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Abstract—Male Sprague -Dawley rats and New Zealand White rabbits were administered " C-labelled
pentachloroanisole (PCAY) in corn oil by gavage as single doses of 25 mg/kg and were then placed in
individual metabolism cages for as long as 4 days. Peak blood level of radiouactivity occurred 6 hr after
administration of the dose to rats and between 3 and 4 hr in rabbits; the blood elimination half-life ranged
from 8 to 15 hr in rats and averaged 6 hrin rabbits. Rats excreted an average of 54.2% of the administered
radiolabel in the urine and 32.4% in the facces during the 96 hr following the dose; rabbits excreted an
average of 84.2 and 13.1% of the radiolabel in the urine and faeces, respectively, during this time.
Examination of the metabolites in the rat showed that 60% of the urinary radioactivity was attributable
to tetrachlorohydroquinone (TCH), 3% to free pentachlorophenol (PCP) and 29% to conjugated PCP;
faccal metabolites were PCP (85.7%), TCH (4.3%) and polar metabolite(s) (10%). In the rabbit. 58%
of the urinary radioactivity was attributable to TCH, 8% to free PCP and 34% to conjugated PCP. Faccal

metabolites consisted of PCP and conjugated material.

INTRODUCTION

Pentachloroanisole (PCA) is a mcetabolite of pen-
tachlorophenol (PCP), which is used as a wood
preservative and fungicide. PCA is formed by methyl-
ation of PCP by algac and soil micro-organisms; it is
found in environmental specimens and occasionally
as a contaminant of shellfish. In the Great Lakes, low
concentrations of PCA have been found in tissues of
lake trout. Glickman and co-workers (1977) reported
studics on the uptake, metabolism and disposition of
PCA and PCP in rainbow trout, and found that PCA
was 24 times more persistent than PCP in sclected
tissues of rainbow trout,

Vodicenik ¢t al. (1980) studied the disposition and
metabolism of ["CJPCA in female mice after ip
administration.  Elimination  of carbon-14  from
mouse tssues was rapid, with half-lives ranging from
5 to 10hr in all ussues examined except liver. The
radioactivity was cxcreted primarily by way of the
urine (approx. 44-47% of the administered dose); the
products found were free and conjugated PCP and an
oxidation product, tetrachlorohydroquinone (TCH).
The products found in facces were free and conju-
gated PCP. No parent PCA was found in the excreta.

*To whom correspondence and reprint requests should be
addressed  at: Pharmacokinetics and  Metabolism
Branch. HFS-506. Center for Food Safety and Applied

Nutrition, Food and Drug Administration, 8501
Muirkirk Road. Laurel, MD 20708, USA.
Abbreviations: PCA = pentachloroanisole; PCP = pentu-

chlorophenol; TCH = tetrachlorohydrogquinone: TLC =
thin-layer chromatography.

The data of Vodicnik er al. (1980) suggested that
PCA was demethylated before excretion.

In studies of the metabolism of *C-labelled PCP in
the mouse, Jakobson and Yliner (1971) found gastric
and biliary secrction of PCP and/or its metabolites
following sc or ip injection. Most of the activity
(72-83% of the dose) was excreted in the urine in 4
days; faccal excretion ranged from 3.8 to 7.7% during
this timc. The only products found in mouse urine
after ip treatment were PCP, both free and conju-
gated, and TCH. These investigators also observed
that PCP was sceereted by gastric juice, since the
radioactivity after an ip injection was found in the
stomach fundus and stomach contents, as shown by
autoradiograms. They observed that biliary secretion
was also important in the metabolism of PCP.

