hown to b e  Ca
++

- independent . By contra s t , a 

C a
++

- dep endent mechanism wa s involved in the enzyme inhib ition  and 

inc rea s e d  ACh relea s e  p roduced by ve ratridine , e l e c t r i c a l  s t imula t i on , 

and the Ca
++ 

i onophore , A23 1 8 7 , a l l  o f  whi ch induce  Ca
++ influx . S ince  

it i s  known that inc rea sed  [ Ca
++

] . inhibits  the  Na
+

/K
+

-ATPas e  (S kou , 1 

1 9 5 7 , 1 9 6 0 ) , i t  i s  p o s s ib l e  tha t  thi s enzyme inhib i tion  i s  invo lved i n  

triggering neurotransmitte r relea s e . 

The conve r s e  o f  thi s s i tuation , that enzyme s timula t i on reduce s  

neurotransmitter  rel ea s e , i s  exp l a ine d  i n  terms o f  feedb a c k  regula t i o n  
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o f  r e l ea s e . A l a rge body o f  evi dence  has a c cumulated  fo r the exi s tence  

of  p re synaptic  receptors  functioning in  a feedback  regulatory me chanism  

for  re lea s e  (Sta rke , 1 9 8 1 ) . I t  i s  po s s ib l e  tha t Na
+

/K
+

-ATPa s e  may  fit  

into thi s concep t ,  a s  sugges ted by the ob s e rva tion  o f  Gilbert  et  a l . 

( 1 9 75 ) tha t NE s t imula te s  ATPa s e  a ctivity and that the e ffect  i s  b l o cked 

by phentol amine , a sp e c i f i c  a - adreno recepto r antagoni s t . S imi l a r  

results  were rep o rted b y  Adam-Vi z i  et  a l . ( 1 9 8 0 ) , De sa iah and H o  ( 1 9 7 7 ) , 

Logan and Donovan ( 1 9 7 6 ) , and Wu and Phi l l i s  ( 1 9 7 9 ) .  

A numb e r  o f  tox i c  compounds , pa rti cula rly the chl o r inated hyd ro-

c a rbon  ins ecticides , have been  shown to inhibi t  ATPa s e s  in a va riety o f  

ti s sues  inc luding b r a in . Koch ( 1 9 6 9 ) wa s one o f  the f i r s t  to demon-

s trate  thi s ATPas e  inhib ition in  a rabbi t  brain  s ub c e l lula r  fra ction by 

chlo rdane , l indane , a ldrin , d i e l drin , and DDT . Thi s  short communi c a -

tion wa s foll9��d sho rtly the ra fte r with a more  comp l e te ana lys i s  

(Ko ch , 1 9 69 / 1 9 7 0 ) .  
++ 

In gene ra l , the Mg -ATPa s e s  were more  s ens i tive to  

+ + 
the s e  a gents than the Na /K -ATPa s e s . Two p e s t i c ides  that have re c e ived  

a l o t  o f  pub l i c ity a re DDT and chlo rdecone . E a ch o f  the s e  p roduce 

neurotox i c  e ffects  whi c  might be  attributed to the i r  inhibitory e f f e c t s  

on ATPa s e s  both centra l ly ( Cutcomp e t  a l . , 1 9 7 1 ; De s a iah and Ko ch , 

1 9 75 ; Ja ckson  and Ga rdne r , 1 9 7 8a , b )  and p e r iphe ra l ly ( Ghias sudin and 

Matsumura , 1 9 8 1 ) . 

PCBs , a l though not used  a s  a p e s ti cide , may b e  included in  thi s  

g roup o f  chlorinated hydrocarbons . An inhib itory e ffe ct  o f  four comme r -

c i a l  PCB mixture s (Aro c l o r s  1 2 2 1 , 1 25 4 , 1 2 6 8 , and 5460 ) on f i s h  ATPa s e s  

from b ra i n , kidney , l ive r , and mus c l e  wa s f i r s t  demon s t rated  b y  Yap e t  

a l . ( 1 9 7 1 ) . Thi s s ame group then eva luated , in  more  deta i l , the inhib i ­

tory e ffects  o f  the s e  PCB mixture s o n  Mg
++

-ATPa s e s  f rom fish  (De s a iah 
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e t  a l . ,  1 9 7 2 ) . Exp e r iments de s cr ib e d  in b o th p ap e r s  invo lved in vitro  

exp o s ure . The e ffects  o f  PCBs  on ATPa s e s  f rom rat  have been  rep o rted  

by  two groups . Na rbonne and  col l eague s ( 1 9 7 8 )  exp o s e d  rats  to a F rench 

PCB mixture (Pheno c o l o r  DP2 ) added to the d i e t  i n  concentrations of  1 0 , 

1 0 0 , o r  500  ppm ove r a p e riod  o f  3 D , 3 D , o r  8 days , respective ly , and 

a s s ayed ATPa s e  a ct ivity in m i c r o s oma l f ra ctions  of  l ive r , kidney , and 

b ra in . The results  were  t i s sue- , enzyme - ,  and do s e - dependent . Fo r 

examp l e , l ive r ATPa s e s  we re  inhib i ted  i n  a dos e - d ependent manne r , 

++ + + 
kidney Mg -ATPa s e  wa s s t imul a ted , kidney Na /K -ATPa s e  wa s inhibi ted 

a t  the low dos e  but s timulated  at the high d o s e , b r a in Na
+

/K
+

-ATPa s e  

wa s s t imulated  only a t  the high do s e , and b r a i n  Mg
++

-ATPa s e  wa s inhi 

bited  only at the lower two do s e s . In  a s omewhat d i ffe rent p rotoco l , 

LaRo cca  and C a r l s on ( 1 9 7 9 ) eva lua ted  the i n  vitro  e ffe ct� o f  s ix comme r -

c i a l  P C B  mixture s (Aro c1ors  1 2 2 1 , 1 242 , 1 248 , 1 25 4 , 1 260 , and 1 26 2 ) and 

nume rous chl o rina ted b iphenyl congene rs  on ATPa s e  a ctivity in homoge-

na te s o f  kidney , hea rt , o r  b ra in . I n  gene r a l ,  they demons trated  inc r ea s -

ing inhibitory e ffects  with incre a s ing chlorination  o f  the b ipheny l  

ring . 

The exp e r iments involving ATPa s e s  that app e a r  in  thi s the s i s  we re  

ini t i a te d  for  s eve r a l  rea s ons . Despite  the p r e s ence  o f  the a fo remen-

t ioned rep o rts  on the e ffects  of PCBs on ATPa s e s , it wa s fel t  that it 
would b e  prudent to conduct the s e  ATPa s e  exp e r iments us ing the s ame PCB 

mixture whi ch ha s been us ed  throughout thi s  p roj e c t  (Aro c l o r  1 254 ) , in 

the s ame spe c i e s  ( the mous e ) , and with the s ame t i s s ue p repa ra t i on that 

ha s been us e d  for  the othe r neuro chemi c a l  e xp e r iments (mito chondria  and 

synaptosome s ) , in an  e ffort  to c o r relate  the effects  of Aro clor  1 2 5 4  on 

ATPa s e s  with the othe r neuro chem i c a l  e ffects  of Aro c l o r  1 254  on Ca
++ 
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f lux and neurotransmitter  function , and to  inve s t i gate  the ro le  o f  

ATPa s e s  i n  the s e  neurochemi c a l  events . Furthe rmo re , the s e  exp e r iments 

inc lude both in vitro  and in vivo expo sures to Aro c l o r  1 25 4 . And 

f i na l ly ,  the e ffe cts  o f  Aro c l o r  1 2 5 4  on e a ch individua l ATPa s e  enzyme 

p r e s ent in the t i s sue , ra the r than total  ATPa s e  a c t ivity , we re examine d . 

Also  i qc luded here  a re data  p e rta ining to the ATPa s e  methodology . 

Although thi s spe ctrophotome t r i c  method ha s b e en app l ied  to ATPa s e  d e -

termina t i on in a numbe r  o f  t i s sue s , i t  was nece s s a ry to va l i date  the 

re spons e of the enzyme s to p o s it ive control s  (a s  wa s done for previous  

neuro chemi cal  experiments ) and to demonstrate  that experimenta l con-

ditions  were app l ic ab l e  to determination of  the a ct ivity o f  the enzymes  

in  the mouse  b ra i n  synapto s oma l and  mito chond r i a l  p repa ration  emp l oyed 

he rein . 

The methodo logy used  in the experiments de s c ribed herein for  

determining ATPa s e  a ct ivity emp l oys a coup le d  enzyme ATP- regene rating 

sys tem in which  ATP hydrolys i s  is  mea s ured  indirectly by continuous ly 

monito ring the oxidation of NADH in a reco rding spectrophotomete r .  The 

rea ction s equence is as fol l ows : 

1 )  ATP 
ATP a s e  � ADP + P .  1 

2) ADP + PEP 
PK � pyruvate + ATP 

3 ) Pyruvate + NADH 
LDH 

� l a ctate  + NAD 
+ 

I f  a l l  reagents , except  the enzyme  p repa ra t i on , a re added  in  exc e s s ,  

the f i r s t  reaction , i . e .  the hydroys i s  o f  ATP , i s  rate - l imiting . B e -

cause  the coupled  sys tem d i sp lays stoi chiometry , the r a t e  o f  NADH oxi -

dation  i s  d i rectly p ropo rtiona l t o  the ATPa s e  a c t ivity . 
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C l a s s i c a l ly , ATPa s e  a s s ays invo lve only the f i r s t  reaction , and 

l ib e ra ted  inorgani c pho sphate ( P . )  is quantitated  colo rime t r i ca l ly by 1 

the method o f  Fi s ke and Subba row ( 1 9 25 ) . Thi s  method ha s s eve ra l li m i -

ta tions , i n  parti cula r ,  1 )  i t  i s  t ime consuming and 2 )  a c cumulation  o f  

ADP exerts  a feedback  inhib ition o n  the ATPa s e  enzyme . As an a lte rna -

tive to this method , the coup l e d  enzyme a s s ay ha s been us ed . Buche r 

and Pfle iderer  ( 1 955 ) were  the f i r s t  to cha r a c te rize  a sys tem in whi ch 

pyruvate kina s e  (PK) and l a c tate  dehydrogena s e  (LDH) we re coup l e d  

( re a ctions 2 and 3 above ) to  mea s ure PK a c t ivity . Sho rtly the rea fte r ,  

Pul lman e t  a l . ( 1 9 6 0 )  app l ie d  thi s  sys tem to the measurement o f  ATPa s e  

a ctivity . Va l idation o f  the method ha s been  repo rted by Fritz  and 

Hamri ck ( 1 9 6 6 )  and S cha r s chmidt  e t  a l . ( 1 9 7 9 ) . 

The re a re nume rous a dvantages  to the coupled  enzyme ATP- regene ra -

ting method : - As menti oned p r evious ly , one o f  the maj o r  drawbacks  o f  

the colo rimetr i c  a s s ay i s  the inhib ition by ADP . The coupled  sys tem 

c i rcumvents thi s  p robl em by continual ly removing ADP and conve rting i t  
t o  ATP ( re a ction 2 ) . The result  i s ·not only the remova l o f  ADP but 

a l s o  the ma intenance of a cons tant sub s trate  concentrat ion , i . e .  ATP , 

thus p roviding sui tab l e  conditions for  kine t i c  analys i s . Othe r feature s 

o f  thi s sys tem include  rap i d i ty , rep roducib i l i ty ,  and the ab i l ity to  

ma intain  cons tant temperature and  record  c ontinuous ly over t ime . Le s s  

protein i s  a l s o  requi red  for thi s a s say  ( a s  l ittle  a s  8 to 1 0  �g)  tha n  

the conventi ona l a s s ay (�1 0 0  � g ) , a f a c t o r  whi ch may b e  impo rtant when 

s amp l e  s ize  i s  l imited . Furthe rmo re , immediate  results  a re ava i l ab l e  

with thi s a s s ay a l l owing the e xp e r imenter  t o  make adj ustments in  the 

protocol  as needed rathe r  than having to wa i t  unti l  the e nd of the 

exp e r iment for results . The re  i s  a d i s advanta ge , howeve r ,  and that i s  



1 30 

++ -tha t  Mg ATPa s e  cannot be mea s ured  d i re c t ly . Ordina r i ly ,  i t s  a c tiv i ty 

+ + 
could b e  di fferentiated  f rom the Na /K  -ATPa s e  a ctivity s imp ly by 

. K
+ + 

removlng , howeve r K i s  requi red fo r PK a c t ivity and thus canno t be  

removed from the incubation  medium . Cons equently , Mg
++

-ATPa s e  i s  

+ + 
measured  ind i re c t ly a s  the rema ining a ctivity when the Na  /K -ATPa s e  i s  

spe c i f i c a l ly inhib ited  b y  ouabain . 



B .  Ma teria l s  and methods  

1 .  Mate r i a l s  

1 3 1  

The following reagents were  purcha sed  from S i gma Chemi cal  C o . ( S t . 

Loui s , MO ) : d i sodium adeno s ine tripho sphate  (Na 2ATP ) purcha s e d  a s  the 

vanadium- free s a l t  p repa red  from e quine mus c l e ; � -ni cotinamide a denine 

dinuc leotide , reduced  form (NADH) , grade  I I I  (�9 8% purity) , in  pre­

we ighed vi a l s , a s  the d i s odium s a l t ; pho spho (eno l ) pyruvate (PEP )  as  the 

tri ( cyclohexylammonium) s a l t ; ouaba in ( G - s trophanthin) ; o l i gomycin  ( 1 5% 

A ,  85% B ) ; pyruvate kina s e  (PK)  , type I I I , f rom rabb i t  mus cle ; l a ctate  

dehydrogena s e  (LDH) , type , XI , f rom rabb i t  mus c le ; imidazo l e , grade  

I I I ; 3 , 4 - dihydroxyphenethylamine (DA) ; ( - ) - a rte reno l  [ ( - ) -norepinephrine 

(NE ) ]  . 

2 .  Tis sue prepa ration 

Synapto s ome s and  mi tochondria  were prepared  e s s enti a l ly a cc o rding 

to the me thod o f  McGove rn e t  a l . ( 1 9 7 3 ) a s  de s c r ib e d  in p revious neuro­

chemi c a l  experiments but  with the f o l l owing mo d i f i c ation . Who l e  b r a i n  

was  homogenized  in 0 . 32 M s uc r o s e  c onta ining 1 0  mM imidazole  a nd 1 mM 
EDTA (pH 7 . 5 ) . Centri fuga tion then p ro ceeded  a s  de s c ribed in p revious  

neuro chemi cal  exp e r iments , except  that the F i co l l  s o lutions which  were  

us e d  in cons tructing a d i s continnoll s  gra d i en t  fo r t h e  s ub fra c t i o n  s tep 
we re  p repa red  with the s ucros e/EDTA/ imidazo l e  buf f e r  ins tead  of j us t  

0 . 32 M sucro s e . The puri fied  synaptos oma l and mito chond r i a l  fractions  

were then resuspende d  i n  the sucros e/EDTA/ imidazole  buffe r to yield  a 

fina l p rotein  concentra tion  o f  1 and 2 mg/ kg , respe c t ive ly . 
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3 .  ATPa s e  a s s ay 

A coupled  enzyme , ATP- regene rat ing sys tem wa s used to mea s ure 

ATPa s e  a c t ivity by a recording spectrophotomet r i c  method . A modi f i c a ­

t i o n  o f  the methods  o f  D e s a i a h  and H o  ( 1 9 7 7 ) and S chwa rtz e t  a l . ( 1 9 6 9 ) 

wa s used . Buffer  wa s p repa red  fre sh  daily containing 20 mM imida z o l e , 

1 0 0  mM NaCl , 20 ruM KC l , 5 ffitl MgC 1 2 , 4 . 5  ruM Na2ATP , 2 . 5  ruM PEP , 0 . 2  mM 
NADH , 9 units  o f  PK , and 1 2  uni t s  o f  LDH and wa s a dj usted  to pH 7 . 2 .  

