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FOREWORD

Ib a  proceedings fo r ttw  "N ationa l Conference on Polychlorinated 
Biphenyls’* i t  tha fo u rth  report subm itted undar Contract No. 88-91-2926 
to  tha O ffice o f T oxic Substances fo r tha Environm ental Protection Agen- 
cy. Tha three previous proceedings subm itted undar th is  contract dealt 
w ith  Environmental Aspects o f Chemical Use in  Rubber, W all-D rilling , and 
Printing Operations. The PCB Conference was held a t tha Pick-Congress 
H otel, Chicago, Illino is , on November 19-21,1976.

The objectives o f th is  conference were to  bring together the latest data and 
best m O able expertise to  help c la rify  tha problems associated w ith  the 
manufacture, use. and disposal o f PC8's :to  ttsa ts tha effectiveness o f steps 
taken to  reduce the problems associated w ith  PCB's; to  provide a p la tfo rm  
fo r in terestad partite  to  present previously neglected data concerning 
PCB’s; and to  help c la rify  the fea s ib ility  and com plications o f steps to  
reducá the problems associated w ith  PCB's.

D r. John L . Buckley. Consultant, O ffice o f Research and Development, 
Environmental Protection Agency, W ashington, D .C „ was tha Central 
Chairman o f tha conference.

Mr. Thomas E. Kopp, O ffice o f T oxic Substances, Environm ental Protec­
tio n  Agency, Washington, D .C „ was the Technical Coordinator o f tha 
conference.

Mr. Karl E. Bremer, Surveillance and Analysis D ivision, Region V , 
Environmental Protection Agency, Chicago, Illin o is , was site coordinator 
and fac ilita to r.

M r. Franklin A . Ayar, Manager, Technology arid Resource Management 
Departm ent Research Triangla Ins titu te , Research Triangle Park, N.C., 
was the Conference Coordinator and Com piler o f tha proceedings.
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OPENING REMARKS

John L  Bucklay, Ph.D.*

I ’d like to  call th b  maeting to  ordar. I am John 
Bucklay, w ith  tha Environ manta! Protection Agency. I'd  
Ilka to  watcoma you ham to  th is  National Conference on 
PCB's, w ith  tha subtitle o f PCB'i in the Environment in 
®7B.

Most o f you in  the room are from  tha United States, 
bu t there has bam major partic ipation from  our Cana­
dian neighbors to  tha no rth , and In addition, to  my 
knowledge, representatives from  Franca, Belgium, the 
Netherlands, and .Upon.

I'd  like to  extend my parsons) thanks to  my many 
colleagues in tha EPA both in Washington and in tha 
regions and In the laboratories, and my colleagues In 
other Federal agencies, in tha industry, and in cetdamla 
who ware helpful In getting th is  conference organized in 
tha vary short period o f tim e we had. I th in k  almost 
everyone tha t I talked to  and invited and asked to  partic*

"Comuftant, Office of Reward* and Dawiopmant, Envi* 
mwnanwl Protection Aeancy, W ellington, D.C.

¡pate has agreed to  do so, and I rea lly lo ok  forw ard to  
the next 2 days as a g i l t  oppo rtun ity .

As I have gone through tha process o f helping to  
arrange tha program, many questions have coma to  
m ind. Most o f these are listed In the program, and I 
guess my aspiration » th a t we have soma additiona l in* 
sights, perhaps soma answers in  relation to  those ques­
tions before we leave.

I th in k  there is a great op po rtu n ity  fo r us to  leam 
together and to  go forw ard from  here w ith  a bette r com­
mon understanding and perception o f tha situa tion  in  
regard to  PCB's in  tha environm ent.

I'd  ask you to  remember th a t we're here to  try  and 
assemble and evaluate what wre jo in tly  know , and we're 
here also to  avoid conclusions as to  w hat i t  at) means. It 
doesn't mean we need no t reach conclusions, b u t i t  does 
mean It's  probably no t appropriate to  try  and tie  every­
thing down and understand ju s t where we've been by tha 
end o f th is magtina.

3
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ENVIRO NM ENTAL PROTECTION 
Rx  FOR PUBLIC HEALTH

Russell E. Train*

M an than 4 years ago, w hile I was serving as Chair­
man o f the President's Council on Environm ental Quali­
ty , a Federal interagency task force began addressing 
Itself 4d  the same basic question that concerns th is  con­
ference: What do we know and what should we do about 
polychlorinated biphenyls, or PCB’s?

In its  report o f May 1972, the task force concluded 
tha t PCB's were highly persistent, could be found in  a ll 
parts o f the environm ent could "b ioaccum u lite ”  to  
relatively high levels in  fish, and could have serious ad­
verse effects on human health. The task force recog­
nized, at the same tim e, tha t fo r uses in  closed electrical 
systems, PCB’s had some very real advantages over o ther 
materials. They conduct heat bu t no t e lec tric ity . The 
only available substitutes fo r w e in capacitors and in 
transformers—which are w idely u s d  in indoor electrical 
systems were flammable. I t  appeared tha t to  ban PCB’s 
from  these uses w ould be, in  e ffect, to  substitute a safe­
ty  hazerd fo r a health hazard.

The task force, as a resu lt recommended the discon­
tinuance o f a ll current uses o f PCB’s except in  dosed 
electrical systems. I t  also called fo r early enactm ent o f 
the Toxic Substances Control A c t to  provide the regula­
to ry  authority required no t on ly to  deal more effective ly 
w ith  the problems posed by PCB’s and other chemicals 
already in  the environm ent but to  taka sensible steps to  
prevent such chemicals from  posing such problems in  the 
firs t place.

Already in  1972, the sole American producer o f 
PCB’s had vo luntarily restricted the sales o f PCB’s to  
lisas in dosed electrical systems. Both the Food and 
Drug Adm inistration and the Environmental Protection 
Agency announced actions designed to  reduce the levels 
o f PCB's in our food and our waters.

The United States asked the Organization fo r Eco­
nomic Cooperation and Development (OECD) to  take 
appropriate action, on the international level, to  contro l 
PCB’s. In February 1972, in the firs t in ternational agree­
ment aimed a t lim iting  the production and usa o f chemi­
cals in order to  protect the environm ent, the member 
countries o f the OECD announced tha ir derision to  
p ro h ib it the use o f PCB's fo r industria l or commercial 
purposes except in certain dosed systems. I m ight odd 
tha t one member country, Japan, a fte r PCB contam ina-

*Adminlsire»r, Environmental Protection Agency, Wash- 
kiften,D jC.

tton  o f rio t o il adversely affected 1,000 people, has 
tanned the fu tu re  production or im port o f PCB's.

We believed tha t a ll these measires added up to  an 
effective, comprehensive program tha t w ould "taka 
a re "  o f the PCB problem , end w ould enable us to  con­
tinue to  take eommerdal advantage o f the unique prop­
erties o f PCB’s w hile insulating the public and the envi­
ronm ent against exposure to  hazardous levels o f these 
chemicals.

Instead, more than 3 yaars la ter, we fin d  th a t al­
though PCB levels in  food have steadily declined, PCB’s 
are present In our environm ent to  ■ far greater degree 
and a t higher levels than we have previously th o u g h t We 
hive found high PCB levels-Levels greatly exceeding 
FD A gu ide lina t-m  salmon, striped bass, and other f id i 
in  the Great Lakes, the upper Mississippi R iver, Southern 
C alifornia, lha  G u lf o f M exico and in  the Hudson River 
and other waterways in  New Y ork State. Our salactive 
sampling o f drinking water dtsdoaad the presena o f 
PCB's in  the water supply o f tw o com m unities.

The evidence we have accumulated over the pest 3  
yaars has underscored our original concern over the 
to x ic ity  o f PCB’s and ovef the potentia l health hazard 
posed by the presence o f high PCB concentrations in 
waterways. In water supplies, and in  fish . This, in  brie f, 
is the situation we fin d  ourselves in  today.

We have a ile d  th is  conference to  help us deal w ith  
ft, to  dattrm lne, as 1 said a t the o u ts it, what we know 
and what we should do about PCB's.

We do know one th ing tha t we must do, th a t we 
should have done 3  yean ago when the task fo ra  urged 
us to  do so, and tha t, had we. dona it, m ight have en­
abled us to  re d ly  coma to  grips w ith  the PCB problem  
and rendered th is conference unnecessary-that is, to  en­
a c t an e ffec t*«  toxic a/bttancm  control law . I cannot 
help bu t recall tha t when I beam s the firs t Chairman o f 
the Council on Environm ental Q ua lity in February 
1970, my very firs t directive, to  our small s ta ff was to  
develop a legislative proposal fo r dealing w ith  th is  class 
o f problem . The tim e had dearly  come fo r an effective 
mechanism to  deal broadly w ith  sudi problems, no t on ly  
a fte r the fac t, bu t also to  help prevent th e ir occurrence 
in the firs t p la a .

A lm ost 6 years have now passed s in a  -President 
N ixon firs t proposed such legislation to  Congress. Over 
those 5 years we have Introduced In to  the commercial 
market an estimated 6 0 0 chemical compounds annually. 
We have done so w ith ou t any systematic, advance essass-
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mant o f th iir  p o tin tia l im pact upon public health. Y e t 
as we have teamed through our experience w ith  such 
materials as v inyl chloride, we may no t discover how 
harmful a compound can be u n til years a fte r it  has be* 
come •  rather commonplace item  in  our everyday lives, 
even a significant factor in  our economy. A lio , again and 
q p in  we fin d  ourselves engaged In an extrem ely d iffic u lt 

-and drawn-out struggle to  pro tect the public from  a 
hazard to  which it  has slresdy been exposed while a t the 
m e  time try ing  to  avoid pu tting  people ou t o f business 
or exit o f work, We fin d  ourselves try ing  to  choose be* 
tween a health hazard and a safety hazard. We fin d  our­
selves w ithou t the au thority wa need to  rea lly cope w ith  
tha problems posed by RGB's, the au thority  to  lim it 
■tested uses and d istribu tion o f PCB'i as w all as to  
require testing concerning the health and ecological 
effects o f proposed substitutes.

W ith regard to  ROB'S, we w ill continue to  address 
the problem as effectively as we can under existing 
authorities, especially under the W ear A ct, w h ile  at the 
same time recognizing tha inherent inadequacies o f the 
piecemeal approach we are forced to  take. We are also 
working on measures we would proport under any to x ic  
substances b ill tha t may be enacted. They would take 
in to  account, no t on ly the available in form ation on 
to x ic ity  and exposure levels, bu t also the im p ic t o f any 
regulatory steps upon business, em ployment, and the 
economy. I look forward to  the contribu tions th is con­
ference can make to  the development o f an effective 
regulatory program fo r PCB's both under existing auth­
o rity  end under ■ to x ic  substances lew.

About a month ago, in  testim ony prepared fo r 
dMivery before the Environm ent Subcommittee o f the 
Senate Commerce Committee, D r. David Rail, who Is 
scheduled to  fo llo w  me th is morning, said, and I quote, 
'T o x ic  substances contro l legislation which prevents the 
exposure o f sag manta o f the population to  disease-pro­
ducing substances is a key element o f preventive medi­
cine.** There is. Indeed, an Increasing body o f evidence, 
and an impressive array o f expert opin ion tha t we may 
ba approaching tha whole question o f human health 
from  the wrong side, that, a t a m atter o f national po licy 
ss w ell as o f personal practice, an ounce o f prevention 
may w ill be w orth a pound o f cure.

The Department o f HEW estimates tha t our to ta l 
national health b ill th is year w ill add up to  nearly S I20 
b illio n . Y et a good many inform ed observers believe 
th a t because most o f tha t money goes fo r cure rather 
d u n  prevention, we ere no t getting w hat we pay fo r. 
O ur trad itional health care system, they say, sim ply 
cannot cope w ith  environments I ty-inducad diseasas. D r. 
Ernst L . Wynder, president o f the American Health 
Foundation, has pointed ou t tha t heart disease, c&noer.

stroke, and accidents account fo r 70 percent o f deaths 
among Americans. And the chief causes o f these diseases 
are "environm ental" in the broadest sense o f th a t term . 
"T hus," Dr. Wynder concludes, " in  a society where 
infectious diseasas have been largely overcome through 
u n ita ry  measures, im m unization, and antib iotics, the 
m ajor causes fo r today's death to ll are chronic diseases. 
This death to ll is largely due to  unhealthy life  styles, 
unhealthy working environments and disease-producing 
products."

The more sophisticated and sensitive our m onitoring 
devices become, end the more data we accumulate on 
the health effects o f po llu tants and other agents in  the 
environm ent, the worse things look. Over a year ego, 
scientists uncovered disturbing evidence tha t children, 
whom w t had believed unaffected in  any lasting way, 
can contract chronic and acuta d iu b ilitie s  as a result o f 
a ir po llu tion . As many as 20 percent o f the children in  a 
c ity  such as New Y ork, one study concluded, can devel­
op aavore and chronic respiratory diseases. A nother 
study in  a southern c ity  w ith  re lative ly heavy air po llu ­
tio n  had sim itar results. More recently, a group o f scien­
tists reported tha t the m ost significant facto r in a dra­
m atic drop In deaths in  tha San Francisco area (hiring 
the gss shortage early last yaa r-a  13.4 percent decrease 
in deaths compared w ith  tha same period over the pre­
vious 4 y e irs -w is  reduced exposure to  po llu tants from  
auto exhausts.

We ire  «pending around $1 b illio n  th is  year on 
research in to  cures and causes o f cancer. Tha N ational 
Canosr Institu te  has estimated th a t tha actual cost o f 
cancer to  people amounts to  tens o f Unions o f dollars a 
year. Yet tha W orld Health O rganization estimates tha t 
from  60 to  BO percent o f a ll cancar is tha result o f 
"environm ental" factors, again, in  the broadest sense o f 
tha t term . Ws have a ll read tha news stories recently 
concerning the 1B76 Nobel award to  three American 
scientists fo r research in to  possible links between viruses 
and cancar. I was struck by the fac t tha t, in th e ir firs t 
public statements upon receiving tha award, tw o  o f th a n  
scientists stressed the fa c t th a t, in tha words o f one o f 
them . D r. David Baltim ore o f tha Massachusetts Institu te  
o f Technology, "th e  ro t* o f viruses in  cancer la small* 
and tha t '* the bast hope today fo r cures is research in to  
in v iron m an til causes o f cancer." T h is ,* ' Dr, Baltim ore 
went on to  say, "is  a good place to  pu t funds now ."

Wo should understand, as w a ll, tha t w hile environ* 
mental protection often appears to  involve substantial 
costs, we really have no choice about whether or no t w t. 
are going to  bear th e n  costs. Society has already bean 
bearing these costs in  one form  o r an o the r-in  tho Io n  o f 
recreational uses o f rivers and beaches; in tha increased 
treatm ent costs o f our d rinking  water; In the damage
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from  air po llu tion  to  buildings, farm  crops, and forests; 
and moat im portantly, through medical and hospital 
bills, tim e lost on the job  because of illness, human 
suffering, earlier m orta lity, and the like. When we con­
tro l and cut po llu tion at the source, we are shifting its 
costs from  the shoulders of society as a whole onto 
those o f the polluter, where they belong in the firs t 
place. Such costs then tend to  be passed on to  the pol­
luter's customers. But this is the most e ffic ie n t way o f 
allocating these costs and of encouraging, at the same 
tim e, the development o f both processes end practices 
that generate lass po llu tion . Moreover, a ll our axperience 
indicates tha t the cost o f the particular po llu tion  to 
eociety as a whole is usually far greater than the cost of 
cleanup and contro l. Wa estimate, fo r example, that 
measurable annual damages o f $11.2 b illio n  from  partic­
ulates and sulfur oxide are more than tw ice the annual 
costs of control.

What all o f th is suggests to  a layman such as myself 
is that both our popular understanding o f, and our 
public approach to , health care and disease con tro l a rt 
going to  have to  undergo a searching reexam ination and,
I suspect, radical revision. It suggests tha t, soma o f our 
most effective "health care" dollars, at least when they 
are wen spent, may be the "disease prevention" dollars 
wa spend to  curb and contro l po llu tion  and other agents 
♦hat we introduce Into our own environm ent. I t  suggests

that the battle against disease must increasingly be 
fought, not sim ply in the hospitals and the doctors' 
offices, but in  our streets and our homes and our offices, 
in our air and our water, in our food and our products, 
in our personal habits and lifestyles. It suggests tha t if, in 
the words o f Or. Irving S eliko ff o f the M ount Sinai 
School of* Medicine in New York, "environm ental 
disease is becoming the disease o f the cen tu ry," then 
environmental protection, in the broadest sense o f the 
phrase, must become the most im portant ingredient in 
any national health program.

Such a broad prescription may seem far removed 
from  the more immediate and urgent concerns o f this 
conference. But I th in k  we all understand tha t rt is our 
failure to  get at the real roots o f the problem  tha t con­
cerns us here, and our preoccupation instead w ith  the 
symptoms and surfaces and single instances o f things 
tha t has made th is conference and the problem  it ad­
dresses so critica l.

A t the start o f my remarks, I successfully resisted 
the tem ptation to  issue the dram atic announcement tha t 
th is was my last PCB's conference. It is, however, my 
fervent hope tha t you do your work so well at th is con­
ference tha t wa w ill never need to  call another one. I 
thank you fo r com ing, and I look forward to  seeing the 
results o f your work.
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INTRODUCTORY REMARKS

David P. Rail. M .D ., Ph.D.*

The history o f PCB's is ■ remarkable case study in 
the continuing story o f to x ic  substances and the public 
health. From 1929, when H was firs t manufactured in 
the United States, un til 1966, i t  was presumed that this 
aubstanoe was being used prim arily in  a do ted  environ* 
m erit. However, in  1966 PCB's were found in fish  in tha 
Baltic Sea. Then they ware d iscovered in  birds and other 
animals. Sines than it  has been demonstrated they have 
an almost global d is tribu tion . Three years after being 
discovered as an environmental contam inant, they ware 
determined to  be tha causative agent in an outbreak o f a 
direare In Japan now called "Y usho" or " o il"  disease.

Thus, in  a relatively short period o f tim e, we saw a 
manmade compound introduced in to  commerce fo r a 
relatively narrow purpose, a closed use, broadened 
through new applications, and discovered to  be hazard* 
ous to  animals, birds, fish , and to  man. In slighly more 
than tw o generations, we had c lo n d  the ill-too*frequen t 
d itto  o f progress: product development, d is tribu tion , 
use, and resulting hazard to  human health.

In 1971, we became concerned th e t the PCB's 
appeared to  be an ever*expanding problem  whose poten­
tia l lim its  were essentially unknown. Thus, in  December 
o f 1971 we celled a 2-day open meeting to  discuss the 
entire range o f current and potentia l health problems 
associated w ith  the widespread use and dispersion o f 
PCB's. The meeting was broadly attended by scientists 

. and adm inistrators throughout the w orld who were con­
cerned w ith  th is  problem.

The scientists a t tha t meeting focused on the entire 
spectrum o f problems tha t needed investigation. Their 
papers ranged from  biological concerns: animal tox ico l­
ogy, mechanisms o f action, and human body burden; to  
rejpjlatory and con tro l concerns: environm ental trans­
po rt, d is tribu tion , and a lteration, and occurrence. In h it

'Chairman, Depwtment o f H nlth , Education, and Wriferv CwwnlttN to Coordinate Toxicology end Raistad Program, and Diraccor, National Inetitutt o f Environmental HatHti Sciences, Nwhinal Imtftutre o f Health. Raoaarch Triante Park, North 
CWoUm.

"Where do we go from  here" summary. D r. Norton 
Nehon singled ou t tw o general areas o f concem .tref .1 ].

F irst, relative to  environm ental d is tribu tion  pat­
terns, Including; (1) fu rth e r refinem ent o f sources, and 
(2) better  quan tita tion o f discharge amounts by route 
in to  water and a ir. Second, he pointed out tha t there 
were inadequate data to  determ ine i f  the PCB's caused 
malignant tum ors in laboratory animal studies and urged 
tha t wa fo llo w  the ongoing studies w ith  care. He also 
pointed ou t the  potentia l detotarlous affects o f the 
PCB's on reproduction in  mammals.

In fo llow ing up these end the other points D r. 
Nelson made, scientists, many o f them in  DHEW, have 
been engaged in  attem pting to  develop the Inform ation 
required fo r the resolution o f the biological aspects o f 
th is  problem . Lest m onth, in  order to  insure tha t our 
Department's e ffo rts  are as effective as possible, we 
established a Subcommittee on PCB's o f the DHEW 
Committee to  Coordinate Toxicology and Related Pro­
grams.

Through th is  Subcommittee we w ill :
1. Assemble, review, end in te rpre t data tha t assess 

the health sip iificance o f polychlorinated b i­
phenyls, and

2. F o rm u la te  recommendations as to  fu tu re  
m eerch needs.

In all o f there e ffo rts , we w ill be cooperating w ith  
thore agencies which m ust a r ry  ou t regulatory respon­
sib ilities In th is d iffic u lt area. Continuing collaborative 
e ffo rts by biological scientists here end abroad have 
brought us fa r tow ard the resolution o f these problems. 
The reports which you w ill hear relating to  Health 
E ffects and Human Exposure in  the reo lon which fo l­
lows should indicate tha progress which we have made 
since the 1971 conference.

REFERENCE

1. Norton N elson,'"C om m ents on Research Needs,"
ËnrimnmcnuI-HêÊlth Penpççb'vcs 1 V o l. 1 (A p ril
1972), pp. 181-185.
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SOME O F TH E  R EC EN T F IN D IN G S  C O N CERN IN G  YU SH O

——^  Masanorf Kuratsune, M .D .,* 
Yoshito Masuda,** and Junya Nagayama*

Abstract

Analysis o f Yusho disease, which was firs t detected 
in 1968, has bssn lim ited find  analysts hast produced 
varying results. Yusho o il has been determined to con­
tain a high lavai o f polychlorinated tCbenzofurant 
(POOF'S). Nagayama at at. found that PCDF levels in  the 
o il ware especially high when the o ff was contaminated 
with PCS a used aa a hea t  transfer 'medium. Their studies 
also showed that die concentration o f PCDFs is much 
cfoaerto that o f PCB's in  liver than in  adipose tissues in  
patients with Yusho.

The current clinical stats o f pedants w ith Yusho is 
dictated a t length. Subjective symptoms, dermatological 
findings, serum triglyceride /mats, liver conditions, 
m ortality rates, and tho affects on children bam to 
mothers with Yusho ere e lf reported.