The pharmacokinetics and metabolism of PCP in
Spraguc-Dawley rats were reported by Braun et al.
(1977). In their study, 78.1-80.1% of the orally
administered (10 mg/kg) dose was excreted in the
urine and 18.8-19.3% in the facces. At a dose of
100 mg/kg. 72.2 and 24.5% of the dose were excreted
by male rats in the urine and faeces, respectively.
However, females given PCP at 100 mg/'kg excreted
54.4% of the administered radioactivity in the urine
and 42.8% in the facces. The products excreted were
48% unchanged PCP, 6% conjugated PCP, and 10%
TCH. Rat blood plasma contained PCP, with a small
fraction as the glucuronide. Plasma binding was
calculated to be 94.6%. The bulk of the radicactivity
was rapidly excreted: 90% or more of the radio-
activity was excreted by Day 3 following the
dose.
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Larsen ef ¢f. {1972). in studies with ruts (strain not
specified) given [*C]PCP. reported an average uri-
nary recovery of 68.3% of the orally administered
dose (59 mg kg). and faccal recovery ranged from 9.2
to 13.2%. They also observed that serum contained
more than 99% of the total activity measured in
blood. No sex differences were apparent in tissue
concentrations of PCP and or its metabolites.

Braun and Sauerhoff (1976) administered [ C]PCP
in corn oil to Rhesus monkeys as a single oral dose
of 10 mg kg. Some differences were observed between
males and females in the climination of PCP {rom
plasma. Excretion of -adiolabel from PCP was
mainly by way of tie urine. accounting for
68.6-78.0% of the dose; faecal excretion ranged from
11.9 to 23.8%. 15 days after treatment. 11.2-11.7%
of the radioactivity administered was still in the
bodies of two female monkeys. mainly in the liver and
small and large intestines. These investigators re-
ported that monkeys excreted PCP as the unchanged
compound in urine.

Because PCP is a ubiquitous environmental con-
taminant, a comparison of the distribution’/excretion
data for PCP and its metabolite, PCA, may have
toxicological significance. Our study was undertaken
(1) to obtamn basic distribution;excretion data on
PCA when administered to various species of ani-
mals, and (b) to compare the distribution/excretion of
PCA with that of PCP.

MATERIALS AND METHODS

Test substances

Ring-labelled [YCJPCA (Lot No. 985692) was ob-
tained from ICN Nuclear (Costa Mesa, CA, USA)
and had a specific activity of 4.38 mCi/mmol. The
radiochemical and chemical purities were  both
greater than 95%. Just before the radiolabelled com-
pound was used, the purity was checked in our
laboratory by thin-layer chromatography (TLC) and
was confirmed. Non-radioactive PCA was prepared
from purificd PCP (Aldrich Chemical Co., Milwau-
kee. WI, USA) by treatment with diazomethane to
form the methyl cther. Purity of the non-radioactive
PCA was determined by standard methods and found
to be more than 98%. TCH was obtained from
Eastman Kodak Co. (Rochester, NY, USA).

Radiolabelled PCA was dissolved in acctone, and
aliquots of this solution were pipetted into 125 ml
Vitro bottics. An appropriate amount of non-radio-
active PCA was weighed and transferred to the bottle,
and a minimum amount of acctone was added 1o
dissolve the solids. The acetone was then evaporated
by using a gentle stream of nitrogen. The resultant
solid was dissolved in Mazola corn oil to yicld a
solution containing 2.5 mg PCA and 0.84 uCi of HC
activity per ml. This solution was checked for purity
by TLC and radiochromatographic scanning as well
as for concentration (dpm’ml) prior to use in exper-
iments.
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Ruts

Mule Sprague-Duwley rats were obtained from the
Charles River Breeding Laboratories (Wilmington,
MA. USA) and weighed 200-250 g when used. After
an overnight fast, they were given [ C]PCA in corn
oil by gastric intubation as a single dose of 25 mg kg:
administered radioactivity ranged from 1.7 10 2.1 uCi
per rat. After treatment. rats were placed in individ-
ual stainless-steel metabolism cages designed to sep-
arate urine and faeces. Purina Rat Chow No. 5002
{Ralston Purina Co.. St Louis, MO, USA}) and water
were available throughout the study. At the sampling
times rats were killed by CO, asphyxiation.

To determine the time that radioactivity reached a
peak in blood, the rats were bled by heart puncture
at various times from 15 min to 12 hr after {*CJPCA
administration. The blood was collected in a syringe
and then stored under refrigeration in Vacutainer
tubes containing ethylenediaminetetraacetic acid. For
measurement of radioactivity, the blood was pipetted
on to Combusto-Pads, dricd and burncd in the
Packard Biological Sample Oxidizer (Packard Instru-
ment Co., Downers Grove, IL, USA).

