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‘ :: N |'h "UELE brder to understand the foxic nature of Kanechlor-400 (1KC-400,'s tommercial
S0 e prepurnt:on of polychlorinated biphenyls) and establish the trcatment of the patients of
.+ this KXC+400 intoxication {so-called Yusho), metabolic fate of 2,4.3,4'-tetrachlorobipheny!t
o (2,4,3°,4*-TCB), a major component of KC-4(0, was investigatcd using rate. It was found
‘:" " "’_"_ that at least four metabolites having phenolic nature were cxcreted exclusively into the
"7 feces together with a Iarge amount of unchanged 2,4,3°,4"-TCB. Among these, & major
4 nietabolite (M-A ), mp 135—158°, and a minor metabolite (M-A,), mp 92 —08°, were isolated

“ 1" from the feces and characterized to be monohydroxylated TCR by ultrnvxolet, infrared,

] nuclear magnetic resonance, and mass spectral analyses.
RN After 2,4,3',4-TCR was orally adminixtered at & single dobe of 25 mg/body to the rat,
#1° "g fittle less than one hall of the dose wan excreted as unchanged 2,4,8',4-TCB during 12

y o2

duys, most of which were eliminated in the first day. The excretion of major metabolite
* v« reached maximum &t the second day, and total M-A, was accounted for about 109, of
Wt . dose during 12 days, Both 2,4,3/,4'-TCB and its major metabolite wers still excreted in
--'~5l!: - a small but significant amount on 12th day. : :

. . B O N P LTVt U PR ¢ ."l_)-.'.“

, . In addition to a widespread, contamination of environment ¥ w1th polychlormated bi-
phenyls {PCB), recent outbreaks of serious PCB intoxication in the southwest part of Japan
prompted us tq investigate the metabolic fate of PCB, particularly of Kanechlor-400 (KC-400),
a commercial PCB preparation of about 48%, chlorine content. Because, this PCB intoxica-
tion was caused by ingestion of the specific lots of Kanemi Rice Oil which was accidentally
contaminated with a large amount of KC-400 during the course of manufacture of the rice
bran o0il.¥ Therefore metabolic study of this KC-400 is very xmportant to understand xts
toxic nature and also to establish the treatment of the intoxicated patients..

~ Inour previous study® on the elimination of KC400 in rats using *H-labeled preparatlon,
it was found that the urinary excretion of the radioactivity was very limited (only about 29%,
of the dose) while about 70%, of the dose was excreted into the feces during ¢ weeks after
oral administration. The radioactivity excreted in the feces was further analyzed to be

_-mostly composed of unchanged KC-400, but in part, of phenolic metabolites.® More detailed

informations on either gualitative -or. quantitative aspects of metabolites, however, seccmed
very difficult. to obtain unless individual components were utilized for this investigation.
Therefore, an attempt was made to isolate major components of KC-400.. Four tetrachloro-
biphenyls and one pentachlorobiphenyl were then isolated by a preparative gas chromato-
graphy and identified by ultraviolet (UV) and mass spectrometry and by chemical synthesis.®
Subsequently, a series of meiaboiic studies on individual isomers was initiated using firstly

1) Part I: H. Yoshimura and H. Yamamoto, Chem. Pharm. Bull. {Tokyo), 21, 1168 (1973).

2) This work was presented at the 4th Symposmm on Drug Metabiolism and Action, Sendai, Sept. 1972;

., 1Abstracte of papara, p. 63. ]

3) | Location: Katakasu, Higashi-ku, Fukuoka. .o ' Voo

A4) H. Tsukamoto, ef al., Fukuoka .4cta Med,, 60, 403 (196“)

'5) H. Yoshimura, H. Ynmnmolo J. Nagai, Y. Yae, H, Uzawa, Y, ]to,A Notomi S ankamx A ho,
K. Kato, and H. Tauji, Fukuoka Acta Med,, 62, 12 (1971).

