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Avickon 1284 was admimisteced stravenousty at Mminute mtervids o anesthetized cits ot
addosage of 100 ke body weight. Arterial and venous Dlood sampies wese taken
HEmnute mtervals o deternnnation of oxygen ensioa (p).). carhon dioaide lensim
ptOyh and plE Llectocanbograms, blood pressure, and respiration were recorded ins well
The pO. of the bload wis redueed rapidly and markedly with concurrent changes i pto
and pH chanactenzing a respicitory acidosis. Respiratory rate sncreased toa sizable degree
with deveiopment of vinduse anthythmias, Al animals dicd within 60 minutes following
mtid dosing. Severely hemovrhagic lungs in comunction with edemi were observed i ull
Cals W pecIopay

The Aroctors are members of a group of compounds called polychlonnated
hiphenyls (PCHs). The Aroclors. which have many industrial uses, arc utilized as
components in heat exchange units of fishmeal processing plants. In 1971, a leak-
ing heat exchange unit resulied in the contamination of poultry fishmeal by Aroc
tor 1242, This incident and others focused attention on the potential toxicity of the
PCBs. since they peesist as environmental contaminants.,

The various Aroclors are reported to be one-quarter to one-fifth as toxic as DDT
(Peshall and Lincer, 1970). Some of the major toxic effects of PCBs in fowl (Flick
ef al. 1965 Hurdis, 1971 McCune er af., 1962: Vos and Koeman. 1970) and cats
(Food and D Admmistration, 1971 Grant ef «l., 1971) have been described imd
include the development of cdema, fowered hemaoglobin levels, enlarged Kidneys,
and liver damage. Vos er al. (1970) have suggested that a toxic factor or impurity
may be present in PCBs and may caunse the toxic effects.

In preliminary studies in our laboratory. we observed that a high degree of
hypoxia and markedly darkened arterial blood occurred in dogs administered
ntravenously Aroclor 1254 m dimethyl sulfoxide (DMSO) carrier at dose levels of
100 250 m/kg. This observation and the fack of information on the toxic effectis
of PCBy in the cat emphasized the need to imitiate this study. Consequentiy, the
primary purpose of this study was to evaluate the action of Aroclor 1254 an
selected parameters of the feline cardiovascular system.

MATERIALS AND METHODS

Aroclor 1254 (FDA sample 370 71-698) was warmed in a beaker ol hot water 1o
reduce viscosity. A 25-mid ghass-stoppered graduate was Goed on a top-loading
balance, and S0 g (3.25 mil) ol Aroclor was pipetted into the graduate and ditued
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o a volume of 10 mi with 99.9% DMSO. A clear solution was produced with
agitation, and there was no evidence of separation of the two phases throughout
the study. Al utensils containing Aroclor 1254 were rinsed with hexane amd cibyl
aleohol and the rinses were placed in i plastic jug (or praper dispasal

Each of seven mongrel cats (three males and four fenitles). weighme between
26 and 4.1 Rgo was anesthetized with sodium pentobarbital 252 30 meshe) v e
cephalic vein. The right and deft femoral veins and the lelt cauvtid anieny weie
catheterized, following a procedure of bluat dissection. with intiamcedi
polyethylene tubing (0,034 1. L.d.; 0.060 . o.d.). The cidbetenized sessads wai
kept patent by flushing them with heparmized saline solution before and atte
wdministrution of the compound and blovd samphng. Anesthe s was mamuisned
hy awdministering sodium pentobarbital into the right temoral vem as reqinred. [he
Aroclor-DMSO solution was administered into the lett femoral vem at a dosage ol
100 mg Arocior/kg at 30-minute intervals to six of the seven cats: the heid s olae
averaged 0.6 ml. The remaining cat received three doses of 0.6 i of DMSO ddone
al 30-aunute intervals followed by twa doses of Aroctor-DMSO. abso at W omne
intervals, The catheter used for adnunistration of Aroclor 1254 was rinsed with
hexane and ethyl alcohot and was used mall cats for Aroclor administration onh

Blood samples were taken with -ml gliss syringes coated with Viseline to
reduce gas loss and purged with sodium heparinate QOO0 um='mit to prevent
congulation. Approxinutely €.5 ml of blood wiss Ghen at cach samphing e
Arterial and venous samples were taken from the carotid artery and nght femona
vein, respeetively, just prior to the fiest dose and at 10amd 20 minutes atter cach
dose. All samples were analyzed for pHL oaygen tension (pO_j and CO_tension
(PCO;) by using the blood microsysiem and digital acid base analy 7y #

Arterial pressure wis montdored through a physiological pressure thansdi ey
and recorded along with respiration and an clectrocardiogram hy using an cight
channel recording system.® Respiration was recorded with o bellows type
pneumograph, and a lead 1 or H electrocardiogram swas obtumed by using a stind-
ard live-wire patient cable, Recordings of the above physiological parameters
were obtained at two intervals prior o the initial dose and just precedong and
following each dose thereafter, Tracings were also taken at varous infervals dur-
ing the dosing period when a change was observed in the clectrocartiopiaphi
tracing. Record tracings were taken at a chart speed of 25 mmisccond

