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FOREWORD

The procsedings for the “Nationsl Conference on Polychlorinatad
Biphenyls” is the fourth rsport submitted undsr Contract No. 88-91.2028
to the Office of Toxic Substances for thas Environmaental Protaction Agen-
¢yY. The three previoyus proosedings submitted under this contract deait
with Environmantal: Aspects of Chemical Use in Rubber, Well-Drllling, and
Ptinting Oparations. The PCB Confersnce was hald at the Pick-Congress
Hotel, Chicago, itincls, on November 19-21, 1876.

The cbiectives of this conference were 1o bring together the latest deta snd
best availlable expartise to help clarify the problams sssociatad with the
manufacturs, use, and disposal of PCB’s; to atsats the effectiveness of steps
taken to reducs the problems associsted with PCB's; t0 provide a platform
for interssted parties to present previously neglected data ccacerning
PCB's; and to halp clarify the fessibility and complications of steps to
reduce the problems sassocisted with PCB's.

Dr. John L. Buckley, Consultant, Office of Resaarch and Development,
Environmental Protection Agency, Washington, D.C., was the General
Chairmzn of the conference. ’

Mr. Thomas E. Kopp, Office of Toxic Substances, Environments! Protec-
tion Agency, Wathington, D.C.. was the Technical Coordinator of the
conference.

M. Kerl E. Bremar, Surwsillance and Analysis Division, Region V,
Environmantal Protection Agency, Chicago, lllinois, was sitz coordinator
and facilitator.

Mr. Franklin A. Ayer, Manager, Technology end Rescurce Mansgament

Department, Research Triangle Institute, Ressarch Triangle Park, N.C.,
was the Conferancz Coordinatar snd Compllar of the proceedings.
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OPENING REMARKS
John L. Bucklay, Ph.D.*

I'd like to call this mesting to order. | am John
Buckiey, with the Environmenta! Protection Agency. I'd
like to walcome you here to this National Conference on
PCB’s, with the subtitle of PCB‘s in the Environment in
1876,

Mast of you in the room are from ths United States,
but there has been major participstion from our Cans-
dian neighbors to the north, end in addition, to my
knowledge, represantatives from France, Belgium, tha
Netherlands, snd Japan, )

1d {ika to extend my psrsons) thanks 10 my many
collaagues in the EPA both in Washingten end in the
regions and In the laboratories, snd my colleagues in
other Federal agancies, in the industry, snd in gcedemia

- who were halpful in gotting this conforence organized in

the vary short pariod of time wa hsd. | think almost
sveryons that | talked to and invited and asked to partic.

“Consultant, Office of Resserch snd Dewsiopment, Envi
amenisl Promction Agency, Weshington, D.C.

ipate has agreed to do so, and | really look forward to
the next 2 days as a great opportunity.

As 1 have gona through the proosss of halping to
smenge the program, many gquastions have come to
mind. Most of thesa are listed In the program, and |
guess my aspiration is that we have same additional in-
sights, perhsps some answers in reistion to those ques-
tions baforo we lsave.

I think there is a grest opportunity for us to learn
together and to go forward from here with a better com-
mon undorstending and perception of the situation in
megard to PCB’s In the environment.

I'd atk you to remsmbar that we’re hare to try and
assembie and evaluate what we jointly know, and we're
hars also to avold conclusions as to what it all means. it
dossn‘t mean we need not resch conclusions, but it does
masn it's probably not appropriats to try and tie svery-
thing down and understand just where we've besn by the
snd of this megtim.
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ENVIRONMENTAL PROTECTION
Ry FOR PUBLIC HEALTH

Russell E. Train®

Mare than 4 yesrs sgo, whils | was serving as Chair-
man of the Prasident's Coundil on Environmental Quali
ty, 8 Federn! interagency task forcs began sddressing
iesotf 20 the same batic question that concarns this con-
ferance: What do we know and what should we do about
potychlorinatzd biphanyls, or PCB's?

" In its report of May 1972, the task fores concludad -

that PCB’s were highly persistant, could be found in all
pats of the environmant, could “bioaccumulste™ to
ralatively high levels in fish, and coutd have soricus ad-
verso effects on human health. The task force recog-
nized, at the same tima, that for uses in closzad electrical
systerme, PCB's had some very real advantagas ovar other
materisit. They conduct heat, but not elecrricity, The
only svsilsbls substinitos for use in capacitors and in
transformers—which are widsly uszd in indoor electrical
systems—were flammable. It appeared thet to ban PCB's
from these uses would be, in effact, to substituts a safe-
ty hazsrd for 3 heaith hazerd.

The task force, a3 & result, recommendad the discon-
tinzance of aft cutrent usas of PCB's excopt in closed
slectrical systams. It also called for early ansctment of
the Toxic Substances Control Act to provids the reguls-
tory suthority required not only to deal more affoctively
with the problems possd by PCB's and other chemics!s
siready in the environment, but to taks sensible steps to
prevent such chemicals from posing such problems in the
first place.

Already in 1972, the sols Amaricen producer of
PCH's had voluntarily restricted the saiss of PCB's 1o,
usas in closzd electrical systsms. Both the Food and
Drug Administration and tha Environmental Protsction
Agency announced sctions designed to reduce the levels
of PCB's in our food and our waters,

The Unitad States asked the Organization for Eco-
nomic Cooperation snd Development (OECD) to taks
appropriata action, on the intamationsl levcl, to control
PCB's. In February 1073, in the first international agree:
ment aimwd st limiting tha production and uss of chomi-
cals in order to protect the environment, the member
countries af the OECD announced their decision to
prohibit the use of PCB's for industrial or commarcial
purposas #xcept in certain closed sysmmu. | might add
that one member country, Jepan, sfter PCB contamina.

*Administrator, Environmental Protection Agency, Wash.
ington, D.C,

tion of rice oil sdversely affocted 1,000 psopla, has
banned the future production or import of PCB's.

We believad that all these measures added up to en
offective, comprohansive program that would “take

" care” of the PCB problem, and would snable us to con-

tinue to take commarcial sdvantage of the unique prop-
arties of PCB's while insulating the public and the envi-
ronmant against exposure to hazardous levels of them
chamicals,

Instasd, mors than 3 yasrs Istor, we find that, al
though PCB lovels in food havs steadily declined, PCB's
afe premnt In our snvironment to a fer greater degras
and st higher levals than we heve previously thought. We
have found high PCB levals-~lovals greatly excesding
FDA guldelines—~in talmon, striped bass, and other fish
in the Great Lakes, the upper Mississippi River, Southern
California, the Guif of Maxico and in the Hudson River
and other waterways in New York Stats. Our calactive
sampling of drinking watsr disciosad the prassnce of
PCB’s in the water supply of two communities,

The svidenca we have accurmulated over the past 3
years has underscorsd our original concern ower the
toxicity of PCB's and owel the poteatis! health hazard
posed by the presence of high PCB concentrations in
waterways, in water supplies, and in fish. This, in brief,
is the situstion we find oursaives in today,

We havs called this confarence to help us deaf with
It, to detsrmins, as | said at tho outsat, what we know
and what we should do sbout PCB's,

We do know ans thing that we must do, that we
should hava dong 3 years ago when the sk fores urged
us > do so, and that, had we done it, might have an-
abled us to reclly come to grips with the PCB problem
and rendered this conference unnecessary—that is, fo en-
&t an offactive toxic substances control law. | cannot
hslp but recall that when | became the first Chairman of
the Council en Environmenta! Quslity in February
1970, my very first directive to our umall staff was to
develop s legitlative proposal for dealing with this class
of problsm. The tims had claarly come for sn sffective
machanism to desi broadly with such problems, not only
sfter the fact, but aiso to help prevant their occurrence
in the first place. :

Almost 5 years have now passad since -Prasident

Nixon first proposed such legislation to Conpress. Over ]

those § yoars we have introduced into the commarcia
markat sn estimated 600 chemical compounds annually.
Wa have dons 30 without sny systematic, advance sssass-
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pwnt of their potantial impact upen public health, Yat,
a8 we have Jesrned through our experiance with such
materisis 8 vinyl chiorids, we may not discover how
harmfu! # compound can be until ysars after it hgs be.
coms & rather commonplacs imm in our everyday lives,
sven a significant factor in our economy. Also, again and
agein we find ourssives engaged in an extremely difficult

.and drawr-out struggle to protect the public from a

hazard to which it has alresdy been exposzd whils at the
same time trylng to svold putting people out of business
or out of work, Wa find ourselves trying to chooss be-
twean a health hazard and » safety hazard. We find our-
mives without the suthority we need to raally cope with
the problems poted by PCB's, the suthority to limit
siected uses and distribution of PCB's as wall as w0
requirn tasting concerning the heaith and ecological
effects of proposad substitutzs.

With regard to PCB’s, wo will continue to addrass
ths problem as offectively as we can undsr existing
authoritios, especially undor the Water Act, whils at the
seme time recognizing the inherent inadsquacies of the
piecenwal ggprosch we are foreed to take, We ars also
working on measures we would propose under any toxic
substancet bIll that may be enected. They would teke
into account, not only the available information on
toxielty and exposure lovels, but also the impsct of any
reguistory steps upon business, employment, and the
sconomy. | lock forward to the contributions this con-
farence can maks to the developmant of an sffective
reguiatory program for PCB's both under existing auth-
ority and undar § toxic substances lew. .

About s month ego, in testimony prepared for
delivery befors the Environment Subcommittee of the
Senate Commercs Committse, Dr. David Rall, who is
scheduled to foliow me this moming, said, and | quota,
“Toxic cubstances contro! legisiation which prevents the
axporure of ssgmants of the population to diseasz-pro-
ducing substances is a key elamant of proventive medi-
cine.” There is, indeed, en Incressing body of avidence,
end an Improssive array of expert opinion that we may
be spprozching the whols question of humzn health
from the wrong side, that, =8 a matter of naticna! palicy
23 well w3 of personal practice, sn ounce of pravention
may wall be worth a pound of cure.

The Department of HEW estimatas that our total
nations! hesith bill this year will add up to nearly $120
billion. Yet a good many informed obsarvers believe
that, becauss most of that money goes for cure rather
than prevention, we ars not getting what we pay for.
Our taditions! health cars system, thay say, simply
cannot cope with environmentally-inducad diseasas. Dr,
Emst L Wynder, president of the American Hea!th
Foundation, has pointsd out that heart disease, cancer,

stroke, and sccidents account for 70 percant of danths
among Ameticans. And the chief czusas of thesa dissasos
are “environmental” in the broadest ssnse of that tarm.
“Thus,” Dr. Wynder concludes, “in a society where
infactious diseasas have bBeen largely overcome through
sanitary measures, immunization, and antibiotics, the
major causes for today’s death toll are chronic diseases.
This death toll is largsly due to unheaithy life styles,
unhealthy working anvironments and dissssa-producing
produects.”

The more sophisticsted and sansitive our monitoring
devices become, and the mora data we sccumulate on
the health effects of pollutants and other sgonts in the
onvironment, the worss things look. Over 3 year zgo,
scientists uncovered disturbing evidence that children,
whom we had belisved unsffected in any lasting way,
can contract chronic and scute disabilities as » result of
air pollution. As many as 20 percent of the children in a
city such as New York, ene study concluded, can deval-
op sevare and chronic respiratory diseases. Another
study in 8 southam city with relstively heavy air poliu-
tion had simitar resutts. Mors recently, & group of scien
tists reportsd that the most significant fector in 8 dra-
matic drop In desths in tha San Francisco area during
the gos shortzge early fast year—a 13.4 percent decreass
in ceaths compared with the same period ovar the pre-
vious 4 yesrs—was reduced exposure o pollutants from
suto exhausts.

We are spending around $1 billion this year on
ragearch into cures and causes of cancer. The National
Cancer Institute has estimated that the actual cost of
cancar to psople amounts to tens of billions of dollarz s
yasr. Yot tha World Health Orpanization estimates that
from 60 to 50 percent of all cancer is tha result of
“environmental” factors, sgain, In the broadest senss of
that term. Wa have all read the naws stories recently
concerning the 1875 Nobe! sward to three American
scintists for ressarch into possible links betwesn viruses
and csncar, | was struck by the fact that, in their first
public statsments upen receiving the award, two of thess
scisntists stressad the faet that, in the words of ons of
them, Dr. David Baltimoro of the Massachusetts Institute
of Technology, “tha rote of viruses in cencer is small’
and thit ’ the best hope today for cures is resasrch into
snvironmental causes of cancer.” “This,” Dr, Baltimors
went on to sy, “is a good place to put funds now.™

Wa should understand, as well, that while environ-
mental protection often sppesrs to invoive cubstantis!
costs, we really have no choice about whether or not wa

are going to bear these costs. Society has already besn )

bearing thess costs in one form or snother—in tha loss of

recreational uses of rivers and beaches; in the ingraasad °

treatment costs of our drinking water; In the damage
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from air pollution to buildings, farm crops, and forests;
and moat importantly, through medical and hospital
bills, time lost on the job because of illness, human
suffering, earlier mortality, and the like. When we con-
trol and cut pollution at the source, we are shifting its
costs from the shoulders of society as a whole onto
those of the polluter, where they belong in the first
place. Such costs then tend to be passed on to the pol-
luter's customers. But this is the most efficient way of
allocating these costs and of encouraging, at the same
time, the development of both processes end practices
that generate lass pollution. Moreover, all our axperience
indicates that the cost of the particular pollution to
eociety as a whole is usually far greater than the cost of
cleanup and control. Wa estimate, for example, that
measurable annual damages of $11.2 billion from partic-
ulates and sulfur oxide are more than twice the annual
costs of control.

What all of this suggests to a layman such as myself
is that both our popular understanding of, and our
public approach to, health care and disease control art
going to have to undergo a searching reexamination and,
| suspect, radical revision. It suggests that, soma of our
most effective "health care" dollars, at least when they
are wen spent, may be the "disease prevention" dollars
wa spend to curb and control pollution and other agents
+hat we introduce Into our own environment. It suggests

that the battle against disease must increasingly be
fought, not simply in the hospitals and the doctors'
offices, butin 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 that if, in
the words of Or. Irving Selikoff of the Mount Sinai
School of* Medicine in New York, "environmental
disease is becoming the disease of the century,” then
environmental protection, in the broadest sense of the
phrase, must become the most important ingredient in
any national health program.

Such a broad prescription may seem far removed
from the more immediate and urgent concerns of this
conference. But | think we all understand that rt is our
failure to get at the real roots of the problem that con-
cemns us here, and our preoccupation instead with the
symptoms and surfaces and single instances of things
that has made this conference and the problem it ad-
dresses so critical.

At the start of my remarks, | successfully resisted
the temptation to issue the dramatic announcement that
this was my last PCB's conference. It is, however, my
fervent hope that you do your work so well at this con-
ference that wa will never need to call another one. |
thank you for coming, and | look forward to seeing the
results of your work.
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INTRODUCTORY REMARKS

Devid P. Rall, M.D., Ph.D.*

The history of PCA's is a ramsrkable case study in
the continuing story of toxic substances and the public
heatth. From 1029, when It wses first manufactured in
the United States, unti! 1888, it was presumed that this
substanos was being used primarily in a cloged dnviron-
ment. Howewver, in 1866 PCB's were found in fish in the
Baltic Sea. Then they wars discovered in birds and other
animals. Sincs then it has been demonstrated they have
an almost plebal distribution. Three yoars after baing
discoversd as an environmental contaminant, thay vere
determined to be the causative agent in an outbreak of a
disesse in Japan now called “Yusho™ or “oil*” disasse.

Thas, in a relativaly short pariod of time, wa saw a
manmads compound intreduced into commerce for 8
relstivaly narow pumposs, a closed use, broadened
through new applications, and discovered to be hazerd-
ous 10 snimals, birds, fish, and to man. In slighly more
than two generations, we had closed tha ali-too-frequent
circle of progrem: product dsvelopmant, distribution,
ume, snd resulting hazard to human hsalth.

in 1971, we became concerned that the PCB's
spperad 0 be en aver-axpanding problem whase poten-
tial limits were eszentially unknown. Thus, in Dacambor
of 1871 we calied a 2-day open masting to discuss the
entire range of current and potantial hesith problems
sswocisted with the widespread use and dispersien of
PCB’s. The mesting was broadly attsndad by ctientists

. nd administratars throughaut the wortd whao were con-
cemed with this problem.

The scientists at that meeting focusad on the entire -

gpectrum of problems that neaded investigstion. Thair
papars ranged from biologicsl concerns: animal toxlcol-
ogy, mechanisms of action, snct human body burden; to
reguistory gnd control concerns: environmwntal trans-
port, distribution, and aiteration, and occurrenca, In his

*Chairrnan, Depertmant of Meslth, Educstion, and Welfers
Committee to Coorttinste Toxicology endl Reistad Programs, and
Dirmsctor, Netiong! Institute of Envirgnmental Msaith Sclenass,
Nstionsl Institunes of Magith, Resesrch Triangle Park, North
Caroline.

‘“Where do we go from here” summary, Dr. Norton
Nalson singled out two ganeral aroas of concern.{ref.1).

First, relative to environmental distribution pat.
torns, Including: (1) furthsr refineament of sources, and
(2) better quantitation of discharge amounts by routs
into watar snd air. Second, hs polated out that there
were insdequate data to detsrmine if the PCB's caused
malignant tumors in laboratory animat studies and urged
that we follow the ongoing studies with care. He also
pointed out the potentisl delsterious effects of the
PCB's on reproduction in mammals.

In following up thése end the other points Dr.
Nsltan made, wcientists, many of them in DHEW, have
besn sngaged in attempting to dovalop tha Information
reguired for the resolution of the biological aspects of
this problem. Lest month, in order to insure that ow
Department’s efforts are as effactive ss possible, we
sstablished a Subcommittze on PCB's of the DHEW
Committes to Coordinate Toxicology and Related Pro.
grams.

Through this Subcommittes we will:

1. Amsmble, roview, snd interpret daw that assass
the hesith significance of polychiorinsted bi-
phanyls, and

2. Formulate recommandstions a8 to future

] resarch nesds.

In all of these afforts, we will be cooparating with
those agencies which must carry out regulatory respon-
sibilities In this difficult area. Continuing collaborative
efforts by biological scientists here and sbroad have
brought us fer taward the resolution of thecs problems.
The reports which you will hear relating to Mealth
Effects and Human Exposure in the session which fol-
lows should indicste the prograss which we have mads
since the 1871 confsruncs,

REFERENCE
1. Norton Nelson, ““‘Comments on Resesrch Needs,”

Environmental-Heelth Perspoctives 1 Vol. 1 {April
1972}, pp. 181185,
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SOME OF THE RECENT FINDINGS CONCERNING YUSHO

Masanori Kuratsune, M.D.,*
Yoshito Masuda,** and Junya Nagayams®

Abstract

Analysis of Yusho disease, which was first decected
in 1968, has been limited and snsiysae have produced
wying maults, Yuzho ofl has been detsrmined to con-
tain 8 high level of polychicrinated dibenzofurans
(PCDF’s). Nagayama et &l found that PCOF levels in tho
ol ware sxpecislly high when the oll wes contaminsted
with PCB's used s 9 heat transfer medium. Their studies
8490 showed that the concentration of PCDF's is much
cioxer 10 that of PCB's in liver than in adipose tissues in
patients with Yutho. )

The current clinicsl state of patients with Yusho is
diciazzd at fength. Subjective symptoms, dermatolopical

. Ffindings, smrum Uriglyceride Isvels, liver conditions,

martality rates, and the effects on children bam 1t
mothers with Yuaho ere ail eported.,

INTRCDUCTION

More than 7 years have passed since the outbreak
of an epidemic of Yusho in 1868. According to the
lstest tsbulstion, Prof. Omae, currant chief of the Study
Group for the Therepy of Yusho, reported that » tota!
number of 1,201 patisnts have been registered as Yusho
in 22 prefecturas of Westarn Japsn by April 30, 1976
{ref. 1).