8) S. Sacki, A, Tsuum K. Oguri, H. Hushlmura and M. Hamana, 'ubuoka Acta Med., 62, 20 {1971).
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©,4,3" 4'-tetrachlorobiphenyl (3,4,3',4'- TCB), one of the major components of IKC-400, and Aseon
the results were communicated shortly.l only detoote

The present paper will describe the another metabolic study on PCB isomers in rats using the-sc, Moo w

£.4,3',4"-tetrachlorobiphenyl (2,4,3',4-TCB), a most abundant component of I{C-400. benzidin.: re

expusne o
Method Trom 17 ¢

94,374 T

Administration of Compound 2,4,3',4’-TCB, which was preparcd according to the method described
in the previous paper,® was dissoived in soybean oil to make a 2.57; (w/v) solution. One ml of this solution,
which contained 25 e of 2,4,3°,4-TCR, was orally administered into adult male rat of Wistar King strain
auncsthetized with cther.  For isolation of mctabolites, repeated doscs of 2,4,3°,4°-TCB (25 mg/body) were
administered into 26 rats weighing 180—250 g every third day ful § days, while for the determination study S X
a single dose was administered into 3 rats weighing about 120 g, IZach animal was houscd in an individual .
metabalic cage giving free access to food and water, and the urine and f{eces were separately collected for
12 dayvs after the first administration.

LExtraction of Mctabolites——The urinc samples described above were adjusted to pH 2.0 with cone.
1ICI and extractet continuously withh CHCI, for 6 hr.  The extract was dried over anhydrous Na,SO, and
the solvent was evaporated. A part of the residue obtained was dissoived in MeOH for submitting to thin- conlr (
layer chromatographic examination. Another part was dissolved in dry pyridine and trimethylsilylated extrin
with N O-bis(trimethvlsilyljacetamide for gas chromatographic analysis.

I'o the urine remained after CHCI, extraction was added conc. HCI to make 109, HCI concentration, 2.4, 4
and it war heated for 1 hr on a boiling water bath. The hydrolyzed urine was extracted continuously with TCR
CHICl, and trcated same as above,

. The feces, after dried in a desicator (1°,0;) and powdered with mortar, were extracted with CHCI, by J
: Soxhlet extractor for 14 hr.  The feces remained after CHCI, extraction was hcated with 109, HCI for 1 hr Fig. 1.
on a builing water hath and this hydrolyzed sample was continuously extracted with CHCI, for 8 hr. Thin- the Tha
taver and gas chromatographic samples of both extracts from unhydrolyzed and hydrolyzed feces were pre- -
parcd similarly as described in the urinary extracts. o
Thin-Laycr Chromatography (TLC) TLC was carricd out using silica gel plates (Wakogel B-5UA e
contaming fluorescent indicators, 0.25 min thick, activated at 105° for 30 min). Solvent systems used were
{A) hesane-CHCI, (112}, | B) hexane-CHC!,-MeOH-28% NH,OH (8:28:6:1) and (C)} hexanc-AcOlit-
AcOIT (40: 102 1), 2.4,3°,4°-TC13 and its metabolites were visualized as fluorcscent spots by ultraviolet i
Lanp (Manasvlu Light, short wavelength).  Phenolic metabolites were alse revealed as blue or red spots e~ €
by spraying with Fohn-Ciocaltcu reagent or diazotized benzidine reagent, respectively. of it~ iy
Gas-Liguld Chiromatography (GLC) The instrument usced wus a Shimadzu GC-3AIL gas chromato- m e e
. ) graph enuipped with clectron capture detector.  The column was a glass spiral tube (4 mm x 2.5 m) and the o T
columa packing was 1,3%, $12-30 on Chromosorb W (60 —X0 miesh).  The column temperature was main- o
tamed at 200° Nitrogen was used as a carrier gas with the flow rate of 60 mljmin (1.5 kg/lem?).
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Result

Detection of Metabolites in the Urine hvel b oL
The CHCl, extracts of urine samples collected every day for 12 days after administration )
of 2.04,3,4-TCB were submitted to TLC and GLC examinations according to the procedure

deseribed i Method, and the chromatograms were compared with those of control urine sample

Isolation:
-

which was collected before administration of the compound. No difference, however, could @
Lie ohserved between chiromatograms of test and control. In addition, no evidence was ol
ubtained for the excretion of conjugated metabolites by examinations on hydrolyzed urine I 2
samples. : by G
cluat
Detection of Metabolites in the Feces T
The CHCl, extracts of the feces collected every day for 12 days after administration of conlan.
2.4,%,4-TCB were examined by TLC and GLC, camparing witls (hiose of control feces. The sustee
result indicated that these extracts contained at least 4 metabolites along with unchanged thic
2oL 4-TCR. A typical thin-layer chromatogram of the extract of the third day feces after mp
the administration is shown in ¥ig. 1. holite
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As can be seen in IVig. 1, two spots having Rf values of 0.32 (M-a) and 0.66 (M-b) were
only detected in the test extract with the solvent system of hexane-CHCl,y (1:2). Among
these, M-a was revealed as a blue or a red spot with Folin-Ciocalten reagent or diazotized
henzidine reagent, respectively, while M-b was detected as a red-violet fluorccent spot under
exposure of ultraviolet lamp showing the same Rf value as that of unchanged compound.
From these facts, M-a and M-b were assumed to be phenolic metabolites and unchanged

. 2,4,4,4-TCB, respectively.

