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ABSTRACT 

Title of Dissertation: Metabolism of Hydroxylalkyl Derivatives of 3-Methylcholanthrene 

by Liver Microsomes. 

Magang S hou Doctor of Philosophy, 1991 

Dissertation directed by: Shen K. Yang, Ph.D., Professor, Department of Pharmacology 

3-Methylcholanthrene (3MC) is a potent carcinogen and requires metabolism by 

mammalian drug-metabolizing enzyme systems to exert its mutagenic and/or carcinogenic 

activities. l-Hydroxy.3MC (1-0H-3MC), 2-hydroxy-3MC (2-OH-3MC), and 3-

hydroxymethylcholanthrene (3-OHMC) are the major initial metabolites of 3MC. 1-OH-

3MC and 2-OH-3MC are further metabolized to form 3MC-l-one, 3MC-2-ono, 3MC 

/rfl/ts-l,2-diol, and 3MC cw-l,2-diol. 2-OH-3MC and 3MC-2-one are potent 

carcinogens. Hence, the major ultimate carcinogens are believed to be derived from further 

metabolism of 2-OH-3MC, 3MC-2-one, and/or 3-OHMC. The objectives of this 

investigation arc: (1) to characterize the products and to determine the relative amounts 

formed by metabolism of 1-OH-3MC, 2-OH-3MC, 3-OHMC, 3MC-l-one, 3MC-2-ono, 

3MC rranj-1,2-diol, and 3MC cj5-l,2-diol (3MC hydroxylalkyl derivatives), by liver 

microsomes from untreated and P-450 enzyme inducer-treated rats, and (2) to compare the 

metabolism of a racemic ^H-labeled 1-0H-3MC by rat and human liver microsomes. The 

results will significantly contribute to the eventual understanding of the metabolic activation 

pathways of 3MC. 

3MC hydroxylalkyl derivatives were synthesized for metabolism studies. Absolute 

configuration of enantiomeric 1-OH-3MC 2-OH-3MC, 3MC cis- and 3MC rranj-1,2-diols 

were established by the exciton chirality method. Relative amounts of 3MC alcohols 

formed in 3MC metabolism by liver microsomes from untreated, 3MC- and PB-treated rats 

were 2-OH-3MC > 3-OHMC > 1-OH-3MC. The l(5)-OH-3MC (53-73%) and 2(5)-OH-

3MC (86-98%) were found to be tiie major enanriomers. By using racemic 1-OH-3MC 



and 2-OH-3MC, respectively, as substrates, liver microsomes from either PB- or 3MC-

trcated rats preferentially metabolized the 15-onantiomer and the 2/?-enantiomer. 

Metabolites formed in the metabolism of each 3MC hydroxylalkyl derivative were separated 

by a combination of rcversed-phase and normal-phase high performance liquid 

chromatography (HPLC). They were identified by ultraviolet-visible absoiption 

spectrophotometry, by mass spectral analysis and by comparison with authentic 

compounds. Enantiomeric composition and absolute configuration of major chiral 

metabolites were determined by chiral stationary phase HPLC and circular dichroism 

spectropolarimetry. Stereoselective formation of products and enantioselective disposition 

of substrates were highly dependent on the particular substrate used, the enzyme inducer 

utilized, and the microsomal enzyme concentration employed. The metabolic profiles 

obtained by incubation of [3H]-1-0H-3MC with rat and human liver microsomes are 

qualitatively similar. 9,10-Dihydrodiols were the major metabolites formed by the 

metabolism of these 3MC hydroxylalkyl derivatives. These dihydrodiols could be 

precursors of 9,10-diol-7,8-epoxides and have the potential to be the ultimate carcinogens 

of3MC. 
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INTRODUCTION 

PAHs are ubiquitous environmental pollutants released into the atmosphere, 

primarily due to tiieir production from combustion processes. Among tiie environmental 

chemicals, polycyclic aromatic hydrocarbons (PAHs) comprise tiie largest group of 

carcinogens (Wynder et al, 1972; Shubik, 1972). Some PAHs are beUeved to cause 

cancer induction in man. 

Carcinogenicity of PAHs has mainly been observed for tri-, tetra-, penta-, and 

hexacyclic compounds. The carcinogenic activity of a particular compound is dependent on 

various structural features of the molecule. Shape, size, and steric factors all seem to be 

important Isomeric parent PAHs may differ maricedly in their activities. For example, 

benzo[a]pyrene (BaP) has significantiy greater activity than benzo[e]pyrene (Hueper et al. 

1972). Enantiomeric PAH metabolites may also differ in their mutagenic and carcinogenic 

activities (Cavalieri etal., 1978; Levin et al., 1979; Chouroulinkov etal, 1979). 

Alkyl groups on PAHs might retard or block the metabolic formation of arene 

oxides at the ring carbon atoms to which they are attached; may shift the point of metabolic 

attack to distal areas of the molecule, or may serve as sites of metabolic activation or 

detoxification. Hence the carcinogenicity of PAHs may be enhanced, diminished, or left 

unaffected by alkyl substitution (Schoontal, 1964; Newman, et al., 1976). Parent PAHs 

require metabolic activation by drug metabolizing enzyme systems. Some oxygenated 

metabolites formed in the metabolism of parent PAHs may react with biological 

macromolecules. 

Cytochrome P-450 isozymes arc responsible for catalyzing stereoselective 

hydroxylation and epoxidation reactions of xenobiotics such as the PAHs as well as certain 

endogenous metabolic intermediates (e.g., steroids). Epoxides are key intermediates in the 

formation of phenols and fra/ts-dihydrodiols. Metabolism of PAHs can be schematically 

illustrated as shown in Fig. 1 (Yang, 1988). Because of tiie stereoselective characteristics 
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Figure 1. Oxidative pathways of metabolism of a fully unsaturated PAH leading to chiral 

(enantiomeric and diastereomeric) and a chiral products. P-450: cytochrome P-450, EH: 

epoxide hydrolase; NE: non-enzymatic rearrangemenL Vicinal dihydrodiol-epoxide is a 

ultimate carcinogenic bay region diol epoxide. 



of tiie enzymes, an epoxidation reaction at prochiral unsaturated double bonds of a PAH 

catalyzed by cytochrome P-450 isozymes may result in optically active epoxides. 

Hydration of epoxides catalyzed by epoxide hydrolase may further produce trans-

dihydrodiols enriched in one enantiomer. 

1. Theoretical background 

1.1 Bay region theory 

In 1976, Jerina et al. examined the structure-activity relationships of substituted 

PAHs and proposed the bay-region theory as a concept for understanding the 

carcinogenicity of PAHs (Jerina etal., 1978; 1976; Chouroulinkov etal, 1979). The bay 

region theory postulates that tetrahydroopoxides with the epoxide oxygen in the bay region 

of a PAH should be highly reactive (see Fig. 2). The bay-region diol epoxides are 

presumably the active intermediates, and the data indicated that the bay-region theory 

applies to substituted as well as unsubstituted PAHs. 

The bay region theory of PAH carcinogenesis, which predicts an unusually high 

ease of formation of benzylic carbonium ions derived from bay region epoxides has 

received much attention. Perturbational molecular orbital calculations have indicated that an 

epoxide on a saturated, angular benzo ring that forms pan of a bay region of the 

hydrocarbon should have high chemical reactivity and presumably high biological activity 

(Jerina et al, 1978). The bay-region diol-epoxides of a PAH should be good candidates 

as ultimate carcinogenic metabolites. The reactive letrahydro-epoxide can yield a reactive 

carbonium ion which exhibits electrophilic property and binds to biological 

macromolecules. Hence tfie bay-region theory became important to explain a correlation 

between the formation of bay-region diol-epoxides and biological activity of PAHs 

(Fig. 3). 

3MC is a C7-C8 etiiylene substituted benz[a]antiiracene derivative. If bay-region 

theory is applied to 3MC, tiie 3MC 9,10-dihydrodiol-7,8-epoxide is predicted to have the 
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highest chemical reactivity. Mutagenicity (Malaveille et al., 1978; Wood et al, 1978) and 

tumorigenicity (Levin et al, 1979; Chouroulinkov et al, 1979) studies indicated tiiat tfie 

9,10-dihydrodiols of botii 3MC and l-hydroxy-3MC (1-OH-3MC) were tiie most 

mutagenic dihydrodiols tested. For example, 9,10-dihydrodiol of 1-OH-3MC is 

metabolically activated to mutagens toward tiie Salmonella typhimurium test strain TA1(X) 

to a 10-fold or greater extent tiian is 3MC. In tiie case of 3MC, the critical binding 

activation would be mediated via a 9,10-diol-7,8-epoxide. This metabolite has been 

suggested to bind DNA from mouse embryo cells (King et al, 1977) and fluorescence 

spectral evidence on DNA from mouse skin is consistent with the 3MC diol-epoxide. 

These data suggest that 9,10-dihydrodiols are the proximate carcinogens of 3MC and the 

bay-region diol-epoxides (9,10-diol-7,8-epoxides of both 3MC and 1-OH-3MC) could be 

the ultimate mutagens and carcinogens of 3MC. The 3MC rrartj-9,10-dihydrodiol-7,8-

epoxides have been synthesized and implicated as the ultimate carcinogen metabolites of the 

potent carcinogen 3MC (Jacobs et al, 1983). 

The metabolic activation of PAH requires two enzyme systems, cytochrome P-450 

and epoxide hydrolase. 3MC may be converted to 3MC 9,10-epoxide, which is 

enzymatically hydrated to the 9,10-dihydrodiol. 3MC 9,10-dihydrodiol is further 

metabolized to the bay region 9,10-dihydrodiol-7,8-epoxide (Thakker et al, 1978) (Fig, 

4). 

1.2 Theory of one electron oxidation to rascal cation 

Bay region theory is not the only theoiy proposed to explain PAH carcinogenicity. 

Accumulated evidence suggests that one-electron oxidation of aromatic hydrocarbons to 

radical cations might be anotiier critical mechanism of activation to initiate tiie multistep 

process which results in cancer (Cavalieri et al, 1985). Nucleophilic trapping of tiie 3MC 

radical cation generated by iodine or Mn^* oxidation occurs specifically at Ci, which is the 

alkyl substitution attached to the position of highest charge density. In tiiese model 

reactions it was established that the rate determining step is fragmentation of the Ci-H bond 
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(Cavalieri et al, 1985). This is analogous to tiie alkyl trapping products obtained witii 7-

metiiylbonzlajantiiracene (7-MBA), 7,12-dimetiiylbenz[a]antiiracene (DMBA) and 6-

metiiylbenzo[a]pyrene (6-MBaP). Thus, tiie critical activation step in 3MC, 2-hydroxy-

3MC (2-OH-3MC) and 3MC-2-one carcinogenesis, by analogy with 6-

methylbenzo[a]pyrene, might be die formation of the corresponding radical cations by one-

electron oxidation and subsequent reaction of the intermediates to cellular nucleophiles 

through the 1-carbon atom. This mechanism may form tiie basis of the activation of all 

carcinogenic aliphatic aromatic hydrocarbons. 

In order to test the hypothesis tiiat tiie critical mechanism of activation of 3MC is 

one-electron oxidation, the carcinogenicity of 3MC was compared to tiiat of 1-OH-3MC, 

3MC-l-one, 2-OH-3MC, 3MC-2-one and 3-metiiylcholanthrylene (3MCE) by repeated 

application on mouse skin. The relative carcinogenicity was found to be: 3MC and 2-OH-

3MC (carcinogen) > 3MC-2-one and 3MCE > 1-0H-3MC > 3MC-l-one (noncarcbogen) 

(Cavalieri era/., 1978,1988). 

1.3 Other nan bay-region theories of the proximate and ultimate carcinogen 

Other modes of activation of PAHs are also possible. Methylated PAHs can be 

activated by hydroxylation (proximate carcinogen) of the methyl group followed by 

esterification to yield a benzylic ester (the postulated ultimate carcinogen, bearing a good 

leaving group). If a good leaving group is present, a carbonium ion can be formed which 

could react with critical cellular nucleophiles. For example, mutagenic and carcinogenic 

activities of the hydroxymetiiyl derivatives of 6-methylbenzo[a]pyrene (6MBaP) (Flesher er 

al, 1973; Sydnor et al, 1980), DMBA and 7MBA (Watabe et al, 1985; 1986;), and 

sulfate or acetate esters of tiie hydroxymetiiyl derivatives of BaP, 7MBaP, DMBA, 3MC 

(Rogan et al, 1986), and 6MBaP (Cavalieri et al, 1979). 

2. Chemistry of SMC and derivatives 



The chemical oxidation of 3MC in an ascorbic acid-ferrous sulphate-EDTA reaction 

mixture gave all five possible dihydrodiols (Tiemey et al., 1978). The strucmres of tiie 

dihydrodiols were established by uv-visible absorption, mass spectral and NMR spectral 

studies to be cw-2a-5-dihydrodiol, rranj-4,5-dihydrodiol, rra/ts-7,8-dihydrodiol, trans-

9,10-dihydrodiol, cis- and trans-l 1,12-dihydrodiol (Tiemey et al, 19781). Jacobs et al 

(1983) syntiiesized 3MC fra«j-9,10-dihydrodiol and 3MC fran5-9,10-dihydrodiol-7,8-

epoxide, implicated as the proximate and ultimate carcinogenic metabolites, respectively, of 

the potent carcinogen 3MC. 3MC can also be oxidized to yield dihydroxy derivatives such 

as tiie cis isomer of the 1,2-dihydrodiol as well as tiie 1-OH-3MC, 3MC-l-one, 2-OH-

3MC, 3MC-2-ono and 3MCE by lead tetraacetate and osmium tetraoxide (Cavalieri et al, 

1978; Sims et al, 1966; Fieser et al, 1938). 

3. Metabolism of SMC and its derivatives 

3.1 Metabolic conversion 

In a previous study of the metabolism of 3-[i'̂ C]-MC by liver microsomes prepared 

from immature, male Long-Evans rats (Thakker et al, 1978). 1-OH-3MC, 2-OH-3MC, 

3MC-l-one and 3MC-2-one were found to account for >80% of all the metabolites formed. 

In the experiments described, -4% of 3MC was metabolized. Only trace amounts of 

metabolites (3%) could be identified as dihydroxylated species, mainly 3MC trans-l 1,12-

dihydrodiol and 3MC rra/w-1,2-dihydrodiol. 

3.2 Metabolism of SMC and effects of enzyme induction 

The early work on tiie metabolism of 3MC, mainly by hepatic preparations, has 

been reviewed (CavaHeri etal., 1978; Sims, 1966; Tiemey etal, 1978 & 1979; Thakker ef 

al, 1978; Sims etal, 1974; Gangarosa etal, 1983; Stoming etal, 1977) (Fig.4). 1-OH-

3MC, 2-OH-3MC, and to a minor extent, their ketones, as well as 3MC cis- and trans-l, 

2-diols, 3-hydroxylmetiiylcholantiirene (3-OHMC) were tentatively identified as major 

metabolites. There was also some evidence for the presence of small amounts of non-K-
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region dihydrodiol as metabolites. Later investigation by Stoming etal (1977) identified 

the K-region cw-11,12-dihydrodiol as a metabolite. An examination by HPLC of tiie 

dihydrodiols formed in tiie metabolism of 3MC by rat liver microsomal preparations 

showed the presence of/rfl/tf-4,5-dihydrodiol, /rflw-7,8-dihydiodiol, rra^-9,10-

dihydrodiol and rra^ts-l 1,12-dihydrodiol, identified by their spectral properties and 

chromatographic characteristics. Tentative identifications of cis- and rranj-1,2-dihydrodiol, 

ci^-2a,3-dihydrodiol as metabolites were made. A quantitative comparison of the 

dihydrodiols formed from ^H-labellod 3MC by microsomal preparations from the livers of 

untreated and 3MC-treated rats was carried out (Sims et al, 1974). 