Wa would like to describe some of the recent find-
ings coneeming Yusho which ws think to be particular
ty relevant for understanding of toxicity of PCB's. For
more datailed information, readars are advised to rofer
to originel papers 2ppearing mainty in the fourth and
fitth reports of. the study on Yugho and PCB (ref. 3).
Most of the patientx dexcribed in these reports are those
liwing in Fukuoka prafecture. Published information of
patients living In othsr aress are unfortunately very few,
s0 with a few exceptions no raference wil! be mads 10
them, -

—Dx*Masancr] Kutstsune snd Junys Negayame art with the
Departremt of Public Hesith, Facutty of Medicine, Kyushy
Unverzity, Division of Anslytical Chamistry, Delichl Coliege of
Pharrmacautical Belncs, Pukuoka, Japen.

“*Yoshito Masuda 15 with Daiichi College of
Pharwaceuticsl Sciences, Fukuoks, Japen.

-
-

PCB's IN THE BODIES OF PATIENTS
WITH YUSHO

1. Tissues

Firnt of all, the concentration of PCB's retained in
the tissues and fiulds of patients with Yusho should be
referred to before thair current clinical state will be dis-
cuseed,

Afthough no accurate estimation is feasible bacausa
of the vary limited number of analyses so far mads, the
concentrstion of PCB's in adipose tissuss of patients
sssms ta have been fairly high soon after the occurrence
of poisoning—that i5, in November 1968, at lsast 1
month after the discontinued yse of the toxic rice oil by
patients, es shown in table 1, The corresponding concen-
trations ware considarably lowar in 3 patients who died
in tha next yesr, 1889. However, no such marked dif-
farence could be seen betwesn thosa who died in 1969
and the subssquent decedents, although cases 7 and 10,
who died in 1870 or 1976, showed quits low lavels of
PCB's in edipose tissues, As compared with the figurss
avalleble from a nationwide survay on residual PCB’s in
autopsied tistues, the levels noted in the recant dacs-
dents are considered to be fairly closs to the usual level
of ordinery sutopsiod materlals, Similar facts were alse
notad for PCB concentration in the skin and livar.

2, EBlood

Since the anatysis of PCB's in blood started only
after 1972, no figures are available in regard to the blood
lsvels of PCB's in pationts in the carlier stage of poison-
ing. As shown In table 2, however, it is clear that the
blood levels of patients had spproached the leve) of
ordingry persons alrsady in 1872, sithough they wers
still significantly higher than that level. This fact as wali
a3 thg previous fact of lowered tissus lovels of PCB's in
recont decedents seem to be rathar surprising If we con-
sidsr also that the majority of patients sre still showing
warious clinical symptoms, as will be discussed later,

3. Gaxchromatographic Patterns of PCB's in the Bodiss,

of Pationts - .

Masuda first noted a peculisr common gas-chro-
matographic partern of PCB fractions isolated from vari-
ous tissues, blood, and breast milk of patients with
Yusho and called the attantion of the Study Group for-
the Therspy of Yusho 1o it in early 1972. Figure 1
thows a typical example of such a pattern in comparison
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Tahble 1. PCB‘s concentration in tissuas of patisnts with Yusho and othet disecses

PCB's (ppm) )
Time of Skin Adipose tissue Liver
death, ole Fat Whole Fat Whole Fat Ref-
Case operation basis basis basis basis basis basts erence
Case 1 Nov. 76 iface)
mgh school 1968 13 (abdomen)
y
Case 2, 3 Nov. 32, 46 10
Adult male, 1968 (cheese-11ke
female substance from
acneform erup~
tions)
Case 4 July : 1.3 3.7 0.14 9.5
Boy, 13 yr 1969 (mesentery)
Case 5 July 1.2 8.7 2.8 15.1 0.2 10.4
Male, 25 yr 1969 (mesentery)
Case 6 Nov. 1.0 4.4 3, 8.3 0.07 3.1
Male, 73 yr 1969 {mesentery) 131, 12
. Case 7 Dec. 0.6 0.8 0.7 0.9 0.07 1.3
"Female, 48 yr 1970 ~ (mesentery)
Case 8 May 1.8 3.2 4.3 6.5 0.08 8.4
Male, 46 yr 1972
case 9 septo . ]lg 2.9
Female, 33 yr 1972 {subcutaneous)
Case 10 T Aprit 0.19 0.4 0.04 3.0
Mate, 72 yr 1975 (mesentery) 14
National survey 1973 0.04 - 1.7 0.2-4 0.3 - 6.4 0.0) - 0.6 0.02 - 3.1
?lei and (n = 54) (n = 47) (n=48) (n=51) (n=30)
emales

25 - 49 yr . 13




i: Table 2. PCB's in blood patients with Yusho,

very much clom to thet of e mixture of Kanechlor 500 +
800 (1:1). it is eatily notable that the peak 1, which
appears Immediatsty after p,p"-DDE in the gas chromato-
gram in figure 1, ic very low in patisnts with Yusho ss
compared with ordinary persons, while the peak 8§ is
much more prominent In Yusho than in ordinary per-
sons. Macuda and his mnsociates observed this peculier
pattamn (designated a3 type “A”) in blood of about 80
percent of patients with Yucho, and a somewhat similsr
pattarn (designstsd 2 type “B”) in sbout 37 percent
(refs. 4,7,91,12).

Takamatsu ot al. #lso obsarved the same peculisrity
In the blood of patients with Yusha {ref, 8). it was
further demonstrated that thoss patients who show the
peculisr get-chromatographic pattem ss designated as
pattern A by Masuda et al. hava s highsr avarage cancen-

with the common ene lm\ inordinary persons, which i

18

workers and prdinary persons
PC8's {ppb)
No. of Time of Whole basis Refer-
Material subjects examination mean + S.D. Range ence
Mhole blood
Yusho patients 41 March - August 7 2-76
) 1973 7
n Ordinary persons 37 1972 3 1=7
Plasma
Yusho patients 15 6.3+4.0 2-15
Normal persons 82 3.0¢13 1-7
Whole blood Jan. 1972 8
Yusho patients 25 4.8+ 2.9 1-12
Normal persons n 2.8%1.5 1-6
khole blood
Workers? 23 1972 364 + 262 60-920 9
aHurk;n's engaged 1n the psoduction of Kanechlor 200-600 in the air con-
taining 0.05 to 0.2 mg/m® of PCB's .[Kanechlor-300 + Kanechlor-400
(1:1)]. Two of them showed dermal signs.

tration of PCB's in their blood than do other patisnts
(refs. 4,7). Abe ¢t al. (ref. 23} examined in 1874 the
PCB residues in the plasms of 30 children born to 18
mothert who had consumed Yusho off st Goto lslands,
Nagazaki prefecturs. The specific geschromatographic
pattern of type A was sesn among 24 percant of the
children and 44 parcent of their mothers, but the pscu-
liarity sssmed somewhat less msrked as compared with
the one sean among patients in Fukuoka prefscture,

The chemical snd-toxicologics! nature of the com-
pound or compounds yiclding the above-mentioned pesk
B must ba clarifisd but haw not yet fully besen ex-
smined. Masuda, howevar, considers the pesk 5 to be.
3,4,2',3' 4 5'hexschiorobiphanyl, judging from it
retention time on the Apiczon L column developed by
Jensan and Sundstron (ref. 22). )

NPC00026610

— 753947




[ SN,

S T W

N e "‘I’ Smm meRmm e s mm e SRR =TT 7"""‘ et

o rmpepen dmea e wn - f .
popen dmy meriae, g

: 'FATTY TISSUE OF YUSHO PATIENT

3
2

v

ﬁ
Iy

!

5

LWL
JUﬂ'UW \ L

A
B : FATTY TISSUE OF ORDINARY PERSON
C : KangcHuor S00 + 600 (1:1)

0

¥

W dh:f\f\m/\ :

) % %

Ll ]

Figure 1. Gaschromatograms {(ECD) of PCB‘s on SE-30.

POLYCHLORINATED DIBENZOFURANS
IN KANECHLORS, “YUSHO OIL.* AND
TISSUES OF PATIENTS

1. Polychiorinated Dibenzofurans in Kanechiors and

“Yusho oil™ .

Recantly Nagayama st al. analyzed Kanechliors and
three samples of toxic *Yusho oll” used by thres inde-
pendent familiss with Yusho for polychlorinated di-
benzofurans (PCDF’s} snd polychlorinated dibenzop-
dioxins (PCDD's) {ref. 16). They did a column ¢hroma-
tographic fractionation of PCDF’s end PCDD's from a
vk of PCBs by using activated glumina as sdsorbent,
snd nhexans, nhexans containing 20 percent carbon
tatrachioride, or n-hexans containing 20 porcent mathy)-
enchloride a3 eluent. The fractions thus obtained wers
subjectsd to gaschromitographic and mass-spectro-
rmetric examination. Quantitative estimation of PCOF's

_and PCOD's was made by two methods, namely by

mezmuring the ges chromatographic peak heights snd by
mexuring the gas chromatographic pesk area of per-
chiorinated derivatives of thizs compounds.

Although no PCDD's wers found in any of thess
tampist, PCOF's were found in afl of them. As shown in
table 3, KC-400 contained the highast concentration of

17

‘ —

PCDF’s, sbout 18 ppm of PCDF's consisting of dichloro-
up to pentachloro- dibenzofurans. A peak with the same
retention time as that of 2,3,7,8-tetrachlorodibenzo-
furam, which was kindly provided by Dr. J. G, Vos, was
noted in its gas chromatogram. All of the three samples
of"‘Yuin oll” ako contained about 6 ppm of PCDF's,
the major constituents of which were totra- and pents-
chlorodibenzofurans, Hare again, the paak with the same
retention time as 2,3,7,8-tetrachlorodibenzofuran was
noted. Keshimoto also found 1.6 ppm of PCDF's in
another batch of “Yusho oll,” as shown in table 5 (ref.
18). Table 4 summarized the concentrations of PCDF’s
in Kanachlor-400, reported by several authars. As clearly
noted, there is a fairly large discrepancy in thair findings.
Whathsr or not it was diie to their anslytical procadures
or to batch differsnca éannot ba dacided at the present
time.

Another important fact was disclosad by Nagayama
ot al. They determined the concentration of PCB's in.
“Yusho oll”™ as approximstoly 1,000 ppm or slightly less.
than 1,000 ppm, ss shown in tabls 3. Sinca “Yusho oil*.

is known to have been contaminatad with Ksnechlor: .
400, the ratio of the concantration of PCB's to that of

PCOF’s in “Yusho oil” is expectsd to be about
1,000:0.018. The abservad ratio, spproximataly 1,000:65,

=
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Table 3. PCDF’s and PCB‘s in Kanechlors and Yusho oil

PCDF's (ppm) PCB's (ppm)
Peak  Perchlo- Peak  Perchlo-
Sample height rination height rination
method method method method
300 1 1;2 - -
400 18 . - -
Kanechlor 500 4 25 - -
600 5 2.7 - -
A 5 4.4 830 870
Yusho oil B 4 5.1 900 920
C 5 5.2 1030 980

Table 4. Reported concentrations of PCOF‘s
in Kanechlor<400

Concentration
Authors Year ~ (PPM)
Roach et al.? 1974 1
Nagayama et al b 1975 18
Kashimoto et al.€ 1975 33
3Ref. 17.
beet. 16.
Ref. 18.

was thus about 250 times higher than expected (table 5},
The reasons for this great discrepancy are not clesr yot.
R should be noted, howsver, thait the sample of
Kanachlor-400 analyzed was en “unused”” one, while the
Kanechlor-400 present in “Yutho ofi” was “ussd” as
heat transfer madium. This fact suggests a prectically
important possibility that Kanechlor-400 and probably
other commercial PCB's, too, will increasa their PCOF
concentrations when used & heat transfer medium.

2. PCDF’s in Ticsues of Patients with Yusho
Nagaysma et ol. (ref. 24) further sxamined the
tissues of patiens with Yesho for their porsible content

18

of PCDF’s. Table 6 summarized thair findings. Adipom
tissues znd liver from two ordinary persans who disd of
accidents contained no detsctabls amount (< 0.1 ppb)
of PCDF’s, but thoss from threo patiants with Yusho
who. died in 1989 or 1872 ware all thown to contaln
PCDF's. Figures 2 and 3 show their gai-chromatograms
and mas spectrs. The concentration on a whole basis
wat 0.008 ppm on everage for adiposs tissues and 0.013
ppm for liver. This ssems to be a rather surprising fact_
becsuse- in tha case of PCB’s tho concentration on &
whole basls is ysually much lowar in liver than in adipos”
tissues. Whan comparad on fat besis, snother intaresting -
fact was noted that PCDF concentration was muxch high-
srin liver than in adipota tissue, Although the number

' NPC00026612




Table 5. Concentrations of PCB’s and PCDF ‘s and their
! ratios in various materials

PCB's PCOF's PCB's

i Materials (ppm) (ppm) - PCOF's Reference
I Kanechlor-400 1,000,000 ca. 20 50,000
I Yusho oil A% ca. 1,000 5 200
gP 134 1.6 84 18 i
Patient Adipose 1.3 0.009 144 24
with tissue
Yusho ) yyer 0.05 0.013 4 ;
8samples of the rice 0il produced on Febrdary S or 6,
1968.
bA sample of the rice oil produced on February 10,
1968.
§ Table 6. PCB‘s and PCOF’s in tissuss of patients

with Yusho and ordinary persons

Time PCB's jggm)' PCDF's (Egg! Ratio
Case of MWhole at hole at PCB's/RCDF's

Subjects Tissue No. death basis basis basis basis Whole Fat

ey

1 1969 1.4 3.4 0.013 0.03 108 113
: 2 198 1.3 B.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 a4

Y 1976 1.0 1.4 ND  ND

Ordinary P9 2 1975 0.4 07 MDD

Persons fidver 1 1975 0.08 1.3 ND  ND

2 1975 0.02 1.0 ND ND

19
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Liver oF YusHo PATIENT.
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Figure 2. Gaschromatograms of PCDF fractions from liver of patient
with Yusho and from *Yusho oil.”

of analyses made is quite limited and nothing can ba said
with csraainty, this fact sserns to dessrve attention. As
shown in table G, thess different behavicrs in tissue dis-
tibution of the compounds caursed a remarkable differ-
ence in ratio of PCB's to PCDF's between adipote tissues
and liver. It was thus demonstrated that the concentrs-
tion of PCOF's is much closer to that of PCB's in liver
than in adiposs tissuss in patients with Yusho. The
PCDF's tdentified in liver were mainly psnts- and hexa-
chlorodibenzofurans, contsining only a trace of tatra-
chioroisomers.

CURRENT CLINICAL STATE

OF PATIENTS WITH YUSHO

tn 1974, Prof. Uraba {raf. 2), former chisf of the
Study Group, reporied that the dermal and mucosal
signs that were most marksd at the Incipient stago of the

poisoning hed graduslly been improved, whila symptoms
such as geners) fatigus, poor appetite, in constant ab-
dominal pain, heavy headedness and headsche, feeling of
aumbness and pain st tha limbs, and cough and expecto-
ration of sputum, all of which are considersd to be due
to some intarnal disturbances, have bacome more promi-
nent year by year. in view of thess tendsncies together
with the discovery of a characteristic gas-chromsto-
graphic pattern of PCB's ramaining in the blood and
tissuzs of patients, tho disgnostic criteria tor Yutho was
reviad in 1872 (ref. 2), as shown in table 7. As comr
pared with the formner one, the revisad criteria dascribe
briefly the derma! and mucosal lasions but newly refar
to other noncutancous objective signs and findings from
saveral laboratory tests. It should be noted, howsvar,
that the new criteria do not refer to0 any specific liver
function tests.
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Table 7, The diagnostic criteria for Yusho
{revised in October, 1972).

Yusho s considered as an acute or subacute poisoning with
PCB. The genera} symptems currently seen are retarded growth,
neuroendocrine disturbances, phenomenon of enzyme induction,
disturbances in the respiratory system, and abnormal 1ipid metab-
olism. As the local symptoms, acneform eruption and pigmentation
as cutaneomucosal lesions and ocular symptoms are seen.

1. Conditions of attack
Fact of ingestion of Kanemi rice oil contaminated with PCB
and familial occurrence seen in most cases.

2. General symptoms
a. Subjective symptoms
1 general fatigue
2 heavy headedness and headache
inconstant abdominal pain
4 feeling of numbness and pain at the limbs
5; swelling and pain at the joints
6 cough and sputum
changes in menstruation

b. ObJective symptom
1) bronchitis-1ike symptom
2) sensory neuropathy
3) bursitis
4) inhibition in growth and abnermal teeth in children
5) Small-For-Dates baby and pigmentation of the entire
skin of newborns

c. Results from clinical examination
1 g?no;ma] propertiss and concentration of PCB in
00
increase of neutral lipids in blood
3; anemia, ‘1ymphocytosis, hypoalbuminemia
4) reduced velocity of the sensory nerve conduction
and adrenccortical hypofunction

3. Cutaneomucosal signs

a. Acneform eruption
Black comedones and acneform eruptions which are seen
at the face, buttocks, and other {ntertriginaus sites
and their suppurative tendency. ]

b. Pigmentation
Pigmentation of the face, palpebral conjunctiva. g1ngiva.
and nails of the fingers and toes,

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

(Translatton was made by Kuratsune)
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1. Subjsctive Symptoms

Tadble 8 shows that s contiderable portion of the
patients are still suffering from various subjective
fymptoms in recent years. Kods and Masuda examined
their possible assoclation with PCB concentrations in
blood, finding no positive associstion at all (ref. 4).
Umeds slso raported on various symptoms due to dis
turbances of higher nervous activities (s.g., forgetfuiness)
complained of by most patiants, but no definite associs-
tion between such symptoms and tha biood levels of
PCB's was obsarved (ref. B).