In addition, blood was extracted with acetone. and
the extracts were concentrated to dryness under
nitrogen. The residues were dissolved in methanol
and the solutions were filtered through a 0.45 um
filter. The tiltrates were analysed by TLC followed by
scraping of the TLC plates and liquid scintillation
counting to determine the amounts of PCA und PCP
in the blood.

For tissuc distribution studies, the rats were killed
at 6. 12 or 24 hr and the thoracic cavity was opened.
Blood was obtained by heart puncture and stored as
described above. Tissues were harvested, rinsed with
tap water, blotted and stored frozen until analysed.

For recovery studies, exereta were collected every
24 hr for 4 days. At 96 hr after {*C]PCA adminis-
tration, the rats were killed and exsanguinated. Tis-
sues were harvested, rinsed, blotted and stored frozen
until analysed.

Rabbits

New Zealand White male rabbits were obtained
from Zartman's Farms (Douglassville, PA, USA) and
weighed 2.0-2.6 kg when uscd. Adter an overnight
fast. they were administered [ CJPCA in corn oil as
a single dose of 25 mg/kg (16.8-22 uCi per rabbit).
The rabbits were then placed in individual stainless-
steel cages. Charles River Rabbit Formula (Agway.
Inc.. Syracusc, NY., USA) and water were available
throughout the study.

For blood level studies, two rabbits were given the
radiolabelled PCA and placed in restraints, which
were then placed in individual metabolism cages.
Blood was obtained from the ear veins at various
times between 30 min and 8 hr after dosing to obtain
Kinetic information following the administration of
radiolabelled [ CJPCA. The blood was stored under
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refrigeration until analysed as described previously
for rat blood.

In the recovery studies, excreta were collected every
24 hr for 4 days. The rabbits were killed 96 hr after
[*C]PCA treatment by an overdose of pentobarbital.
Tissues were harvested, rinsed. blotted and stored
frozen until analysed.

Analvsis of tissues, faeces and urine

The tissues obtained from the experimental ani-
mals were weighed. and if heterogeneous, homogen-
ized. Portions of the tissues were carefully weighed in
duplicate into cellulose Combusto-Cones, dried
overnight at room temperature and burned in dupli-
cate to "CO, in a Packard 306 Biological Sample
Oxidizer. Faeces were homogenized with water, and
small test portions of the homogenate were weighed
into Combusto-Cones, dried and burned in the Bio-
logical Sample Oxidizer. The solutions obtained from
the Biological Sample Oxidizer were counted by
liquid scintillation (Tracor Mark 3, Tracor Instru-
ments, Austin, TX, USA). Aliquots of urine were
dissolved in Instagel and counted by liquid scintil-
lation. Quench correction was by external standardiz-
ation.

Thin-layer chromatographic analyses. TLC was
performed by using Fisher Silica Gel GF Rediplates,
5 x 20¢m, 250 gm thickness. Solvent systems used
were benzene-methanol, 95:5 (v/v) (Solvent System
I); cthyl acctate-isopropanol-NH,OH, 45:35:20
(by vol) (Solvent System 1I); and benzene-methanol -
glacial acetic acid, 95:4:1 (by vol) (Solvent System
I11). The approximate mobilities (R, values) of auth-
entic compounds in Solvent System [ were 0.93, 0.48
and 0.42 for PCA, PCP and TCH, respectively. In
Solvent System [l, the approximate R, values were
0.96, 0.77 and 0.00 for PCA, PCP and TCH, respect-
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ively. In Solvent System IIl. the approximate R,
values were 0.92, 0.72 and 0.50 for PCA. PCP and
TCH. respectively.

After development in solvent, the TLC plates were
either scanned on a Packard Radiochromatogram
Scanner, or 5-mm sections were sequentially scraped
(origin to front) into liquid scintillation vials contain-
ing 1 ml N,N-dimethylformamide. Scintillation fluid
(10 ml) was added to the vials, and the mixture was
counted by liquid scintillation under conditions opti-
mized for counting TLC scrapings. The scanner was
used when radioactivity was sufficient for measure-
ment by G-M (Geiger-Miller) counting, such as to
ascertain the purity of radiolabelled PCA or dosing
solutions, and scrapings were typically used to exam-
ine biological materials or extracts.