INTRODUCTION

Mot*  th in  7  y n n  h m  passed sines the outbreak 
o f an epidemic o f Yusho in 1968. According to  ths 
la tts t tabulation, Prof. Omae, current ch ie f o f tha Study 
Group fo r tha Therapy o f Yusho, reported tha t a to ta l 
number o f 1.291 patiants have bean registered as Yusho 
in  22 prefectures o f Western Japan by A p ril 30 ,197 5  
(ref. 1).

We w ould like  to  describe some o f the recent fin d ­
ings concerning Yusho which we th in k  to  be particu lar­
ly  relevant fo r understanding o f to x ic ity  o f PCB's. For 
more detailed inform ation, readers are advised to  refer 
to  origlnai papers appearing m ainly in  the fou rth  and 
fifth  reports of. the study on Yusho and PCB (ref. 3 ). 
Most o f the patients demribed In these reports are those 
living in  Fukuoka prefecture. Published in fo rm ation  o f 
patients liv ing in  other areas in  unfortunately very few, 
so w ith  a few exceptions no reference w ill bo made to  
them.

-  ^ * Mwancrl Ku ik m im  end Junya N«gayima «re with tha 
D w rtmant o f Public Haattfi, Faculty of Madieine, Kyutfm 
Untearrity, DMiion o f Analytical Chwrtistrv. DaUchl Collage of 
Fharmacautlca) Scfcnea, Fukuoka, Japan.

••Y o a h lto  Masuda Is w ith  D e lich l Callage o f 
P liii— f  irtta l Stiano*. Fukuoka, Japan.

PCB's IN  THE BODIES OF PATIENTS 
W ITH YUSHO

1. Tissues
F irst o f a ll, the concentration o f PCB's retained in 

the tissues and flu ids  o f patients w ith  Yusho should be 
referred to  before th e ir current clin ica l state « rill be C ir­
cu ited.

Although no accurate estim ation is feasible because 
o f the vary lim ited  number o f analyses so fa r made, the 
concentration o f PCB's in  adipose tissues o f patients 
seems to  have been fa irly  high soon after the occurrence 
o f poisoning—that is, in  November 1968, i t  least 1 
m onth after the discontinued use o f the to x ic  rice o il by 
patients, as shown in  table 1. The corresponding concen­
tra tio n ! were considerably low er in  3 patients who died 
in  the next year, 1669. However, no such marked d if­
ference could bo seen between those who died in  1969 
and the subsequent decedents, although casts 7 and 10, 
who died in  1970 o r 1976, showed qu ite  low  levels o f 
PCB's in adipose tissues. As compared w ith  the figures 
available from  a nationw ide survey on residual PCB's in 
autopsied tissues, tha levels noted in  the recent dece­
dents are considered to  be fa irly  close to  the usual level 
o f ordinary autopsied m aterials. S im ilar facts were also 
noted fo r PCB concentration in  the skin and liver.

2. Blood
Si no* the analysis o f PCB's in  blood started only 

after 1972, no figures are available in regard to  the blood 
levels o f PCB's in patients in  the earlier stage o f poison­
ing. As shown In  table 2, however. It is deer th a t the 
blood levels o f patients had approached the level o f 
ordinary persons already in  1972, although they were 
s till significantly higher than tha t level. This fact as well 
as the previous fact o f lowered tissue levels o f PCB's in 
recent decedents seem to  be rather surprising If we con­
sider also tha t the m ajority o f patients ire  s till showing 
various d in tca l sym ptoms, as w ill be discussed la ter.

3. Gsschmmstogrephk Pattern* o f PCB’s in  the Bodies.
o f Patients
Masuda firs t noted ■ peculiar common gas-chro­

matographic pattern o f PCB fractions isolated fro m  vari­
ous tissues, blood, and breast m ilk  o f patients w ith  
Yusho and called the atten tion o f the S tudy G roup fo r  
the Therapy o f Yusho to  i t  in  early 1972. Figure 1 
shows a typica l example o f such a pattern in com parison
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Table 1. PCB't concentration in tissues of patients w ith Yusho and other diseases

PCB's (ppm)

Case

Time o f 
death, 

operation

Skin Adicose tissue Liver
Ref­

erence
Whole
basis

Fat
basis

Whole
basis

Fat
basis

Whole
basis

Fat
basis

Case 1 
High school 
boy

Case 2. 3 
Adult male* 
female

Nov.
1968

Nov.
1968

76 (face)
13 (abdomen)

32, 46 
(cheese-11ke 
substance from 
acneform erup­
tions)

10

Case 4 July 1.3 3.7 0.14 9.5
Boy, 13 y r 1969 (mesentery)

Case 5 July 1.2 8.7 2.8 15.1 0.2 10.4
3 Male, 25 y r 1969 (mesentery)

Case 6 Nov. 1.0 4.4 3.8 8.4 0.07 3.1
i Hale. 73 y r 1969 (mesentery) 11. 12

Case 7 Dee. 0.6 0.8 0.7 0.9 0.07 1.3
Female, 48 y r 1970 (mesentery)

Case 8 May 1.8 3.2 4.3 6.5 0.08 8.4
Male* 46 y r 1972

Case 9 Sept. 1.9 2.9
Female, 33 y r 1972 (subcutaneous)

Case 10 A prii 0.19 0.4 0.04 3.0
Hale. 72 y r 1975 (mesentery) 14

National survey 1973 0.04 - 1.7 0.2 -  4 0*3 -  6.4 0.01 -  0.6 0.02 - 3.1
Hales and (n *5 4 ) (n * 47) (n *4 8 ) (n ° 51) (n * 30)
females
25 -  49 y r 13

M i l . . . .  ............ ........................... .............. i
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Table 2. PCB's in blood patients with Yusho, 
workers and ordinary persons

Material
No. of 

subjects
Time o f 

examl nation

PCB's (ppb) 
Whole basis 
mean + S.D. Range

Refer­
ence

Whole blood
Yusho patients 41 March - August 7 2-26

1973 7
Ordinary persons 37 1972 3 1-7

Plasma
Yusho patients 15 6.3 + 4.0 2-15
Normal persons 82 3.0 + 1.3 1- 7

Whole blood Jan. 1972 8
Yusho patients 25 4.8 + 2.9 1-12
Normal persons 11 2.8 l 1.5 1- 6

Whole blood
Workers® 23 1972 364 + 262 60-920 9

Workers engaged In the production of Kanechlor 200-600 in  the a ir  con 
talnlng 0.05 to 0.2 mg/or o f PCB's [Kanechlor-300 + Kanechlor-400 
(1 :1)]. Two o f them showed dermal signs.

!
I w ith  the common one M tn  in  ord inary persons, which is 

very much d o »  to  tha t o f a m ixture o f Kanechlor 500 + 
000 (1 * 1). h  is easily notable tha t the peek 1, which 
appears Immediately after p,p'*ODE In the gas chrom ato­
gram in figure 1, is very low  In patients w ith  Yusho as 
compared w ith  ordinary parsons, w h ile  the peak 5 is 
much more prom inent k i Yusho than in  ord inary per­
sons. Maeuda end his associates observed th is  peculiar 
pattern (designated as type NA M) in  blood o f about 60 
percen t o f patients w ith  Y utho, and a somewhat sim ilar 
pattern (designated a> type "B ” ) in  about 37 percent 
(ra ft. 4,7.11,121.

Takamatsu a t a), also observed the seme peculiarity 
In the Mood o f patients w ith  Yusho (re f. 8). i t  was 
further demonstrated tha t those patients who show the 
peculiar gat •chromatographic partem  es designated as 
pettem A  try Mtsuda e t a), have a higher average concen­

tra tio n  o f PCB's in  th e ir blood than do other patients 
(refs. 4 ,7). Abe e t el. (re f. 23) examined In 1974 the 
PCB residues in the plasma o f 30 children bom  to  18 
mothers who had consumed Yusho o il at G oto Islands^ 
Nagasaki prefecture. The specific gas-chromatographic 
pattern o f type A  was seen among 24 percent o f the 
children and 44 percent o f th e ir m others, bu t the pecu­
lia rity  seemed somewhat less marked as compared w ith  
the one seen among patients in  Fukuoka prefecture.

The chamieal and 'toxico log ica l nature o f the com ­
pound o r compounds yie ld ing the above-mentioned peek 
5 must be cla rified  bu t heve no t yet fu lly  been ex- 
emined. Mesuda, howevar, eonsidars d ie  peak 5 to  be 
3 ,4 ,2 f ,3',4 ',5?-hexachtorobiphenyl, judging from  its 
retention tim e on the Apiezon L  colum n developed by 
Jensen end Sundstron (re f. 22).
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A ; Fatty t issu e  of Yusho patient B : Fatty t issu e  of ordinary person C : KANECHLOR 500 + 600 (1:1)

Figure 1. Gesehromatograms (ECD) o f PCB's on SE-30.

POLYCHLORINATEO DIBENZOFURANS 
IN  KANECHLORS. “ YUSHO O IL ,“  AN D  

TISSUES OF PATIENTS

1. Pofychforinatad D lbtruofuram  to Kanachton and
-Y u to o o fl" .
Recently Nagayama * t  al. analyzed Kanechlore and 

thraa «am pin o f to x ic  “ Y utho o il“  usad by three inde- 
pandent fam ilia* w ith  Y udio fo r polychlorinated di* 
benzofurans (PCDF'i) and polychlorinated dibenzo-p- 
droxm i (PCDD's) fra f. 16). They d id  a colum n chrom a­
tographic fractionation o f PCDF'i and PCOO'a from  a 
bu lk o f PCB'a by uaing activated alum ina aa adsorbent, 
and iv h e x m , nfwxane containing 20 percent carbon 
tetrachloride, o r nfiaxane containing X ) percent m athyt* 
enchtoride as eluent. The fractions thus obtained were 
subjected to  gat-chromatographic and m m -spectro- 
m etric exam ination. Q uantitative estim ation o f PCDF'a 
and PCOD's was made by tw o methods, namely by_ 
m enuring the gas chromatographic peak heights and by 
m anuring tha g n  chromatographic peak area o f per* 
chlorinated derivatives o f these compounds.

Although no PCOD's were found in  any o f theta 
cxm p iii. PCDF'a were found in  a ll o f them . As shown In 
table 3, KC-400 contained the highest concentration o f

P C D F'i, about IB  ppm o f PCDF’a consisting o f d ich lo ro- 
up to  pentachloro* dibanzofunns. A  peak w ith  the same 
retention tim e n  th a t o f 2,3 ,7,8-tetrach lorodlbe nxo- 
furans, which was k in d ly  provided by D r. J . G . Vos, was 
noted in its  g n  chromatogram. A ll o f tha three samples 
o f ̂ "Y  w ho o il"  also contained about 6 ppm  o f P C D F'i, 
the ma]or constituents o f w hich were ts tra - and penta- 
chlorodibanzof urans. Hare again, the peak w ith  the same 
retention tim e as 2^,7 .8-tatrach lorodibanzofurcn was 
noted. KeshTmoto also found 1.6 ppm  o f PCDF'a in  
another batch o f "Yusho o i l/ ' n  shown in  table G (ref. 
18). Table 4 summarized the concentrations o f PCDF's 
In Kpntchlor-400, reported by several authors. As clearly 
noted, there is a f lir ty  large discrepancy In th e ir finding«. 
W hathar o r no t i t  was duo to  th e ir analytical procedures 
o r to  batch difference cannot be decided a t the prew nt 
tim e.

Another im portant fa c t was disclosed by Nagayama 
a t al. They determ ined the concentration o f PCB's in  
“ Yusho o il"  as approxim ately 1,000 ppm or s ligh tly  ten 
than 1/100 ppm, as shown in  tabla 3. Sinca "Y usho o il" , 
b  known to  have been contam inated w ith  Kenechlor- 
400,* the ra tio  o f the concentration o f PCB's to  tha t o f 
PCD F'i in ' "Y usho  o il"  b  expected to  be about 
1,000:0.018. The observed ra tio , approxim ately 1 ,0C&6,
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Table 3. PCDF's and PCB's in Kanechlors and Yusho oil

Sample

PCDF's (ppm) PCB'S (ppm)

Peak
height
method

Perchlo- 
r1 nation 
method

Peak
height
method

Perch!o- 
r1 nation 
method

Kanechlor
300
400
500
600

1
18
4
5

1.5 
16.6
2.5 
2-7

- -

A 5 4.4 830 870
Yusho o il B 4 5.1 900 920

C 5 5.2 1030 980

Table 4 . Reported concentrations o f PCDF's 
in Kanechlor-400

Authors Year
Concentration

(PPM)

Roach et a1.a 1974 1
Hagayama et a l.^ 1975 18
Kashimoto et a !.c 1975 33

*Ref. 17.
bRef. 16.
°Ref. 18.*

was thus about 260 tim es higher than expected | table 5), 
The raasons fo r th is great discrepancy are no t char ye t. 
h  should be noted, however, tha t the tarn p it o f 
Kanechlor-400 analyzed was an "unused** one, w hile the 
KanechfoMOO present in "Yusho o il"  was "used" as 
heat transfer medium. This fact suggests a practically 
Im portant possib ility tha t Kanechlor-400 and probably 
other commercial PCB's, too , w ill Encreasa th e ir PCOF 
concen trations when used as heat transfer medium.

2. PCOF'* in Imam* o f P atknti w ith Yinho
Nagayama a t al. (ref. 24) fu rthe r examined the 

tissues o f patients w ith  Yusho fo r the ir possible content

o f PCDF's. Table 6 summarized th e ir findings. Adipose 
tissues and live r from  tw o  ord inary persons who d ied o f 
accidents contained no detectable am ount (<  0.1 ppb) 
o f PCDF's, but those from  three patients w ith  Yusho 
who- died in  1949 or 1972 were a ll shown to  contain 
PCDF’s. Figures 2 and 3 show th a ir gas-chromatograms 
and mass spectra. The concentratio n  on a whole basis 
was 0.009 ppm on average fo r adipose tissues and 0.013 
ppm fo r liver. This seems to  be a rather surprising fect_ 
because- in  the case o f PCB's the  concentration on a 
whole basis is usually much low er in  live r than In ad lp ow ' 
tissues. When compared on fa t basis, another interesting 
fa c t was noted tha t PCOF concentratio n  was much high- 
a r in  live r than in adipose tissue. A lthough the num ber
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Table 5. Concentrations of PCB's and PCDF's and their 
ratios in various materials

Materials
PCB's
(ppm)

PCDF's
(ppm)

PCB's
R dF T Reference

Kanechlor-400 _ 1,000,000 ca. 20 50,000 T6Yusho o il A* ca. 1,000 5 200
Bb 134 1.6 84 18

Patient Adipose 1.3 0.009 144 24srlth tissue 
Yusho L1yep 0.05 0.013 4

“samples of the rice  o il produced on February 5 or 6, 
1968.

bA sample of the rice o i l  produced on February 10, 
1968.

Table 6. PCB's and PCDF's in tissues of patients 
with Yusho and ordinary persons

Case
Time
of

PCB'S
Whole

-<EPnO
Fat

PCDF's
tfhole

<PPrc)
Fat

Ratio
PCB's/RCDF's

Subjects Tissue No. death basis basis basis basis U f io l i " Fat

1 1969 1.4 3.4 0.013 0.03 108 113
2 1969 1.3 8.5 0.006 0.04 217 213

.Adipose 3 1972 1.2 2.1 0.007 0.01 171 210

Yusho Avg. 1.3 4.7 0.009 0.003 144 157
patients 1 1969 0.05 4.7 0.025 2.3 2 2

2 1969 0.06 5.6 0.010 1.1 6 5
Liver 3 1972 0.03 3.5. 0.003 0.3 10 12

Avg. 0.05 4.6 0.013 1.2 4 4

Ordinary
.Adipose 1

2
1975
1975

1.0
0.4

1.4
0.7

NO
NO

ND
ND

persons ÌLIver 1 1975 0.08 1.3 ND ND
2 1975 0.02 1.0 ND ND
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Upper :

PCDF FRACTION FROM

Liver of Yusho Patient. 

Lower :
PCDF FRACTION FROM

Yusho Oil.

Figure 2 . Gaschromatograms o f PCOF fractions from liver of patient 
with Yusho and from “Yusho oil.*'

o f analyses made is quite lim ited  and nothing can be said 
w ith  certainty, th is fact Menu to  deserve a tten tion . As 
shown In table 6, these d iffe ren t behaviors in  tissue dis­
tribu tion  o f the compounds caused a remarkable d iffe r* 
•nee in  ratio o f PCB'i to  PCDF’i  between adipose tissues 
and liver. I t  was thus demonstrated tha t the concentra­
tio n  o f PCOFs is much closer to  tha t o f PCB't in  liver 
than in  adipose tissues in  patients w ith  Yusho. The 
PCDF's identified h i liver were m ainly penu- and hexa- 
chlorodibanzofurans, containing on ly ■ tra c t o f tetra* 
chioro isomers.

CURRENT C LIN IC AL STATE 
OF PATIENTS W ITH YUSHO

In t974 . Prof. Urabe {ro t. 2 ), form er chief o f the 
Study Group, reported tha t the dermal and mucosal 
signs tha t w an most marked at the Incip ient stage o f tha

poisoning had gradually been im proved, w hile sym ptom s 
such as general fatigue, poor appetite, in  constant ab­
dom inal pain, heavy headedness end haadedie, feeling o f 
numbness and pain at tha lim bs, and cough and expecto­
ration o f sputum, a ll o f w hich are considered to  be due 
to  some internal disturbances, have become more prom i­
nent year by year. In  view  o f them  tendencies together 
w ith  the discovery o f ■ characteristic gai-chrom ato- 
graphic pattern o f PCB's remaining in  the blood and 
tissues o f patients, the diagnostic c rite ria  fo r Yusho was 
revised in  1072 (re f. 2), as shown in  table 7 . As com­
pared w ith  the form er one, the revised c rite ria  describe 
b rie fly  the dermal and mucosal lesions bu t new ly refer 
to  o ther noncutaneous objective signs and find ings fip m  
eaverat laboratory tests. I t  should be noted, however, 
th a t the new crite ria  do no t refer to  any specific live r 
function  tests.
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Figure 3. GC-MS of PCDF's fraction from liver o f patient w ith Yusho (upper) 
and o f synthesized PCDF's (lower).
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Table 7. The diagnostic criteria for Yusho 
(revised in October, 1972).

Yusho 1s considered as an acute or subacute poisoning with 
PCB. The general symptoms currently seen are retarded growth, 
neuroendocrine disturbances, phenomenon of enzyme Induction, 
disturbances 1n the respiratory system, and abnormal l ip id  metab­
olism. As the local symptoms, acneform eruption and pigmentation 
as cutaneomucosal lesions and ocular symptoms are seen.
1. Conditions of attack

Fact o f Ingestion of Kaneml rice o il contaminated with PCB 
and fam ilia l occurrence seen 1n most cases.

2. General symptoms
a. Subjective symptoms

1) general fatigue
2) heavy headedness and headache
3) inconstant abdominal pain
4) feeling of numbness and pain at the limbs
5) swelling and pain at the jo in ts
6) cough and sputum
7) changes 1n menstruation

b. Objective symptom
1) bronchitis-like symptom
2) sensory neuropathy
3) burs itis
4) inh ib ition  in growth and abnormal teeth in children
5) Small-For-Dates baby and pigmentation of the entire

skin of newborns
c. Results from c lin ica l examination

1) abnormal properties and concentration o f PCB 1n 
blood

2) increase of neutral lip ids  In blood
3) anemia, 'lymphocytosis, hypoalbumlnemla
4) reduced velocity o f the sensory nerve conduction 

and adrenocortical hypofunctlon
3. Cutaneomucosal signs

a. Acneform eruption
Black comedones and acneform eruptions which are seen 
at the face, buttocks, and other Intertriglnous sites 
and the ir suppurative tendency.

b. Pigmentation
Pigmentation of the face, palpebral conjunctiva, gingiva, 
and nails of the fingers and toes.

c. Ocular signs
Swelling and hypersecretion of the Meibomian gland and 
palpebral edema.

(Translation was made by Kuratsune)
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1. Subjactftm Symptoms
Table 8 shows tha t a considerable po rtion  o f the 

patients are s till suffering from  various subjective 
symptoms in recent yean. Koda and Masuda examined 
the ir possible association w ith  PCB concentrations in 
Mood« find ing no positive association at a il (ref. 4 ). 
Umeda also reported on various symptoms due to  dfs* 
turbancas o f higher nervous activities (14 ., forgetfulness) 
complained o f by most patients, bu t no de fin ite  associa­
tio n  between such symptoms and the blood levels o f 
PCS's was observed (ref. 6).

2. DmnatoJogicm! Findings
Koda and Masuda examined 72 patients w ith  Yusho 

fo r dermatological signs and PCB levels in the blood 
from  A p ril 1973 to  March 1974 (re f. 4 ). As shown in  
table 9, the m ajority o f patients were s till suffering from  
skin lesions such as pigm entation, deform ation o f na il, 
and hypersecretion o f Meibomian gland even 5 years 
after the poisoning. They also demonstrated another im ­
portant fac t th a t group A . consisting o f patients whose 
blood shows the gu-chrom atographic pattern A , had 
significantly higher prevalences o f derm atologic signs 
such as pigm entation, acneform eruption, and deformed 
m ill than d id  group B, which consisted o f patients show  
ing no such typica l fesi'Chromatographic pattern.

Since group A  had a higher average concentration of 
PCB’s than group B, the dermal lesions seen among cur­
rent patients, contrary to  the subjective symptoms, seem 
to  be causally associated w ith  the current level o r pat­
tern o f PCB's remaining in th e ir blood. Howevar, no 
condusion could be readily made in  th is  regard. F irs t o f 
a ll, the current excess o f PCB's in  the blood o f p a tiin ts  
is no t remarkable in  degree and is  almost negligible as 
compered w ith  the enormous elevation seen among the 
o ccu p a tio n a lly  exposed workers, who nevertheless 
showed a rather low  prevalence o f dermal symptoms 
(table 2).