Prctrcatment of rats witii PB, PCN and 3MC results in a 2-, 3- and 5-fold increase 

in the total metabolism of 3MC. Thakker era/. (1978) investigated tiie metabolism of 3MC 

both by hepatic microsomal fractions from rats pretreated with eitiier 3MC, PB or PCN and 

by a purified monooxygenase system, with or without the addition of purified epoxide 

hydrolase. The results indicated that most of the major metabolites arose through 

hydroxylation at Ci and C2. Thakker et al (1978) further extended their earlier 

observations and, using large-scale hepatic microsomal fractions fix)m 3MC-treated rats, 

was able to isolate two dihydrodiols formed in the metabolism of racemic 1-OH-3MC that 

were characterized by uv-visible spectral and NMR spectroscopy analyses and shown to be 

tiie diastereomeric forms of the 9,10-dihydrodiols of 1-0H-3MC (tiiese two diastereomeric 

dihydrodiols were designated as 9,10-dihydrodiol-a and 9,10-dihydrodiol-fr). 

With the availability of reference dihydrodiols, comparisons between the amounts 

of metabolites formed by hepatic microsomal fractions from untreated or PB- and 3MC-

pretrcated rats indicated that tiie amounts of the 3MC trans-l,%-, 9,10- and 11,12-

dihydrodiols were increased, tiiat of tiie cw-2a, 3-diol was decreased (Tiemey etal, 1979). 

Many of the above diols and dihydrodiols, as well as tiie 1- and 2-hydroxy and koto 

derivatives were detected as products in tiie metabolism of 3MC by hepatic nuclei from 

untreated and 3MC-treated rats. The level of metabolism was greater in nuclei from 
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pretreated animals than in those from untreated animals (Tiemey et al, 1979). However, 

the absolute configurations and enantiomeric compositions of chiral metabolites formed in 

the metabolism of 3MC by liver microsomes of rats treated with various inducers were not 

reported. 

3.3 Metabolism of SMC at C] and C2 positions 

d and C2 positions of 3MC arc major sites of oxidative metabolism, resulting in 

tiie fonmation of primarily 1-OH-3MC and 2-OH-3MC and to a minor extent, 3MC-l-one 

and 3MC-2-one (Cavalieri et al., 1978; Sims, 1966; Thakker et al, 1978; Tiemey et al., 

1979; Stoming et al, 1977; Eastman et al, 1979). When 3MC is present in saturating 

amount, as much as 45% to 75% of rat liver microsomal metabolism of 3MC occurs at Ci 

and C2 positions. 

Conflicting results were reported on the relative amounts of 1-OH-3MC and 2-OH-

3MC formed in the metabolism of 3MC by rat liver microsomes (Thakker et al, 1978; 

Tiemey et al, 1979 Stoming et al, 1977; Eastman et al, 1979). A [l-OH-3MC]:[2-OH-

3MC! ratio of 32:68 (Stoming et al, 1977) and of 43:57 (Tiemey et al, 1979) were 

reported in the metabolism of 3MC by liver microsomes from 3MC-trcated rats. Another 

study reported that 2-OH-3MC was formed predominantly in the metabolism of 3MC by 

liver microsomes from Aroclor 1254-treated rats (Eastman et al, 1979). Liver nuclei from 

untreated and 3MC-treated rats metabolize 3MC to form 1-OH-3MC and 2-OH-3MC in 

ratios of 59:41 and 29:71, respectively (Tiemey et al, 1979). In contrast, Thakker et al 

(1978) reported tiie ratios of [l-OH-3MC]:[2-OH-3MC], formed in tiie metabolism of 3MC 

by four rat liver microsomal preparations, were 78:22 (untreated control), 93:7 (PB-

treated), 66:34 (3MC-treated), and 97:3 (PCN-trcated), respectively. In our study (see 

later), the amount of 2-OH-3MC formed in tiie metabolism of 3MC was consistenrty found 

to be higher tfian that of 1-0H-3MC by liver microsomes from untreated, PB-treated, and 

3MC-treated rats (Shou and Yang, 1990a). The discrepancy of results in our study versus 

tiiose in earlier studies (Thakker et al, 1978; Tiemey et al, 1979; Stoming et al, 1977; 
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Eastman et al., 1979) was apparentiy due to differences in analytical metiiods employod. 

In our study, 1-OH-3MC and 2-OH-3MC were first isolated by reversed-phase HPLC as a 

mixture, and tiieir relative amounts were reliably determined by normal-phase HPLC, 

which allowed baseUne separation of 1-0H-3MC and 2-OH-3MC. It is worthy noting tiiat 

2-OH-3MC is a considerably more potent carcinogen tiian 1-0H-3MC. 

3.4 Metabolism ofl-OH-SMC and 2-OH-SMC 

Previous smdies indicated tiiat 3MC 9,10-dihydrodiol is a minor metabolic product 

However, one major metabolite, 1-OH-3MC, is further metabolized to form a pair of 

diastereomeric 9,10-dihydrodiols (9% of total metabolites) (Thakker et al, 1978; Eastman 

etal, 1919). 

Since 1-0H-3MC and 2-OH-3MC are the two major primary oxidative metabolites 

of 3MC, it was of interest to see if either or both of tiiese primary oxidative metabolites 

could be further converted to dihydrodiols or ptiier oxygenated metabolites by the 

cytochrome P-450 system. To study tiie metabolism of 1-OH-3MC, tritium-labeled 

substrate was prepared by reduction of the 3MC-l-one with KB3H4 in a solution of ethanol 

/tetrahydrofuran (3:1). The metabolite profiles of [l-^H] 1-OH-3MC obtained witii the 

purified monooxygenase system in the presence of epoxide hydrase indicate that at least 

four metabolite peaks are formed in the incubation medium. These four metabolites appear 

to be trans dihydrodiols. The two major fractions were characterized and assigned as 

diastereomerically related trans -9,10-dihydrodiols generated from racemic 1-OH-3MC 

(Gardiner et al, 1984). The other two metabolites were identified as trans- and c/5-1,2-

diol-3MC. As is the case with 3MC as tiie substrate, very littie 3MC c«-1,2-dihydrodiol is 

formed from either 1-OH-3MC or 2-OH-3MC. Several phenols were also produced in the 

incubation and were characterized. 

Thakker et al. (1978) showed that the metabolism of racemic 1-OH-3MC gave rise 

to at least 13 products. It is interesting to note that when liver microsomes prepared fixim 

Aioclor-induccd rats were used, total metabolism was only slightiy increased above tiiat 
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using untreated rats, whereas PB and 3MC induction resulted in approximately a 4-fold 

increase in total metabolism. In the study of 2-OH-3MC metabolism, at least 10 

metabolites are formed. However, the majority of metabolites formed from either 1-OH-

3MC or 2-OH-3MC were not characterized. 

The results of earlier studies on tiie metabolism of 3MC, 1-OH-3MC and 2-OH-

3MC can be summarized as follows: (a) 3MC is extensively metabolized to 1-OH-3MC and 

2-OH-3MC as well as otiier dihydrodiols by rat liver monoxygenases, (b) only small 

amounts of dihydrodiols are formed from tiiis hydrocarbon, (c) 1-OH-3MC and 2-OH-

3MC can be further metabolized by tiie liver monooxygenase system, (d) 1-OH-3MC is 

metabolized by liver microsomes to at least four dihydrodiols and several phenols. The 

two major dihydrodiols of 1-0H-3MC appear to be diastereomerically related trans-9,10-

dihydrodiols, and (e) metabolites formed in the metabolism of 2-OH-3MC, 3MC-2-one and 

3MC-l-one have either not been characterized or poorly characterized. 

3.5 Stereoselectivity of enzymes 

PAHs are stereoselectively metabolized by mammalian drug-metabolizing enzyme 

systems to optically active intermediates, including epoxides, dihydrodiols and 

dihydrodiol-epoxides. Enantiomeric epoxides and dihydrodiols as well as diastereomeric 

dihydrodiol-epoxides of benz[alanthracene (BA) and benzo[a]pyrene (BP) vary 

substantially in their mutagenic and carcinogenic activities (Conney et al., 1982). The 

optical purity of dihydrodiol metabolites of some PAHs can be determined by resolution of 

diastereomers derivarized witii (-)menthoxyacetyl chloride (Yang et al., 1977). A chiral 

stationary phase (CSP) HPLC metiiod was developed to resolve some epoxide, 

dihydrodiol, and tetrahydrodiol enantiomers formed in the metabolism of several PAHs by 

hepatic microsomal enzymes (Yang etal, 1989,1990). 3MC may undergo enzymatic 

hydroxylation at the methylene carbons to form enantiomeric 1-OH-3MC. The enantiomers 

of 1-OH-3MC can be separated by CSP-HPLC (Yang and Li, 1984). A 1-OH-3MC was 

obtained as a metabolite foimed in the metabolism of 3MC by liver microsomes from PB 
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treated rats and was shown to have a an (R):(S) enantiomer ratio of 54:46 (enantiomeric 

purity of 8% enriched in tiie /? enantiomer). The enantiomers of 2-OH-3MC were not 

resolved by tiie CSP-HPLC procedure. But a 2-OH-3MC formed in tiie metabolism of 

3MC was found to be optically active by circular dichroism (CD) spectral analysis (Yang 

and Li, 1984). 

4. Tests of Biological Activity 

4.1 Reactions with nucleic acids 

DNA binding studies in vitro and in vivo indicated that, in addition to being 

activated to a 3MC 9,10-diol-7,8-epoxide, 3MC was also activated to other products that 

bind covalentiy to DNA (King et al, 1977; Eastman et al, 1979; Vigny et al, 1977; 

Cooper et al, 1980; King et al, 1978; Phillips et al, 1978; Osborne et al, 1986). These 

were believed to be the 9,10-diol-7,8-epoxides formed via hydroxylation at the Ci or C2 

position and/or the 3-methyl group (Eastman et al, 1979; Cooper etal, 1980; Phillips et 

al, 1978). 

Examination by Vigny et al. (1977) and by Cooper et al. (1980) of the fluorescence 

spectra of DNA and of adducts present in DNA isolated from the skin of mice treated witii 

3MC showed that the emission spectra were anthrancene-like. The results indicated that the 

covalentiy bound adducts derived from 3MC involved saturation of the 7,8,9,10-ring of tiie 

hydrocarbon. Some laboratories (Cooper et al., 1980; King etal, 1977) employed HPLC 

in adduct analyses and detected five products in the mixtures of adducts derived from DNA 

of cultured mouse embryo cells pretreated with 3MC. The fluorescence spectra were 

similar to that of 7,8,9,10-tetrahydro-3MC, which has an antiiracene nucleus. The adducts 

were suggested to be drived from binding of DNA witii 1-OH-3MC 9,10-diol-7,8-epoxide 

and tiie 3MC 9,10-diol-7,8-epoxide, respectively. However, tiie identities of metabolites 

responsible for binding to DNA were not definitively established. 
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Osborne (1983) analyzed tfie DNA adducts formed by reaction of tiie anft-isomer of 

3MC 9,10-diol 7,8-oxide and showed tiiat reaction with DNA occurred mainly on tiie 

exocyclic amino group of deoxyguanosine. 

The available evidence on tiie metabolic activation of 3MC implicates one or more 

bay region 9,10-diol-7,8-epoxides, presumably arising from further metabolism of more 

tiian one 9,10-dihydrodiol. Altiiough 3MC 9,10-dihydrodiol is shown to possess high 

biological activity, it is a very minor metabolite of 3MC. The biological activity of 3MC 

may be primarily due to further metabolism of hydroxyalkyl derivatives such as 1-OH-

3MC, 2-OH-3MC, and 3-OHMC. 

4.2 Sister Chromatid Exchanges (SCEs) 

The induction of sister chromatid exchanges (SCEs) in Chinese hamster ovary 

(CHO) cells by 3MC and some of the related dihydrodiols was investigated. Increased 

numbers of SCEs were seen in the chromosomes of cells exposed to non-K-region 

dihydrodiols. The most active compounds were the 7,8- and 9,10-dihydrodiols of 3MC. 

The parent hydrocarbons and their corresponding K-region dihydrodiols were relatively 

less active (Pal et al, 1979). 

4.3 Mutagenicity in vitro 

When salmonella typhimurium strain TA98 was used to detect mutagens and when 

hepatic microsomes were tiie source of metabolizing enzyme, 1-0H-3MC was 

metabolically activated to a 10-fold greater extent than was 3MC and was the most active 

compound tested. 1-OH-3MC 9,10-dihydrodiol and 3MC-2-one, the second and third 

most active compounds, respectively, were also activated to a greater extent than was 3MC. 

2-OH-3MC had similar mutagenicity as 3MC. 3MC-l-one and tiie K-region 3MC 11,12-

dihydrodiol were less active and inactive, respectively (Wood et al, 1978). 

When S. typhimurium strain TAIOO and Chinese hamster V79 cells were used to 

detect mutations and bodi hepatic microsomes and tiie highly purified and reconstituted 

monooxygenase system was the enzyme source, 1-0H-3MC 9,10-dihydrodiol was 
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activated to a greater extent tiian was 3MC or 4,5-, 7,8-, 11,12- and 2a,3-dihydrodiol and 

was tiie most active compound (Malaveille et al, 1978). MetaboUtes formed from 1-OH-

3MC 9,10-dihydrodiol were 15-100 times more mutagenic tiian were tiie metabolites 

foimed from 3MC. 3MC-2-one and 1-OH-3MC were the second and third most active 

substrates (Wood et al, 1978). Among two diastereomeric 1-OH-3MC 9,10-dihydrodiols, 

tiie one designated as 1-OH-3MC 9,10-dihydrodiol-a was more active botii in S. 

Typhimurium strain TAIOO and V79 cells tiian tfiat designated as 1-OH-3MC 9,10-

dihydrodiol-fe. 1-OH-3MC, 2-OH-3MC, 3MC-l-one, and 3MC-2-one all showed varying 

degrees of mutagenicity, depending on the system used. 

4.4 Carcinogenicity test 

Carcinogenic activities of 3MC, 1-OH-3MC, 2-OH-3MC, 3MC-l-one and 3MC-2-

one were tested by three weekly subcutaneous injections into nuce; all four 3MC 

derivatives were active carcinogens, but less so than 3MC itself (Sims, 1967). In tests for 

tiie induction of pulmonary and hepatic tumors in newborn mice (Levin et al., 1978), it was 

found that 3MC and 3MC-2-one were the most active in inducing pulmonary tumors, 2-

OH-3MC was slightiy less active, 1-OH-3MC showed marginal activity and 3MC-l-one 

was inactive. In the induction of hepatic tumors in newborn male mice, 3MC, 2-OH-3MC 

and, to a lesser extent, 3MC-2-one were active. 

In the tumorgenicity study on mouse skin (Levin et al, 1978; Chouroulinkov et al, 

1979; Cavalieri etal, 191B), a single topical application of 3-30 nmol of compound was 

followed 7 days later by twice weekly applications of the tumors promotor 12-0-

tetradecanoylphorbol-13-acetate for 30 weeks. The average number of tumors per mouse 

indicated tfiat 3MC, 2-OH-3MC, 3MC-2-onc and 1-OH-3MC 9,10-dihydrodiol 

diastereomers were approximately equipotent as tumor initiators. 1-0H-3MC had 

approximately one-fourth the tumor-initiating activity of die most active compounds and 

3MC-l-onc and rrfl/u-/7,/2-dihydrodiol-3MC had no significant mmorigenic activity at tiie 

doses tested (Sims, 1967). 
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The high tumorigenic activity of 1-OH-3MC 9,10-dihydrodiol on mouse skin and 

in newborn mice provided evidence for bay-region activation of 3MC to an ultimate 

carcinogen (Levin et al, 1979). 1-0H-3MC 9,10-dihydrodiol at tiie 21 and 49 nmol doses 

also produced hepatic nimors in 50-81% of tiie male mice, respectively. 3MC and 2-OH-

3MC had one-fourth to one-tentii tiie activity of 1-OH-3MC 9,10-dihydrodiol in tiie liver. 