Reverse isotopic dilution studies

Urine excreted during the first 48-hr period was
pooled, and radioactivity of the pooled urine
(dpm/ml) was determined. A 100-ml aliquot was
measured into a 250-ml round-bottomed ground-
glass boiling flask, and an accurately weighed portion
(generally 1.000 g) of non-radioactive, pure suspected
mctabolite (c.g. PCP) was added to the urine as an
acetone solution. The mixture was acidificd with
10ml concentrated HCL a three-stage Kuderna-
Danish condenser (Kontes Glass Co., Vineland, NJ,
USA) was attached to the flask, and the flask was
hcated on the steam bath for | hr to hydrolyse any
conjugated metabolites. The hydrolysed urine was
then cooled and extracted twice with diethyl ether.
The cther solution was dried with anhydrous
Na, SO,, decolorized with charcoal (Darco G-60, ICI
Amcricas, Inc.), and evaporated to dryness under
nitrogen. The resultant solid was recrystallized from
various solvents (acetonc-water, methanol-water,
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Fig. 1. Semilog plot of radioactivity in rat blood after administration of [ C]pentachloroanisole. Each
point is the average for two to four rats. The logarithm of blood concentration (dpm, ml) is plotted against
time.
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Table 1. Distrihution of radiolubelled pentochloroanisole (PCAJ in rat tssues*
Time ¢hr)
6 12 24 96

Tissue (n =% (n=10) (n=1th (n=7)
Bloodt §.21 +0.45 624 -02 141 023 0.01 +0.01
Heart 0.31 +003 0.21 +0.01 0.05 = 0.01 0+0
Lung 0.62 +0.06 0.52+0.1 0.13+0.02 0+0
Liver 793 +047 6.05 +0.11 393 +0.14 0.94 +0.09
Spleen 0.12 £ 0.01 0.06 + 0 001 +0 0+0
Gl tract} 3416 + 201 29.27 +2.53 6.6+ 1.04 0.15 +0.01
Kidney 1.42 + 0.08 0.88 +0.03 0.36 +0.05 0.08 + 0.01
Testes 0.57 +0.04 0.35 +0.02 0.11 +0.02 0+0
Brain 0.14 +0.02 0.09 +0.01 0.02+0 0+0
Pancreas 0.31 +0.09 0.13 +0.04 0.04 +0.01 0+0
Eyes 0.02+0 001 +0 0+0 0+0
Carcass 22 +1.82 20.29 +1.07 5.58 + 0.81 0.35+0.05
Fual§ 7509 + 1077 4134 + 223 1265 + 183 49 + 225
Muscle$ S179 + 289 IS46 £ 121 876 + 138 9.7 +4.2
Urine §.77+0.99 7.62+272 456+ 1.77 S4.24 +2.44
Faeces 0 13154083 2841 +3.07 3235+ 245

Gl = gastro-intestinal
*Rats were given [“CJPCA in corn oil at 25 mg kg by gavage. Values are
pereentages of the administered dose + SEM.
tRlood was estimated to be 9% of body weight,

$Plus contents,

§Values for fat and muscle are given as dpm. g and are not included in the

percentage of *C distributed.

acctonitrile-hexane) until constant specific activity
was obtained. that is when no further drop in specific
activity resulted  from  repeated  recrystallization.
From the final specific activity, the total activity
attributable to the metabolite (c.g. 1 g PCP) was
cadeulated and related to the radioactivity in the urine.

RESULTS

Rar studies

Blood levels. Analysis of blood indicated that the
peak blood level of radioactivity was achieved 6 hr
after the gavage of [ CJPCA. The blood climination
half-life of radiolabel ranged from 8 1o 15 hr. These
results are shown in Fig. 1. In addition, rat blood was
analysed for individual radiolabelled compounds by
TLC (Solvent System 1) followed by scraping of the
TLC plates and liquid scintiflation counting. The
half-life of the administered compound, PCA, was
found to be 7Smin. The remainder of the radio-
activity in blood was attributed to PCP; only traces
of TCH were detected in blood collected 2 hr or later
after the oral dose. Acid hydrolysis of blood before
extraction did not increase the amount of TCH
detected. The half-life of the radiolabel, which ranged
from 8 to 15 hr. appears to result from the metabolite
PCP.