I t  seems rather herd, therefore, to  explain the 
persisting dermal lesions by elevated PCB levels in 
blood alone. The chemical peculiarity o f such PCB's and 
the presence o f PCOF's in  the bodies o f current patients 
seem to  be particularly im portant in  th is  connection. 
However, our present knowledge does no t a llow  us to  
continue discussion o f the m atter along th is line w ithou t 
speculation. Furtherm ore, an en tire ly  d iffe re n t explana­
tio n  m ight also be possible. The skin lesions currently 
seen may merely be the persisting original skin lesions, 
the severity o f which m ust have been determ ined p ri­
m arily by the am ount o f in take o f PCB's; such intake 
must In tu rn  be reflected by the current PCB levels in  
blood o f patients. According to  th is  explanation, the

Table 8. Frequency of subjective symptoms 
complained by patients with Yusho 
from 1973 to 1974

Symptoms
Proportion*

%

Fatigue 51.4
Headache 41.7
Phymata in a rticu la r region B.3
Fever 2.8
Cough and sputum 56.9
Digestive disorder 40.3 -
Numbness of extremities 33.3
Menstrual disturbance 26.9 .

(7/26)

Calculated by Kuratsune front original 
figures published by KDda and Masuda 
(re f. 4).
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Table 9. Prevalence of dermatological and other signs
among patients with Yusho from April 1973 to 
to  March 1974, in connection with concentration 
and gaschromatographic pattern of PCB's in 
blood

Prevalence (%)c

Group A Group B Group C Total
Signs (43 cases) (26 cases) (33 cases) (72 cases)

Skin 51.2? 0 b 0 30.6
Pigmentation 72.1°

95.3°
19.2?
57 .7?

0
66.6

50.0
80.6

Nail 74.4? 34,6°
0b

0 56.9
Acneform eruption 34.9b 0 20.8
Comedo 34.9 23.1 0 29.2
Infection of skin 32.6, 11.5. 0 23.6
Deformation of nail 65.1* 38.5a 0 52.8
Alopecia 0 3.8 0 1.4
Disorder 1n teeth 18.6 7.7 0 13.9
Dypersecretlon of 93.0 • 80.8 100.0 88.9

Meibomian gland

pea's In Conc* (PPb)
MnnS Avg. + S.D. 
Mood Pattern

7.2 + 4:9 

Ad

4 .3  + 3.1  

¿d
1.7 + 0.2 

■ Cd

5.9 + 4.5

S ign ifica n t (P < 0.05) difference.
S ign ifican t (P < 0.01) difference.
Calculated by Kuratsune from figures published by Koda and 
Masuda (re f. 4).

d"A" means the characteristic gaschromatographic pattern of 
PCB's remaining 1n the bod|y o f most patients with Yusho. 
"B* means gas chromatographic patterns somewhat sim ilar to 
"A". “C" means patterns indistinguishable from those o f 
normal persons.

observed association o f the dermal lesions w ith  currant 
blood levels o f PCB’s is considered is  a phenomenal ona 
but no t as a carnal one. In  order to  evaluate these d if­
ferent possibilities. I t  seems essential to  examine cheml- 
a lly  end to  xteo log really the PCB's and PCDF’s s till re­
maining in  patients'bodies.

3. Serum Trfgtycsrfdr
One o f the most d o m in in t objective signs seen at 

the Incip ient stage o f Yusho was a m arkedly increued 
concentration o f sanim trig lyceride. Okumura and his 
essodites reportad recently the results o f th e ir extensive' 
fo llow up study on 40 patients who were examined fo r
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serum triglyceride « t least one* a y e tr successively fo r 6 
yens from  1969 to  1974 ( r tf. 19). A t shown in table 10. 
a group o f 14 m alt patfants has shown no significant 
change In serum trig lyceride lavals since 1969, s till main­
taining (avals as high as 160 ±  118 mg/100 m l «van in 
1974. For 26 female patients, however, a significant de­
crease was seen in  1973 and 1974 when compared w ith  
die (avals in the previous years. However* 42 percent o f 
them s till showed higher levels than 110 m g/100 ml In 
1974.

Okumura a t at. (re f. 20) examined the possible asso­
ciation between serum trlg lyeerlde levels and PCB con­
centrations in  blood in patients. As shown in table 11, 
they observed t  significantly higher mean level o f serum 
trig lyceride in  a group o f patients who showed the 
characteristic gas chromatographic pattern A , as com ­
pared w ith  other patients who did no t show such a ty p i­
cal pattern. They tiao  observed a s ign ificantly positive 
correlation between rerum trig lyceride levels and PCS 
concentrations in  blood (r *  0.485).

Tablo 10. Results of followup study on serum triglyceride 
levels in patients with Yusho*

Subjects
PCB's No. Age 

pattern cases mean

PCB's in ■ 
blood 
(ppb)

Trlglyeerlde 
mg/100 ml Reference

Patients A 20 31.9 8.6 + 5.2b 134 + 60.0a
with B 14

Yusho C 2 21.4 3.B + 2.2d 91 + 39.8d 20

Controls C 37 34.5 2.8 + 1.6

Controls 74 + 29 19.21

aP < 0 .0 5 . bP < 0 .0 0 5 .

Table 11. PCB's concentrations in blood and serum 
triglyceride levels in patients with Yusho
in 1973

Patients
- Triglyceride (mg/100 ml) 

Mean + S.D<

Sex Age No. 1969 1970 1971 1972' 1973 1974
Hale 11 - 73 14 159 + 57 166 + 55 169 + 60 174 + 69.164 + 68 160 + 118
Female 7 - 59 26 155 + 75 161 + 70 155 + BO 153 + 63 129 + 50b 111 + 56b

aC1ted from a report by Okumura et a l. (re f. 19). 
bS1gnif1cantly lower than In 1969, 1970, 1971, and 1972 (P < 0.05).
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tfere again, a sim ilar question can be raised in regard 
Co surfi observed correlation, as already discussed in con* 
naction’wrth"the dermal lesions7 Are the current elevated 
levels o f PCB's in blood and the ir peculiarities in  gas- 
chromatographic patterns causally connected w ith  the 
abnormally high serum trig lyceride levels found in 
patients? Since, as mentioned, the female patients 
started to  decrease in  strum  trig lyceride concentration in 
recent  years, a fo llow up exam ination o f PCB's In the ir 
blood m ight give a good due to  answer the above ques­
tion .

4. ¿ A w  o f P ittena w ith Ytaho
Both PCB's and PCDF’s are well-known to x ic  agents 

to  the liver. PCDF's mem to  be particularly to x ic  be­
a u x  i  single oral adm inistration o f PCDF's as small as 
about 1 mg/kg could k ill rabbits by severe live r necrosis 
(refs. 28,26). Therefore, It te reasonable to  axpect tha t 
patients w ith  Y urtio  would have a severe liver damage. 
Okumura e t el. (ref. 30) perform ed detailed medical 
examinations on 24 patients soon a fte r the onset bu t, 
unexpectedly, obtained no objective findings to  indicate 
definhe live r disorders. No patients presented Jaundice 
and on ly three o f them had palpable livers. However, in  
electron m icroscopic examination o f live r biopsy speci­
mens conducted on a patient in  February 1669 revealed 
a marked hypertrophy o f smooth endoplasmic re ticu­
lum, indicating stim ulated enzyme induction in  the liver 
(ref. 31).

Okumura examined 38 patients w ith  various subjac- 
thre symptoms fo r serum enzymes, including isozymes 
from  1971 to  1972 (re f. 32). A n increase in  a fraction  o f 
lactate dehydrogenase (LDH-6) and high th e n  in  thym ol 
tu rb id ity  tests were observed in  same o f the severe cases 
bu t no d e fin ite  evidence fo r liver disorders wos obtained. 
Recently Hirayama at al. (ref. 33) examined 121 adult 
patients w ith  Y tnho and 257 healthy adult contro ls fo r 
serum b iliru b in , demonstra ting a significant lower aver­
age concentration in the patient group than in  the con­
tro l. They also showed significantly negative correlations 
between serum b ilirub in  and blood PCB's in concentra­
tion  (r ■ -0 .346, p<0.026) and s im ila rly  between serum 
b ilin ib in  and strum  triglyceride (r ■ -0 .21 5 , p<0.05). 
They considered t in t  a lowered concentration o f serum 
bB in fitn  in  patients seemed m ainly due to  an accelerated 
brUrubin d iq K K il from  the blood.

H ireyim e a t el. investigated 125 patients fo r Austra­
lia  an tigen end antibody by the im m unoelectro- 
osm ophom is in  1971 (ref, 34). The antigen was positive 
in three, white the antibody was negative in  a ll o f them P 
tm&cating no difference * t  a ll in  the prevalences between 
the patients and healthy contro ls. This find ing seems to  
be im portant In connection w ith  the fu tu re  risk o f 
cancer which patients m ight experience.

In view o f a ll these findings, live r fun ction  tests cur­
ren tly  available do no t readily detect serious live r lesions 
In the patients, but i t  is h igh ly desirable th a t adequate 
caution w ill continuously be paid to  th is  well-know n 
target organ o f chlorinated hydrocarbons.

CHILDREN BORN TO MOTHERS 
W ITH YUSHO

The b irth  o f unusual babies from  m others who took 
"Yusho o il"  during pregnancy is already welt known 
(refs. 26,26). Their clin ica l features wars dark brown 
pigm entation o f the mucous membrane and the entire 
skin, gingival hyperplasis w ith  pigm entation, a tendency 
to  bo small fo r the date, eruption o f teeth at. b irth , 
hypersaeretation o f the Meibomian gland, and edema o f 
the orb ita l area. Pigm entation o f the skin disappeared in 
2 to  S months, follow ed by grow th sim ilar to  th a t o f 
normal babies.

I t  seems notew orthy, however, th a t babies w ith  the 
dark brown pigmented skin continued to  be born fo r a 
few years after the intaka o f "Y usho o il"  was discon­
tinued by mothere. Yoshimura reported on nine babies 
w ith  such skin who were bom  to  m others w ith  Yucho in  
Nagasaki prefecture from  1969 to  1972 (ro f. 27). Three 
o f such babies had been delivered by a patient from  
1969 to  1971. Abe et al. (re f. 23) recently reported on 
PCS levels in  the plasma o f 30 children (agad 0 -7 ) bom 
to  18 mothers w ith  Y utho in  Nagasaki prefecture. Their 
exam ination was made in 1974. As shown in  table 12, 
the PCB levels o f there children were sign ifican tly higher 
than those o f ord inary children bu t low er than the levels 
o f the ir mothers. Their gas-chromatographic patterns of 
PCB's in  plasma were already referred to  earlier in  th is  
paper. Children fed on breast m ilk  from  m others w ith  
Yusho tended to  show a higher plasma concentration of 
PCB's than those w ho were no t fed on such m ilk . - -

Yoshimura also reported an interesting case, where •  
baby was thought to  have suffered from  Yusho due ex­
clusively to  intake o f PCB's through breast m ilk  from  a 
woman w ith  Yusho (re f. 27). Vory few  data are available 
in regard to  the concentration o f PCB's in breast m ilk  o f 
mothers w ith  Yusho.'Masuda e t a l. found 0.03 — 0.06 
ppm o f PCB's in  6 samples o f breast m ilk  collected from  
a woman w ith  Yusho w ith in  5 days after delivery in 
1673 (ref. 12). Masuda also found about 0 .03 ppm o f 
PCB's in  another sample o f breast m ilk  collected a few  
days after a woman w ith  Yusho delivered a baby w ith  no 
dermal signs (ref, 14). The PCB levels in  breast m ilk  
from  patients w ith  Yusho were therefore Just w ith in  the 
normal range. However, the gas-chromatographtc pat­
terns o f these samples were quite unique, the  same as 
’tha t characteristic fo r Y ud io .
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Table 12. Concentration of PCB's in plasma of 
children born to  mothers with Yusho

PCB's In p 
(PPb)

lasma
Ref­

erenceSubjects Subjects Range Mean + S.D.

Mothers with 
Yusho

18 3-33 11.2 + 7.32

Children born 
to above 
nothers

30 1-20 6.7 + 4.28 23

Ordinary c h il­
dren

14 1-8 3.7 + 1.97

Table 13. Deaths seen among patients w ith YushoA

Cause o f death Number.

Malignant neoplasms 9
Stomach cancer 2
Stomach cancer + l iv e r  cancer l h
Liver cancer + l iv e r  cirrhosis l b
Lung cancer 1
Lung Tumor 1
Breast cancer 1
Malignant lymphoma 2

Cerebrovascular lesion 3hAmyloidosis i t
Osteodystrophia fibrosa l£
Myocardial degeneration + pericard itis
Status thymicolymphaticus - l b
Liver cirrhosis . 1
Suicide 1
Senility 1
Tra ffic  accidents 3

TOTAL. 22

^ ite d  from a report by Urage 1974 (re f. 2). 
bAutopsled cases.
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M ORTALITY OF PATIENTS 
WITH YUSHO

O m it reported in 1975 tha t 39 deaths occurred 
among 1,291 patients w ith Yusho up to  A p ril 3 4  1975 
(ref. 1). Causes o f these deaths were no t given, however. 
Urabe also reported on 22 deaths seen among 1,200 
patients u n til September 13,1973, and referred to  the ir 
causes (ref. 2). As shown in table 13, 9  o f 22 deaths 
were caured by malignant neoplasms, suggesting a 
possible excess o f deaths from  cancer. Since some essen* 
tia l inform ation needed fo r epidem iological analysis is 
ra t available to  us, no further reference can be made 
w ith  canainty to  such a possib ility a t the p re a n t tim e.

CONCLUSION

As mentioned earlier, we demonstrated the presence 
o f PCDF'a in  "Y iaho  o il"  a t a much higher concentra­
tion  than expected. We also showed tha t PCDF'i are 
retithrety more concentrated In liver. A lthough neither 
the chemical nature nor the to x ic ity  o f PCDF's con* 
tamed in "Yusho o il"  and In  the bodies o f patients are 
known yet, ou r findings dearly indicate the necessity to  
pay paater attention to  PCDF's fo r da rifica tion  o f the 
nature o f Yusho. Furthermore, our studies suggested the 
possible form ation o f PCDFs from  PCB's when used is  
heat transfer medium. Beside th is, another possib ility 
tha t PCDF's m ight be form ed by heating PCB's w ith  
peroxides, which ere well known to  be form ed during 
heating cooking o ils, should also be investigated,
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DISCUSSION

M R. A LLEN  GREY H IT  Research Ins titu te . Chicago, 
Illin o is ): Do you have any feel whether dibenzo- 
furans concentrating in the body are more rapid in  
metabolism than the result o f po lych lorinated b i­
phenyls?

DR. KURATSUNE: U nfortunate ly I have no de fin ite  
idea. I t  is a more po tent com pound than PCB, I 
guess. I really cannot say.

D R . O R V IL L E  P A Y N T E R  (E P A , W ashington, 
D.C): Are there any reproductive problem s or ir ­
regularities continu ing fo r m any years a fte r the 
ingestion o f these materials?

DR. KURATSUNE: Thar« is some disturbance o f men­
struation. There have been some disturbances and 
there have been some related problem s.

MS. DEBORAH A . BARSOTTI (U n iversity o f W iscon­
sin, Madison, W isconsin): Were there are doings 
tha t suspected any widespread gastic ulcerations o r 
an erosion in  the pa tien ts-gastric ulcers?

DR. KURATSUNE: No, I do no t th in k  so. Some o f the 
patients had very persistent disorders o f the intes­
tines, disorders o f the digestive system, bu t I do no t 
know i f  they were suffering as a result o f th is  o r 
not,

VOICE: A ny residual chenges in the sebaceous gland 
during the autopsy?

DR. KURATSUNE: No, I do n o t know  very.'m uch 
about it.

VOICE: I w ould like  to  ask one more question. Have 
you been able to  specifically id e n tify  any o f the 
dibenzofurens other than those in the body?

DR. KURATSUNE: You are asking If  we could id e n tify  
any o f the dibenzofurens? No.
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PATHOLOGICAL FINDING S ASSOCIATED W ITH  
CHRONIC EXPERIMENTAL EXPOSURE TO PCB's

Renate D. Kimbrough, M .D .*

Abstract

The principle orgena effected by long-term exposure 
to  comments! mixtures o f polychlorineted biphenyl* 
(PCB's) in  rodents, mink, end monkeys are the gsstro- 
intestins! tract, the fiver, and the lymphatic system. 
Lesions o f the gastric mucosa have been described in  
monkeys, and ulcerations o f the gastric mucosa hove 
been observed in  the ra t Pathological changes in the 
liver in  many spades, such as the monkey, rodent, and 
m ink, consist o f hepatomegaly, lip id  accumulation, and 
liver celt necrosis, particularly a t higher dietary levels 
Hyperchmmatic nuclei and m itotic figures am noted. 
Uitrastructural changes in  the cytoplasm o f affected 
hapatocytes consist o f an increase in  smooth endo­
plasmic reticulum, atypical mytochondria, and accumu­
lation o f concentrically arranged membranes, which 
uauaBy surround Hpfd vacuoles. Particularly in  rodents, 
accumulation o f a brown pigment has been observed in  
Kvpffer calls end macrophages (ceroid pigment and 
uroporphyrin).

In  the mourn, (mala BaibfcJ strain) neoplastic 
nodules (hepatomas, hyperplastic nodules) developed 
after dietary exposure to  A rodor 1254. Female Sherman 
strain rats fed 100 ppm A rodor 1260 fo r 21 months 
developed hepatocellular carcinomas as m il as nao- 
plastic nodules (hyperplastic nodules) o f the livers.

in  the ra t and the mouse, adenofibrosis o f the live r 
occurred after exposing rodents to  either A rodor 1254 
or A rodor 1260. Adenofibmsis, a persistent lesion, does 
not disappear upon cassation o f exposure jo  the PCB's.

In  connection w ith the persistence o f the d ifferent 
lesions mentioned in  the rodents as well as in  primates, it  
was noted that certain homotogues o f the PCB mixtures 
fad to the animals were not elim inated from adipose 
tissue and Over in  any appreciable amount in  rata, 6 ’ 
months feeding o f Arodor 1254a t a dietary level o f 100 
ppm followed by a 16-month recovery period resulted in  
to ta l adipose tissue levels o f 152 ppm penta, hexa-, and 
haptachlorobipheoyl. These animats s till showed 
pathological changes in  the Over, and fiver PCB levels o f 
4.5 ppm.

'Toxicology Brandi, Canter for Ochbm Control, U.S. Public 
HMth Smric*. D w rtm cnt of H afth , Education, aid Wrifara. 
Atlanta, Gaorgâ.

INTRODUCTION

For the past 45 years, po lych lorinatad biphenyls 
(PCB's) have been used In transform ers, capacitors, as 
heat transfer flu ids, and have had o ther industria l appli­
cations (raf. 1). The to x ic ity  o f these and related com­
pounds has recently been reviewed (re f. 2). A  num ber o f 
new obrervetions have bean made since a conference was 
held on PCB's in 1971 and it  is the purpose o f th is  paper 
to  outline additional findings tha t are associated w ith  
chronic experimental exposure o f animals to  PCB's.

To study the long-term to x ic ity  o f the PCB's, com­
mercial m ixtures have usually bean em ployed. This was 
done fo r tw o  reasons: sim ilar m ixtures were found in  the 
environm ent, and the individual constituents o f the 
PCB's are very expensive and no t readily available in  the 
Quantity necessary to  conduct long-term  studies. Table 1 
gives the com position o f some o f the com m ercial PCB 
m ixtures. I f  the PCB's are g iv tn  as a ting le  dose, they are 
o f a low  order o f to x ic ity  (table 2 ). Tha acuta dermal 
to x ic ity  is also low . I t  is  tha repeated and o ften  long­
term  exposure to  th a t* compounds th a t may lead to  a 
cum ulative to x ic  effect.

HEPATO TO XICITY

D ietary exposure o f rats to  the PCB's produces 
enlargement o f the live r cells in some adu lt rats at a 
dietary level o f 5 ppm (0.4 m g/kg/day) (re f. 3 ). Liver 
weights were increased in  21-day-old F 1 male weanlings 
w h in  the dams ware fad as litt le  as 1 ppm  o f A ro d o r 
1254 |ra f. 3). A t a d ietary leva! o f 20 ppm o r above o f 
A rod o r 1254 o r 1260, which is equivalent to  a d ietary 
intake o f 1.5 m g/kg/body weight per day, fo r an ax- 
tended period o f tim e, the hapatocytes In m any rats had 
foam y cytoplasm consistent w ith  lip id  accum ulation. In 
addition, hyperchrom attc nuclei and b inudaa tion  was 
observed In many fiver calls. Inclusions were present in  
tha cytoplasm o f th e  live r cells. These inclusions on 
electron m icroscopic exam ination were consistent w ith  
concantrically arrangtd membranes surrounding lip id  
vacuotas. O ther uh ra itructu ra l changes observed a t th is 
and h igherd ie ta ry levels In rats consisted o f an Increase 
in smooth endoplasmic reticulum  and atyp ical m yto­
chondria. These uitrastructura l changes have also bean 
described in primates (re f. 4) and are known to  occur 
w ith  a number o f other xtnob to tics. S im ilar observations 
ware made in  a study w ith  smaller numbers o f animals
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Table 1. Typical percentage composition of 
polychlorinated biphenyl products2

Homologue 
# Cl/biphenyl

Aroclor
1221

Aroclor
1016

Aroclor
1242

Aroclor
1254

0 11 <0.1 <0.1 <0.1
1 51 1 1 <0.1
2 32 20 16 <0.5
3 4 57 49 1
4 2 21 25 21
5 <0.5 1 8 48
6 NDb <0.1 1 23
7 ND ND <0.1 6

^Percent (w/w) by GC/mass using area correction 
factors by homolog response, (Papageorge, w rit 
ten communication, June 1973).

**None detected; <0:01X = ND.

Table 2. The incidence and type of liver 
lesions in female sherman strain rats

Incidence

Type of Lesion Controls Experimental

Hepatocellular
carcinoma

1/173 26/164

Neoplastic
nodules

0/173 144/184

Foci or areas of - 
cytoplasmic alteration 28/173 182/184
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where the rets wwre f id  A rodor 1242 and A rod o r 1016 

(ra f.6).
A  brown pigment representing ceroid pigment and 

uroporphyrin was observed in  Kupffer celts and macro* 
phages. Particularly at h itte r  d ietary levels, liven  
showed pink fluorescence under UV lights.

