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A Comparative Study of Two Polychlorinaied Biphenyl Mixtures
(Aroclors 1242 and 1016) Containing 42% Chlorine on Induction of
Hepatic Porphyria and Drug-Metabolizing Enzymes. Gowpstein, J. A,
Hickman, P., Buuse, V. W. anD BerGgMmaN, H. (1975). Toxicol. Appl.
Pharmacol 32, 461-473. Aroclor 1242 and Aroclor 1016 are polychlorinated
biphenyl (PCB8) mixtures with similar chlorine content {42 vs 41%%), but
Aroclor 1242 conlains 9% biphenyl homologs with five or more chlorines
while Aroclor 1016 contains only 19. The effects of Aroclor 1242 and
Aroclor 1016 on induction of hepatic porphyria and drug-metabolizing
enzymes were compared in female rats fed 100 ppm or 500 ppm of each.
At 1 wk, Aroclor 1242 markedly increased liver weight and all drug-
metabotizing puthways tesied including cytochrome P-450, liver weight,
N-demethylase, nitroreductase, aniline hydroxylase, and glucuronyl
transferase, while Aroclor 1016 had produced only very minimal efiects.
At 6 mo, however, 500 ppm of either Aroclor markedly increased drug-
metabolism, while at the lower dose, Aroclor 1016 was much less effective
than Aroclor 1242, Both doses of Aroclor 1242 produced porphyria, but
only the higher dose of Aroclor 1016 was porphyrogenic. The porphyria
occurred afteralagof 1 -6 mo and was characterized by excretion and hepatic
storage ol uroporphyrins. Aroclor tissuc concentrations were similar in
rats fed equal doses of the two mixtures. Therefore, the marked differences
in the biological effects of Aroclor 1016 and Aroclor 1242 cannot be
explained by diflerences in absorption, metabolism, or excretion.

Polychlorinated biphenyls (PCBs) are industrial chemicals which have been widely
used and are widespread contaminants of the environment (Risebrough et al., 1968).
In the United States, PCBs are sold under the trademark Aroclor. They are mixtures
containing various percentages of organically bound chlorine by weight. PCBs have
been found in human tissue and were responsible for an outbreak of chloracne in

! A preliminary report of this work was prescnied at the annual meeting of the Federation ol
American Sucicties for Experimental Biology, Adantic City, New Jersey, April 1974 (Fed. Proc. 33,

219¢1974)).
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Japan (Yobbs, 1972; Kuratsune et al., 1972). Chronic exposure to PCBs results in similar fas!
porphyria resembling hexachlorobenzene poisoning, characterized by detayed onset 24-hr perio
and massive increases in urinary and liver uroporphyrins (Goldstein et al., 1974a). After s
PCBs are also known to induce the activity of the hepatic mixed-function oxidase as previous
system which metabolizes foreign chemical and endogenous steroids (Litterst ¢f al., 125C Was s
1972). These authors reported that efTects on the microsomal mixed function oxidase glucuronyl
system correlated directly with the percent chiorine. It has been reported that biphenyls (resuspends
with higher numbers of chlorine per molecule are retained in tissues for fonger periods UDPGA
of time, while biphenyls with fewer numbers of chlorines appear to be preferentially ase, and ni
metabolized and excreted (Weigel and Smith, 1974; Curley er al., 1971). Preferential Anilinge hy
retention of highly chlorinated biphenyls could explain the greater biologicul eflective- ) mination o
ncss of highly chlorinated PCB mixtures compared with mixtures with lower percent ase by det
chlorination. Brodie, 19:

At prescnt, sale of American-made PCBs is limited largely to uses as dielectric fluids Porphyri
in capacitors and transformers. Currently, the major PCB mixture being marketed in of drug m
the United States is Aroclor 1016, a mixture containing 41.3%; chlorine with a very interfered
low percentage (1 37) of biphenyls with more than four chlorines per molecule. Only alkaline so
one study on the biological effects of Aroclor 1016 has been published. This study (Kato and
compared the effects of Aroclor 1016 with Aroclor 1254 (a biphenyl mixture containing phyric tissy
549, chlorine) on certain pathways of drug metabolism (cytochrome P-450, ethyl- removed p
morphine N-demethylase, aniline hydroxylase, zoxazolamine, and hexobarbital reactions h
metabolism) after administration to rats of 25 me/kg/day for 6 days (Bickers ¢r al., were slop]
1972). Aroclor 1254 produced up to a 3-fold increase in some drug-metabolizing was precip
enzymes, while the maximum increase produced by Aroclor 1016 was 409. Effects of nilles wer
chronic adnunistration of Aroclor 1016 were not determined. Litterst er al. (1972) o-aminoph
reported up to threefold increases in nitroreduction of p-nitrobenzoic acid and hydroxyl- unaflected
ation of pentobarbital by Aroclor 1242, a mixture containing approximately 429/ Microso
chlorine. Because of the reports that, in general, biphenyls with greater numbers of Omura am
chlorines are excreted, it appeared possible that the lesser effects of Aroclor 1016 could protein (1
be due to greater metabolism and/or excretion because of its very low content of highly {Goldstein
chlorinated biphenyls. In addition, it was not known whether Aroclor 1016 or Aroclor et al., 196
1242 werc less porphyrogenic than other Aroclor mixtures. Therefore, the present study unalyzed |
was undertaken to compare the effects of Aroclor 1016 with another chlorinated by compa
biphenyl mixture, Aroclor 1242, with similar chlorine content (42%) but containing correspom
99 biphenyls with five or more chlorines vs 1 % for Aroclor 1016, Effects of two Results
relatively high doses of Aroclor 1016 and Aroclor 1242 were compared at both | wk test (Steel

and 6 mo on a large variety of drug-metabolizing pathways as well as porphyrin
accumulation and excretion. In addition, total PCB content of liver and fat were
compared after administration of comparable doses of the two compounds.