“~
é‘)OO
! & 80 M B
00 _ 50 1orp £g
' ' g 40 MA
" test M-a M-b g 23 .
i extract CD 9 oo O g TR T s 0 25 1 min)

Tig. 2-A. Gas Chromatogram of Lxtract of

contral O) D o the Third Day Feces

extract
T ——:test  ~——: control
2.4.3.4- - 2100
TCB ’ 2 80
8 80
L 40
Fig. 1. Thin-Layer Chromatograms of Extract of £ 20
the Third Day Feces and 2,4,3°,4°-TCB : 0 e —
o 20 25ty {min)

solvent systean: heasne-CHC) {1: 2)
! @ positive tu Folin-Ciotalteu reapent and UV lamp
O positive to UV lanp

Fig.2-B. Gas Chromatogram of Trimcthyl-
sitylated Extract of the Third Day l'cces

—: lest -1 control

' Gas chromatograms of the extract of the third day feces, same as described above and
' of its trimethylsilylated product are shown in Fig. 2-A and 2-B, respectively. As indicated
in Fig. 2-A, M-1 was detected at £g 5.5 min, by which it was also identified to be unchanged
2,4,%,4'-TCB, and M-A was revealed as a broad peak at f; 11.0 min. .As shown in Fig. 2-B,
" the peak of M-B remained unchanged after trimethylsilylation of the extract, while a broad
peak of M-A were separated into 4 sharp peaks of M-A, M-A,, M-A, and M-A, on this treat-
nment.  From these results it was concluded that M-A should be a mixture of phenolic meta-
! bolites,” among of which M-A4 was a major one, and M-B should be unchanged compound.
'; Pussible excrction of conjugated metabolites in the feces was negated by TL.C and GL.C of

hydrolyzed fecal samples.

Isolation and Purification of Metabolites in the Feces

‘( The CHCl, extract of 12 days feces of 20 rats administered with repeated doses of 2,4,-
4’,4'-TCB was dissolved in liexane and chromatographed through a column packed with 10
volumes of silisic acid (Mallinckrodt, 100 mesh), using hexane and hexane-CHCly (1:1 and
1:2) as effiuent solvents. Elution of unclianged compound and its metabolites were examined
by GLC. As the result, M- was isolated as colorless needles, mp 124—124°, {rom the hexane
cluate after recrystallization from MeOH and the metabolites (M-A) were obtained as oily
mixture from the subsequent {ractions with hexane-CHCl, (1:1 and 1:2). The fractions
containing metabolites were combined and {urther purified by preparative TLC using a solvent
system of hexane-CHCl; (1: 2). By this procedure, M-A, (Xf 0.40) was separated from other
three metabolites (M-A,, M-Ay and M-A,) showing Rf (0.32 and isolated as colorless necdles,
mp 92—98°, after recrystallization from MeOH-H,O (2:1). Separation of a majar mcta-
holite, M-A,, from M-Ay and M-A, was finally conducted by preparative TLC using solvent

DSW 025938
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svstem of hexane-CHCl,-MeOH-28% NH,OH (8:28:6:1). M-A, located at Rf 0.50 was
thus isolated as crystals which were recrystallized from MeOH-H,0 (2: 1) to colorless necdles,
mp 156—166°. However, two minor metabolites, M-A; (Rf 0.32) and M-A, (Rf 0.38), were
failed to obtain as crystalline forms because of thcir very limited amounts.

Characterization of Metabolites

H . M-B, mp 123—124°, has the same mclting point and also the same Rf and /; values in
. TLC and GLC as those of unchanged 2,4,3,4’-TCB. The complecte identy of M-13 with 2,4,-
3',4'-TC13 was further proved by comparison of various spectra of UV (/B¥: 263 my), IR (v

nwx

cm=1: 1587, 1460, 1360, 1022, B0, 8GS, 834, 805, 778, 726) and mass spectrum [m/e: 200 (M¥), ;
202 (M+2)]. In the mass spectrum, M+-2 peak showed approximately 130%, of the intensity i~
. of the parent ion peak, and this is a characteristic of tetrachloro-compound.™ )
' L M-A,, mp 02—98°, colored blue with Folin-Ciocalteu reagent being suggcested to Le a ‘
R ) v plienolic metabolite. The mass spectrum of M-A; showed M* and M+2 ion peaks at m/e !
§ - - 306 and 308, respectively, in which M +2 peak was about 1309, of the intensitv of M+ peak. {