In addition, exposure o f rats and mice to  PCB's fo r 
6 months or longer produorf grayish w h it* lesions In the 
Hver. On m icroscopic exam ination, these lesions con* 
silted o f pro life ra tion o f glandular ep ithe lia l cells tha t 
formed ducts and w en surrounded try very pronounced 
fibrosis (refs. 6,7). The ducts often contained cellular 
debris. This lesion, cel lad adenofibrosis, was firs t de­
scribed by Edwards end W hite (ref. 6) in  ra ti fed the 
ardnogen butte r yellow  (P-dimethylim inoazobenzene).

When rats were exposed fo r 6 m onths to  a dietary 
intake o f 500 ppm A rodor 1254 end then sacrificed firs t 
at m onthly and then at bim onthly intervals, the adano* 
fib ro s is  partisted through a 10-m onth observation 
period. Usually adenofibrosis in  rodents occurs con­
com itantly w ith  hepatocellular carcinomas and/or neo­
plastic nodules (hyperplastic nodules). This was true fo r 
the Balb/cJ mousa (ref. 7). Whan 50 B ilb /cJ  inbred mate 
mice were fed 300 ppm A rod or 1254 (49.8 m g/kg/ 
bodyweight per day), a to ta l o f 10 neoplastic nodules 
(hyperplastic nodules) were found in 9 per 22 surviving 
mice after 11 months o f exposure to  the experimental 
diet. No tu rnon  were f ound in 5B surviving controls.

In another study, 400 weanling 21* to  26-day«» Id 
Sherman strain COBS female rets were d istribu ted in to  
tw o groups o f 200 animats according to  i  table o f 
random numbers. The animals were housed 10 rats par 
cage. Two hundred rats were fed plain pound  purine 
chow and 200 rats ware fed ths same d ie t containing 
i n  ppm A rod o r 1260. This study was on ly conducted 
a t th is dietary leva) and w ith  female rats because in a 
prelim inary feeding study, a bladder tum or was found in 
1 o f 10 female rats fad 100 ppm A rod o r 1250 (re f. 8). 
The food consumption o f the rats and the ir bodywaights 
were determined at intervals. A  s light decline in the rata 
o f the weight gain o f the test group compared w ith  the 
contro l group began about 3 months a fta r onset o f the 
experiment. Mean fina l bodyweights were 420 grams fo r 
the contro l po up  and 392 grams in  the test group. This 

‘difference was statistically significant (P <  0.001) since 
u c h  a large p o u p  o f animals was involved in th is study. 
The food consumption o f rats dedines w ith  age. Accord­
ingly, PCS intake declined from  1 I jB m g/kg/d iy during 
the firs t wreck o f exposure to  6.1 m g/kg/day a t 3 months 
o f exposure and to  A3 m g/kg/day at 20 months. We 
determined the PCS concentrations in  the experimental 
d ie t a t intervals and these ranged usually from  70 to  107 
ppm. We also spot checked the d ie t fo r a fio tox im . A fb -

toxins were never detected In e ither the con tro l o r the 
experimental d ie t. A  to ta l o f 173 oontro l and 184 
experimenta l animals survived to  the age o f 21*23 
months. A t autopsy o f these rats, a consistent difference 
in  the appearance o f the liven  was observed between the 
axparimentel end the contro l groups. A lm ost a ll (170 o f 
184 livers) o f the experimental animals had from  a few 
to  m ultip le elevated tan nodules on the live r surface. 
Additional nodules were usually seen on M otioning. 
These nodules varied from  .1 to  several centim eters in 
diameter. In  contrast, the liver o f on ly one con tro l 
animal showed gross abnorm alities and was m ark id ly  
enlarged, nodular, tan, and firm . A  variety o f tum ors o f 
other organs was observed in both the experim ental and 
the contro l p o u p  bu t a difference in  the inciden9e o f 
tum ors in  o ther organs in  the experim ental and the con­
tro l group did no t exist.*

H istologic exam ination o f the liver showed th a t 26 
experimental rats and 1 con tro l ra t had hapatocellular 
carcinomas. An additional 144 experim ental animals had 
h a p a to e a llu ta r nodules consistent w ith  neoplastic 
nodules (hyperplastic nodules). In  add ition , 182 treated 
and. 28 con tro l animals had areas o f hepatocytas w ith  
altered cytoplasm . The oells In these areas were o ften 
sim ilar to  those th a t were obwrved in  the neoplastic 
nodules bu t th i architecture o f these atyp ical areas In 
the liver was the same as tha t o f norm al live r tissue and 
the livsr plates merged w ith  the surrounding liva r tissue 
rather than compressing i t

In classifying the d iffe ren t Uvar lesions, the recom­
mendations made in  a liver tum or workshop (re f. 9) 
were follow ed.

The results o f th is  bioessay rest Illustra te th a t A ro ­
d o r 1260 products hepatocellular carcinomas according 
to  trad itiona l histological criteria  and naoplastic nodules, 
which are a part o f the spectrum o f a response to  hept- 
tocardnogenie agents. Neoplastic nodules must be 
Induded in  the evaluation o f tum origenasis. Naoplastic 
lesions o f the liver have also been produced by soma o f 
the commercial Japanese PCB m ixtures; in  m ica w ith  
K inech lor 500, and in  Donryu rats w ith  Kanechlor 400 
(rtfs . 10,11).

T h i e ffect on tire  -gastric mucosa is  i t  has been 
described In prim ates -(ref. 4) does no t stem  to  be as 
prevalent In rodents. O nly very high d ie tary levels, such 
as single doses o f 3,000 mg/kg, w ill cause a lte ra tion  o f 
the gastric and duodenal mucosa (re f. 2 ). Primates (re f. 
4) receiving 100 to  300 ppm A ro d o r 1248 developed • 
thickened gastric mucosa tha t contained numerous large 
cysts • fille d  w ith  m udn. Extension o f the atyp ical' • About 40 percent of the rati in each group had extra* hepatic tumors. In ■  number o f the rats, multiple tumors were p ra m .
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appearing glandular epithelium  in to  the muscularis 
mucosa and the underlying submucoia was a lio  noted. 
Thb hyperplastic gastritis m i quits- persistent in  the 
primate.

In  conjunction w ith  some o f the feeding studies in 
rodents, tissue levels were determined in  adipose tissue 
« id  the liver. I t  was noted that the gas chromatograms 
o f the PCS'« tha t w ire  extracted from  tissues was quite 
different from  gas chromatograms o f the standards. The 
PCB compounds remaining m adipose tissue as w ell as 
liver even after dietary exposure to  PCB's has bean term ­
inated fo r as long as 10 or 16 months were the pants-, 
hexs-, and heptachlorobiphanyls, w ith  molecular weights 
o f 324, 358, and 392 (ref. 3). When rats were fad 
A rodor 1254 a t a dietary lave) o f 100 ppm fo r 6 
months, and warn then removed from  exposure to  PCB's 
fo r 16 months, levels o f 4.4 ppm o f PCB-derhred mate­
ria l was pm e n t in the liver and 152 ppm o f PCB-derived 
material in  adipose tissue on a w et weight basis. The 
livers o f these rats showed some o f the m orphological 
changes already described (ref. 12). In primates tha t con­
sumed A rod or 1248 and reached adipose tissue levels o f 
127 ppm, after an 8-month recovery period the adiposa 
tissue levels wars 34 ppm o f PCB-derivad materials lie f. 
4).

SUMMARY

The adm inistration o f PCB's to  ammars-psrtEcularty 
rodents bu t also monkeys and m ink-produces a variety 
o f responses in the liver. Early enlargement o f the live r is 
prim arily due to  hypertrophy o f the cells and an increase 
o f the smooth endoplasmic reticulum  o f the cytoplasm 
o f the Ihrer cells. The smooth endoplasmic reticulum  
may condense in  the Irv tr cells and fo rm  hyalin inclu­
sions, which on electron m icroscopic exam ination con­
sist o f concentrically arranged membranes containing 
lip k f vacuoles. In  addition to  th a n  lip id  vacuoles, lip id  
accumulation may also occur throughout the live r cells. 
These changes are in itia lly  ravanlbla. However, if  the 
exposure to  PCB's b continued, then liver damage, in ­
cluding liver cell necrosis, may also develop. This is 
accompanied by pro liferation o f the llv tr  cells resulting 
in  pleomorphtsm. Long-term exposure to  PCB's in  
rodents produces a tum origenic response which consists 
o f the development o f atypical areas, neoplastic nodules, 
and hepatocellular carcinoma. Adenofibrosis, which 
usually occurs concom itantly w ith  hepatocellular carcin­
omas, has also been produced in the rat and the moure. 
Pigment deposition w ith in  the macrophages and Kupffer 
cells has been noted (re f. 0). This pigment is composed 
o f ceroid pigm ent (iipofuchsin) and uroporphyrin. 
Hemosidarin may also be pm ent. In addition to  liver

changes, hyperplasia o f the gastric mucosa has bean ob­
served m the primates (re f. 4) fo llow ing the exposure to  
PCB's.

Because o f theca findings in  experim ental animats, 
ingestion o f PCB's In humans must be curtailed. Expo­
sure from  all sources in the occupational environm ent 
needs to  be reviewed end workers w ith  long-term  occu­
pational exposure to  PCB's should be studied. An e ffo rt 
should ba made to  establish a ll environm ental sources o f 
PCB's in order to  assess exposure o f the general popula­
tio n .
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DISCUSSION

MR. LAWRENCE ROY: You indicated a fte r an animal 
has been exposed fo r 6 months you get regression, 
and if  they did regress. . .

DR. KIMBROUGH: I don 't know  if  I can answer a ll o f 
tha t; you may have to  rapest part o f your question. 
B ut, firs t o f a ll, I th in k  in  the studies tha t I d id -a nd  
we really haven't got any tim e to  go in to  a ll o f th is 
th is m o m ln g -if you feed animals fo r on ly 6 m onths 
you do no t ace any tum ors; you have to  feed ani­
mals PCB's fo r much longer periods o f tim e.

The firs t indication o f any tum or development 
tha t I saw hi reproduction studies we d id  was when 
the animals were exposed fo r i t  least 3 X  days. On 
the other hand, in the re t you do get what I call 
adenoflbrosis if  you feed the animals fo r  about 6 
months. That lesion b  also known as cholangio- 
flbrosb. A dtnpfibrosb does no t regress. We did a 
feeding study where you feed the animals fo r 6 
months, and than sacrifice them  a t b im onth ly in te r­
vals, and the lesion w ill s till be there 10 m onths 
later. So this is one problem w ith  PCB's.

And a t (east some o f the FCB homologs are 
retained fo r such a long period o f tim e tha t I d o n 't 
know whether you could also have w hat you m ight 
call Internal exposure.

I th in k  you had some other questions?
VOICE: F irst o f a ll, do tum ors cause death In there 

animals, and do there tum ors causa an increase in 
sire?

DR. KIMBROUGH: Some o f the animats I th in k  hare 
•died w ith  large tumors i t  the end o f the study. I 
d o n 't th in k  the tum ors th a t am called hepatocellular

carcinomas w ould regress. I also did no t say tha t we 
had any regression In the animals we fed fo r 6 
months.

MS. DIANE HORVAK (University o f W isconsin, Depart­
ment o f Pathology): What was the difference be­
tween the carcinoma and the nodule?

DR. KIMBROUGH: We did use histological crite ria , In  
our classification, die turnon tha t we call neoplastic 
nodules were well circumscribed tum ors tha t would 
extend over several lobules and some o f them were 
actually quite large, and w ould compress the sur­
rounding normal liver tissue, and because o f tha t, 
they were circumscribed.

The lesions tha t were classified as carcinomas 
showed disorganized liver. Liver plates were tw o  or 
three layers th ick . You w ould have dilated sin­
usoids; would see m ito tic  figures and a great deal o f 
ptaomorphisms, but none o f these tum ors metasti- 
sizsd.

CHAIRMAN R A LL: There's ■ question over there.

DR. ROBERT RISEBROUGH (U niversity o f C a lifor­
nia): Since wo now know th a t these PCB prepara­
tions do contain- dibenzofurans, I wonder if  i t  is 
your plan to  repeat these experiments w ith  PCB’s 
that do no t contain the dibenzofurans. I wonder 
also If you w ould care to  guess whether these 
tum ors are caused by PCB or by the contam inants.

DR. KIMBROUGH: I have no plans a t the m om ent to  
repeat these experiments. 1 do n o t know  if  I could 
get a com pletely dean A roclor 1360.

The PCB tha t we used was A roc lo r 1260 w ith  
the lo t number A K 3, which D r. Bowes has analyzed; 
I th in k  the level o f the combined fursns in  th a t 
particular sample b  less than 1 ppm . I may be wrong 
there, bu t I f  you recalculate th a t, you w ill fin d  th a t 
the am ount o f furans consumed by the animals was 
very «na il. The am ount o f PCB's w hich the animals 
ingested was 5 mg/kg body w eight/day, and the 
furans constituted less then I ppm o f th a t. This 
amount is so small th a t I wonder whether i t  had any 
e ffect in  th is  particular experim ent.

CHAIRMAN R ALLS: W a ll come back to  the issue o f 
dibenzofurans la ttr.-
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SUMMARY OF TOXICO LOGICAL STUDIES ON 
COMMERCIAL PCB's

J. C. Calandra, M .D., Ph.D.*

Abstract

A broad toxicological program was conducted to 
evaluate the biological effects o f A rodor 1242, 1254, 
and 1260 in  mammalian as well as avian species. Ate* 
effect levels were defined which perm it an assessment o f 
the hasard these materials present to  man and his 
environment

The urgent need fo r additional toxicologies) data 
became apparent whan the refinem ent o f analytical 
techniques made possible the iden tification o f PC B 'i in 
many portions o f the ecoiystam.

To assess the biological hazards o f these materials, 
chronic feeding studies in  rats and dogs were conducted 
according to  accepted trad itiona l procedures w ith  
Arodors 1242, 1254, and 1260. I t  should be pointed 
ou t tha t A rod o r 1260 is no longer produced in this 
country since it  does no t meat the physical specific a* 
Dons fo r its  restricted u m  (re f. 1).

In addition, thrae-ganeration tw o -litte r reproduction 
and teratology studies In albino rats as w ell as a dom i­
nant lethal mutagenic study in  albino mice were con­
sidered to  be necessary fo r the broad spectrum safety 
evaluation o f these materials.

Effects such as decreases In eggshell thickness 
described in certain avian species suggested tha t to x ic ity  
and reproduction studies in  chickens w ould be he lp fu l in  
evaluating possible untoward effects In birds. A  lis t o f 
the stupes conducted are presented in  tabla 1 .

The experimental design o f the chronic ra t and dog 
studies is given in  tables 2  and 3. I t  should be noted tha t 
these studies were o f typ ica l Food and Drug A dm inistra­
tio n  design fo r the evaluation o f the safety o f d irect and 
indirect food additives.

The im portant results in the chronic rat studies 
which were conducted on Charles River rats ere sum­
marized b rie fly  in  tables 4 ,5 , and 6.

Food consum ption, m orta lity , and hem atologic, 
urine, and blood chem istry studies d id  no t d iffe r among 
treatm ent and contro l groups. The on ly weight dapres- 
sion observed was a t the 24-month po in t In females fed 
100 ppm o f A rodor 1254.

Liver weight m erest« «m e noted in m a l«  and 
females fed 100 ppm A rod o r 1254 o r A rod or 1260, and 
in (sm alts on ly in  the 100 ppm group fed A rod o r 1242.*InduttrU BIO-TEST Laboratories. inc  ̂Northbrook, ItU*noil.

As expected, the im pornnthistopathologicchanges 
in  the rat study were present in  the livers o f the 
24-m onth sacrifice ̂ animals and consisted o f hepatocel­
lu la r alterations such as focal hypertrophy, cytoplasm ic 
lip id  changes and in some animals at 100 ppm, hepa­
tomas o r cholanglohapatomas. No evidence o f hepato­
cellular carcinogenicity o f the Arodors was found in this 
study.

The conclusion tha t "n o  evidence o f hepatocellular 
carcinogenicity o f the A rodors was found in th is  s tudy" 
was reached on ly after extensive réévaluation o f the orig­
inal live r s lid «  as w ell as additional live r sections from  
a ll o f the animals after the Kimbrough results on A ro d o r 
1260 became known to  us (re f. 2).

The slides were read independently and separately 
by D r. Donovan Gordon (re f. 3), Professor Ward R id ita r 
(ref. 4 ), and Professor P. Pour (ra f. 5) o f Industria l BIO- 
TEST Laboratories, the University o f Chicago, and the 
Epptey Institu te  fo r Cancer Resurch, respectively.

The interpretation o f pathologic changes th a t occur 
in tha liver as a result o f absorption o f chlorinated 
hydrocarbons is •  key issue th a t needs resolution by the 
com m unity o f pathologists (ra f. 6, 7). The problem  is 
highlighted In the con text o f PCB's since there appears 
to  be disagreement as to  whether A ro d o r 1260 Is o r is 
no t a hepatocellular carcinogen (re f. 9 ). Pour reevaluated 
the Kimbrough iHdes end d o «  no t agree w ith  the re­
ported findings.

The findings in  the chronic dog study are summa­
rized in table 7. The feeding o f A ro d o r 1260 a t 100 
ppm thovwd an increase in  serum alkaline phosphatase 
activ ity  and liver weights. A  slight decrease in  body 
weight gain was noted a t the 100 ppm dosa level in 
m al« and a t 10 end 100 ppm in fe rna l« . No remarkable 
histopathologic cheng« were found.

The design o f the dom inant iathal mutagenic study 
Is presented in  tabla 8. No affects related to  A ro d o r 
traatm ant « a n  seen in  the parameters listed in  tabla 
9 -m o rta lity , m ating index, number o f im plantation and 
resorption sites, number o f viable embryos, praim planta­
tio n  loss o r m utation rates. This find ing b  in  agreement 
w ith  tha t o f Green a t a l/fre f; 10).

No effects m isted to  A rod o r treatm ent were tu n  in 
the parameters listed In table B -m o rte lity . m eting Index, 
number o f Im plantation and resorption sites, number o f 
viable, embryos, pre fm pienution Io n  or m utation rates. 
This find ing b  in  agreement w ith  tha t o f Green a t i l .  
(ra f. 10).
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T h t standard design fo r « three-gsn« ration tw o -litte r 
reproduction study in albino rats is given in table 10 and 
the wratology study in table 11. A  b rie f summary o f the 
result! (table 12) indicates tha t none o f the Aroclors 
studied produced adverse affects in  the tw o  litte rs  o f the 
firs t generation.

A ll progeny delivered by tamale ra ti in sach o f three 
generations exposed to  d ietary levels o f up to  100 ppm 
o f either A roclor 1242,1254, o r 1280 ware structu ra lly 
normal. A  reduction in the m ating Index was observed in  
the second and th ird  generations o f animals fed either 10 
or i n  ppm . The a b ility  o f famalea to  conceive, carry 
the delivery prooess to  pa rtu ritio n , and to  successful ly  
nourish the young was no t affected by the three Are* 
dors. I t  should be stressed tha t no changes in the repro­
ductive trac t o f either mete or female rats were produced 
by any o f tha three Arodors. Findings in the th ird  
generation w ire  sim ilar to  those In the firs t w ith  no 
suggestion o f any alterations In response as a function  o f 
succeeding generations.

Teratologic studies in  which a lb ino rats were 
exposed to  either A rod or 1242,1254, o r 1200 at doets 
o f up t i i  30 mg/kg during rapid organogenesis -gesta tion 
days 6 through 15-w cre conducted in  ou r laboratories. 
No evidence o f em bryotoxicity as reflected by an in ­
crease o f fete) resorption o r teratogenic tty  as measured 
fay complete external, skeletal, and internal evaluation o f 
fetuses obtained from  the A rodor-treated females, was 
obtained. O ther experimental data pertaining to  the 
potential teratogenicity o f polychlorinated biphenyls 
■ jpports the lack o f adverse effects. M izunuya (re f. 111 
rod  h it colleagues found no evidence o f te ra togan ld ty in 
the ra t when fed at dietary levels o f up to  260 ppm. In 
the mouse, Toaruek (re f. 121 found th a t doses o f up to  
GOO mg/kg were nonteratogante although whan given on 
gestation days 1 through 6 a decrease In im plantation 
sites a id  fe ta l weights wee observed. These d o u i given 
on gestation days 7 through 11 fa iled to  produoe any 
change! w ith  respect to  e ither reproductive parameters 
or teratogenicity. Further, no evidence o f m alform ation 
was obtained In in fan t monkays delivered to  fem aleslad 
either 2 .5 ,5 , o r 25 ppm A ro d o r 1245 although the b irth  
weights wore reported to  be reduotd (re f. 9 ).

The last study in  th is aeries was a to x id ty /re p ro d u c­
tion  study in  w hite leghorn chickens (tables 1 3 ,1 4 , and 
151.

A rod or 1260 at a ll test levels d id  no t produce 
adverse affects on the various parameters investigated. 
Egg production In hens fed I X  ppm A roclo r 1242 o r 
1254 was decreased as was egg hatch a b ility . In fact, poor 
hetshabiUty o f eggs from  hens fed 8 ppm A rod or 1242 
was found (table 15).

In add ition ,)A rodor 1242 at 10 and I X  ppm and

A roclor 1254 a t 100 ppm were associated w ith  reduced
eggshell thickness. Chick v ia b ility  w ai affected by both
substances a t the 10 ppm dose level.

CONCLUSIONS

1. The no-effect level fo r the A rodors in  the chronic 
ra t and dog studies is about 10 ppm.

2. No teratogenic o r mutagenic effects were found.
3. No hepatocellular carcinomas ware present.
4 . The no-effect level in the ra t reproduction study is 

between 1 and 10 ppm and is the result o f low  
m eting Indices.

5. In the chickon reproduction end terato logy studies, 
effects were more severe w ith  A rod o r 1242 w ith  
the no-effect level being 2 to  4 ppm .
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DISCUSSION

. HR. PAUL AGENT1NE: You d id n 't fin d  any effects o r 
pathological agents in the dog?

DR. CALANDRA: Would you repeat that?
MR. ARGENTINE: How d id you arrive a t the  no* 

effects level in  canine a t 10 ppm? In studies you 
showed no pathological agents and no to x ic ity?

DR. CALANDRA: As I Indicated, th is  is a .very brie f 
and rapid summary. We have a question about liver 
weights and one o r tw o other parameters and to  be 
conservative, we have used the number o f 10 ppm . 
In other words, we ere no t in  any way indicating

th a t PCB’s are nontoxic materials, and th is  »  a 
conservative estimate.