Othe r a lte rations in the buffer we re made a s  noted . 

The reaction  mixture ( 3  ml ) wa s pre incubated  in a cuvette fo r 5 

min a t  3 7 0  C .  The cuvettes  we re  ma inta ined a t  cons tant tempe rature  

(37  ± 0 . 5 0 C)  by means  of  a temperature control led wat e r  bath 

(Lauda/Brinkmann B - 2  C i rculato r ; Me s s ge rate -We rk Lauda , We s t  Ge rmany ) . 

The reaction wa s then initiated  by the addi t i on o f  2 0  to 40 � l  o f  

synaptos omal_ �r_mitochond r i a l  supens ion  conta ining 8 t o  1 0  � g  o f  p r o ­

tein . Fo r in vitro exp e r iments , t e s t  compound s ( e . g . , vehic l e  o r  

Aroc l o r  1 254 ) were a l s o  a d d e d  a t  thi s time , the contents o f  the cuvette  

we re  mixed by inve r s ion of  the  cuve t�e ,  and  the  incubation  p roceeded  

fo r an additiona l 1 0  min . ATPa s e  a c t ivity wa s mea s ured  ove r the next 

10 min by moni toring oxidation  of NADH as ob s e rved by the change in 

ab s o rbance  at  a wave l ength o f  340  nm in an AMI NCO DW- 2 UV-VI S reco rding 

spe ctrophotomete r  (Ame r i can Instrument Co . , S i lve r Sp ring , MD) . The 

ins trument wa s ca l ib rated  a cc o rding to  the p ro c e dure in AMINCO ' s  Ope ra ­

tor ' s Manua l . Briefly , thi s  p r o c e dure invo lved s e tting the ope r a ting 

conditions on the spe c trophotomete r ,  l ocating the z e ro  p o s ition  f o r  the 

amp l i fiers , and c a l ib ra t ing the ab s o rbance  range a ga inst  the re corder  

axi s . Spe c i f i c  a c t ivity wa s c a l culated  from  the change in ab s o rbance  

ove r the 1 0  min period , because  i t  lay  in the  l ine a r  p o rtion  of  the 

curve ( s e e  Appendix , F igure 35 ) . 
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4 .  E f f e c t  o f  in vivo exposure to Aro c l o r  1 2 5 4  on ATPa s e  a ctivity 

ATPa s e  a c t ivity wa s dete rmined fo llowing a cute o r  sub chroni c ex­

p o s ure to  vehi c l e  o r  Aro c l o r  1 2 5 4 . I n  the f i r s t  e xperiment , m i ce  we re  

treated  o r a l ly with vehi c le o r  Aro c l o r  1254  ( 5 0 , 1 0 0 , 2 5 0 , o r  500  

mg/ kg ) and were  s a c r i f i ce d  45 min l ate r . Contro l mice  we re untreated  

and were  s a c r i ficed  a long with the trea ted g roup s . Synapto s omes  and 

mito chond ria  we re i s o l a ted  for  the ATPa s e  a s s ay .  I n  the s e cond exp e r i ­

ment , vehi cle  o r  Aro c l o r  1 25 4  ( 3 , 1 0 , o r  30  mg/ kg)  wa s admini stered  

da i ly for  1 4  days . Previous s ub chroni c exp e r iments ( e . g . spontaneous 

a c t ivity and p entob a rb i t a l - induced  s leep t ime s tudie s )  involved the u s e  

o f  do s e s  o f  30  and 1 0 0  mg/kg o f  Aro c l o r  1 2 5 4 . Lowe r d o s e s  were cho s en 

fo r this  ATPa s e  s tudy be caus e o f  the letha l i ty o f  the 1 0 0  mg/kg d os e . 

Control  mi ce , re c e iving no treatment , were  a l s o  carried  through the 1 4  

days . Twenty-·four hours a ft e r  the l a s t  trea tment , mice  were s a c ri f i c e d , 

and synapto s omes  and mito chondr i a  were  i s o l a ted  fo r the ATPa s e  a s s ays . 
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c. Re sults  

1 .  As s ay conditions and va l idation o f  the method 

a .  Dependence of ATPa s e  a ct ivity on protein concentra tion 

Determination of  ATPa s e  a c t ivity us ing the  coupled  enzyme ATP- re-

gene rating sys tem r e l i e s  on the s to i chiometry o f  the three coup le d  r e -

a ctions  a n d  the a s surance that the f i r s t  rea ction , hydrolys i s  o f  ATP , 

i s  the rate - l imit ing s tep . All  o the r fa ctors  b eing in exce s s , the 

quantity of added ATPas e  should gove rn the ob s e rved a ctivity , a ctua l ly 

the rate o f  NADH oxidation . Stated  d i ffe rently , the re shoul d be  a 

line a r  re lationship between concentration o f  p rotein ( i . e .  the amount 

of added p rote in ) and the rate of NADH oxidation  ( i . e .  change in  ab s o r -

bance (�) p e r  uni t t ime ) . And because  spe c i f i c  a c t ivity (S . A . ) o f  the 

ATPa s e s  is given as �mol P .  r e l e a s e d  per mg p rotein  per  hr , S . A .  shoul d  1 

rema in cons tant . Both o f  the s e  conditions have been met exp e r iment a l ly . 

As s een in Figure s 2 2  and 2 3 , a ddition o f  inc reas ing quant i t i e s  o f  
synapto s omal  o r  mito chondrial  protein p roduce d  a l inea r  increa s e  i n  the 

rate of NADH oxidation reported as �/min . Spe c i f i c  a ct ivity wa s then 

c a l culated  from the s e  va lues fo r e a ch p rotein  concentration and p lo t t e d  

on  the s ame graph . Whi l e  synapto s oma l ATPa s e  a ct ivity rema ined con-

s tant ove r the range o f  p ro t e in concentrations  t e s ted , thi s  wa s not  the 

c a s e  fo r the mito chond r i a l  enzyme p repa ration . Activity rema ined 
cons tant with addition of between 2 and 10 �g of p rotein  but dropped  

o f f  dramatica lly (by a lmo s t  one  ha l f )  with inc rea s e d  p rotein  (20  to  40 
�g) . Elucidation  o f  the etiolo gy o f  thi s diminution wa s not pur sued , 

and the r e f o r e , in orde r to  avo i d  any unde fined inhibitory e ffects , 

s ub s e quent exp e r iments were p e r fo rmed us ing additions  o f  mito chond r i a l  
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Figure 2 2  

Dependence o f  synapto s oma l ATP a s e s o n  p ro t e i n  concentra t i o n . Po int s 

rep re s ent the mean ± S . E .  o f  va lue s  f rom 4 s ep a rate  expe r iment s ; s am-

p I e s  were  run in t rip l i c a te within e a ch exp e r iment . Ordina te :  l e ft 

ax i s , �/min , change in  ab s o rb a n c e  ( e. ) j right a x i s , spe c i fi c  a c t ivi ty 

given a s  micromo l e s  P .  r e l e a s e d/mg p rotein/h r  ( � ) . Lea s t  s qua r � 1 

l inea r regre s s ion ana lys i s  o f  the relationship between synaptos oma l 

protein  and �/min yie l ded  a c o r r e l a tion  c o e f f i c i ent o f  0 . 9 9 4 . 
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Figure 2 3  

Dependence o f  mito chond r i a l  ATPa s e s  on p rotein  concentration . Points  

rep res ent the mean ± S . E .  o f  va lue s f rom 4 s ep a rate  exper iments ; s am­

p l e s  we re run in trip l i c a te within e a ch exp e riment . Ordinate : left  

axi s , M/min , change in ab s o rbance  per  min  ( 0 ) ; right axis , S . A . , 

spe c i f i c  activity ( � ) . Lea s t  s qua res  line a r  regre s s ion ana lys i s  o f  

the relationship between added mito chond r i a l  p rotein  and M/min yielded  

a co rrelation  coeffic ient o f  0 . 9 8 2 . 
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p rotein  in the lowe r range o f  the curve whe re a ctivi ty remea ined con-

s tant (usua l ly 8 to 1 0  �g ) . Fo r expe r iments  with the  synap tos oma l p re -
p a ration , the data reve a l e d  that  the ent i re range o f  added  p rotein  wa s 

s u i tab le . Although not shown in the s e  figure s , addition o f  la rge r 

quanti t i e s  o f  protein , e . g . greate r than 30  �g , p rodu c ed  s o  rap id a 

rate  o f  NADH oxida t i on tha t one o r  mo re o f  the re a gents we re dep l e t e d , 

i . e .  NADN oxidation cea s e d  within 1 0  min . The refo re ,  experiments typ i -

c a l ly invo lved the addition o f  p rotein  i n  the middle  range o f  the 

curve , between 8 and 10 �g  of synap tosomal  p ro te in .  

b .  E f fect  o f  ATP concentration on synaptosoma l ATPa s e  a ctivity 

As mentioned p revious ly , dete rmina tion o f  ATPa s e  a c t ivity by thi s 

coupled  enzyme system requi r e s  tha t a l l  comp onents be  in exces s  excep t  

the added  enzyme , the rate - l imiting component . Thus , i t  wa s imp ortant 

to determine a s a turation curve for  ATP , i . e .  the range of concentra -

tions  a t  which  ATP woul d be  i n  exces s .  

Medium wa s p r ep a re d  conta ining ya rious concentrations  o f  ATP , and  

the usua l p roto col  wa s emp l oye d  to dete rmine tota l synapto s oma l ATPa s e  

a ctivity a t  e a ch ATP concentration . The results  o f  the s e  exp e r iments 

can  be  i l lustra ted in  two ways . The ins e t  in  Figure  24  shows tha t  the 

enzyme d i splays s a tura tion kine t i c s , and tha t the ra te of ATP hydro ly-
s i s  rema ins constant a t  concentrat ions of ATP g re a te r than 2 �1 . A 

L ineweave r-Burk ( doub l e  re c ip roca l )  p l o t  o f  thi s data  ( shown in  the 

la rge r p o rtion of the figure ) is a nothe r method fo r i l lustra ting tha t 
the enzyme fol lows Mi cha e l i s -Menten kineti c s . Ma thema t i ca l  ana lys i s  

-5  
yields  a K o f  8 . 9 8 x 10  M and V o f  1 3 . 46 .  Ba s e d  on the s e  data , a 

m max 
concentra tion o f  4 . 5  mH ATP wa s cho s e n  fo r further s tud i e s  whi ch wa s a 



1 4 0  

Figure  24  

E f f e c t  o f  ATP concentration o f  tota l synap to s oma l ATPa s e  a c t iv i ty 

a .  L ineweaver-Burk plot . S . A . , spe c i f i c  a c tivi ty .  Po ints rep re s ent 

rec ip ro c a l  of  mean of  va lue s from 2 to 4 exp e riment s ; s amp l e s  were  run 

in  trip l i cate  within e a ch experiment . Lea s t  s qua r e s  l ine a r  regre s s i o n  

analys i s  yielded  a correlation  c o e f f i c i ent o f  0 . 9 8 0 . 

K m 
- 5  

= 8 . 9 8 x 1 0  M .  

v = 1 3 . 46 and 
max 

b .  Inset : s a turation curve fo r ATP . Points  rep res ent mean  ± S . E .  o f  

va lue s from 2 to 4 exp e r iments ; s amp l e s  we re run i n  trip l i cate  within 

e a ch exp e riment . 
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s a turation  concent ration  o f  ATP a nd the s ame one  emp loyed in the p ro -

toc o l  o f  De s a iah and H o  ( 1 9 7 7 ) . 

c .  ATPa s e  s ens itivity to ouab a i n  and o l igomycin  

The  va rious ATPa s e  enzymes  found in a t i s sue p repa ra t ion can  be  

de fined on the ba s i s  o f  ioni c requi rements a nd re sp ons e  to pha rma c o -

logical  manipulations . Under  the cond i tions app l i e d  a s  s ta te d  i n  

"Hater i a l s  and Hethods , " synap to s omal ATPa s e  a ctivity cons i s t s  o f  the 

+ + 
comb ined a ctivity o f  two enzyme s :  1 )  a Na - and K -dependent enzyme , 

+ + ++ ++ 
the Na /K -ATPa s e  and 2 )  a Hg - dependent enzyme , the r--lg -ATPa s e . The 

buffer  conta ins Na
+

, K
+

, and Hg
++ 

and p rovid e s  suitab l e  ioni c cond i ­

tions f o r  both enzyme s . Whi l e  Hg
++

-ATPa s e  a c t ivity could b e  mea sured  

by removing K
+ 

( the reby removing Na+
/K

+ -ATP a s e a c t ivity) , thi s  i s  no t 

fea s ib l e  in -this . system b e c aus e pyruvate kina s e , one o f  the enzyme s in  

h . K
+ t e regene rating sys tem , requ1 res  The a lt e rnative i s  to mea s ure  

tota l synapto s oma l ATPa s e  with all  comp onents p r e s ent in the buffe r , 

then add  ouaba in , a c ardiac  glyc o s ide and a spec i f i c  inhib i to r  o f  the 
Na

+
/K

+
-ATPa s e  ( S chwa rtz et a l . , 1 9 7 5 ) , and mea s ur e  the rema ining Hg

++
­

ATP a s e a ctivity . The a c t ivity o f  Na
+

/K
+

-ATPa s e  a c t ivity i s  obta ined by 

subtra ction . 

The mito chondria l Hg
++

-ATPa s e  i s  a l s o  a c omp o s ite  o f  s eve ra l  en-

zyme s . Thes e  enzyme s have b e en d i fined on the b a s i s  o f  the i r  s ens i t i -

vity to o l igomyc in , an  a gent tha t uncoup l e s  oxidative pho spho rylat i on 

++ 
by inhib iting mito chond r i a l  f1g -ATPa s e  (La rdy et a l . , 1 9 5 8 ) . The s e  

enzyme s a re t e rmed o l igomyc in- s ens itive and o l i gomyc in- ins ens i t ive 

Hg
++

-ATPa s e s . Be ca us e  the s e  pha rma cological  too l s  we re to be emp l oyed  

in determining the contributi on of  the va r i ous enzyme comp onent s  to the 
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t o t a l  a c tivity , it  wa s impo rtant t o  find the concentration o f  e a ch tha t 

woul d  comp letely s upp re s s  enzyme a ctivity . The refo re , a ctivity wa s 

monitored  fo llowing addition o f  incre a s ing conc entra tions o f  ouaba in to 

the synaptos oma l p repa ration and of o l i gomycin  to the mito chondrial  

p repa ration . The s e  re sults  a re i l lus trated in Figure s 25  and  26 , 

re spectively . I n  the ab s ence  o f  e ithe r inhib i to r , tota l a ctivity wa s 

mea s ured . With the addition o f  ouab a in , a concentration- dependent 

dec rea s e  in synapto s oma l ATPa s e  a c t ivity , i . e .  

was ob s e rved . Maxima l inhib ition wa s obs e rved 

+ + . . Na /K -ATPa s e  a ct1v1ty , 

with 1 0
- 4 

M ouabain , the 

rema ining a ctivi ty be ing that of the Mg
++

-ATPa s e  enzyme . A concent ra­

tion  o f  1 0
- 3 

M ouab a in wa s cho s en for  a l l  furthe r exp e r iments , a s  thi s  

concentration i s  emp loyed commonly throughout the l i te rature (e . g . , s e e  

Des a iah  and Ho , 1 9 7 7 ) . 