At 1wk,

N-demethn

METHODS plucurony

Thirty 1-mo-old female Sherman rats were divided into five groups of six each and moderate
fed ground Purina laboratory chow ad libitum containing 100 or 500 ppm Aroclor 1016 contrist, £
(1ot No. KB-06-756) (Monsanto Chemical Co., St. Louis, Mo.), or pliin chow. Rats of 500 pp
were sacrificed by decapitation after 1 wk. An additional 30 rats were treated in a on all par
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PCBS ON PORPHYRIA AND DRUG METABOLISM 463

similar fashion and sacrificed at 6 mo. Urine was collected in metabolic cages {or the

24-hr period preceding sacrifice.

Aflter sacrifice, liver homogenates, 9000 g supernates and microsomes were prepared ‘
as previously described (Goldstein ef al., 1974a). 6-Aminolevulinic acid (ALA) synthe- ;
tase was assayed in whole liver homogenates (Marver et al., 1966a). o-Aminophenol 1
glucuronyl transferase was assayed in microsomes equivalent to 50 mg wet wt of liver '
. (resuspended in 1.15% KCl) in the presence of 0.3% digitonin and 2.7 mol/ml of
i UDPGA (Goldstein and Taurog, 1968). Aminopyrine N-demethylase, aniline hydroxyl- !
: ase, and nitroreductase were assayed in 9000 g supernates (Goldstein et al., 1973b). I
: Aniline hydroxylase was assayed in the dark. N-demcthylase was measured by deter- i
E mination of formaldehyde produced (Cochin and Axelrod, 1959), and aniline hydroxyl- i
ase by determination of p-aminobenzoic acid from p-nitrobenzoic acid (Fouts and !
' Brodie, 1957) with the following modification.

{ Porphyrin in liver fractions from porphyric rats interfered with analysis of products
of drug metabolizing enzymes by producing high blanks. In addition, porphyrins r
interfered specifically with analysis of p-aminophenol which is coupled with phenol in
alkaline solution to form an indophenol dye and measured spectrophotometrically