D R  ALLEN  GREY ( l.l.T . Research, Chicago. I lli­
nois): Are you able to  relate the d ifftrances in 
biological effects on the various A rodors to  th e ir 
com position?

DR. CALANDRA: O nly generally. As everyone knows, 
the higher chlorinated materiats appear to  be more 
persistent in the mammalian system. And there 
appears to  be a target organ—the live r-w h ich  
appears to  be more susceptible to  the higher ch lo ri­
nated materials. I th in k  these are the only generali­
zations you can make a t th is  tim e.

T a b le !. Toxicity studies conducted 
with Aroclors 1242,1254 and 1260

Type o f test- Test animal

Two-year chronic 
oral albino rats

Two-year chronic 
oral beagle dogs

Three-generation
reproduction albino rats

Teratology albino rats
Dominant lethal 

mutagenic albino mice
Toxicity/repro­

duction
white leghorn 
chickens
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Table 2. Two-year chronic oral toxicity 
study-albino rats and beagle dogs

Test material Dietary levels Number o f animals
(ppm) per dietary level

rats dogs
M F M F

None - - - 50 50 4 4

Aroclor 1242 1» 10, 100 50 50 4 4

Aroclor 1254 1. 10. 100 50 50 4 4

Aroclor 1260 1. 10. 100 50 50 4 4

Table 3. Two-year chronic oral
toxicity study-albino rats 
and beagle dogs

Parameters' investigated:

• Body weight
• Food cons unption 
- Hematology
• C linical blood chemistry (BUN» SAP.

SGPT, fasting blood glucose» 
SCOT—dogs only)

• Urinalyses
• Pathology (gross» organ weights»

microscopic)

Table 4 . Ingestion of Aroclor 1242 
by albino rats-liver effects

Increase in liv e r  weights—100 ppm— 
females

Primary liv e r  lesions
None at 3-, 6-» 12-month sacrifice
24-month sacrifice—100 ppm— 

increased incidence of:
Nodular hyperplasia (8/20)
Hepatoma (2/20)
Citologi ohepa toma (1/20)
Hepatocellular

carcinoma (0/20)
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Table 5. Ingestion of Aroclor 1254 
by albino rats-liver effects

Increase In liv e r  weights—100 ppm 
Primary live r lesions 

None at 3-, 6 -a 12-month sacrifice
24-month sacrifice—100 ppm— 

Increased incidence of:
Nodular hyperplasia (13/27)
Hepatoma (4/27)
Cholangiohepatoma (2/27)
Hepatocellular

(0/27)carcinoma

Table 6. Ingestion of Aroclor 1260 
by albino rats-liver effects

Increase In l iv e r  weights—100 ppm
Primary Hver lesions

None at 3-» 6-, 12-month sacrifice
24-month sacrifice—100 ppm— 

increased Incidence of:
Nodular hyperplasia (7/27)
Hepatoma (5/27}
Cholangiohepatoma (2/27)
Hepatocellular (0/27)

carcinoma

Table 7. Effects of ingestion of 
Arodors-beagle dogs

Test ra teria l Effect

Aroclor 1242 no effects
Aroclor 1254 s ligh t decrease in 

body weight gain 
—100 ppm

Aroclor 1260 s ligh t decrease in 
body weight gain

—100 ppms males 
—10 and 100 ppm, 

females
increase In SAP- 

100 ppm
increase 1n liv e r  

weights—100 ppm

Table 8. Dominant lethal mutagenic 
study-albino mice

Test material Dose*

Corn o il 0.9 ml/kg
Methyl methane 
sulfonate (MMS) 100 mg/kg
Aroclor 1242 500 or 1000 mg/kg
Aroclor 1254 500 or 1000 mg/kg
Aroclor 1260 500 or 1000 mg/kg

♦Single dose given i.p .  to 12 
males/group.
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Table 9. Dominant lethal mutagenic 
study-albino mice

No effects related to Aroclor trea t­
ment seen 1n:
• M ortality
• Hating Index
• Nunber o f Implantation sites
• Nunber o f resorption sites
• Nunber o f viable' embryos
• Preimpiantation loss 
- Mutation rates

Table 10. Three-generation reproduction 
study&^albino rats

Test material Dietary levels Number o f animals
(ppm} per dietary level

H F

None - - - 8 16
Aroclor 1242 1. 10. 100 B 16
Aroclor 1254 1. 10. 100 8 16
Aroclor 1260 1. 10. 100 8 16

*Two l it te rs  per generation.
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T a b la ll. Teratology study- 
albino rats

! Test 
material

Dosea
(mg/kg/day)

Nunäser 
of gravid 

rats

Com o ili.
Aroclor

- 26

1242
Aroclor

10 or 30 26

1254 
Arocl or

10 or 30 26

1260 10 or 30 26

*A4ninistared on gestation days € 
through 15 (10 doses).

Table 12. Effect of Aroclors on
reproducti on/teratol ogy- 
albino rats

1. Reproduction study
F irs t generation—no effects
Second and th ird  generations— 

10 and 100 ppm
— decrease In mating Index
— decrease in incidence o f

pregancy
(Aroclor 1242—no th ird  genera* 

tion with 100 ppm).
2. Teratology study—no effects.

Table 13. Toxicity/reproduction 
study-white leghorn chickens

Dietary Number o f
Test levels animals per

material (ppm) dietary level 
M F

None
Aroclor 1. 2. 4.

8 40

1242 8. 10. 100 4 20
Aroclor

1254 1, 10, 100 4 20
Aroclor

1260 1. 10» 100 4 20
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Table 14. Toxicity/reproduction  
study-whits leghorn chickens

Parameters investigated: 
Body weight 
Food consumption 
Egg production 
Egg quality 
Egg hatchablllty 
Eggshell thickness 
Chick body weight 
Chick v ia b il ity  
Pathology

Table 15. Effects of Aroclors 
on chicken reproduction

Dietary
Parameter level 

1242

Causing
effect
1254

Egg
production 1 0 0 100

Egg
hatchablllty e 100

Shell
thickness 100 100

Chick
v ia b ility 10 1 0 . -

Aroclor 1260--no effects a t any
dose level
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P A TH O B IO LO G IC A L RESPONSES O F PRIM ATES  
TO  P O LY C H LO R IN A T E D  B IPH EN YL EXPOSURE

J. R. A llen, Ph.D., and D. H. Norback* ■

Abstract

tta h  and fsmala rhesus monkeys received varying 
levels o f polychlorinated biphenyls {PCB's} and wen 
evsiuetud fo r toxic affects, reproductive dysfunctions, 
and metabolism o f the compound* Female rhesus 
monkeys exposed to  dietary levels as low  as ZS and 5.0 
ppm o f PCB (ArocJor 12481 developed facial acne, 
erythema, subcutaneous edema, conjunctivitis, and loss 
o f eyelashes. Reproductive dysfunctions were menh 
fasted by Irregular menstrual cycles, early abortions, and 
stillbirths. As a result o f transplacental m igration o f the 
compounds, e ll infants bom o f KB-exposad animals 
contained PC8's in  their tim es a t buds. The infants, 
which continued to be exposed to PCB's by ingestion o f 
m tik from their facts ting mothers, developed akin lesions 
and SO percent expired w ithin 4 months.

Metabolic studies demonstreted 90 percent absorp- 
tion o f the K B 's  from the gastrointestinal tract end 
distribution in  organs o f high lip id  con a n t  Hydroxy- 
fated metabolites were formed in  the live r end excreted 
through the b ilia ry and w inary routes. Lower chlorb ■ 
noted congeners were more tepidly metabolised and 
excreted, while concentrations o f the highly chlorinated 
biphenyls persisted in  the edipoee tissue in  excess o f
2-1/2 years. The detection o f the urinary metabolite 
trans-3,4-d lhydro-3,4dhydroxy‘t$tnchlorobiph9nyl 
wggesta that the mechanism o f metabolism is through an 
arena oxide internmUata. In vivo and in  vitro  studies 
demonstrated binding o f K B 's  w ith macromolacufes.

INTRODUCTION

Even though the polychlorinated biphenyls (PCB's) 
have been usad extensively fo r various industria l pur* 
p o m  fo r the pan 40 years, the health significance o f

"Dapwtmtflt of Pathology and Raatoml Primate Research Cant*-, Urthrotfty of W teomln, Madison, Wisconsin. This invsf tignlon «ms atppcrtaJ in part by U JL  Public Haahh Santee greats E§-00472, ES409S6 end RR-00t87 from the Netlonel Instkutss of Hedth, end the University of Wisconsin See Grant Proerem. The majority of tha date presented in this report were otnsirMd throupt the efforts of our caltagu si in the Experi­ments! Pathology Labors la y : D . Benorti, K . Blom quat, L . Camera, I . C . Hsu, R . M ater, L . Moor«, D . Peterson, J .  Sey­mour, J , Van Miller. A  portion o f this research mmj conducted in the University of WlsoonsM Madison Biotron, a controllad environmental research facility supported by the National Edema Foundation and the University o f Wisconsin.

human exposure to  th e e  compounds on ly recently has 
become o f widespread concern. The scientific  com m uni­
ty  was alerted to  the potential ^environmental health 
problem by Jensen in 1966 {ref*. 1) a fte r PCB's were 
identified in  tissue extracts o f birds experiencing repro­
ductive d ifficu ltie s  in Sweden. The magnitude o f the 
problem was brought to  the fo re fron t by the "Y usho" 
incident when over 1,000 Japanese suffered prolonged III 
effects from  exposure to  PCB-contaminatod rice o il (ref. 
2 ). Further concern about the potentia l danger o f PCB's 
on human health follow ed disclosure o f increasing levels 
o f there compounds in  various foods. The contam ination 
has been attribu ted to  incorporation o f there com­
pounds w ith in  the food chain o r from  packaging o f food 
products in  PCB-impregnated paper containers (ref. 3 ). 
Increasing levels o f PCB's in  human tissue samples attest 
to  the magnitude o f the human exposure (refs. 4,5).

W ith in  th is laboratory various animal models, 
including the norihuman pi ¡mate end rodent, have been 
evaluated fo llow ing  exposure to  PCB's fo r tbs  develop­
ment o f lesions which p tra lle l those recorded* in  man. 
Emphasis has been pieced on determ ining pathophysi­
ological alterations th a t arise in  animal models as a result 
o f exposure to  avaral levels o f PCB's fo r variable periods 
o f tim e. The absorption, tissue d is tribu tion , and rate o f 
excretion o f PCB's have been determ ined. The in te r­
action o f the PCB's or the ir m etabolitss w ith  ce llu lar 
m acromolicules has also been a m ajor area o f investi­
gation. The fo llow ing  report, which fncludss previously 
unpublished observations, presents a summary o f the 
progress tha t Has been nude in th is  laboratory on the 
above mentioned areas o f PCB research.

GENERAL EFFECTS OF PCB'S 
ON NONHUMAN PRIMATES

The investigation o f to x ic ity  produced by PCB's in 
various animal species demonstrated the lim iu tio n s  o f 
rodents as animal models. Male Sprague-Dawiey rets 
w ire  able to  survive fo r 1 year on diets containing 100 
ppm PCB (A roclor 1248, 1254, or 1262) w ith o u t show­
ing s ip u  o f itlna is (re f. 6). These observations substan­
tiated those o f Keplinger c t a l. (re f. 7 ). Increasing the 
PCB content o f the re t diets to  1,000 ppm did not 
produce skin lesions; however, death occurred w ith in  6 
to  8 weeks due to  widespread hapatic degeneration (re f, 
8).

Male rhesus monkeys developed many o f the signs
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experienced by humans t t i i t  had been inadvertently 
•xpossd to  PCB's. Monkeys fed diets containing 100 and 
300 ppm FOB (A rodor 1248) (table 1) developed facia l 
edema, erythema, acne, end alopecia w ith in  3 weeks. 
The lesions became progressively more severe w ith  
increased length o f exposure (refs. 9,10). In addition, 
the animals developed anorexia, loss in  weight, hypo- 
proteinem ia, hypolipidem ic, and anemia. W ithin 3 
months the m ajority o f the monkeys had died o r wera 
m oribund. Necropsies o f these animals revealed decided 
mucosal gastric hyperplasia w ith  penetration o f d ie 
gtandulir epithelium  in to  the underlying submueosa (re f. 
10). Numerous ulcerations o f the hyperplastic gastric 
mucosa were also present (ref. 11). In  addition, there 
was a decided hypertrophy o f the liver.

Female monkeys fed 25 ppm PCB (A rod or 1248) 
(table 1) in  the d ie t developed facial lesions sim ilar to  
those observed in  the animals receiving higher levels o f 
PCB's (ref. 12). A fte r 2 months on the PCB d ie t it  was 
necessary to  discontinue the exposure due to  the severi­
ty  o f in toxica tion . One o f the six experimental animals 
died 4 months after the in itia l exposure to  PCB's. 
Necropsy evaluation demonstrated severe gastric hyper­
p las ia  and ulceration. The surviving adu lt female 
monkeys continued to  be devoid o f eyelashes and dis­
played facia l acneform lesion* 2 years fo llow ing expo­
sure to  the PCB's, Infants born to  these females were 
small (350 vs. 450 g) and contained PCB's in  th e ir tissues 
a t b irth .

Female monkeys given 2.5 and 5.0 ppm PCS I A ro­
d o r 1248) (table 2) In th e ir d iets developed facia l 
•dema, swollen eyelids, erythem a, loss o f ha ir, and acne 
w ith in  2 months (re f. 13). By the  fou rth  m onth, irregu­
larities in  the menstrual cydes and an increased leva! o f 
urinary ketosterolds were recorded (ra f. 14). Follow ing 
6 months o f PCB exposure the female monkeys were 
bred to  contro l males. S ix o f eight animals on the 5.0 
ppm d ie t conceived (table 2 ). The remaining tw o  were 
brad on five separate occasions w ith o u t conceiving. Four 
o f the six females experienced abortion early in  gesta­
tio n . E ight o f eight o f the 2.6 ppm PCB fed animals 
conceived; however, only five were able to  carry the ir 
infants to  term . As was the case w ith  infants o f animals 
given the higher levels o f PCB's, e ll the infants were 
small and a t b irth  the ir skin contained detectable levels 
o f PCB's.

The infants were perm itted to  nurse th e ir mothers 
fo r 4  m onths. W ithin 2 m onths focal areas o f hyperpig- 
m entation, swollen lips and eyelids, loss o f eytla ihes, 
and acneform lesions o f the face developed. The skin o f 
these infants showed a decided increase in  the PCB level 
over th is  period. W ithin 4 m onths, 3  o f the 6 infants 
died due to  PCB in tox ica tion . A fte r weaning, the

remaining three have tiio w n  im provem ent o f the skin 
lesions during the 4-m onth period.

Four adult male rhesus monkeys were also exposed 
to  a d ie t containing 5.0 ppm PCB's (A rodor 1248) 
(table 1) fo r 17 months (average to ta l intake o f PCB's 
460 mg). They began to  develop a slight perio rb ita l 
edema after 6 months o f exposure; however, it  was 
much less severe than in the female monkeys receiving a 
sim ilar level o f PCB. The m orphological features end 
v ia b ility  o f tile  spermatozoa as w e ll as the a b ility  to  
fe rtilize  contro l femala rhesus monkeys was unaffected 
during the in itia l 12 months o f PCB exposure. Subse­
quently one o f the fou r males lost weight and developed 
ilope da , acne, periorb ital edema and decreased lib id o . A  
testicular biopsy o f th is  animal showed a decided hypo- 
ac tiv ity  o f the eeminlferous tubules. There was an 
absence o f mature spermatozoa and a predominance of 
Sertoli colls o f the tubules. The remaining three males 
have remained healthy and sexually active (re f. 15).

ABSORPTION, M ETABOLISM .TISSUE DEPOSITION, 
AND EXCRETION OF PCB's L

Over 90 percant o f a single ora l dose (1.5 o r 3.0 g 
per Iq ) o f PCB's (A rodor 1248) given to  adult rhesus 
monkeys was absorbed from  the gastrointestinal tract. 
Chromatographic analysis o f the tissues 14 days a fte r 
exposure revealed a predominance o f higher chlorine 
isomers tha t had a predilection fo r  the adipose tissue and 
organs containing a high fa t content (re f. 18).

Rhesus monkeys fed 26 ppm PCB (A ro d o r 1248) In 
the d ie t attained leva li o f 127 pg/g w ith in  the adipose 
tissue after 2 months. Eight m onths after discontinua­
tio n  o f exposure to  PCB's the levels were 34 pg/g w ith in  
the adipose tissue. A fte r 33 m onths, the levels w ith in  the 
adipose tissue ranged from  3 to  14 pg/g; the  residues 
contained greatly increased proportions o f h igh ly ch lo ri­
nated congeners. Transplacental movement o f the PCB's 
was demonstrated by the presence o f PCB's in  the 
infants born to  exposed females. The tissues o f an 
in fa n t, bom to  a female 8 m onths fo llow ing  the discon­
tinuation  o f PCB's in the d ie t contained 25 pg/g o f PCB 
in  the fa t and adrenal, tissues a t the tim e o f b irth . In an 
In fant born to  a female 29 m onths fo llow ing  the discon­
tinuation  o f PCB's, the levels w ith in  the adipose tissue 
were 3.38 pg/g a t 4 months o f age.

Female monkeys given 5.0 ppm PCB in  th e ir diets 
attained maximum (avals o f PCB’s w ith in  th e ir adipose 
tissue at 6 months (141 to  177 pg/g adipose tissue).. 
However, it required approxim ately 14 months on the 
2.5 ppm d ie t fo r the monkeys to  reach sim ilar maximum 
PCB levels in  the ir adipose tissue (126 to  144 pg/g). 
Melos which received 5.0 ppm PCB's attained levels
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Table 1. Experiments on exposure o f primates to  PC8's (Aroclor 124 8 *)

Level of PCB 
in diet 
(ppm)

No. of 
animals

Length of
exposure
(months)

Total PCB 
Intake

300 6 males 3 3.6 to 5.4 g
100 6 males 2 O.B to 1.0 g

25 6 females 2 250 to 400 mg
2.5 B females 16-19 243 to 303 mg
5.0 8  females 16-19 460 to 614 mg

5.0 4 males 17 530 to 692 mg
*
Monsanto Co., Inc., St. Louis, Missouri.

Table 2 . Modification in reproduction 
in primates that were exposed 
to Aroclor 1248 in the d iet

Control 2.5 ppm 5.0 ppm

Total
impregnated
(no./no.
animals) 1 2 /1 2 8 / 8 6 / 8

Resorptions 
or abor­
tions (no./ 
no. animals) 0 /1 2 3/8 4/8

S tillborn
(no./no.
animals) 0 /1 2 0 / 8 1 / 8

Normal
b irths (no./ 
no. animals) 1 2 /1 2 5/8 1 / 8

•i v: X



rentfng from  128 to  200 m  P*r S adipose liu u s  at 14 
months. Infants born o f mo there exposed to  2.5 and 5.0 
ppm PCB's w ith in  if»  d ie t contained concentrations of 
PCS'* ranging from  I jD to  4.8 pg/g w ith in  the skin at 
b irth . While nursing .from mothers consuming PCB diets, 
the infants continued to  accumulate the compound. A t 
3 months, the levels w ith in  the tissues ranged from  86 to  
136 fig fr. The concentra tion  o f PCB’s w ith in  the m ilk 
ranged from  0.16 to  0.40 /q /g . The tissues o f the infants 
which d itd  w h llt nursing PC8*fad mothers contained 
h # i levels o f PCB's w ith in  the thym us, ovaries, bra in , 
kidneys, adrenal glands and pancreas (20-48 pg/g tissue). 
Lower levels were found in  the liver, lym ph nodes, and 
bone marrow (8-16m 4 ).

Monkeys and rats demonstrate species variation in 
the m etabolic response to  the PCB congener 2V5»2,J5>- 
tetrachkKoblphanyl fTC8). Over 66 po rten t o f the single 
dose (600 mg/kg) administered to  rats was recovered 
from  the feces, and an additional 10 percent was present 
In the urine w ith in  the in itia l 72 hours Ira f. 17). The 
m aterial present in  the body was concentrated w ith in  
the adipoce tissue. There was a transient high level o f 
TC8 w ith in  tfte  blood a t 24 hours. O ther organs which 
contained significant quantities o f TCB, however at 
lower concentrations, included the fiver, skin, and 
muscle. The m ejor urinary m etabolite was iden tified  as 
3 0 H -2 ,5,2* ̂ - ta t rad ikxob iph tn yL  O ther m onohydroxy 
TCB metabolites were present in  m inor quantities (ra f, 
17).

Over 90 percent o f an oral dose (600 m gAg) o f ’ H 
TCB id  ministered to  in fan t rhesus monkeys was 
absorbed from  the gastrointestinal tra c t and was highly 
concentrated in the akin, adrenal gland, liver, end adi­
pose tissue. A t 72 hours, less than 2 percent o f the dose 
had bean elim inated in  the urine and 1 percent in  the 
fee s. Monohydroxy TCB, a m ajor m etabolite present in  
the rat urine, was a m inor m etabolite in  the urine o f the 
monkeys. The tw o major m etabolites were d ihyd roxy- 
TCB and trem -3 ,4^iiyd ro -3 ,4 -d ihydroxy TCB (re f. 18). 
A  second m inor metabolite was hydroxy-3,4-dihydro- 
3,4-dIhydroxy TC B.'

Follow ing the oral dose o f , H-TCB (1 g/kg) to  
Juvenile monkey«, a major percentage o f the m aterial 
w v  absorbed from  the gastrointestinal tra c t and was 
h ty ly  concentrated in the adrenal, adipose tissue, and 
skin. S ignificant quantities were present w ith in  the liver, 
muscle, end uterus. A fte r 4 weeks, 14.8 percent o f the 
dose w ts  eecreted into the b ile . A pproxim etely 76 
percent o f the b ilia ry m aterial w is  reabsorbed by the  gut 
and the nonabsoifaed m aterial was recovered from  the 
feces during th is  period. Over 80 percent o f the PCB's 
excreted in the bile was in  the form  o f water soluble

glucuronic acid conjugates. A n additiona l 8 percent o f 
the to ta l dose was recovered from  the urine.