The data fo r o l i gomycin we re  not a s  c lea r cut . A b ipha s i c  curve 

wa s p roduced . Addition  of 1 0
- 9 , 1 0 - 8 , and 1 0 - 7  M o l i gomycin resulted  

in a concentration-dependent inhib ition o f  a c t ivity , p re sumably inh i ­

++ 
b i tion of the o l i gomyc in- s ens itive ME -ATPa s e . Howeve r ,  as the concen-

tration wa s increa s e d  to 1 ,  2 . 5 , 5 ,  and 1 0  �M o l igomyc in , a ctivity re-

turne d to control  va lue s . Thi s  curious ob s e rvation wa s unexpected  and 

is  p re s ently unexp l a ined . Although an intriguing find ing , it  wa s not 

pursued , s ince  the intent o f  the exp e r iment wa s to find the concentra -

tion o f  o l i gomycin that s howed maximal inhib itory a c t ivity , and for  

thi s purpo s e , a concentration o f  1 0
- 7 M o l i gomycin wa s cho s e n  for  

furthe r exp e r iments . 
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F i gure  25 
Concent ration- dependent e ffe c t  of ouaba in on mous e  brain synapto s oma l 

a ct ivity . C ,  contro l . S . A . , spe c i fi c  a c t ivity . Points  repres ent mean 

± S . E .  o f  va lue s from 3 exp e riment s ; s amp l e s  were run in t r ip l i c a te 

within e a ch experiment . 
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F i gure  2 6  

E ffect  o f  incre a s ing concentra tions o f  o l igomycin  on mous e b ra i n  m i t o ­

chond rial  ATPa s e  a ctivity . C ,  contro l . S . A . , spe c i f i c  a ct ivity . 

Po ints  rep re s ent mean ± S . E .  o f  va lue s  f rom 3 experiments ; s amp l e s  were  

run  in trip l icate  within e a c h  exp e r iment . 
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d .  Re sponse  o f  synap to s oma l ATPa s e s  to  c a te cho l amine s 

As a te s t  fo r e s tab l i s hing the s en s i t ivity o f  thi s  mous e b ra in 

p repa ration of  ATPa s e s , the response  to known pha rma cologi cal  agents  

was examined . As d i s cus s ed in  the introduction , it  ha s been p o s tulated  

that synap tosomal ATPa s e s  may  be  invo lved in the p ro ce s s e s  o f  neuro-

transmitte r relea s e  a nd re-uptake and  tha t a va riety o f  neurotrans -

mitte r s  s t imula te the s e  enzyme s .  Cons equent ly , NE and DA we re  cho s en 

a s  p o s it ive contro l s . 
. + + ++ NE and DA s t�mulated  both the Na /K - and Mg -

ATPa s e s  in the synaptosoma l p repa ra t i on in  a concentration- dependent 

fa s hion (Figure s 2 7  and 2 8 ) . + + 
Maxima l s t imul a tion  o f  Na /K -ATPa s e  wa s 

a chieved with 1 0
- 5 

M NE ; highe r concentrations  ( 1 0
- 4 

and 1 0
- 3 

M ) p r o -

duce d  n o  further incre a s e  in a ct iv i ty . Thi s enzyme appeared  equa l ly 

s ens itive to the e ffe cts  o f  DA , however no p l ateau e ffe ct  wa s ob s e rve d . 

Furthe rmo re i stimulation o f  a s  much a s  1 8 0% o f  control could be  p ro -

duced  with DA , whi le  a ctivity leve led  o f f  a t  about 1 6 0% o f  contro l in  

the p re s ence o f  1 0
-5 

t o  1 0
- 3 

M NE .  ++ 
The Mg -ATPa s e  wa s a l s o  s t imulated  

+ + 
by NE and DA but to a l e s s e r  extent . than the Na /K -ATPa s e . The s e  

re sults  a gree favo rably with tho s e  o f  De s a iah  and H o  ( 1 9 7 7 ) , and a s  

intended  they s e rve the function o f  ver i fying the enzymat i c  s ens itivity 

o f  thi s  synapto s oma l p repa ra tion . 

2 .  E ffect  o f  Aro c l o r  1 2 5 4  on synapt o s oma l and mito chond r i a l  ATPa s e s  

Having e s tab l i shed opt imal condit ions  fo r the enzyme s that we re  to  

be  examine d , the  e f f e c t s  o f Aro c l o r  1 254  on ATPa s e s  could  b e  a s s e s s e d . 

Aro c l o r  1 25 4  wa s p repa red in  an  E tOH veh i c l e  for  in  vitro  exp e riments . 

E tOH a l one p roduced no e ffe c t  on synap tos oma l o r  mito chond r i a l  ATPa s e s  

p rovided that a concentration o f  about 6 � M  ( co rrespond ing t o  a 1 0  � l  
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F i gure 2 7  

S timulation  o f  synapto s oma l ATPa s e s  b y  NE . C ,  c ontro l . S . A . , spe c i f i c  

a c t ivity . Tota l a ct ivity i s  the a ctivity me a s ured  i n  the ab s ence o f  

++ 
ouab a in , Mg -ATPa s e  i s  the a ctivity in the p r e s ence  o f  1 mM ouab a in , 

and Na
+

/K
+

-ATPa s e  i s  dete rmined by subtra ction . Po ints repres ent the 

mean ± S . E .  of rep l i cate  s amp l e s  (N = 3 ) . The exp e riment wa s repeated  

twi ce with s imi l a r  results . 
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Figure 2 8  

S t imul ation o f  synapto s oma l ATPa s e s  b y  DA . C ,  contro l . S , A . , spe c i f i c  

a ct ivity . Tota l a ct ivity i s  the a ctivity mea sured  in  the ab s ence o f  

ouaba in , Mg
++

-ATPa s e  i s  the a c t iv i ty i n  the p r e s ence  o f  1 mN ouab a in , 

and Na
+

/K
+

-ATPa s e  a c t ivity i s  dete rmined by s ubtra ction . Points  rep r e ­

s ent the mean ± S . E .  o f  rep l i cate  s amp l e s  e N  = 3 ) , The exp e r iment wa s 

repeated  twice  with s imilar  results . 



....-... 
1-

-C 

40 

" 30 c 
(!) ....-o 
1-
0.. 
0> 

� 
6..- 20 

« 
ui 10  

a 

1 5 1  

To ta l 

--&-_---4. M + +  
!!---� ! - 9 



1 5 2  

a l i quo t in a 3 m l  a s s ay vo lume ) wa s n o t  exceeded  (Tab l e  7 ) . Howeve r ,  a 

thre e - fo l d  incre a s e  in E tOH concentra tion ( 3 0  � l  in 3 ml a s s ay vo lume ) 

p roduced a 2 6% de c rea s e  in mito chondrial  a c t ivity , a nd a 1 2% inc re a s e  

i n  synap tosomal a ctivity wa s ob s e rved wi th -9 �M E tOH ( 1 5 �l  i n  3 ml 

a s s ay volume ) . Thus , Aro c l o r  1 2 5 4  ( o r  any othe r te s t  compounds tha t 

we re  d i s s o lved in EtOH ) could be  d e l ive red in a vo lume o f  1 0  � l  o f  

E tOH . 

Aro c l o r  1 2 5 4  had an inhib i t o ry e ffect  on  synapt o s omal and mito-

chond r i a l  ATPa s e s  (Figures  2 9  and  3 0 , respective ly ) . S eve ral  ob s e rva -

tions  can be made about the s e  data . Re ferring to  F i gure 2 9 , i t  c a n  b e  

s een  that the Na
+

/K
+

-ATPa s e  contributes  a much gre a t e r  portion o f  the 

++ 
a c t ivity to the tota l synapto s oma l a ct ivity than d o s e  the Mg -ATPa s e . 

By contra s t ,  the mitochondr i a l  Mg
++

-ATPa s e  a c t ivity i s  divided e qua l ly 

b e tween the o l igomyc in- s ens i t ive and ins ens i t ive enzymes  (Figure 3 0 ) . 

Othe r inve s tigators  have rep o rted  s imi l a r  f indings (De s a iah and Ho , 

1 9 7 7 ; De s a iah e t  a I , 1 9 7 2 ) . As for  the Aro c l o r  1 25 4  e ffect , the mito-

chondr i a l  enzyme s were an  o rde r o f  magnitude more s ens itive to this  

inhib itory e ffe ct  than  we re the s ynaptosoma l enzyme s ,  as  s hown by the 

1 C s o  va lue s g iven in Figures  29 and 30 ( app roximate ly 7 �M for  mito-

chondr i a  and  1 0 0  �M  for  synapto s ome s ) . Howeve r ,  whi l e  mito chondr i a l  

ATPa s e  a ct ivities  decrea s e d  l ine a r ly up t o  5 o r  1 0  jJ M  Aro c l o r  1 25 4 ,  
the re wa s no furthe r dep re s s ion  o f  a c t ivity a t  highe r concentra t i ons . 

The next s eve ra l exp e riments we re de s i gned to eva lua te  the e f f e c t  

o f  o ra l ly a dmini s te re d  Aro c l o r  1 2 5 4  on mou s e  b r a in ATPa s e s . I n  the 

f i r s t  experiment , mice  we re treated  a cute ly with vehi c l e  or Aro c l o r  

1 25 4  (Tab l e s  8 and 9 ) . Ana lys i s  o f  va riance  revealed  that a cute o r a l  

admini s t ration o f  Aro c l o r  1 2 5 4  had n o  e f f e c t  on any o f  the enzyme s 
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TAB L E  7 

E ffect  O f  EtOH o n  M i tochond r i a l  and  
Synap to s om a l  ATP a s e  Act i v i ty 

% Co ntro l a 

M i tochond r i a Syn al2to s ome s 

9 0  ± 3b 

9 5  ± 4 108 ± 2 

97  ± 3 105  ± 3c 

94 ± 1 112 ± 2 

74 ± 2 

a Val u e s  rep-res e n t  mean  ± S .  E .  f o r  dete rm i n a t i o n s  f rom 3 s e parate 
t i s s ue p reparat i o n s  or a s o t h e rw i s e  i nd i cate d .  Data are  exp re s s e d 
a s p e rc e n t  o f  act i v i ty o f  p a i red c o n tro l ( i n  t h e  ab s e nc e  o f  EtO H )  

b N 
= 5 

C N = 6 
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Figure  2 9  

I n  vitro e ffect  o f  Aro c l o r  1 25 4  on synapto s oma l ATPa s e s . C ,  contro l . 

E tOH , vehi cle  for  Aro c l o r  1 25 4 . Tota l a ctivity i s  the ATPa s e  a c tivity 

++ 
in the abs ence o f  ouab a in , Mg -ATPa s e  i s  the a ctivity in the p r e s ence  

o f  1 mM ouaba in , and  Na
+

/K
+

-ATPa s e  a c t ivity i s  dete rmined by  s ub t ra c -

tion . Po ints rep r e s ent the mean ± S . E .  o f  va lue s from 3 exp e r iment s ; 
s amp l e s  we re run in trip l icate within e a ch exp e r iment . Whe re S . E .  b a rs 

a re not s hown , the va lue s  l i e  within the bounds o f  the symb o l s . Lea s t  

s qua res  l inea r  regre s s ion ana lys i s  yielded  correlation coeffi c i ents o f  

0 . 7 46 7  and 0 . 7 0 8 9  and I C 5 �  va lue s o f  1 . 0 7 and 1 . 2 4 x 1 0
- 4 

M fo r Mg
++ 

and Na
+

/K
+

-ATPa s e s , respective ly . 
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Figure 3 0  

I n  vi t ro e ffect o f  Aro c l o r  1 2 5 4  on mito chond r i a l  ATPa s e s . C ,  contro l . 

E tOil , vehicle  fo r Aro c l o r  1 25 4 .  Tota l a ctivity i s  the a ctivity in the 

++ 
ab s ence of ouab a in , Mg -ATPa s e  is the a ct ivity in the p r e s ence of 1 roM 

ouab a in , and Na
+

/K
+

-ATPa s e  a ctivity i s  dete rmined by s ubtra ction . 

Points  rep res ent mean ± S . E .  o f  va lue s from 3 exp e r iment s ; s amp l e s  we re  

run in trip l i ca te wi thin e a ch exp e riment . Whe re S . E .  b a r s  a re not 

shown , the value s l i e  within the bounds  o f  the symb o l s . Lea s t  s qua res  

l inea r regre s s ion ana lys i s  o f  the line a r  p o rtion of  the curve yielded  

correlation coeffic ients  o f  0 . 9 3 5 4  and  0 . 8 4 1 0  and ICso  va lues  o f  7 . 64 

++ 
a nd 7 . 2 7 �M for o l igomyc in- s ens i t ive and ins ens i t ive Mg -ATPa s e s , 

respectively . 
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examine d . The s e c ond exp e riment invo lved a s ub chronic  dos ing regimen . 

Fo l l owing the 1 4  day regimen , Aro c lo r  1 2 5 4  ha d no e ffect  on mito chon­

d r i a l  or synapto s oma l ATPa s e s  (Tab l e s  10 and 1 1 ,  respe ctive ly)  a s  

e s tab l i shed  by ana lys i s  o f  va rianc e . 
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TAB LE  8 

Act i v i ty O f  Mo u s e  B r a i n Sy napto s o m a l  AT P a s e s  
F o l l ow i n g  Acute  O ra l  Adm i n i s t rat i o n  o f  Aroc l o r  1254 

Ilmo l P /mg  p rote i n/ h rb 

Treatme nta Tota l  --
+ + 

Na /K  - AT P a s e  
++ Mg - AT P a s e  

Co n t ro l 24 . 9 ± 1 . 5 18 . 5 ± 1 . 0 6 . 4 ± 0 . 6 

Ve h i c l e 2 9 . 4 ± 2 . 2 23 . 1  ± 1 .  9 6 . 3 ± o .  7 

Aroc l o r  1254 
5 0  mg/ kg 26 . 8  ± 7 . 7 2 0 . 8  ± 6 . 4 6 . 0 ± 1 . 3 

100  mg/ kg 28 . 7 ± 7 . 0 22 . 4  ± 5 . 9 6 . 3 ± 1 . 0 

2 5 0  mg/ kg 32 .  7 ± 7 . 7 26 . 8  ± 6 . 9 6 . 0 ± 0 . 8 

500  mg/kg 32 . 8 ± 4 . 6 26 . 1 ± 3 . 6  6 . 7 ± 1 . 1 

a M i ce  s a c r i f i ced  45  m i n a fte r treatme nt  

b Va l u e s  rep re s e nt mean  ± S . E .  o f  3 - 4 group s of  4 m i c e  eac h ; 
t i s s ue s amp l e s  from eac h g ro up  we r.e r u n  i n  t r i p l i cate 
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TAB L E  9 

Acti v i ty O f  Mo u s e  B ra i n M i toc h o n d r i a l ATP a s e s  
Fo l l ow i n g  Acute  O r a l  Adm i n i s trat i o n  o f  Aroc l o r 1254 