; (Kato and Gillette, 1965). The reaction product was unstable in the presence of por- l
phyric tissue, disappearing variably during the reaction period. Therefore, we routinely , -
removed porphyrin from all protein-free supernatant fractions of drug-metabolizing g[8
reactions by the addition of 50 mg/mil talc to the incubation mixtures afier the reactions I
were stopped with acid. The talc, which adsorbed the porphyrins in acid conditions, Iy
ﬂizing : was precipitated by centrifugation at 2000 g for 15 min, and the porphyrin-free super- th .
v of nates were analyzed for p-aminophenol, formaldehyde, p-aminobenzoic acid, or at +
972) ! o-aminophenol! glucuronide as described above. Recoveries of all compounds were ' by
pxyl- i unaffected by talc. i v
429, ‘ Microsomal cytochrome P-450 and protoheme were determined by the methods of it -
frs of ! Onmura and Sato (19644, b) using an Aminco DW-2 spectrophotometer. Microsomal ’ N
ould | protein (Lowry cr al., 1951), tissue porphyrins (Doss, 1967), urinary porphyrins l "
thly ' (Goldstein er al.,, 1974a), and urinary ALA and porphobilinogen (PBG) (Marver _ l;
wlor ¢t al., 1966b) were measured as previously described. Tissue residues of PCBs were ki
tudy ' analyred by gas chromatography (GC) using a Micro Tek MT-220 and quantitated | :
piated : by comparing the sum of the peak heights with the sum of total peak heights in the B
ning : corresponding Aroclor standard (Curley er al., 1971). aq
two ! Results were analyzed by analysis of variance followed by Duncan’s muitiple range '
I wk o test (Steel and Torrie, 1960). ) f
nyrin : 1
were - ’
RESULTS _ i !
At 1 wk, 500 ppm of Aroclor 1242 markedly increcased cytochrome P-450 (4-fold), . |
N-demethylase (2.5-fold), aniline hydroxylase (6.5-fold), nitroreductase (3-fold), i
glucuronyl transferase (4-fold), and microsomal protoheme (2.6-fold), and produced ik
and moderate increases in ALA synthetase (369;) and liver weight (28Y;) (Fig. 1). In '“;‘;
1016 contrast, 500 ppm Aroclor 1016 produced only a 50 % increase in most enzymes. Efiects T
‘Rats of 500 ppm Aroclor 1016 were significantly lower than those of 500 ppm Aroclor 1242 i;\ul
mua ' on all parameters except nitroreductase. The smaller dose of 100 ppm Aroclor 1242 ‘
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) 464 GOLDS1EIN ET AL.
caused significant increases in cytochrome P-450, (2-fold), aniline hydroxylase reducta
(2.5-fold), plucuronyl trunsferase (2-fold), ALA synthetase (22%), microsomal Howeve
protoheme (60 %) and liver weight (9 %), while 100 ppm Aroclor 1016 had no effects. of 500
The peak of the CO-difference spectrum of cytochrome P-450 was shilted from 450 transfo
to 449 nm by Aroclor 1242 treatment but not by Aroclor 1016.
y At 6 mo, 500 ppm Aroclor 1242 had lesser effects on cytochrome P-450 and N-
Jemethylase than at | wk, but aniline hydroxylase, nitroreductase, and liver weight
w0 1 WEEK
100 ppm AR 1242 e
0 s pom AR 122 [ 7
Too [} o0 ppm AR 1016 N
0 500 pom AR 1016 |
0 { ]
3 a,c 7
. : wf Ny -H4l )
- . 1-btw by - Af.rl-'.l WHRY GEUCURUNYL
L ) WSt RYDRUXY-  KLOUCIASE  TRANSTERASL
. WSt
-
S 300, .
: ‘-
.
s wl B ¥ Lot ACOIY ={3
’ . PROTOHLAE LIVIR MICKOSUMAL  LIVER/BUDY ALA
-~ WEICHT  PROTEIN WEIGHT SYNTHEFASE Fic.2
> L h
P Fio. 1. Effect of Aroclors 1016 and 1242 on cytochrome P-450, drug-metabolizing enzymes, proto. :‘l:::lc :
: heme, liver weight, liver- microsomal protein, and ALA synthetase activity at | wk. Groups of six means +
- female rats were fed 100 or 500 ppm of Aroclors 1016 or 1242 and sacrificed at } wk. Values represent gream_h
. ,.'- E means + SE. u—Significantly greater than controls at p < 0.05. b—100 ppm Aroclor 1242 significantly 500 ppm
' greater than 100 ppm Aroclor 1016, p < 0.05. ¢—500 ppm Aroclor 1242 significantly greater than
500 ppm Aroclor 1016, p < 0,05,

' contras

E remained elevated (Fig. 2 vs Fig. 1). In contrast, the efTects of Aroclor 1242 on glucur- signific
N : onyl transferuse (13-fold vs 4-fold) and ALA synthetase (5- to 9-fold vs 1.3-fold) were synthet
. much greater at 6 mo than ut | wk. In addition, the eflects of 500 ppm of Arociors 1016 Wei;
$ and 1242 were roughly comparable at 6 mo; 500 ppm Aroclor 1016 caused murked 6 mo (I
: increases in glucuronyl transferase (J1-fold), ALA synthetase (7-lold), nitro- for ral
::.. : DSW 032553
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]
: . . . . L
roxylase . reductase (2-fold), aniline hydroxylase (2-fold), and liver weight (29%) (Fig. 2). A
rosomal ! However, thic effects of 500 ppm Aroctor 1016 were significantly lower than the effects
y effects. ' of 500 ppm Aroclor 1242 on aniline hydroxylase, nitroreductase, and glucuronyl n b
rmm 450 transferase. At the low dose of 100 ppm, Aroclor 1016 had relatively slight effects, in "
i
and }_V' J‘.I ]
Hr weight , mo{_— -] :
12001 —  MONTHS p ]
. B2 100 pom AR 1202 i
' nooj— 3500 pom an 1202 ] i
- T3 100 ppm AR 1016 )
§'m1_ 53500 pp AR 1016 - I:
H ool ac %r -
200 — f
200 — il
W 6 RoDINTIHY. ANTLIA  PAiHU- GLUCURUNYL i
LASL HYDRUXY- REDUCIASE TRANSFURASL l
. st
: !
b i
| 1000} — il
! -
@ " 11
) \ - :
- 1
. ; ™o - \i
g o 1 -~ | I’
| - 1 ,
i 200 R ac -
N ’ . : I[li. ®
i 100 . i ; . _
KOIUHE AL LIVER MICRO-  LIVLR 1 BUDY ALA
WEIGHY SOMAL WLIGHT SYNTHEFASE .
i . PROTEIN .
) Fio. 2. Effect of Aroclors 1016 and 1242 on cytochrome P-450, drug-metabolizing enzymes, proto- ' ;
) ' heme, liver weight, liver microsomal protein, and ALA synthctase activity at 6 mo. Groups of six ' J
:"_ proto- female rats fed 100 or 500 ppm of Aroclors 1016 and 1242 were sacrificed at 6 mo. Values represent alt
i °r> six means & SE. a—Significantly greater than controts at p < 0.05. b—100 ppro Aroclor 1242 significantly ; '
wepresent greater than 100 ppm Aroclor 1016, p < 0.05. ¢—500 ppm Aroclor 1242 significantly greater than ' f
nificantly $00 ppm Aroclor 1016, 7 < 0.08. ,
ater than . . Hill
. - i
contrast to the marked effects of Aroclor 1242. These differences were statistically N
glucur- significant for uaniline hydroxylase, nitroreductase, giucuronyl transferase, and ALA I :
ud) were synthetase. ‘ i
wy 1016 Weight gain wis significantly decreased only by the high dose of Aroclor 1242 at .
atirhed 6mo (151 + 1l vs 196 + 7 g). At 6 mo, the dose of Aroclor consumed was 6 mg/kg/day S
nitro- for ruts fed 100 ppm Aroclor 1242 or 1016 and 30 mp/kg/day for rags fed 500 ppm . & '
| T
‘ _ , DSW 032554
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Aroclor 1242 or 1016. The uterine horns of most rats on both doses of Aroclors
1016 and 1242 were swollen at | wk and markedly swollen at 6 mo.