The other 3MC metabolites were essentially inactive in producing hepatic tumors. But it is 

not clear at present time whether or not the presence of a hydroxy group on the methylene 

bridge is an essential feature in the metabolic activation of 3MC in a target tissue in vivo. 

5. Significance and Specific Aims 

Since the initial report (Vigny et al, 1977) tiiat 3MC is activated at the 7,8,9,10-

benzo ring, additional evidence indicated tiiat 9,10-diol-7,8-epoxides derived from 1-OH-

3MC, 2-OH-3MC, and 3-OHMC may be more important activated metabolites than the 

9,10-diol-7,8-epoxide of 3MC (King et al, 1977; Osborne et al, 1986). To date, tiiore 

has not been definitive data establishing the activation pathways of 3MC. In fact, there 

may be more than one activated metabolite responsible for the carcinogenicity exhibited by 

3MC. Inspite of intensive efforts in the past, metabolites of 3MC and its oxidative 

derivatives formed at Ci, C2, and Cs-motiiyl groups had not been carefully studied. 

Hence, relative to the detailed understanding in many other PAHs, tfie metabolic activation 

pathway(s) is poorly understood. Veiy little has been reported on the stereochemical 

pathways in the metabolism of 3MC. The major difficulty has been the lack of a good 

analytical system in tiie separation of tiie complex mixture of metabolites formed in the 

metabolism of 3MC as well as methodology in tiie separation of enantiomeric pairs of 3MC 

derivatives. 

The objectives of this study are to identify tiie metabolites formed in tiie metabolism 

of 3MC and its oxidative derivatives formed at Ci, C2, and C3-metiiyl groups such as 1-

OH-3MC, 2-OH-3MC, 3-OHMC, 3MC trans-l,2-^ol, and 3MC c/i-1,2-diol by at liver 
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microsomes. The stereochemistry of major metabolites will also be examined. The results 

will significantiy contribute to the understanding of the metabolic activation pathways of the 

potent carcinogen 3MC. The specific aims are: 

(1). Chenucal syntiiesis of 1-OH-3MC, 2-OH-3MC, 3MC-l-one, 3MC-2-one, 3MC 

trans- and cis -1,2-diols as source materials for the proposed metabolism studies. 

(2). Separation and elucidation of the absolute configurations of enantiomeric 1 -OH-

3MC, 2-OH-3MC, 3MC rra/w-1,2-diol, and 3MC cw-U-diol. 

(3). Stereoselective hydroxylation at Ci and C2 positions of 3MC. 

(4). To examine if 3-OHMC is a metabolite of 3MC. If it is, to determine the amount of 

its formation under a variety of experimental conditions. 

(5). To determine enantioselective disposition of racemic 1-OH-3MC and 2-OH-3MC 

by various rat liver microsomal preparations. 

(6). Stereoselective metabolism studies of 1-0H-3MC, 2-OH-3MC, 3MC-2-one, 3-

OHMC, 3MC cw-1,2-diol and 3MC trnas-l,2-dio\, respectively, by rat liver 

microsomes and effects of enzyme induction. These studies include: 

6a. Separation of metabolites by reversed-phase and normal-phase HPLC. 

6b. Structural identification of metabolites. 

6c. Determination of absolute configuration of major chiral metabolites. 

6d. Determination of enantiomeric composition of major chiral metabolites. 

6e. Effect of pretreatment of rats witii phenobarbital, Aroclor 1254 

(polychlorinated biphenyls), or 3MC on tiie metabolic activity of liver 

microsomal preparations. 

6f. Quantitative comparison of product formation and substrate disposition. 

6g. Comparative metabolism study of racemic [̂ H] 1-0H-3MC by rat and 

human liver microsomes. 



MATERIALS AND METHODS 

Materials 

3MC, NADP+, glucose 6-phosphate (G-6-P), and G-6-P dehydrogenase (G-6-PD) 

were purchased from Sigma Chemical Co. (St Louis, MO). SmaU amounts of autiientic 1-

OH-3MC, 2-OH-3MC, 3MC-l-one, 3MC-2-one and 3MC c«-l,2-diol, 1-

hydroxybenz[a]anthracene (1-OH-BA), 2-OH-BA, 3-OH-BA, 4-OH-BA, 5-OH-BA and 6-

OH-B A were obtained from tiie Chemical Respository of tiie National Cancer Instinite, 

Botiiesda, MD. Phenobarbital (PB) and PCB (Aroclor 1254) were purchased from Merck 

& Co., Inc. (Rahway, NJ) and from Analabs, Inc. (North Haven, CT), respectively. The 

liquid scintillation cocktail used in tiie quantitative studies (Scinti Verse I) and sodium 

borohydride (NaBH4) were purchased from Fisher Scientific Co. (Fair Lawn, NJ). 

Bromine, osmium tetroxide (OSO4) and 2,3-dichloro-5,6-dicyano-l,4-benzoquinone 

(DDQ) from Aldrich Chemical Co. (Milwaukee, WI) were used for synthesis of 3MC 

derivatives. All other reagents, solvents, biochemicals, and materials were purchased form 

commercial sources. Spraque-Dawley male rats (80-100 g, Charles River Breeding 

Laboratories, Wilmington, MA) were used for preparation of liver microsomes. 

Methods 

1. Synthesis of SMC Derivatives and Tritium Labeled 1-OH-SMC 

1.1 Synthesis of SMC cis-12-diol SMC-2-one and 2-OH-SMC (Sims, 1966) 

3MC (1.4 g) in 280 ml dry CCI4 was cooled to 0°C and 0.5 ml of bromine in CCI4 

(20 ml) was added during 15 nun. Pyridine (15 ml) was added and after 1 hr, the mixture 

was filtered to remove pyridine hydrobromide. The solvent was removed under reduced 

pressure and the residue was extracted twice with ethyl acetate. The extract contained 3-

metiiylcholantiirylene (3MC!E, ~0.8 g). A solution of OSO4 (1 g) in etiier (8 ml) was added 
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Figure 6. Syntiiesis of 3MC-l-one and 1-0H-3MC. 
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dropwise to a solution of 3MCE (-0.8 g) in benzene (60 ml) and etfier (60 ml). After 1.5 

hr, pyridine (4 ml) was added, and tfie reaction mixture was reduced on a rotatory 

evaporator. The concentrate was diluted witii pyridine (25 ml), and a solution of sodium 

bisulfite (2 g) in 20 ml of water and 10 ml of pyridine were added separately followed by 

an excess of water to precipitate tiie 3MC cis- 1,2-diol (-1.0 g). 3MC cw-l,2-diol (1.0 g) 

in 13 ml acetic acid containing a few drops of concentrated HQ was heated at 100°C for 5 

min. Water was added until the solution became cloudy and it was allowed to cool, and 

tiien filtered and dried. The yield of 3MC-2-one was -0.67 g. 2-OH-3MC (-0.5 g) was 

obtained by reduction of 3MC-2-one (0.67 g) with NaBH4 in methanol at room 

temperature for 20 min (Fig. 5). 

1.2 Synthesis of 3MC-1 -one and 1 -OH-SMC (Sims. 1966) 

A suspension of lead tetraacetate (3.4 g) in 100 ml glacial acetic acid was added 

over 1 hr to a solution of 3MC (2 g) in 200 ml benzene with ice bath cooling. After 15 min 

of additional reaction time at room temperature, etfiyl acetate was added and the mixture 

was washed to neutrality with water. The ethyl acetate phase was dried over anhydrous 

sodium sulfate (Na2S04). The crude product (3MC-l-one) was obtained by evaporation of 

the solvent The crude 3MC-l-one was dissolved in 25 ml dry tetrahydrofuran (THF) and 

added dropwise to a solution of 1 g NaBH4 in 75 ml THF at room temperature. The 

reduction products (containing 1-OH-3MC) were chromatographed on alumina with hexane 

(Fig. 6). The elution order of chromatographed fractions was 3MC, 3MC-l-one, 2-OH-

3MC and the major product 1-OH-3MC A fraction containing 1-OH-3MC was isolated 

and purified from 3MC-l-one and 2-OH-3MC by normal-phase HPLC (on a silica gel 

column) witii methylene chloride/hexane (3:1, v/v) as tiie elution solvent 

1.3 Synthesis of SMC trans-l 2-diol 

3MC cw-1,2-diol (8 mg) obtained as described above was further oxidized to 3MC-

1,2-dione by reaction witii 2,3-dichloro-5,6-dicyano-l,4-benzoquinone pDQ, 34 mg) in 5 

ml of benzene and by refluxing at SO^C for 6 hr. The resulting 3MC-l,2-dione was 
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converted to 3MC /raw-1,2-diol (-5.6 mg) by reduction witii NaBHj in metiianol at room 

temperature for 30 min. 

1.4 Synthesis of tritium labeled 1-OH-SMC (Gardiner and Stoming, 1984) 

3MC-l-one (5.6 mg, 0.02 mmol) was dissolved in 2 ml of methanol/THF in a 10-

ml screw-cap mbe containing NaB3H4 (100 mCi/0.01 mmol). Approximately 5 mg of 

unlabeled NaBHj was added to tiie tube to complete the reduction reaction. After 30 min at 

room temperature, 5 ml ethyl acetate and 2 ml water were added and the organic phase was 

transferred to another test tube. The organic phase was evaporated to dryness at 50°C 

under a stream of nitrogen. The residue was dissolved in acetonitrile/THF and purified on 

a DuPont Zorbax ODS column eluted witfi a 20-min linear gradient from acetonitrile/water 

(2:3, v/v) to acetonitrile at 2 ml/min. The retention time of [3H]-1-0H-3MC was 18 min 

and specific activity was 184 mCi/mmol. 

2. Preparation of Rat and Human Liver Microsomes 

Male Sprague-Dawley rats weighing 80-l(X) g were treated intraperitoneally widi 

PB (sodium salt; 75 mg/kg body weight, injected in 0.5 ml of water) once daily on each 

of tiiree consecutive days or with 3MC (25 mg/kg body weight injected in 0.5 ml of com 

oil) or PCB (50 mg/kg body weight, injected in 0.5 ml of com oil) injected once daily for 

each of four consecutive days. The rats were sacrificed tiie next day after tfie last injection 

of the drug. Liver microsomes were prepared as described (Alvares et al, 1970). 

Microsomal protein was determined by tiie metiiod of Lowry at al. (1951) witfi bovine 

serum albumin as tfie protein standard. Human liver microsomes were generously 

provided by Dr. F. Peter Guengerich, Center in Molecular Toxicology, Department of 

Biochemistry, Vanderbilt University. Liver microsomes were prepared fit>m two non­

smoking subjects, one died in a motor vehicle accident witfi head injury and tfie otfier by a 

gun shot wound to head, respectively. Human liver microsomes were prepared similarly 
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as rat liver microsomes and the P-450 concentrations were 0.74 and 0.29 nmol/mg protein 

respectively. All liver microsomes were stored at -80°C until use. 

3. In Vitro Metabolism of SMC Derivatives 

3.1 A typical 100-ml metabolic incubation 

Typically, a l(X)-ml reaction mixture contained 100-mg protein equivalent of rat 

liver microsomes, 5 mmol of Tris-HCl (PH 7.5), 0.3 mmol of MgCl2,10 units of G-6-P 

dehydrogenase (type XII, Sigma Chemical Co.), 10 mg of NADP"*", and 48 mg of G-6-P. 

The reaction mixture is pre-incubated at 37°C for 2 min in a water shaker batfi. 3MC (or 

one of its derivatives, 8 mmol in 4 ml of acetone) is then added and incubated for 30 min 

witii liver microsomes derived from untreated, PB- or 3MC-treated rats. Remaining 

substrate and metabolites are extracted by sequential additions of 100 ml of acetone and 200 ^ 

ml of ethyl acetate. The organic solvent extract is dehydrated with anhydrous MgS04, L 
c 

filtered, and evaporated at 50°C to dryness under reduced pressure. The residue is C 

redissolved in THF or methanol for reversed-phase HPLC analysis. For quantification of 

various metabolites formed, the incubation time and volume, protein content, and substrate 

concentration were adjusted as required. An internal standard, whenever required for 

quantification, is added following the addition of acetone to the reaction mixture. 
3.2 Incubation of [^HJ-l-OH-SMC 

[3H]-1-0H-3MC was incubated in a 1-ml reaction mixture containing microsomes 

prepared from livers of either untreated, PB-treated, or 3MC-trcated rats or from human 

liver. Each ml of reaction mixnire contained 0.5 (or 2) mg protein equivalent of liver 

microsomes, 0.05 mmol of Tris-HCl (pH 7.5), 3 ^mol of MgCl2.0.1 unit of G-6-P 

dehydrogenase, 0.1 mg of NADP+ and 0.48 mg of G-6-P. A lO-ml screw-cap test mbe 

containing tiie reaction mixmre was pre-incubated at 37°C for 2 to 5 min in a water shaker 

batii. [ 3H] -1 -0H-3MC (80 nmol in 50 pti of acetone/ml of incubation mixmre, specific 

activity 184 mCi/mmol) was then added and tfie mixture was incubated for 30 min. 
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Unreacted substrate and its metabolites were extracted by sequential additions of 1 vol of 

acetone and 2 vol of etiiyl acetate. The organic phase was removed and tiie aqueous phase 

was rc-extracted witii etiiyl acetate (2 ml). Etiiyl acetate extracts were combined and 

evaporated at 50°C to dryness under a stream of nitrogen. To each residue was added 

reference metabolites formed in tiie metabolism of unlabeled 1-OH-3MC by liver 

nucrosomes finom PB-treated rats. The sample (50 \i\) was injected onto a Nova-Pak Cig 

cartridge (8 mm id. x 10 cm; 4 jim particles). HPLC analysis was conducted according to 

the method described below and the solvent flow rate was 1 ml/min. 

4. High Performance Liquid Chromatograp}^ 

HPLC was performed on either one of the two following systems: a Waters 

Associates (Milford, MA) liquid chromatograph consisting of a model 6000A solvent 

delivery system, a model 660 solvent programmer, and a model 440 absorbance (254 or 

280 nm) detector. Samples were injected via a Valco model N60 loop injector (Valco 

Instruments, Houston, TX). Retention times and ratios of chromatographic peaks were 

recorded with a Hewlett-Packard model 3390A integrator. Alternatively, a Hewlett-

Packard Model HP 1090A LC equipped witii an HP 9153B personal computer, an HP 

Model 1040 diode-array detector, a ternary solvent delivery system, and an automatic 

sampler/injector was used. 

4.1 Normal-Phase HPLC 

Metabolites formed in the metabolism of a PAH were separated on a Golden Series 

Zorbax SEL column (Du Pont Co., Wilmington, DE) using a nonpolar solvent such as 

metiiylene chloride or hexane containing THF or etfiyl acetate as tiie elution solvent 

4.2 Reversed-Phase HPLC 

A PAH and its metabolites were separated witfi a Waters Associates RCM-100 

radial compression module fitted witfi a Nova-Pak Cis cartridge (8 mm i.d. x 10 cm; 4 |im 

particles) eluted witii a 50-niin linear gradient from metfianol/water (2:3, v/v) to metiianol at 
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2 mVmin or on a Du Pont Golden Series Zorbax ODS (Cg) column (6.2 mm i.d. x 25 cm) 

eluted witfi a 30-min linear gradient from acetonitrile/water (2:3 v/v) to acetonitrile at 2 

ml/min. 

