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It is now becoming evident that in many cases metabolites have a
greater toxic potential than the parent xenobiotic exposed. For
this reason, the knowledge of biotransformation pathways of xeno-
biotics plays a substantial role in environmental monitoring pro-
grams.

The zebra fish (Brachydanio rerio, Hamilton-Buchanan) has received
increased attention as a model species for freshwater fish in
environmental surveillance programs to evaluate potential health
and impacts of anthropogenic chemicals (Bresch et al. 1986; Nagel
1986). The metabolism of phenol and various substituted phenols in
zebra fish has recently been studied (Kasokat et al. 1987). The
purpose of the present study was to examine the metabolism of
chlorobenzene and hexachlorobenzene (HCB), by the zebra fish
following in vivo exposure of sublethal concentrations in the
water.

MATERIALS AND METHODS

[u-c14] -Hexachlorobenzene (0.37 mCi/mg) and [U-C14]-chlorobenzene
{0.27 mCi/mg) were commercially obtained from The Radiochemical
Centre Amersham (Bucks, Great Britain). The radiochemical purity
was examined by h.p.l.c. and t.l.c. and was found to be >99% in
both instances. Unlabeled hexachlorobenzene (Oekanal reference
standard) was purchased from Riedel de Hien (Hannover, FR Germa-
ny), unlabeled chlorobenzene was supplied from EGA-Chemie (Stein-
heim, FR Germany). The following unlabeled reference compounds
were used in h.p.l.c. analysis: pentachlorophenol, phenol and 4-
chlorophenol (Oekanal reference standards, Riedel de Haen, Hanno-
ver, FR Germany), 2-chlorophenol, 3-chlorophenol and benzene
(Merck-Schuchardt, Hohenbrunn, FR Germany). 8-glucuronidase from
E. coli (200 U/mL) was purchased from Boehringer Mannheim GmbH
(Mannheim, FR Germany), aryl sulphatase/fB-glucuronidase from Helix
pomatia (2990 U/mL), D-saccharic acid-1,4-lactone from Sigma
(Taufkirchen, FR Germany), and streptomycin sulphate from Serva
(Heidelberg, FR Germany). All chemicals utilized were of the
highest commercially obtainable grade of purity.

Send reprint requests to Thomas Kasokat at the above address.
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Adult zebra fish (Brachydanio rerio, Hamilton-Buchanan) were
purchased from West-Aquarium (Bad Lauterberg, FR Germany). The
fish were acclimated in our laboratory for at least 2 weeks prior
to the start of the experiments. They were kept in aerated tap
water at 26°C and fed with Tetramin (Tetra-Werke, Melle, FR Germa-
ny) three times a day. The photoperiod changed with a 12-hr inter-
val. The body weight of the fish averaged 380 mg.

The static test apparatus used has recently been described
(Kasokat et al. 1987). The medium consisted of 3 L charcoal-fil-
tered tap water. Prior to the administration of test substances,
the antibiotic streptomycin sulphate was added at a concentration
of 100 mg/L in the medium to eliminate the possibility of bacte-
rial degradation of test compounds and of deconjugation of fish
metabolites, respectively. The above mentioned dose of the anti-
biotic drug was chosen on the basis of favorable results obtained
in an initially performed dose-ranging study which showed that 100
mg/L streptomycin sulphate effectively suppressed bacterial growth
without affecting the fish.

The administration of the test compounds occured at a sublethal
dose in the tank-water by means of solution carriers under stir-
ring to achieve a homogeneous distribution of the xenobiotics.
4-chlorobenzol (0.1 mg/L) was administered as an ethanolic solu-
tion (final concentration of ethanol was 0.01%, v/v). Hexachloro-
benzene was applied as a toluenic solution (final concentration of
toluene: 0.007%, v/Vv) in a concentration of 0.005 mg/L because of
its higher acute toxicity. The radioactivity amounted to 20 nCi
for each test substance.

20 female adult zebra fish were randomly taken from the common
fish stock and placed into the test chamber containing the test
compounds at concentrations as described above. A small glass
pipet ventilated the system via a suction pump. The temperature
of the water was 26°C. The fish were not fed during the experi-
ment.

By 48 hr, the metabolites were isolated from the medium as fol-
lows: the tank-water was extracted continuously with diethyl ether
(pH 6.5, 30°C) according to Nagel and Urich (1983). After separa-
ting the different phases, the ether extract, containing nonpolar
metabolites and the unchanged parent compound, was concentrated
under nitrogen, cooled in ice. The aqueous phase with the polar
metabolites was concentrated by a rotary evaporator operating at
40°C. Both concentrates were taken for h.p.l.c. analysis to sepa-
rate and to identify the metabolites. In the case of the aqueous
concentrates, aliquots were subjected to enzymatic cleavage prior
to h.p.l.c. analysis. Metabolites which could not directly be
identified by co-chromatography using unlabeled reference substan-
ces were subjected to enzymatic cleavage by B-glucuronidase and
aryl sulphatase and identified by co-chromatography of the re-
leased aglycone residue. The enzymatic cleavage was judged by the
disappearance of radioactive peaks in the h.p.l.c. elution profile
and the concomitant appearance of the deconjugated labeled por-
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tion. Enzyme preparations and incubation conditions used have been
described recently (Kasokat et al. 1987).