Porphyria

At I wk, ncither Aroclor 1016 or Aroclor 1242 had any effects on liver or urinary
porphyrins or PBG (Figs. 3 and 4) (Table 1). A small increase in urinary ALA was
seen in rats fed 500 ppm Aroclor 1242, but the significance of this increase is question-
able. At 6 mo, however, both doses of Aroclor 1242 and 500 ppm 1016 produced large
increases in hepatic porphyrins (1000-fold) (Table 1) and urinary uroporphyrins
(200-fold} (Fig. 4) and moderatc increases in coproporphyrin (8-fold), urinary ALA
and PBG (approx. 3- and 10-fold) (Fig. 3). The porphyrin found in the livers of
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Fia. 3. Effects of Aroclors 1016 and 1242 on urinary ALA and PBG. Rats were treated as described
in Figs. | and 2, and urine was collected in individual metabolic cages for 24 hr preceding sacrifice.
Valucs represent means £ SE. The numbers above the bars represent the proportion of animals whose
individual values were outside the 999 confidence limits of the controls at p < 0,01, a—Significantly
different from controls, p < 0.05,

PCB-treated rats was identified as 8- and 7-carboxyporphyrins. None of the rats fed
100 ppm Aroclor 1016 showed any evidence of increased liver or urinary porphyrins.
Analysis of urinary ALA, PBG, and porphyrins at 12 days, 2 mo, 4 mo, and 6 nio
showed that porphyrinuria occusred after 2-6 mo. There was no clear indication of a
different time course in the development of porphyria in Aroclor 1242 vs Aroclor 1016
treated rats.

Tissue PCB Content

Compuring the GC profile of tissue PCBs from Aroclor 1242 and Aroclor 1016 fed
animals with the GC profile of the appropriate Aroclor standard, we found disappear-
ance of a number of peaks, chunges in the ratios of the peaks, and possible emergence
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of Aroclors ! ™ i
) i} }H
! ol ' i
of— ECONIROLS 1+ i B
, 20}~ 100 o AR 2€ ik TR
: ) 201— 7500 ppm AR 1202 o ) -1 y .
r or unnary 200{— [J100 ppen AR Lol j = '!l." -
ry ALA was Z 200} .00 pom AR 1016 4t il =
A . |
 is question- £ 1r .
oduced lurge g 1L :!
Jfgt émj_ 4L o
Foporphyrins 54 careo u ok
brinary ALA H oL T i
. , . 3 1r -
the livers of : 0l PO § 1t
) 80— 4 : L
0}~ ik [
ol 28 4 \
1o} - L i
| vIiK YT T T.EER o vion e /
Fig. 4. Effects of Aroclors 1016 and 1242 on urinary coproporphyrin and uroporphyrin excretion. 1y S
! Treatment is deseribed in Fig. 3. Values represent means & SE. The numbers above the bars represent ! b
! the proportion of animals whose individual values were outside the 999 confidence limits of the ) [
' controls at p < 0.01. a—Significantly ditTerent from controls, p < 0.01.
3
| .
|
TABLE 1} ;

" EFFECT OF AROCLORS 1016 AND 1242 ON LIVER PONPHYRINS IN THE RAT*

of additional late-eluting peaks (Figs. 5 and 6). The GC residue profiles of all three
tissues from Aroclor 1242 fed rats contained 11 major peaks, while those from Arocior

i 1 Week 6 Months ' 2

! Treatment 7-COOH 8-COOH 7-COOH 8-COOH |

. Control Trace* Trace’ Trace® Trace® '?
-d as described 100 ppm Aroclor 1242 Trace* Trace® 164 + 27 534 + 6} .
oding sucrifice. 500 ppm Aroclor 1242 Trace® Trace’ 227+ 59 669 + 146 :

animals whose . 100 ppm Aroclor 1016 Trace* Trace® Trace* Trace* a1 E

—Significantly 500 ppm Aroclor 1016 Trace® Trace® 89.+23 343+ 65 ;
! .
* Porphyring were methylated and analyzed by thin-layer chromatography. Female rats were }
treated as described in Fig. 1. Results are given as the mean + SE.
" the rats fed * <l pgie. i
porphyrins, .‘
o, and 6 mo !
]