2. Dermatologics! Findings

Koda snd Masuda examined 72 patients with Yusho
for dermatologica! signs and PCB lavels in the blood
from April 1973 to March 1974 (ref. 4). As shown in
table 9, the majority of patients weres still suffering from
skin lesions such as pigmentation, deformation of nall,
and hypersecration of Mcibomian gland even § years
after the poisoning. They also demonstrated gnother im-
partant fact that group A, contisting of patients whoss
blood shows the gaschromatographic pattemn A, had
significantly higher prevalences of dermatalogie signs
such g3 pigmentation, scnoform aruption, and deformed
suils than did group B, which consisted of patients show
ing no such typics)yas-chromatographic pattern,

Since group A had & higher averape concentration of
PCB's than group B, ths dermal lasions seen among cur-
rent patients, contrary to the subjsctive symptoms, seem
to be caussily associated with the current level or pat-
tern of PCB's remaining in their blood. Howevar, no
eonclusion could be readily mads in this regard. First of
sll, the current excess of PCB's in the biood of patisnts
is not remarkable in degree and is simost negligibls as
compared with the enormous elevation seen among the
occupationglly expoisd workers, who nevartheless
thowed a rather low prevalence of dermal symptoms
{table 2).

it wems rather hard, therefors, to explain the
persisting dermal lesions by elevated PCB lavals in
blood slone. The chemical peculiarity of such PCB’s and
the presence of PCOF’s in the bodies of currant patisnts
seom to be particularly important in this connsction.
Howaver, our present knowladgs does not atlow us to
continue discussion of the matter along this line without
specuistion. Furthermore, an entirely diffsrent explans-
tion might also be possible. The skin lesions currently
seen may méerely be the persisting original skin lesions,
the severity of which must have been determined pri-
marily by the amount of intake of PCB’s; such intake
must in turn be reflectad by the current PCB levels in
blood of pstiants. According 10 this sxplanation, the

Table 8. Frequency of subjectiva symptoms
complained by patients with Yusho
from 1873 to 1974

Pl‘opar't:icma
Symptoms %

Fatigue 51.4
Headache 41.7
Phymata in articular region 8.3
Fever 2.8
Cough and sputum 56.9

Digestive disorder 0.3 .
Numbness of extremities 33.3
Menstrual disturbance 26.9
(7/26)

3calculated by Kuratsune from original
figures published by K3da and Masuda

(ref. 4).
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Table 9. Prevaience of dermatological and other signs

3significant {P < 0.05) difference.
Bsignificant (P < 0.01) difference.

Ccalculated by Kuratsune from figures published by Koda and
Masuda (ref. 4).

d"A" means the characteristic gaschromatographic pattern of
PCB's remaining in the body of most patients with Yusho.
“B* means gas chromatographic patterns somewhat similar to
“A". “C" means patterns indistinguishable from those of
normal persons.

among patients with Yusho from April 1973 to
; 10 March 1974, in connaction with concentration
o and gaschromatographic psttern of PCB’s in
blood
_;;,' Prevalence (%)¢
4 Group A GroupB  Group C Total
' Signs - (43 cases) (26 cases) {33 cases) (72 cases)
| Mo BE S 8 B8
i Palpebra . . 3
| Pignentation gingiba 95.30  57.7p 6.6 80.6 B
; Nail 74. 4b 3466 0 56.9 é‘
Acneform eruption 34.9 0 0 20.8 Z
Comedo 34.9 23.1 0 129.2 §
Infection of skin 32. Ga 11.5a 0 23.6 3.
Deformation of natl 65.1 38.5 0 52.8 *
Alopecia 0 3.8 0 1.4 i
Disorder in teeth 18.6 7.7 0 13.9 ¥
Dypersecretion of 93.0 . 80.8 100.0 88.9 %
; Metbomian gland z
PCB's in COMc- (ppb) 7.2+ 4.9 4.3+43.1 1.7+0.2 5.9%4.5 ‘%
blood  Avg. % S.D. d d d ¥
i Pattern A B . X
&
i

i-,
2
X
&
r
:
3
)

observed sssociation of the darmal leslons with current
blood lsvels of PCB's is considered as a phanomenal ons
but not &3 & causal one. In order to evaluste these dif-
fevent possibilities, it seems essantial to examine chemi-
cally and toxicologically the PCB’'s and PCDF's still re-
rluhlng in ptﬂmu‘ bodies.

24

3. Serum Triglyceride

One of the most dominant objective signs seen at
the Incipient stage of Yusho was a markadiy increased
concentration of sarum triglycsride. Okumura and hh

astocintes reported rscently the rcsults of their extensive

followup study on 40 pstisnts who were sxamined for

NPC00026618

WD Mg e d




serum trigiyceride st least once a year successively for 6
years from 1969 to 1074 (ref. 19). As shown in tabls 10,
a group of 14 male patients hzr shown no significant
change in ssrum triglyceside levels since 1888, still main-
taining levals as high as 160 = 118 mg/100 ml sven in
1974. For 28 femals patients, however, a significant de-
creass was ssen in 1973 and 1974 when compared with

Okumuras et al, {ref. 20} examined the possible asso-
cistion between mrum triglyceride levals and PCB con-
centrations in blood in patients. As shown in table 11,
they obsarved a significantly higher mean lave! of serum
triglycerids in s group of patients who shawed the
chanzcteristic gas chromatographic pattarn A, ss com-
pared with othar patiants who did not show such & typi-

the levels in the previous years. Howsver, 42 percant of cal pattern. Thay #iso obsarved a tignificantly positive
tham still showsd higher lavels than 110 mg/100 m! In corralstion betwesn serum triglycerids levels and PCB
1874, concentrations in blocd {r = 0.485),

Table 10. Results of followup study on serum triglyceride
: t.-' levels in patients with YushoA
%3
| PCB's 1n
Ed PCB's No. Age bloecd Triglyeeride
?; Subjects pattern cases mean (ppb) mg/100 m!  Reference
LT Patients A 20 31.9 8.6+52 134 + 60.0°
L with B 14 b b ..
i Yusho c 2 21.4 3.8+2.2 91 + 39.8 20 3
i ,,:i: M . '.:
it Controls C 37 345 2.8+1.6 ;
i . I
4 Controls 76 + 29 19.21 B
i - 5
1 % < 0.05. )
1 5 b i!:.;
P < 0.005. )
ik £
:\" E‘T,l
i Table 11, PCB's concentrations in blood and serum I
A triglyceride levals in patients with Yugho :
"} in 1973
‘l{ Triglyceride (mg/100 m1)
134 Patients Mean + S.D,
i : % Sex Age No. 1969 1970 197 1972° 1873 1974
i Male 11 - 7314 159 + 57 166 + 55 169 + 60 174 + 69.164 + 68 160 + 118
g Fefiale 7 - 59 26 155 + 75 161 + 70 155 + 80 153 + 63 129 + 50° 111 + 56°
bt
'! :Citgd from a report by Okumura et al. {ref. 19). .
i, Significantly lower than in 1969, 1970, ‘1971, and 1972 (P < 0.05).
1
i | .
i | '
%,
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Hare again, 3 similar question can be raised in regard
to such chsarved corraistion, as already discussed in con-
“nection with the cermal lesions. Are tha currant eleveted
iswls of PCB's in blood and their peculisrities in gas-
chromatographic patterns causally connected with the
sbnormally high serum triglyceride lavels found in
patients? Since, as mentioned, the female patiants
started to decresse in sarum triglycaride concentration in
recent yasrs, 8 followup exsmination of PCB's in their
blood might give a good clue to answer the above ques-
tion.

4. Livr of Patlents with Yusho

8oth PCB’s snd PCOF's are well-known toxic egents
to the liver. PCDF's seem to bs particularly toxic be-
cause g single oral administrstion of PCOF's 2s small as
sbout 1 mg/kg could kill rabbits by savera liver necrosls
{refx. 28,268). Therefors, it is rassonabls to axpect that
patisnts with Yusho would have a severe liver damage.
Okumurs et al. (ref. 30} performed detailed madical
axaminations on 24 patients soan after the onset bug,
unexpectedly, obtained no objective findings to indicata
definim liver disorderz. No patients presanted [aundice
ond only three of them had palpable livars, However, an
slsctron microscopic examination of liver biopsy speci-
mans conducted on a patisnt in February 1969 revesled
a maked hypertrophy of smooth endoplasmic reticu-
fum, indicating stimulated enzyme induction in the liver
{ref. 31).

Okumura exsmined 38 patients with various subjec-

tive symptonn for serum enzymes, including isozymes
from 1971 to 1072 {ref. 32). An increase in 2 fraction of
lactate dehydrogenase (LDH-B) and high titers in thymol
tusbidity tests were obeerved in same of the severe cass
but no definite evidence for liver disorders was obtained.
Recently Hirayama et ol. iref. 33) examined 121 adult
patients with Yusho and 267 healthy adult controts for
serum bilirubin, demonstrating a significant lower over-
sge congantration in the patient group than in the con-
trol, They also showsd significantiy negative correlations
between sorum bilirubin and blood PCB's in concantra-
tion {r = -0.348, p<0.026) and similarly bstween tarum
bllirubin and ssrum triglyceride {r = -0.215, p<D.05).
They considered that s lowsred concentration of serum
bilirubin in patisnts ssemed mainly due to an acceleroted
bilirubin disposal from the blood.

Rirzyamna et al. investigated 125 pationts for Austra-
lia antigen end aatibody by ths immunoelsctro-
ozmaphorasls in 1971 (ref. 34). The antigen was positive
in three, white ths antibody was negative in al} of them,-
indicating no diffsrence at all in the prevalences betwean
the patients and healthy controls. This finding seems to
bs important In connection with the futuro risk of
cancar which patients might experisncs.

In view of all these findings, liver function tasts cur-
rently gvailable do nox readily detect serious hivar lesions
in the pstients, but it is highly desirable that adequate
caution will continuously be paid to this well-known
target crgan of chlorinatsd hydrocarbons.

CHILDREN BORN TO MOTHERS
WITH YUSHO

Ths birth of unusus! babies from mothers who took
*Yusho oil” during pregnancy is already well known
{refz. 25,26). Their clinical features wera dark brown
pigmentation of the mucous membrans and the entire
skin, gingival hyperplasis with pigmentation, a tendsncey
to be small for the date, eruption of teeth at. birth,
hyparsecratation of the Meibomian gland, and edsma of
tha arbital srea. Pigmentation of the skin dizappeared in
2 to 5§ months, followed by growth similer to that of
normal babies,

It seems notswarthy, however, that babies with the
dark brown pigmented skin continued to be born for a
few yaars after the intake of “Yusho oil” was discon-
tinued by mothers. Yoshimura reported on nine babies
with such skin who were bern to mothers with Yusho in
Noegasaki prefecture from 1983 to 1972 {rof. 27). Three
of such babies had been doliverad by a patient from
1869 to 1971. Abe ot &). {ref. 23) recently reported on
PCB levels in the plasma of 30 children {aged 0~7) bom
to 18 mothears with Yuzho in Negasaki prefecture. Their
examination was made in 1974. As thown in table 12,
the PCB levels of thesa childran were significantly higher
than those of ordinary children but lowar than the levels
of their mothers. Thair gas-chromstographjc patterns of
PCB’s in plasma were already referred to earlier in this
paper. Children fad on broast milk from mothers with
Yusho tended to show a higher plasma concentration of
PCB's then thosa who were not fed on such milk, ---

Yoshimura also reported an interesting case, where 8
baby was thought to have ruffercd from Yusho due ox-
clusivaly to intake of PCB'1 through broast mitk from a
woman with Yusho (ref. 27]. Vory few data gre avgilable
in regard to the concentration of PCB's in breast milk of
mothaers with Yutha."Masuda et al. found 0.03 — 0.08
ppm of PCB’s in 5 samples of breast milk collected from
a woman with Yusho within & days after delivery in
1973 (ref. 12}). Masuds also found about 0.03 ppm of
PCB’s in another sampie of breast milk collectsd a few
days after a woman with Yusho doliversd a baby with no
dermal signs (ref. 14). The PCB levols in breast milk
from patients with Yusho were therefore just within the
normal range. Howevor, the gas-chromgtographic pat:
terns of these samples were quite unique, the same ns

“that characteristic for Yusho.

28
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Table 12. Concentration of PCB's in plasma of
children born to mothers with Yusho

PCB's in g‘lasma
(ppb

=
. Ref- -
Subjects Subjects Range Mean + S.D.. erence
Mothers with 18 3-33 11.2 + 7.32
Yusho
Children born 30 1-20 6.7 + 4.28 23
to above
mothers
Ordinary chil- 14 1-8 3.7 +1.97
dren

i3
baiac Bl

Table 13, Daaths sean among patients with YushoA

Cause of death ~ Number.

R Y| .-imww-n;-jwrg s i Raii

Malignant neoplasms 9
Stomach cancer 2
Stomach cancer + liver cancer ]b
Liver cancer + liver cirrhosis 1
Lung cancer 1
Lung Tumor 1 B
Breast cancer 1
Malignant 1ymphoma 2
Cerebrovascular lesion 3b
Anyloidosis ]b
Osteodystrophia fibrosa 'lb
Myocardial degeneration + pericarditis 'Ib
Status thymicolymphaticus -1
Liver cirrhosis B
Suicide 1
Senility |
Traffic accidents K|

TOTAL 22

Cited from a report by Urage 1974 (ref. 2).
I'ﬁutm:»sied cases.
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MORTALITY OF PATIENTS
WITH YUSHO

Omae reportad in 1975 that 28 desths cccurrad
among 1,291 patients with Yusho up to April 30, 1975
{ref. 1). Caunsas of these deaths were not given, however.
Urabe also reported on 22 desths seen among 1,200
patients until September 13, 1873, and refesTed to thair
causes (ref. 2). As thown in table 13, B of 22 deaths
were caussd by malignant neoplasms, suggesting a
possible excess of deaths from cancer. Since some esten-
tial information needed for epidemiological analysis is
not svailable to us, no further reference can be made
with certainty to such a possibility at the prasant tima.

CONCLUSION

As mentionad earlisr, wa demonstrated the presence
of PCDF's in “Yusho oii” at a much higher concentra-
ticn then axpected. Wa e¥co showed that PCDF's are
relatively more coneentrated in livar, Although naither
the chemical nature nor the toxicity of PCDF‘s con-
tained in “Yusho ofi” and in the bodies of patients are
known yet, our findings clearly indicats the nacessity to
pay (rester sttention to PCOF's for clarification of the
nature of Yusho. Furthermore, our studies suggested the
possible formation of PCDF's from PCB’s when used e
heat trantter medium. Beside this, another possibilivy
that PCDF's might be formed by heating PCB's with
peroxides, which sre wefl known o be formed during
hesting cooking olis, should also be investigated,
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DISCUSSION

MR. ALLEN GREY ({IT Research instituta, Chicago,
filinols): Do you have any feel whether dibenzo-
furans concontrating in the body are more capid in
metabolism than the result of polychlorinated bi-
phenyls?

DR. KURATSUNE: Unfortunately | have no definits
idaa, It is a more potent compound than PCB, |
guess. | raally cannot say.

DR. ORVILLE PAYNTER (EPA, Washington,
D.C): Are there sny reproductive problems or ir-
regulsrities confinuing for many years after the
ingestion af these materials?

DR. KURATSUNE: Thert is same disturbance of men-
strustion. There have besn some disturbances and
there have boen some related problems.,

MS. DEBORAH A. BARSOTTI {University of Witcon-
sin, Mudison, Wisconsin): Were there are doings
that suspected any widespread gastic uicerations or
an grozion in the patients—gastric ulcers?

DR. KURATSUNE: No, | do nat think 0. Some of the
patisnts had very persistent disorders of the intes-
tines, disordars of the digestive system, but | do not
know it they ware sutfaring a1 a result of this or
not, .

VOICE: Any residual changes in the sebaceous gland
during the autopsy?

DR. XURATSUNE: No, | do not know very much
sbout it, .

VOICE: | would like to ask one more question. Hove
you been able to mpecificslly identify any of the
dibenzofursns other than those in the body?

DR. KURATSUNE: Yau are asking if wa could identify
sny of the dibsnzofurans? No.




PATHOLOGICAL FIND!NGS ASSOCIATED WITH
CHRONIC EXPERIMENTAL EXPOSURE TO PCB's

Renate D. Kimbrough, M.D.*

Abstract

The principls organs affected by long-term exposure
to commercial mixtures of polychlorinsted biphenyls
{PCB%) in rodents, mink, and monkeys sre the gsstro-
intestinal oact, tha liver, and the lymphatic system.
Lesions of the gastric mucoss have been daescribed in
monkeys, and uvicerations of the gastric mucoss hove
been observed in the at Pathologicsl changes in the
liver in many species, sxch a3 the monkey, rodent, and
mink, consist of hepstomegaly, lipid sccumulation, and
fiver cell necrosis, particulerly at higher dietsry lsweis.
Hyperchromatic niclel and mitotic figures are noted.
Ultrsstructural changes in the cytoplssm of sffected
hapatocytes consist of sn incresss in smooth endo-
plzsmie reticulum, atypical mytochondria, and scoumi-
Istion of concentrically arranged membranes, which
tsuslly surround lipld vacuoles, Particulerly in rodants,
accumulstion of & brown pigment has deen obearved in
Kupffer cells and macrophages (cerold pigment and
wraporphyrin).

in the roum, (mele Balb/el strain) neoplsstic
nodules (hepatormss, Ryperplastic nodules) dewioped
afer dietary exposure to Arocior 1254, Fernals Sherman
strain rats fed 100 ppm Aroclor 1260 for 21 months
deweioped hepatocelivier carcinomas ss well as neo-
plastic nodules (hyperplastic nadules) of the livers.

in the rat and the mouse, sdenofibrosis of the liver
oceurred after sxposing rodents to either Aroclor 1254
or Aroclor 1260. Adenofibrosis, » persistent lesion, does
not disappear upon cessstion of exposure jo the PCH's,

In connection with the persistence of the different
lesions mentionad in the rodents as well as in primates, it
was noted that certein homologues of the PCB mixtures
fad to the animals werw not eliminated from adipose

timue and liver in any apprecisble smount. In rsws, 6’

months feeding of Aroclor 1254 st s distary leve! of 100
eom foliowed by a 16month recovery period resulted in
totsl adiposs tisaie levels of 152 ppm penta, hexa-, and
heptachlorobiphenyl. These animals stlll ghowed
pathologics! changes in the liver, and liver PCB lavels of
4.5ppm. '

'fow?hgy Branch, Canter for Diserse Control, U.S. Publie
Haslth Servica, Department of Haalih, Eduestion, and Wattare,
Atiant, Georpis.

INTRGDUCTION

For the past 45 yaars, polychlorinated biphenyls
{PCB’s) have been used in transformers, capacitors, as
heat renster fluids, and have had other industrial appli-
cations (ref. 1). The toxicity of thass and related com-
pounds has recently been raviewed {ref. 2). A number of
new obsrvations have been made since a canfarence was
haid on PCB’s in 1971 and it is the purpose of this peper
to outline additions! findings that are associsted with
chronic experimental exposure of animals to PCR's.

To study the longterm toxicity of the PCB’s, com-
mercis! mixtures have ususlly been employed. This was
done for two reasons: similer mixtures were found in the
environment, and the individual constitusnts of ths
PCH's are very expensive and not readily availabls in the
quantity nacessary to conduct long-term studies. Table 1
gives the composition of some of ths commercial PCB
mixtures. If the PCB’s are givan as a tingle dose, they sre
of a tow order of toxicity (tablz 2). The acute dermal
toxicity is also low, It is the repsatsd and oftsn long-
ter™n axposure to these compounds that may lead to a
cumulative toxic effect.