RESULTS

The most noticeable and immediute effects of Aroclor 1254 were an ingcased
resparitory rate, a reduction in the pO, of the blood (Tabie 1), and the production of
cardiac arrhythinia, Respiratory rates increased from a predose rate ol 15 (o
between 40 and 60 respirations/minute over an approximate 1-hour dosing peenod
The effect was immediate in that a two- to three-fold increase in respiratory rute
usuadiy occurred within about 2 minuey after the imtial admmistration of Aroclo
1254, The pQ), was reduced by S0% in both arteriai and veaous blood (lable (1
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TABII |
Erercis on INtravinons Anstinisiration or Akociok 1254 on
Broon Aci Baa Covronives s on Ca

Tune Anterial blood Venuus blood
(min) pH pO. pCOo, pil Py pto

0740« 00U6) 1060« 36 30 - 2RGH TN 00XT) 0 0 2TT) SR - 20T
K 72K chdlity T3 ST 456 ¢ 3NT) 726« G OHGE M3 0 2HS) S6 0 Ve
X 729 - 00¥6 6l - AT6) 445« 3T T2 0 0028 2605 ¢ LTSy S8 2wy
A TR 00KS) S8 - SIS0y 36D 2RG) 720 4 0.01(S) 230+ 0.9(6) S2p - Vi
At TA - Q01) 42 ¢ SR S s SHA) T 2 GL03Y) IKS s 40(4) S4X b Ith
y 7. oy seo {h 1A 7.2 [NRAR Iy S41 th

* AToc e 128w adiiistered at doses of [0 mgehg it 0,30, and 60 minutes. Valies e FRACHLINEN
meins S Numhess i pareitheses are the oumbes of amimads i cach group

6% of that reduction occurred in the first 10 minutes following the mitial ad-
ministration. Acid-base changes were reflected by an increased pCO, with a con-
current reduction in pH: this effect was mare noticeable in venous blood than in
arterial blood.

The most predommant feature of the clectrocardiograms taken after Aroclor
1254 administration was the development of premature vemricular contractions
(Fig. 1. A and B). These arrhythmias occurred generatly as multiple unifocat
conttactions with or without coupling. Occasionally. ventricular extrasystoles
oceuried singly with compensinory pause followed by a normal sinus rhythm.
Mulofocal premitme ventticular conuactions were evident e a lesser degree.
Ventricular tachycardia usually preceded expiration in association with rapidly
dechining blood pressure and loss of respiration. T wave flattening was abserved m
alb cats immediatety after the imtial dosing with Aroclor 1254, S-T scgment
devithons were observed at various times throughout the dosing period.

Blowmd pressure venvained relatively constant thronghout the study with the av-
erage pressare for all cals over the I-hour dosing period ranging between 91 and
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Poeo ) Cardne anrhythmias e cais adoiostered Aroclor 12540 (A) Lead 1 elecnocardiogiim S
e Jollowins admmistaton of ¥ me Arocior 1294 eata 3.7 8 and 20 e omlacad ventrula
ar prenitute conttactons, Attt x 8,28 manisec . (B Lead Lelectracardiogram 2.5 nunutes fallow g
adavnnstration of WK g Arocior 1254, demonstranng maltifocat ventricotar or promatuse contii
nons. Beals U700 T 08 and 19 e beniant complexes. Beats ES0 130 amd 17 e also abourmal
beats aciimg liom a different foctis. Atsn, =2, 25 mindsee
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108 mm Hgs Body temperiture was Biltie ult to nrmian within ahe noral raoee of
this study in il cats and, therefore. this pa

imeter could not be accuachy
cvaluated: however, there did not appear to be any increased Joss ol body heat
throughout the experimenmal period that could be auributed o admimintiaiion ot
Aroclor 1254, Loss of body heat was ostensibly associated with geneal aesthesia
and appeared 1o be i slow continuous process from the beginaing of prepatation
for the experiment o expiration of the animal. Application of heat hehis and
pes did assist in stabilizing the body temperature.

Postmorten examination of all cars revealed grossly hemornmhagc and moitted
tungs with severe congestion of the dorsal Jobes. Incision of the truchea. bronchn
and Jung parenchyma reveiaded the presence of pufmonary edema. 1he epicadil
wnd endocardial surfaces of the heawst were all grossly normal, s were the lver aid
Kudneys.

The control cat given DMSO aloae developed anmcrease mrespiratony nae
from 10 to 25 respirations per minute during the dosing regimen. Blood prossare
wias essentially unchanged. The pO, of arterial and venous blood wis nol de
creased following administration of DMSO alone at 30-mimnute mtervals (lable 2
in fact, it increased over control fevels by 7 and 107 in arterial and yenous bluod,
respectively, over the dosing period. In genceal. the pCOLand plb levels were
conversely iffected compared with vadues for the test wmmiads, as shown by g
decreased pCO, and increased pH.