Jication of a
\roclor 1016

1016 fed rats contuined five major peaks. The total PCB content was similar in liver
and fut of animals fed comparable doses of Aroclor 1242 or Aroclor 1016 (Fig. 7).

|
i
In particular, rats fed 100 ppm of cither Aroclor for 6 mo had comparable liver, bload, Al
and fat PCB concentrations despite markedly different biological effects. At the high il
lor 1016 fed dose of 500 ppm. the PCB content of livers from rats fed Aroclor 1242 for | wk was i
J disappear- significantly higher than liver PCB residues in rats fed Aroclor 1016; however, fat { " :
'v emergence content wis comparable. “ l :

DSW 032556 &

STLCOPCB4016518



™ e Py PP Y e e alioeed . TPy 'y

s i ot e AL 20 bt A I Ao oLt bt sl £k TS SUNI (Y PUNIS WTNC IRy 707 TR SR U o el o

AU e Ml i £ inba el e A dn " e

468 GOLDSVEIN ET AL.

AROCLOR 1242
STANDARD

J i | i
STORAGE OF AROCLOR ’
1242 IN FAT
)
H "
[
e

1 i 1 1
* ] 3 6 9
j " Fig. 3. Gas c'hromalogruphic profile of Aroclor 1242 standard and residug from lat of rats fed Fui
100 ppm Aroclor 1242 for 6 mo. Pcaks were numbered consecutively according 10 retention time, 100 p
Two peaks (fabeled X and Y) were found in extracts of tissues from Aroclor 1242-fed aninuls but not
! in_the Aroclor 1242 standurd,

’ pSW 032557
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! AROCLOR 1016 '
! STANDARD i1
] 1
i B
. i
! :
i ‘ Il
! ! :
! A3
o |
. i l', 1
!, 1 m [y
. oK N )
i
| I 1 €1
STORAGE OF AROCLOR
1016 IN FAT ;
}
!
i
|
}
i
! i
g |
Hik
q I i
n N i :!
) | I !
Al
. | l
J 1 L i ol
o 3 6 9 ) i
ruts fed Fiu. 6. Gus chromatographic profile of Aroclor 1016 standard and residue from fat of rats fed ‘
MY LI, 100 ppm Aroclor 1016 for 6 mo. Peaks were numbered consceutively according to retention time., N
! \t

; but not
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n 2100 pows AR 1282 flects wes
{ . parably o
10 500 por Ak 1202 { P‘E ] noted that
"0 D[_ {100 pom Ak 1016 dwb | N pronounc.
. L (00 porn AR 1030 4wl - | increased .
vl 1 Lk &4 Aroclor
ol , 1. nm, but A
> b 4 0} -]
§5.° - | cytochro.n
¥ A e}t x and an in
4.0 1 b 11 ke spectrum
v.0)- i w} 3 . These ch:
2ol 1o '_ i PCBs, un!
Lol 1 al Both ./\
} o i PCBs will
PR oIS 6 NORTHS T on the rat
Fia, 7. Tissue PCB content of female rats fed Aroclor 1016 or 1242. Rats were treated as in Fig. 1 as Aroch
Valucs represent means + SE. a—500 ppm Aroclor 1016 significantly different from 500 ppm Arc::'lor. 1016 01.1 '
1242. b—100 ppm Aroclor 1016 significantly diffcrent from 500 ppm Aroclor 1242. Previon
hepatic o
step in h
DISCUSSION 100 ppm
We show that Aroclor 1242 markedly increases liver weight, cylochrome P-450 the high
N-demethylase, aniline hydroxylase, nitroreductase, and glucurony! transferase activiq} PCB-ind:
\h./hcn fed to female rars for 1 wk, while Aroclor 1016 has only very slight effects on time, sin
II.VCf' drug-metabolizing enzymes and no effect on liver weight. Bickers et a/. (1972) 300 ppm
similarly found only 409 increases in cytochrome P-450 and ethylmorphine N- similar u
demethylase and no increases in liver weight after six daily doses of Aroclor 1016 (Ockner
(25 mg/kg/day). However, he compared Aroclor 1016 with Aroclor 1254, a mixture acctamid
with higher chlorine content, and concluded that the lesser effects of A;oclor 1016 (De Man
probably related to the lower chlorine content. Similarly, Litterst et al. (1972) showed The Ic
th_ul t!w potency of PCB mixtures as inducers of drug-metabolizing enzymes increased metaboli
with increasing percentage of chlorination. We show that Aroclor 1016 is much less in our L
effective than Aroclor 1242, despite similar chlorine content. Therefore, the ability generall
of PCBs to induce drug-metabolizing enzymes does not depend simply or; percentage 0.5,1,2
Pfchlorinmion. Aroclor 1242 may be a more potent inducer than Aroclor 1016 because. enzymes
it contains a higher concentration of penta- and hexachlorobiphenyls, which may be chlorine .
the most active inducers in the mixture. correlatic
in contrast to its minimal eflects at 1 wk, 500 ppm Aroclor 1016 markedly increased P-430, a
glucuronyl translerase, aniline hydroxylase and nitroreductase activity as well as liver pounds
\\_‘cight and causcd porphyria at 6 mo. These results were completely unexpected in Two |
view of the earlier study of Bickers er al. (1972) which reported minimal eflects of taminals
Aroclor 1016 on drug metabolism and liver weight, apparently because they studied 1970). °
only a 6-day dosage period. The preseat study demonstrates that the eflects of chronic ALA sy
exposure cannot be predicted by short-term dosage. In particular, the porphyria 1973). i
produced by Aroclor 1016 could not have been predicted on the basis of short-term 1973a),
studies. The efiects of Aroclor 1242 also differed with length of administration. Some of drug
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sffects were less noticeable at 6 mo than at 1 wk; other pathways were increased com-
parably or even more markedly after long-term administration, We have previously
noted that effects of piperonyl butoxide on glucuronyl transferase were much more
pronounced after 2 mo, while most other drug-metabolizing enzymes were maximally
increased after § wk (Goldstein ef al., 1973b).