Tissue distribution. Because the peak blood level of
radioactivity was achieved at 6 hr and the blood
elimination half-life of radioactivity ranged between
8 and 15 hr after [*CJPCA administration, rats were
killed and radicactivity in tissues was determined at
6. 12 and 24 hr after dosing. Data summarizing these
ussue distribution studies as well as data from the
96-hr recovery study are presented in Table 1.

Recorvery studies. To determine whether there was
substantial conversion of nng-labelled PCA to CO,.

a rat was given ["CJPCA in corn oil by gavage at a
dose of 25 mg/kg and was then immediately placed in
a closed glass metabolism cage. All the air from the
animal chamber was passed through a trap containing
a mixture of monocthanolamine and cthanol (1:1,
v/v) to remove any *CO,. Only 0.03% of the admin-
istered radiolabel was recovered in the trap in 24 hr.
The experiment was repeated with a second rat, and
0.04% of the administered radiolabel was recovered
in the trap. A third rat was kept in the enclosed glass
metabolism cage for 96 hr, and a total of only 0.09%
of the administered radiolabel was recovered as
"CO,. This indicated that the PCA phenyl ring was
not substantially converted to CO, in the rat.

4-day recovery studies were performed in rats given
oral ["CIPCA in corn oil at 25 mg/kg. An average of
88.13% of the radiolabel was recovered in the excreta
4 days after the dose. At this time point, an average
of less than 1% of the dose remained in the liver; the
gastro-intestinal tract (with contents) accounted for
0.15% of the dosc, and the carcass accounted for an
average of 0.35% of the radiolabel. These results are
summarized in Table 1.

Metabolism. Examination of rat urine by TLC
indicated that no PCA was excreted at the 25 mg kg
dose. In untreated urine, the metabolites of PCA were
concentrated at the origin; only 3.1% of the urinary
radioactivity was attributable to PCP. Treatment of
rat urine with bovine liver f-glucuronidase (Glu-
curase, Sigma Chemical Co.. St Louis, MO, USA)
resulted in some increase in PCP. and treatment
with a ff-glucuronidase/ary!l sulfatase mixture from
Helix  pomatia (Product 127698,  Bochringer
Mannheim Biochemicals, Indianapolis, IN. USA)
resulted in further release of PCP. Acid hydrolysis of
rat urine resulted in virtual ehimination of the peak at
the origin and increases in the peaks in the regions
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attributable to PCP and TCH. These results are
shown in Fig. 2.

Reverse isotopic dilution studies using PCP and
TCH were used to confirm the presence of PCP and
TCH in rat urine. The procedure indicated that 60%
of the urinary radioactivity was attributable to TCH
and 32% to PCP (3.1% was unconjugated). Minor
unidentified metabolite(s) accounted for the balance
of the urinary radioactivity.

Examination of rat faecal extract (50% methanol
in water) by TLC revealed radioactive peaks at the
origin and in the region attributable to PCP. No PCA
was found in the faeces. Acid hydrolysis of the faecal
extract and TLC examination of the product in
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Solvent Systems I and Il revealed the presence of PCP
(85.7%). TCH (4.3%) and a polar. acid-resistant
metabolite at the origin (10%).

Rabbit studies

Blood levels. Two male New Zealand White rabbits
were given ["*C]PCA in corn oil at a dose of 25 mg kg
and were bled at various times for 8 hr after dosing.
The peak blood level occurred between 3 and 4 hr
after dosing, and the blood elimination half-life of
radiolabel in rabbits averaged 6 hr. These results are
shown in Fig. 3. Although a small amount of PCA
was detected in the early blood samples, the radioac-
tivity in rabbit blood at the peak blood level (34 hr)
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Fig. 2. Thin-layer chromatograms (Solvent System I1I) of urine from rats given {'*C]pentachloroanisole.

