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Introduction

p,p’-DDT (1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane) is a broad-spectrum insecticide, which
was used from the 1940s in large quantities, but was banned in many countries in the 1970s because of
its persistence in the environment. It was replaced in part by less persistent alternatives. However, this
pesticide is still used mainly in developing countries. p,p’-DDT and related compounds, many of which
are carcinogenic and mutagenic, are also known to be environmental estrogens. p,p’-DDT is a
phenobarbital-type inducer which induces the cytochrome P450 (CYP) 2B and 3A subfamily1, 2). p,p’-
DDT and its metabolites accumulate in animal tissues and induce various enzymes 3). The higher levels
of p,p’-DDE (1,1-dichloro-2,2-bis(4-chlorophenyl)ethylene) than p,p’-DDT in tissues reflect its
stability. These compounds mimic hormones and bind to the estrogen receptor and androgen receptor 4).
p,p’-DDT and related compounds, p,p’-DDD (1,1-dichloro-2,2-bis(4-chlorophenyl)ethane), o,p’-DDT
(1,1,1-trichloro-2,2-bis(2-chlorophenyl-4-chlorophenyl)ethane) and dicofol (1,1-bis(4-chlorophenyl)-
2,2,2-trichloroethanol), are known to be xenobiotic estrogens, but p,p’-DDE is an antiandrogen 5). In
order to assess the possible risks associated with human exposure to the pesticide, it is essential to
thoroughly elucidate its metabolism in mammalian species, birds, and marine and freshwater species.

p,p’-DDT is converted by reductive dechlorination to p,p’-DDD in insects, birds and animals.
Several reports have indicated that p,p’-DDT is mainly metabolized to p,p’-DDE by
dehydrochlorination in mammalian species, insects and microorganisms, and p,p’-DDD is an
intermediate of the reaction, which may proceed via a-hydroxyl DDD 6). p,p’-DDT and p,p’-DDE are
further oxidized to 2,2-bis(4-chlorophenyl)acetic acid (p,p’-DDA), the major excreted metabolite in
animals. The dechlorination is of considerable significance, because this reaction is the first and rate-
limiting step in the metabolism of p,p’-DDT in mammals and microorganisms. A role of CYP in the
microsomal reduction of p,p’-DDT was suggested 3, 7, 8). However, the mechanism of microsomal
reductive dechlorination of p,p’-DDT is not known in detail. Furthermore, the metabolism of o,p’-
DDT, which contaminates technical-grade DDT to the extent of about 20%, has not been established. In
the present study, the in vitro metabolism of p,p’-DDT and o,p’-DDT by rat liver microsomes was
examined, focusing on reductive dechlorination to DDD isomers.

Methods and Materials

Animals
Male rats (Slc:SD, 180-210 g, Slc:Japan, Shizuoka, Japan) were used. In some experiments,

phenobarbital was administered to rats intraperitoneally at the dose of 80 mg/kg for 3 days, 3-
methylcholanthrene at 25 mg/kg for 3 days, dexamethasone at 100 mg/kg for 4 days, clofibrate at 250
mg/kg for 3 days, and acetone at 3 g/kg orally for one day.

Assay of Reductase Activity
The incubation mixture consisted of 0.1 mmol of p,p’-DDT or o,p’-DDT (50 ml of methanol
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solution), 1 mmol of NADPH or NADH, and 0.2 ml of liver microsomes in a final volume of 1 ml of
0.1 M K,Na-phosphate buffer (pH 7.4). Incubation was performed using a Thunberg tube under
anaerobic conditions for 30 min at 37 oC. The mixture was extracted once with 5 ml of n-hexane and
the extract was evaporated to dryness in vacuo. The residue was dissolved in 0.1 ml of methanol and
then subjected to high-performance liquid chromatography (HPLC).

Results and Discussion

Metabolism of p,p’-DDT by rat liver microsomes
p,p’-DDT was incubated with liver microsomes of untreated rats in the presence of NADPH for the

detection of metabolites. Two peaks, p,p’-DDD and p,p’-DDE, were detected in an HPLC
chromatogram of the extract of the incubation mixture.

In the case of boiled microsomes, these metabolites were not detected. The metabolites
corresponding to p,p’-DDT and p,p’-DDE were isolated and identified unequivocally as p,p’-DDT and
p,p’-DDE by mass spectrometry, TLC and HAPLY comparison with authentic samples. The further
metabolized products, p,p’-DDMU and p,p’-DDA, were not detected by HAPLY or TLC as
metabolites of p,p’-DDT with liver microsomes.