Aroclor 1242 shilted the maximum of the CO-difference spectrum from 450 to 449
nm, but Aroclor 1016 had no discernable effect, possibly because Aroclor 1016 increased
cytochrome P-450 content only minitnally. A similar shift of the CO-diflerence spectrum
and an increase in the 455/430 ratio of the peaks of the ethyl isocyanide difference
spectrum has been noted after Aroclor 1254 administration (Alvares ef al., 1973).
These changes are similar to those produced by polycyclic hydrocarbons; however,
PCBs, unlike polycyclic hydrocarbons, stimulate a variety of pathways.

Both Aroclors 1016 and 1242 produced swelling of the uterine horns. DDT and
PCBs with less than 54 9 chlorination have been reported 10 have estrogenic effects
on the rat uterus (Bitman and Cecil, 1970). Aroclor 1016 appears at least as effective
as Aroclor 1242 in the present study. At present, no studies of the effects of Aroclor
1016 on reproduction have been reported.

Previously, we showed that 100 ppm Aroclor 1254 increased urinary excretion and
hepatic accumulation of uroporphyrins and induced ALA synthetase, the rate-liriting
step in heme synthesis, after a lag of several months (Goldstein ef al., 1974a). Both
100 ppm and 500 ppm Aroclor 1242 produced similar efTects after 6 mo, while only
the high dose of Aroclor 1016 was effective. Apparently, the lag in development of
PCB-induced porphyria did not depend on greater tissue accumulation of PCBs with
time, since rats fed 100 ppm Aroclor 1242 for 6 mo were porphyric, while rats fed
500 ppm Aroclor 1242 were not porphyric at 1 wk despite higher tissue PCB levels. A
similar unexplained lag has been observed in hexachlorobenzene-induced porphyria
{Ockner and Schmid, 1961), in contrast to porphyrogenic drugs such as allylisopropyl-
acctamide which increase excretion of porphyrins and their precursors within hours
{De Matteis and Prior, 1962).

The lesser effects of Aroclor 1016 than 1242 could not be explained by greater
metabolism and excretion, since tissue concentrations were comparable. Other workers
in our laboratory found plasma, kidney, brain, liver, and fat content of PCBs were
generally higher in rats fed 100 ppm Aroclor 1016 than in rats fed Aroclor 1242 for
0.5,1,2, 4,6, 8, or 10 mo (Burse er al., 1974). It is probable that induction of liver
enzymes and hepatic porphyria by PCBs depends on both the number and position of
chlorine atoms on the PCB molecule. Significantly, Bush et al. (1974) found high
correlation between occupation of the 4,4" positions, tissue retention, cytochrome
P-450, and aniline hydroxylase activity after administration of Aroclor 1254. Com-
pounds with onc or both p-positions open were not persistent in tissue.

Two European commercial preparations of PCBs have been reported to be con-
taminated with 5-20 ppm of 2,3,7.8-tetrachlorodibenzofuran (TCDF) (Vos er al.,
1970). The related compound, 2,3,7,8-tetrachlorodibenzodioxin (TCDD), induces
ALA synthctase in the chick embryo at doses as tow as 0.5 ugfkg (Poland and Glover,
1973), induces hepatic porphyria in the mouse at doses of 100 ug/kg (Goldstein et al.,
19734), and increases hepatic cytochrome P-450, glucuronyl transferuse, and a number
of drug-metabolizing enzymes at doses as low as | ug/kg (Lucier ¢f al., 1973). Yos
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et al. (1970) could not detect TCDF in American-made PCBs at a sensitivity limit of
I ppm, but Curley ¢t al. (1972) reported contamination of Aroclor 1254 with a trace
of TCDF (less than | ppm). TCDD was not detected. it is doubtful whether con-
1amination of Aroclors with less than 1 ppm TCDF could attribute appreciably to the
hepatic effects ol PCBs, since a number of synthetically prepared hexachlorobiphenyls
induce ALA synthetase, cytochrome P-450, plucuronyl transferase, and porphyria in
the chick, while TCDF does not induce porphyria, even at lethal doses, has little effect
on cytochrome P-450, and no eflect on plucuronyl transferase or ALA synthctase
(Goldstein ¢t al., 1974b). Similarly, TCDF did not induce porphyria in the mouse at
40-times the porphyrogenic dose of TCDD under identical conditions (Goldstein ez al.,
1974b). Therefore, it is probable that differences in the effects of various PCB mixtures
on the liver are due 1o the effectiveness of the various chlorinated biphenyl homologs
in each mixture. Aroclor 016 is less potent in its effects on the liver, probabty because
it contains fewer of the biphenyls which are the most active inducers of liver drug-
metabolizing enzymes.