A. Untreated urine; B, glucuronidase/aryl

sulfatase-treated  urine;

C. acid-hydrolysed urine.

TCH = tetrachlorohydroquinone; PCP = pentachlorophenol; PCA = pentachloroanisole.

and later was attributable to PCP; thus the 6-hr
half-life of radiolabel in rabbit blood was due to PCP.
We were unable to quantify accurately the amount of
PCA in the carly rabbit blood samples because it was
present at concentrations at or below the limit of
detection; consequently, we were unable to calculate
the half-life of PCA in rabbit blood.

Recovery studies. An average of 84.2% of the
radiolabel was recovered in the urine and 13.1% in
the faeces in 4 days after [*CJPCA administration to

rabbits. Nonc of the tissues sampled at 4 days
contained more than 0.1% of the administered radi-
olabel. The results of these studies are summarized in
Table 2.

Metabolism. Examination of rabbit urine by TLC
indicated that no PCA was excreted in the urine.
Treatment of rabbit urine with f-glucuronidase re-
sulted in release of PCP, and treatment with a
B-glucuronidase/aryl sulfatase mixture similarly re-
sulted in release of PCP. The thin-layer chro-

LOG BLOOD CONCENTRATION

38 v T v T v T T T v
0 2 4 6 8 10
TIME, HR

Fig. 3. Semilog plot of radioactivity in rabbit blood after administration of [*CJPCA: rabbit I, B
rabbit 2. @.
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Table 2. Recovery of radiolabel from pentochloroanisole (PCA) 96 hr after administration

to rabbits*®
Rabbit no.

Tissue 1 2 3 4 5 Mean + SEM
Bloodt 0.07 0.06 0.05 0.05 0.13 0.07 +0.02
Heart 0 0 0 0 0 0+0
Lung 0 0 0 0 0 0+0
Liver 0.09 0.09 0.01 0.05 0.17 0.08 +0.03
Spleen [ 0 0 0 0 0+0
Stomach 0.01 0.02 0.02 0.03 0.03 002+0
Large intestine 0.04 0.05 0.05 0.05 0.07 0.05 + 0.0t
Small intestine 0 0 0.01 ] 0.03 0.01 +0.01
Kidney 0.0t 0.01 0 0.01 0.02 0.01 +0
Testes 0 0 0 0 0 0+0
Gall bladder 0 0 0 0 0 0+0
Bile 0 0 0 0 0 0+0
Muscle} 0 0 0.01 0.01 0.3 0.07 4 0.06
Brain 0 0 0 0 0 0+0
Fat§ 0.04 0.04 0.04 0.04 0.06 0.04 +0.01
Pancreas 0 0 0 0 0 0+0
Eyes 0 0 [ 0 0 0+0
Urinary bladder 0 0 0 0 0.02 00140
Urine 79.25 83.72 79.43 96.88 81.52 84.16 + 3.28
Faeces 10.92 12.43 15.32 6.85 20.02 13.11 £1.20

*Rabbits were given ['*C]PCA in corn oil at 25 mg/kg by gavage. Values are percentages of

the administered dose.

tBlood was estimated to be 7% of body weight.
tMuscle was estimated to be 40% of body weight,
§Fat was estimated to be 10% of body weight.

matograms following acid hydrolysis of rabbit urinc
revealed the relcase of both PCP and TCH (Fig. 4).

Reverse isotopic dilution studies with rabbit urine
were used to confirm the presence of PCP and TCH;
these studies indicated that 58% of the urinary
radioactivity was attributable to TCH, and 42% to
PCP (8% was unconjugated).

A

Examination of rabbit faecal extract by TLC re-
vealed radioactive peaks at the origin and in the
region of PCP. No PCA could be detected in
rabbit facces. Further work-up of rabbit faccal
extract was not performed because faccal re-
covery accounted for only 13.1% of the dose admin-
istered.
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Fig. 4. Thin-layer chromatograms of urine (Solvent System 1) from rabbits given [ Clpentachloroanisole.
A, Untreated urine; B, glucuronidase aryl sulfatase-treated urine: C. acid-hydrolysed urine. TCH =
tetrachiorohydroguinone; PCP = pentachlorophenol: PCA = pentachloroanisole.