�mo l P i /mg p rote i n/hrb 

O l i gomyc i n - S e n s i t i ve 

Treatmenta Tota l 
++ 

Mg - AT P a s e  

C o ntro l 16 . 7  ± 1 . 2 5 . 5 ± 0 . 3 

Ve h i c l e 18 . 1 ± 1 . 1 6 . 6 ± 0 . 8 

Aroc l o r  1254 
5 0  mg/ kg 2 1 .  6 ± 1 . 8 8 . 6 ± 0 . 7 

100  mg/kg 2 1 . 1 ± 1 . 1 7 . 1 ± 1 . 4 

2 5 0  mg/kg 2 2 . 6 ± 0 . 7 7 . 2 ± 0 . 9 

5 0 0  mg/ kg 16 . 1  ± 1 . 1 6 . 1 ± 0 . 7 

a M i c e  s ac r i f i ced  45 m i n a fte r tre atme nt  

O l i gomy c i n - I n s e n s i t i ve 
++ 

Mg - AT P a s e  

11 . 2 ± 1 . 3 

11 . 5 ± 1 . 9 

13 . 0 ± 1 . 1 

14 . 0 ± 2 . 6 

15 . 4 ± 0 . 2 

10 . 0  ± 1 . 1 

b V a l u e s  repre s e n t  mean  ± S . E .  o f  3-4 g r o up s  o f  4 m i c e  e ac h ; t i s s ue 
s amp l e s  from eac h group  we re  r u n  i n  t r i p l i cate  
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TAB L E  10 
E ffect Of 14 Day Oral  Adm i n i s t rat i o n  Of Aroc l o r  1254 

On Mo u s e  B r a i n Synapto s oma l ATP a s e  Act i v i ty 

jJmo l P /mg p rote i n/ h rb 

Treatme n ta Tota l --
+ + 

Na / K  - ATPa s e  
+ +  

Mg - AT P a s e  

C o ntro l 2 3 . 8 ± 2 . 3 18 . 2  ± 2 . 1 5 . 6 ± 0 . 1 

Ve h i c l e 2 5 . 2  ± 3 . 2 2 0 . 4  ± 2 .  7 4 . 8 ± 0 . / 

Aroc l o r 1254 
3 mg/ kg 2 2 . 6 ± 1 .  9 17 . 8  ± 1 . 8 4 . 8 ± 0 . 2 

10 mg/kg 2 3 . 8  ± 1.  6 18 . 4 ± 2 . 3 5 . 4 ± 0 . 7 

30 mg/ kg 29 . 2  ± 1 .  8 23 . 3  ± 1 . 2 5 . 9 ± 0 . 6 

a M i c e  s a c r i f i ced  24 h r  afte r l as t  tre atment  

b Va l u e s  repre s e n t  mean  ± S . E .  o f  3 groups  of  4 m i ce  e ac h ; 
t i s s ue s amp l e s  from e a c h  g r o up we re r u n  i n  t r i p l i cate  
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TAB L E  11 

Effect  of 14 Day O r a l  Adm i n i s t rat i o n  O f  Aroc l o r 1254 
O n  Mo u s e  B ra i n M i toc h o n d r i a l  ATP a s e  Act i v i ty 

�mo l P i /mg p rote i n/ h rb 

O l i gomyc i n - S e n s i t i ve O l y i gomyc i n- I n s e n s i t i v e 

Treatme n ta Total  
+ +  

Mg - ATPa s e  

Co ntro l 19 . 6  ± 1 . 8 6 . 7 ± 1 . 4 

Ve h i c l e 18 . 8  ± 0 . 6 5 . 3 ± 1 . 4 

Aroc l o r  1254 
3 mg/ kg 20 . 4  ± 2 . 2 6 . 9  ± 0 . 9 

10 mg/ kg 20 . 6  ± 0 . 9 6 . 8 ± 0 . 4 

30  mg/ kg 20 . 0  ± 2 . 0 8 . 2 ± 1 . 6 

a M i c e  s a c r i f i ced  24 h r  after  l as t  treatm e n t  

b Va l u e s  rep re s e nt mean  ± S . E .  o f  3 gro ups  o f  4 m i c e  each ; 
t i s s ue s amp l e s  from each  gro up we re  r u n  i n  t r i p l i cate 

++ 
Mg - ATPa s e  

12 . 9  ± 0 . 8 

13 . 5  ± 1 . 1 

13 . 5 ± 1 . 6 

13 . 8  ± 1 . 0 

11 . 8 ± 0 . 5 
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D .  D i s cus s ion 

The reco rding spe c t rophotome t r i c  method fo r dete rmina tion o f  

ATPa s e  a ctivity us ing the coup l e d  enzyme , ATP- regene ra ting sys tem i s  

one that ha s been i n  u s e  fo r many yea r s  and ha s been  va l idated  f o r  

nume rous t i s sue p repa rations . A tho rough a n d  exhaus tive cha ra c te r i z a -

t i on o f  the sys tem and optimization o f  a s s ay cond i t ions wa s the re f o re 

unwa rranted . Rathe r ,  the purp o s e  o f  thes e  methodological  pursui t s  wa s 

to ve r i fy s e le cted  p a rameters  and to insure that the app l i cation o f  

thi s  method t o  the measurement o f  ATPa s e  a ct ivity i n  mous e b ra i n  syna p -

t o s ome s and mito chondria  wa s j us t i fied . 

The experiments d e s c r ibed  he rein lend support  for  the a s s umpt i ons  

inherent in thi s a s s ay sys tem , namely that s to i chiometry i s  ma inta ined  

( s o  that the rate  o f  ATP hydr o lys i s  i s  d i r e ctly p ropo rt iona l to the 

a s s ay end point , i . e .  the rate  of NADH oxida t i on ) and tha t the ATPa s e  

enzyme i s  the rate - l imiting s tep . While  optima l c onditions fo r only a 

few p a rameters  we re determined , the results  o f  the s e  exp e r iments we re  

suffic ient fo r the intended  purp o s e  . . The two key  exp e r iments were  

1 )  the  respons e to va rying concentrations o f  ATP and  2 )  the respons e to  

varying quantities  o f  added  p rote in .  The interp retations o f  the s e  

results , i . e .  1 )  that the enzyme d i splayed c l a s s i ca l  Mi cha e l i s -Menten 

kineti c s , 2)  tha t the sub s trate , ATP , i s  pre s ent in s a turating concen-

trations , and  3)  tha t the  added  ATPa s e  i s , in  fa c t , the  rate - l imiting 

c omponent , we re central  to val id a t i on o f  the metho d . I n  addition , the 

experimenta l ly determined K and V fo r thi s sys tem a r e  s imi l a r  to  m max 

tho s e  repo rted by D e s a iah  and Ho ( 1 9 7 7 ) for mous e brain  synap to s oma l 

ATPa s e s  i s o lated  and a s s ayed by a s imi l a r  metho d . 



1 6 4  

I n  o rder  to examine the comp onent s o f  thi s comp o s ite  enzyme sys -

tern , i t  wa s ne ce s s a ry to e s tab l i s h  s ens itivi ty to c la s s i c a l  inhib ito r s . 

Two pha rmacologi ca l p robe s  we re cho sen fo r thi s purpo s e . Ouab a in  i s  a 

spec i f i c  inhib itor  o f  the Na
+

/K
+

-ATPa s e . The maxima l ly effective i nh i -

b itory concentration ( 1  mM) found i n  the s e  exp e r iments j ;.:  cons i s tent 

with l ite rature va lue s ( e . g . , see De s a iah and Ho , 1 9 7 7 ; Schwa rtz e t  

a l . , 1 9 75 ) . Likewi s e , o l i gomycin  inhib ited  mito chond r i a l  Mg
++

-ATPa s e  

a ct ivity a s  ant i c ipated . The b ipha s i c  re spons e t o  o l igomyc in , howeve r ,  

was quite  unexpe cted  ( a c t ivity began to return to  control  l eve l s  a t  

- 7  
concentra tions l a rger  than 1 0  M ) , a s  La rdy e t  a l . ( 1 9 65 )  repo rted  a 

concentration- dependent inhib ition o f  the enzyme with concentrations  o f  

about 1 0 - 7  
to 1 0- 5  

M .  Thi s  d i s c repancy i s  unexpl a ined a t  pres ent . 

Whi l e  i t  i s  an inte res t ing ob s e rvation , no furthe r inve s tigation o f  i t s  

e t i o lo gy wa s .  pursued  a s  such a n  endeavo r wa s beyond the s cope o f  thi s 

p roj ect . Neverthe l e s s , the goa l o f  the s e  exp e r iments wa s a chieve d , 

i . e .  a concentration  o f  o l i gomycin  wa s found that could be  u s e d  to 

s e l e ct ive ly inhibi t  what is  nomina l ly de fined as  the o l i gomycin- s ens i ­

++ 
t ive component o f  the mito chond r i a l  Mg -ATPa s e . 

Fina l ly , the ATPa s e  sys tem wa s s e le cted  a s  a means o f  eva l ua ting 

neuro chemical  tox i c i ty b e cause of its p ropo s e d  r o l e  in  neurot rans -

mi s s ion . Therefore , a s  a p o s i t ive contro l for  the s en s i t ivity o f  the 

p repa ration  to a cha l lenge rep res entative of its neuro chem i c a l  r o l e , DA 

and NE were tested  for the i r  e f f e c t  on synap to s oma l ATPa s e s . Con-

s i s tent with p revious rep o rt s  in  the l ite rature , cate cho lamines  p r o ­

duced a concentration- dependent increa s e  in  synap to s oma l Na
+

/ K
+

- and 

++ 
Mg -ATPa s e s . 
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App rop riate  re spons e s  to the p o s i tive control s  wa s convinc ing 

evidence tha t the a s s ay wa s funct ioning p rop e r ly . The refo re , eva lua -

tion  o f  the e ffects  o f  Aro c l o r  1 2 5 4  on mous e b r a i n  ATPa s e s  wa s und e r -

taken . Addition o f  Aro c l o r  1 25 4  i n  vitro to i s o l a te d  mito chond ria  and 

synaptos ome s p roduced a concentra tion- dependent inhib ition  of  ATPa s e  

a c t ivity . The mito chondrial  ATPa s e s  were  more  s ens i t ive to thi s  inhib i -

tory effect  than the synapto s oma l ATPa s e s . De s a iah e t  a 1 . ( 1 9 7 2 )  a l s o  

ob s e rved s imilar  inhib itory e f fe c t s  o n  ATPa s e s  i n  f i s h  bra in homo g e -

nate s a n d  reported l C s o  values o f  6 and 5 . 2  ppm o f  Aro c l o r  1 25 4  fo r 

inhib ition o f  what they defined a s  o l i gomyc in- s ens itive and ins ens i t ive 

++ Mg -ATPa s e s . Whi l e  the s e  re sults  a re qua l i t a t ively cons i s tent with 

++ tho s e  reported  he re ( i . e .  Mg -ATPa s e s  were inhib ited  in a concentra-

tion- dependent fashion and  the o l i gomycin- s en s i tive and  ins ens i t ive 

ATPa s e s  were _ _  eq�al ly s ens i tive ) , it is imp o s s ib l e  to c omp a r e  ATPa s e  

a ctivi t i e s  o f  the i r  c rude t i s sue homogenate p repa ra t i ons  with tho s e  o f  

the purified  p reparation used  here . 

The in vivo results  a re not a s  ea s i ly exp l a ine d . Ne i the r a cute 

nor  14  day adminis tration  o f  va rious  dos e s  of Aro c l o r  1254 had any 

e ffe ct  on ATPa s e s  examine d . The s e  results  conf l i c t  with tho s e  o f  

+ + 
Na rbonne e t  a l . ( 1 9 7 8 )  who s howed a 33% increa s e  o f  Na /K -ATPa s e  f rom 

brain  homogenates  o f  rats that had re c e ived 5 0 0  ppm of Pheno c l o r  DP6  in  

the i r  d i e t  for  8 days , but  no effect  wa s ob s e rved with 1 0  or  1 0 0  ppm in  

the d iet  fo r 3 0  days . The s e  inve s tiga t o r s  d i d , howeve r ,  show a s igni f i ­

cant dec rea s e  in  Mg++-ATPa s e  i n  b r a in homogenates  from ra t s  tha t  had 

re ceived 1 0  o r  1 0 0  ppm o f  PCBs in the d iet  for  3 0  days but not  i n  tho s e  

on the . S OO  ppm regimen for  8 days . No exp lanation wa s o f fe rred  by the 

autho rs  for the i r  findings . 



1 6 6  

The disparity between p revious results  and tho s e  reported  he re c a n  

b e  a c counted fo r b y  s eve ral  factors . I t  i s  c e rt a i nly pos s ib l e  tha t a 

spe c i e s  d i ffe rence exi sts , s ince  Na rbonne et  a l  ( 1 9 7 8 )  used  ra ts  and 

the e xp e r iments repo rted here in invo lved mice . The re we re a l s o  two 

d i ffe rent comme r c i a l  PCB mixture s us e d ; Na rbonne et a 1 . ( 1 9 7 8 )  us e d  a 
French pro duct (Pheno c l o r )  whi le  the exp e r iments repo rted he re in  in-

vo lved a u . s .  p roduct (Aroc lo r ) . Phen o c l o r  DPs is  s imilar  in  c omp o s i -

t i on t o  Aro c l o r  1 260 ( IARC , 1 9 7 8 ) . Numerous inve s tigators  have repor-

ted  va rying s ens i t ivities  to PCBs  o f  differing chlo r ine content in a 

va r i e ty o f  sys tems ( s ee  Introduction ) , a fa cto r whi ch could a c count fo r 

the d i f fe rences  encounte red he re . Furthermo re , the t i s sue p repa rations 

used by Na rbonne e t  a l . ( 1 9 7 8 )  were  not the s ame as  tho s e  us e d  he re . 

S eve ra l other factors  that could  b e  inc luded he re  a re 1 )  the u s e  o f  

d i ffe rent vehicles  for  PCBs and 2 )  the s l i ghtly d i ffe rent p ro to c o l s  

used  for  admini stering PCBs , i . e .  a lthough both s tudi e s  a dmini s te r e d  

PCBs o ra l ly ,  one wa s b y  gavage a n d  the o the r b y  d i e ta ry a dmini stration . 

Thi s  latter  p o int i s  one that ha s o ften been  s ubj e c t  to  c r i t i c i sm and 

que s tion , i . e .  a more cons tant d e l ive ry o f  the compound in the d i e t  

ove r the cours e o f  the d ay may have entirely d i ffe rent e ffects  than a 

b o lus o f  compound by ora l gavage . 

Any one o r  a comb ination o f  thes e  fa c t o r s  men t i oned here could 
a ccount fo r the ob s e rved d i ffe rence s  in the in viv� e ffects  o f  PCBs , 

but mo re impo rtantly , the exp e r iment s d e s c r ib e d  he re  show in  vitro  but 

n o t  in  vivo e ffects  o f  Aro c l o r  1254  o n  ATPa s e s . S imi l a r  find ings we r e  

de s c r ib e d  in  the p revious s e c tion  (Neuro chemica l E ffects  - P a r t  A ) , 

i . e .  inhibitory e ffects  o f  Aro c l o r  1 2 5 [. on neurotransmitte r  uptake were  

found in  vitro  but no t in  vivo . Because  o f  thi s s imi l a r  re spons e , 

thi s  top i c  wi l l  be addre s s e d  in  the " General  Di s cu s s ion" tha t fol lows . 
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In  s umma ry , the exp e r iments repo rted i n  thi s  chapte r have p rovi ded 

evidence for va l idation of  the coupled  enzyme , ATP - regene rating sys tem 

method fo r determining ATPa s e  a ctivity in mous e brain  synapto s ome s a nd 

mito chondria . I t  ha s a l s o  been demons trated  that Aro c l o r  1 2 5 4  p roduced  

a concentration- dependent inhib it ion o f  the s e  ATPa s e s  i n  vitro , but no t 

in vivo , whi ch i s  cons i s tent with the p revious ly demons tra ted e f f e c t s  

on  o the r neuro chemi c a l  events . An ove ra l l  inte rp retation o f  the e ffect  

o f  Aro clor  1 2 5 4  on a l l  of  the neuro chemi c a l  p a rameters  examined i s  

re s e rved for  the " Gene ral  D i s cus s ion . " 
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VI . EXPE R I MENT 4 - D I SPOS I T I ON OF 1 4 C - P C B s  I N  V I TRO AND I N  V I VO 

A .  I nt roduction 

The d i spo s i t i on of P C B s  ha s been repo rted us ing a va riety o f  

d i ffe rent comme r c i a l  p rep a ra t i ons and individua l congeners , i n  d i ffe r -

ent specie s , and us ing various route s and duration  o f  exposure ( s ee 

I nt roduct ion - Pha rma cokineti c s ) . Howeve r ,  the re sults  o f  the beha -

viora l and neuro chemi c a l  experiments repo rted he re p rompted a more  

deta i led  ana lys i s  o f  Aro clor  1254  d i sp o s i tion with experiments des igned 

to mimi c the conditions emp l oyed for  the behavioral  and neuro chemi c a l  

exp e r iment s . The reas ons for  initia ting thi s  p roj e c t  a re a s  fo l lows . 