In the experiment with hexachlorobenzene, we additionally tried
to isolate metabolites from fish by extraction. After decapita-
tion, the fish were extracted twice in 10 volumes of ethanol using
an Ultra-Turrax TP 18-10 (Janke & Kunkel, Staufen, FR Germany) as
homogenizer, operating at half-maximal speed for 2 min under
cooling in ice, After centrifugation at 3000 rpm for 10 min at
room temperature (BHG 800 Properus, B. Hermle GmbH, St. Leon-Rot,
FR Germany), the supernatants were pooled. The total radioactivity
was measured and the pooled ethanolic extracts were concentrated
and analyzed further by h.p.l.c. for the determination of metabo-
lites. The pellets were dried and taken for combustion in a Tri-
Carb Sample Oxidizer 306 (Packard Instruments, Downers Grove, IL,
USA) to determine the amount of unextractable radiocactivity.

H.p.l.c. was carried out with a Knauer device (Berlin, FR Germany)
on a reversed-phase column (LiChrosorb RP 18, 10 um, 4.6 x 250 mm)
using a flow rate of 2 mL/min. The eluents used and the retention
times measured are listed in Table 1. The determination of unla-
beled reference compounds was performed photometrically at 254 nm.
For the determination of radioactivity, the mobile phase was
fractionated into 15-sec portions in scintillation wvials. The
radioactivity in liquid samples was measured in a Packard Tri-Carb
300C Liquid Scintillation Counter with automatic quench correction
using Monophase 40 Plus (Packard) as scintillator.

RESULTS AND DISCUSSION

In the experiment with chlorobenzene, polar and nonpolar metabo-
lites were detected in the tank-water at trace amounts (Fig. 1)

In the ether extract of the medium, 4 radioactive peaks appeared
in the h.p.l.c. elution profile (Fig. 1b). Peak B could not be
identified by means of co-chromatography. Peak C showed the same
retention time as authentic 2-chlorophenol, peak D corresponded to
3- and/or 4-chlorophenol. Unfortunately, the isomers 3- and 4-
chlorophenol could not be separated in spite of numerous varia-
tions of the chromatographic conditions involving the composition
of the mobile phase and the flow rate, respectively. Peak E repre-
sented unmetabolized chlorobenzene.

Chromatographing the aqueous phase of the medium with a more polar
eluent (see Table 1), the radiocactivity was separated into 4 peaks
(not shown). Peak I and peak II could not be identified. In an
earlier experiment we examined the metabolism of 4-chlorophenol by
zebra fish (Kasokat et al. 1987). The results previously obtained
and the appearance of isomeric chlorophenols in the etheral phase
of the present experiment promted us to the assumption that the
polar metabolites in part might be represented by chlorophenol
conjugates. By comparison, peak III behaved chromatographically

as 4-chlorophenol glucuronide, while peak IV had a retention time
similar to that of 4-chlorophenol sulphate (not shown). This con-
Jjecture was further confirmed by chromatographing the enzymatical-
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Table 1. HPLC conditions and retention times for chlorobenzene
and hexachlorobenzene (HCB), their metabolites, and
reference compounds.*

Test compound Reference compound Eluent Retention time
or metabolite (min)
Chlorobenzene 0.2 M Ammonium 19.0

acetate buffer
(pH 7.0) - metha-
nol (1:1, v/v)

Phenocl 3.5

Unidentified B 4.0

2~-Chlorophenol 5.5

3- and 4-Chlo- 7.3
rophenol '

Benzene 9.5

10 mM Potassium
phosphate buffer
(pH 5.5) - metha-
nol (8:2, v/v)

Unidentified I 1.75

Unidentified II 3.25

3-/4-Chlorophenyl- 4.75
glucuronid

3-/4-Chlorophenyl- 7.25
sulfat

HCB Methanol - Aqua 9.5
pura 9:1, v/Vv)
Pentachloro- 2.0
phenol

*(LiChrosorb RP 18, 10 um, 4.6 x 250 mm; 2 mL/min)

ly treated aqueous residue of the tank-water. After incubation
with B-glucuronidase, peak II and peak III vanished compared with
the untreated medium. Additionally, 2 new-coming peaks were detec-
table, corresponding to the unidentified metabolite (peak B in the
ether extract) and to 3- and/or 4-chlorophenol (Fig. 1c¢). After
treatment with aryl sulphatase, peak IV disappeared and liberated
3- and/or 4-chlorophenol were/was found (Fig. 14d).