*  HEPATOTOXICITY

Distary sxposure of rats to the PCB’s produces
enlargement of the liver cells in some acult rats at a
dietary lovel of 6 ppm (0.4 mg/kg/dey) (ref. 3], Liver
welghts wers increased in 21-day-old F, male weanlings
whan the dams were fed as little as 1 ppm of Aroclor
1254 (ref. 3). At a dietary leve! of 20 ppm or abovs of
Aroclor 1254 or 1260, which is equivalent to & distary
intska of 1.5 mg/kg/body waight per day, for en ex-
tendad period of time, the hepatocytes In many cats had
foamy cytoplasm consistent with lipid accumulstion. in
addition, hyperchromatic nuclei and binucleation was
obseived in many liver cells. Inclusions were presant in
the cytoplasm of the liver cells. These inclusions on
electron microscopic examinstion were consistent with
concantrically arranged membranas surrounding lipid
vacuolas. Other ultrastructural chenges obsarved at this
and higher distary levels In rats consisted of an Increase
in smooth endoplasmic reticulum and stypicsl myto-
chondris. Thess ultrastructura! changes have also been
dagcribed in primates (rof. 4) and are known to cceur
with a number of other xanobiotics. Similar observations
were made in & study with smallar numbers of snimals
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Table 1. Typical percentage composition of
polychlorinated biphenyl products3

Homologue  Aroclor Aroclor Aroclor Aroclor
# C1/biphenyl 1221 1016 1242 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 T 1 23
7 ND ND <0.1 6

8percent (w/w) by 6C/mass using area correction
factors by homolog response, ?Papaggurge. writ-
ten communication, June 1973).

bI‘Ione detected; <0.01% = HD.

Table 2. The incidence and type of liver
lzsions in femala sherman strain rats

Incidence
Type of Le;ion ' Controtls Experimental
Hepatocellular 12173 267184
carcinoma ’
Neocplastic 0/173 144/184
nodules
Foci or areas of . .
cytoplasmic alteration 28/173 182/184

NPCD0026625 .
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whers the rats were fsd Aroclor 1242 and Arcelor 1018
(ref. 6.

A brown pigment represanting ceroid pigment and
uroporphyrin was obssrved in Kuptfer cells and macro-
phages, Particulsrly st higher dietary fevels, livers
showed pink fluorescance under UV lights.

in addition, exposure of rats snd mice to PCB's for
8 months or longer produced grayish white lesions in the
livr. On microscopic examinstion, these fesions con-
sisted of proliferstion of glandular epithe(ial cells that
formed ducts and were surrounded by very pronounced
fibrosis (refs. 6,7). The ducts cften contained cellular
debris. This lesion, called adenofibrosis, was first da-
sexibed by Edwards and Whits (ref. 8} in rats fed the
carcinogan butter yallow (P-dimethylaminoazobenzens),

When rats were exposed for 6 months to a distary
intske of 500 ppm Aroclor 1254 and then sacrificed first
8t monthly and then at bimonthly intsrvals, the adano-
fibrosis parsisted through a 10-month observation
period. Ususlly sdenofibrosis in rodsnts occurs con-
comitantly with hepstoce!iular carcinomas and/or neo-
plastic nodules {hyperplastic nodules), This wes trus for
the Baid/cs mouss {rei. 7). When 50 Balb/cJ inbred mals
mics were fed 300 ppm Aroclor 1254 (40.8 mg/kg/
bodyweight per day), a total of 10 negplastic nodules
{hyperplastic nodules) were found in 8 per 22 surviving
mice after 11 manths of expoture to the experimental
diet. No tumors were found in 68 surviving controls.

In snother study, 400 weanling 21- to 28-day-old
Sherman strain COBS fomale rats were distributed into
two groups of 200 animals sccording to s table of
random numbers. The animals were housed 10 rats per
cage. Two hundred rats were fed plain ground purins
chow and 200 rats were fed ths same diet contalning
100 ppm Aroclor 1260, This study was only conducted
at this dietary level and with famale rats becausa in @
preliminary feeding study, 8 bisdder tumor was found In
1 of 10 femsle rats fed 100 ppm Arcclor 1260 (ref. 8).
The food consumgption of the rats and their bodyweights
were detsrmined at intervals. A slight decline in the rate
of the weight pein of the test group compared with the
control group begsn about 3 months after onset of the
expariment. Mean final bodyweights were 420 grams for
the control group snd 392 grams in the tast group. This

‘difference was statistically significant (P < 0.001) since

such a large group of animals was invoived in this study.
‘The food consumption of rats declines with age. Accord-
ingly, PCB intake declined from 11.8 mg/kg/day during
the first woek of exposure to 6.1 mg/kg/day at 3 months
of exposure and to 4.3 mg/kp/day st 20 months. We
determinad the PCB concantrations in the experimantal
diet at intervals and these ranged usually from 70 to 107
ppm. We also spot checked the diet for affotoxina, Aflo-

toxins were never detectad in oither the control or the
experimentsl diet. A totat of 173 control snd 184
experiments) animals survived to the age of 21-23
months, At sutopsy of these rats, a consistent difference
in the appearance of tha livars was obssrved between the
sxparimentsl and the contro) groups. Almost all {170 of
184 livers) of the experimental animals had from & few
10 muitiple slevatsd tan nodules on the liver surface.
Additions! nodules wero usually sesn on ssctioning.
Thess nodules varied from .1 to soveral centimeters in
dismetsr. In contrast, ths liver of only one control
animal showed gross sbnormalities and was markedly
entarged, nodular, tan, and firm. A variety of tumors of
other organs was observed in both the experimental and
the contro! group but a difference in the incidence of
tumors in other organs in the experimental and the con-
trol group did not exist.”

Histotogic examination of the liver showed that 26
experimental rats and 1 control rat had hepstoceliular
carcinomas. An additional 144 experimental animals had
hepsatocellular nodules consistent with negplastic
nodules (hyperplastic nodules). In sdditicn, 182 treusted
and. 28 contral animals had arsas of hepatocytes with
attersg cytoplasm. The cells In thess sreas were aftan
similer to thosz that were cbmrved in the nsoplastic
nodules but the architecture of these atypical aress In
the liver was the same a3 that of norma! liver tissus and
the livar pistes merged with the surrounding liver tissue
rather than comprossing it

in classifying the different liver lesions, the recom-
mendstions made in a liver tumor workshop {ref. 8)
wers followsd.

The raauits of this biosssay test Nustrate that Aro-
clor 1260 produces hepatocefiular carcinomas according
to treditional histological criteria snd necplastic nodutes,
which sre & part of the spectrum of a responsa to hepa-
tocarcinogenic agents. Neoplastic nodules must be
Included In the evaluation of tumorigenssis. Naoplastic
lesions of the liver have also besn producad by some of
the commercial Japanesz PCB mixtures; in mice with
Ksnachlor 500, and in Donryu rats with Kanechlor 400
{refs. 10,11).

The effect on the gastric mucosa ss it has besn
described In primates {ref. 4) does not seem to be 23
pravalent In rodents. Only very high distary levals, such
83 single doses of 3,000 mg/kg, will cause siteration of
the gastric snd duodenal mucoss (ref, 2). Primatas {raf.
4) recoiving 100 to 300 ppm Atoclor 1248 developed
thickaned gastric mucosa that contained numerous large
cysts- filled with mucin. Extansion of the stypical

"SAbout 40 percent of the mu in esch group had extrs-
hepatic tumors. In a number of the rats, multiple tumors were’
preasnt,

~—
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appearing glandular epithelium into the muscularis
mucoss and the underlying submucosy was siso noted.
This hyperplastic gastritis was quits- persistent in the
primate,

In conjunction with some of the feeding studies (n
sodants, tissue levels were determined in adipose tissue
and the liver. 1t was noted that tha gas chromatograms
of the PCB's that were extracted from tissues was quits
diffarent from gas chromatograms of tha standards. The
PCB compounds remaining in adipose tissus a3 well as
Jiver even after distary exposure to PCB's has basn term-
Inatad for as long as 10 or 168 months ware the pents-,
hexe-, and heptachlorobiphanyls, with molecular waights
of 324, 358, and 392 {ref. 8). When rats wara fad
Aroclor 1254 at a diemary level of 100 ppm for 6
months, and wars then removed from exposure to PCB's
for 16 months, levels of 4.4 pom of PCB-derived mate-
rial was peasent in tha liver and 152 ppm of PCB-derived
material in sdipots tissua on & wet weight basis. The
livers of these rats showed some of the morphological
changes alrasdy described (ref. 12). In primates that con-
sumed Aroclor 1248 and resched adipose tissue levels of
127 ppm, aftar an 8-month recovery pericd the adiposa
tisrue levels were 34 ppm of PCB-darived materials (ref,
4],

SUMMARY

The sdministration of PCB’s to animals—~perticularly
redents but also monkeys and mink—produces s variaty
af responsas in the liver. Ezrly snlsrgemaent of the liver is
primarily due to hypertrophy of the cells snd an increass
of the smooth endeplasmic reticulum of the cytoplaam
of the liver cells. The smoath endopliasmic reticulum
may condente in the liver calls and form hyalin inclu-
sions, which on slectron microstopic examination con-
sist of conoantrically arranged membranes containing
lipid vacuoles. In addition to thass lipid vacuoles, lipid
sccumulstion may also oceur throughout the liver cells.
Thete changas are initialty reversible. Howsver, if the
exposure to PCB's is continued, then liver damage, in-
cluding tiver cell necrosis, may also develop. This is
sccompanied by proliferation of the liver cslls resulting
in pleomorphism, Long-term exposurs to PCB's in
rodents produces a tumorigenic rasporns2 which contists
of the development of atypical areas, neoplastic nodules,
and hepstocellulsr carcinomae., Adenofibrosis, which
usually occurs concomitantly with hepatocaflutsr carcin-
omas, has also been produced in the rat snd ths mouse.
Pigment deposition within the macrophages and Kuptfer
cells has besn noted (ref. 8). This pigment is compoesed
of caroid pigment (lipofuchsin) and uroporphyrin,
Hemosidarin may abo be prosent. In sddition to liver

changes, hyparplasis 6f the gatric mucosa has bean ob-
sarved in the primates (ref. 4) following the exposure to
PCB's.

Because of these findings in experimants( animais,
ingastion of PCB’s In humans must be curtailed. Expo-
sure fram all sources in the ococupational environment
neads to ba reviewed and workars with long-term occu-
pational exposure to PCB's should be studisd. An effort
should be made 1o establish all snvironmental sources of
PCB's in order to assess exposure of the general populs-
tien,
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DISCUSSION

MR. LAWRENCE ROY: You indicstad after an snimal
has been exposed for 8 months you get regression,
and if they did regress . ..

DA. KIMBROUGH: | don't know if | can answer all of
that; you may have to repest part of your question.
But, first of sll, | think in tha studies that | did—and
we really haven't got sny time to go into all of this
this morning—if you feed snimals for only 6 months
you do not see any tumors; you have to feed ani-
mals PCB’s for much longer periods of time.

The first indication of any tumor developmant
that | saw in reproduction studles we did was when
the animals were exposed for st loast 300 days. On
the other hand, in the rat you do get what | call
sdanofibrosis if you feed the animals for about 6
months. That lmien & also known as cholangio-
fibrosls. Adenofibrosis doss not regress. We did »
fesding study where you feed the animals for 6
months, and then sacrifice them st bimonthly inter-
wvals, and the lesion will stil) be thers 10 months
later. So this is one problem with PCB“s.

And at lesst some of the PCB homologs are
retained for such & long pariod of tima that | don‘t
know whether you could also have what you might
call intsrnal oxpcsure.

) 1 think you had some other questions?

VOICE: First of dll, do tumors causs death in thess
snimals, snd do thess tumors csusa gn increace in
size?

DR. KIMBROUGH: Some of the animals ] think have
«died with large tumors st the end of the study. |
don’t think the tumors that sre catled hepatocellular

.nne
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carcinomas would regress. | also did not say that we
had zny regression in the animals we fed for &
months.

MS. DIANE HORVAK (University of Wisconsin, Depart-
ment of Pathology): What was the difference be-
twesn the carcinoma and the nodule?

DR. KIMBROUGH: We did use histotogical criteria, In
our classification, the tumors that we call neoplastic
nodules were well circumseribed tumors that would
extend over several lobules and some of them were
sctually quite large, and would compress the sur-
rounding normal liver tissue, snd because of that,
they were circumscribed.,

The lesions that were classified as carcinomas
showed disorganized liver. Liver piates were two or
three layers thick. You would heve dilated sin-
usoids, would ses mitetic figures and a great deal of
plaomorphisms, but none of theso tumors metasti-
sizad, '

CHAIRMAN BALL: There's a question aver thara,

DR. ROBERT RISEBROUGH (University of Califor-
nia): Since wo now know that these PCB prepara-
tions do conwin dibenzofurans, | wonder if it is
your plan to repeat these experiments with PCB's
that do not contain the dibenzofurans, | wonder
slso it you would care to guess whether these
tumors are caused by PCB or by the contaminants.

DR. KIMBROUGH: | have no plans at the moment 1o
repegt these expariments. | do not know if | could
get & completely claan Aroclor 1260.

Tha PCB that we used was Aroclor 1260 with
the lot number AK3, which Dr, Bowss has analyzed;
| think the {evel of the combined furans in that
particulsr sample is less than 1 ppm. ) may be wrong
thers, but if you recalculate that, you will find that
the amount of furans consumed by the animals was
very small. The amount of PCB's which the animals
ingasted was 5 mg/kg body weight/day, end the
furans constituted less than t ppm of that. This
emount is so small that | wonder whether it had any
cffact in this particular expariment.

CHAIRMAN RALLS: We'll come back to the issue of
dibenzofurans later.
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SUMMARY OF TOXICOLOGICAL STUDIES ON
COMMERCIAL PCB's

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

Abstract

A broad toxicological program was conducted to
ovaluate the biological effacs of Aroclor 1242, 1254,
and 1260 in mammalian s woll a3 avisn specles. No-
effact levels were defined which permit an ssessment of
the hazard these materisls present t0 man and his
anvironment

The urgent need for sdditional toxicological dsts
becams appwent when the rafinement of anslyticat
techniques made possible the identification of PCB" in
many portions of the scosystem,

To assess the biological hazards of thase materials,
chronic feeding studies in rats and dogs were conducted
sccording to scceptad traditionsl procedures with
Aroclars 1242, 1254, and 1260. [t shauld be pointed
out that Aroclor 1280 s no longer produced in this
country since it does not meat the physical specifica-
tions for its restricted uses iral. 1). )

in addition, threa-generation two-litter reproduction
and teratology studies in albino rats ss well a5 3 domi-
nant lethal mutagenic study in slbing mice were con-
sidered t0 be necessary for the broad spectrum safety
cvalustion of these materisls.

Effscts such as decrosases in epgshell thickness
deseribed in certain avian species suggestad that toxicity
snd reproduction studies in chickans would be helpfut in
svaluating possible untoward affects in birds. A list of
the studies conducted are presented in table 1.

The experimental design of the chronic rat and dog
studies is given in tables 2 and 3. It should ba notsd that
thase studies wera of typical Food and Drug Administrs-
tion design for the evaluation of the safety of direct and
indirect food additives.

The important results in the chronic rat studies
which were conducted on Charles River rats are sum-
marized brisfly in tables 4, 5,and 6.

Food consumptien, mortality, and hematologic,
urine, and blood chemisory swdies did not diffsr among
treatment and contrel groups. The only weaight dapres:
sion observed was at the 24-month point in famalss fod
100 ppm of Aroclor 1254.

Liver weight increstes were noted in males and
feenales fed 100 ppm Aroclor 1254 or Aroclor 1260, and
in famales only in the 100 ppm group fed Aroclor 1242,

“Industrial BIO-TEST Laborswories, Inc., Northbrook, itN-
nols.,

As oxpected, the imporwnt histopsthologic changes
in the ret study were pramnt in the livers of the
24-month wecrifice_animais and consisted of hepatocal-
lular alterations such as focal hypertrophy, cytoplssmic
lipid changes and in some snimais st 100 ppm, hepa-
tomas or cholsngichepstomas. No evidence of hepato-
cellular carcinogenicity of the Aroclors was found in this
study.

The conclusion that “no evidenca of hepatoceliular
carcinogenicity of the Aroclors was found in this study”
was reached anly afisr extensive reevaluation of the orig-
inal liver slides us well as additional liver sections from
&%l of the animals after the Kimbrough results on Areclor
1260 bacame known 10 us {ref. 2}.

The slides were read indepondently and separatsly
by Dr, Donovan Gordon (ret, 3), Professor Ward Richter
{ref. 4), and Professor P. Pour {raf. 5} of Industrial BIO-
TEST Laboratories, the University of Chicago, et the
Eppley institute for Cancer Ressarch, respectively.

The interpratation of pathologic changas that ocour
in the liver as a resuit of absorption of chlorinated
hydrocarbons is & key issue that needs resolution by the
community of pathologists (raf, 6, 7). The problem is
highlighted in the cantaxt of PCB's since there appesrs
to be dissgreament as to whethar Aroclor 1260 Is or is
not a hepstocellular carcinogsn (raf, 8). Pour resvaluated
the Kimbraugh slides end does not agree with the re-
ported findings.

The {indings in the chronic dog study are summe-
rized in table 7. The feeding of Aroclor 1260 at 100

- ppen showed an incresse in ssrum alksline phosphatase

sctivity snd liver weights. A slight decrwass In body
weight gain was noted at the 100 ppm dose level in
males and at 10 and 100 ppm in females. No remarkable
histopathologic changes were found,

The design of the dominant lethal muugenic study
is presented in ubla 8, No effects related to Aroelor
trestment were s2en in the parametsrs listad in table
9-mortality, mating index, number of implantation and
resorption sites, number of viable embryos, preimplants-
tion loss or mutation rates, This finding is in agreement
with that of Green et al.'{ref. 10).

No effacts ralsted to-Aroclor treatment wene saen in

the parametars listed In table S—mortality, mating index, |

number-of implantation snd resorption sites, number of
viable. smbryos, prsimplantation loss or mutation rates.
This finding Is in sgrosment with thet of Green ot 4l.
(ref. 10).

1
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The stendard design for s thres-gensration two-littsr
reproduction study in albino rats is given in tabla 10 and
the westology study in table 11. A briaf summary of the
results (table 12) indicates that none of the Asoclors
studied produced advarsa sffects in the two litters of the
firsr generation.

All progsny deliversd by famazia rats in sach of thres
penerations exposad to dietary levels of up to 100 ppm
of sither Arocior 1242, 1254, or 1280 ware structurslly
normal. A reduction in the mating index was obssrved in
the second and third gensrations of animals fed eithar 10
or 100 ppm. The ability of females to concelve, canry
the delivery process to parturition, snd to successfully
nourish the young was not affected by the thres Aro-
clors. It should be stressad that no chsnges in the repro-
ductive tract of sither maie or femala rats were produced
by eny of the thres Aroclors. Findings in the third
generation were similar to these In the. first with no
suggestion of any shierations In respanse as a function of
succeeding generations.

Teratologic studies in which albino rats were
sxposed to eithar Aroclor 1242, 1254, or 1260 st doses
of up to 30 mg/kg during rapid organogenasis—gastation
days 6 through 16—were conductzd in our laborstoriss,
No evidence of embryotoxicity as refiectsd by an in-
creasa of fetal resorption or terstogenicity as measursd
by complets extamsl, skeletal, and internal evalustion of
fetusss obtsined from the Aroclor-treated femalss, was
obtsined. Other sxperimentsl data pertaining 10 the
potentia) terstogenicity of polychlorinated biphenyls
supports tha lack of adverse effects. Mizunuya (ref. 11)
and his colleagues found no evidence of terstogenicity in
the rat when fed at dietary leveh of up 10 260 ppm. In
the mousz, Tostuek {ref. 12) foind that doses of up to
500 mg/kg were nonteratoganic eithough when given on
gestation days 1 through 6 a decreasa In implantation
sites and feta) waights was obsarved. Thase dofas given
on gestation days 7 through 11 failed to produoce any
changes with respect to elther reproductive paramatars
or teratogenicity. Further, no evidence of maliormation
was obtained n infant monkeys delivared 1o famales fad
either 2.5, 5, or 25 ppm Arcclor 124B aithough the birth
weights wers reported to be reduced (ref. 9).