A dm in istra tion o f the higher ch lorine congener 3H 
2 .4 ,5 ,2 ',4 ,,5 r-hexachlorot»phenyl (HCB) to  rats or 
monkeys demonstrated low  levels o f ex ration in to  the 
bile. An oral dose o f HCB (1 g/kg) adm inistered to  rats 
resulted in  excretion o f 0.3-0.7 percent o f the dose per 
day In the bile over a period o f 14 days. The urine was 
free o f detectable levels o f rad ioactiv ity (re f. 19). A t 14 
days, 65 percent was recovered from  the body tissues. 
The compound was high ly concentrated w ith in  the 
adrenal glands, adipose tissue, and skin and in  the female 
w ith in  the ovaries and uterus. Follow ing the adm inistra­
tion  o f a single dose o f HCB (1 g/kg) to  Juvenile rhesus 
monkeys, tan than 2 percent was excreted vie the 
biliary*fecai route over a 3-week period. There was no 
detectable rad ioactivity w ith in  the urine. The orgens 
w ith  the highest concentration o f the m aterial included 
the adrenal, adipose tissue, and skin . Due to  the large 
mass o f muscular tissue, th is was a m ajor reservoir o f the 
compound.

INTERACTION OF M ETABOLITES 
W ITH CELLU LAR MACROMOLECULES

Follow ing the adm inistration o f *H  2,5,2>,5 '-te tra- 
ehlorobiphenyl (TCB) to  in fa n t rhesus monkeys, in te r­
action o f TCB and macromolecules o f ceils and o f serum 
w is  evaluated (ra f. 20 ). Separation o f the serum constit­
uents by polyacrylam ide gel electrophoresis demon­
strated association o f the TCB p rim a rily  w ith  serum 
album in. Over 90 percent o f the rad ioactiv ity  o f liver 
homogenates eluted from  a Sephadex G-25 colum n was 
In the prote in and nucleic acid fractions. The m ajority o f 
th e  m tcrom olecuiir-associated HCB apparently was 
bound by hydrophobic association. E xtraction o f live r 
homogenates w ith  haxans, p recip ita tion  o f the hexane- 
extracted homogenate w ith  TC A, and subsequent extrac­
tio n  o f the TCA precipitate w ith  m ethanol resulted In 
extraction o f the m ajority o f the rad ioactiv ity . In the 
extracted residue, 1.1 percent o f the rad ioactivity 
rem ained which may represent covalently bonded 
m aterial. Recent in  v itro  studies em ploying monkey 
m icrotom es incubated • w ith  an NAOPH generating 
system demonstrated 20 percent o f the m etabolized 
*H-TCB was bound to  m icrosomal pro te in  and RNA in  a 
nonextractsble fo rm . Binding o f *H -TC B was prevented 
by heating the m icrotomes to  100°C p rio r to  incubation 
(re f. 21).

DISCUSSION

These experiments em ploying nonhuman prim ates 
have demonstrated development o f parallel signs and
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lesions o f PC8 in toxication in  human» and rhesus 
monkeys exposed to  sim ilar levels over comparable 
periods o f tim e. Acne, subcutaneous edema o f the face, 
end edema o f the eyelids were observed in  man (ref. 22) 
end lower primates (raf. 15) exposed to  PCB's. Tha 
facisl signs o f PCS exposure appear to  be a sensitive 
Indicator o f PCB in toxica tion. Tha rhesus monkeys after 
exposure fo r 2 months to  dietary levels o f PCB's (2.6 
and 6.0 ppm) developed facial alterations after a to ta l 
consumption o f 32-50 mg o f PCB's. I t  is notew orthy 
that PCB levels o f 6.0 ppm are presently perm itted in 
foods destined fo r human consumption.

The most debilita ting lesions in  the monkeys were 
the lava re hyperplasia and ulceration o f the stomach. 
Whether sim ilar changes occur in  the stomach o f man 
exposed to  PCB's remains to  be c la rified . Nausea and 
anorexia described by tha human subjects suggest poten­
tia l gastric alterations. Liver hypertrophy, p ro life ra tion  
o f the endoplasmic reticulum , and increased hepatic 
microsomal enzyme activities ware observed in  man (ra f. 
23) and in  lower primates (raf. 11).

Menstrual irregularities, decreased lib id o , occurrence 
o f stillbom s, reduced b irth  weights, and transplacental 
movsmant o f PCB's in  humans and rhesus monkeys have 
bran recorded (refs. 13,24). The reproductive failures o f 
monkeys exposed to  PCB's were due to  in a b ility  to  
maintain a pregnant state. Tha m ajority o f the animals 
did no t axparianca appreciable d iffic u lty  in  conception; 
however, a large percentage o f the animals aborted 
during the firs t 45 days o f pregnancy. These observa­
tions suggest an in a b ility  o f Im plantation or in a b ility  to  
maintain the implanted embryo during the early stages 
o f pregnancy.

A lthough the mechanism o f reproductive dysfunc­
tion  has not been cla rified, there is some indica tion o f 
hormonal m odifications. A lterations In the urinary keto- 
steroids were reported In humans exposed to  PCB's (ra f. 

.22 ). Increased levels o f urinary ketosteroids have been 
observed in the nonhuman primates th a t experienced 
reproductive failures (ref. 14). One mechanism o f altered 
steroid metabolism may be secondary to  the increase in 
the hepatic m ixed function oxidases th a t a n  present in 
the hypertrophic livers o f exposed animals. I t  has also 
been a consistent observation that the organs associated 
w ith  staroid production, the ad ran sis and ovaries (par­
ticu la rly  tha corpora lutsa), have contained relative ly 
high concentrations o f PCB's in  exposed animals. Thus 
tha compounds may possibly have a d irect e ffact on 
these organs.

The presence o f PCB's k i the m ilk  o f other species 
has been previously reported (ra f. 3 ). This even us o f 
in fant exposure and the potentia l m orb id ity  and mor­
ta lity  was viv id ly  demonstrated in the in fa n t monkeys

who nursed from  mothers exposed to  2 .5 and 5 .0  ppm 
in  the m aternal diets. The presence o f relatively low  
levels o f PCB's in  the diets o f lactating femeles repre­
sents a potentia l source o f PCB in tox ica tion  to  nursing 
infants.

M etabolic studies o f tha rhssui m onkey demon­
strate over 90 percent absorption o f the PCB's from  the 
gastrointestinal trac t fo llow ing  oral adm in istra tion. The 
m aterial Is concentrated In organs w ith  high lip id  
content, including the adiposa tissue, skin , adrenal, 
corpora lutaa o f tha ovaries, and bra in . W ith in  the  livar 
the greatest portion  o f the m aterial Is associated w ith  the 
membranes o f the endoplasmic reticu lum .

Studies w ith  the single congener TCB demonstrate 
the metabolism o f the compound to  h yd roxy la ttd  form s 
which are conjugated w ith  glucuronic acid and excretad 
in to  the b il«. Enterohepatie circu la tion o f the PCB's 
undoubtedly occurs as on ly 20 percent o f the  m aterial 
secratad in to  the Mle was recovered from  the feces. The 
greatest po rtion  o f the metabolized TCB was excreted 
through the urinary system. The more h igh ly chlorinated 
biphenyl HCB was mora slow ly elim inated fro m  the 
body via the b ilia ry-fee t! route; HCB o r m etabolites 
were no t detected w ith in  the urine. The fac ilita ted  
metabolism and excretion o f d ie  low er chlorine con­
geners was also indicated by the relative decreased stor­
age o f these compounds, and conversely the  accumu­
la tion o f higher chlorinated congeners, w ith in  the 
edipose tissue.

M etabolic studies tha t hern been conducted on non­
human primates suggest mechanisms o f Interaction o f 
PCB's w ith  tissues end, mora Im portantly, Indicate 
p o ts n tlil mutagenic and carcinogenic effects o f the 
PCB's. M etabolites have been isolated from  rhesus 
monkeys exposed to  the PCB congener 2 ,5 ,2 '.5 '-ta tre - 
chlorobiphenyl tha t ere form ed through an arena oxide 
interm ediate (re f. 18). S im ilar m etabolites o f the PCB's 
and the potentia l fo r arane oxide fo rm ation  has been 
dbmonstrated In rabbits (rah . 25,26). Arena oxides 
form ed by the metabolism o f other arom atic hydro- ■ 
carbons have been t i l  own to  covalently b ind w ith  macro- 
m olecufer and produce mutagenic end carcinogenic 
changes in  mammalian cells (re f. 27 ). D echlorination o f 
the more high ly ehforinated'b iphenyti, dem onstrated by 
dechlorination o f 2,4,5,2’,4*,6*-hextch lorobiphtnyl (ra f. 
28), provides ■ mechanism th ro u tii w hich m etabolism  o f 
highly chlorinated biphenyls through an arane oxide 
interm ediate w ould be facilita ted .

Evidence demonstrating the association o f PCB's 
w ith  live r mecromotecules supports the theoretica l 
po te n tia l o f the PCB's fo r covalent b ind ing w ith  c tllu le r 
macromolecules. Thus, It appears th a t a lky la tion  o f 
rnacromoleculas is one mechanism by w hich tha PCB
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metabolites cause widespread injurious effects. Further 
credence for the abifity of the compound to produce 
alterations in the mecromolecuies is presented in recent 
reports of hepatocellular tumors developing in rats and 
mice exposed to PCB's (refs. 29-31).
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DISCUSSION

VOICE; I'm  from  tha Massachuntts Society. Have you 
examined the samples fo r m inute contaminants?

DR. A LLE N : That is a good question. I presume your 
prim ary interests are in  the diberuofurens. The 
Monsanto Company has volunteered to  analyze the 
A rod o r 1248 used in  our experiments fo r the 
furans. In  our discussion lest week they were hope­
fu l o f having these data available fo r th is confer­
ence. i f  D r. W right is in  the audience perhaps he 
would giva us a progress report on the subject. (No 
answer from  the audience.) J can a y  th e t we have 
dons some prelim inary w ork in th is  area and have 
found undetectable levels o f furans in  the samples. 
However, more' detailed studies to  c la rify  th is  ques­
tio n  are underway at the present tim e.

VO ICE; How can you determ ine th a t the PCB's are 
covalently bound to  macromolecules?

DR. A LLE N : Repeated extractions care fu lly m onitored 
fo r rad ioactiv ity are the best methods o f removing 
any absorbad m aterial from  the pro te in . Standard 
gel chrom atopephy methods do no t d iffe rentia te  
between adsorption and covalently bound materials. 
Wa hope to  ba able to  generate enough PCB bound 
to  macromolecules to  perm it the determ ination o f 
the exact covalent nature o f the bond fo llow ing  
macramolecalar digestion.

VOICE: W hich macromolecule d id  you use?

DR. A LLE N : Wa ware using protein and RNA from  
m on key m icrotom es. These m icrotom es were 
incubated w ith  SH PCB In a NADPH generating 
system. The prote in and RNA were isolated sub­
sequently and th e ir rad ioactiv ity determ ined.

VOICE: Could you ta ll us roughly how much PCB you r 
animals consumed per kilogram  o f body weight?

DR. A LLE N : The female animals on tha PCB experi­
ments weighed between 6 and 7 kilogram s. Table 1 
gives the average to ta l intake o f PCB's by th e n  ani­
mals during the various experiments.

\
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PCB C H LO R IN A TIO N  VERSUS PCB D IS TR IB U TIO N  A N D  E XC R ETIO N

H. B. Matthews, Ph.D.* and M. Anderson, Ph.D.t

Abstract

The d is tr ib u tio n  and a tten tion  o f aaiactad 
t *C-iabaiad polychlorinated biphenyls (K B 's ) wmo 
studiad in  tha mala ra t Tha d istribu tion  and excretion 
o f aach o f tha K B 's  mms studiad a fte r e ither I.v. o r ora l 
adm inistration. Fotow ing adm inistration, aach o f tha 
K B 's  mms rapid ly removed from  tha blood and stored in  
dta Ihrar and muscle. Tha rates o f K B  red istribu tion  
from  Hear and muada to skin and adipose tissue and/or 
elim ination in  urine eras related to tha degree o f chlo­
rination. Tha subaequant rates o f K B  removal from  skin  
and adipose tissue, excretion in  urine, and to ta l excre­
tion  were related to the degree and position o f chlorina­
tion o f the biphenyl molecule. Nona o f the K B 's  
studiad was excreted to a significant extent p rio r to  
matebolism to more polar compounds I t  appears as i f  
tha degree and position o f chlorination contro ls the rata 
o f metabolism. Tha lim iting  factor in  metabolism may 
be the fa c ility  o f arena oxide form ation as a m etabolic 
intermediate. The toxicologic Im plications o f arena 
oxide form ation versus K B  accumulation in  anim al 
baeuas are discussed.

INTRODUCTION

to the complexity o f commercial poiychlo- 
jiphenyl (PC8) formulations and the d ifficu lty  

iced by others in their efforts to interpret the 
. a o f toxicological Rudies in which these mixtures 

were used, we have chosen to study selected individual 
PCB's. We believe that detailed studies o f individual 
PC8'i, chosen to represent industrial PC8 formulations, 
may not only afford an insight into the biological fate o f 
the more complex commercial formulations, but may 
also be used in the construction o f pharmacokinetic 
models of the distribution and excretion o f these and 
other chlorinated hydrocarbons. Our ultimate goal is to 
have pharmacokinetic models which w ill permit the 
accurate extrapolation o f animal data to man.

Four o f the PCB's studied were 4 chloro-, 4,4'- 
dichloro-. 2,4,5,2',5'-pemachloro-, and 2.4f iZ ’A 'f i ’ - 
hexachlorobiphenyl. These PCB's have degrees of chlo­
rination similar to. and are constituents of Aroclors

'Pharmacology •ranch, National Institute of Environ­
mental health Science*  fteasarch Triangle Park. North Carolina.

♦ Environmental Biometry Branch, National Inrtrtue of 
Environmental Health Sciences. Research Triangle Park, North 
Carolina.

1221, 1232, 1254, and 1260, raspectively. Each of tha 
PCB's studied was labeled w ith carbon -14.

METHODS

All of tha data presented in this paper were ob­
tained w ith  an i.v. dose o f 0.6 mg PCB/kg body weight; 
however, studies with the pentachlorobiphenyl at dotes 
ranging from 0.06 to 6.0 mgAtg failed to  show any effect 
of dote on the distribution and excretion of this PCB 
(ref. 1). The results presented in this paper were ob­
tained by i.v. injection o f the PCB's; however, these 
results have been repeated w ithout different results by 
studies in which the PCB's were administered by oral 
intubation (r tf. 2). In these studies, the time points o f 
sampling ranged from 15 minutes to 7 days for aach of 
the PCB's and up to  42 days fo r the penta- and hexa- 
chlorobiphenyls. Three animals were treated and sacri­
ficed at each time point and the data presented represent 
tha average values obtained. The total radioactivity in 
tha tissue samples was determined by oxidation and 
liquid scintillation counting.

RESULTS

Following i.v. injection, approximately 90 percent 
of the total dose o f each PCB was removed from  the 
blood w ith in 15 minutes. In itia lly , most o f the admin­
istered dose was stored in tha liver and muscle. W ithin 
15 minute* after administration, tha liver contained 15 
to 30 percent of the total dose of each of the PCB's 
(figure 1). Removal of mono- and dichlorobiphenyl from 
liver was primarily via excretion in the bile in the form  
of several metabolites; only trace amounts o f the parent 
compounds were excreted in the bila. The pentachlo­
robiphenyl was removed from  the liver by metabolism 
and excretion in the bile and by redistribution to  other 
tissues, whereas the primary mechanism for the removal 
o f hexachlorobiphenyl from the liver was redistribution. 
Due to the relatively large m as o f muscle, tota l storage 
o f tha PCB's in musde was similar to  tha t observed in 
liver (figure 2). I t  is assumed that tha only mechanism of 
PCB removal from musde was by redistribution to  tis­
sues having a higher a ffin ity  for these compounds (ref. 
2).

Most o f the long-term storage of PCB's in the body 
was in tha skin and adipose tissue. Since one of the 
earfie« symptoms of chronic intoxication by PCB's and 
certain other chlorinated hydrocarbons is chlorecne, a 
skin disorder (ref. 3), data on the accumulation o f thasa
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compounds in  skin was o f particular interest (figure 3). 
I t  may not be obvious in  figure 3, due to  the long tim e 
scale of B hours to  42 days, bu t the uptake o f PCB's by 
skin was slower than the uptake by liver and muscle (ref. 
2!). The rate o f PCB removal from  skin decreased as the 
degree o f chlorination o f the PCBrs increased, and fo l­
lowing the removal o f approxim ately 25 percent o f the 
hexachforobiphanyl, little  further decay from  skin was 
observed during the remainder o f the 42-day study.

The accumulation o f PCB's in adipose tissue was a 
dower process than tha t observed in  skin (figure 4 ). The 
peak concentrations o f mono-« di-« perrta-, and hexachlo* 
rObiphenyl in  adipose tissue were reached at 1 hour, 2 
hours, 4  hours, and 7 days after adm inistration, respec­
tively. The magnitude o f the peak concentrations in  fa t 
also tended to  increase w ith  increasing chlorination, 
whereas the rates o f PCB removal from  adipose tissue 
decreased w ith  increasing chlorination o f the PCB. Hexa- 
chlorobiphenyl concentrations In fa t never showed a 
dedine from  peak concentrations. _

The rates o f PCB removal from  tissues w ould be 
expected to  be reflected in the ir rates o f excretion. A ll 
rats kept fo r 1 day o r longer were held in individual 
metabolism cages and fed food and water ad lib itum . 
Both urine and feces were collected (fatly. The most 
dramatic effect o f increasing chlorination o f the b i­
phenyl molecule was seen in the percent o f the to ta l 
dosa excreted in the urine (figure B). Cumulative excre­
tion  in urine fo r 7 days accounted fo r approxim ately 60, 
34, 8, and less than 1 percent o f the to ta l mono-, d i-, 
pente-, and hexichlorobiphenyl dose, respectively Great­
er than BO percent o f the material excreted In the urine 
was in the form  o f one or more conjugated metabolites 
o f the given PCB (re f. 2 ).

Cumulative excretion o f the PCB's in feces was •  
more consistent process w h id), w ith  the exception o f 
the hexachlorobiphenyl, d id no t appear to  be greatly 
affected by degree o f chlorination (figure 6 ). Anim als 
treated w ith  penta- o r hexachlorobiphenyl were held fo r 
up to  42 days. Extrapolation o f the dally rates o f to ta l 
PC8 excretion showed that, w ith  the exception o f hex*- 
chlorobiphenyl, excretion would eventually account fo r 
approxim ately 100 percent o f the administered dose o f 
each PCB. The excretion o f hexaddorobiphenyl was so 
slow tha t extrapolation to  in fin ite  tim e indicated tha t 
less than 20 percent o f the administered dose w ould ever 
be excreted.

DISCUSSION

W ork in  our laboratory and elsewhere indicates tha t 
on ly «bout 10 percent o f each o f th e e  PCB's is excreted 
as the parent compoundl We also know from  extraction

and analysis o f the rad ioactivity in  the tissues tha t appre­
ciable amounts o f the m etabolites are no t stored in  the 
tissues (ref. 2J. We have thus assumed that metabolism is 
a prerequisite to  the excretion o f PCB's. We have also 
shown tha t the rates o f excretion and the rates o f re­
moval from  skin and adipose tissues o f mono-, d i-, and 
pentaehlorobiphenyl are inversely proportional to  th e ir 
degrees o f chlorination (ref. 2). On the other hand, the 
very slow excretion o f hexachlorobiphenyl w ould not 
have been predicted by th is relationship. Therefore, an 
additional factor appeared to  be affecting the  rate o f 
metabolism o f hexachlorobiphenyl.

An exam ination o f the m olecular structures o f these 
fou r PCB’s shows tha t there is on ly one obvious d iffe r­
ence, other than chlorination, among the structures o f 
the hexachlorobiphenyl and the three other PCB's. The 
difference is tha t th is hexachlorobiphenyl does no t have 
tw o adjacent unsubstituted carbon atoms.

It was demonstrated in W illiam s’ laboratory In the 
195Q*s th a t chlorinated benzsns th a t had tw o  adjacent 
unsubstituted carbon atoms were metabolized and ex­
creted 3 to  20 times more rap id ly then benzenes w ith  
sim ilar degrees o f ch lorination th a t d id  n o t have adjacent 
unsubstituted carbon atoms (refs. 4 ,5 ). Schulte and 
Acker suggested tha t a sim ilar substitution patte rn is 
required fo r the metabolism o f PCB's ( r t f.  6 ). This sug­
gestion w n  partia lly confirm ed by Jensen end Sund- 
strom  (ref. 7) when they showed th a t PCB's w hich d id 
no t have tw o adjacent unsubstituted carbon atoms were 
found In the highest concentrations in  the tissues o f 
higher animals and man. The hexachlorobiphenyl used In 
our studies was found in  the highest concentrations o f 
any PCB in  human tissues. Our date on the d is tribu tion  
and excretion o f th is  PCB end the fa c t th is  particu lar 
PCB is one o f the more common constituents o f the 
m ore highly chlorinated commercial PCB form ulations 
explain why such high concentrations were found in 
human and animal tissues.

As a po in t o f reference, we have also studied the 
d istribu tion  and excretion o f sim ilar doses o f several 
chlorinated pesticides in  the ra t. The in itia l h a lf-life  o f 
d ie ld rin was quite sim ilar to  th a t o f pantachlorobi- 
phenyl.'T fta in itia l ha lf-life  o f DDT was five - to  six-fo ld  
longer than tha t o f pentaehlorobiphenyl and on ly M irax 
and hexachlorobenzene. o f the pesticides tested, had 
in fin ite ly  long half-lives such as tha t observed fo r hexa­
chlorobiphenyl (re f. 8 ].

T w o  adjacent unsubstituted carbon atoms are 
im portant to  the metabolism o f the PC8’s btcausa the ir 
presence facilitates the form ation o f srene oxides. Arens 
oxides are form ed by the hepatic m ixed-function 
oxidases as intermediates in the metabolism o f a num ber 
o f lipop h ilic  compounds, and th e »  oxides have been
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In p l tested at potential carcinogens (refs. 9,10). Evidtnca 
for Mm oxides as intermediates tn the metabolism of 
in^K ctted a  potential carcinogens (refs. 9,10). Evidence 
fo r irane oxides as intermediates in the metabolism o f 
PC8'e has been provided fay Gardner a t a l. (re f. 11) , Safe 
at A  (ref. 12), and in  our own laboratory (ra f. 13).