4.3 Chiral Stationary Phase HPLC 

The enantiomeric pairs of some chiral derivatives of 3MC were separated on an 

analytical column (4.6 or 10 mm i.d. x 25 cm (Regis Chemical Co., Morton Grove, IL) 

packed witii spherical particles of 5 ̂ m diameter of y-aminopropylsilanized silica to which 

eitiier (5)-/V-(3,5-dinitrobenzoyl)leucine (5-DNBL) or (/?)-A^-(3,5-dinitrobenzoyl) 

phenylglycine (/?-DNBPG) are either convalentiy or ionically bonded. The elution solvent 

was <20 % (v/v) of solvent A (etfianol:acetonitrile, 2:1, v/v) in hexane. Enantiomeric pairs 

of 1-OH-3MC, 3MC cw-1,2-diol or 3MC trans-l,2-diol were resolved by CSP HPLC 

(Figs. 7 and 12). 

5. Determination of Absolute Configurations and Preparation ofl-OH-SMC, 2-OH-

SMC, SMC cis-12-diol and SMC trans-l 2-diol Enantiomers 

5.1 Enantiomeric separation ofl-OH-SMC, SMC cis-12-diol and SMC trans-l 2-diol 

Each enantiomeric pair of 1-OH-3MC, 3MC c«-1,2-diol and 3MC trans-l,2-dio\ 

were resolved using either covalentiy or ionically bonded /?-DNBPG columns (Figs. 7 and 

12). 

5.2 Preparation of optically pure enantiomers of 2-OH-SMC 

The racemic 2-OH-3MC was converted to a pair of diastereomeric esters by reaction 

with an excess amount of (-)-menthoxyacetyl chloride similarly as described (Cook et al, 

1950). The resulting diastereomeric (-)-mentiioxyacetates were injected onto a DuPont 

Zorbax ODS column (6.2 mm i.d. x 25 cm) eluted with metiianol/water (19:1) at flow rate 

of 2 ml/min. The peak witii retention time of 29 min contained the 2-(-)-menthoxyacetate 

of 2-OH-3MC Two diastereomeric (-)-menthoxyacetates of 2-OH-3MC were resolved 

by normal-phase HPLC. The retention times were 28 and 30 min, respectively (right 



26 

chromatogram. Fig. 7). Metfianolysis of tiie resolved (-)-mentfioxyacetates in 

metiianol/THF/O.l NaOH (1:1:1, v/v) at 50°C for 40 min gave optically pure 2-OH-3MC 

enantiomers. Optically pure 2R- and 2S-OH-3MC in metiianol have O257/A294 values of-

5 and +5 millidegrees, respectively (Fig. 9). 

5.3 Determination of absolute configuration of enantiomeric 1 -OH-SMC, 2-OH-SMC, 

SMC trans-12-diol and SMC cis-12-diol 

The absolute configurations of 1-OH-3MC, 2-OH-3MC and 3MC rra/ts-1,2-diol 

enantiomers were determined by the exciton chirality CD method (Harada et al., 1972). 

Enantiomeric 1-OH-3MC, 2-OH-3MC or 3MC rraru-1,2-diol (0.3 mg) was dissolved with 

2 ml of ethyl acetate which had been dried with sodium hydride. Additional sodium 

hydride (1 mg) was then added, followed by the addition of 5 mg ofp-nitrobenzoyl 

chloride or/7-A ,̂A -̂dimethylaniinobenzoyl chloride. The test mbe was placed on ice for 

about 5 min. 2 Drops of p-N,A^-dimetiiylaniinopyridine (10 mg/ml in ethyl acetate) were 

added as a catalyst, and tiie solution was stirred overnight allowing it to come to ambient 

temperature. Solid material was removed by centrifugation and tfie supematant was 

evaporated to dryness. The residue was redissolved in THF/acetonitrile (1:1, v/v) for 

rcversed-phase HPLC separation of 1-OH-3MC and 2-OH-3MCp-nitrobenzoate or 3MC 

frafts-1,2-diol p-A^^-dimetiiylaminobenzoate. The absolute configurations of 

enantiomeric mono-ols and 3MC rra/L -̂1,2-diol was assigned on the basis of the CD 

spectrum of a benzoate derivative, according to the exciton chirality CD method as indicated 

in Figs. 8,9 and 14. Absolute configuration of 3MC d5-l,2-diol enantiomers was 

deduced by the cw-1,2-diol formed in the metabolism of enantiomeric 1-OH-3MC. 

6. Spectral Analysis 

6.1 Ultraviolet absorption spectroscopy 

Uv-visible absoiption spectra of samples in solvent arc detennined using a 1-cm 

patfi length quartz cuvette witii a Varian Model Cary 118C spectrophotometer or a DW20(X) 
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RETENTION TIME (min) 

Figure 7. 

Left chromatogram: Separation of enantiomeric 1-OH-3MC by CSP HPLC. A 

covalentiy bonded /?-DNBPG column was used and the mobile 

phase was 5% (v/v) of ethanol/acetonitrile (2:1, v/v) in hexane at a 

flow rate of 2 ml/min. 

Right chromatogram: Separation of diastereomeric (-)-monthoxyacetates of 2-OH-3MC by 

normal-phase HPLC. A DuPont Zorbax SIL column (6.2 mm i.d. x 

250 mm) was used and tiie mobile phase was ethyl 

acetate/metiiylene chloride/hexane (0.8:10:89.2, vol ratio) at a flow 

rate of 2 mlAnin. 
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Figure 8. CD spectmm of IR-OH-3UC (••••, <1>258/A294 = -2.7 miUidegrees; 

enantiomerically pure; concn. 1.0 A294/ml, metiianol) and uv absoiption ( . 

metiianol) and CD ( , concn. 1.0 A294/inl. metfianol) spectra of tiie p-nitrobenzoate 

of l/?-0H-3MC. 1/J-0H-3MC was tiie less strongly retained enantiomer on a covalentiy 

bonded /J-DNBPG column (see Fig. 7, left chromatogram). BA and Bz indicate tiie 

longimdinal transition dipole of tiie benz[a]antfiracene chromophore (by looking from the 

side of the aromatic plane) and that of the p-nitrobenzoate, respectively. Hi and H2 

indicate hydrogen atoms at Ci and C2, respectively. 

Figure 9. CD spectrum of 2/?-OH-3MC ( , O258/A294 = -5.0 ntillidegrees; 

enantiomerically pure; concn. 1.0 A294/ml, medianol) and uv absorption ( , methanol) 

and CD ( , concn. 1.0 A294/nil, methanol) spectra of the p-nitrobonzoate of 2/?-OH-

3MC. 2/?-OH-3MC was derived by methanolysis of the diastereomeric (-)-

mentiioxyacetate of 2-OH-3MC less strongly retained on normal-phase HPLC (see Fig. 7, 

right chromatogram). BA and Bz indicate the longimdinal transition dipole of the 

benz[a]antfiracene chromophore (by looking from the side of the aromatic plane) and that of 

the p-nitrobenzoate, respectively. Hi and H2 indicate hydrogen atoms at Ci and C2, 

respectively. 
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UV/VIS scanning spectrophotometer (slit 2 nm and scan rate 2 nm/sec; SLM Instruments, 

Inc., Urbana, IL). 

6.2 Mass spectrometry 

Mass spectral analysis was performed on a Finnigan Model 4(XX) gas 

chromatograph-mass spectrometer-data system by either electron impact or chemical 

ionization (metfiane) witii a solid probe at 70 eV and 250°C ionizer temperamre. 

6.3 Circular dichroism spectroscopy 

CD spectra of samples in a quartz cell of 1 cm patfi length at room temperature 

(23°C) were measured using a Jasco Model 500A spectropolarimeter equipped with a 

Model DP500 data processor. The concentration of tfie sample is indicated by A^/tvl 

(absorbance units at wavelength X2 per ml of solvent). CD spectra are expressed by 

ellipticity (^xi/A;^, in millidegrees) for solutions that have an absorbance of A;^ unit per 

ml of solvent at wavelength X2 (usually the wavelength of maximal absorption). Under : 

conditions of measurements indicated above, the molar ellipticity ([9];̂ î, in dog cm^ dmolo" C 

)̂ and ellipticity (^\\/^-)^y in millidegrees) are related to the molar extinction coefficient ( 

ê ^̂ , in cm-̂  M-i) as follows: 

[e]\i = 0-1 ex2 (^Xl/Ax2) 

6.4 Liquid scintillation spectrometry 

Liquid scintillation counting of radioactive ̂ H vials, obtained from the HPLC 

fraction collector, was performed on a Beckman model LS3801 in the single channel mode. 

The conversion of radioactivity (DPM) to concentration (pmols) was calculated based on 

the specific activity of compounds. 



RESULTS 

1. Stereoselective Formation and Disposition ofl-OH-SMC and 2-OH-SMC in the 

Metabolism of SMC (Shou and Yang, 1990a) 

1.1 Separation of enantiomeric pairs ofl-OH-SMC and2-0H-SMC 

In an earlier report (Yang et al, 1984), enantiomers of 1-OH-3MC were resolved 

on an ionically bonded /?-DNBPG column, while enantiomers of 2-OH-3MC were not 

resolved. In this smdy, we found that the covalentiy bonded /J-DNBPG column afforded 

improved resolution of enantiomeric 1-OH-3MC (left chromatogram, Fig. 7), while 

enantiomers of 2-OH-3MC were still not separable. 

Racemic 2-OH-3MC was derivatized witfi (-)-mentfioxyacetyl chloride and the 

resulting diastereomers were resolved by nonnal-phase HPLC (right chromatogram. Fig. 

7). Repetitive chromatography afforded optically pure diastereomeric (-)-

menthoxyacetates. Optically pure 2-OH-3MC enantiomers were each obtained by 

methanolysis of the respective diastereomeric (-)-menthoxyacetate. C!D spectra of 2-OH-

3MC enantiomers arc mirror images of each otfier and have CD Cotton effects 

characteristically different from tiiose of 1-OH-3MC enantiomers (Fig. 9 vs. Fig. 8). 

Enantiomers of 1-OH-3MC can also be rcsolved, with lower efficiency than tfiose of 2-

OH-3MC, as diastercomers of (-)-menthoxyacetates. However, the resolved 

diastercomers werc unstable and could not be used to preparc sufficient quantity of 

optically pure 1-OH-3MC enantiomers for further metabolic smdies. 

Optically pure enantiomers have tiie following CD Cotton effects (in millidegrees): 

l/?-OH-3MC,<l>258/A294=-2.7; 1S-0H-3MC,<I>258/A294 =+27; 2/J-OH-3MC, 

*̂ 258̂ A294 = -5.0; 25-OH-3MC, O258/A294 = +5.0 (see tiie section below for assignment 

of absolute configuration of enantiomers). Availability of CD spectral data of optically purc 

enantiomers of 1-0H-3MC and 2-OH-3MC allowed tiie deteimination of enantiomeric 

31 
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compositions of 1-OH-3MC and 2-OH-3MC fonned in tiie metaboUsra of 3MC (see 

below). 

1.2 Absolute corfigurations of enantiomeric I-OH-SMC and 2-OH-SMC 

A 2-OH-3MC enantiomer, derived from tiie metiianolysis of tiie less strongly 

retained 2-OH-3MC (-)-mentiioxyacetate on normal-phase HPLC (Fig. 7, right 

chromatogram), was converted to a p-nitrobenzoate by reaction witfi p-nitrobenzoyl 

chloride. Since tiie extinction coefficient of p-nitrobenzoyl group (£2^0 = 15100, Harada et 

al.y 1983) is considerably lower tiian tiiat of benz[a]antfiracene (6250 * 47000), uv 

absorption spectrum of the p-nitrobenzoate is essentially the same as that of 

benz[a]antiiracene (Fig. 9). Mass spectral analysis of the p-nitrobenzoate indicated 

molecular ions at m/z 433 with characteristic fragment ions at mJz 266 (loss of p-

nitrobenzoic acid). CD spectrum of the p-nitrobenzoate exhibited a strongly split Cotton 

effect due to chiral exciton coupling between the electric transition dipole moments of p-

nitrobenzoate and benz[a]anthracene chromophores; positive at -245 nm, negative at -261 

nm, and passing through zero at 254 nm (Fig. 9). The negative chirality exhibited in the 

CD spectrum of the p-nitrobenzoate (Fig. 9) indicated tfiat tfie 2-OH-3MC, derived by 

methanolysis of the less strongly retained diastereomeric (-)-mentfioxyacetate on normal-

phase HPLC (Fig. 7, right chromatogram), has a 2/? absolute stereochemistry (Harada et 

al, 1983). 

The 1-OH-3MC enantiomer less strongly retained on a covalentiy bonded/?-

DNBPG column was also converted to a p-nitrobenzoate by reaction with p-nitrobenzoyl 

chloride. Mass spectral analysis of the p-nitrobenzoate indicated molecular ions at m/z 433 

with a characteristic fragment ion at m/z 266 Goss of p-nitrobenzoic acid). CD spectrum of 

this p-nitrobenzoate exhibited a split Ctotton effect due to chiral exciton coupling between 

the electric transition dipole moments of p-nitrobenzoate and benz[a]antfiracene 

chromophores; positive at -246 nm, negative at -262 nm, and passing tiirough zero at 258 

c 
i 
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nm (Fig. 8). The negative chirality exhibited in tiie CD spectrum of tfie p-nitrobenzoate 

indicated tiiat tiie less strongly retained enantiomer on tiie covalentiy bonded /J-DNBPG 

column has a 1/? absolute stereochemistry (Harada et al., 1983). This confirms tiie 

assignments of absolute configurations of 1-OH-3MC enantiomers reported earlier (Yang et 

al, 1984), which was based on tiie HPLC elution order on an ionically bonded /?-DNBPG 

column. 

The absolute configuration of an enantiomeric 1-OH-3MC has recently been 

determined by another metiiod (Shou and Yang, 1990c). In tiiat smdy, enantiomers of 

3MC /ra/ts-1,2-diol were resolved on a covalentiy bonded /?-DNBPG column and tfieir 

absolute configurations were determined by tiie exciton chirality CD metiiod (Harada etal, 

1983) after conversion to a few-p-/V,A^-dimethylaniinobenzoate derivative. Subsequentiy, a 

1-OH-3MC enantiomer, which is more strongly retained on the /?-DNBPG column (Fig. 7, 

left chromatogram), was incubated witfi rat liver microsomes and a 3MC trans-l,2-dio\ was 

isolated fixim a mixture of metabolites by rcversed-phase HPLC. This metabolically 

formed 3MC rranj-1,2-diol was found to be a 3MC trans-lR,2R-^o\. Hence, the 1-OH-

3MC enantiomer, from which the 3MC trans-lR,2R-dio\ was derived from, was deduced 

to be the 15-enantiomer. The rcsult of that smdy (see later) was consistent with the 

conclusion reached in the present report regarding the absolute configuration-CD spectra-

CSP HPLC elution order relationship of 1-0H-3MC enantiomers. By an approach similar 

as described (Shou and Yang, 1990c), we have also established the absolute configurations 

of enantiomeric 2-OH-3MC (Shou and Yang, 1990d). These results provided additional 

evidence consistent with the conclusion reached in the present report regarding the absolute 

configurations of enantiomeric 1-OH-3MC and 2-OH-3MC. 

1.3 Regioselective metabolism at the Cj and C2 positions of SMC 

1-0H-3MC and 2-OH-3MC were previously reported to be closely eluted on 

reversed-phase HPLC (Thakker et al, 1978; Stoming et al, 1977; Tiemey et al, 1979; 

Eastman et al, 1979). In tiiis smdy, 1-0H-3MC and 2-OH-3MC formed in the 
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Figure 10. Normal-phase HPLC separation of 1-OH-3MC and 2-OH-3MC formed in tiie 
metabolism of 3MC by liver microsomes from untreated (control), PB-trcated, and 3MC-
treated rats, resp)ectively. Relative amounts of 1-OH-3MC and 2-OH-3MC were 
determined by areas under the curves at 254 nm. 
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metabolism of 3MC by rat liver microsomes were collected as a mixture on reversed-phase 

HPLC by using a Ci8 radial compression column. Consistent witii several reports ( 

Thakker et al., 1978; Stoming et al, 1977; Tiemey et al, 1979; Eastman et al, 1979) but 

contrary to one report (King et al, 1977), 2-OH-3MC was eluted slightiy ahead of 1-OH-

3MC under our chromatographic conditions. 