REFERENCES

ALVARES, A, P., Bickers, D. R. AND Kavrpas, A. (1973). Polychlorinated biphenyls: a new
type of inducer of cytochrome P-450 in the liver. Proc. Nat. Acad. Sci. 70, 1321-1325,

Bickers, D. R., HarBeR, L. C., KarpPas, A. aND ALVARES, A. P. (1972). Polychlorinated
Biphenyls: Compurative effects of high and low chlorine containing Aroclors ® on hepatic
mixed function oxidase. Res. Commun. Chem. Pathol. Pharmucol. 3, 505-512.

Birman, J. anp Cecit, H. C. (1970). Estrogenic activity of DDT analogs and polychlorinated
biphenyls. J. Agr. Food Chem. 18, 1108-1112. ‘

Burst, V. W., KimeroucH, R. D., ViLLANUEVA, E., JenNINGs, R., LiNDer, R. E. AND
SovocooL, G. W, (1974), Polychlorinated biphenyls. Storage, distribution, excretion and
recovery: liver morphology after prolonged dietary ingestion. Arch. Environ. Health 29,
301-307.

Busy, B, Lo, F. C. ano Baker, F. D. (1974). Computer-assisted reduction and display of
gas chromatographic data from long-term toxicity studies of commercial mixtures of
polychlorinated biphenyls in chickens and in rats. Toxicol. Appl. Pharmacol. 29, 105,

CocHIN, ). AND AXELROD, J. (1959). Biochemical and pharmacological changes in the rat
following chronic administration of morphine, nalorphine, and normorphine. J. Pharmacol.
Exp. Ther. 125, 105-110,

Curiey, A, Bursg, V. W, Grim, M, E., JENNINGS, R. W. AND LinDER, R. E. (1971). Poly-
chlorinated biphenyls: distribution and storage in body fluids and tissues of Sherman rats.
Environ. Res. 4, 481-495.

CuUrLEY, A., Burse, V. W. aND JENNINGS, R. (1972). Metabolite or contaminant of Aroclor
1254 found in rat urine. Amer. Chem. Soc. 163rd Mees. Div. Pest. Chem. Abstr. 005.

Dematyels, F. Ano Prior, B. (1962). Experimental hepatic porphyria caused by feeding
3,5-diethoxycarbonyl-1,4-dihydro-2 4,6-trimethylpyridine. Biochem. J. 83, 1-8.

Doss, M. (1967). The quantitative separation of porphyrins and protohaemin as methyt esters
by thin-layer chromatography. J. Chromatogr. 30, 265~-270.

Fouts, J. R. anp Brootg, B, B. (1957). The enzymatic reduction of chloramphenico!, p-nitro-
benzoic acid und other aromatic nitro compounds in mammels. J. Pharmacol. Exp. Ther.
147, 112-119. :

GoLpsTEIN, J. A., HickmaN, P., BEraman, H. anp Vos, J. G. (1973a). Hepatic porphyria
induced by 2,3,7,8-tetrachlorodibenzo-p-dioxin in the mouse. Res. Comemeun. Chem. Pathol.
Pharmacol. 6,919-927, «*

DSW

032561

2l b

e Bl . e

GOLDSTEIN, §. A.
technical piperc
Toxicol. Appl. |

Gounsien, J. A.
tnduced by poly

GoLosiun, b A
H. (1974b). Eit
(TCDF) on hep

GOLDSTEIN, ). A »
in rats pretreate

KaTt0, R. and Gu
liver microsomw

KURATSUNE, M.,
poisoning caust
Perspect. 1, 119

Litverst, C. L., |
chlorinated bipl
23, 112-122.

Lowry, O. 1., RO
ment with the |

Lucikr, G. W., M
Faepcr, E. TC
Health Perspect

Magrver, H. S, T»
acid synthetase.

MAaRrVER, H. S, Ts
The determinati.

OCKNER, R. K. aN)
benzene intoxic:

OMmura, T. anD Sa
1. Evidence for 1.

OMURA, T. AND Sa
il. Solubilization

PoLAND, A. AND (
of s-aminolevuli

RisesrOUGH, R. W
Polychlorinated

SteeL, R. G. D. ar
McGraw-Hill, N

Vos, V. G., Koema
R. H.(1970). 1d
chlorinated napl
8.625-632.