. 77x11, we are given a dilemma. Those P C B 'i which 
can be metabolized and excreted may be m etabolized via 
a carcinogenic intermediate and those PCB's which are 
not readily metabolized have an extrem ely long biologi­
cal ha lf-life . Several researchers have provided evidence 
tha t the PCB'i may be carcinogenic (refs. 14-16). On d ie  
other hand, Vos at al. (ref. 17) hew shown the very 
slow ly metabolized hexechlorobiphenyi uaad in  th is  
study to  be ecneganic, to  cause liver damage, and to  
induce hepatic porphyria. I t  is no t yet known If i t  is the 
parent PCB's or the ir metabolites which account fo r the 
primate reproductive failures described by A llan  (re f, 
19). T in  only way tha t we are going to  establish which 
o f the PCB's or the ir metabolites are carcinogenic or are 
going to  cause any o f the other toxico logica l problems 
and at what lew is o f exposure the problems are like ly  to  
arias is through systematic pharm acokinetic studies, 
which w ill a llow  us to  extrapolate the results o f chronic 
low -dose environmental exposures from  laboratory 
animals to  man. U n til such data are available, i t  is my 
(m inion tha t every e ffo rt should be made to  avoid envi­
ronmental contam ination by any type o f PCB's.
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E N Z Y M A TIC  A N D  O TH E R  B IO C H EM IC A L  
RESPONSES T O  SELECTED PCB'i

D . J. Ecobichon, Ph.D.*

Abstract

?' Isomericaliy-pure mono*, dh, tri-t tom -, hexr#*, and
f  octe-chlorabiphanyis wen injected ip . into weanling
\ mala fats at a dosage o f SO mg/kg/day fo r 3 conaecutive

days, the animals being killed 9$ hr after the last injec- 
i- don. The influence o f position and degree o f chlorina­

tion o f the biphenyl nucleus on hepatic function tax 
cankered to diet produced by purified biphenyl. 

’ Hepatic function was eaamsnd by pentobarbital deeping
\ times end In vitro assays o f p^ttroantsoie O-demethyf-
! am, aniline hydroxylaseeminopyrina N-demethyiam,
i carboxyiesteraae and sutfobmmophthaleln-glutathipne

conjugating enzyme activities. For the monc-oxygenasss 
'■ doesiy associated with the hepatic entioplssmic nrtic- 
$ utum, enhanced induction o f activity was observed with 

highly chlorinated biphenyls and by low chlorine 
containing congeners having chlorine atoms substituted 
at the 4- and 4*-positions irrespective o f chlorination at 
other positions. Far thorn enzymes lea discretety 
localized in the hcpatocyte, the position o f the chlorine 
atoms appeared to be /ess important Interrelationships 
with other hepatic functions and the rate o f chiaro- 
biphenyl biotransformation Is discussed.

\ T o x ic o lo g ic  assessment o f com m ardsl ehloro-
biphenyl m ixtures has been complicated by the hetero­
geneity o f the congeners, by marked differences in  

j physical and chemical properties which, undoubtedly,
■ influence rates o f absorption, d is tribu tion , metabolism 
j and excretion and by the passible presence o f to x ic  
j Im purities and byproducts (refs. 7-4). As techniques o f
j defin itive analysis havs developed, the com plexity o f

com m e rc ia l e h lo ro  biphenyls (A rodors, Monsanto 
Industrial Chemicals, S t. Loub, Mo.) has been ravelled 
showing th a t w ith  the exception o f A roclor 1016 and 
1232, one predominant congener composed o f a number 
o f positional isomers is found In each preparation (fig . 
1). As the percentage o f chlorine increases, the pre­
dom inant congener shifts from  a m ono- to  a tr i-  to  a 
tatra- to  a pente-dilorobi phenyl (refs. 5 ,6).

I f  it  was possible to  separate these complex m ix­
tures, one could examine savaral faoets o f the toxico logy 
o f these compounds, and several question] could be 
posed and, perhaps, answered. Do tha various congeners

•Dspsrtrmnt of Phermacoloay, Faculty of Mwftcinc, Oalhousia U m w thy. Halifax, Now Scotia, Canada.

possess the same toxicological properties; ¡.e., do 
dichlorobiphenyls have the same effect as hexechloro- 
biphcnyls? Do all o f the tetrechlorobiphenyl isomers 
produce the same tox ico log ic responses? A re tha 
pathologic and toxico log ic alterations observed due to  
the biphenyl nucleus itse lf, to  the positions occupied by 
individual chlorine atoms, o r to  tha number o f chlorines 
present on the biphenyl nucleus. Since hepatic enzyme 
induction has been a well-characterized phenomenon o f 
adaptation to  these chemicals, we attem pted to  answer 
some o f the above questions using changes fn hepatic 
uttrastructure and in enzyme activ ity  as indices o f 
structure-activity relationships.

O ur firs t study, completed in  1D72, and published 
in 1974, used a small sarias o f isom erically-pure ehloro- 
biphenyls o f known position and degree o f ch lorination, 
synthesized and purified by m y colleagues. D r. O . 
Hutzinger and D r. S. Safe (refs. 3 ,7). Tha objective o f 
these experiments was to  e lic it responses (induction o f 
hepatic drug-m etabolizing enzymes) w hich, hope fu lly, 
could be related to  the structures o f tha pure chloro- 
biphenyts. Wa injected young male W istar stra in rats 
Intraperitonealfy w ith  50 m g/kg o f the agent, dissolved 
in  peanut o il, fo r 3 comacuthro days, the animals being 
k ille d  66 h r after tha last in jection. The livars ware 
qu ick ly  removed and samples were taken and stained fo r 
figh t « id  electron m icroscopy. The remaining hepatic 
tissue was used fo r the preparation o f m icrotomes and 
aolubte supernatant fo r the enzym atic assayt, These 
assays included representative functions o f the m icro- 

. soma! mono-oxygenases (p-nitroanisole O-damothylase, 
a n ilin e  hyd roxylase , sm inopyrine N-demathylasa). 
hydrolases (nonspecific earboxylesterase) and the con­
jugation o f sulfobrom ophthalein (BSP) w ith  reduced 
glutathione (GSH). Soma o f tha results o f tha t study are 
drown in  tha next few figures.

Figure 2 presents tha results obrerved fo r the  cy to ­
plasmic anzyma system involved in  conjugating BSP 
fo llow ing  exposure to  DDT, A ro d o r 1254 and 1260, 
biphenyl, and a sarias o f pure chlorobfphenyls. S ign ifi­
cant (p<0.05) increases in  a c tiv ity  were observed w ith  
a ll agents tested. I t  should be noted tha t biphenyl caused 
a marked increase in th is  enzyme activ ity .

Figure 3 shows the  influence o f the DDT isomers, 
com m ercia l A rodors, biphenyl, and the re rie l o f 
isom arically pure chlorobiphenyls on pentobarbital* 
induced sleeping tim e. H ighly significant (p<0.05 l re­
ductions in  sleeping tim e were observed w ith  the
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c o m m rd il Aroctors and DDT isomers. B iphenyl and 
4-ditorobiphenyl «used no significant (pX )j06 ) changes 
En shtifjrtrrfl tim *. O f the dtehloro-isom tn, on ly th e  4,4V 
tom er sfyilficantiy n d u c id  the duration o f e ffect. Both 
tatrecM ofo-iiom en caused significant reductions in 
elaepiiig tim e though the 2,5,2',5'-t*om #r was lass effec­
tive. Tha haxe- and octa-chlorobiphenyls caused a mark­
ed reduction in  sleeping tim es, being comparable to  
ttu w  observed w ith  p,p*-DDT and the commercial A  ro­
ofers.

Figure 4 um m erizes die influence o f the various 
agents tested on the hepatic m ixed lu nc tio n  oxidases 
aniline hydroxylase (A ), p-nltroenisole O-demathylase 
(B), and am irtopyrine N-demathylast (C l. As has bean 
observed by others, we found th a t the m ost responsive 
enzymes wars those doseiy associated w ith  the smooth 
endoplasmic reticulum . The results in v itro  reflected the 
observations o f altered sleeping tim es in  vivo. One can 
aee tha t, even w ith  this lim ited  number o f pure 
chferobiphenyti, not a ll caused effects o f tha same 
m sffiitude. To sum qtariu the results o f th is  study, 
treatm ent w ith  biphenyl caused slight induction w hile 
4-chlorobtptony! did n o t The m ixed fun ction  oxidases 
v a n  markedly Induced by pure hex*- end octa-chloro* 
biphenyls end also by d l- and tatra-chlorobiphenyls w ith  
chbrinas substituted a t the 4 -positions o f the rings. 
Considering the dtehtoro-Uomera, when the 4- end 
4'-posftlons were occupied, there was a much peater 
Inductive effect fo r a ll o f the enzyme activities than was 
observed w ith  the 2,2’- and 2,4r4somers. The same 
positional phenomenon was observed fo r the tw o  
tatra-dilorobiphenyfe studied, tha Induction caused by 
2,4,2*,4'-tetr*-chloroblphenyl being much greater than 

•that observed w ith  the 2,6,2',5'-tsom ar. The results 
obtained fo r the higher chlorinated analogs suggested 
tha t the positions o f the chlorine atoms ware not as 
Im portant. O ur results, w ith  the exception o f the 
marked affects obtained fo llow ing treatm ent w ith  
4,4V llch lofob iphenyl, confirm ed the observations o f 
other investigators who have found tha t pent*-, hexe- 
and octa-chlorablphanyts had m e te r enzyme-inducing 
potential than (fid  low  chlorine-containing biphenyls 
(ra ft. 8-11).

On the basis o f our in itia l studies, we came to  the 
conclusion tha t the biphenyl nucleus could exert some 
effect on hepatic enzyme lavais (fig . 4) though the on ly 
function markedly affected was the BSP-GSH conju­
gation (fig . 2 ). Much more Im portant conclusions were 
th a t no t a!) congeners possessed the u rns toxico log ic 
properties end tha t, whBe greeter inductive effects were 
observed w ith  highly chlorinated biphenyls, marked 
iritrastructurel and enzym atic changes were observed

w ith  specific d i- and tatra-chlorobiphenyls, particu larly 
those w ith  chlorines substituted on the 4-position on .the 
ring. We have extended the  investigation to  a broader 
series o f mono-, di-, tr i- , end tetra-chlorobiphanyls in  in  
attem pt to  confirm  the im portance o f position o f the 
chlorine on the ring structure o f low  chlorine-containing 
congeners. Isomer ice II y -pu rt chlorobipheriyts, synthe­
sized by m y colleagues o r purchased from  Anelabs Inc. 
(N orth Haven, Conn.), were injected in traperitoneeliy 

. using the seme regimen (60 m g/kg/day fo r 3 consecutive 
days, k illin g  ths animals 09 h r,a fte r the  th ird  in jection ). 
A  12,000 g-20 m in supernatant from  20% w /v 
homogenates o f liver wes used as the enzyme source. 
This study has been.published recently (re f. 12). Some 
o f the pertinent results are shown In the next figures.

I t  was essential, before studying the effects o f 
chlorination and position, to  determ ine what effects tha 
b iph tn y l nucleus had an hepatic enzymes. Table 1 shows 
the results o f the i.p . sdm in in re tian  o f vehicle (peanut 
a il), com m ercially available biphenyl (Eastman Organic 
Chemicals, Rochester, N .Y .), and pu rified  biphenyl on 
the activities o f hepatic O -d im e thyl««  (O D), aniline 
hyd roxyla«  (A H ), carboxyleiterasa (CE), and the 
BSP-GSH conjugating enzyma. Treatm ent w ith  urv 
pu rified  biphenyl resulted in significant (p<0.05) 
increases in  activities o f three o f the enzymes. In  
contrast, biphenyl repurified by th in  layer chrom a­
tography caused a significant increase on ly in  BSP-GSH 
conjugating enzyme a c tiv ity , suggesting the presence o f 
an im purity  in the eom m irc ia l m aterial. Since re lative ly 
pure chlorobiphenyls were to  be used, repurified 
biphenyl was used fo r tha con tro l groups o f animals.

The influence o f m orochlorobiphenyls on hepatic 
O-damethylme, aniline hyd roxy la« , csrboxylestertsa, 
and BSP-GSH conjugating enzyme activities are com ­
pered In table 2 w ith  the effects fo llow ing  treatm ent 
w ith  biphenyl, W hile changes in  m icrosomal O-de- 
m ith y lise  were no t obeerved, a ll three m onochloro- 
isomors significantly increased aniline h yd ro xy ls«  and 
carboxyleiterasa levels. The BSP-GSH conjugating 
enzyme ac tiv ity  was no t affected.

The influence o f a series o f d K  tri* , *nd 
tetrechlorobiphenyls on .the selected enzym atic func­
tions are shown in  figures 5 ,6, and 7, respectively. W ith 
each series o f isomers, a chlorine atom  on the 4-position 
euired a more marked induction o f hepatic drug- 
m etabolizing anzyme activities than d id  a chlorine atom  
a t any other position. As one increa«d the degree o f 
ch lorina tion , subsequent substitu tion  at ths  2-position 
was next in im portance fo llow ed by substitu tion  a t ths*
3-position, The results conclusively demonstrated th a r 
no t all isomers o f the m ono-, di-, tr i- , and te trtch lo ro -
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Table 1. The effects of intraperitoneally administered peanut oil, 
commercial biphenyl, and purified biphenyl dissolved in 
peanut oil on enzyme activities of rat liver®

A ctiv ities  (in to ta l wt of fresh liver/100 g body wt)b

Enzyme Vehicle
Conmerclal 
biphenyl .

Purified
biphenyl

p-NItroanisole
O-demethylase

168.0+23.9 211.5+38.7 195.6+19.1

Aniline
hydroxylase

102.7+26.7 352.8+102.8* 97.3+15.1

Carboxylesterase 234.4+53.5 336.7+55.3* 236.2+24.7
BSP-GSH
conjugating
enzyme

5.0+ 0.9 14.4+ 1.9* 8.8+ 0.9*

^he animals received 50 mg of biphenyl/kg (0.15-0.25 ml o f solution) fo r 
3 consecutive.days and were k ille d  96 hr a fte r the last in jection . 
Vehicle-treated animals received peanut o il on the same volume basis. 
Twelve animals were treated with vehicle, 11 with commercial biphenyl, 
and 18 with purified biphenyl.

^The ac tiv itie s  o f 0-demethylase and an iline hydroxylase are expressed 
as nanomoles of product formed/mlnute. Carboxylesterase a c tiv ity  is 
expressed as micromoles of substrate hydrolyzed/minute while the BSP- 
GSH conjugating enzyme a c tiv ity  is  expressed as micrograms of conju­
gate fonoed/minute. A c tiv ities  are presented in  terns of the tota l 
llver/100 g of body wt.

Values are s ta t is t ic a lly  d iffe ren t from vehicle-treated control values 
at p<0.05.
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Table 2. Effects of acute intraperitoneal administration
of biphenyl and monochloroblphenyls on hepatic 
enzyme activity

A ctiv ities  (in  to ta l wt o f fresh liver/100 g body wt)a

Treatment n
0DC

(nmol/nrin)
AH

(nmol/min)
CE

(ymol/min)
BSP

(yg/min)

Biphenyl 18 195.6+19.1 97.3+15.7 236.2+24.7 8.8+0.9
2-Chlorobiphenyl 6 184.8+17.2 188.3+30.4b 309.2+35.l b 7.5+1.5
3-Chlorobiphenyl 6 193.6+28.1 225.8+55.3b 381.7+64.3° 9.8+1.5
4-Chlorobiphenyl 6 233.4+32.5 168.1+37.4° 306.2+24.5b 9.8+1.6

aValues presented are the mean + SD of the number of animals per group.
^Values are s ig n if ic a n tly  d if fe re n t from values obtained from biphenyl-  
treated animals, p<0.05.

^he enzymes Investigated Include p-nitroan1sole O-demethylase (OD), 
aniline hydroxylase (AH), carboxylesterase (CE), and sulfobromophtha- 
leln-glutathione conjugating enzyme (BSP).

AROCLOR COMPOSITION (No. Chlorine Atoms/Molieulw)

Figure 1. The congener composition of commercially available Aroclors 
based on the weight percent of biphenyls bearing different 
numbers of chlorine atoms/molecule. Data were obtained from  
reports by Webb and McCall (ref. 6 ], Sissons and Welti (ref. 5}, 
and from information supplied by the Monsanto Industrial 
Chemicals Company.
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figure 2. The effect of pretreatment of young 
male rets with DOT (o,p', and p r ­
isoners), Arodors 1254 and 1260, 
biphenyl, and a series o f isomerieally 
pure chlorobiphenyls on the hepatic 
cytoplasmic enzyme which conjugates 
suffobromophthalein (BSP) with re­
duced gluthathione. Activities are 
expressed as /ig  of conjugate formed 
mg-1 protein min-1. Animals were 
treated by i.p. injection for 3  con­
secutive days, enzyme activity 
being determined 96 hr after the 
lest injection. The values (bars) 
represent mean activities ±S.D. of 
the means of 19 control animals 
end 7 animals per treated group.

Figure 3 . The effect of pretreatment o f young 
male rats with DDT lo ,p ' and p,p'* 
isomers). Aroclor 1254 and 1260, 
biphenyl, and a series of isomerieally 
pure chlorobiphenyls on the sleeping 
time produced by an injection o f 40  
mg/kg sodium pentobarbital. For 
other details, see figure 2.
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Figure 4. The effect of pretreatment of young male rats with DDT (o,p'- 
and p,p'-isomer$), Aroclor 1254 and 1260, biphenyl, and a series 
of isomericatly pure chlorobiphenyls on hepatic microsomal aniline 
hydroxylase (A), p-nitroanisole O-demethylase (B), and aminopyrine 
N-demethylase (C), activities. Activities are expressed as nmoles of 
product formed/mg microsomal protein/30min incubation. For 
other details, see figure 2.
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nmaktwin nnate/roin iiook/mln mg/min

Figure 5. The effect of pretreatment of young male rats with biphenyl 
and series of tsomerically pure dichlorobiphenyls on hepatic 
p-nitroanisole O-demethylose (OD), aniline hydroxylase (AH), 
carboxylesterase (CE), and soifobromophthalein-glutathione 
conjugating enzyme (BSP) activities. Animals were treated by 
¡4). injection for 3 consecutive days and were killed and assayed 
96 hr after the last injection. The values (bars) represent the 
mean enzymatic activities ±S .D . (lines) of 18 control, biphenyl- 
treated rats and 6 animals per treated group. The asterisk (*) 
indicates values statistically different *(p< 0.55) from biphenyl* 
treated controls.
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Figure 6. The effects of pretreatment of voung male rats with biphenyl 
and a series of isomerically pure trichlorobiphenyls on hepatic 
p-nitroanisole O-demethylase (0D \, aniline hydroxylase (A H ), 
carboxylesterase (CEl, and sulfobramophathalein-gluthathione 
conjugating enzyme (BSP) activities. For other details, see 
figure 5.
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Figure 7. The effects of pretreatment of young male rats with biphenyl
and a series of isomerically pure tetrachlorobiphenyls on hepatic 
p-nitroanisole O-demathylese (OD). aniline hydroxylase (AH), 
carboxylesterase (CE), and suIfobromophthalBin-glutathione 
conjugating enzyme (BSP) activities. For other details, see 
figure S.
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' ttp h tn y lf possess the a rm  toxico logic properties, the 
position o f chlorination being, as im portant as degree of 

; eMorination.
The porphyrogenic nature o f chlorinated biphenyls is 

m D known (refs. 2,13*15). Goldstein et at. and Grote el 
il,  demonstrated marked increases in 5-am inolevulinic 

'add  synthetase fo llow ing treatm ent w ith  commercial 
chlorobiphenyls (refs. 15,16). This enzyme, located in 

' hepatic m itochondria, is the rate-lim iting catalyst in  the 
synthesis o f heme and prophyrins. Recently, Goldstein 
et aL completed a study o f the effects on chick liver, 

i  feeding five d iffe rent, banwriealty pure hexachloro* 
f; biphenyls at concentrations o f 400 ppm or 3  weeks (ref.
* 17). A ll agents caused uroporphyrin accumulation,
: increased hepatic cytochrome P -ilS * and microsomal 

drugm ettbolizing enzymes bu t only 3,4,5,3’,4'J5*-, 
■' ZZAZ’^ A '- , and 2,4r5 ,2 \4 ,,5,-hexachloro biphenyl

icauad gross accumulation o f hepatic porphyrins. These 
Isomers ware also the most tox ic . I t  is notable tha t these 
three isomers had both the m- and p-posltions occupied 
by d ilo riro s , w hile the other tw o isomers (2,3,6 
( and 2,4 ,6 ,2 \4,,0i -) had either the m- or the p- positions 
unoccupied.

Several investigators have demonstrated tha t the low 
chlorine-containing congmers in  commercial m ixtures 
disappeared mora rapid ly from  tissues than did the 
highly chlorinated biphenyls (re ft. 18-22). In  our earliest 
paper, wa suggested tha t the magnitude o f hepatic 
enzyme Induction m ight be related to  the rate o f 
degradation and elim ination o f the congeners from  the 
body (3 ). There is ample evidence o f hydroxy la tad 
derivatives o f chlorobiphenyls being elim inated from  
mammalian systems and, no doubt, we shall hear more 
about them  at th is meeting (re ft. 23*27). Evidence in the 
literature suggests tw o possible mechanisms o f biotrans­
form ation. The firs t and most rapid mechanism involves 
the form ation o f an arene oxide m termed iate and 
requires the presence o f unsubstituted adjacent (vicinal) 
carbon atoms in the nucleus (re f. 24,27,28). The second 
and much slower mechanism uses a d iffe ren t hydroxyla- 
ting  system fo r isolated unsubstituted positions as are 
found In highly chlorinated biphenyls (re f. 26). The 
position o f chlorination in  tow chlorine-containing 
biphenyls could have considerable directing influence 
over the pathway o f biotransform ation. Certain low 
chlorine biphenyls would be less effective (and less 
tox ic ) due to  rapid b io transform ation via arena oxide 
intermediates. Others, substituted a t a position ( i« .,
4-position) which would d isrupt the vicinal carbon 
arrangement, would be unable to  undergo rapid 
biotransform ation and would persist in vivo. The 
to x ic ity  o f these agents may be closely correlated w ith

lip id  so lub ility , high concentration in  the liver, and along 
duration o f action, bu t it  is evident tha t the position o f 
the substituent chlorines on the biphenyl nucleus may 
be the key factor governing these other properties.
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DISCUSSION I
DR. JOHN V . MOORE (National Ins titu te  o f Environ­

mental Health Sciences, Research Triangle Park, j 
N orth Carolina): Have you done any investigatory 
w ork to  sat w h a rth e  name o f the im p u rity  m ig h t, 
be?