The electrocardiogram from the cat receiving DMSO alone paior to \ocks
1254 showed o short series of synchronous ventrcular prematiee contiactions
after the st and second doses of DMSO. Flattemng of the V wave was observed
in both cases prior to initiation of the arrhythmias,

The administration of Aroclor 1234 after the DMSO imjections resubted i po
reduction of 35 -4007 in arterial and venous blood: pCOL wis incrcased and phl
wis decreased, demonstrating a response similar to that of the test aniads

TANLE 2
P Brivos oo In o s s Aiisastievisos or D ey Setonans GIMSO) vt v
Ao o 1258 DMSO Min e ox Beoon AvieBaa Courosises s g £ o

Time Artenial blood
() plt PO pCO. ol M P
0 7.3% 900 AR} 7. v din
0 7.44 R4S RIXY 7w W x
2 7.44 9.8 N RN 41 L
an 7.45 90.0 2.8 7.1 W s
hil 747 Y7.0 NN 741 AN AN
N 7.5% 102 21K 742 v LU
Lt 754 I 09 74 [ (SN
[Ioh 7.43 618 B9 70 Wi
110 70 7.0 IR 1o o A
1 7.40 654 ALYl IN s S

" DMSO alone (.6 mD) was adruisiered a0, 30, and 60 mimutes, Asoclor 1234 (100 ozl an
DMSO wiss adonnsstered at K and 120 minutes.
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Changes i the chectrocardiogram were also similar 1o those of the test ammals
following administrition of Aroclor 12540 e, T wave flaticning, reduced heart
rale, and ventricubar exirasystoles occurred.
DISCUSSION
Aroclor 1254 1x 1 viscous and highly irvitating material and. although it appears
(0 he miscible in the Blood when administeeed in DMSO. the possibility of ity
\ tion or precipitation must be considered. M scparation does tike plive.
physical blockage of semipermenble membranes and/or tissue irritation may oc
cur. The development of pulmonary edemia would slso produce a physical block
age 1o ananterchange ol oxygen and carbon dioxide wt the alveokar level
The s ked and immediane reduction inoxygen teasion (hy poxia} and the ¢lis-
sl respitatory acidosis syndrome (low pHoand elevated COL)as well as 1he
apparently compensating and marked increase i respitation rate, would seem 1o
indicate a physical impairment of gascous exchange. The increased respiratory
rate appeired 1o have no effect in improving pO, levels nor did it affect (o any
wreat degree the acd-base balance (Table 1).
The marked hemorrhagic condition of the fungs of all cats observed at postmor-
tem examinations woutd indicate that the primary blockage or impairment may
aceus at this site. To examine the possitality of interference with the hemoglobm
anisme by Aroclor 1254, a sample of arterial blood from one of the 1esm
anmals wis acerated ina flask contaning glass beads. After the blood had been
shahen vigoroosdy it changed from o dark brownish color to bright red. Sub-
sequent anadvsis of this sample revealed a marked increase in pQO. levels, This
demonstrared that the hemoglobin mechanism wis functional i virre and that
oxypen uptake by the blood was not impidired.
Electrovardiograpbiv patterns were remarkably similar in all cats, A very
definite ventricular archythana predominated. and was ahways preceded by fatten-
ing ol the T wave and i some cases 8T sepment deviction, T wave changes are
Anown o ocear under conditions of by poxia (faanb, 1965). The ability to produce
cardue arshythmin with DMSO alone. even for short periods, implies that the more
severe and lasting arrhythimias which developed following administration of the
Aroclor- DMSO mixture were not totally duc (o Arocior 1254 alone.
That the wrhvthmias which did develop were prompted by an inability of the
ventricle ta repularize must be considered since T wave changes usually preceded
development of the arhythmias.
This study suggests that a blockage or imerference of the pulmonary al
veolr capillary interface had occurred in the cats and resulted tn o general
hypuxentia. A grickual physiological deterioration, including cardine impairment,
cveptuatly occinred, leading to death of the animal. All of these cifects wonld
appear @ be diteeity related 1o those produced by Aroclor 1254 and not to the
velueke or wolvent Geel, DMSO) tor Aroclor (2540 The elfects of DMSO i the
control anmintal of this study are simikitr to those previously reparted i the dog
(Peterson and Robertsen, 1967). For exampie, intravenous admninistiion of
graded doses of DMSO fiom 5 10 10.000 mg/ke produced few alterations in car
diopulmoenary dynionics and in arteriad pHL pO..and pCO.: only at the bigh dose
fevels of DMSO were physiological alterations detected,
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It should be emphasized that the effects demonstrated i this stady 1esulted
from an Aroctor dosage of a sizable magnitude (100 ppm) chosen to produce an
acutely toxic cffect. Such levets do not normaily occur in the environment.
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