Aro c l o r  1 254  wa s found to dep re s s  spontaneous a c t ivity . Neuro chemi c a l  

function was a l te red b y  Aro c l o r  1 2 5 4  a dded  in  vitro  t o  i s olated  s ynap -

to s ome s and mitochondria , but in vivo a dmini s tration  had no e ffect  on 

neurotransmitter uptake o r  on ne rve termina l ATPa s e s . I t  wa s thus o f  

inte re s t  t o  determine l eve l s  o f  Aro c l o r  1 25 4  i n  b ra in a t  times  when 

spontaneous a ctivity wa s mea s ured and when neuro chemi cal pa rame t e r s  

we re eva luated . Be caus e o f  the di spa rity b e tween in vitro  and in  vivo 

e ffe cts  of Aro clor  1 2 5 4  on  neuro chemi s t ry ,  experiments were performed 

to  comp a re the l eve l s  found i n  sub c e l lula r o rgane l l e s  from b ra ins o f  

anima l s  tha t had been exp o s e d  t o  a behaviora l ly a ct ive do s e  o f  Aro c l o r  
1 25 4  to level s  taken up b y  i s o lated  synapto s omes  and mito chond r i a  i n  

vitro . I t  wa s fe l t  that  thi s s e ri e s  o f  exp e r iments would a i d  in  pro-

viding a uni fying interp retation of  the results  o f  the b ehav i o r a l  and 

neuro chemical  exp e r iment s . 
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B .  He thod s  

1 .  Hate r i a l s  

A uni formly l ab e l l e d  (U- 1 4 C )  mixture o f  PCBs  with 5 0% chl o rine by 

we i ght ( 1 4 C -PCBs , 37 mC i/mmo l ; Ame r s ham S e a rle ) wa s emp loyed for  the 

d i s p o s ition  s tudi e s . Thi s p a r t i c u l a r  r ad i o l abe l l e d  p roduc t wa s s e l e c -

t e d  b e cause  i t s  chemi c a l  comp o s i tion  i s  a c l o s e  app roxima tion  to  that 

o f  Aro c l o r  1 25 4 , i . e .  the chl o rine contents a re 5 0  and 5 4% (w/w ) , 

r e s p e c t ively , for  the 1 4C - PCBs a nd Aro c l o r  1 25 4 . Aro c l o r  1 25 4 , i t s e l f ,  

i s  not c omme r c i a l ly ava i l ab l e  i n  a ra d i o labe l l e d  f o rm . The exp e r iments 

de s c ribed  he re  i nvo lve in  vitro and in  vivo e xp o s ur e  to a mixture o f  

Aro c l o r  1 25 4  and the rad i o l ab e l l e d  p roduct , t o  whi ch the gene r a l  t e rm 

" 1 4 C -PCB s "  i s  app l i e d . 

2 .  I n  vitro" "uptake of 1 4 C-PCBs  by i s o l a te d  synapto s omes  and mito chond r i a  

Synapt o s omes  and mito chondr i a  we re i s o lated  b y  the method o f  

HcGove rn e t  a l . ( 1 9 7 3 )  a s  de s c ribed  p revious ly a nd re s uspended i n  

app rop riate  med i a  to yie l d  a t i s sue . concentration  o f  0 . 5  to  1 . 0 mg p ro -

t e in/ml . Al i quots ( 1 . 0  m l ) o f  the t i s s ue suspen s i o n  we re p r eincub a t e d  

( 2  min  f o r  synapto s ome s a n d  1 min for  mito chond r i a  in  o rde r to s imul a t e  

cond i t ions i n  p revious  neuro chem i c a l  exp e r iment s ) in  the p r e s en c e  o f  

- 6  -3  unl ab e l l e d  Aro c l o r  1254 ( 1 0  to  10  H )  s p i ked  with 0 . 5  �Ci  o f  1 4C-PCBs . 

Incubation  temp e ratur e s , a s  in the neuro chemi c a l  exp e riments , were  

370  C f o r  synapto s ome s and 300  C f o r  mito chond r i a . The  a s s ay then 

5 ++ 
p ro ceeded  a s  f o r  mito chond r i a l  4 C a  uptake (ba s a l  cond i t ions ) o r  sy-

nap to s oma l neurotransmi tte r r e l e a s e  ( in the p r e s ence  of 5 or 60  mM KC1 ) . 

Uptake wa s t e rmina ted by the addition  o f  i c e  cold  buff e r  f o l l owed  by 

centri fuga tion at 1 8 , 000  x & for 4 min . The resulting p e l l e t s  were  
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washed  once  and r e s usp ended in  d i s ti l l e d wa te r .  D i s t i l l e d  wa te r wa s 

u s e d  for  resuspens ion rather  than NaOH (whi ch wa s u s e d  in the neuro ­

chem i c a l  exp e r iment s ) to  c i rcumvent the p rob l em o f  d i s s olv ing b ound 

1 4 C - PCBs from the wa l l s  of the te s t  tub e . Suspens ions  we r e  then trans ­

fe rred  to s c inti l l a tion  via l s  conta ining 1 0  ml o f  ACS , and  the amoun t  

o f  b ound 1 4 C -PCBs wa s dete rmined b y  LSC . 

2 .  D i spo s ition o f  1 4 C - PCBs in  vivo 

The d i s tribution  of 1 4C - PCBs in  vivo wa s eva lua t e d  by m e a s u r ing 

radioa c t ivity in t i s s ue f o l l owing an oral  dose  of  500  mg/ kg . B e c a u s e  

o f  the comp l ex i ty o f  the c omme r c i a l  mixture o f  P C B s  and the i r  metab o ­

l i sm ,  only tota l r a d i o a c t ivity wa s dete rmined a nd not  the l eve l o f  in­

dividua l component s  o r  metab o l ite s .  Data  a re the r e fo r e  exp r e s s ed a s  

pmo l e quiva lents o f  PCBs a s  ca l culated  f rom tota l r a d i o a c t ivity . 

a .  Time course  o f  l eve l s  o f  1 4 C -PCBs in  b ra i n ,  l ive r ,  and pla sma 

Mi ce  were a dmin i s te re d  1 4 C -PCB� ( 7 0  � C i / 5 0 0  mg/ kg , p . o . )  a nd d e ­

c ap i tated  0 . 25 ,  0 . 5 ,  0 . 75 ,  1 ,  2 ,  4 ,  o r  8 h r  l a te r .  Trunk b lo o d  wa s 

c o l l e cted  from the c e rv i c a l  wound i n  hep a rinized  tub e s  and cent r i fug e d  

to obtain  p l a sma . Al i quots ( 5 0  � l )  o f  p l a sma we re  counted  d i r e c tly in 
10 ml of ACS . Whole  b r a in w a s  removed and a mi d - s aggi ta l cut wa s ma de . 
A p i e c e  o f  l ive r (�2 0 0  mg)  and one ha l f  brain were  d r i e d  ove rni ght and 
then oxi d iz e d  in  a Packard  Samp l e  Oxi d i z e r .  Ra d i o a c t ivi ty wa s counte d  

a s  1 4C02 i n  C a rb o s o rb and Pe rma fluor  V ( a  CO2 a b s o rb e r  and  s c in ti l l a ­

t i o n  c o ckta i l , re spe c t ive ly , s upp l i e d  b y  Packard  I n s t ruments  C o . ,  

Downe r s  Grove , IL) . 
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b .  D i s tr ibut ion o f  1 4C - PCBs in  b r a i n  regions  

As in the  above s tudy , mice  r e c e ived a do s e  o f  1 4 C - PCBs ( 7 0  � C i / 5 0 0  

mg/kg , p . o . ) and we re  s a c r i f i c e d  4 5  o r  2 hr l a te r .  P l a sma wa s ob ta ined 

a nd a l i quot s  ( 5 0  � l )  we re c ounted  in ACS . Bra in wa s remove d , p l a c e d  in 

a p l exigl a s s  ho l de r , and m i c rowave - i rradiated  fo r 7 s e c  ( 1 . 2  kW , 2 . 45 0  

GHz , Gene ra l Med i c a l  Engine e ring , Peabody , MA ) . The b ra in wa s then 

d i s s e cted into s ix regions  by the me thod of Gl owins ki  and Ive r s en 

( 1 9 6 6 ) . Afte r drying ove rnight , b ra in regions  were oxidized , a nd r a d i o ­

a c t ivity wa s c ounte d . 

c .  D i s t ribut ion o f  1 4 C -PCBs i n  s ub c e l lu l a r  fra cti ons o f  who l e  b r a in 

Mi c e  we re a dmini s te re d  1 4 C - PCBs  ( 1 40 � C i / 5 0 0  mg/kg , p . o . ) 45 o r  

1 2 0  min before  s a c ri f i c ing . P l a s ma wa s obt a ined and counte d  a s  d e ­

s c r ib e d  above . _ Sub c e l lul a r  fra c t i ona t i on o f  who l e  b ra in wa s d o n e  b y  

the comb ined method s  o f  d eRob e r t i s  e t  a l . ( 1 9 6 2 )  a n d  Mule e t  a l . ( 1 9 6 7 ) 

t o  y i e l d  the fra c t i ons  s hown i n  F i gure 3 1 . A l i quo t s  o f  e a ch f r a c t i on 

we re  taken fo r protein  d e t e rmina t i on and f o r  c ount ing in  ACS . 
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F i gure  3 1  

Cent r i fuga tion s cheme for  the s ub c e l lular  f r a c tionation  o f  who l e  b ra in . 

CM fra c tions : A ,  mye l i n  fragment s ; B ,  sma l l  fragments o f  ne rve end ings ; 

C ,  cho l ine r g i c  ne rve end ings ; D ,  non- cho l ine rgi c  ne rve endings ; E ,  f r e e  

mito chondria . C N  fra ctions : N i , l a rge mye l i n  fragments ; Nz , nuc l e i ,  

mye l i n  fra gment s , and mito chond r i a ; N3 , who l e  c e l l s , t i s sue deb r i s , and 

blood ve s s e l s . 
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C .  Re sults  

1 .  I n  vitro upt a ke o f  1 4C - PCBs  by i s o l a te d  synapto s ome s and mito chond r i a  

Synapto s omes  a n d  mito chond r i a  we re  exp o s e d  to  1 4 C -PCBs in  the s ame 

manne r a s  they we re hand l e d  for  p revious ly de s c ribed  neuro chemi c a l  ex­

p e r iments , s o  that the quant i ty of 1 4 C -PCBs a c tua l ly taken up by the 

o rgane l l e s  could b e  determine d . As  s hown i n  Tab l e  1 2 , inc rea s ing 

c oncentrations of 1 4 C - PCBs i n  the me dium p roduced a p a ra l l e l  i nc r e a s e 

in  uptake by synap to s ome s and mito chond r i a . Up take by synap to s ome s wa s 

examined unde r two conditions , i n  the r e s t i ng s tate  ( in the p r e s e n c e  o f  

5 mM KC I ) and i n  the pota s s i um- induced  d ep o l a r i z e d  s tate  ( in  the p r e ­

s en c e  o f  6 0  ruM KC I ) . Leve l s  o f  1 4 C -PCBs we re  s omewhat higher in  the 

dep o l a r iz e d  synapto s ome s . A 2 x 4 fa cto r i a l ana lys i s  of va r i a n c e  o f  

the s ynapto s oma l l eve l s  s howed a s i gni f i c ant e ff e c t  o f  1 4 C - PCB concen­

tration  (p < _ � O l ) , but  no  s i gn i f i c ant inte ra c tion  b e tween the  two 

f a c t o r s . In othe r wo rds , a p a r a l l e l  increa s e  in 1 4 C -PCB uptake wa s 

ob s e rved with i n c re a s ing 1 4 C -PCB c oncentra t i o n  und e r  both KC l cond i ­

tions , and l eve l s  we re s i gni f i c antly. h i ghe r i n  the 6 0  �1 KCl g roup than 

i n  the 5 mM KC l group . 

2 .  D i spo s ition o f  1 4 C -PCBs  i n  b ra i n , l ive r ,  and pla sma 

a .  Time cours e of l eve l s  of 1 4C - PCBs in b r a i n , l ive r , and p l a sma 

The t ime cour s e  of the b r a i n  and p l a sma l eve l s  of ra d i o a c tivity 

fo l l owing a s ingl e  o r a l  d o s e  o f  1 4 C -PCBs i s  s hown in F i gure 32 . B o th 

b r a i n  a nd p l a sm l eve l s  increa s e d  b e bveen 1 5  min  and 2 hr . Max imum 

l eve l s  were a tta ined in 2 a nd 4 h r  fo r p l a sma and b ra in , r e s p e c t ive ly . 

Leve l s  rema ined cons tant in p l a sma , but tho s e  i n  b ra i n  began to d e c l ine  

by 8 hr . I t  i s  imp o rtant to  note tha t the s e  leve l s  co rre spond to  tota l 
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TAB LE  12 

Upta ke of 14C - P C B s  by I s o l ated  
Synapto somes  and  M i toc h o n d r i a 

pmo l eq u i va l e nt s /mg p rote i n a 

Syn apto s om e s  

5mM KC l 

14 ± 1 

186 ± 15 

3 281 ± 182 

27 , 304 ± 1073 

6 0m�1 KC l 

19 ± 1 

264 ± 7 

3811 ± 340 

2 9 , 896 ± 752 

a Va l u e s  rep.re_s � nt mean  ± S .  E .  eN = 6 )  

b Mo l ar conce ntrat i o n  

M i toc h o n d r i a 

2 0  ± 1 

221  ± 6 

3538 ± 2 5 4  

2 9 , 198 ± 9 1 1  
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F i gure  32  

T i m e  cour s e  o f  l eve l s  o f  ra d i o a c t ivity in  b r a i n  and p l a sma fo l l owing a 

s ingle  o r a l  d o s e  o f  1 4C - PCBs ( 5 0 0  mg/ kg ) . Ab s c i s s a , time a ft e r  a d ­

mini s t ration o f  1 4C - PCBs . Ordinate : l e f t  axi s , b ra i n  leve l s  (�) ; 

r i ght a x i s , p l a sma l eve l s  (�) . Va lue s rep re s ent mean ± S . E .  fo r 

d e t e rmina t i ons from 3 mice . 
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F i gure 3 3  

Time cours e o f  l eve l s  o f  r a d i o a c t ivity i n  l ive r and b ra in fo l lowing a 

s ingl e  o r a l  do s e  o f  1 4 C - PCBs ( 5 0 0  mg/ kg ) . Ab s c i s s a , time a ft e r  a d ­

min i s t ra tion o f  1 4 C - PCBs . Va lues  rep re s ent mean ± S . E .  f o r  dete rmina ­

tions  f rom 3 m i c e . Whe re  no S . E .  b a r s  a re s hown , the va lue s l i e  w i thin  

the  b ounds o f  the symb o l . 
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a c t iv i ty and may re f l e c t  the s um o f  p a rent c ompound s and metabo l i te s . 