Tha fast study in this saries was a toxicity/rprodue
tion study in white leghorn chickens {tables 13, 14, and
15).

Aroclor 1260 st sl test lavnis did not produce
wdwerse effects on the various parameters invastigated.
Egg production in hens fed 100 ppm Aroclor 1242 or
1254 was dacressad as was agg hatchability, In fact, poor
hatchability of eggs from hans fad 8 ppm Aroclor 1242
was found {table 15},

] lddition.}Atcdor 1242 st 10 and 100 ppm and

Aroclor 1254 st 100 ppm were associsted with reduced
egmshell thickness. Chick viabllity was affected by bath
substancas at the 10 ppm dose laval.

CONCLUSIONS

1. The noeffect leve! for the Aroclors in the chronic

rat and dog studies is about 10 ppm.

No tsratogenic or mutagenic effects ware found.

No hepatocsiiular carcinomas were prasant.

The no-affact lsvel in tha rat reproduction study is

betwesn 1 and 10 ppm and is the rwsult of low

mating Indices,

5. In the chicken reproduction snd ‘teratology studies,
oftects were more savare with Arcclor 1242 with
the no-effect leve! being 2 to 4 ppm.

>
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DISCUSSION that PCB’s arz nontoxic materials, and this is a
conservative estimate.

BN Mf, PAUL AGENTINE: You didn't find any effects or DR. ALLEN GREY (I.LT. Reszarch, Chicago. Ilii-

T pathological agents in the dog? noisk: Are you able 1o relate the differances in

| SERET: DR, CALANDRA: Would you repest that? biologica! effects on the various Aroclors to their

5 MR. ARGENTINE: How did you arrive at the no- compotition?

' offects lawol in canine at 10 ppm? in studias you DR. CALANDRA: Only generally. As everyone knows,
showsd no pathological agents and no toxicity? the higher chlorinated materials appoar to be more

l DR, CALANDRA: As | Indicsted, this is & very briof persistent in the mammalian system. And there

and rapid sumwnary, Wa have e question about liver sppears to be g targst organ—the liver—which
weights and one or two other parameters and 1o be appears to be more susceptible to the higher chiori.
conservative, we have used the number of 10 ppm. nated materials. | think thesa are the only genasrali-
In other words, we are nat in any way indicating zations you ¢an maks at this time.

Table 1. Toxicity studies conducted
with Aroclors 1242, 1254 and 1260 .

Type of test- Test animal

IR tod v e TR R

e bu

v

Two-year chronic

it}

f
$ oral albino rats
11 Two-year chronic
[ oral beagle dogs
{ Three-generation _
; i reproduction albino rats
' i, Teratology albino rats
| Dominant lethal
. mutagenic albino mice
1 A Toxicity/repro- white leghorn
i duction chickens
:
-
]
a7
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Table 2. Two-year chronic oral toxicity
study--albino rats and beagle dogs

Test material Dietary levels Number of 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 ora-T Table 4. Ingestion of Aroclor 1242
toxicity study-albino rats by albino rats-liver effects
and beegle dogs
Increase in liver weights--100 ppm--
Parameters investigated: fema les )
- Body weight Primary liver lesions

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

+ Food consumption

. 2?:.::::9:10‘“: chemistry (BUN, SAP increased incidence of:

SGPT, fasting blood g{ucose: ’ Nodular hyperplasia (8/20}

SGOT--dogs only) Hepatoma (2/20)
« Urinalyses Chologiohepatoma (1/720)
- Pathology (gross, organ weights, Hepatocellular

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

Table 6. Ingestion of Aroclor 1260
by slbino rats-fiver affscts

Increase in 1iver weights-=100 ppm
Primary Tiver lesions
None at 3-, 6-, 12-month sacrifice

24-month sacrifice--100 ppme-
fncreased incidence of:

Nodular hyperplasia {13727)
Hepatoma (4/727)
Cholangichepatoma (2727)
Hepatocellular '
carcinoma (0/27)

Increase in liver weights-=100 ppm
Primary liver lesions
None at 3-, 6-, 12-month sacrifice

24-month sacrifice-~-100 ppm--
increased incidence of:

Nodular hyperplasia (7727}

Hepatoma (5/27)

Cholangichepa toma (27271)

Hepatocellular (0/27)
carcinoma

Table 7. Effects of ingestion of
Aroclors-beagle dogs

Table 8, Dominant lethal mutagenic
study-albino mice

Test material Effect

Test mterial

no effects

slight decrease in
body weight gain
==100 ppm
slight decrease in
body weight gain
-=100 ppm, males

-=10 and 100 ppm,
females

tncrease in SAP--
100 ppm

increase in liver
weights--100 ppm

Aroclor 1242
Aroclor 1254

Arcclor 1260

Dose*
Corn o1l 0.9 ml/kg
Methyl methane
sulfonate {MMS) 100 mg/kg
Aroclor 1242 500 or 1000 mg/ky
Aroclor 1254 500 or 1000 mg/kg
Aroclor 1260 500 or 1000 mg/kg

*Single dose given 1.p. to 12
males/group. -

—— f——

l
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Table 9. Dominant lethal mutagenic
study-albino mice

No effects related to Arcclor treat-
ment Seen 1in:

+ Mortality

« #Mating index

+ Number of implantation sites
« HKumber of resorption sites

s Number of viable embryos

» Preimplantation loss

» HMutation rates

:

Table 10. Three-generation reproduction L

study®-albino rats . 4

R

Test mterial Dietary levels Number of animals !

(ppm) per dietary level

M F ¥

b - -
l None - - - 8 16
| Aroclor 1242 1, 10, 100 8 16
Aroclor 1254 1, 10, 100 8 16
Aroclor 1260 1, 10, 100 8 16

%Two 1itters per generation,

_ NPC00026634
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Table 12. Effect of Aroclors an
reproduction/teratology-
albino rats

Table 11. Terstology study-
albino rats

! Test Dose? Number
terial  (mg/kg/day)  of gravid 1. Reproduction study
rats First generation--no effects

Second and third generations--
10 and 100 ppm

— decrease in mating index

E- Corn of1 - 26

1242 10 or 0 26 i nct )
: 19 — decrease in incidence o
®: Aroclor
i 1254 10 or 30 2 : pregancy 1
i Aroclor 1242--no third genera-
fo Arocldr  ber 30 26 tion with 100 ppm).

2. Teratology study--no effects.

L 8pdministered on gestation days 6
through 15 (10 doses).

Table 13. Toxicity/reproduction
study-white leghorn chickens

Dietary Number of
Test levels animals per
: material (ppm) dietary level
i M F
; : None - 8 40
' Ardclor 1, 2, &,
1242 8 10, 100 4 20
Aroclor
1254 1, 10, 100 4 20
Aroclor
1260 1, 10, 100 4 20
_ i -
41

A
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3
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Tsable 14. Toxicity/reproduction
study~whita leghorn chickens

Parameters investigated:
Body weight
Food consumption
Egg production
Egg qualtty
Egg hatchability
Eggshell thickness
Chick body weight
Chick viability
pPathotogy

Table 15. Effects of Aroclors

on chicken reproduction
Dietary Causing
Parameter level effect
1242 1254
Egg
production 100 100
Egg K
hatchability 8 160
Shell
thickness 100 100
Chick .
viability 10 10, .
Aroclor 1260~-no effects at.any
dose level
42
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Maje and femnsls rhemrs monkeys received varying
Jevels of polychiorinated biphsnyls (PCB's) and were
evaluated for toxic sffects, reproductive dysfunctions,
and metabolism of the compoundx Famale rhesus
monkeys exposed to distary lew!s as Jow a3 2.5 and 5.0
ppm of PCB (Aroclor 1248} developed fecial acne,
srythems, sbcutsneous edems, conjunctivith, and loss
of eysisshes. Reproductive dysfunctions were mank
fasted by Irregular menstrust cycles, early sbortions, and
stilibirths. As a reault of trangplacental migration of the
compounds, al! infants born of PCB-exposed snimals
contained PCH% in thelr tiseues at Lirth. The infants,
which continued to be exposed to PC8's by ingestion of
miTk from their isctating mothers, developed skin lesions
and 50 percent expired within 4 months.

Metubolic studiss demonstrated 90 percent absorp-
tion of the PCB's from the gestrointestins! tract and
daribution in argens of high lipid content. Hydroxy-
lsted metabolitss wers formed in the liver and sxcreted

through the biliay and urinwy routes. Lower chiori- .

nmeted congeners were more rapidly matebolired snd
excreted, whife concentrations of the highly chicrinated
biphenyis persistad in the sdiooes tissus in excess of
2-1/2 yours. The detection of the urinary metsbolite
trans-3,4-dihydro-3 4-diydroxy-tetrachiorobipheny!
arggests that the mechsniom of metabolism is through sn
wene oxide interrmediate. In vivo and in vitro studies
cemonstrated binding of PCE's with macromolecules

INTRODUCTION
Even though the polychlorinated biphenyls {PCB's)

bave been ussd extensively for various industrial pur-
poses for the past 40 years, the heaith significence of

*Departrent of Psthology and Regicnal Primete Resserch
Contyr, Univeniity of Wisconsln, Madlson, Wisconsin. This inves
tigetion was supported in pert by U.S. Pubiic Haelth Service
praces ES00472, ES-00958 end RR-D0167 from the Natlons!
instieutes of Hesith, snd tha University of Wisconsin Sea Gramt
Program. The mwjority of the deta presantsd in thia report wars
obtrinad through the efforts of our colleaguss in the Experi-
mams! Pathology Laborstory: D. Barmatti, K. Blomguist, L.
Carstors, 1. C. Hau, A. Meriar, L. Moors, D. Petersan, J. Sey-
mow, J, Van Miller, A portion of thie reserch was conductsd in
the University of Wisconsin—Madixon Biotron, & controlisd
enwironmentsl ressarch  facility supported by the Nationsl
Science Foundation snd the Univenity of Wiscomin.
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PATHOBIOLOGICAL RESPONSES OF PRIMATES
TO POLYCHLORINATED BIPHENYL EXPOSURE

J. R. Allen, D.V.M,, Ph.D., and D. H. Norback*®

human exposure to these compounds only recently has
become of widespread concern. The scientific communl-
ty was alerted to the potential 'environrmnul health
problem by Jensen in 18686 {ref. 1) aftar PCB's were
identified in tissus extracts of birds experiencing rapro-
ductive difficultios in Swedsn, The magnituda of the
problem wss brought to the forefront by the “Yusho”
incidont when over 1,000 Jupaness suffered prolonged ill
effects from exposure to PCB-contaminated rice oil (ref.
2). Further concemn sbout the potential danger of PCB's
on human health foliowed disclosure of increasing levels
of thee: compounds in varjous foods. The contamination
has been attributed to incorporation of these com-
pounds within the food chain ar from packaging of food
products in PCB-impregnated paper containers (ref. 3).
Increasing levels of PCB's in human tissue samples attest
to the magnitude of the human sxposure {refs, 4,5).

Within this lsboratory various animal modals,
including the narhuman p.imate and rodent, have been
svalusted following exposurs to PCB’s for the davalop-
ment of lesions which psrallel thom racorded’ in man,
Emphasis has besn placed on determining pathophysi-
ological alterations that arise in animal models s a result
of exposure to ssveral lavels of PCB's for variable periods
of time. The absorption, tissue distribution, and rate of
sxcretion of PCB's have been determined. The inter-
action of the PCB‘s or their metabolites with celluler
macromolscules has also been 2 major area of investi-
gation. The following report, which includes previcusly
unpublished observations, presents a summary of the
progress that has been made in this laboratory on the
above mentionsd sreas of PCB research.

GENERAL EFFECTS OF PCB'S
ON NONHUMAN PRIMATES

The investigation of toxicity produced by PCB's in
various snimal speciss demonstrated the limitations of
rodents as animal modais. Male Sprague-Dawley rats
wera able to survive for 1 year on diets containing 100
ppm PCB {Aroclor 1248, 1264, or 1262) without show-
ing signs of iliness (raf. G). These obszrvations substan-
tisted thoss of Keplinger et el. (ref. 7). increasing the
PCB content of the rat dists to 1,000 ppm did not
produce skin lesions; howevsr, death occurred within 8

to 8 weeks due to widaspread hepatic degensration {ref,”

8).
Male rhasus monkays developed many of the signs
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experienced by humans that had been insdvertently
exposad to PCB's. Monkeys fed diets containing 100 and
300 ppm PCB (Arodor 1248) (table 1) daveloped facial
edema, erythema, acne, and alopecia within 3 weeks.
The lesions bscame progressively more severs with
incressed length of exposure (refs. 9,10). in addition,
the animals developed anorsxis, loss in weight, hypo-
prateinemia, hypolipidemia, and anemia. Within 3
months the majority of the monkays had died or wers
moribund. Necropsies of these animals revealed decided
mucosa] gastric hyperplasia with penatration of the
glandular spithelium into the underlying submucosa (ref.
10). Numerous ulcerations of the hypsrplastic gastric
mucosa were also presant (ref. 11). In sddition, there
was a decided hypertraphy of the liver.

Femnale monkeys fed 25 ppm PCB {Aroclor 1248)
(table 1) in the diet devaloped facisl lesions timilar to
thaos observed in the snimals receiving higher levals of
PCB’s (rzf. 12). After 2 months on the PCB diet it was
necessary to discontinue the exposure due to the saveri-
ty of intoxication. One of the six sxparimenta! animals
died 4 months afmr the initlal exposure to PCB's.
Necropsy svalustion demonstrated savere gastric hyper-
plasia and ulcerstion. The surviving adult femazle
monkeys continued to be devoid of ayelashas and dis-
played facial acneform lesions 2 years following expo-
sure to the PCB's. Infants born to these females were
small {350 vs. 450 g) and contsined PCB's in their tissues
st birth.

Femsle monkeys given 2.5 and 5.0 ppm PCB {AsD-
clor 1248) (table 2} in their dists devsioped facial
edema, swollsn eyelids, erythama, loss of hair, and acne
within 2 months {ref. 13}. By the fourth month, irregu-
laritios in tha manstrual cycles znd an increased leval of
urinary ketosteroids were recorded (ref. 14). Following
6 months of PCB exposure the female monkays were
bred to contro! males. Six of eight animals on the 5.0
ppen diet conceived {table 2). The remaining two were
bred on five saparate occasions without conceiving, Four
of the six females experienced abortion early in gosts-
tion. Eight of eight of the 2.5 ppm PCB fed animals
conceived; however, only fiva wera able to carry their
infants to term. As was the ease with infants of animals
given the higher lvels of PCB's, all the infants were
small and at birth their skin contained detectable lavels

- of PCB's,

The infants ware permitted to nurse their mothars
for 4 months. Within 2 months focal aress of hyperpig-
mentation, swaollen Jips and eyelids, loss of eystathes,
and acneform lesions of the faca doveloped. The skin of
thete infants showed e decided incraase in the PCB level
ovar this period, Within 4 months, 3 of the & infants
died dus ta PCB intoxication. Aftar weaning, the

remaining three have shown cmprovemnnt of the skin
lesions during the 4-month pericd,

Four adult male rhesus monkeys ware 3lso exposed
to a diet containing 50 ppm PCB's (Arocior 1248}
(table 1) for 17 months (average total intake of PCB's
460 mg). They began to develop a slight pmorbsul
edema afier 8 months of exposure; however, it wls
much less severs than in the femals monkeys receiving a
similar lovel of PCB. The morphological festures snd
viabllity of ths spermatozos as well as the ability to
fartilize control female rhess monkeys was unatfected
during the initisl 12 months of PCB exposura. Subse-
quently one of the four males lost weight and developed
alopecia, acne, periorbital edemy and decreasad libide. A
tasticular biopsy of this animal showed a decided hypo-
ectivity of the seminiferous tubules. There was lt"l
absencs of mature spermstozoa and 3 predommlnm o‘f
Sertoli cells of the tubules. The remaining three mnles
have remained healthy and sexually active {ref. 15).

ABSORPTION, METABOLISM, TISSUE DEPOSITION,
AND EXCRETION OF PCB's gl

Over 90 percant cf a single oral dose {1.50r 30¢g
per kg) of PCB's {Aroclor 1248] given to adult rhesus
manksys was absorbed from tha gestrointestinal tract.
Chromatographic snalysis of the tissues 14 days after
exposure revoalsd a pradominance of higher chiorine
isomers that had a predilection for tha adiposs tissue and
organs contalning s high fat content {(ref. 18},

Rhesus monkeys fed 26 ppm PCB {Aracior 1248) in
tha diet attained lavels of 127 ug/g within the adiposs
tissue after 2 monthe. Eight manths afier discontinus-
tion of exposure to PCB’s the lavals were 34 prp/g within
the adiposs tissue. After 33 months, the lavels within the
addipose tissue ranged from 3 to 14 1/g: the residuss
contained graatly increased proportions of highly chlori-
nated congsners. Transplacenta! movement of the PCB‘s
wis demonstrated by the presence of PCB's in the
infants born to expoted femasles, Tha tissues of an
infant, bom to a female 8 months following the discon-
tinuation of PCB’s in the dist, contained 25 pg/g of PCB
in the fat snd adrenasl.tissues at the time of birth. In an
infant born to s femals 29 months following the discon-
tinustion of PCB's, the levels within the adipote tissue
wars 3.38 ug/g ot 4 months of age.

Female monksys given 5.0 ppm PCB in their dists
attained maximum levals of PCB’s within their adipose
tissue st B months {141 to 177 ug/p adipow tissue).,
However, it required gpproximately 14 months on the
2,5 ppm diet for the monkays to resch similar maximum
PCB levelt in their adipose tissue (126 to 144 pg/g).
Males which receivad 5.0 ppm PCB’s atuained levels
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Tshle 1. Experiments on exposure of primates to PCB's (Aroclor 1248¢)

| 3 Length of
il Le::]d:tfetpw gz%m:;s ex;gsure Tg:at:k:w
(ppm} (months)
300 6 males k) 3.6 tob5.4¢
100 6 males 2 0.8t 1,09
25 6 females 2 250 to 400 mg
2.5 8 femles 16-19 243 to 303 mg
, i 5.0 8 females 16-19 460 to 614 mg
I 5.0 4 males 17 530 to 692 mg

'Honsanto Co., Inc., St. Louis, Missouri.