1-OH-3MC and 2-OH-3MC, collected on reversed-phase HPLC, were separated on 

normal-phase HPLC (Fig. 10). The metabolically fonned 1-OH-3MC and 2-OH-3MC 

were identical to the authentic compounds with respect to uv-vis absorption spectra, mass 

spectra, and retention times on botfi reversed-phase and normal-phase HPLC. Incubations 

of 3MC (Table 2) were performed with reaction mixtures (shown in Materials and 

Metiiods) containing 0.5 mg of protein equivalent of rat liver microsomes per ml of reaction 

mixture at 37°C for 10 or 60 min. For a 10 min incubation, percentages of 3MC 

metabolized, determined with the aid of an internal standard (anthanthrene), were -6 

(control), -17 (PB-treated), and -15% (3MC-treated), respectively. For a 60 min 

incubation, percentages of 3MC metabolized were -24 (control), -39 (PB-treated), and 

-35% (3MC-trcated), respectively. The concentration ratios of [l-OH-3MC]:[2-OH-

3MC], fonned in the metabolism of 3MC by rat liver microsomes, werc determined by 

nonnal-phase HPLC (Fig. 10); 30:70 (control), 21:79 (PB-treated), and 10:90 (3MC-

trcated), rcspectively, for a 10 min incubation, and 34:66 (control), 15:85 (PB-treated), and 

2:98 (3MC-treated), respectively, for a 60 min incubation (Table 1). The results indicated 

tfiat cytochrome P-450 isozymes in all tfiree rat liver microsomal preparations were more 

regioselective in catalyzing the hydroxylation reaction at the C2 position than at the Cj 

position of 3MC. Cytochrome P-450 isozymes in liver microsomes from 3MC-treated rats 

have the highest regiosclectivity toward tiie C2 position. 

1.4 Stereoselective hydroxylation at the Cj and C2 positions of SMC 

1-0H-3MC and 2-OH-3MC, formed in tfie metabolism of 3MC by each of tiie tfiree 

rat liver microsomal preparations, were isolated by reversed-phase (see chromatographic 
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Table 1. Regioselective and stereoselective metabolism at Ci and C2 positions of 3MC 

by rat liver microsomes. 

Microsomes* 

Experiment 1 

Untreated (Control) 

PB-trcated 

3MC-trcated 

Experiment 2 

Untrcated (Control) 

PB-trcated 

3MC-treated 

%of3MC 
Metabolized^ 

-6 

-17 

-15 

-24 

-39 

-35 

% Formed^ 

1-OH-3MC 

30 

21 

10 

34 

15 

2 

2-OH-3MC 

70 

79 

90 

66 

85 

98 

Enantiomer Ratio (R/S)^ 

1-0H-3MC 

35:65 

39:61 

46:54 

27:73 

47:53 

42:58 

2-OH-3MC 

14:86 

6:94 

6:94 

7:93 

8:92 

2:98 

a Liver microsomes (0.5 mg protein per ml of incubation mixture) from untrcated 

(control), PB-treated, and MC-treated rats. Each ml of reaction nuxture contains 80 

nmol of 3MC and was incubated at 37^0 for 10 min (experiment 1) or 60 min 

(experiment 2). Incubation conditions of experiment 1 were similar to those described 

by Thakker era/. (1978). 
Percent of 3MC metabolized was estimated with tfie aid of an internal standard 

(anthantfircne) for chromatography. 
Percentage of tfie sum of 1-OH-3MC and 2-OH-3MC, determined by normal-phase 

HPLC (Fig. 10). Average values of duplicate samples which agree within 10% of the 

values shown. 
Enantiomeric ratio of 1-0H-3MC was determined by CSP HPLC on a covalentiy 

bonded /?-DNBPG column (Fig. 7, left chromatogram). Enantiomeric ratio of 2-OH-

3MC was detennined by tiie magnimde of CD Cotton effect at 258 nm. 

r 
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Table 2. Enantioselective metabolism of racemic 1-OH-3MC and 2-OH-3MC by rat Uver 
microsomes. 

Microsomes^ 

Untreated (Control) 

PB-trcated 

3MC-treated 

Untreated (Control) 

PB-treated 

3MC-tieated 

Substrate 

unmetabolized 
(nm/ml) 

1-OH-3MC (8) 

(8) 

(8) 

(8) 
1-OH-3MC (30) 

(30) 

(30) 

1-OH-3MC (40) 

(40) 

(40) 

(40) 

2-OH-3MC (20) 

(20) 

(20) 

2-OH-3MC (40) 

(40) 

(40) 

2-OH-3MC (40) 

(40) 

(40) 

Incubation 
Time 

(min) 

10 

20 

30 

40 

10 

20 

40 

10 

20 

30 

40 

10 

20 

30 

10 

20 

30 

10 

20 

30 

Substrate 
Metabolized 

(%)b 

53.9 

60.3 
65.4 

66.7 

23.4 

35.0 
65.8 

63.4 

81.2 

83.5 

89.1 

58.2 

76.7 

79.0 
68.7 

77.1 

82.2 

27.6 

38.8 

46.7 

R/S Ratio of 

Substrate^ 

58:42 

62:38 

65:35 

67:33 

61:39 

62:38 

79:21 

61:39 

73:37 

70:30 

72:28 

43:57 

43:57 

41:59 

42:58 

41:59 

36:64 

36:64 

33:67 

25:75 

Liver microsomes (1 mg protein per nti of incubation mixture) from untreated (control), 

PB-treated, and 3MC-treated rats. Each ml of reaction mixture contained the amount of 

1-OH-3MC (or 2-OH-3MC) indicated in the parentfiesis and was incubated at 37^0 for 

the length of time indicated. 
Average values of duplicate samples which agree widiin 10% of the values shown. 

Percent of substrate metabolized was estimated witii the aid of an internal standard (7-

metiiylbenzo[a]pyrcne) for chromatography. 

Enantiomeric ratios of 1-OH-3MC and 2-OH-3MC were determined as described in tfie 

foomote of Table 1. 

r 

r 
c 
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conditions in Materials and Metiiods) and nonnal-phase (Fig. 10) HPLC. Enantiomeric 

compositions of 1-0H-3MC were determined by CSP HPLC using the covalentiy bonded 

/J-DNBPG column (Fig. 7, left chromatogram). The IR/IS enantiomeric ratios of 1-OH-

3MC formed in tiie metabolism of 3MC by liver microsomes from untreated, PB-treated, 

and 3MC-trcated rats were found to be 35:65,39:61, and 46:54, respectively for a 10 min 

incubation (Fig. 11) and 27:73,47:53, and 42:58, respectively for a 60 min incubation 

(Table 1). The 1-OH-3MC fonned in tiie metabolism of 3MC by rat liver microsomes was 

consistentiy observed to be slightiy enriched in tiie 15-enantiomer by CD spectral analysis; 

0258 values were positive in all CD spectral measurements. 

Enantiomeric compositions of 2-OH-3MC were determined by their magnimdes of 

CD Cotton effects at 258 nm, using ^2S8/^29A values of-5.0 and + 5.0 millidegrees for 

enantiomerically pure 2R and 2S enantiomers, respectively. The 2R/2S enantiomeric 

ratios of 2-OH-3MC formed in the metabolism of 3MC by liver microsomes from 

untreated, PB-treated, and 3MC-treated rats were found to be 14:86,6:94, and 6:94, 

respectively for a 10 min incubation (Fig. 11) and 7:93, 8:92, and 2:98, respectively for a 

60 min incubation (Table 1). It is interesting to note that although the extent of further 

metabolism of 1-OH-3MC and 2-OH-3MC in the 60 min incubation was considerably 

higher than that in the 10 min incubation, enantiomeric ratios of 1-OH-3MC and 2-OH-

3MC were not drastically different (Table 1). These results indicated tfiat further 

metabolism of tfie metabolically formed 1-0H-3MC (or 2-OH-3MC) did not drastically 

change tiie enantiomeric ratios of tfie two alcoholic products. 

1.5 Enantioselective disposition of racemic I-OH-SMC and 2-OH-SMC 

Racemic 1-OH-3MC (or 2-OH-3MC) was incubated for 10-40 min at 37^0 witfi 

liver microsomes prepared from untreated, PB-treated, and 3MC-treated rats, respectively. 

In order to observe differences in tfie rates of metabolism of enantiomeric 1-0H-3MC (or 

2-OH-3MC), relatively high protein concentrations of rat liver microsomes (1 mg 

protein/ml of incubation mixture) werc used. Unmetabolized 1-0H-3MC (or 2-OH-3MC) 
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Figure 11. Regioselective and stereoselective hydroxylation rcactions at Ci and C2 

positions of 3MC by rat liver microsomes. RLMc, RLMpB, and RLM3MC 3 ^ ^ver 

microsomes fit)m untrcated control, PB-treated, and 3MC-treated rats, respectively. The 

percentage numbers were obtained from an experiment using 0.5 mg protein equivalent of 

rat liver microsomes and an incubation time of 10 min. The exact numbers are dependent 

on the concentration of microsomal enzymes and incubation time (see text for discussion). 
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was isolated by reversed-phase HPLC and its enantiomeric composition was determined 

eitiier by CSP HPLC in tiie case of 1-OH-3MC (Fig. 7, left chromatogram) or by CD 

spectral data in tiie case of 2-OH-3MC (Fig. 9). In tiie metabolism of racemic 1-OH-3MC, 

all three rat liver microsomal preparations preferentially metabolize the 15-enantioraer, 

increasing proportion of the 15-enantiomer is metabolized when the time of incubation is 

increased (Table 2). Liver microsomes from 3MC-treated rats have slightiy higher 

enantioselectivity toward the 15-cnantiomer than those from untreated and PB-treated rats 

(Table 2). 

Unmetabolized 2-OH-3MC contains mainly tiie 25'-enantiomer. Thus all tfiree rat 

hver microsomal preparations preferentially metabolize the 2/?-enantiomer, increasingly 

more of tfie 2/?-enantiomer is metabolized when the time of incubation is increased (Table 

2). In contrast to the metabolism of racenuc 1-OH-3MC, liver microsomes from 3MC-

treated rats are more enantioselective toward the /?-enantiomer of 2-OH-3MC than those 

from untreated and PB-treated rats (Table 2). 
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2. Enantioselective Aliphatic Hydroxylations of Racemic 1 -OH-SMC (Shou and Yang, 

1990c) 

2.1 CSP HPLC separation and CD spectra of enantiomeric SMC 12-Diols 

Enantiomeric pairs of synthetic 3MC trans- and ciy-1,2-diols were separated by 

HPLC on a covalentiy bonded /?-DNBPG column (Fig. 12). The mobile phases, at a flow 

rate of 2 ml/min, werc 10% and 7% of solvent A in hexane, respectively. Resolved 

enantiomers are indicated in Fig. 13 as tl and t2 for the trans isomers and cl and c2 for the 

cis isomers, respectively. Uv-vis absorption and CD spectra of resolved enantiomers are 

shown in Fig. 13. Absolute configurations of resolved enantiomers have been established 

in this smdy (see below). 

2.2 Absolute configuration of an enantiomeric SMC trans-l 2-diol 

The uv-vis absorption and CD spectra of the /jw-p-A /̂Z-dimotfiylaminobenzoate 

derived by reaction of tiie more strongly retained enantiomer of 3MC rra/is-1,2-diol on tfie 

covalentiy bonded /J-DNBPG column (peak t2, Fig. 13A) are shown in Fig. 14. The uv-

vis absorption spectrum indicated characteristic absorption bands due to both 

benz[a]antiiracene (X^ax 294 nm) and twop-/V-/V-dimetiiylaminobenzoate (X^ax 319 nm) 

chromophores. A strongly negative CD band at 321 nm in tiie CD chirality spectrum of tfie 

/)w-p-A/,A -̂dimetfiylaminobenzoate was due to electronic transition dipole-dipole 

interactions between tiie two benzoate groups. This characteristic negative CD band at 321 

nm indicated tfiat tiie enantiomeric 3MC rra/u-1,2-diol enantiomer under smdy has a IR2R 

absolute stereochemistiy (Harada et al, 1983). 

2.3 Reversed-phase HPLC separation of metabolites ofl-OH-SMC 

Metabolites fonned in tiie incubation of racemic 1-OH-3MC were separated by 

reversed-phase HPLC (Fig. 15). 3MC cw-l,2-diol and 1-OH-3-OHMC were among tfie 

most abundant metabolites fonned. The AUC of 3MC trans-1,2-diol was about one-tfiird 

of tiiat of 3MC ci5-1,2-diol (Fig. 15). The metabolically fonned 3MC trans- and c/5-1,2-

r 
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Figure 12. CSP HPLC separation of enantiomeric 3MC /rawj-l ,2-diols (A) and 3MC cis-

1,2-diols (B). A covalentiy bonded (/?)-DNBPG column was used and tiie mobile phase 

was 10% and 7% (v/v) of solvent A in hexane, rcspectively, at a flow rate of 2 ml/min. 

See text on the assignment of absolute configuration of rcsolved enantiomers. 
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Figure 13. Uv-vis absoiption and CD spectra ofenantiomeric3MCrranj-l,2-diols (A) 

and 3MC cw-l,2-diols (B). Enantiomers were rcsolved as described in Fig. 12. See text 

on tfie assignment of absolute configurations. 
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Figure 14. Uv absorption ( ) and CD ( , 1.0 A294/ml, methanol) spectra of a 

/?i5-p-/V,^-dimethylaminobenzoate derived frx)m an enantiomeric 3MC trans-l,2-dio\ 

(enantiomeric excess 96%). Uv-vis absorption spectra of two monoesters of 3MC trans-

l»2-diol had a lower value of absoibancc at 315 nm relative to tiiat at 294 nm. 
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diols were identical to the corresponding syntiietic compounds witii respect to uv-vis 

absorption (Fig. 13) and mass spectra [M+ at m/z 300 and a characteristic fi^gment ion at 

m/z 282 (loss of H2O)], and retention times on reversed-phase HPLC (Fig. 15). The 

identification of 1-OH-3-OHMC was based on its uv-vis absoiption spectmm (Fig. 16), 

which indicated an intact benz[a]anthracene nucleus, and by mass spectral analysis [M"*" at 

mJz 300 and characteristic fragment ions at m/z 282 Goss of H2O), 265 Goss of H2O and 

OH), and 253 Goss of H2O and CHO)]. The 1-OH-3-OHMC, one of tiie major 

metabolites of 1-OH-3MC identified in this study, was not found to be a metabolite of 

eitiier 1-OH-3MC or 3MC in earlier studies (Sims et al, 1966; 1981; Stoming et al, 1977; 

Tiemey et al, 1979; Thakker et al, 1978; 1978; Eastman et al, 1979 Gardiner et al, 

1984; Shou and Yang, 1990a; Cavalieri etal. 1978). 