A s im i l a r  pattern o f  l eve l s  o f  radioa c t iv i ty in l ive r i s  i l lus ­

trated  by F i gure 33 . As wa s s e e n  in b ra i n  and p l a sma , l eve l s  inc r e a s e d  

b e tween 1 5  min and 2 h r  a t  whi ch p o int they l eve l e d  o f f . Like b r a i n , 

leve l s  i n  l ive r b e gan to de c l ine by 8 h r . Al s o  s hown in thi s  f i gu r e  

a re b ra in leve l s  p l o tted  in uni t s  o f  pmo l/mg t i s sue  re c a l culated  f rom 

the  va lue s in  Figure 3 2  (which  we re  exp re s s e d  as  pmo l /mg p rotein  fo r 

purp o s e s  o f  comp a r i s on to  the in  vitro data ) in o rd e r to c omp a r e  b ra i n  

l eve l s  to  l ive r l eve l s . Thi s c omp a r i s on , whi l e  reiterating the p a t t e rn 

o f  l eve l s  ob s e rved ove r t ime , a l s o  p o ints out anothe r imp o rtant f e a tu r e , 

i . e .  l eve l s  in l ive r inc rea s ed mo re rap i d ly than tho s e  in b ra in and the 

maximum leve l s  a chieved in  l ive r we re  highe r ( about 4 - fo l d )  than in  

b r a in . 

b .  D i s t ribution o f  1 4 C -PCBs in  b ra in regions  

From the above results  and f rom p r evious  s tudi e s , two t ime p o ints  

we re  cho s en fo r b ra in region  and s UQ c e l lu l a r  d i s t r ibution s tudi e s . At  

both 45  and 1 2 0  min , Aro c l o r  1 25 4 p ro duc e d  a s igni f i cant d e c re a s e  in  

spontaneous lo como t e r  a c t ivity with the  greate s t  d i f fe rence  b e tween 

t r e a tment and cont r o l  noted a t  45 min a ft e r  t r e a tment ( s ee  Exp e r iment 1 ) . 

Furthe rmo re , maxima l enhancement o f  p entob a rb i t a l - induced  s le ep t ime 

w a s  p roduced  by Aro c lo r  1 254 g iven 2 hr  p r i o r  to  p entoba rb i t a l  ( s ee 

Exp e r iment 2 ) . 

The d i s tributi on o f  1 4 C -PCBs  in  b ra i n  r e g i ons  f o l l owing a s ingl e  

o r a l  do s e  i s  g iven i n  Tab l e  1 3 . A s  exp e c te d , l eve l s  were  highe r a t  2 

hr  than a t  45 min , howeve r none o f  the b ra i n  regions  s p e c i fi c a l ly 

a c cumulated  1 4C - PCBs , i . e .  radi o a c t ivity wa s d i s tr ibuted uni f o rmly 

throughout all  s ix b ra i n  regions . P l a sma l eve l s  from the s e  anima l s  



B ra i n Regi o n  

C e reb e l l um 

Medu l l a- Po n s  

M i dbra i n 

H i ppo camp u s  

S t r i atum 

C o rtex 

a Mean ± S .  E . 

b N = 4 

C N 
= 

3 

1 8 2  

TAB LE  13  

D i s t r i b u t i o n  o f  14C- P C B s  i n  
Mo u s e  B ra i n Reg i o n s  

pmo l /mg p rote i na 

45  
. b m l n 120 m i n c 

9 0 0  ± 80  2 , 023 ± 351  

943 ± 105  2 , 37 0  ± 646  

958 ± 131 2 , 2 11 ± 119 

941 ± 9 0  1 , 682 ± 2 0 4  

720 ± 5 1  1 , 478 ± 245 

856 ± 2 9  1 , 989 ± 3 0 9  



1 83 

we re 3 0  ± 2 and (,6  1 6 nmo l/ml f o r  the 45 m i n  and 2 hr t ime p o ints , 

r e sp e c t ively . 

c .  D i s tribution � f  ___ � 4 C - PCBs in s ub c e llul a r  f r a c t i ons o f  who l e  b ra in 

Sub c e l lu l a r  d is��etermined 45 or 120 mi_ n d ft e r  a d -

mini s t ration  o f  1 4 C -PCBs (Tab l e s  1 4 , 1 5 , Of p a r t i cula r in-

tere s t  a re the  l eve l s  found in  mito chondr i a  ( f ra c t i o n  E)  a nd synap to�--
� 

s omes  ( fra ctions C and D ) , s ince  they a re c omp a r ab l e  to l eve l s  t a ken up 

by i s o l a ted  synap to s ome s and mito chondria  i n  vitro  (Tab l e  1 2 ) . The 

s igni f i cance o f  the s e  f indings wi l l  be d i s cus s e d  b e l ow . I t  m i ght a l s o  

b e  po inted out that the l a rge s t  p ropo rt i o n  o f  tota l radi o a c t iv i ty wa s 

found in  mye l in , synapto s ome s , and mi c r o s ome s ( 2 5 , 2 1 , and  27%  o f  t o t a l 

ra d i o a c t ivit y , re sp e c t ively , a t  45 min and 32 , 2 1 , and 3 1 %  a t  2 h r ) . 

Although l evel s _ in the c rude nuc l e a r  s ub fr a c t ions (Tab l e  1 6 )  app e a r  

rathe r h i gh , they a re a rt i f i c i a l ly inflated  b y  the c a l cu l a t i o n  o f  the s e  

va lues  whi ch invo lve s d ividing tota l pmo l e qu iva lents i n  the s ub fra c -

tion  by the p ro t e i n  c ontent , whi ch f o r  the s e  s ub f ra c t i on s  i s  qui t e  low . 

I n  a ctua l i ty ,  l e s s  than 1 0% o f  the tot a l  r a d i o a c t ivity i n  b ra i n  wa s 

a s s o c ia te d  with the c omb ine d c rude nuc l e a r  f ra c t i o n . P l a sma l eve l s  f o r  

the s e  group s  o f  anima l s  we re 46  ± 7 and 9 8  ± 8 nmo l/ml  f o r  the 45  min  

a n d  2 hr t ime points , respe c t ively . 
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TAB L E  14 

D i s t r i b u t i o n  of 14C- P C B s  i n  S u b c e l l u l ar 
F ract i on s  o f  Mo u s e  B ra i n 

pmo l /mg t . a p ro e l n 

F ract i o n  4 5  m i  n .  120 

Homo g e n ate 557 ± 143 1 , 640 

Crude  N u c l ear  2 0 1  ± 34 774 

Crude  M i tochondr i a l  601  ± 88 1 , 991  

M i c ro s oma l  897  ± 104 2 , 049 

S u p e r n atant  47 ± 16 192 

a Mea n  ± S .  L - fo r  determ i nat i o n s  f rom 3 m i c e  

m i n .  

± 247 

± 3 9  

± 1 2 8  
± 273  

± 24 
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D -

E -

185  

TAB LE  15  

D i s t r i b u t i o n  o f  14C- P C B s  i n  C rude  M i tochond r i a l  
S u b f rac t i o n s  o f  Mo u s e  B r a i n 

pmo l /mg t 
. a p ro e l n 

F ract i o n  45 mi  n .  120  mi  n .  

Mye l i n  2 , 5 3 0  ± 276 5 , 563  ± 241 

Memb ran e s  1 , 26 7  ± 70  3 , 078 ± 478 

C h o l i n e rg i c 876 ± 118 2 , 712 ± 672  

N o n - C ho l i n e rg i c 7 78 ± 148 2 , 10 9  ± 227  

F re e  M i toc h o n d r i a 416 ± 6 3  814 ± 130 

a Mean ± S . E .  for  dete rm i nat i o n s  from 3 m i c e  
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TAB LE  16 

D i s t r i b u t i o n  o f  
14C- P C B s  i n  Crude N uc l e a r  

S u b fract i o n s  o f  Mo u s e  B r a i n 

1 / t 
. a pmo mg pro  e l n 

45  m i n .  

1 , 981 ± 2 3 0  

1 , 230  ± 143 

775 ± 7 3  

1 2 0  m i n .  

3 , 06 0  ± 366  

2 , 202  ± 485 

1 , 70 0  ± 157 

b Refer  to  F i g u re 31 for de s c r i pt i o n  of t he s e  s ub fract i o n s  
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D .  D i s cus s ion 

The results  of  the s tudy o f  the d i spo s i tion  of  1 4C - PCBs reve a l e d  

s eve ra l impo rtant f a c t o r s  rega rding 1 4 C - PCB ab s o rption  and d i s tribu­

tion . F o l l owing a s ingl e  o r a l  d o s e , 1 4 _PCBs  we re  r e a d i ly ab s o rbed  f rom 

the GI  t ra c t  as s e e n  from the leve l s  in p l a s ma a t  15  min and the rap i d  

inc rea s e  i n  l eve l s  between 15  m i n  and 2 hr . T i s s ue d i s t ribution a l s o  

f o l lows a s im i l a r  pa tte rn , a l though the rate  o f  entry into b r a i n  may b e  

s omewha t s l owe r tha t tha t o f  l ive r . Becaus e 1 4 C -PCBs  we re g iven o ra l ly ,  

rap id  d i s tribution to  the l ive r and the r e s u l t ing high leve l s  o f  1 4 C _  

PCBs may b e  a c counted f o r  b y  the pe rfus ion o f  the l ive r b y  the p o rta l 

c i rculation . The s lowe r rate  o f  ab s o rption  by the b r a i n  may s imp ly b e  

a r e s u l t  o f  a f i r s t  p a s s  e ff e c t , i . e .  a l a rge p ropo rtion  o f  1 4C -PCBs  

may have been  c l e a re d  from the c i rculation o n  the f i r s t  p a s s  through 

the l ive r . In .  e i the r c a s e , i t  is obvious that the l ip i d  content o f  

b o th b ra in and l ive r fa c i l itates  t i s s ue uptake o f  the s e  highly l ip o ­

p hi l i c  comp ounds . 

The exp e r iment invo lving b r a in .re giona l d i s tribution  o f  1 4C - PCBs 

wa s cho s en , i n  p a rt , as  a s c reening method . ·  To  exp la in furthe r ,  the 

only b ehavio ra l  e f f e c t  of Aro c l o r  1 25 4  a dmini s tration that wa s dete c te d  

wa s the dep re s s ion  o f  spontaneous a ct iv i ty . Thus , i f  1 4 C - PCBs  we r e  

d i s t r ibute d sp e c i f i c a l ly to one o r  more b r a i n  regions , a d i re ction  fo r 

furthe r s tudi e s  may have b e en ind i c a ted . S e e n  f rom another viewp o int , 

a d i f f e re nt i a l  d i s t ribut ion o f  1 4 C -PCBs  i n  b r a i n  may have p rovi d e d  s ome 

ba s i s  for  c o r r e l a ting the dep re s s ed spontaneous a ctivity with a pha rma ­

cokine t i c  e ffect . Howeve r ,  the s e  hyp o the s e s  we re not b o rne out by the 

d a ta , as  1 4 C - PCBs  we re d i s tr ibuted  evenly throughout b r a i n . 
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The d i s t r ibution s tud i e s  rep o rted he re have s ome b e a r ing on p r e ­

vious  exp e r iments , p a r t i cu1a ry a s  conce rns the b ehavi o r a l  s tud i e s .  The 

time course  of b ehavi o r a l  a c t ivity , i . e . , the ob s e rved d e c r e a s e  in 

spontaneous a ctivi ty , ind i c a t e s  a rap i d  ons e t  with s i gni f i cant depre s ­

s io n  o f  spontaneous a c t ivity app e a ring by 1 5  min and rema i ning up t o  3 

hr . Howeve r ,  b r a in l eve l s  increa s e d  up to 4 h r  and rema ined  h i gh unt i l  

8 h r . The l a c k  o f  c o r re l a t i on b e tween b ra in l eve l s  and  b ehavi o r a l  

e ff e c t s  i s  di ffi cult to re s o lve , but s eve ra l e xp l anat ions may b e  o f f e r ­

e d . I t  i s  p o s s ib l e  that maxima l e ffects  on a c t iv i ty o c curred  w i th 

i ni t i a l  concentrations  o f  1 4 C - PCBs in b ra i n  ( i . e . , tho s e  l eve l s  app e a r ­

ing a t  the ea rly t ime po ints ) o r  tha t t o l e rance  to the e ffe c t  deve l op e d  

rap i d ly such tha t  n o  furthe r dep re s s ion o f  a ct iv i ty o c curred  d e s p i t e  

i nc r e a s ed brain  leve l s . A n  a lt e rna t ive explanation  m a y  contribute to  

thi s  ob s e rvation a s  wel l  a s  a c c ount f o r  the re turn of  a ct iv i ty to  

cont r o l  va lue s by  8 hr . Al though l eve l s  o f  rad i o a c tivity i n  b r a in 

rema ined a t  a plateau  a t  8 h r , the s e  va lue s may re f l e c t  l eve l s  o f  

ina c t ive metabo l it e s  i n  a d d i t i on t o  p a rent c ompound , s in c e  the na ture 

of the l ab e l l e d  c ompound do s e  not p e rmit  d i fferent i a tion  of indiv i dua l 

c omponents but only dete rmina t i on o f  tota l r a d i o a ct ivity . I f  thi s  i s  

t rue , i t  may a c count f o r  the l o s s  of e f f e c t  by 8 h r . 

Th e co rre l a t i o n  be tween 1 4C-PCB d i spo s i t ion and n e u ro chemi c a l  

e ffe c t s  wa s a l s o  inve s tigated  i n  the s e  exp e riment s . Although the 

e f f e c t s  of Aro c 1 0 r  1 254  on neuro chemi s t ry i n  vitro  we r e  found t o  b e  

concentra t i on- dependent , the re  wa s s ome conce rn ove r the s pe c i fi c i ty 

and  r e leva nce  o f  the s e  chang e s  i n  view o f  the h i gh concentr a t i on s  

emp loye d . The data  on 1 4 C -PCB d i sp o s i tion may he lp  to j us t i fy the s e  
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concent r a t i on s . 1 4 C - PCBs , a dded to the me dium in  concent rations  tha t 

a l t e re d  neurochemi s try in vitro , we re taken up by i s o l a te d  b ra in mito ­

chond r i a  a nd synapto s ome s .  T i s s ue leve l s  p a r a l l e l e d  both concent ra t i o n  

a n d  e f f e c t  on neurochem i c a l  p a ramet e r s  ( e . g . , d e c r e a s e d  up take a n d  �n­

c re a s ed relea s e  of neuro transmitte r s ) . I t  wa s s omewhat s u rp r i s ing to 

s e e  the sma l l , but s igni f i cant , increa s e  i n  synap to s oma l l eve l s  o f  

1 4 C - PCBs  i n  the p o ta s s ium- induced  dep o l a r i z e d  s ta t e . Thi s  might b e  

e xp l a ined b y  cons ide ring the events tha t fo l l ow ne rve te rmina l depo l a r ­

ization . The configurations  o f  proteins  within the l ip i d  matrix o f  the 

ne rve c e l l  memb rane a re s ens i t ive to  change s i n  memb rane potentia l .  