DISCUSSION after administration of PCA indicated that the com-

The rat excreted an average of 54.2° of the pound was metabolized and excreted in the urine.
radiolabel from the administered [*CJPCA in the The metabolites found in urine were PCP and TCH,
urine and 32.4% in the facces in 96 hr. Most of the  largely in conjugated form. PCP was present as both
radiolabel was excreted during the first 48 hr follow-  glucuronide and sulfate conjugates, because although
ing the dose. Examination of the blood and excreta some of the conjugated material was labile to fi-glu-



Pentachloroanisole: disposition metabolism

curonidase. additional PCP was liberated by a ff-glu-
curonidase sulfatase mixture. The conpugate of TCH
in rat urine, however, was unaffected by treatment
with enzymes. TCH was detected in rat urine only
after acid hydrolysis of the urine. TLC analysis of
untreated rat urine showed that a maximum of 3.1%
of PCP was unconjugated. No PCA was found in the
urine at the 25 mg kg dose; however. we have ob-
served small amounts of PCA in the urine of rats
given a 50 mg/kg dose (G. J. lkeda, unpublished
observations). Faecal metabolites consisted of free
PCP. an unknown polar metabolite and a minor
amount of TCH. No PCA was found in faeces. There
was probably a small amount of contamination of
faeces by urine. Biliary secretion of PCP may also
occur in rats, since PCP was found in the faeces.

Ahlborg et al. (1974) reported inhibition of bac-
terial B-glucuronidase by TCH. In our experiments
with rat urine, f-glucuronidase from bovine liver or
Helix pomatia did not appear to be affected by
conjugated TCH. and no detectable amount of TCH
was relcased by enzyme treatment. We found TCH in
rat urinc only after acid hydrolysis of rat urine (I N
in HCI, heated for 1 hr at 100 C). These results
suggest three possibilities: (1) that TCH was most
probably not present as & glucuronide conjugate; (2)
that TCH formed a conjugate that was enzyme-resist-
ant, or (3) that hydrolysis of the glucuronide conju-
gate and release of a minute amount of TCH
aglycone inhibited further hydrolysis of TCH glu-
curonide. If this last situation prevailed, inhibition of
the hydrolysis of PCP glucuronide would also be
expected. Since there was no apparent inhibition of
the hydrolysis of PCP glucuronide, it appears that
TCH cither {a) did not form a glucuronide conjugale,
or (b) formed a conjugate that was enzyme resistant.

The metabolism of PCA in rats corresponded to
that observed by Vodicnik er af. (1980) in the mouse:
PCA wuas readily demethylated to PCP, and the
products of PCP metabolism were found in the urine.
As Vodicnik and co-workers observed in the mouse,
we found no free PCA in the urine or facces of the
rat. The metabolites that we found in rat urine also
corresponded to the metabolites found by Braun
et al. (1977) after the administration of PCP to rats;
this appears to support the hypothesis of a rapid
demethylation of PCA followed by metabolism of the
PCP thus formed. We were able 1o account for 92%
of the urinary radioactivity as PCP and TCH.

The radioactivity excreted in rat facces was largely
attributable to free PCP, since acid hydrolysis of
faccal extract did not alter the polar material found
at the origin of the thin-layer chromatogram. This is
in contrast with observations of Vodicnik er al. (1980)
in the female mouse, in that the polar faccal metab-
olite could be acid-hydrolysed, yiclding PCP.

Rabbits excreted radiolabel from the adminis-
tration of [*CJPCA rapidly and mainly in the urine;
most of the urinary radioactivity wis excreted in the
first 48 hr of the experiment. Examination of rabbit
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urine by TLC indicated some unconjugated PCP in
untreated urine. Treatment with f-glucuronidase or
a mixture of f-glucuronidase and aryl sulfatase re-
sulted in release of the PCP conjugates. As in the rat.
TCH was liberated only with acid hydrolysis of the
urine.

The radioactivity excreted in rabbit faeces con-
sisted of PCP and conjugated material; some of the
faecal radioactivity was probably due to contami-
nation of faeces by urine. However, because some
radioactivity could still be found in the large intestine
96 hr after dosing (Table 2), it is probable that some
of the radioactivity in the faeces was due to biliary
secretion of PCP.