£
3
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Table 2. Modification in reproduction -
in primates that were exposed <
to Aroclor 1248 in the diet i

L}

t
-

Control 2.5 ppm 5.0 ppm

Total

{mpregnated

(no./no.

animals) 12712 8/8

Resorptions

or abor-

tions (no./

no. animals) 0/12 3/8

Stillborn
{no./no,
animals) 0/12 0/8

Normal
births (no./
no. animals) 12/12 5/8 .-

st =T s SR II (

et

6/8

4/8
1/8

8
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" ranging from 128 to 200 xg per g adipose tissus at 14

months. Infants born of mothars exposed to 2.5 and 5.0
ppm PCB’s within the dist conmined concentrations of
PCB’s ranging from 1.0 to 4.8 up/g within the skin at
birth. While nursing from mathers consuming PCB dists,
the infants continued to sccumulsts the compound, At
3 months, the levels within tha tissues ranged from 86 to
136 ;ofg. The concentration of PCB's within the milk
ranged from 0.16 to 0.40 ug/p. The tissues of the infants
which disd while nuning PCB-fad mothers contained
high levels of PCB's within the thymus, ovarias, brain,
kidneys, sdrenal glands and pancrass {20-48 ;g/g tissue).
Lower lsvels were found in the liver, Iymph nodas, and
bone marrow {8-16 sg/a).

Monksys and rsts demonstrate species varlation in
the metabolic resporme to the PCB congener 2,5,2',5"
tetrachlorablpheny] [TCB). Over 66 porcent of the single
dose (GO0 mg/kg) edministered to rats was recovered
from the feces, and an additionsl 10 percent was presant
in the urine within the initial 72 hours (ref. 17}. The
matsrial present in the body was concentrated within
the adipoce tissue, Thers was a transient high level of
TCB within tho blood at 24 hours. Othar organs which
contained signifiant quantitias of TCB, however at
loner conoentrations, included the liver, skin, and
mustie. The major urinary metabolite was idantifisd as
30H-2,5,2 5'-wtrachlorobiphenyl. Other monchydroxy
TCB metabolites wers presant in minor quantities (ref,
17.

Over B0 percent of en orsl dose {500 mg/kg) of °M
TCB sdministered to infant rhesys monkeys was
sbaorbed from the gastrointestingl tract and was highly
conamentratsd in the skin, adrena! gland, liver, and adi-
pose tissue. At 72 hours, less than 2 percent of the dos
had been eliminatsd in the urine and 1 parcent in the
feces. Monohydroxy TCB, a major metabolits presant in
the rat urine, was a minor metsbolite in the urine of the
monksys. The two major metsbolites were dihydroxy-
TCB and trans-3,4 dihydro-3,4-dihydroxy TCB {ref. 18).
A sscond minor matabolite was hydroxy-3,4-dihydro-
3, 4dihydroxy TCB.”

Following the oral dose 6f *H-TCB (1 g/kg) to
juvenile monkeys, a mejor percentage of ths materlal
was sheorbed from the gastrointestinal trsct and was
highly concentrated in the adrsnal, sdipom tissue, and
skin. Significant quantities were presant within the liver,
muscle, and uterus. Aftsr 4 weeks, 14.8 percant of the
dose was secreted into the bile. Approximately 75
percent of the bilisry materisl was reabsorbed by the gut
and the nonabsorbed material was recovered from the
feces during this period. Over 80 percent of the PCB’s
aureted in the bile was in the farm of water soluble

-

glucuronic acid conjugates. An additional 8 paercent of

the total dose was recovered from the urine.

Administration of the higher chlorine congener IH
2,4.5,2'4' 5" haxachlorobiphenyl (HCB) t rats or
monkeys demonstrated low levels of exretion into the
bile. An oral dose of HCB {1 g/kg) administered to rats
resulted in excretion of 0,3-0,7 percent of the dose per
day in the bile over g period of 14 days. The urine was
free of dztectable levels of radioactivity {ref, 19), At 14
days, 65 percant was recovered from the body tissues.
The compound was highly concentrated within the
adrenal glands, adipose tissue, and skin and in the female
within the ovaries and utarus, Following the administra-
tion of b single dose of HCB (1 g/kg) 10 juvenile rhesus
monkeys, less than 2 percent was excreted via the
bilisry-facyl route over a8 34vesk period. There was no
detectable radiosactivity within the urine, The organs
with the highast concentration of the material inctuded
the adrengl, adipose tissue, and skin. Due to the large
mass of musculer tissue, this was » major reservoir of the

compound.

INTERACTION OF METABOLITES
WITH CELLULAR MACROMOLECULES

Following the administration of *H 2,5,2' §'-tetra-
chlorobiphenyl (TCB) to infant rhasus monkeys, inter-
sction of TCB and mecromolecules of cells and of serum
was evalusted {ref. 20). Separstion of the serum constit-
wants by polyacrylamide gel electrophoresis demon-
strated aszocistion of the TCB primarily with serum
albumin, Over 80 percent of the radiosctivity of livor
homogenates elutad from & Sephadex G-25 column was
in the protein and nucieic acid fractions. The majority of
the mscromoleculer-pssociated HCB apparsntly was
bound by hydrophobic sssociation. Extraction of liver
homogenates with hexans, precipitation of the haxane-
extracted homogenste with TCA, and subsequent extrac-
tion of tha TCA precipitate with mathano! resulted In
extraction of tha majority of the radioactivity. In the
oxtracted residus, 1.! percent of the radioactivity
ramained which may represant covalantly bondad
m_anrlll. Recent in vitro studies employing monkey
microsormes incubated - with an NADPH genersting
system demonstrated 20 percent of the metabolized
$H-TCB was bound to microsomal protein and RNA in a
nonextractsble form. Binding of *H-TCB was pravanted
by hesting the mierosomes o 100°C prioe to incubation
{rof. 21).

DISCUSSION : .

-Thess experiments employing nonhuman primntns.
have demonstrated developmant of panllel signs and
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fesions of PCB imoxication in humans and rhesus
monkeys exposed to similar levels over comparable
periods of timz. Acns, subcutaneous edema of the facs,
and edema of the eysalids wers absarvad in man (rsf. 22)
end lower primates (ref. 15) exposed to PCB's. Tha

P¥." facial signs of PCB exposure appear to be a sensitive

indicator of PCB intoxication. Tha rhesus monkeys after
exposura for 2 months to dietary levels of PCB's {2.5
and 6.0 ppm) developed facisl aitarations after a total
consumption of 32-50 mg of PCB’s. It is notewosthy
that PCB levels of 5.0 ppm are presantly permmed in
foods dastinad for human consumption.

The most debilitating lesions in the monkeys wore
the cevare hyperplasia snd ulceration of the stomach.
Whether similar changes occur in thea stomsch of man

exposed to PCBs remains to be clarifisd. Nausea and

anorexia dascribed by the human subjects suggest poten-
tisl gastric alterations. Liver hypertrophy, prolifsration
of the endoplasmit reticulum, and incressed hepatic
microsomal enzyme activities ware obsarved in man {ref.
23) and in lower primates (raf, 11).

Menstrua! irregularities, decreased libido, occumencs
of stilboms, reduced birth waights, and transplacental
movemant of PCB‘s in humans and rhesus monkeys have
besn recorded irefs. 13,24). The reproductive fallures of
monkeys exposed to PCB's were cue to inability to
maintain a pragnant state, The majority of the animals
did not axperience apprecigble difficulty in conception;
howaver, a large percentsge of the snimals aborted
during the first 45 days of pregnancy. Thess observa-
tions suggest an insbility of implantation or inadbility to
maintain the implanted embryo during the sarly stages
of pregnancy.

Although ths mechanism of reproductive dysfune-
tion has not been clarified, there is some indication of
hormonal modifications. ARterations in the urinary kato-
steroids were reported in humans exposed to PCB's {ref.

.22). Increased levels of urinary ketosteroids have been
observed in the nonhuman primates that experienced
reproductive failures {ref. 14). One machanism of altered
staroid metabolism may be secondary to the increasa in
the hepatic mixed function oxidases that are prosant in
the hypertrophic livers of exposed snimals. It has alio
besn a consistent obssrvation that the organs sssociated
with steroid production, the adrensis and ovaries (par-
ticulsrly the corpora lutsa), have contained relativaly
high concentrations of PCB's in exposed snimals. Thus
the compounds may possibly have & direct effect on
thess organs,

The presance of PCB's in the milk of other tpecing
has been previoudy reported (ref. 3). This svenus of
infant exposure and tha potsatial morbidity and mor-
tality was vividly demonstrated in the infant monkeys
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who nursed from mothers cxposed to 2.6 and 6.0 ppm
in the maternal dists. The pressnce of relatively low
lavals of PCB's in the diets of lactating fermalas rspra-

sants 2 potential source of PCB intoxication to nursing

infants,

Metabolic studies of the rhesus monkey demon-
strate over 90 percent absorption of the PCB’s from the
gastrointestima} tract following oral administration. The
materi¢! is concentrated in organs with high lipld
content, including the adipose tissus, skin, adrenal,
corpora lutes of the ovariss, and brain. Within the liver
the greatest portion of the matsrisl is associated with the
membranes of the endopiasmic reticulum,

Studies with tha single congener TCB demonstrate
the matabolism of the compound to hydroxylated forms
which are conjugatsd with glucuronic scid and excretsd
into the bile. Enterohepatic circulation of the PCB’s
undoubtedly accurs as only 20 percent of the material
sscrated into the bils was racoversd from tha faces. The
greatest portian of the metabolized TCB was excreted
through the urinary system. The mare highly chlorinated
biphenyl HCB was more slowly sliminated from the
body vis the bilisry-fecal route; HCB or metabolites
weore not datsctad within ths urine. The facilitated
metadolism and excretion of the lower chlorina con-
genars was alsa indicatad by the relstive decreasad stor-
e of them compounds, snd converssly the accumu-
iation of higher chiorinsted congeners, within the
sdipozs tissue.

Metabolic studies’ thnhm been conductad on non-
humsn primates suggest mechanisms of imeraction of
PCB's with tissues and, more importently, indicate
potsntlal mutagenic snd carcinogenic effects of the
PCA’s. Metabolites hava besn kolate? from rhesus
monkeys exposed to the PCB congener 2,52'5 -tatra-
chiorobiphsnyl that ere formed through en arena oxide
intermediate {raf. 18). Sim{lar metabolites of ths PCB's
and the potentlal for arsne oxide formation hes been
demonstrated in rabbits (refs. 25,28). Arene oxides

formed by the metabolism of other aromatic hydro-.

carbons have besn shown to covalantly bind with macro-
moleculer snd produce mutagenic and carclnogenic
changes in mammatian calls {ref, 27). Dechlorination of
the more highly chlorinsted biphenyls, demonstratsd by
dechlorination of 2,4,5,2".4’,S haxachiorobipheny! {ref.
28), providss a mechanism through which metabolism of
highly chiorinated biphenyls “through an amne oxide
intsrmadiate wou'd be facilitated.

Evidence demonstrating the amociation of PCB's
with liver macromolscules supports tha theorstica!
potential. of the PCB‘1 for covalent binding with cellular
macromolecules. Thus, it appesrs that alkylstion of
macTomolecules is ons mechmnism by which the 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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5 VDICE: 1'm from the Massachusetts Saciety. Have you
sxgmined ths samples for minute contaminants?

R

Biphenyl Arocior 1260, J. Nat7. Cancer Inst., in

45

DR. ALLEN: That is & good Guestion. | presume your
primary interests are in the dibenzofurans. The
Monsantd Company has voluntesred to analyzs the
Aroclor 1248 used in our experiments for the
furans. In our discussion last week they were hape-
ful of having these data svailable for this confar-
ence. If Dr, Wright is in the audience perhaps he
would give us @ progress mport on the subject. {No
snswer from tho audisnce.}J can say thet we have
dons some preliminary work in this ares and have
found undotectable lovels of furans in the semples.
Howsever, more detoiled studise to clerify this ques-
tion are undarway at the present time,

VOICE: How can you dotermine that the PCB's are
covalently bound to macromaleculss?

DR. ALLEN: Repeated axtractions carefully monitored
for radioactivity are tho best methods of removing
sny absorbad matarial from the protein. Standard
gel chromstography methods do not differentiate
betwesn adsorption and covalently bound materials.
We hope to be abis to generate encugh PCB bound
to macromolecules to permit the determination of
the exact covalent nature of the bond following
macramalecular digestion.

VOICE: Which macromoleculs did you use?

DR. ALLEN: Wo were using protein snd RNA from
monkey microsomes, These microsomes were
incubated with *H PCB in a NADPH genersting
systern. The protein and RNA were isolatsd sub-
sequently and their radioactivity determined.

VOICE: Could you tall us roughly how much PCB your
snimals consumed per kilogram of body weight?

DR. ALLEN: The femals animals on the PCB experi-
ment weighed between 8 and 7 kilograms. Tabls 1
gives the average total intake of PCB's by these ani-
mals during the various experiments,
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PCB CHLORINATION VERSUS PCB DISTRIBUTION AND EXCRETION

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

Abstract

The distribution and attention of aaiactad
t*C-iabaiad polychlorinated biphenyls (KB's) wmo
studiad in tha mala rat Tha distribution and excretion
of aach of tha KB's mmsstudiad after eitherl.v. or oral
administration. Fotowing administration, aach of tha
K B's mmsrapidly removed from tha blood and stored in
dta lhrar and muscle. Tha rates of K B redistribution
from Hear and muada to skin and adipose tissue and/or
elimination in urine eras related to tha degree of chlo-
rination. ThasubaequantratesofK B removal from skin
and adipose tissue, excretion in urine, and total excre-
tion were related to the degree andposition o fchlorina-
tion of the biphenyl molecule. Nona of the KB's
studiad was excreted to a significant extent prior to
matebolism to more polar compounds It appears as if
tha degree and position ofchlorination controls the rata
of metabolism. Tha limiting factor in metabolism may
be the facility ofarena oxide formation as a metabolic
intermediate. The toxicologic Implications of arena
oxide formation versus KB accumulation in animal
baeuas are discussed.

INTRODUCTION

to the complexity of commercial poiychlo-
jiphenyl (PC8) formulations and the difficulty
iced by others in their efforts to interpret the
. a of toxicological Rudies in which these mixtures
were used, we have chosen to study selected individual
PCB's. We believe that detailed studies of individual
PC8'i, chosen to represent industrial PC8 formulations,
may not only afford an insight into the biological fate of
the more complex commercial formulations, but may
also be used in the construction of pharmacokinetic
models of the distribution and excretion of these and
other chlorinated hydrocarbons. Our ultimate goal is to
have pharmacokinetic models which will permit the
accurate extrapolation of animal data to man.

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

'‘Pharmacology eranch, 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.
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1221, 1232, 1254, and 1260, raspectively. Each of tha
PCB's studied was labeled with carbon -14.

METHODS

All of tha data presented in this paper were ob-
tained with an i.v. dose of 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 of the PCB's; however, these
results have been repeated without different results by
studies in which the PCB's were administered by oral
intubation (rtf. 2). In these studies, the time points of
sampling ranged from 15 minutes to 7 days for aach of
the PCB's and up to 42 days for 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 of each PCB was removed from the
blood within 15 minutes. Initially, most of the admin-
istered dose was stored in tha liver and muscle. Within
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 of 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
of hexachlorobiphenyl from the liver was redistribution.
Due to the relatively large mas of muscle, total storage
of tha PCB's in musde was similar to that observed in
liver (figure 2). It is assumed that tha only mechanism of
PCB removal from musde was by redistribution to tis-
sues having a higher affinity for these compounds (ref.
2).

Most of 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 of thasa
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’ compounds in skin was of particular interest (figure 3).
It may not be obvious in figure 3, due to the long time
scale of B hours to 42 days, but the uptake of PCB's by
skin was slower than the uptake by [iver and muscle (ref,
* 2). The rate of PCB removal from skin decreasad as the
" degrea of chlorination of the PCB's increased, and fol-
lowing the removal of approximately 25 percent of the
haxachlorobiphanyl, little further decay from skin was
observed during the remainder of the 42-day study.

The sccumulation of PCB's in adipos2 tissus was a
sdower process than that observed in skin (figure 4). The
peak concentrations of mono-, di-, penta-, and hexachlo-
robiphenyl in adipose tissue were reached at 1 hour, 2
hours, 4 hours, and 7 dsys after administration, respec-
tively. The magnituce of the peak concentrations in fat

also tended to increase with increasing chiorination,’

whereas the rates of PCB removal from sdipose tissue

- decreased with increating chlorination of the PCB. Haxs-
chlorobiphenyl concentrations in fat never showed a
dedine from peak concentrations.

The rates of PCB removal from tissues would be
expected to be reflected in their rates of excretion, All
rats kept for 1 day or longer were held in individusl
metabolizn cages snd fed food and water o Jbitum,
Both urine and feces were collectsd daily. The mast
dramatic sffect of increasing chlorination of tho bi-
phenyl molecule was szen in tha percent of the tota)
dose excreted in the urine (figure 5). Cumulative excre-
tion in urine for 7 days sccounted for approximamly 60,
34, 8, and less than 1 percent of tha total mone-, di-,
penta-, and hexachlorobiphenyl dose, respectively Great-
er than 80 percent of the materia) excreted in the urine
wis in tha form of one of more conjugated metabolites
of the given PCB {ref, 2.

Cumulstive excretion of the PCB’s in faces was ¢
more consistent process which, with the exception of
the hexachlorobiphenyl, did not appsar 1o be grestly
affected by degree of chlorination {figure 8). Animals
treated with penta- ar hexachliorabiphenyl ware held faor
up to 42 days. Extrapolation of the dally ratez of tota!
PCB excrotion showed that, with the exception of hexa-
chiorobiphenyl, excretion would eventuslly account for
spproximately 100 percent of the administered dose of
sach PCB. The excretion of hexachiorobiphenyl was o
sdow that extrapolation to infinite time indicsted that
less than 20 percent of the administered dose wauld ever
be excrated,

DISCUSSION

Work In our Isboratory and elsewhere indicates that
only about 10 percent of each of these PCB’s is excrated
&3 the parent compound. We also know from extraction

and analysis of the radicactivity in the tissuss that appre-
ciable amounts of the metabolites are not stored in the
tissuos (ref. 2), We have thus sssumaed that matabolism is
2 prerequisite to tha excreticn of PCB’s. We heve slso
shown that the rates of excration and the rates of re-
moval from skin and sdipose tissues of mono-, di-, and
pentachlorobipheny! are inverssly proportional to thair
degrees of chlorination (ref. 2). On the other-hand, the
vary slow excretion of hexachlorobiphenyl would not
have been predicted by this relationship. Theretore, an
gdditional factor appeared to be affecting the rate of
metabolism of hexachlorobiphenyl.

An examination of the molsculsr structures of thase
four PCB’s shows that thore is only ane obvious differ-
ence, other than chiorination, amang the structures of
the hexachlorobiphenyl and the three other PCB’s. The
difference is that this hexachlorobiphenyl does not have
two adjacent unsubstituted carbon atoms,

It waz demonstrated in Williams' laboratory in the
1850's that chioringted banzans thet had two adjacent
unsubstitutad carbon etoms ware metsbolized and ex-
creted 3 to 20 times more rapidly than benzenes with
similar Gegraes of chlorination that did not have sdjacent
unsubstituted carbon stoms [refs, 4,5]. Schulte and
Acker suggestad that a similar substitution pattem i3
required for the metabolism of PCB's (ref, 8). This sug-
gestion was partislly confirmed by Jensen and Sund-
strom (ref. 7) when they showed that PCB's which did
not have two adjacent unsubstituted carbon atoms wera
found in the higheit concentrations in the tissues of
higher animals and man. The haxachlorabiphenyl used In
our studies was found In the highest concantrations of
any PCB in human tissues. Our data on tha distribution
and excretion of this PCB and the fact this particular
PCB is one of the more common constituents of the
more highly chiorinated commercial PCB formulations
oxplain why such high concentrations wers found in
human and animal tissues.