The mo l e cular  mechanism  o f  ion  flux a c ro s s  c e l l  memb rane s l i e s  in  

confo rmat i ona l shi fts  o f  the s e  p r o t e in- l i p i d  inte r a c tions  to change the  

p o s i tion of  the s e  ion  "gate s "  (Hi l l e , 1 9 7 6 ) . Thi s change in  the  m i c ro -­

e nv i ronment .o f. the memb rane during conditions  s imula ting dep o l a r i z a t io n  

( i . e . , 6 0  ruM KC I buffe r )  may e xp l a in the incre a s ed l eve l s  o f  1 4 C - PCB s 

in dep o l a r ized  synapt o s ome s . Whi l e  pure ly conj e c tura l ,  thi s infe rence  

may b e  made from the  wo r k  of  Sharom and  Me l l o r s  ( 1 9 8 0 )  who demon s t r a t e d  

a r e l a tionship between PCB toxi c i ty a n d  mo l a r  vo lume , a p a rament e r  

who s e  c a l culation includes  t h e  concentration o f  t h e  chemi c a l  in  the 

l ip i d  b i opha s e  of the s y s t em . I n  o the r wo rds , many o f  the b i o l o g i c a l  

e ff e c t s  o f  PCBs  may b e  due t o  a phys i c a l  tox i c i ty , i . e .  the i r  ab i l i ty 

to penetrate  and concentrate in  c e l l  memb rane s ,  tha t r e l a t e s  to the i r  

l i p i d  s o lub i l i ty .  Thus , chang e s  i n  memb rane confi gurat i o n  i n  re spons e 

to  ne rve t e rmina l depola r i z a t i on may imp rove PCB up take by ma s king 

hyd rophi l i c  regions  o f  the memb rane . Although th i s  may o f f e r  an ex­

p lana t ion fo r the  d i sp o s i tion data , the  inc rea s e d  l eve l s  o f  1 4 C -PCBs i n  

d ep o l a r i z e d  synapto s ome s do  not c o r re l a te with the b i o chemi c a l  e ffe c t s . 
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As ide  f rom s e rotonin relea s e , Aro c l o r  1 254  ha d n o  e f f e c t  o n  dep o l a r i -

z a t i o n - evoked re l e a s e  o f  neurotransmitte rs  o r  dep o l a r i z a tion- indu c e d  

synapt o s omal  4 5Ca
++ 

influx . The inte rp re ta t i on o f  the s e  bio chemi c a l  

ob s e rva tions  w i l l  b e  a d d re s s ed i n  the Gene ra l D i s cus s ion . 

The rel evance o f  the data  from the in  vitro  study o f  the up ta ke o f  

1 4 C -PCBs be come s appa rent when  comp a re d  to the i n  vivo data . An o ra l  

do s e  o f  1 4 C -PCBs tha t dep re s s ed spontaneous a ct ivity y i e lded  l eve l s  i n  

s ub c e l lu l a r  fra ctions  o f  b r a in that we re comp a rab l e  to tho s e  ta ken b y  

i s o l a ted  o rgane l l e s  incubated  w i t h  1 4 C -PCBs  a t  c oncentrations 

( 1 0
-5 t o  1 0

- 4 M)  tha t a ltered  neurotransmitte r function  in  vitro . 

Furthe rmo re , the time cours e s tudy (Figure 33 ) s hows tha t leve l s  o f  

1 4 C -PCBs i n  b r a in ranged f rom 1 5 0  t o  3000  pmo l /mg p ro t e i n  a t  time s when 

Aro c l o r  1 25 4  wa s found t o  b e  behavi o ra l ly a c t ive , and the s e  va lue s were  

a l s o  comp a ra.b_l�  .. to t i s s ue l eve l s  t a ken up by i s o l a t e d  mi to chond r i a  and 

synapt o s ome s that were  incubated  with 1 4 C - PCBs  in vitro . The s e  i n  vivo 

d i s p o s i t i on s tud i e s  thus offer  a j us ti f i c a t i on f o r  the concent r a t i ons 

of  Aro c l o r  1254 emp loyed in the in vitro  neuro chem i c a l  s tud ie s .  

Whi l e  the above d i s cus s ion  exp l a in s  the in vitro  data , it  d o e s  not 

a c count f o r  the l a c k  o f  neuro chem i c a l  e ffects  fo l l owing o r a l  admini -

s tration  o f  Aro c l o r  1 25 4  e i the r a cute ly o r  chroni c a l ly .  I t  would  

app e a r  from the s e  d i s p o s ition data  that  o r a l ly a dmini s te re d  1 4 C - PC B s  

a re ab l e  to  ente r the c e l l  a n d  a c c umulate  i n  s ub c e l lu la r  o rgane l l e s  a t  

concentrations e f f e c t ive in  a l t e r ing neuro chem i s t ry in vitro . Although 

one of the l imitati ons  of s ub c e l lula r  d i s t r ibution s tud i e s  l i e s  in  the 

fa c t  that redi s t ribution of the labe l l ed c ompound may o c cur during the 

f r a c tiona t i o n  p r o c e s s ,  the  p o s s ib i l i ty rema ins  tha t the results  of  the  

sub c e l lu la r  d i s tribution  s tudy a c cura t e ly re f l e c t  d i s tribution o f  
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1 4 C -PCBs  in vivo , tha t suffi c i ent l eve l s  o f  1 4 C - PC B s  o c cur  in b ra i n , 

but tha t compens a to ry me chani sma in the inta c t  a nima l p r e c lude the 

mani fe s tation  of any neuro chem i c a l changes  tha t would o c cur  in vitro . 

Thi s  i s sue will  b e  g iven furthe r a ttention in the Gene ra l D i s cus s i o n . 



VI I .  GENERAL D I S CUSS I ON 

1 9 2  

Be caus e e a ch o f  the p revious chap t e r s  inc luded i t s  own d i s cus s i o n , 

thi s s e c t ion w i l l  e l ab o rate  on  p revious ly ment ioned gene r a l  top i c s  and 

attempt to mo l d  wha t may app e a r  at f i r s t  glance  t o  b e  fragments o f  

i d e a s  into a uni f i e d  concep t . F o r  the s a ke o f  de fining a framewo rk f o r  

d i s cus s ion , the f o l lowing b r o a d  top i c s  wi l l  b e  addre s s ed : 1 )  the a s s o ­

c ia t i o n  between the behavio ra l  and neuro chemi c a l  data , 2 )  a more  gene ­

ra l ove rvi ew o f  the int e r r e l a t i onships  o f  the neuro chem i c a l  pa ramete r s  

a ltered  b y  Aro c l o r  1 2 5 4 , a n d  3 )  a n  exp la na t i o n  o f  the d i sp a r i ty o f  

e f fe c t s  f o l l owing in vitro  vs . i n  vivo exp o sure  to  Aro c l o r  1 2 5 4 . 

As d i s cus s e d  p revious ly ( s e e  Exp e riment 3 ) , the re  i s  p re cedence  i n  

the l i te ra ture for  c o r r e l a ting neurotransmi tte r function with b ehavi o r . 

From the results  o f  the exp eriments d e s c r ib e d  he r e i n , an  a s s o c ia t i o n  

b e tween the ?e��o chemi c a l  a l t e ra t i ons p roduced  by Aro c lo r  1 25 4  in v i t r o  

a n d  t h e  dep re s s ion o f  spontaneous l o c omoto r a ct ivity m a y  b e  sugge s t e d . 

A review o f  the invo lvement o f  neurotransmitte r s  in  sp ontaneous l o c o ­

mot o r  a ct ivity i s  given b y  S e i den a n d  Dykstra  ( 1 9 7 7 ) . To su�na rize  

b r i e f ly , DA  app e a r s  to  b e  the  p r ima ry neurot ransmitte r invo lved in 

regula ting l o c omo t o r  a ctivity ,  but NE p robably p l ays a modu l a t o ry r o l e . 

I n  gene ra l , any manipulation  tha t dep l e t e s  c a te cho l amine s i n  b r a i n  w i l l  

a l s o  reduce spontaneous a ctivity . The opp o s ite  e ff e c t , s timu l a t i o n  o f  

a c t ivity , i s  b e s t  exemp l i f i e d  b y  amphetamine . I ts s t imul ant e f f e c t s  

are  p robab ly a c c ounte d  for  b y  r e l e a s e  o f  c a t e cholamine s . Thus , i t  i s  

p o s s ib l e  tha t the s l ight s t imula t i on o f  a c t iv i ty ob s e rved with l ow 

d o s e s  o f  Aro c l o r  1 25 4  may b e  due t o  neuro t r ansmi tte r rele a s e . C onve r s e ­

ly , the p r o found dep re s s i o n  o f  a c t ivity ob s e rved f o l l owing exp o sure  t o  

the 5 0 0  mg/kg do s e  o f  Aro c l o r  1 25 4  i s  s omewha t p a radox i c a l  i f  o n e  we r e  
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t o  u s e  the above a rgume nt o f  neur o t ransmi tte r r e l e a s e . Neve r the l e s s , 

i f  hi ghe r d o s e s  o f  A ro c l o r  1 25 4  dep l e t e  neu r o t r a n s m i tte r s t o r e s  by 

p ro l onged relea s e , thi s c o u l d  a c count f o r  supp re s s ion o f  a ctivity .  

Looking now a t  the neuro chem i c a l  data  a l one , s eve r a l  inte rp re t a ­

t i on s  can  be  d r awn . As  d i s c us s e d  in the i nt r o d u c t i o n  to Exp e r iment 3 ,  

ATPa s e s  have b e en imp l i c a t e d  in a r e gul a t o ry r o l e  in neur o t r a n s m i t t e r 

r e l e a s e  and reup ta k e . Taking thi s into a c count , a l l  o f  the neuro chem i -

c a l  e f f e c t s  p roduced by A ro c l o r  1 25 4  in v i t r o , i . e .  inhib i t i o n  o f  

Na
+

K/
+

- ATPa s e , s t imul a t i o n  o f  neuro t r a n sm i t t e r r e l e a s e , a n d  i nhib i t i o n  

o f  neurot ransmi tte r r e - up take , m i ght b e  d r awn into one p i c ture . As 

d i s cu s s e d p revious ly , agents that inhib it  t h e  Na
+

/K
+

- ATPa s e  a l s o  p r o ­

d u c e  a n  i n c re a s e  i n  neuro t r a n sm i t t e r relea s e  ( s ee Vizi , 1 9 7 8 ) . L i ke ­

wi s e , inhib i t i o n  o f  the Na
+

/K
+

-ATPa s e  ha s been l inked to a n  inhib i t i on 

o f  neuro t ransm i t t e r  re - up ta ke (Bogdanski  et a l . ,  1 9 6 8 ; Pra ka s h e t  a l . ,  

1 9 7 3 ; Ti s s a ri e t  a l . ,  1 9 69 ) . The e f f e c t s  o f  A r o c l o r  1 2 5 4  o n  neur o ­

t r ansmitte r r e l e a s e  a n d  r e - up t a ke c o u l d  be  d r awn t o g e the r b y  imp l i ­

c a t ing the i nhib i t o ry e f f e c t  o f  Aro �l o r  1 2 5 4  on synaptos oma l Na
+

/K
+

­

ATPa s e , a s  s ugge s te d  by the re s u l t s  o f  the above mentioned l i t e r a tu r e  

rep o r t s . I f  s o , thi s  would e xp l a i n the l a c k  o f  C a
++

- depend e n c e  i n  the 

enha n c e d  neurotransmitte r r e l e a s e  tha t is s ugge s te d  (but n o t  ne c e ­

s s a r i ly p r oven) b y  the r e s u l t s  o f  the Ca
++ 

s tudi e s  rep o r t e d  he r e  a nd 

would b e  cons i s tent with the s ugge s t i o n  o f  V i z i  ( 1 9 7 8 )  tha t the Na+/K+­

ATPa s e  p l ays a ro l e  in r e l e a s e  tha t f o l l ows the dep o l a r i z a t i on- evo ke d  

i n f lux o f  C a
++ . 

The e f f e c t s  o f  A ro c l o r  1 2 5 4  on Ca
++ 

f l ux might a l s o  b e  a s s o c i a te d  

w i th ATPa s e  inhib iton . Inhib ition  o f  the Na
+

/K
+

-ATP a s e  r e s u l t s  i n  

a c cumu l a t i o n  o f  Na
+ w i thin the ne rve ending , s i n c e  i t  the n c a nno t b e  
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pump e d  out . + + Thi s inc r ea s e  in [ Na ] . could  t r i g g e r  the Na I C a  - exchange 1 

me chani sm , whi ch i s  s ens i t ive to [ Na ] . (Bake r , 1 9 7 2 ) , a nd the reby 
1 

s t imu l a te Ca
++ 

influx . Only a mod e s t  inc re a s e  i n  synap t o s oma l Ca
++ 

infl ux wa s ob s e rved with Aro c l o r  1 25 4 . Al though thi s  might be  a c c ount -

e d  fo r by ATPa s e  inhib it i on , the sma l l  degree  o f  change may b e  due to  

the tremendous capa c i ty of  ne rve s to regul a te the i r  [ C a
++

] .  (Blaus t e i n  1 

e t a l . , 1 9 8 0 ) . 

From anothe r viewpo int , the ob s e rved incre a s e  in neurotransmitte r 

++ r e le a s e  may , in f a c t , be due to  incre a s ed intra c e l lu l a r  r Ca ] ,  but not 

ne c e s s a ri ly f rom a n  extra c e l lul a r  s ource . The p revious d i s cu s s ion  

p o inted to a C a++- independent me chanism  based  o n  the  sma l l  degree  o f  

synapto s oma l C a
++ 

influx , the l a c k  o f  c o rr e l a tion  o f  concentrations  

wi th tho s e  that increa s e d  transmitte r r e l ea s e , and s t imula t i o n  of  

mito chond r i a J. C�
++ 

uptake , a n  e ff e c t  tha t  would opp o s e  any increa s e  in 

synapto s oma l Ca
++ 

influx and would reduce [ Ca
++

] . .  The a l te rnat ive i s  1 

tha t re l e a s e  could o c cur by a C a
++

- dependent me chanism  and that the 

s ou r c e  o f  thi s Ca
++ 

may be intra synap to s oma l . As  ment ioned p revious ly , 

Ca
++ 

buffe r ing i s  a c omp l e x  p r o ce s s  and invo lve s a numb e r  o f  int r a -

c e l lula r  o rgane l le s . 
++ 

It is p o s s ib l e  tha t C a  may b e  re l e a s e d  from a n  

int ra c e l lula r depot  upon exp o s ure  o f  the synap to s om e s  to  Aro c l o r  1 2 5 4  

a nd tha t thi s  e l eva t i o n  o f  [ Ca ++ ] . triggers  neurotransmi tte r r e l ea s e . 1 

Thus , e a ch o f  the ob s e rved e ff e c t s  o f  Aro c l o r  1 2 5 4  on neuro chem i -

s t ry might be  a c counte d  f o r  b y  cons i d e r ing the comp le x  int e r r e l a t ion-

s h ip s of  the s e  p a ramet e r s  within  the  ne rve ending . But a n  a lte rnate  

view may a l s o  b e  t rue . Thi s  forego ing di s cus s ion  may s imply b e  an  

a c a demic  exe r c i s e , and a n  exp l ana t i on o f  the  e ff e c t s  o f  Aro c l o r  1 2 5 4  on 

neur o c hemi c a l  function could  b e  relegated  to  the result  o f  a nonsp e c i -
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f i c  phys i c a l  memb rane pe rturb a t i o n  a s  d e s c ribed  b y  Sha rom a n d  Me l l o r s  

( 1 9 8 0 ) . 