In summary, isomeric chlorophenols as phase I products and the
corresponding glucuronide and sulphate conjugates as phase
products were identified as metabolites of chlorobenzene. This
result indicates that Brachydanio rerio is able to hydroxylate
aromatic compounds like other freshwater fish species (Nagel
1983; Nagel and Urich 1983). On the other hand, there was no
hint of dechlorination reactions since possible dehalogenated
products, phenol, e.g.,, were not found similar to the findings
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Figure 1. HPLC elution profile of reference compounds (a) and

the Cl14-radioactivity (b-d) after a 48-hr exposure of Ci4-chloro-

benzene (0.1 mg/L) in the medium of 20 female zebra fish: ether
fraction (b) and aqueous residue of the medium after treatment
with B-glucuronidase (¢} and aryl sulphatase (d) (LiChrosorb RP
18, 10 um, 4.6 x 250 mm, 0.2 M ammonium acetate buffer (pH 7.0) -
methanol (1:1, v/v), 2 mL/min).
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obtained using 4-chlorophenol and pentachlorophenol as test
compounds (Kasckat et al. 1987).

It is still necessary to make a small comment concerning the
prospective chemical constitution of the ether-extractable uniden-
tified metabolite, which was also found as a glucuronide conjugate.
This substance may be attributed to a dihydrodiol compound like 4-
bromocatechol which was described as a metabolite of the analogous
bromobenzene in rats (Monks and Lau 1984). Despite our general
lack of unlabeled dihydrodiol reference compounds, there was a
plausible explanation that may slightly support this assumption

as derived from the chromatographic behavior which is determined
by the physico-chemical properties: the substance seemed to be
more polar than the mono-hydroxylated chlorophenols because of
its shorter retention time as observed in our reversed-phase
h.p.l.c. system.

It is important to emphasize, however, that both, the phase I and
phase II metabolites, accounted for only a very small portion of
the total radioactivity chromatographed as compared to that of the
unmetabolized parent compound. All metabolites formed were below
the 1%-level of the administered dose. These numerical realities
should be kept in mind with regard to the evaluation of potential
environmental impacts of chlorobenzene.

Turning to HCB, no metabolites could be detected under the expe-
rimental conditions used. 48 hours after administration, only the
unchanged parent compound was recorded in the concentrated ether
extract of the medium. Furthermore, there was no evidence for po-
lar metabolites in the aqueous phase of the tank-water. Examining
the concentrated ethanolic fish extracts, the total radioactivity
was represented by unmetabolized HCB. Determinating the degree of
extraction we could state that the two-fold extraction occurred
quantitatively since no significant amounts of unextractable ra-
dioactivity were found in the pellets after combustion.

Qur finding was in contrast to published work concerning the me-
tabolism of HCB in fish. For example, Koss et al. (1977) isoclated
pentachlorophenol (PCP) as a metabolite of HCB from the rainbow
trout (Salmo gairdneri). Also, Sanborn and co-workers (1977) spe-
cified the same metabolite in all organs examined of the Green
Sunfish (Lepomis cyanellus Raf.) after oral administration of HCB-
contaminated food. In addition, the ratio of PCP/HCB increased as
a function of time in all tissues except for the skeletal muscle
during the experiment lasting for 28 days. Compared with our ex-
periment, the exposure time was only 48 hr to obtain comparable
results with respect to our previously performed studies with
phenolic compounds (Kasokat et al. 1987). In summary, these ear-
lier studies have indicated that no substantial differences do
exist between Brachydanio rerio and related freshwater fish spe-
cies in the metabolic handling of the phenols examined. Quantita-
tively, however, the oxidation rate of Brachydanio seemed to be
lower since the relative contributions of the hydroxylation pro-
ducts formed were smaller. The central question concerning the
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transformation of HCB to PCP is the dechlorination as a key reac-
tion prior to hydroxylation. With this regard, it is premature to
decide whether the lack of PCP formation in the present study is
caused by an inhererent inability of Brachydanio or by our ex-
perimental conditions selected.

Concerning the first difference to Sanborn and colleagues (1977),
a grossly longer exposure time may lead to an induction and hence
metabolism of the administered drug. As recently reviewed (Kleinow
et al. 1987), exposure of fish to low levels of certain compounds
may result in an induction of specific P-450-dependent monooxyge-
nase activities. These enzyme systems may favor oxidative dechlo-
rination reactions since the mechanism of reductive dechlorination
is not involved in the conversion of HCB to PCP.

With respect to the second difference to the above cited study
(Sanborn et al. 1977), we suggest that the mode of exposure may
profoundly affect the biotransformation of xenobiotics in fish. As
previously reported (Nagel 1983), the route of administration in-
fluenced the rate of elimination, the extent of metabolism, and
the quantitative metabolite pattern of phenol in goldfish: fol-
lowing dietary exposure, phenol was more slowly eliminated, and
the amount of conjugates found in the tank-water was greater after
uptake from the medium or intraperitoneal injection. Additionally,
the percentage of the oxidation product quinol sulphate was much
higher,

Considering these facts, we cannot state with certainty that
Brachydanio is not able to convert HCB to PCP, but we can exclude
the potential influence of bacteria on the biotransformation of
HCB in our experiment by the co-administration of streptomycin
sulphate which strikingly avoided bacterial growth. Nevertheless,
additional experiments with HCB after oral administration or
intraperitoneal injection in conjunction with longer exposure
times will be required to clarify this point. As an alternative
approach, in vitro experiments would provide the basis for further
useful information.
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