These facts indicated that a single oxygen atom was introduced to the parent 2,4,3',4-TCB
molecule [mfe: 230 (M*), 292 (M+2)] to form monohydroxylated 2,4,3’,4’-TCB. This as- !
sumption was further supported by existence of a sharp band around 3500 cm~! due to hydroxyl
group in the infrared (IR) absorption spectrum (Fig. 3) and also by occurence of bathochromic
shift with a change from neutral to basic condition in.the UV absorption spectra (UV i8H: i
263, 200 my; Anl MoK 320 mp). _ .

1 ) 1

—
i | FWWWV *i

. " L — . ' , . X Y
, ' 4000 2000 1500 1000~ 500 200 (cm™') 4005 2000 1500 1000 TR0 200 {em ') i
. . Fig. 3. IR Spectrum of M-A; (KBr) Tig. 4. 1R Spectrom of M-A, {(KBr) §
! : ]
A major metabolite, M-A,, mp 155—156°, was also found to be a monohiydroxy-metabolite j
same as M-A, by its spectral characteristic of mass [m/e: 306 (M*), 308 (M +2)], IR (s} : 3560 i

cm-3, see [ig. 4) and UV (ABH: 255 (shoulder}, 300 my; Ak ¥%: 326 my). Thel ocation of
hydroxyl group, however, could not be determined by these spectral analyses and decided (Y
. I by synthetic works which will be described in the following paper.® :
Excretion Rate of 2,4,3',4-TCB and Its Major Metabolite, M-A, J

Excretion rate of unchanged compound and M-A, in the rat feces was determined by

G1.C during a period of 12 days after oral administration of 2,4,3',4’-TCB at a single dosc of

25 mg/body. The results are summarized in Table I. \
A little less than one half of the dose was excreted as unchanged compound during 12

days, most of which were eliminated in the first day. On the other hand, the excretion of

M-A, in the feces reached maximum at the second day, and total M-A, was accounted for

about 10%, of the dose during 12 days after the treatment. It is rather surprising that a little

7) R.AL Silverstein and G.C. Bassler, ‘‘Spectrometric Identification of Organiz‘: Compounds,” 2nd ed.,
Jobn Wiley and Sons, Inc., New York, 1967, p. 29.
8) 1. Yamamoto and H. Yoshimura, Chem. Pharm, Buil, (Tokyo), 21, 2237 (1973).
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TABLE 1 9
Distribution of Polychlorinated Biphenyls in a: Room After Burnout of Light Ballast® E :
Sample ALr sampling Distance of Alr sampler Amount of Calculated lf -
no, time? from bailast PCBS recovered air concentration 45
(hrs) () Cug) (mg /M) 5
1 4.5 1 (below) 90.4 0.118 E )
2 4.5 1 (below) 127.0 0.166 A
. g 3 2.0 2 (laterally) . 10.6 0.031 T
4 3.0 2 (laterally) ' 23.2 0.046 ;’" :
- : rl ) .!
5 4,0 3 (west aide of room) 12.2 0.018 2
. ' %
6 4.5 4.5 (N.W. corner of room) 9.1 0.012 F*
o Sne
’ 7 4.5 6 (S.W. corner of room) 10,5 0.014 o
S 233 cm ballast for operation of two 96T12 or two 72T12 fluorescent lamps at 425 MA 5 :
N et o (without protective thermal trip device). 2
- 7 Alr sampling started 5 minutes after ballast started to burn out. F: St
R z CIdentified as Aroclor 1242. e
. N L
. 5 ‘
w
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Tanmte I.  FExcretion Rate of Unchanged 2,4,3',4'-TCB
and M-A, in the Rat Feces

Excretion rate (% of dosc)

Days after RN A —
administration . Unchanged M-A,
1 37.8 0.9
2 1.8 2.5
3 0.4 1.7
4 0.4 1.3
5—8 0.8 0.7
7-—~8 0.8 1.7
9—12 1.3 1.8
43.3 10.6

‘Total

Vulues in Table represent mean of 8 rats.

but significant amount of both unchanged compound and its major metabolite, M-A,, still
continued excreting on 12th day after a single oral adininistration.