WEIGEL, W. W, an

1016) in rats. Fe.
Yosas, A. R. (197
population of th

STLCOPCB4016523



ik A & 2 andk dahineid A [T TR PR J PRSI, U LR RIS P PG g PP T L VIR JERCY G g WPVOTIN S o R G e I I‘.l )I ‘1'5?- ‘Jia ’m ‘

PCBS ON PORPHYRIA AND DRUG METABOLISM 473

i GoLostin, 1. A, Hickman, P, anp Kimsroug, R. D. (1973b). Effects of purificd and
; technical piperonyl butoxide on drug-mctabolizing enzymes and ultrastructure of rat liver.
Toxicol. Appl. Pharmucol. 26, 444-458.
GowbsieiN, J. A, Hickman, P. ann Jug, D. L. (1974a). Experimental hepatic porphyria
' induced by polychlorinited biphenyls, Toxicol. Appl. Plharmacol. 27, 437-448.
GOoLOSIEIN, J A, MCKINNEY, J. D, Lucier, G, W, MOORE, J. A., HICKMAN, P, AND BERGMAN,
H. (1974b). Effects of hexuchlorobiphenyl isomers and 2,3,7,8-tetrachlorodibenzofuran
(TCODF) on hepatic drug metabolism and porphyrin accumulation. Pharmacologist 16, 239,
GoLpSTEIN, J. A, AND TAUROG, A. (1968). Enhanced biliary excretion of thryoxine glucuronide } :
in rats pretreated with benzpyrenc. Biochem. Phurmacel. 17, 1049-1065. '
Ka19, R. ann GiLte1te, J. R.(1965). Effect of starvation on NADPH-dependent enzymes in
liver microsomes of male and female riats. J. Pharmacol. Exp. Ther. 150, 279-284,
Kuratsune, M., Yosumnmura, T., Matuszaka, J. AND YaMmGucHt, A. (1972). Yusho, a
i poisoning caused by rice oil contaminated with polychlorinated biphenyl. Environ. Health
Perspecet. 1, 119-128.
Litrerst, C. L., Faruer, T. M., Baxer, A. M. anD Van LooN, E. J. (1972). Effect of poly-
chlorinated biphenyls on hepatic microsomal enzymes in the rat. Toxicol. Appl. Pharmacol.
23, 112-122.
Lowry, O. H_, Rosesrouch, N. I, FArRr, A. L. anp RanvaLL, R. J, (1951). Protein measure-
ment with the Folin phenol reagent. J. Biol. Chem. 193, 265-275.
Lucier, G. W., McDanieL, O. S.. Hook, G. E. R, FowLER, B. A., SONAWANE, B. R. aND

S o SRR PSR D S

ol. ' H
i

Faever, E. TCDD-induced changes in rat liver microsomal enzymes (1973). Environ. i
ew , Health Perspect. 5, 199-209.
MARVER, H. S, TscHuby, D. P, PERLROTR, M. G. AND COLLINS, A. (19664). 6-Aminolevulinic ! . :
ted . acid synthetase. 1. Studies in liver homogenates. J. Biol. Chem. 24%, 2803-2809. . !
e MarveRr, H. S., Tscrupy, D. P, PERLROTH, M. G, CoLLins, A. AND HUNTER, G, Jr. (1966b),
The determination of aminoketones in biological fluids. Anal. Biochem. 14, 53-60.
ted OCKNER, R. K. AND SCHMID, R, (1961). Acquired porphyria in man and rat due to hexachloro-
benzene intoxication. Nature (London) 189, 499, .
- OMURA, T. AND SAT0, R. (19644). The carbon monoxide-binding pigment of liver microsomes }
d 1. Evidence for its hemoprotein nature. J. Biol. Chem. 239, 2370-2379. iB
';9 OMmuRraA, T. AND SATO, R. {1964b). The carbon monoxide-binding pigment of liver microsomes. h
' 1. Solubilization, purification, and properties. J. Biol. Cliem. 239, 2379-2385. A
PoLanop, A. anp Gurovir, E. (1973). 2,3,7.B-Tetrachlorodibenzo-p-dioxin: a potent inducer '
of of s-aminolevulinic acid syanthetase. Scicnice 179, 467-477. { l
of RisevROUGH, R. W., RIECHE, P., PEakALL, D. B, HERMAN, S. G. anD KIrRVEN, M. N. (1968). IF
Polychlorinated biphenyls in the global ecosystem. Nurure (London) 220, 10981 102. :
rat Steet, R. G. D. aAND TORRIE, J. (1960). In Priuciples and Procedures of Stutistics, pp. 107-109. :
ol McGraw-Hill, New York. . : l
Vos, V. G., Kueman, J. H., Van Der Maas, H. L., TeN Noever De Brau, M. C. anp Dk Vos, it
ry- R. H. (1970). ldentification and toxicological evaluation of chlorinated dibenzofuran ahd : !
uts. chlorinated naphthalene in two commercial polychlorinated biphenyls. Fd. Cosmer. Toxicol. _ ! [
8, 625-632. . A
lor WEIGEL, W. W_ AND SMITH, C. (1974). Mewabolism of a polychlorinated biphenyl (Aroclor ® i! !
1016) in rats. Fed. Proc. 33, 499 (Abstr.). 0
ing YoBBs, A. R. (1972). Levels of polychlorinated biphenyls in adipose tissue of the general I
population of the nation. Environ. Health Perspect. 1, 19-81. il
ers .cl!'
il
ro- N
cr. [
i
ria I | "
}
il
K

DSW 032562

STLCOPCB4016524