S ugge s t ing a neuro chem i c a l  me chanism  fo r the b ehavio r a l  e f fe c t s  o f  

Aro c l o r  1 25 4  i s  hamp e r e d  to s ome degree  by the l a c k  o f  ob s e rvab l e  

e f f e c t s  fo l l owing in vivo exp o s ure to Aro c l o r  1 2 5 4 . The p o s s ib i l i ty 

cannot b e  d i smi s s e d  tha t o the r me a s ures  o f  neuro chemi c a l  a c t ivity not  

yet examined ( e . g . , neurotransmitt e r  turnove r ,  a l t e r a t i ons  in  numb e r  o r  

a f finity o f  neurotransmitte r r e c eptors , neuro t ransmitter  synthe s i s , 

e t c . ) might be a l te re d  by Aro c l o r  1 2 5 4  o r  tha t neuro chemi c a l  function  

wa s a l te re d  but  not  detected  by the  me thod s  emp l oyed he re , a s  ind i c a t e d  

b y  the d i s p a r i ty b e tween the in  vitro  a n d  i n  vivo e ffects  o f  Aro c l o r  

1 25 4  o n  neuro chemi c a l  function . A numb e r  o f  exp l anations could  b e  

o f fe r e d  fo r thi s d i sp a r i ty , o n e  o f  whi ch i s  that the l eve l s  o f  Aro c l o r  

1 25 4  i n  vitro  �� re  much highe r than tho s e  a ch i eved in  vivo . Results  o f  

the 1 4 C - PCB d i s p o s ition  s tud i e s  c a n  p robably e l imina te thi s  p o s s ib l i ty ,  

a s  concentrat i ons o f  1 4 C -PCBs tha t were s u ff i c i ent to a l t e r  neuro chem i -

c a l  function  i n  vitro  we re found i n  s ub c e l lu l a r  fra c t i ons o f  b ra ins 

f rom m i c e  that ha d been exp o s e d  to  a behavi o r a l ly a c t ive d o s e  o f  1 4 C -PCBs . 

Alte rnat ive ly , cons i d e r  the means  by whi ch norma l function  i s  

ma inta ined i n  the CNS . The b r a i n  ha s a t remendous c ap a c i ty to ma i nta in 

home o s ta s i s , and i t  i s  p o s s ib l e  tha t a lt e ra t i ons  i n  b i o chemi c a l , 

phys i o l o g i ca l , o r  mo rpho l o g i c a l  p a rame t e r s  could  o c cur wi thout ob s e rv-

ab l e  functi onal change . The re  a re two means  by whi ch the CNS could 

compens a te fo r a l te ra tions  p ro du c e d  by an insult  o f  a ny kind , inc luding  

a neurotox i c  a gent . The f i r s t  o f  the s e , t o l e rance , c a n  b e  de fined 

gene r a l ly as  the  p ro c e s s or  p r o ce s s e s  by whi ch the b r a in is  abl e  to  

comp e n s a t e  f o r  an induced  change ( e . g . , a d rug e f f e c t  o r  tox i c o l o -
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l o g i c a l  e f fe c t )  and retain  no rma l func tion , in o the r wo rds , an adapt ive 

phenomenon . App l i e d  spe c i fi c a l ly to d rug e ff e c t s , to l e rance refe r s  to  

the phenomenon in whi ch inc rea s ing do s e s  of  a d rug mus t be  g iven in  

o rd e r  to obta in the effect  p roduced  by  the  o r i gina l d o s e . A va r i e ty o f  

me chani sms may c ontribute t o  the deve lopment o f  t o l e rance , e . g . , in­

c r e a s e d  metab o l i sm ; reduce d  r e c ep t o r  numb e r , a f f inity , or  s ens i t ivity ; 

and compens atory feedb a c k  me chani s m s . S ome o f  the s e  me chanisms , a s  

they r e l a te to adap t ive function i n  neuro chemi c a l  systems , wi l l  b e  

d i s cus s e d  i n  mo re deta i l . The s e cond method by whi ch the CNS can  

ma inta in home o s ta s i s  invo lve s the  p re s ence  of  s t ructura l re dundancy . 

I n  the CNS , the re  may be  mo re  neurons than a c tua l ly requi red in a 

p a rti cula r t r a c t , o r  anothe r p athway a l together may exi s t  tha t i s  ab l e  

t o  s e rve a s  a n  a lte rnate route fo r t rans f e r r ing info rmation tha t would 

no rma l ly b e  c a r r i e d  by the imp a i re d  p athway . 

Thus , the adaptive capab i l it e s  o f  the CNS , i . e . , its  t remendous 

p l a s t i c ity , may a c c ount for the l a c k  o f  ob s e rvab l e  e ff e c t s  on neuro ­

chemi s t ry fo l l owing o r a l  a dmini s t ration  o f  Aro c l o r  1 2 5 4 . Thi s may a l s o  

exp l a in the l o s s  o f  the b ehavio r a l  e ff e c t  a t  a t ime when 1 4C -PCB leve l s  

were  s t i l l  a t  a p l a teau  i n  b r a in ( s e e  F i gur e s  3 and 38 ) , i . e . , t o l e rance 

may have deve l op e d  to  the  e f fe c t  of  Aro c l o r  1254  on  spontaneous 

a c t iv i ty . 

The va l i di ty o f  s ugge s t ing a n  adaptive phenomenon a s  a n  exp l ana ­

tion f o r  the l a c k  o f  in vivo e ff e c t s  o f  Aro c l o r  1 2 5 4  might b e  furthe r 

s upp o rted  by an ex a mp l e f r om the l i t e ra ture o f  compens a t o ry me chani sms . 

The neurotox in , 6 - hydroxydop amine (6 -0HDA) , i s  a n  a gent that s e l e c t ive ­

ly d e s t roys cate cho lamine rg i c neurons . Despite  a we l l  e s tab l i shed 

l it e r a ture on the pha rma c o l o gy of 6-0HDA ( s e e  revi ews by Ko s t rz ewa and 



1 9 7  

Ja cobow i tz ( 1 9 7 4 )  and Theonen and Tranz e r  ( 1 9 7 3 ) ) ,  Z i gmond and  S t r i c k e r 

( 1 9 7 9 )  ob s e rved l ittle  change in a va riety o f  b ehavi o ra l  me a s ures  i n  

6 - 0HDA-treated  rats . Neve rthe l e s s , they we re ab l e  to  exp l a in thi s l a c k  

o f  functiona l imp a i rment o n  the b a s i s  o f  s eve ra l  ob s e rved neuro chemi ca l 

chang e s  tha t app e a r  to  b e  home o s ta t i c  mechanisms . For  examp l e , they 

rep o r t  increa s e d  cate cho lamine ( CA)  turnove r ,  incre a s e d  tyro s ine hyd r oxy-

l a s e  a c t ivity ( the rate - l imiting s tep in CA synthes i s ) , and i n c re a s e d  

CA r e c epto r s . I t  i s  conce ivab l e  tha t s imi l a r  c omp e n s a to ry me chani s m s  

may o c cur i n  the fa ce  o f  a neurotox i c  insult p roduced  b y  Aro c l o r  1 25 4  

that ma s k  any e ffect  o n  neuro chem i s t ry a s  ob s e rved i n  the in vitro 

s tudi e s .  Add i tiona l  exp e r iments may reve a l  the s e  e f fe c t s . 

In  conc lus ion , the exp e r iment s de s c ribed herein  have d emons t r a ted 

that neurotox i c  effects o f  Aro c l o r  1 25 4  o c cur  in m i c e . Whi l e  i t  i s  

p remature t o  sygge s t  a mechanism f o r  the neurotoxi c e f fe c t s , the a lt e r a -

t ions in neuro chem i c a l  funct i on , a s  ob s e rved in  vitro , may b e  contr ibu-

ting factors . In  any c a s e , s ens i t ivity o f  the in vitro mea s ures  o f  

neuro chemi c a l  funct i on t o  Aro c l o r  1 25 4 ha s b e en demons trated , sugges t -

ing that the s e  me asures  may b e  use ful f o r  a s s e s s ing neurotoxi c i ty o f  

o the r envi ronment a l  c ontaminants . Furthe r eva lua t i on may b e  requ i r e d  

t o  dete rmine whethe r a dve r s e  e ff e c t s  on neuro chemi c a l  function o ccur  

fo l l owing in vivo exp o s ure to  Aro c l o r  1 25 4 . 
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1 .  Acute o r a l  a dmini s t ration  o f  Aro c l o r  1 2 5 4  a t  a d o s e  o f  5 0 0  

mg/kg r e s u l te d  i n  dep re s s i on  o f  spontaneous l o c omoto r a c t iv i ty 

for  up to 3 hr . Sub chroni c ( 1 4  day exp o s ure d i d  not p roduce  

thi s  e f f e c t . Ne i the r wa s the re any a lte ration in o the r b e ­

havioral  te s t s  - roto r rod , inve rted  s c reen , o r  p entylene t e t r a z o l ­

induced  convul s ions . The e f f e c t  o n  spontaneous a c tivity 

s ugge s t s  a gene ra l CNS dep re s s i on .  

2 .  The above results  p romp ted furthe r examination  o f  thi s s u sp e c ­

ted CNS dep re s s ion . Acute ly a dmini s te re d Aro c l o r  1 25 4  ( a t  

do s e s  o f  5 to  5 0 0  mg/ kg ) p roduced a do s e - depend ent i n c r e a s e  i n  

p entob a rb i ta l - induced  s l e ep t ime . With a d o s e  o f  5 0 0  mg/ kg , 

the pe a k  e f f e c t  was ob s e rved with an Aro c l o r  1 25 4 -p re t r e a tment 

time of  2 hr . Conve rs e ly , s ub chroni c a dmini s tra tion  o f  Aro c l o r  

1 25 4  r e su l ted in  reduced  pentob a rb i ta l - induced  s l e ep t ime , but  

thi s  e ffect  wa s dependent upon the  l a tency b e tween the  l a s t  

d o s e  o f  Aro c l o r  1 2 5 4  and admini s tration  o f  p entob a rb i ta l . 

The s upp re s s ion in s l e ep time w i th a 24  h r  l atency wa s p a rt i a l ­

ly reve rs e d  when measured  a t  only a 45 min latency . 

Stud i e s  o f  the d i spo s i t ion o f  1 4 C-pentob a rb it a l  f o l l ow i ng 

Aro c l o r  1 254  admini s t ra t i o n  reve a l e d  an  a l te rat ion in  pentoba r ­

b i t a l  pha rma cokine t i c s  b y  Aro c l o r  1 2 5 4  rather  than a change i n  

CNS s en s i t ivity t o  p e ntob a rb i t a l  o r  an  a d d i t ive dep r e s s ant  

effect  of  the  two c omp ound s .  The r e s u l t s  sugge s t  that a cute ly 

a dmini s te red Aro c l o r  1254 reduced  p entob a rb i ta l  metabo l i sm ,  

whi l e  the s ub chroni c s tud i e s  conf i rm p revious r ep o r t s  in  the 
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l i te rature tha t P C B s  induce  the l ive r mixed- function  oxida s e  

sys tem and enhance  pentob a rb i ta l  metabo l i sm . 

3 .  Aro c l o r  1 2 5 4  a l te re d  neuro chemi c a l  fun c t i o n  in vitro  a t  c on c en-

tractions  of _ 1 0 -5 
to 1 0 - 4 M, but no cha nge in neurotransmi tte r 

uptake o r  ATPa s e  a c tivity could  b e  demon s t rated  in s ynap to s ome s 

o r  mito chond ria  i s o lated  f rom bra ins o f  m i c e  tha t  ha d b e e n  ex-

p o s e d  to  a cute or  s ub chroni c do s e s  o f  Aro c l o r  1 2 5 4 . The f o l low-

ing neuro chemi c a l  chang e s  we re ob s e rve d in  vitro : enhancement 

of neuro transmitte r re l ea s e , i nhib i t i on of neuro t ransmi t t e r  

and p re curs o r  uptake , a mod e s t  inc re a s e  i n  synap t o s oma l 4 5 C a
++ 

influx , an  inc r e a s e  in ATP - s uppo rted m i t o chond r i a l  4 5C a
++ 

up -

take , and inhib i tion  o f  synapto s om a l  and mito chond r i a l  ATPa s e s . 

The � en s itivity o f  e a ch the s e  neuro chemi c a l  sys tem s  to exte rna l 

stimul i  wa s va l idated  by the us e o f  p o s i t ive contro l s . 

4 .  Stud i e s  o f  the d i s p o s i tion  o f  1 4 C -PCBs reve a l e d  the f o l l owing . 

Fo l lowing a n  o r a l  d o s e  o f  1 4 C -PCBs , l eve l s  o f  1 4 C -PCBs i n  b ra in , 

l ive r , a nd p l a sma i n c re a s e d  up to  about 2 hr and rema ine d  con-

cons tant up to  8 hr ; a n  ob s e rvation that wa s incon s i s tant w i th 

behavio r a l  e f f e c t s . No di fference  in b r a i n  regi ona l d i s t r i -

bution o f  1 4 C - PCBs  wa s found . Leve l s  o f  1 4 C -PCBs found in synap -

t o s ome s and mito chond r i a  from s ub f r a c t i onated  b ra in s  o f  m i c e  that 

were exp o s e d  to  a b ehavi o ra l ly a ct ive do s e  o f  PCB s c omp a r e d  favo r -

ably with l eve l s  taken u p  b y  i s o l a t e d  synap to s ome s and m i t o chon-

dria tha t had been incub a ted  with concentra t i ons  o f  1 4 C -PCBs  

that a l te re d  neuro transmi tte r fun c t i on i n  vit r o . 
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x .  APPE1�IX 

F i gure 34  

Standa rd c a l ibration  curve f o r  t h e  dete rmination o f  p rotein concen­

t r a t i on in  t i s s ue s amp l e s . Bovine s e rum a lbumin (BSA ) wa s us e d  as  a 

refe rence  s tand a rd , and ab s o rbance  o f  the C o oma s ie B r i l l i ant Blue 

G-p rote in comp l ex wa s mea sured at 595 nm .  Po ints rep re s ent mean ± S . E .  

o f  va lue s from 5 rep re s ent a tive exp e r iment s . Lea s t  s quare s l inea r r e ­

g re s s ion analys i s  y i e l d e d  a c o rre l a t i on c o e f f i c i ent o f  0 . 9 9 3 1 . 
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x .  APPEh�IX 

F i gure 3S 

Re c ord ing spectropho tomet r i c  method for the d e t e rmina t i on of ATPa s e  

a c t ivity . The p l o t  s hown he re  i s  a rep roduction  o f  a n  a c tua l t ra c ing 

f rom a control  s amp l e . Change in  ab s o rbance  me a s ured  a t  340 nm i s  

p lotted  ove r time and rep res ents the d i s appe a rance  o f  NADH , i . e .  NADH 

oxidation , a s  s hown in the b i o chem i c a l  rea c tions  in the uppe r  r i ght 

co rne r of the f i gure . ATPa s e  a c t ivity ,  be ing p ropo rt iona l s ti o ch i o ­

metr i ca l ly to  the rate  o f  NADH oxidation , i s  c a l culated , a s  s hown , from 

the s lope o f  the l ine . Thi s  c a l cu l a t i on i s  b a s ed on Beer ' s  Law : 

whe re A = Ab s o rbance  

� = Mo l a r  ab s o rptivity 

b = Samp l e  p a th l ength 

c = Concent r a t i on 

A = �b c 



E 
c: 

o 
'<t 
(") 

o 
w V 

. 4  

. 3  

z 2 -« . 
a:J 
0<: 
o 
VI 
a:J 
« 

1 -

SPEC T R OPHOTOM E T R I C  A S SAY FOR AT Pa s e  AC T I V I T Y  

1 0  

Al P AT P a se > A D P + P i 

P K  A D P  + phos phoen olpy r u vate � pyruva t e  + ATP 

+ LDH + Py r u va t e + NADH + H ) l a c t a t e  + N A D  

A C T I V I T Y  ( pmole pJmg prote in/In ) 

( -1 _ s l ope h r  ) vol (", I )  
- fE NADH : 6.2 2  c rn 2  ) ( l c m ) x p ro t e i n  ( mg )  

\ m M  J..J ll loi  \ 

2 0  
T I M E  ( m i n )  

3 0  1\ 0  
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