The rabbit readily absorbed and readily excreted
radiolabel from ring-labelled [*C]JPCA. An average
of more than 84% of the administered radiolabel was
recovered in the urine. By contrast, rats excreted an
average of slightly more than 54% of the adminis-
tered radiolabel in the urine. The two species appear
to readily convert PCA to PCP. The PCP was then
mectabolized by further oxidation to TCH or conju-
gated by Phase 11 reactions and excreted in the urine.
At least some of the TCH is conjugated and excreted
in the urine. The major metabolites found in the urine
of the two species were the same, namely PCP and
TCH. The rat excreted a small amount of unknown
urinary mctabolite that we did not obscerve in rabbit
urine. Because of its structure, TCH may react with
other molecules in its environment. Although we did
not investigate this possibility, studics of the reaction
of TCH with macromolecules could prove to be
interesting, and may give clues to the identity of the
unknown metabolite(s) in rat urine.

Residual levels of radioactivity in rat and rabbit
tissues were different. Whereas the rabbit retained less
than 0.1% of the administered radioactivity in liver
4 days after a single 25 mg/kg dose, the rat retained
nearly 10 times this level (average of 0.94%) in the
liver during this time. Rabbit kidney retained 0.01%
of the radiolabel after 4 days, whereas rat kidney
retained eight times this level, an average of 0.08%.
The residual radioactivity in the rubbit’s gastro-intes-
tinal tract (combination of stomach, large and small
intestine values) totalled 0.08% of the dose, whereas
the rat’s gastro-intestinal tract averaged nearly twice
this level, at 0.15%. The estimated radiolabel retained
in rabbit blood. however, was seven times the esti-
mate in rat blood after 4 days (0.07% r. 0.01%).

The residual amounts of administered radiolabel in
rat tissues per unit weight were fat > muscle > blood;
from Table 1, the amounts observed in these tissues
averaged 49:9.7:0.01, or a ratio of 4900:970:1 for
fat: muscle:blood. This means that radiolabel (PCP)
was almost completely removed from rat blood,
whereas | g muscle contained 970 times the level of
PCP found in 1 ml blood. and 1 g fat contained 4900
times that level. In the rabbit, the residual amounts
of radiolabel (PCP) were blood > fat > muscle in the
ratio of 46:35:1 for blood: fat: muscle. In the rabbit,
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the muscle was essentially depleted of radiolabel in
96 hr. whereas blood and fat still contained an aver-
age of 46 and 35 uimes the level 1n muscle, respect-
ively.

Braun and co-workers (1977) reported that
Sprague-Dawiey rats excreted 78.1-80.1% of an
orally administered dose of 10 mg PCP/kg in the
urine and 18.8-19.3% in the faeces; at a dose of
100 mg,'kg. male rats excreted 72.2 and 24.5% of the
dose in the urine and faeces. respectively. Female rats
dosed with PCP at 100 mg'kg excreted 54.4 and
42.8% in the urine and facces. respectively. In the
present study in which we administered a dose of
25 mg PCA/kg to male rats an average of only 54.2%
of the dose was excreted in he urine and 32.4% in the
faeces.

Although PCA was found to be readily demethyl-
ated to PCP in vivo, more of the radiolabel from a
PCA dose was excreted in the faeces. Since no
unchanged PCA could be found in rat faeces, it is
unlikely that the greater excretion of radiolabel in
facces was due to poor absorption of PCA. It appears
that PCA was well absorbed, rapidly demethylated to
PCP and then cither oxidized to TCH or conjugated
by UDP glucuronosyl transferasc or sulfotransferase.
The metabolites were then either secreted in the bile
or excreted in the urine. Since more of the radiolabel
was excreted through the facces when PCA was
administered orally than when PCP was administered

G. J. IKEDA er al.

orally, secretion in the bile appears to play a larger
role in the disposition of PCA. The enzyme-resistant,
acid-labile metabolite of TCH may be formed by
another pathway. such as by reaction with gluta-
thione. We did not pursue the characterization of this
metabolite.
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