DR. ECOBICHON: N ot th a t I know  o f. 1 d o n 't even 
■ beiive Eastman Kodak is aware o f it .
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TOXICOLOGY OF SELECTED SYM M ETRICAL HEXACHLOROBIPHENYL 
ISOMERS: I. B IOLOGICAL RESPONSES IN  CHICKS AND MICE

■ r

p

Marco Biocca, M .D .,# J. A. Moore, D .V .M .,t B. N. Gupta, B.V.Sc., Ph-D ./t and J. D. McKinney, Ph.D .t

Abstract

On^day-old cockarals wars fed: (f) 3,10,30,100, 
and 300 ppm o f 3 /4 £ j',4 ', 5*-hexechloroblphtnyl 
(HC8); m  400 ppm o f 2 2 A 2 JS -H C B ; (/if) 400 
ppm o f 2 ,4 ,5 ,2 ',4 ',S '-H C B ; (IV) 400 ppm o f 
2 ,3 ,6 ,2 * ,3 * ,6 *~ ffC B ; and (V ) 400 ppm o f
2 A f i2 / t  jtf-HCB. Surviving chicks m m  sacrificed at 21 
days. Mate mica warn fad 10,30, 100 and300ppm o f 
three o f tha above Homan (/. I l l , V), and survivors m ra 

■ aacrlfkad at 28 days. HCB's /avals in adipoaa tissue and
| Over ware determined. Than were variations among the
j Homers as to doss and pathologic effects. Isomer (!)
! showed the greatest effect o f those studied on mortality,

body weight gain, liver, thymus, and splean;  i t  also a t'
| tabled the highest tissue concentration. I t  was the only 
i Homer which produced porphyrin accumulation; and, in 
j the chicks, produced hydropericardium, ascites, and 

edema. The decreasing order o f overall toxicity was / »  
V  >  II, III , IV.- A general similarity o f response was 
observed in both chicks and mice.

INTRODUCTION

A  number o f pub liestion i have described various 
! toxicologic effects o f commercial polychlorinated b i­

phenyls. The presence o f to x ic  im purities, variable chlo­
rine content, or chlorine substitution patterns make 

j in terpretation and comparison o f the results o f these 
studies gu ite  d iffic u lt.

By comparison, little  work has been done an 
assessing the general to x ic  effects o f single po lych lorin- 

I ated biphenyls. The objective o f th is  report is to  describe' 
the firs t results obtained from  a comparative, systematic 
study o f the general biological effects o f some hex»- 
chlorobiphenyl (HCB) isomers In chicks and mice.

The HC8‘s were selected because o f (1) the ir pre- 
j dom inant presence in higher d ilo rina tad  form ulations 
| (re f. 1); (2) the ir relative s tab ility  in  the environm ent 
! (particularly the ir persistence in human titsue) (re f. 1); 
j and (3) th e ir strong inductive affect on several biological 
j parameters (ref. 2), The specific isomers studied were 
j selected as biphenyl models representing d iffe ren t! •Inwitut* eff Igiene, g. SsnereUi, Unhrvntte dl Rome, Q tteUrUvmhxraia, Rome, lu fy .| t  J . A . M oon, B. N. Gupta, end J .  □ . McKinney era withthe Environmental BMogy end Chemittrv Bmnch of the Ne- | tional Institute of Environmental Haalth Bciencts, R em ich Trl- I entfe Park, North Caitdine. i
i

physicochemical properties. Chicks were usad in th is 
experim ent because o f the ir high sensitivity to  po ly­
chlorinated hydrocarbons; mica ware selected to  confirm  
results in  a mammalian species.

M ATERIALS AN D  METHODS

The experimental protocol is summarized in  table 1. 
The table illustrates tha ehamicals and dose levels used, 
the number o f animals per dose level, ami the duration 
o f the experim ent Tha HCB's were m ixed in  a chick 
edam i bioassay d ie t or a standard powdered mouse d ie t. 
The animals were housed in temperature- and hum id ity- 
contro lled rooms. The chicks were kept In w ire-floored 
cages, the mice in separate plastic cages. Food and water 
were provided ad libitum  for- the entire experim ental 
period. The animals were observed d a ily ; body w eight 
was recorded tw ice a weak; food conum p tion  was 
measured once a weak fo r the chicks end three times •  
week fo r the mice. C ontrol groups ware observed under 
identical experimental conditions.

Com p itta  necropsies were perform ed on dead o r 
m oribund animals and on the surviving animals a t the 
end o f the experimental period. Blood samples ware 
obtained a t th is tim e and analyzed fo r packed call 
volum e, to ta l serum prote in, and protein fractionation . 
L iver, spleen, and heart weights were recorded fo r the 
chicks; in  mice, kidneys, rig h t testicle, and adrenals were 
also weighed. A ll organs and tissues were examined 
under UV lig h t fo r tha presence o f red fluorescence as an 
Indication o f po iphyrin  accum ulation. A fte r fixa tio n , 
tissues were prepared fo r histopathologic exam ination 
using standard methods.

A ll animals were assigned to  a given dose according 
to  a tib ia  o f random numbers. D iet, adipose tissue, and 
live r were collected fo r HCB's residue analysis.

RESULTS'

The complete- results o f th is  study are described in  a 
series of-papers either in  press o r in  preparation (refs, 
S B ). This presentation is a summary comparison o f 
m ajor biological responses observed in  chicks in d  m ice. 
Table 2, which summarizes the chick effects, shows tha t 
3,4r5„3r,4 ,r5,-HCB is the most to x ic  isomer studied, caus­
ing death in a ll tha chides, svan a t tha lowest dose used. 
You w it) note tha t th is  d o s i is less than 1/100 o f the  d ie t 
concentrations o f the other HCB's. O nly one o u t o f ten
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chicks died in the 2r3r6 r2',3',6'*HCB group; no animals 
of the other groups died during the experiment Reduc­
tion in body weight gain was observed in all treatment 
groups.

A t the dose levels studied, significant differences In 
liver weights and histopathologic changes were observed 
w ith  a ll HCB isom ers. The m ost to x ic  was 
3,4r5,3,,4,,5'-HCB, even at the lowest doss. It wes the 
only isomer in which UV fluorescence (porphyrin 
accumulation) was observed. This finding was quite 
pronounced, especially in the lining layer o f the gizzard, 
liver, and bones. The slight pathologic effect o f the liver 
observed at 10 ppm is probably due to the very early 
death o f the chicks. The thymus of these chicks was 
extremely involuted while only s li^u  effect was caused 
by the other isomers.

Table 3 summarizes the major pathological changes 
observed: Marked edema of subcutaneous tissue, de­
noted by gelatinous appearance of subcutaneous fat; 
marked depletion of lymphocytes in the spleen; diarrhea 
and soiling of the cloacal area; turbid ascitic flu id ; 
hydropericardium; and Ion o f visceral fat ware findings 
seen only w ith the 3,4,6,3',4',5'-HCB. Fatty metamor­
phosis and singie-cetl or focal necrosis o f the liver, were 
present albeit to a variable extent in all animals. In 
addition, characteristic large black spots, 1 to  5 mm in 
diamessr, were observed under the capsule and on cut 
surfaces o f the  liv e r  o f  birds which received 
2)4,6r2/ ,4*,6'-HCB. This change was caused by marked 
dilatation of sinusoids w ith a result of accumulation of 
blood. In some cases, the epicardium o f chicks fad 
2,3,4,2 '^,4 '-HCB was markedly edematous.

Table 4 summarizes the effects in mice. Again, 
3,4^,3'.4',5'-HC8 was the most toxic, causing one death 
at 30 ppm and decreasing body weight gain at the 
10-ppm level. Although there were no deaths at 10-ppm 
leva! in this experiment, which lasted to the 28th day, in 
one subsequent experiment, mice fed a diet with 10 ppm 
died an average of 39.4 days (range 38-47). Only one 
mouse fed the  h ighest dose (3 0 0  ppm ) o f  
2.4,5,2\4',5’-HC8 died before the end of the experimen­
tal pariod; in contrast, all mice fed 2,4,8,2',4',6/-HCB at 
the same level died.

The body Weight gain o f the mice fed 100 ppm of 
2,4,5,2*,4 '^'-HCB or 2 ,4 ,6^ ',4 ,.6'-HC8 were not signifi­
cantly reduced. The dose-related increase in liver weight 
wes caused by all three isomers, with the greatest affect 
being in the 3,4,5,3*,4',5*-HCB group. The absence of 
liv e r pathology in the mice fed w ith 300 ppm 
3,4,5,3’,4',6'-HC8 is, s p in , considered to  be related to 
the early time o f death. Only 3,4,5,3\4',5'-HCB caused

porphyrin accumulation and a dramatic atrophy of the 
lymphatic o rp n t.

The major pathological chanps observed in the 
mice are summarized in table 5. Gelatinous appearance 
o f subcutaneous fat, presence of blood in the pstro- 
intestinal tract, and hemmorrhage in the retrobulbar area 
of the eye were characteristic o f the mice that died due 
to 3 ,4^,3 ',4 '3 '-H C 8 tox ic ity . Accentuation of the 
hepatic lobules, swelling and hyaiinization of the hepato- 
cytas, fa tty  metamorphosis, and single or focal necrosis 
were not related to  a particular chemical since these 
chanps were observed in all HCB groups to various 
dapaes. Cardiomyopathy and passive conpstion o f the 
lung were caused only by 2,4,6r2',4',6-HCB i t  the 
300-ppm dose.

Retention indices o f the mixed liquid phase used for 
p s  chromatography may serve as an index of lipophilici- 
ty (table 6). Except fo r 2,4,6,2\4',8'-HCB, decreasing 
indicts fo r this isomeric series correlated exactly w ith  
decreasing adipose tissue accumulation in chicks. The 
highest values were shown by 3.4,5,3',4',5'-HCB and 
2,3,6,2'f3\6'-HCB the lowest. A  similar trend in tissue 
accumulation and retention indices is evident in mice 
(table 7), but not at all dose levels. A  greater concentra­
tion of 3,4,5,3',4’,5'-HCB was observed in all casts, 
particularly in the liver.

CONCLUSIONS

There are definite differences in the tox ic ity  o f the 
HCB isomers tested. Comparing tox ic ity  using such b io­
logical parameters as m ortality, body weight p in ,  liver 
effects, porphyrin accumulation, involution o f the 
lymphatic orpns, and flu id  accumulation in chicks, the 
decreasing o rd e r o f  overa ll tox ic ity  would be 
3 .4 ,5 .3 * .4 \5 '* H C B  »  2 .4 .6 .2 ',4 \6 '-H C B  >  
2,4f5,2*,4*,5'-, 2,3.4,2,,3 \4 '-, 2.3,6,2\3'.6 ',-HC8.

The differences in pathologic affects observed dur­
ing these experiments were quantitative and. to some 
degree, qualitative, ft is important to note that the 
nature of the tox ic ity  o f 3.4.5,3',4*,5'-HCB mimics the 
effects caused by the dibenzofurans.

Although certain toxicologic characteristics d iffe r­
entiate the biological responses in each species tasted, 
the major toxicopathoiogic effects were common to 
both chicks and mice.
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Table 1. Protocol fo r hexachlorobiphenyl isomers 
toxicity experiments in mice end chicks8-

Dose level 
(ppm)

No. o f animals/ 
dose level

Experimental 
period fdav)

Chemical Mice Chicks Mice Chicks Mice CntcKS

( »99 percent purity)

3 3 
10 10 
30 30 

100 100 
300 300

5 10 28 21

2,3,4,2*,3*,4'-HCB 400 - • 10 21

2 .4 .5 .2 '.4 ',5 ,-HC8
10
30 400 

100 
300

5 10 2B 21

2.3,6,2, ,3 ',6 ,-HC8 400 - 10 21

2f4#6,2, ,4',6'-HCB
10
30 400 

100 
300

5 10 28 21

aFive-week old C57BL/6 male mice; 1-day-old white leghorn cockerels.
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Table 2. Summary of the biological effects of
hexachlorobiphenyl isomers in chicks

Chemical

Dose
level
(ppm) M ortality

Bocly weight 
gain

(X of control)
Liver
e ffect

Porphyrin 
Accumula- Thymus 
tion e ffect

3 10/10 +++ +++
3.4,5»3\4\5'-HCB 10 10/10 - ++ +++ +++

2»3,4,2I *3I ,4'-HCB 400 0/8 68 ++ +

2,4,5#2 ',4 , >5,-HCB 400 0/10 66 ++ +

Z9StS92\3',V-tt& 400 1/10 80 ++ +

2.4 .6 ,2 ',4 , ,6,-HCB 400 0/10 83 +++ - +

Table 3. Summary of major pathological changes in chicks given different 
hexachlorobiphenyl isomers for 21 days

Chaicai

Dose
level
(pi»} Liver Thynjs Spleen

Fluid
Aecwilatlon

3,4,5,3\4, ,5‘ -HCB 3 Harked; f i t l y  
metamorphosis, 
focal necrosis.

Harked;
Involution.

Harked; 
depletion of 
lymphocytes.

Subcutaneous edema, . 
ascites, hydroperl- 
cordius.

Z.S.d.Z'.S'.d'-HQ 400 Moderate;
•hyallnlzitlon,
single-cell
necrosis,

Slight;
Involution.

NS* Eplcardial edema.

2i4,5,Zl .4 'l 5,-HCB 400 Moderate;
single-cell
necrosis.

Slight;
■ Involution.

NSfl NS*

2,3,6.2'.3',6I -Ha 400 Moderate; 
fa tty metamor­
phosis, focal 
necrosis, giant 
cell formation.

Slight;
Involution.

NS* NS*

Z.4.6.2, .4, .6,-Hm 400 Marked; fa tty 
metamorphosis, 
focal necrosis, 
giant cell forma­
tion, marked focal 
dilatation of 
sinusoids.

Slight;
Involution.

NS* NS*

*KS ■  not significant.
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Table 4 . Summary of the biological effects of 
hexachlorobiphenyl isomers in mice

!
:

Chemical1

Dose
level
(ppm) Mortality

Body weight 
gain

(X of control)
Liver
e ffec t

Porphyrin 
Accumula- 
tion

Thymus
effect

i'* 10 0/5 12 ++ 4 44
3,4,5,3*.4, ,5, -HC8 100 3/5 - +++ 4+4 +++

300 5/5 - - - +++

2.4,5,Z ',4’ ,5 ‘ -HCB 100 0/5 91 + - -
[ 300 1/5 58 ++ - 4
{ 2,4,6,2' ,4* t6'-HC8 100 0/5 85 + - -

" 300 5/5 - ++ - 4+

Table 5. Summary of major pathological changes in mice given different 
hexachlorobiphenyl isomers for 28 days

Chwlcal
Cose level 

(PP>) Liver Ttpnus Spleen Heart

3,4,5,3’ ,4\5*-H(B X (farted; fa tty  
MtanorphosU, 
single-cell 
necrosis.

Harked;
Involution.

Hods r ite ; 
depletion of 
lymphocytes.

HS*

2.4,5,2 * .4 \5 ’ -HCB 300 Slight; 
sm iling  of 
hepatocytes.

Slight;
Involution.

KS* MS*

2.4,6,2‘ ,4 ',6<tHC8 300 Narked; fa tty  
netanorphosts, 
single-cell 
necrosis.

Harked;
Involution.

Moderate; 
depletion of 
lynphocytes.

Moderate;
cardiomyopathy.

"MS ■ not significant.
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Table 6. Gas chromatographic retention indices and
tissue hexachlorobiphenyl levels in chicks

Chemical
Dose level 

(ppm)
GC retention 
index value

Concentration (own) 
Adipose T. Liver

100 1,210
2,820

300 4,912

a.S^.Z'.S'.A'-HCB 400 2,678 3,998 .44

2,4,5,2' ,4' ,5'-HCB 400 2,542 3.921 59

2 .3 ,6 ,2 \3 , ,6 ,-HC8 400 2.478 2,893 9

2,4,6,2 ',4 , ,6 ,-HCB 400 2,346 4,172 24

Table 7. Gas chromatographic retention indices and 
tissue hexachlorobiphenyl levels in mice

Chenical Dose level GC retention Concentration (ooml
(ppm) index value Adipose T. Liver

10 508 95

30 1 ,3 8 3 498
3,«.S,3, ,4, .5, -HCB 2820

100 2 ,2 7 8 887

300 6 ,91 2 1 ,34 4

10 296 7

30 416 30
2.4,5,2, ,4',5'-HCB 2542

100 1 ,86 4 83

300 3 ,9 2 3  - 637

10 99 6
30 582 15

2.4,6,2, .4',6'-HCB 2346
100 1 ,402 122

300 4 ,3 2 9 1 ,022
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TOXICOLOGY OF SELECTED SYMM ETRICAL HEXACHLOROBIPHENYL ISOMERS: 
CORRELATING BIOLOGICAL EFFECTS W ITH CHEM ICAL STRUCTURE
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James D. McKinney, Pti.D.*

Abstract

The Symmetrical haxachhrobiphanyls (HCB's} rap- 
resent model PCB's with high and constant chlorine con­
to rt permitting unequivocal study o f a given substitution 
pattern. Them isomers show aspsnsts end distinct bio- 
logical responses which can ba totaled to  chwmk:*] struc­
ture via effects o f varying chlorine substitution on com­
pound iipophiikfty and metabolism. Compound purity 
must atso ba assured. Relative motacutar po la riitb fiity  
can ba consisted with IfpophSkity end biologic*} activi­
ty  and is measurable by chromatographic and qroctro- 
aeopk techniques Thaw parameters wars highest in 
HCB̂ s wfth planar symmetry and ‘Substitution. The
ram  o f metabolism o f those isomers are considered o f 
lamer importance than the potentially highly toxic na­
ture o f stum  o f the intermediary and terminal metabo­
lites

INTRODUCTION

A  previous paper (raf. 1) has shown the im portance 
o f tha degree o f chlorination o f PCB's in terms o f the ir 
d istribu tion and excretion in  tha ra t. O f particular con- 
c tm  is the im plication that no t more than 20 percent o f 
tha haxechlorobiphanyl isomar studied would ever ba 
excreted. Therefore, hexachlorobiphtnyis may represent 
PCS'* w ith  both high chlorine content and biological 
ha lf life . Our studies w ith  symmetrical hexachlortibiphe- 
nyf isomers (HCB's) »outfit to  determine the varying bio­
logical effects o f HCB's es a function o f the ir varying 
substitution pattsm s (figure 1). Two o f tha isomers 
sttidied are found in about 3  to  4  percent (area percent 
by flam« ionization gas chromatography) in  A rodors 
1264 and 1260. Several major componants o f these same 
Arodors contain various combinations o f tha substitu­
tion  patterns studied. Sine* the effects o f chlorine sub­
s titu tion  in  biphenyls on spectral and chromatographic 
properties may be approxim ately predicted (refs. 2,3) 
sang additive parameter* obtained from  chlorobenzenes, 
It may ba poss&la to  predict the bio log teal behavior o f 
tha various combinations through study o f the appro­
priate individual symmetrical isomers.

°J. 0 . McKinney la «nth tha Environmental Biology and Chans m y Branch of tha National I rat tute of Environmental Health Seamen, Flr— rch Triangle Park, North Carolina.

TO XICO LO G ICALLY S IG N IFIC AN T PROPERTIES

As previously described (re f. 4 ), our studies w ith  
both chickens and mica have shown separata and d is tin c t 
biological affects at submaximal dosai fo r the d iffe re n t 
isomers even though all o f tries« isomers m ight be con­
sidered potent (rotative to  low er chlorinated isomers). In 
explaining those differences, we feel th a t the three m ajor 
considerations are compound p u rity , H pophilie lty. end 
metabolism. Intestinal adsorption was no t considered 
since earlier w ork (ref. S) fa iled to  tiio w  appreciable 
differences fo r various PCB's.

Compound p u rity  can be very im portant since both 
the ¡ndividufll synthetic isomers (ref. 6) and the A rod o r 
m ixtures are known (ref. 7) to  ba contam inated w ith  
small amounts o f chlorinated dibenzofurans w hich, in  
soma species a t least, are orders o f magnitude more to x ic  
than the PCB's. Since separate and d is tin c t differences in 
the biological effects o f 2,3t7.B -tatrtchlorodibenzofuran 
and the HCB's ware found in  our w o rk (refs. 8 ,9), one 
may be in  a position to  assess tha involvem ent o f 
dibenzofurans as contam inants and, as w31 be described 
later, as potentia l m etabolites.

Relatively litt ia  w ork (re f. 10) has been done associ­
ating the affects o f varying PCB structure w ith  varying 
degrees o f tissue accum ulation. O ur w o rk  (re f. 8) does 
appear to  show a trend in  adipose tissue accum ulotion o f 
HCB's which correlated w ith  m olecular po la rizab ility  as 
massured by chrom atofraphic and spectroscopic tech­
niques. Tha HCB gas-chromatographic (GC) re tention in ­
dices (increasing) generally correlated w ith  th e ir overall 
biological req>onsa and w ar* highest in isom an w ith  
3,4-substitution. T h i am ount o f HCB in tha adipose 
tissue does no t determ ine a c tiv ity , bu t its  d is tribu tion  in 
this tissue and activtty in the live r may both re flect 
lip o p h ilic ity . Since tha GC retention Index corre lation is 
consistent w ith  a number and variety o f GC colum ns, i t  
i t  possible th a t it  may have some value In predicting 
lip o p h ilic ity . The lip o p h ilic ity  in  tu rn  relates to  b io log i­
cal activ ity  through affective tissue concentration o f a 
given HCB. The differences in  adipose tissue accumula­
tio n  do no t appear to  be •  function  o f m etabolic remov­
al since the least accumulated isomer (2r3 ,6 ,2 ',3 ',6 ') was 
one o f the least metabolized (ra f. 11 |.

C onsiderations o f metabolism m ust take in to  
account the differences in  rates o f degradation and ex­
cretion as w all as the nature o f interm ediary and term in­
al m etabolites. Higher degradation rates (shorter b io logi-
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