As 8 point of reference, we have also studied the
distribution and excrstion of similar doses of several
chiorinated pasticides in the vat. The initial halfdife of
dieldrin was quite similar to that of penuchiorobi.
phanyl."The initis hatf-life of DDT was five- to six-fold
longer than that of pentachiorobighenyl and only Mirex
and haxachlorcbenzene, of the pesticides tested, had
intinitely fong halfdives such as that observed for hexa-
chlorobiphanyl (ref. 8). -

Two adjscant unsubstituted carbon stoms are
important to the metabolism of the PCB's bscause their
presence facilitates the formation of grena oxidas, Arens
oxides ars formed by the hepstic mixed-function
oxidases at intarmediates in the metabolism of 3 number
of lipophilic compounds, and these oxides have been
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Implicstad s potentiat carcinogens {refs. 8,10). Evidence
for srene oxides p3 Intarmediates in the metabolism of
implicated s potentisl carcinogens {refs. 9,10). Evidence
for arene oxides as intermediates in the motabolism of
PCB’s has been provided by Gardner stal. (ref. 11), Safe
ot & (ref. 12), and in our own laboratory (ref. 13).

. Thus, we are given & dilemma, Those PCB's which
can be matabolired and excreted may bs metabolized via
s aarcinogenic intermediate and thase PCB's which ars
not readity metabolizad have an extremely long biologi-
ct! haif-lifa. Several rassarchars have provided evidence
that the PCB‘s may be carcinogenic (refs. 14-16). On the
other hand, Vos st al. (raf. 17) have shown the very
siowly membolized hexachiorobiphenyl used in this
study t0 be scrwgenic, to cause liver damage, snd to
induce hepatic porphyria. It ks not yet known if it is the
parent PCB's or thsir metabolites which sccount for the
primats  reproductive failures described by Allen (ref.
18). The only way that we arc gaing to establish which
" of the PCB’s or their matabolites are carcinogenic or are
going to cause any of the other toxicologica! problams
and at what levels of axposure the problems are likely to
erie s through systemastic pharmzcokinetic studies,
which will allow us to extrapolste the results of chronic
low-dose environmants! exposures from Iloboratory
animals to man. Until ruch data et svallable, it is my
opinion that every effort should ba made to avoid envi-
ronmental conteminastion by sny type of PCB’s,
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ENZYMATIC AND OTHER BIOCHEMICAL
RESPONSES TO SELECTED PCB‘s

D. J. Ecobichon, Ph.D.*

Abstract

isomerically-pure mono-, dF, tri-, totrs-, hexs-, and
octachiorobiphanyls were injected ip. into weanling
mals rats at 2 dosege of 50 mg/kg/day far 3 consscutive
days, the snimals baing killed 98 hr afver the lest infec-
tion, The influence of pasition and dagroe of chiorine-
tion of the biphenyl nucleus on hepatic function was
compared- to that produced by purified "biphenyl.
Hepatic function was sesaxsad by pmntoberbital sieeping
tmaz snd In vitro sssays of p-nitroanisole O-demsthyl-
oo, aniline hydroxylisse, aminopyrine N-damethylss,
carboxyiostersse and sulfobromophthalein-giutathione
conjugating enzyme activities. Far the mono-oxyganasses
cdlosely sssocisted with the hepatic endoplasmic rotic-
ulum, snhanced induction of sctivity was cbsrved with
highly chiorinated biphenyls and by low chlorine-
conteining congeners having chiorine atoms substituted
st the & and £ positions irrsspactive of chlorination st
other positions. For those enzymes loss discretely
localized in the hepatocyts, the pasition of the chiorine
atons appsarad to be loss important. Intsrelationships
with other hepatic functions and the mate of chioro-
bipheny! biotransformation s discused.

Toxicologic assmsment of commarcial chloro-
bipheny! mixtures has been complicsted by the hetero-
peneity of the congenars, by merked differancss in
physical and chemical proparties which, undoubtedly,
influence rates of absorption, distribution, metabolism
snd excrotion snd by the possible presence of wxic
impurities and byproducts {refs. 1-4), As techniques of
definitive analysis have developed, the compiexity of
commercial chlorebiphenyls {Aroclors, Monsanto
Industrial Chemicals, St. Louis, Mo.) hes been ravealed
showing that, with the exception of Aroclor 1016 and
1232, one predominant congener composed of & number
of positiona! isomers is found In ezch praperation (fig.
1). As the percentage of chlorine incroases, the pre.
dominant congener thifts from s mono- to a tri- 1o »
wtre to a penta-chlorobiphenyl {rofs. 5,6).

it it was poxible to separats thase complex mix-
tures, one coutd examine several facets of tho toxicology
of thesa compounds, sand several questions could be
posed and, perheps, answered. Do tha various congeners

“Departmant of Pharmecology, Faculty of Medicine,
Dalhousie University, Halifax, Nova Scotts, Canada.
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possass the sams toxicologica! properties; i.e., do
dichlorobighenyls have the samo sffsct a3 hoxachioro-
biphanyis? Do all of the tetrachlorobipheny! iscmers
producs the same toxicologic responses? Are the
pathologic and toxicologic alterations obsorvad due to
the biphenyl nucieus itsslf, to the positions occupied by
individusl chlorine atoms, or to the number of chlorines
prasant on the biphenyl nucleus, Since hapatic enzyme
induction has besn a wall-characterizad phenomenon of
adaptation to these chemicals, we attempted to answer
some of the above questions using changas in hepatic
ultrastructure and in enryme activity as indices of
structure-activity relationships.

Qur first study, completed in 1072, and publithed
in 1874, usod » small seriss of isomerically-pure chloro-
biphanyis of known position and degres of chiorination,
synthesized and purifisd by my coliesgues, Dr. Q.
Hutzingsr and Dr. S. Safe (refs. 3,7). The cbjective of
thete axpariments was to elicit responss {induction of
hepatic drug-motsbolizing enzymes) which, hopefully,
could be related to the structurss of the pure chloro-
biphanyls. We injected young mals Wistar strain rats

" Intraperitonaaily with 50 mg/kg of the egent, dissalved

in pesnut oil, for 3 consacutive days, the animals being
kitled 88 hr after the last injection. The livars were
quickly removed and samplet were taken and stainsd for
fight and electron microscopy. The remaining hepatic
tissus was used for the preparstion of microsomes and
wlyble supernstant for the enzymatic assays. These
sssays included representative functions af the micro-

, somal mono-oxygensses (p-nitroanisole O-demethylase,

aniline hydroxylass, zminopyrine N-demathylam),
hydrolases (nonspecific carboxylesterass) and the con-
Jugation of sulfobromophthalein (BSP} with reduced
glutathione (GSH). Soms of the results of that study are
shown in tha next faw figures.

Figurs 2 presents the results observed for the cyto-
plasmic sntyme system involved In conjugating BSP
following exposure to DDT, Arodor 1254 and 1280,
bipheny!, and a saries of pure chlorebiphenyls. Signifi-
cant {p<D.05) increasas in sctivity were obssrved with
all agents testad. it should be noted that biphenyl caussd
a murked incragse in this enzyme sctivity.

Figure 3 shows the infivence of the DDT isomers,
commarcisl Aroclors, biphanyl, and the soriey of
Isomerically purs chlorobiphanyls on pentobarbital-
induced slesping time. Highly significant {p<0.05) re-
ductions in sleoping time were obsarved with the

—
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commercisl Arociors and DDT isomers. Biphenyl and
d-chiorobiphanyl caused no signHicent {p>>0.06) changes
in siseping time. Of the dichioro-isomary, only the 4,4'-
isomer significantly reducad the duration of effact. Both
tetrachioro-isomers caused significant reductions in
slseping time though the 2,5,2'5"isomer was less effec-
tive. The hexa- and octa-chlorobiphenyls caussd a mark-
¢d raduction in siesping times, being companablo to
thoes cbservod with p,p"-DDT and the commerchal Aro-
clors,

Figure 4 summarizes the influance of the various
‘agents tested on the hepatic mixed function oxidases
sniline hydroxylsss (A), pnitrosnisole O-dsmathylase
{8), snd aminopyrins N-demathyiass [C). As hes bosn
obeerved by others, ws found that ths most responsive
enzymes ware those closaly sssocisted with the smoath
endoplazmis reticulum. The resuits in vitro reflected the
obssrvations of altersd sleeping timas in vivo. One can
s that, sven with this limitad number of purs
chiorobiphenyls, not all caucad effscts of the same
megnitude. To summarize the results of this study,
treatment with biphanyl caused slight induction while
4-chiorobipheny! did not. The mixed functien oxideses
wers markedly inducod by pure haxa- and octa-chioro-
bighenyls and also by di- and tetre-chlorobiphenyls with
chiorines substituted at the 4.positions of the rings.
Conzidering the dichlcro-{somers, when ths 4- and
4'-positions wers occupled, there was a much greater
Inductive effect for sl of the enzyme activities than was
cbesrved with the 22 and 2,4"4somers. The mame
positions! phenomenon was obsarved for the two
tatra-chicrobiphenyls stirdiod, the Induction caused by
2,4,2' 4'-tatra-chlovobipheny! baing much grester than

.thet obsorved with the 2,6,2'5"-isomsr. The results

obtained for the higher chicrinsted snalogy mugpested
that the pomitions of the chlerine stoms were not as
important. Our results, with the exception of the

marked etfects obtained following treatmant with
. 44'dichlorobiphenyl, confirmed the cbservations of

other investipators who have found that psnta-, hexs-
and octa-chlorchiphenyls had grester enzyma-inducing
potential than &d low chlorinacontaining biphanyls
{refs. 8-19).

On the basls of our inkial studies, we camse to the
conciysion that the biphenyl nuclsus could exsrt come
sffact on hepatic enzyme lavals (fig. 4) thouph the only
function markedly sffected was the BSP-GSH conju-
geticn (fig. 2). Much more important conclutions were
that not all congeners poessssed the sama toxicologic
properties and that, while greatsr inductive effects were
obsarved with highly chlorinetsd biphenyls, marked
uitrastructursl and enzymatic changes wers cbaerved

with specific di- and tetra-chlorobiphenyls, particulaily
thess with chiorines substituted on the 4-position on the
ring. Wa hsve axtendad the investigation to a broader
series of mano-, di-, tri-, and tetra-chlorobiphanyls in an

- sttampt to confirm the importance of position of the

chlorine on the ring structure of low chiorine-contining
congeners. Isomarically-pure chlorobiphenyls, syntha-
sized by my collesgues or purchased from Anslabs Inc.
{North Haven, Conn.), were injected intraperitonealiy

. using the ssme regimen (60 mg/kg/day for 3 consacutive

days, killing the animals 88 hr_stter the third injection).
A 12000 ¢g20 min supermamnt from 20% wiv
homogenates of liver wes used gs the snzyme source.
This study has been published racently (ref. 12). Some
af the pértinent rosuits are shown [n the next figures.

It was esssntial, befora studying the offacts of
chlorination and position, to detormine what effects the
biphenyl nuciaus had on hepatic enzymes, Table.1 shows
ths results of the i.p. sdministration of vehicle (pexnut
ail}, commercislly avallable biphenyl (Eastman Organic
Chemicals, Rochester, N.Y.), and purified biphenyl on
the activities of hepatic O-demethyiase {OD), anilins
hydroxylase (AH), carboxylesterssa {CE), and the
BSP-GSH conjugsting enzyms. Troatment with un-
purified biphenyl resulted in significant (p<0.05)
increasss In activities of threo of the snzymss. in
contrast, biphenyl repurified by thin layer chroma-

tography csused a sipniticant increase only in BSP-GSH

conjugating enzyme activity. suggesting the pressncs of
an impurity in the.commarcial material. Since relatively

purs chlorobiphenyls were to be used, repurified .

biphenyl was used for tha controf groups of animals.

The influencs of monochiorobiphenyls on hepatic
O-cdamsthylese, aniline hydroxylasa, carboxylesterasa,
and BSP-GSH conjugating enzyme activities are com-
pered in table 2 with the effects following treatment
with biphenyl. While change: in microsomal O-de-
mathylase wars not obssrved, sll three monochloro-
isomons significantly increased anlline hydroxylase and

.urbnuylamnu lsvels, The BSP-GSH conjugating

enlyma activity was not affacted,

The influence of a seriey of di-, wi, and
tetrachlorobiphenyls on .the selectsd enzymatic fune
tions are shown in figuras 5, 6, and 7, rospectivaly, With
sach saries of somers, a chlorine atom on the 4-position
caussd a mors marked induction of hepstic drug-
metabolizing enzyme activitiss than did a chlorine atom
at any other position, As ons incressed the dogres of
chlorination, subsequent substitution: at tha 2-position

was naxt in importance followed by substitution at the”
J-position. The results conclusively demonstrated that -
not all isomers of the mono-, di-, tri-, and tetrachloro- -
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Table 1. The effects of intraperitoneally administered peanut oil,
commercial biphenyl, and purified biphenyl dissolved in

peanut oil an enzyme activities of rat liverd

Activities (in total wt of fresh 1iver/100 g body wt)®

Commercial Purified
Enzyme Vehicle biphenyl . biphenyl
p-Nitroanisole 168.0+23.9 211.5+38.7 195.6+19.1
0-demethylase
Aniline 102.7426.7 352.8+102.8° 97.3+15.1
hydroxylase .
Carboxylesterase 234.4453.5 336.7+55.3° 236.2+24.7 i
BSP-GSH 5.0+ 0.9 14.4+ 1.9° 8.8+ 0.9°
conjugating
enzyme k

7he animals received 50 mg of biphenyl/kg (0 15-0.25 m1 of solution) for
3 consecutive days and were killed 96 hr after the last injection. .
Yehicle-treated animals recefved peanut oil on the same volume basis.
Twelve animals were treated with vehicle, 11 with conmercia'l biphenyl,

and 18 with purified bipheny3.

b'l'he activities of O-demethylase and aniline hydroxyhse are expressed
as nanomoles of product formed/minute.
expressed as micromoles of substrate hydrolyzed/minute while the BSP-
GSH conjugating enzyme activity is expressed as micrograms of conju-
gate formed/minute. Act'lvities are presented in terms of the total

1iver/100 g of body wt

“Values are stat'lstica'lly di fferent from vehicle-treated control values

at p<0.05.

Carboxylesterase activity 1is
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Table 2. Effects of acute intraperitoneal administration

of biphenyl and monochlerabiphenyis on hepatic
enzyme activity

Treatment

Activities (in total wt of fresh liver/100 g body m:)a

op¢ AH CE BSP
n  (nmol/min} (nmol/min}  (umol/min) (ug/min)

Biphenyl

2-Chlorobiphenyl
3-Chlorobiphenyl
4-Chlorabiphenyl

toate . gy

18 195.6+19.1  07.3+15.7 236.2:24.7  B.8+0.9
6 184.8+17.2  188.3:30.40 309.2¢35.1>  7.541.5
6 103.6+28.1  225.8+55.30 381.7+64.3°  9.8+1.5
6 233.4+32.5  168.1:37.48° 306.2+24.5°  9.8+1.6

WEIGHT PERCENT
T T 3 ¥ ¢ % ¢ ¢

Figure 1.

Gyalues presented are the mean + SD of the number of animals per group.

b?.fal‘lues are significantly different from values obtained from biphenyi-
treated animals, p<0.05.

“The enzymes investigated include p-nitroanisole O-demethylase (0D),
aniline hydroxylase (AH), carboxylesterase (CE}, and sulfobromophtha-
letn-glutathione conjugating enzyme (BSP).

(10)

By R S S b MR
1 I4 12345687
. 124
AROCLOR COMPOSITION {Ka Chlorine Atoms! Moleculss)
The conganer composition of commercially available Aroclors
based on the weight percant of biphenyls besring different
numbars of chlorine atoms/molecule. ‘Dats were obtained from
reports by Webb and McCall (ref. 6], Sissons and Welti (ref. B),
end from information supplied by the Monsanto Industrial
Chemicals Company.
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Figure 2, The sffect of pretreatment of young
male rats with DDT (o,p’, and p,p’-
isomers}, Aroclors 1254 and 1260,
bipheny(, and 8 seriss of isomerically
pure chlorchiphenyls on tha hepatic

cytoplasmic enzyme which conjugates

suifobromophthalein {BSP) with re-
duced gluthathione. Activities are
expressad as ug of conjugate formed
mg! protein min-!. Animals were
treated by i.p. injection for 3 con-
secutive days, snzyme activity
being datermined 86 hr aftar the
last injection. The values (bars)
represent mezn activities 5.0, of
the means of 19 control animals
and 7 animals per treated group.
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Figure 3. Thaaffect of pretreatment of young
male rats with DDT (o,p’ and p,p’
isomars), Aroclar 1254 and 1260,
biphenyl, and a series of isomerically
pure chlorobiphenyls on the sleeping
time produced by an injection of 40
mg/kg sodium pentobarbital. For
other datails, ses 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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Figure 5. The effect of pretreatment of young male rats with biphenyl
and series of isomerically purs dichlorobiphenyls on hepatic
p-nitroanisole O-demethylase (OD), aniline hydroxylase (AH),
cacboxylesterese (CE), and solfobromophthalein-glutathione
conjugating enzyme (BSP) activities. Animals ware treated by
ip. injaction for 3 consecutive days and were killed and assayed
96 hr after the last injection. The values {bars) represent the
mean enzymatic activities £ 5.D. {lines) of 18 control, biphenyl-
treated rats and 6 animais 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 young male rats with bipheny_l
and a series of isomerically pure trichlorobiphenyls on hepatic
p-nitroanisole O-demethylase (OD), aniline hydroxylase (ﬁtl-l),
carboxylesterass (CE), and sulfobromophathalein-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-demsthylase (0OD), aniline hydroxylase {AH},
i carboxylesterase (CE), and sulfobromophthalgin-glutathione
; ' conjugating enzyme (BSP) activities. For other details, see
i figure 6.
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_’:aplmyls possess the same taxicologic properties, the
pesition of chlorination being as important as degres of

- ehiorination.

. The porphyrogenic nature of chlorinated biphenyis is
wall known (refs. 2,13-16). Goldstein et al, and Grote et
ol, demonstrated marked incrasses in S-aminolevulinic

‘aeld synthetsse following treatment with commercial
chiorobiphenyls (rsfs. 15.16). This enzyme, located in

* hepatic mitochondria, is the rate-limiting catalyst in the
synthesis of heme and prophyrins. Recently, Goldstain

| ot al. complated a study of the effects on chick liver,

3 foeding five different, isomaerically pure hexachlioro.

! biphenylis at concentrations of 400 ppm or 3 weeks (ref.