Dechlorinating activity of rat liver microsomes toward p,p’-DDT
The liver microsomes of untreated rats catalyzed the reductive dechlorination of p,p’-DDT to p,p’-

DDD in the presence of NADPH or NADH under anaerobic conditions. The NADH- and NADPH-linked
dechlorinating activities of the microsomes toward p,p’-DDT were inhibited by SKF 525-A, metyrapone
and carbon monoxide. The NADPH-linked activity was also inhibited by ketoconazole. However, the
activity was not affected by disulfiram, sulfaphenazole and quinidine. These results suggest that CYP
3A1 functions in the dechlorination of p,p’-DDT in untreated rats. These facts suggest that the reductive
dechlorination of p,p’-DDT was catalyzed by the microsomal CYP system, but not DT-diaphorase,
xanthine oxidase or aldehyde oxidase. The effect of the pretreatment of rats with various inducers on the
reductive dechlorination of p,p’-DDT was examined. When the reductase activities in liver microsomes
from untreated, phenobarbital-treated, 3-methylcholanthrene-treated, acetone-treated, clofibrate-treated
and dexamethasone-treated rats were compared in the presence of NADPH, enhanced activity compared
with that of untreated rats was observed in phenobarbital-treated and dexamethasone-treated rats (Fig. 1)

Figure 1. Dechlorination of p,p’-DDT by liver microsomes of rats pretreated with inducers of the
cytochrome P450 system.
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Identification of CYP Isoforms Involved in the Dechlorination
Identification of CYP isoforms involved in the dechlorination of p,p’-DDT in liver microsomes was

attempted by using recombinant rat and human CYPs. Recombinant rat CYP 2B1 and 3A1 catalyzed
this dechlorination in the presence of NADPH at rates of 1.16 and 1.03 nmol/min/nmol CYP,
respectively. Recombinant human CYP 3A4 and 2B6 exhibited substantial activities for dechlorination
of p,p’-DDT in the presence of NADPH. Human CYPs 1A1, 1A2, 2A6, 2C9, 2D6, 2E1 and 4A11 also
showed some dechlorinase activity (Fig. 2). Control microsomes of human B lymphoblastoid cells
exhibited no appreciable dechlorinase activity. These facts suggest that the dechlorination of p,p’-DDT
is catalyzed predominantly by phenobarbital- and dexamethasone-inducible CYPs, but other CYPs also
contribute to the dechlorination.

Figure 2. Dechlorination of p,p’-DDT by microsomes from human B lymphoblastoid cells expressing
individual recombinant human cytochrome P450.

Reductive metabolism of o,p’-DDT by liver microsomes
o,p’-DDT, the isomer of p,p’-DDT, is known to contaminate technical-grade DDT, and to have a

higher estrogenic activity than p,p’-DDT. In this study, the dechlorinating activity toward o,p’-DDT by
rat liver microsomes was compared with that toward p,p’-DDT. The liver microsomes exhibited
reductase activity toward o,p’-DDT in the presence of NADPH, NADH or both NADPH and NADH.
The reductase activity in the presence of these cofactors toward o,p’-DDT was similar to that in the
case of p,p’-DDT.

Metabolism of p,p’-DDD by liver microsomes
Metabolism of p,p’-DDD by rat liver microsomes was also examined. When p,p’-DDD was

incubated with liver microsomes in the presence of NADPH under anaerobic conditions, two peaks
corresponding to authentic p,p’-DDE and p,p’-DDMU were detected in the HPLC chromatogram of the
extract of the incubation mixture. The metabolites isolated by HPLC were identified unequivocally as
p,p’-DDE and p,p’-DDMU by comparison with authentic samples . When p,p’-DDE was incubated
similarly with liver microsomes in the presence of NADPH, p,p’-DDMU was not detected.

In the present study, the dechlorination of p,p’-DDT was demonstrated to be mainly mediated by
CYP 2B1, 3A1, 2B6 and 3A4. It is known that p,p’-DDT induces CYP 2B1 and 4A1 in rat livers 2).
This suggests that the dechlorinating activity toward p,p’-DDT would be enhanced by the pretreatment
of rats with p,p’-DDT. It is reported that the major metabolite of p,p’-DDT remaining in tissues of
mammalians is p,p’-DDE 5). It remains to be determined whether p,p’-DDE is formed via p,p’-DDD as
suggested above or by dehydrochlorinase, as has been demonstrated in insects. We are conducting a
further study on this point.
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Figure 3. Postulated metabolic pathway of p,p’-DDT by rat liver microsomes
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