Peaks a and b in Fig. 15, with an AUC ratio of -63/37, were diastereomeric trans-

9,10-dihydrodiols derived from racemic 1-0H-3MC. These two diastereomeric 9,10-

dihydrodiols were identical to 1-OH-3MC 9,10-dihydrodiol-a and 1-0H-3MC 9,10-

dihydrodiol-/> previously described by Thakker et al (Thakker et al, 1978). Peak c was 

identified as 3MC-l-one, which was identical to the authentic compound witfi respect to 

uv-vis absorption and mass spectra (M* at m/z 282) as well as retention time on reversed-

phase HPLC. In an earlier report (Sims et al, 1966), 3MC-l-one was found by thin layer 

chromatography to be a metabolite of 1-OH-3MC. In two other smdies (Thakker et al, 

1978; Gaixiiner et al., 1984), however, 3MC-l-one was not recognized as a product 

formed'in rat liver microsomal metabolism of 1-0H-3MC. Because of tiie large number 

(>14) of other metabolites formed, the stereochemistry of peaks a and b as well as the 

identities of unmarked chromatographic peaks in Fig. 15 will be fully described in a later 

report. 

The relative amount of tiiree aliphatic hydroxylation products was 1-0H-3-0HMC 

> 3MC aj-l,2-diol > 3MC rra/w-1,2-diol witii an AUC ratio of 70/48/15. These results 

are in contrast to earlier reports (Thakker et al, 1978; Gardiner et al, 1984), indicating 
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Figure 15. Reversed-phase HPLC separation of products fonned in tfie metabolism of 
racemic 1-OH-3MC by liver microsomes from PB-treated rats. Peaks a and b coirespond 
to tfic diastereomeric 1-OH-3MC 9,10-dihydrodiol-a and 1-OH-3MC 9,10-dihydrodiol-&, 
rcspectively, reported by Thakker et al. (Thakker et al, 1978). Peak c contains the 3MC-
1-one. 
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tfiat very littie of tiie 3MC c/5-1,2-diol was foimed in tfic metabolism of 1-OH-3MC by rat 

liver microsomes. 3MC rra/«-1,2-diol and cw-1,2-diol were formed witfi an AUC ratio of 

24/76 in tiie metabolism of (±) 1-OH-3MC (Fig. 15). Upon further purification by normal-

phase HPLC by using 15% of solvent A in hexane as tiie eluent, tiie metabolically formed 

3MC rranj-1,2-diol was subsequentiy analyzed by CSP HPLC according to tfie conditions 

described in Fig. 12 and was found to have an enantiomeric ratio [(peak tl):(peak t2)] of 

63/37. Similarly, the metabolically foimed 3MC cw-1,2-diol was found to have an 

enantiomeric ratio [(peak cl):(peak c2)] of 12/88. In principle, 1-OH-3-OHMC may be 

further hydroxylated at C2 to form botii trans- and cw-1,2-diols. These metabolites, if 

formed, should be minor chromatographic peaks in Fig. 15 and are yet to be found. 

2.4 Enantioselective hydroxylation at Cymethyl group of racemic 1-OH-SMC 

The metabolically formed 1-OH-3-OHMC, isolated as described in Fig. 15, was 

further purified by normal-phase HPLC using 15% of solvent A in hexane as the eluent. 

Enantiomers of 1-OH-3-OHMC were separated by CSP HPLC on a covalentiy bonded R-

DNBPG column (Fig. 17). The enantiomeric ratio was found to be 58/42 in favor of tfie 

less strongly retained enantiomer (Fig. 17). An optically pure and less strongly retained 

enantiomer was obtained by repetitive chromatography and it had a CD spectrum (Fig. 16) 

with Cotton effects closely smiilar to those of an optically pure l/?-OH-3MC. The absolute 

stereochemistiy of enantiomeric 1-OH-3MC has been established by two different methods; 

one method is described in this smdy (see below) and the other method is described earlier 

(Shou et al. Carcinogenesis, 11:933-940; 1990). The 1-OH-3-OHMC. formed during the 

rat liver microsomal metabolism of optically pure 1/J-0H-3MC had a CD spectrum similar 

to (Fig. 16) and a retention time identical to (Fig. 17) tiie less strongly retained enantiomer 

of 1-OH-3-OHMC on CSP HPLC. 

2.4 Absolute configuration of enantiomeric 1-OH-SMC and SMC cis-12-Diol 

3MC trans- and cis-1,2-diols were two of tfie major rat liver microsomal 

metabolites of 1-OH-3MC (Fig. 15). We took advantage of these rat liver microsome-



UJ 
o z 
< 
m 
QC o 
if) 
CD 
< 

48 

:*: UV 

HOH,< 

1/? 

J I L J L J I I I I L J I L 

250 300 350 
WAVELENGTH (nm) 

(/> 

G 

Figure 16. Uv-vis absorption and CD spectra of 1/2-OH-3-OHMC, which was less 

strongly retained on die covalentiy bonded ̂ -DNBPG column (see Fig. 17), and the CD 

spectrum of l/?-0H-3MC whose absolute configuration has been established by two 

independent methods in tfiis and an earlier smdy. 
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Figure 17. CSP HPLC separation of enantiomeric 1-OH-3-OHMC. A covalentiy bonded 

/J-DNBPG column was used and the mobile phase was 10% (v/v) of solvent A in hexane 

at a flow rate of 2 ml/min. See text on the assignment of absolute configuration of resolved 

enantiomers. 
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catalyzed hydroxylation reactions to elucidate the absolute configurations of enantiomeric 1-

OH-3MC and 3MC cw-1,2-diol. The enantiomer 1-0H-3MC, which was less strongly 

retained on tfie covalentiy bonded /?-DNBPG column, was used as the substrate in tiie in 

vitro incubation. The 3MC trans- and cu-l,2-diols formed in the metabolism of tiie 1-OH-

3MC enantiomer were isolated as described in Fig. 15. CSP HPLC analysis indicated that 

tiiey coeluted with peaks tl and cl of Fig.l2, respectively. Since peak t2 in Fig. 12A has 

been established to be tiie l/?,2/?-enantiomer, tiie 1-OH-3MC from which tiie 15,2S-diol 

was derived fix)m was easily established to the l/?-enantiomer (see stmctures in Fig. 18). 

Consequentiy the cw-1,2-diol, which was derived from the 1/J-OH-3MC, was deduced to 

be the IS,2R enantiomer (see stmctures in Fig. 18). It should be pointed out that, due to 

the addition of a chiral center at C2, the hydroxyl group with IR designation in 1-OH-3MC 

is changed to 15 (and vice versa) in the enantiomeric 3MC trans- and c/5-l,2-diols (Fig. 

18). These results were consistent witii the earlier finding that the more strongly retained 

enantiomer of 1-OH-3MC on the covalentiy bonded /?-DNBPG column was the IS 

enantiomer (Fig. 7, left chromatogram). The absolute configuration of IS enantiomer was 

determined by analysis of tiie CD spectrum of its p-nitrobenzoate derivative (Fig. 8). 

As can be seen in Fig. 15, tiie AUC ratio of (fra«j-l,2-diol)/(cj> 1,2-diol) formed 

in tfie metabolism of racemic 1-OH-3MC was -1/3. However, when l/?-OH-3MC was 

used as the substrate in the rat liver microsomal incubation, tiie AUC ratio of (trans-l2-

diol)/(a> 1,2-diol) was 71/29 (chromatogram not shown). This result suggested tiiat, in 

tfie metabolism of racenuc 1-OH-3MC, tfie fraru-1,2-diol was mainly derived from the IR-

0H-3MC, whereas tiie cw-1,2-diol was mainly derived from tiie 15-OH-3MC. Further 

analysis of tiie data obtained by using racemic 1-OH-3MC as tiie substrate in tiie in vitro 

incubation witii rat liver microsomes (see below) confirmed tfie 

enantioselective/stereoselective hydroxylation reactions. 

2.5 Enantioselective C2-hydroxylaiion of racemic 1-OH-SMC 

The relative amounts and enantiomeric ratios of rran5-1,2-diol and cw-1,2-diol, 
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Figure 18. Absolute configurations of trans- and cis-1,2-diols derived fix)m C2-
hydroxylation of l/?-OH-3MC and 15-OH-3MC. Note the change of stereochemical 
designation (15 —> IR and 15 —> IR, respectively) of the hydroxyl group at Ci upon Cj-
hydroxylation. The corresponding chromatographic peak in Fig. 12 and CD spectrum 
(Fig. 13) are indicated under each structure. The enantiomeric compositions (determined as 
described in Fig. 12) of fran.s-1,2-diol (24% of all the 1,2-diols formed) and ct^-1,2-diol 
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0H-3MC and isolated as described in Fig. 15, are indicated in the parenthesis. 
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fonned in tiie metaboHsm of racemic 1-OH-3MC by Uver microsomes from PB-treated rats, 

were detennined by AUC in tiie reversed-phase HPLC analysis (Fig. 15) and CSP HPLC 

analysis (Fig. 12) respectively and tfie results arc summarized in Fig. 19. The percentage 

of 15 enantioselective C2-hydroxylation of racemic 1-OH-3MC can be calculated by: (tiie 

percentage of lR2R-dio\ in tiie metabolically fonned trans-l,2-(^o\) x (tfie percentage of 

trans-l2-diol in tiie sum of trans- and cw-U-diols) -i- (tfie percentage of l/?,25-diol in tfie 

metabolically formed cw-U-diol) x (percentage of cw-U-diol in tfie sum of trans- and 

cis-1,2-diols). The percentage of l/?-0H-3MC enantioselective C2-hydroxylation can be 

similarly calculated. The results of tiiese calculations arc summarized in Fig. 19, which 

indicated tiiat tiie C2-hydroxylation of racemic 1-OH-3MC was enantioselective toward tiie 

15-enantiomer over tiie l/?-enantiomer in a ratio of -3/1. 

It can be seen in Fig. 19, tiiat, in tiie C2-hydroxylation of 1/J-OH-3MC, tiie trans-

hydroxylation (i.e., tiie formation of trans-l,2-diol) was morc prevalent than the cis-

hydroxylation (i.e., tiie formation of c/5-1,2-diol) by a ratio of -15/9. In contrast, in tiie 

C2-hydroxylation of 15-OH-3MC tiie c/.y-hydroxylation was more prcvaleni than tfie trans-

hydroxylation by a ratio of "6119. Thus tfie metabolism of racemic 1-OH-3MC was not 

only substrate enantioselective, but also stereoselective in the C2-hydroxylation of an 

enantiomeric 1-OH-3MC. The l/?-OH-3MC underwent (rra«j)-C2-hydroxylation more 

favorably tiian tiie (c«)-(^-hydroxylation, whereas tiie 15-OH-3MC underwent (cisyCj-

hydroxylation more favorably than the (rra«.s)-C2-hydroxylation. 

In a recent report (Shou and Yang, 1990a), the enantiomeric composition of the 

remaining 1-OH-3MC (recovered by reversed-phase HPLQ following incubation of 

racemic 1-OH-3MC with rat liver microsomes was also found to be enriched in the IR-

enantiomer. Thus the overall metabolism of racemic 1-OH-3MC was enantioselective 

toward the IS-enantiomer. The same 15-enantioselective metabolism was found regardless 

of whether liver microsomes from untreated, PB-treated, or 3MC-treated rats were used. 

Pretreatment of rats with PB and 3MC induces different forms of cytochrome P-450 (Lu et 
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al., 1971 and 1972). In this smdy, two aliphatic hydroxylation reactions by rat liver 

microsomes had been analyzed. Hydroxylation at the C3-methyl group of racemic 1-OH-

3MC was found to be enantioselective toward the l/?-enantiomer. In contrast, 

hydroxylation at C2-carbon of racemic 1-0H-3MC was enantioselective toward tiie 15-

enantiomer. Preliminary results indicated that peak a in Fig. 15 was derived predominantiy 

from the 15-enantiomer, whereas peak b was derived mainly firom the l/?-enantiomor. 

Since peaks a and b in Fig. 15 as well as 1-OH-3-OHMC, 3MC rrans-1,2-diol and 3MC 

cis-1,2-diol accounted for the majority of the metabolites formed, the results of this smdy 

are consistent with the earlier findings on the substrate enantioselectivity in rat liver 

microsomal metabolism of racemic 1-OH-3MC. 



54 

3. Metabolism of2S-OH-SMC (Shou and Yang, 1990d) 

The substrate (25-OH-3MC) used in tius smdy was isolated from a mixmre of 

metabolites fonned by incubation of 3MC witii Uver microsomes from 3MC-treated rats. 

Consistent witii tiie results of an earlier report (Shou et al. Carcinogenesis, 11:933-940; 

1990), tiie 2-OH-3MC fonned in tiie metabolism of 3MC by Uver microsomes from 3MC-

treated rats was highly enriched in tiie 25-enantiomer (enantiomeric excess -98%). The 

absolute configuration of tiie major 2-OH-3MC enantiomer formed in tfie metabolism of 

3MC has been estabUshed in tfus smdy by a metfiod independent of tfiat reported earlier. 

The results of this and tfie earUer smdy provided an identical conclusion regarding the 

absolute configuration of tfie enantiomeric 2-OH-3MC. Because 2-OH-3MC is itself a 

potent carcinogen (Sims, 1967; Levin etal, 1978,1979; Chouroulinkov etal, 1979; 

CavaUeri et al, 1978,1988) and 25-OH-3MC is tfie most abundant metabolite of 3MC, tfie 

metabolic activation patiiway(s) of 25-OH-3MC may play an important role in tfie 

metaboUc activation of 3MC. 

3.1 Reversed-phase HPLC separation of metabolites 

Metabolites formed by incubation of 2-OH-3MC [(25)/(2/?): -99/1] by Uver 

microsomes from PB-treated rats were separated by rcversed-phase HPLC (Fig. 20). The 

retention time of 3MC is indicated in Fig. 20. In this particular sample, -45% of the 

substrate was metaboUzed. Chromatographic peaks are numbered as indicated in Fig. 20 

and the metaboUte(s) contained in each chromatographic peak was characterized as 

described below. Peak 17 contained the unreacted substrate 25-OH-3MC (see mass 

spectrum of Fig. 33). Characterization of metaboUtes is presented below primarily 

according to the region of 2S-OH-3MC at which tfie metaboUte is fonned The CD 

spectrum of a 2-OH-3MC highly enriched in the 25-enantiomer is shown in Fig. 21B. 

Retention times on reversed-phase and noimal-phase HPLC as well as molecular weight 

from mass spectra of various 25-OH-3MC metaboUtes are summarized in Table 3. 

3.2 Oxidation at bay-region 7,8-double bond 
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Figure 20. Reversed-phase HPLC separation of 25-OH-3MC and its metaboUtes. Identities 

of metabolites contained in various chromatographic peaks are described in the text and 

summarized in Table 3. Retention time of 3MC is indicated by an arrow. B (bay), M (site of 

formation of procaicinogenic dihydrodiol), and K (the most electron-rich double bond) regions 

are indicated in the structure of 25-OH-3MC shown. 