Discussion

Commercial PCB preparations such as KC-400 are complex mixture containing a large
number of chlorobiphenyls and therefore unsuitable for metabolic study. In order to over-
come this difficulty to obtain general aspects of PCE metabolism by use of KC-400, we have
started working on the metabolic fate of 3,4,3,4’-TCB followed by the present study on 2,4,-
W, 4'-TCB, since both compounds were representative components of KC-400.9 By these
studies, orally administered tetrachlorobiplenyls were found to be excreted together with
their metabolites exclusively in the feces of rats. It was also elucidated that metabolites
of these tetrachlorobiphenyls detectable in the feces of rats were all monohydroxylated deri-
vatives although metabolic rate were seemed different between 2,4,3',4'- and 3,4,3',4-TCB,
since excretion rate of the major metabolite of 2,4,3',4"-TCB was about 109, of the dose during
a period of 12 days after the administration, while in 3,4,3',4"-TCB the major metabolite
excreted during 14 days was only accounted for about 3.3%, of the dose.!

C\l C\l C\l C\l C\l 9] C\l Sl
- < p0t — cx-<:2~—_‘<:>-cx c1-O—<: > — c1-<:>—<1>-cn
OH

2,4,3,4-TCR 3,4,3.4-TCB OH
monohydroxylated 5- or 2-hydroxy-
2.4,3,4-TCB 3.4,3'.4'-TCBY

Fig. 5. DBiotransformation of 2,4,3',4’- and 3,4,3',4'-TCB in the Rat

These findings were well coincident with results obtained in the previous study using
feces and only a little part was eliminated in the urine, and this excretion continued for a long
period of time.® The present investigation also provided strong support for the previous
assumptions obtained by studies on elimination of PCB from the tissues of mice® and ratst®
that all components werc not metabolized at the same rate.

In general, a major metabolic reaction of aromatic compound has been recognized to be

1) H. Yoshimura and M. Oshima, Fukuoka Acfa Med,, 62, 5 {1971}, DSHW
10) D.L. Grant, \V.J1.]. Phillips, and D.C. Villeneuve, Bull. Envirca. Contam. Toxicol., 6, 102 (1971).
- T -  T—y PRI ™ PP

STLCOPCB4009896



2236 Vol. 21 (1473)

hydroxylation. In agreement with this, carlicr studies on metabolism of biphenyl™ and
4-chlorobiphenyl’® in various animals indicated that they were mainly hydroxylated at the
para position and then conjugated with glucuronic acid being cxcreted into the urine.  Using
gas chromatographic and mass spectrometric techniques Hutzinger, et 4l reported quite
recently that 2,5,2°,5°-TCB injected intraperitoncally into rats was largely excreted as un-
changed in the feces, and only a part was detected as a monolydroxylated metabolite in the
urine. This result was essentially same as those obtained in the studies using isomeric 3,4,
3,4 and 2,4,3°,4'-TCB. However, complete difference was obscrved in the elimination route
of the metabolites.  In the case of either 3,4,3',4"-or 2,4,3',4’-TCB, monolydroxylated mcta-
bolites were exclusively excreted into rat feces, while a monohydroxy-metabolite of 2,5,2,5'-
TCB was anly climinated in rat urine. The reason for this difference is uncertain at present.

As can be seen in Table I, excretion of unchanged compound was highly concentrated
in the first day feces, suggesting that they were probably those unabsorbed from the gastro-
intestinal tract rather than those excreted through biliary system. In other words, absor-
ption of 2,4,3,4"-TCB from the gastrointestinal tract was not so good in the dose level of 25
mg/body. On the contrary, M-A, was excreted very slowly in rat feces and assumed to
be excreted through the bile after metabolized in the liver, the major site of aromatic hydroxy-
lation of foreign compounds. Concerning with this assumption Williams, ¢t al.3% reported
that for cxtensive biliary excretion in the rat the compound or its metabolite should have

a molecular weight of 326 £:b0 or more and a polar anionic group. It is, therefore, very.

probable to assume that the primary metabolites of 2,4,3",4'-TCB might be glucuronides
which could be hydrolyzed by gut bacteria. However, this possibility was ruled out by carcful
examination of rat bile.1% .

One more thing to be discussed is that cither unchanged compound or the metabolite
was excreted rather constantly from 3 or ith day to 12th day after the treatment. “fhe
reason for such a little but constant excretion for a long period of time is as yet not at all
clear, however, similar results have also been reported on polychlorobenzenes by Parke and
Williams.’®  One of the possible explanations could be provided by our preliminary experi-
ment,!® in which a significant and constant excretion of 2,4,3°,4’-TCB into the small intestine
of rats from the blood stream could be observed for a long period of time after intraperitoneal
or intravenous injection.
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