$17). All agents caused uroporphyrin accumulation,

"* increassd hepatic cytochrome P-433, and microsomal

* drugmatabolizing enzymes but only 3,4,53'4'5'-

- 234234, and 24524 5 -hexachlorobiphenyl

" caused gross sccumulation of hepatic porphyrins. These

" lsomers wara also the most toxic. It is notable that these

. thres itomars had bath the m- and p-pasitions occupied
by chlorines, while the ather two isomers (2,3,6,2',3'6'-
and 2,4,6,2',4°,6) had either the m- or the o- positions
unoccupied,

Severa! investigators have demonstrated that the low
chiorine-containing congeners in commarchal mixtures
dissppstred mors rapidly from tissues than did the
highly chiorinsted biphenyls {refs. 18-22). In aur eariiost
paper, wa supgested that the megnitude of hepatic
snzyme induction might be related to the rate of
degradation and elimination of the congeners from the
body (3], There is smple evidence of hydroxylawd
derivatives of chlorobiphenyls being sliminated from
mammalian systsms snd, no doubt, we shall hear more
shout them at this meeting (refs. 23-27). Evidencs in the
|terature suggests two possible mechenisms of biotrans-
formation, The first and mast rapid mechanism involves
the formation of an arene oxide intermediate and
raquires the presence of unsubstituted adjscent (vicinal)
catban atoms in the nucleus {ref. 24,27,28). The second
and much slower mechanism uses a different hydroxyla-
ting system for isolated unsubstituted positions as are
found in highly chicrinated biphenyls (ref. 28), The
position of chiorinstion in low chlorine-containing
biphenyls could have comiderable directing influence
over the pathway of biotransformation. Cartain low
chloring biphenyls would be lets sffective {and less
toxic) due to rapid blotranstormation via arene oxide
intermediates. Others, substituted at = position (ie.,
4-porition} which would disrupt the vicinal carbon
strangetnent, would be unable to underge rapid
biotrensformation and would persist in vivo. The
toxicity of thess agents may be closaly correlated with

’
¥

lipid solubility, high concentration in tha liver, and along
duration of ection, but it is evident that the position of
the substituent chiotines on the biphenyl nucisus may
be tha key factor governing these other propertiet.
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DISCUSSION

DR. JOHN V. MOORE (Nstional Institute of Environ-
mantal Health Sciences, Resesrch Triangle Park,!
North Carolins): Hsve you done any investigatory
work to see what the name of tha impurity might,
be?

DA. ECOBICHON: Not that | know of. 1 don’t even

- belive Eastman Kodak is aware of it. ‘
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TOXICOLOGY OF SELECTED SYMMETRICAL HEXACHLOROBIPHENYL -
ISOMERS: 1, BIOLOGICAL RESPONSES IN CHICKS AND MICE

Marco Biocea, M.D.,* J. A. Maore, D.V.M.,t B. N. Gupta, B.V.Sc,, Pth.,‘I‘ and J. D. McKinnsy, Ph.D.t

Abstract

Onedsy-old cockerels were fed: (1) 3,10,30,100,
and 300 pom of IA53'A’,5 hexechiorobipheny!
(HCB); (it) 400 pom of 2342 3 A'HCB; (M) 400
ppm of 2,4,5,2'.4'.5"-HCB; (IV) 400 ppm of
2,3,6,2',3'.6'-HCB; snd (V] 400 ppm of
2462 4 6'-HCB. Surviving chicks wer sacrificed at 21
days. Msfe mice were fed 10, 30, 100 end 300 ppm of
three of the above isomens I, 1. V), and survivors wers
sucrificed at 25 days. HCB's levels in adipose tissue and
liver were determined, There were variations smong the
isomers s to dose and prthologic effects. isomer (i)
showed the grestest offect of those studied on morulity,
body weight gain, liver, thymus, and spisen; it also st-
tained the hiphest tissue concentration. it wes the only
Bomer which produced porphyrin accumulation; and, in
the chicks, produced hydropericardium, ascltzs, and
edemne. The dacresting order of overall toxicity wes | >>
V2> H, I, IV.. A gmeral similarity of response was
obesrved in both chicks and mice.

INTRODUCTION

A number of publications have described various
toxicologic effects of commercial polychlorinated bi-
phenyls. Tha prassnce of toxic impurities, variable chlo-
rine cantent, or chlorine substitution pattems make
intarpretation snd comparison of the results of these
studies quite difficult.

By comparison, little work has been done on
asessing the general toxic etfacts of single palychlorin-

ated biphonyls. The cbjective of this report is to describe’

the first resuits abtained from 3 comparative, systamstic
swudy of the genaral biologics! effects of some hexs-
chlorobipheny! (HCB) isomers In chicks and mice.

The HCH’s were mlected becsuss of {1) their pre-
dominant presence in higher chlorinatad formulations
(ref. 1); (2) their rolative stability in tha environment
{particularly their persistence in human tissue) {ref. 1);
and {3) their strong inductive etect on several biological
parameters (raf, 2], The specific isomsars studied were

selectad a2 biphenyl models representing different -

*Institute di Igiene, g. Senerelli, Universits di Roma, Citte
Universitarais, Rome, Italy.

t 4. A. Moors, 8. N. Gupta, and J. D. M¢Kinney are with
the Emwironmental Biology end Chemittry Brench of the Na-
tionel institute of Environmental Heelth Sciences, Ressarch Tri-
sngle Park, North Caroling,

physicochemical propertiss. Chicks wers usad in this
experiment becsysw of their high sensitivity to poly-
chiorinated hydrocarbans; mice were sslected to confirm
results in & mammalian species,

MATERIALS AND METHODS

The experiments! protoco! is summarized in table 1.
Tho table illustrates the chamicals and dose {evels used,
the number of snimals per doss lave], and the duration
of the experiment. Thoe HCBs were mixed in a chick
edema bioassay diat or a standard powdored mouse diet.
The animals were houssd in tempersture- and humidity-
controlled rooms. The chicks wers kept In wire-floored
cages, the mice in sepsrate plestic coges. Food and water
were provided ad libitum for. the entire axperimental
pariod, The animal: wers obssrved dally; body weight
was recorded twice » week; food conumption was
magsured ance a week for the chicks and thres times ¢
week far the mice, Control groups wers observed under
itlentical axperimental conditions.

Complew necropsies were performed on dead of
moribund animals and on the surviving animals at the
end of the experimental period Blood samples were
obtsined at this time and analyzed for packed cell
volume, total ssrum protein, and protsin frectionation.
Liver, spleen, and heart weights ware recorded for the
chicks: in mics, kidneys, right testicle, and adrenals wers -
alsd weighsd. All organs snd tissues were examiried
under UV light for ths presence of red fluorescence asan
Indication of porphyrin sccumulstion. After fixation,
tissues were prepared for histopethologic exsmination
using standard methods.

All animals wera sssignad to a given doss accarding
to = tabis of random numbers, Diot, adipose tissue, and
liver were collectad for HCB's residue analysis.

RESULTS -

Tha compliata: resuits of this study sre described in s
series of -papers either in press or in praparation (refs,
36). This presentation is ¢ summary comparison of
major biotogical responses observed in chicks and mics.
Tabie 2, which summasrizes the chick eHaocts, shows that
3,453’ 4’ 5"HCB is the most toxic isomer studied, cous-
ing death in all the chicks, sven at the lowast doss used.
You will note that this dosf s less than 1/100 of the dist
concentrations of the other HCB's. Only one out of an
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chicks died in the 2r36r2',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.

At the dose levels studied, significant differences In
liver weights and histopathologic changes were observed
with all HCB isomers. The most toxic was
3,415,3,,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 of the gizzard,
liver, and bones. The slight pathologic effect of the liver
observed at 10 ppm is probably due to the very early
death of the chicks. The thymus of these chicks was
extremely involuted while only sli*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 fluid;
hydropericardium; and lon of visceral fat ware findings
seen only with the 3,4,6,3',4'5'-HCB. Fatty metamor-
phosis and singie-cetl or focal necrosis of 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 of the liver of birds which received
2)4,6r2/,4*,6'-HCB. This change was caused by marked
dilatation of sinusoids with a result of accumulation of
blood. In some cases, the epicardium of chicks fad
2,3,4,2'"7,4'-HCB was markedly edematous.

Table 4 summarizes the effects in mice. Again,
3,47,3'.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 highest dose (300 ppm) of
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 of the mice fed 100 ppm of
2,4,5,2* 4'N'-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
liver pathology in the mice fed with 300 ppm
3,4,5,3',4'6'-HC8 is, spin, considered to be related to
the early time of death. Only 3,4,5,3\4',5-HCB caused

porphyrin accumulation and a dramatic atrophy of the
lymphatic orpnt.

The major pathological chanps observed in the
mice are summarized in table 5. Gelatinous appearance
of subcutaneous fat, presence of blood in the pstro-
intestinal tract, and hemmorrhage in the retrobulbar area
of the eye were characteristic of the mice that died due
to 3,47,3',4'3'-HC8 toxicity. Accentuation of the
hepatic lobules, swelling and hyaiinization of the hepato-
cytas, fatty 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 of the
lung were caused only by 2,4,6r2'4'6-HCB it the
300-ppm dose.

Retention indices of the mixed liquid phase used for
ps chromatography may serve as an index of lipophilici-
ty (table 6). Except for 2,4,6,2\4',8'-HCB, decreasing
indicts for this isomeric series correlated exactly with
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 toxicity of the
HCB isomers tested. Comparing toxicity using such bio-
logical parameters as mortality, body weight pin, liver
effects, porphyrin accumulation, involution of the
lymphatic orpns, and fluid accumulation in chicks, the
decreasing order of overall toxicity would be
3.4,5.3*4\5"*"HCB » 2.4.6.2'4\6'-HCB >
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 toxicity of 3.4.5,3',4*5-HCB mimics the
effects caused by the dibenzofurans.

Although certain toxicologic characteristics differ-
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 for hexachiorobiphenyl isomars
toxicity experiments in mice and chicks?®

Dose level No. of animals/ Experimental
dose level riod (da
Chemical 1ce 1CKS Mice Chicks 1ce cks
{ >99 percent purity)
3 3
10 10
3.4,5,3',4',5'-H(B 30 30 5 10 28 21
100 100
300 300
2,3,4,2',3',4'-HC8 - 400 - 10 - 21
10
2,4,5,2',4',5'-H(B 30 400 5 10 28 2]
100
300
2,3,6,2',3',6'-H{B - 400 - 10 - 21 -
10 '
2,4,6,2',4',6'-HCB 30 400 5 10 28 21
100 ’
300

4 ive-week 01d C57BL/6 male mice; 1-day-01d white leghorn cockerels.
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Table 2. Summary of the biological eff_ecté of
hexachlorobipheny! isomers in chicks

v e e

L
AL one i bl Al £ o S

Dose Body weight Porphyrin :
level gain Liver Accumula- Thymus N
Chemical (ppm) Mortality (% of control) effect tion effect 5
3 10/10 +++ - +=++ . B
3.4.5.3'.4'.5'-HCB 10 ]0/10 ++ ++ +++ P
2,3,4,2',3',4'-HCB 400 0/8 68 ++ - + ER |
i
2.4’5.2'|4' .5'-HCB 400 O/]o 66 ++ - + ;"-{
2.3'6'2.'3' '6"Hm 400 1,]0 80 ++ - + .
2,4,6,2',4',6'-HCB 400  0/10 83 +H - + "I
B
0
Tsble 3. Summary of major pathological changes in chicks given different '
hexachlorobiphenyl isomers for 21 days ‘
Dose )
1evel . Fluid
Chemtcal (pom) Liver Thymus Splaen Accurulation |
3,4,5,3 4", 5'-H0B 3 Marked; fatty Marked; Harked; Subcutanecus edem, . l
metarorphosis, involution, deptetion of ascites, hydroperi- !
’ focal necrosis. 1ymphocytes, cardium,
2,3,8,2'.3° 448 400 mderate; Slignt; Ks? Epicardfal edeva. '
-hyalinization, Involutian, '
single-cell
necrosis,
2,8,52',4',5'-HB 400 Moderate; Slcht; Ns? nst :
single-cell - invdlution. :
necrosts. !
2,,6,2.3',6'HB 400  Noderate; Slight; ns® ns :
fatty metamor- involution, )
phosis, focal ot
necrosis, glant \
cell formation, g
2.4.6,2',4°,6'HD 400 Marked; fatty Slignt; xst ns?
netamorphos{s, involution. :
focal necrosts, )
glant cell forma- i
tion, merked focal )
dilatation of - '
sinusoids. © !
%5 « not significant,
- —_— i
70 _ !
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Table 4. Summary of the biological effects ot
hexachlorebiphenyl isomers in mice

Dose Body weight Porphyrin
level gain Liver Accumula- Thymus
Chemical (ppm) Mortality (% of control) effect tion effect
10 0/5 12 + + +z
W LN 100 3/5 - ++ s
3'4.5.3 ,4 .5 -Hw 390 5;5 - - - +++
2.4.5,2"4' .5.-Hm 100 0/5 91 + - -
300 1/5 , 88 + = t
2,3,6,2',4',6'-HCB 100 0/5 85 + - -
" 300 5/5 - ++ - +
Table 5. Summary of major pathological changes in mice given different
hexachiorobiphenyl isomars for 28 days'
Dose level
Chamica) (epm) Liver Thywus Spleen Heart
3,4,5,3',4",5'HEB 2 Herked; fatty Marked; Modarate; xs®
mptamerphosis, involution. dapletion of
single-cell lymphocytes.
recrosis.,
2.4,5,2°,4',5’ HCB 00 Slght; Slight; nst st
swelling of {nvolution, .
hepatocytas. )
2:4,6,2' ,4° 6" yHCB X0 Marked; fatty Marked; Moderats; Moderate; .
metarorphosis, tnvotutfon, depletion of cardicmyopathy.
single-cell lymphocytes. .
necrosts.
%S = not significant.
n
NPC00026665
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Table 6. Gas chromatographic retention indices and
tissue hexachicrobipheny!t levels in chicks

Dose level GC retention Concentraticn 1) -
Chemical (ppm) index value  Adipose 1. Liver

100 ' 1,210 -
3,4,5,3',4',5'-H(CB 2,820
| 300 4,912
2,3,4,2',3',4'-HCB 400 2,678 3,998 44
2,4,5,2',4',5'-HC8 400 2,542 3,927 59
2.3,6.2'.3'.5'-"@ 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
tissus hexachlorobiphenyl levels in mice

Chemical Dose level GC retention Concentration (ppm)
{ppm) index value Adipose T. - Liver
10 .508 95
30 1,383 498
3,4,5,3',4',5'-HCB 2820 ,
100 2,278 , 887
' 300 - 6,912 1,344
10 © 296 7
30 416 30
2,4,5,2',4',5'-HC8 2542
100 . 1,864 83
300 3,923 - 637
10 99 6
30 582 ° 15
2|4s5-2'-4',5'-HCB 2346
100 ' 1,402 122
300 . 4,329 1,022
72
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" Abstrsct

The symmetrical haxaschiorobiphanyls (HCB) rep-
resmnt model PCB's with high and constant chlorine con-
tent permitting unequivocal study of a givan substitution
pattern, Thase [sormers show ssparate and distinct bia-
fogical rowponses which can be relpted to chemical strue-
ture vis effects of wrying chlorins substitution on com-
pound lipaphilicity and motebolizrn. Compound purity
must also be ssured, Relative molecular polarizability
can be cormelated with Hipophdicity end biological activi-
ty and iz maasurable by chromatographic end spectro-
sopic techniques. Thaw parameters were highest in
HCB's with plenar symmetry end 44 substitution. The
raws of metbolizm of thess iomers zrs considered of
lemper importance than the potentially highly wxic na-
ture of somm of the intevmediasy and terminal metabo-
line

INTRODUCTION

A previous papor {ref. 1) has thown the importance
of the degree of chioringtion of PCB’s in terms of their
distributior and excretion in the rat. Of particular con-
otm is the implication that not more than 20 pareent of
the hexschlorobiphenyl somer studied would evar be
excreted. Thersfore, hexachiorobiphenyls may represant
PCB’s with bath high chiorine contont snd biological
half lits. Our studies with symmetrical hexachlordbiphs-
oyl isomers (HCBs) sought to detarthine the varying bio-
logical effects of HCB's a3 a function of their varying
substitution pattems (figure 1). Two of the isomers
studied are found m about 3 to 4 percent (ares percent
by flame ionization gas chrematograghy) in Aroclors
1254 and 1260, Soveral major componsnts of these sama
Arociors contain various combinations of tha substitu-
tion pattems studied, Since the efiects of chiorine sub-
stitution in biphenyls on spoctral and chromatographic
proparties may be approximataly predicted {rafs. 2,3)
using additive parametars obtained frem chlorobenzenes,
it may ba posnible to predict the blologics! bahavior of
the various combinations through study of the appro-
priata individust symmetrical isomers.

°d. D. McKinney I8 with the Environmsnts! Blotogy and
Cremistry Branch of the Nationel Ingtinste of Envirenmental
Hamith Sciances, Ressarch Trisngls Perk, North Caroling.
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TOX!ICOLOGY OF SELECTED SYMMETRICAL HEXACHLOROBIPHENYL ISOMERS:
CORRELATING BIOLOGICAL EFFECTS WITH CHEMICAL STRUCTURE

James D. McKinnay, Ph.D.* -

TOXICOLOGICALLY SIGNIFICANT PROPERTI(ES

As previously described fref. &), our studies with
both chicksns end mics have shown separate and distinct
biological affects at submaximal dosat for the different
isomars even though all of thess Isomers might be con-
sidered potsnt (roistive to lower chlorinated isomars). In
explaining thage differences, we fesl that the three major
considerstions are compound purity, lipophilicity, snd
matabolism. Intastinel adsorption was not considered
since earlier work {ref. 5} failed to show spprociable
differsnces for verious PCB's.

Compound purity can be very importamt sincs both
tho individual synthetic isomars (rof. 6) and the Arcclor
mixtures are known (ref. 7) to be contaminsted with
small amounts of chlorinated dibenzofurans which, in

sofme species at (east, are ordars of magnitude more toxic

than the PCB’s. Since separato and distinct differences in
the biological effects of 2,3,7,8-tatrachlorodibenzofuran
and the HCB's were found in our work {refs. 8,8), one
may be in a position to ssssss the involvement of
dibenzofurans as contamingnts and, as will be described
latar, a3 potential metdbolites.

Ralatively little work (ref. 10) has baen done associ-
sting the effects of varying PCB structure with varying
dagrees of tissus sccumulation, Our work (ref. 8) does
eppear to thow a trand In adipose tissue accumulotion of
HCB's which corrslated with molecular polarizability as
maasured by chromatographic and spectroccopic toch-
niquas. The HCB gas-chromatographic (GC) retention in-
dices (increasing) generslly correlated with their oversil
biological responsa and ware highest in isomers with
J,4-substitution. The smount of HCB in the adiposs
tissua does not detsrmine activity, but its distribution in
this tissue and activity in the liver may both refisct
lipophilicity. Since the GC retention index cocrelation is
consistent with a numbar and variety of GC columns, it
is possiblo that it may have some valus in pradicting
lipephilicity. The lipophilicity in turn relates to biologi-
cal sctivity through sffective tissue concsntration of a
given HCB. The differsnces in sdiposs tissue accumula-
tion do not appesr 10 bo & function of metabolic romov-
al since the lsast accumulated isomer (2,3,6,2,3.6') was
one of the |2sst metabolizad {(ref. 11),

Considerations of metsbolissm must tske into
asccount the differences in rates of degradation and ex-
cretion ss well as the nature of infermediary snd termin-
ol metatalites. Higher dagradation rates (shorter binlogi-
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