Table 3. Characterization of products formed in tiie metabolism of 25-OH-3MC by rat liver 

microsomes. 
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Peak no. Elution solvent used M* 
in RP HPLC in NP HPLC 
(rt, min)a (r̂ , min)b (m/zY 

Identity of MetaboUte 

1 (6.9) 

2 (7.8) 
3 (8.4) 

4(13.7) 

5 (15.9) 

6 (16.8) 

7 (17.7) 

8 (19.4) 

9 (22.0) 
10 (23.4) 

11 (24.4) 

12 (24.8) 

13 (26.7) 

14 (27.8) 

15 (30.6) 

16(31.3) 

17 (34.3) 

18 (40.7) 

EA20 (16.3) 

EA20(14.9) 

EA20(15.5) 

EA15 (5a, 15.3) 

EA15 (5b, 16.8) 

EAl 0(22.8) 

EA15 (16.0) 

EA15(11.0) 

EA10(15.6) 

EA15 (9.1) 

334 

ND (334)d 

ND (334)d 

ND (334)d 

318 

318 

318 

318 

ND(316)d 
316 

300 

300 

ND (300)« 

300 

300 

ND 

300 

284 

282 

25-OH-3-OHMC 9,10-dihydrodiol« 
2S-OH-3-OHMC 11,12-dihydrodiole 

25-OH-3-OHMC 9,10-dihydrodiol« 
3MC cis-15,2/?-diol:rranj-9,10-dihydrodiole 

25-OH-3MC 9/?,10/?-dihydrodiol 

25-OH-3MC ll/?,12/?-dihydrodiol 

25-OH-3MC 115,125-dihydrodiol 

25-OH-3MC 95,105-dihydrodiol 

3-OHMC (rra/w)-l/?,2/?-diol'= 
3MC-2-one 9,10-dihydrodiolf 

8-hydroxy-25-OH-3MC 

3MC (trans)-lR2R-^ol 
unknown8 

10-hydroxy-25-OH-3MC 

25-OH-3-OHMC 

unknown 

3MC (cis)-15,2/?-diol 
25-OH-3MC (substrate) 

3MC-2-one 

MetaboUtes are separated by reversed-phase HPLC and numbered as described in Fig. 20. 
Retention times (T{) are indicated in parenthesis. 
Elution solvents are defined in abbreviations and normal-phase HPLC conditions are 
described in Materials and Metiiods. Retention times are indicated in parentfiesis. 
Molecular ion from mass spectral analysis. ND = not determined. 
Expected molecular weight 
Tentative identification (see text for discussion). MetaboUtes contained in peaks 1 and 3 are 
probably a pair of diastereomers. 
(9/?,10/?)/(95,105) = - 62/38. 
coeluted witii 9-hydroxy-2-OH-3MC, which is derived by acid-catalyzed dehydration of a 
25-OH-3MC 9,10-dihydrodiol. 
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The angular area including C^ and C7 positions is defined as tiie bay region (Conney 

et al, 1982). Hence the 7,8-double bond is a bay region double bond. The metabolite 

contained in peak 10 of Fig. 20 had uv-visible absorption characteristics similar to tfiose of 

2-OH-BA (Fig. 21 A). Relative to those of 2-OH-BA, red-shifts of some absorption bands 

were observed in the absorption spectmm of metabolite peak 10 due to additional 

substiments (Fig. 21A). Mass spectral analysis indicated a M+ at m/z 300 and a 

characteristic fragment ion at m/z 282 Goss of H2O). The uv-visible absorption spectra of 

otfier monohydroxylated (phenoUc) derivatives of BA arc aU different from tiiat of 2-OH-

BA. In the CD spectrum of metaboUte peak 10 (Fig. 21B), the major Cotton effects 

between 230-270 nm werc similar to those of 25-OH-3MC. Taken togetiier, these results 

indicated tiiat metabolite peak 10 of Fig. 20 is 8-OH-25-OH-3MC. 

The non-benzylic phenoUc product 8-OH-25-OH-3MC is the expected major 

product derived by non-enzymatic rcarrangement of tfie metaboUcaUy formed bay rcgion 

25-OH-3MC 7,8-epoxide intermediate (Fu etal, 1978). This is similar to tfie finding tiiat 

the nonbenzyUc phenoUc product 9-OH-BaP is the major nonenzymatic rearrangement 

product of the bay region 9,10-epoxide intermediate of BaP (Yang et al, 1977). It is 

interesting to note, however, that the potentiaUy microsomal epoxide hydrolase-catalyzed 

hydration product, 25-OH-3MC 7,8-dihydrodiol, was not a detectable metaboUte of 25-

0H-3MC. This finding suggests tiiat 25-OH-3MC 7,8-epoxide was a poor substrate for 

tiie microsomal epoxide hydrolase and was readily rearranged to form 8-OH-25-OH-3MC. 

Similar to tiiose of BaP rranj-9,10-dihydrodiol, the hydroxyl groups of tfie bay region 25-

0H-3MC rrans-7,8-dihydrodiol adopt a quasidiaxial conformation (Yang et al, 1980). If 

the 25-OH-3MC /ra/iy-7,8-dihydrodiol was a metaboUte, it should be morc polar than 25-

0H-3MC 9,10-dihydrodiol and would be expected to elute between 6 and 10 min in 

rcversed-phase HLPC (Fig. 20). 

3.3 Hydroxylation at Cj and absolute configuration of the substrate. 

The absolute configuration of tiie enantiomeric 2-OH-3MC, following conversion 
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Figure 21. (A). Uv-vis absorption spectra of 2-OH-B A (authentic compound, in 

metiianol) and a metaboUte (peak 10 of Fig. 20) identified as 8-OH-25-OH-3MC (in 

metiianol). (B). CD spectra of 25-OH-3MC ( ; concn. 1.0 A294/nil, metiianol; 

<1)257/A294 = 4.6 milUdegrees, (2S)/(2R): 96/4) and tiic metabolite identified as 8-OH-25-

0H-3MC ( ; concn. 1.0 A292/ml, metiianol; ^Tse/^in = 7.0 miUidegrees). 
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to a p-nitrobenzoate, has been established by tiie exciton chiraUty CD metfiod as described 

earUer. Because tiie transition dipole in tiie longimdinal axis of tfie p-nitrobenzoate 

chromophore intersects at near tfie midpoint of tfiat of tfie B A chromophore, we were 

concerned tiiat tiie exciton spUtting resulting from tiie interaction between tiie two transition 

dipoles may not be inteiprcted in a simple manner to provide a defmitive answer on tiie 

absolute configuration of tfie enantiomeric 2-OH-3MC. The absolute configuration of tfie 

enantiomeric 2-OH-3MC has been elucidated by a metiiod independent of tiiat previously 

described and this is described below. 

Enantiomeric pairs of 3MC franj-1,2-diol and 3MC c/5-1,2-diol can be separated by HPLC 

using a /?-DNBPG-C column (Fig. 12). UV-visible absorption and CD spectra of resolved 

enantiomers are shown in Fig. 13. The absolute configuration of a 3MC fra/u-1,2-diol 

enantiomer, following conversion to a /jw-p-ZV^A -̂dimethylaminobonzoate, has been 

established by the exciton chirality CD method (Fig. 14). The metaboUtes contained in 

peaks 11 and 16 (AUC ratio 11:89) of Fig. 20 had uv-visible absorption and mass spectra 

and retention times identical to tiiose of the authentic 3MC trans-1,2-diol and 3MC cis-1,2- < 

diol, respectively. The metaboUcally formed rranj-1,2-diol and c/j-1,2-diol co-elutod with 

the more strongly retained 3MC l/?,2/?-diol and the less strongly retained 3MC 15,2/?-

diol, respectively, on a /?-DNBPG-C column (Fig. 22). It should be pointed out tiiat, due 

to the addition of a chiral center at Cj, the hydroxyl group with 25 designation in an 

enantiomeric 2-OH-3MC is changed to 2/? (and vice versa) in the enantiomeric 3MC trans-

and c«-l,2-diols (see iUustration at the top of Fig. 22). Since the absolute configurations 

of tfie metaboUcally formed 1,2-diols have been established, the 2-OH-3MC enantiomer 

from which tiie 1,2-diols are derived from is deduced to be the 25-enantiomer (Fig. 22). 

These results are consistent witii tiiose described in an earUer report, indicating tiiat the 2-

0H-3MC enantiomer which has a positive CD Cotton band centered around -258 nm (Fig. 

2IB) is tiie 25-enantiomer. In tiie earUer smdy, tiie absolute configuration of tiie 2-OH-

3MC enantiomer was determined by analysis of the CD spectmm of a p-nitrobenzoate. 

V. 
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Figure 22. CSP HPLC separation of enantiomeric 3MC trans-1,2-diols (left 
chromatogram) and 3MC ci5-l,2-dioIs (right chromatogram). Retention times of 3MC 
trans-l,2^ol ( , left chromatogram) and 3MC c/j-1,2-diol ( , right 
chromatogram), formed in the metaboUsm of 25-OH-3MC, are indicated. A /?-DNBPG-C 
column was used and the mobile phase was 10% and 7% (v/v) of solvent A 
(ethanol/acetonitrile, 2/1, v/v) in hexane, respectively, at a flow rate of 2 ml/min. Absolute 
configurations of enantiomeric 3MC trans-l 2-dio\ and 3MC cis-1,2-diol have been 
established in an earlier smdy (King et al, 1978). Stmcture and stereochemistry of 
products formed by Cj-hydroxylation of 25-OH-3MC arc shown at tiie top of tiie figure. 
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3.4 Oxidation ofCymethyl group 

The metaboUte contained in peak 14 of Fig. 20 was tfie most abundant metaboUte of 

25-OH-3MC and was identified as 25-OH-3-OHMC. It had a uv-vis absoiption spectrum 

(Fig. 23) essentially die same as tiiat of 2-OH-3MC and a M+ at miz 300 and characteristic 

fragment ions at mJz 282 Goss of HjO) and 265 (loss of HjO and OH) (Fig. 25). 3MC, 3-

OHMC, 1-OH-3MC, 2.0H-3MC, 1-OH-3-OHMC, 2-OH-3-OHMC, and tiie trans-l2-

diol and tiie ci^-1,2-diol derived from botii 3-MC and 3-OHMC aU have tiie same 

absoiption characteristics because of tiieir common B A chromophore. The second 

hydroxyl group of metaboUte peak 14 was not located at tiie Cj position, because tfie 

retention time of metaboUte peak 14 on reversed-phase HPLC (Fig. 20) was different from 

tiiose of 3MC frans-1,2-diol (peak 11) and 3MC m-1,2-diol (peak 16). Furthermore, if 

the second hydroxyl group were located at an aromatic ring position (i.e., the hydroxyl 

group is phenoUc), the uv-visible absorption spectrum would have been different from that 

of 2-OH-3MC (or 3MC). The CD spectrum of tiiis metaboUte (O256/A294 = 5.7 

miUidegrees, Fig. 23) had Cotton effects similar to those of 25-OH-3MC (Fig. 2 IB). 

Thus the metabolite contained in peak 14 was estabUshed to be 25-OH-3-OHMC. 

The minor metaboUte contained in peak 8 was tentatively identified as 3-OHMC 

rra/u-1,2-diol. It had a uv-visible absorption spectrum (not shown) similar to that of 2-

OH-3-OHMC (Fig. 23). When 3MC trans-l,2-diol was incubated with rat Uver 

microsomes and cofactors, a metaboUte (identified as 3-OHMC n-a/ts-1,2-diol, sec later) 

witfi a retention time identical to tiiat of peak 8 was delected. MetaboUte peak 8 was 

unUkely to be derived from the minor metaboUte 3MC rranj-1,2-diol (peak 11), but ratiier 

from microsome-catalyzed rronj-hydroxylation at Cj of 25-OH-3-OHMC. 

3.5 Oxidation of C2-hydroxyl group 

The metaboUte contained in peak 18 (Fig. 20) was identified as 3MC-2-one (see 

mass spectrum of Fig. 34). It had uv-vis absoiption and mass spectra and a retention time 

on reversed-phase HPLC identical to tfiose of the autfientic 3MC-2-one (Yang et al, 1990). 
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Figure 23. Uv-vis absoiption ( , metiianol) and CD ( , concn. 1.0 A294/ml, 
metiianol; O256/A294 = 5.7 miUidegrees) spectra of tiie metabolite (25-OH-3-OHMC) 
contained in peak 14 of Fig. 20. 
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Figure 24. Uv-vis absoiption spectrum of the metaboUte contained in peak 5a of Fig. 30 
( — ) and CD spectra of 3MC 11/?, 12/?-dihydrodiol ( , metiianol; O250/A274 = -
13.7 miUidegrees, (1 IR,12R)/(115,125) = 98/2; data taken from Lu et al, 1980), 25-OH. 
3-MC 1 l/?,12/?-dihydrodiol (metaboUte contained in peak 5a of Fig. 30; , concn. 1.0 
A273/ml, metiianol; <hAil^m = - 12.7 milUdegrees), and 25-OH-3MC 115,125-
dihydrodiol (metaboUte contained in peak 6 of Fig. 20; , concn. 1.0 A273/ml, 
metiianol; O248/A273 = 10.4 and O272/A273 = 11.9 milUdegrees). Uv-visible absorption 
spectra of metaboUte contained in peaks 2 and 6 are closely similar to that of peak 5a of 
Fig. 30. 
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Figure 28. Mass spectrum of 2-OH-3MC rranj-11,12-dihydrodiol. 



65 

I • ' • ' I • ' • • I 
300 350 400 

WAVELENGTH (nm) 

Figure 29. Uv-vis absoiption ( , metiianol) and CD ( , concn. 1.0 A268/nil, 
metiianol; ^fnl^ie% = 9.7 milUdegrees) spectra of tiie metaboUte (25-OH-3-MC 9R,10R-
dihydrodiol) contained in peak 5b of Fig. 30. The metaboUte contained in peaks 1,3,4, 
and 7 of Fig. 20 had uv-visible absorption spectra closely similar to that of peak 5b of Fig. 
30. 
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Figure 30. Normal-phase HPLC separation of tiie two major components contained in 
peak 5 of Fig. 20. The mobile phase was 15% (v/v) of solvent A in hexane, at a flow rate 
of 2 ml/min. Identities of metabolites contained in tfie chromatographic peaks arc shown. 
Evidence for tfie identification of tiiese two metaboUtes is described in tiie text. 
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This confirms tfie earUer finding by Sims (1966) who reported tiiat 3MC-2-one is a 

metaboUte of 2-OH-3MC. 

In principle, 3-OHMC-2-one may be foraxd by oxidation of tiie C2-hydroxyl 

group of 2-OH-3-OHMC and/or hydroxylation of C3-metiiyl group of 3MC-2-one. 3-

OHMC-2-one should have a uv-visible absorption spectrum similar to that of 3MC-2-one 

and is expected to be eluted between 30 and 33 min in Fig. 20. However, normal-phase 

HPLC and uv-visible absorption spectral analyses of metaboUtes eluted between 30 and 33 

min of Fig. 20 did not reveal the presence of 3-OHMC-2-one. 

3.6 Oxidation at M-region 9,10-double bond 

M-region is defined, in the context of the bay-region theory of polyaromatic 

hydrocarbon carcinogenesis (Conney., 1982), as the double bond (such as the 9,10-double 

bond of 2-OH-3MC or 3MC) at which the procarcinogenic dihydrodiol is formed (Yang et 

al, 1980). There were six 9,10-dihydrodiols detected as metaboUtes of 25-OH-3MC. 

These were: 3MC-2-one 9,10-dihydrodiol (peak 9), 25-OH-3MC 95,105-dihydrodiol 

(peak 7), 25-OH-3MC 9/?,10/?-dihydrodiol (the major component in peak 5, which also 

contained a K-rcgion 11,12-dihydrodiol, see below), two 9,10-dihydrodiols probably 

derived from 25-OH-3-OHMC (metaboUtes contained in peaks 1 and 3), and a 9,10-

dihydrodiol (peak 4 of Fig. 20) probably derived from 3MC c/5-15,2/?-diol. Peak 5 

contained two metaboUtes, which were separated by normal-phase HPLC (peaks 5a and 5b 

in Fig. 30). Peak 5b had uv-visible absoiption and CD spectra (Fig. 29) identical to tiiat of 

25-OH-3MC 9/?,10/?-dihydrodiol reponod below (Fig. 43). The uv-visible absorption 

spectrum of peak 5b was also similar to tiiat of 3MC 9,10-dihydrodiol (Tiemey et al., 

1978; Jacobs et al, 1983). The major metabolite contained in peak 5 and tiie predominant 

component contained in peak 7 had retention times on revened-phase HPLC (Fig. 20) and 

uv-visible absorption spectra (Fig. 29) identical to tfiose of tfie two diastereomeric 2-OH-

3MC 9,10-dihydrodiols derived by NaBH4 reduction of tiie 3MC-2-one 9,10-dihydrodiol 
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Peak 5 on RP HPLC 

Peak 7 
on RP HPLC 

2S,9ff.10/? 
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Figure 31. Structure and absolute configuration of two pairs of enantiomeric 2-OH-3MC 
9,10-dihydrodiols contained in peak 5b of Fig. 30 (tiie major component in peak 5 of Fig. 
20) and peak 7 of Fig. 20. These four 9,10-dihydrodiols are derived from metaboUsm of a 
2-OH-3MC witii a (2S)/(2R) enantiomer ratio of-99:1. 
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(see below; Shou and Yang, 1990b), respectively. 3MC-2-one 9,10-dihydrodiol is tiie 

principal metaboUte formed in rat Uver microsomal metaboUsm of 3MC-2-one. 

TTie metaboUte contained in peak 7 of Fig. 20 was further purified by normal-phase 

HPLC and it had a uv-visible absorption spectrum identical to tfiat of tiie 9,10-dihydrodiol 

contained in peak 5b of Fig. 30. Its retention time on reversed-phase HPLC (Fig. 20) was 

identical to tiiat of 25-OH-3MC 95,105-dihydrodiol reported later (Fig. 43). Only two 

diastereomeric 9,10-dihydrodiols, highly enriched eitiier in tfie 9/?,10/?-enantiomer or tiie 

95,lQS-enantiomer, can be derived from 2-OH-3MC containing a (2S)/(2R) enantiomer 

ratio of-99/1 (Fig, 31). Hence tiie structures of tfie major component in peak 5 and tfie 

predominant component in peak 7 of Fig. 20 were established to be 25-OH-3MC 9R,10R-

dihydrodiol and 25-OH-3MC 95,105-dihydrodiol, respectively. Based on tiie AUC of 

peaks 5 and 7 (-93/7) in Fig. 20 and tiiose of tiie two major components separated on 

nonnal-phase HPLC (-34/66; Fig. 30), the relative amount of 25-OH-3MC 9R,10R-

dihydrodiol and 25-OH-3MC 95,105-dihydrodiol was found to be -9/1. 

The metabolite contained in peak 9 of Fig. 20 had a retention time and uv-visible 

absorption and mass spectra identical to tiiose of tiie most abundant metaboUte (3MC-2-one 

9,10-dihydrodiol) formed in rat Uver microsomal metabolism of 3MC-2-one (see 

metaboUsm of 3MC-2-one). Since 3MC-2-one was one of tiie major metabolites (peak 18 

in Fig. 20), the formation of 3MC-2-one 9,10-dihydrodiol was to be expected. 

The predominant components contained in the minor metabolite peaks 1 and 3 of 

Fig. 20, following purification by normal-phase HPLC, had uv-visible absorption 

characteristics (not shown) identical to tiiose of 25-OH-3MC 9/?,10/?-dihydrodiol (Fig. 

29). The metabolite contained in peak 1 had a M*̂  at m/z 334 by mass spectra. On the 

basis of their short retention times, these polar metaboUtes were tentatively identified as 

9,10-dihydrodiols derived from the most abundant metaboUte 25-OH-3-OHMC (peak 14). 

The minor metaboUte contained in peak 4 of Fig. 20 had uv-visible absorption 

characteristics (not shown) identical to tiiose of 25-OH-3MC 9/?,10/?-dihydrodiol (Fig. 
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29). It had a retention time identical to tiie 9,10-dihydrodiol derived by incubation of 3MC 

cw-15,2/?-diol (see later). Hence tiie metaboUte contained in peak 4 of Fig. 20 was 

tentatively identified as a 3MC cw-l,2-diol:frartj-9,10-dihydrodiol derived eitiier from 

further metabolism of 3MC cw-15,2/?-diol (peak 16) or from (c«)-Ci-hydroxylation of 

eitiier 25-OH-3MC 9/?,10/?-dihydrodiol (peak 5b) or 25-OH-3MC 95,105-dihydrodiol 

(peak 7). 

Since 25-OH-3MC 9/?,10/?-dihydrodiol (major component in peak 5 of Fig. 20) 

was a major metaboUte, its metabolic precursor 25-OH-3MC 9,10-epoxide is expected to 

be formed in tiie metaboUsm of 25-OH-3MC. In addition to being hydrated to foim 

diastereomeric 9,10-dihydrodiols, 25-OH-3MC 9,10-epoxide is expected to partiaUy 

isomerize to form 9-hydroxy-25-OH-3MC and 10-hydroxy-25-OH-3MC (see uv-visible 

absorption and mass spectra in Fig. 32B and 26). 10-hydroxy-25-OH-3MC is expected to 

be tiie major isomerization product of 25-OH-3MC 9,10-epoxide (Fu et al, 1978). The 

metaboUte contained in peak 13 had a uv-visible absorption spectrum similar to that of 4-

OH-B A (Fig. 32A). Acid-catalyzed dehydration of 25-OH-3MC 9/?,10/?-dihydrodiol 

(major component in peak 5 of Fig. 32B) formed both 9-OH-25-OH-3MC (uv-visible 

absoiption spectrum in Fig. 20) and 10-OH-25-OH-3MC (uv-visible absorption spectrum 

in Fig. 20), which had retention times identical to those of peaks 12 and 13 of Fig. 20, 

rcspectively. However, the uv-visible absorption spectrum of metabolite peak 12 was not 

tiiat of 9-OH-25-OH-3MC and its identity was not estabUshed, Since 10-OH-25-OH-3MC 

(peak 13 of Fig. 20) was a minor metaboUte, 9-OH-25-OH-3MC was probably present in 

peak 12, but tiie amount might have been too smaU to be detected. 

3.7 Oxidation at K-region 11,12-double bond 

The 11,12-double bond of 25-OH-3MC (or 3MC) is tiie most electron-rich K-

region of tfie molecule. There were tiute K-region 11,12-dihydrodiols detected as 

metaboUtes of 25-OH-3MC. These were: 25-OH-3MC 115,125-dihydrodiol (peak 6 of 

Fig. 20), 25-OH-3MC 1 l/?,12/?-dihydrodiol (peak 5a of Fig. 30), and a minor metaboUte 
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(peak 2 of Fig. 20) tentatively identified as a 11,12-dihydrodiol derived from 25-OH-3-

OHMC. 

Peak 2 was further purified by nonnal-phase HPLC (Table 3). This and peaks 5a 

(Fig. 30) and 6 (Fig. 20) had uv-visible absorption spectra (Fig. 24) similar to tiiat of an 

autfientic 3MC trans-l 1,12-dihydrodioL Botii peaks 5a and 6 had M+ at m/z of 318 and 

characteristic fragment ions at m/z 300 Goss of H2O) and 282 Ooss of two H2O) (Fig. 28). 

There are two sots of CD Cotton bands in tiie CD spectrum of 3MC 1 IR,12R-

dihydrodiol (Fig. 24), the absolute configuration of which has been established earlier 

(Yang et al, 1986). Except red-shifts by -3 nm, tfie major CD Cotton effects of peak 5a of 

Fig. 30 in the wavelength region between -230-255 nm were the same as those of 3MC 

1 l/?,12/?-dihydrodiol (Fig. 24). It should be noted tfiat 25-OH-3MC has positive CD 

Cotton bands centered around 256 nm (Fig. 2IB). In the CD spectrum of metabolite peak 

5a, the positive CD Cotton bands between -255-275 nm owing to the additional 5-chiral 

center at C2 appeared to have canceUed the negative CD Cotton bands between -255-285 

nm owing to the C^ and C12 chiral centers, resulting in smaU but positive CD Cotton 

bands (Fig. 24). 

The CD Cotton effects of metaboUte peak 6 in the wavelength region between -230-

252 nm were opposite in signs to those of tfie metaboUte peak 5a (Fig. 24). However, due 

to positive CD bands contributed by tiie 5-chiral center at C2, the CD Cotton effects in the 

wavelength region between -255-275 nm became considerably larger in magnimde (Fig. 

24); le., tfie positive CD bands between -255-275 nm owing to tiie additional 5-chiral 

center at C2 were additive to tiie positive CD bands between -255-285 nm owing to tiie C^ 

and C12 chiral centers. 

Taken togetiier, the above results indicated tiiat the major component contained in 

peak 5 (which is peak 5a of Fig. 30) and tiie predominant component contained in peak 6 

of Fig. 20 were 25-OH-3MC ll/?,12/?-dihydrodiol and 25-OH-3MC 115,125-

dihydrodiol, respectively. Based on tiie AUC of peaks 5 and 6 (-90:10) in Fig. 20 and 
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Figure 32. (A). Uv-vis absoiption spectra of 3-OH-BA ( , in methanol; an 
authentic compound) and 9-OH-25-OH-3MC ( , in methanol; a product derived from 
acid-catalyzed dehydration ofa2-OH-3MC 9,10-dihydrodiol). (B). Uv-vis absoiption 
spectra of 4-OH-BA ( , in metiianol; an autiientic compound) and 10-OH-25-OH-
3MC ( , in metiianol; a product derived from acid-catalyzed dehydration of a 25-
OH-3MC 9,10-dihydrodiol. The latter is identical to that of tfie metaboUte contained in 
peak 13 of Fig. 20. 
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those of the two components in peak 5 separated by normal-phase HPLC (5a/5b: -34/66; 

Fig. 30), tiie relative amount of 25-OH-3MC ll/?,12/?-dihydrodiol and 25-OH-3MC 

115,125-dihydrodiol was found to be -77/23. 

Peak 17 of Fig. 20 was an unreacted substrate (25-OH-3MC, mass spectrum as 

shown in Fig. 33). The product contained in peak 18 of Fig. 20 was identified as 3MC-2-

onc, by the comparison of its retention time on HPLC, uv-visible absorption and mass 

spectra with those of authentic compound (Fig. 34). 
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Figure 33. Mass spectrum of 2-OH-3MC. 
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Figure 34. Mass spectrum of 3MC-2-one. 
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4. Stereoselective Metabolism of Racemic 2 -OH-SMC 

4.1 HPLC separation and identification of the metabolites 

MetaboUtes formed in tiie incubation of (±)2-OH-3MC by Uver microsomes from 

PB-treated rats were separated by reversed-phase HPLC (Fig. 35). The retention time of 

3MC was indicated in Fig. 35 as an internal standard. In tiiis study, -53% of tiie substrate 

was metaboUzed Peak 16 contained tiie unreacted substrate 2-OH-3MC. The strucuires 

of metabolites contained in most of tiie chromatographic peaks in Fig. 35 have been 

characterized as described in tiie metaboUsm of 25-OH-3MC. Some metaboUtes which 

were not found in tiie metaboUsm of 25-OH-3MC were identified as described below. 

Because tiie substrate was a racemic compound, the number of metaboUtes formed 

in tiie metabolism of (±) 2-OH-3MC were more tiian tiiose from 25-OH-3MC. Absolute 

configurations and enantiomeric compositions of major chiral products formed in the 

metabolism of (±)2-OH-3MC were determined by CD spectral data. 

Peak 1 in reversed-phase HPLC in Fig. 35 contained two components and were 

further separated by normal-phase HPLC (Fig. 36A). Peak la of Fig. 36A had uv-visible 

absorption spectrum similar to tfiat of BA 1,2-dihydrodiol (Yang et al., 1983) (Fig. 37) and 

was tentatively identified as 2-OH-3MC 7,8-dihydrodiol, which was not formed in the 

metabolism of 25-OH-3MC. Relative to those of BA 1,2-dihydrodiol, red-shifts of some 

absorption bands of this metabolite were observed due to additional substituents (Fig. 37). 

Because the hydroxyl groups at C7 and Cg adopt preferentiaUy a quasidiaxial confoimation, 

the more polar and quasidiaxial 2-OH-3MC 7,8-dihydrodiol was eluted with a shorter 

retention time than the otiier quasiequatorial dihydrodiols on reversed-phase HPLC. CD 

spectrum of peak la of Fig. 36A exhibited Cotton effects similar to those of 7-MBA 

l/?,2/?-dihydrodiol (Yang and Fu, 1984) and thus this metaboUte is enriched in tfie IR. 

8/?-enantiomer (Fig. 37). 

Peak 6 of Fig. 35 contained two components and were separated by normal-phase 

HPLC. One of tiie two components in peak 6 was not found in tiie metaboUsm of 25-OH-
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Reversed-phase HPLC, Waters Novapak C18 Cartridge (8 x 100 
mm), Waters RCM-100 Radial Compression Module. 40 -100% 
methanol in water, 50 min linear gradient, 2ml/min 
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Hgure 35. Reversed-phase HPLC separation ofracemic2-OH-3MC and its metaboUtes. 
Identities of metaboUtes contained in various chromatographic peaks are: peak 1, a mixture 
of 2-OH-3MC 7,8-dihydrodiol and a diastereomeric 2-OH-3-OHMC 9,10-dihydrodiol; 
peak 2, a mixture of 2-OH-3-OHMC 11,12-dihydrodiol and a diastereomeric 2-OH-3-
OHMC 9,10-dihydrodiol; peak 3, unknown; peak4, 3MCcw-l,2-diol:9,10-dihydrodiol; 
peak 5, a mixaire of a diastereomeric 2-OH-3MC 11,12-dihydrodiol and 25-OH-3MC 
9,10-dihydFodiol (major); peak 6, a mixture of a diastereomeric 2-OH-3MC 11,12-
dihydrodiol and 8-OH-2-OH-3-OHMC; peak 7, 2/?-OH-3MC 9,10-dihydrodiol; peak 8, 
3MC-2-one 9,10-dihydrodiol; peak 9, 8-OH-2-OH-3MC; peak 10, 3MCrran5-1,2-diol 
peak 11,9-OH-2-OH-3MC; peak 12,10-OH-2-OH-3MC; peak 13,2-OH-3-OHMC; 
peak 14, 3MC cw-1,2-diol; peak 15,2-OH-3MC (remaining substrate) and peak 16,3MC-
2-onc. 
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Figure 36. (A) Normal-phase HPLC separation of the two major components contained 

in peak 1 of Fig. 35. The mobile phase was 20% (v/v) of solvent A in hexane, at a flow 

rate of 2 inlAnin. Identities of metaboUtes contained in the chromatographic peaks are 

shown. Evidence for the identification of these two metaboUtes is described in the text 

(B) Chiral stationary phase HPLC separation and absolute configurations of metaboUte 

enantiomers are indicated in this figure. (C) Chiral stationary phase HPLC separation of 

2-OH-3-OHMC in peak 13 of Fig. 35 in tiie metaboUsm of (±) 2-OH-3MC by liver 

microsomes of rats treated with PB. 
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3MC and had uv-visible absorption spectmm identical to tiiat of 8-OH-25-OH-3MC, tfie 

latter is a metaboUte of 25-OH-3MC (see Fig. 21 A). Due to a shorter retention time Oience 

more polar) on reversed-phase HPLC tiian tiiat of 8-OH-2-OH-3MC contained in peak 9 of 

Fig. 35, tiie metabolite contained in peak 6 was tentatively identified as 8-OH-2-OH-3-

OHMC. 

There were six 9,10-dihydrodiols detected as metaboUtes of (±)2-OH-3MC. These 

were: 3MC-2-one 9,10-dihydrodiol (peak 8), two diastereomeric 2-OH-3MC 9,10-

dihydrodiols contained in peaks 5 and 7, two diastereomeric 9,10-dihydrodiols (peaks lb 

and 2) probably derived from 2-OH-3-OHMC and one 9,10-dihydrodiol probably derived 

ftom 3MC c«-1,2-diol (peak 4 of Fig. 35). 

Peak 5 contained two components, 2-OH-3MC 11,12-dihydrodiol (peak 5a of Fig. 

30) and 2-OH-3MC 9,10-dihydrodiol (peak 5b of Fig. 30), which were separated as 

described in Fig. 30. Peaks 5b and 7 in Fig. 35 were two diastereomeric 2-OH-3MC 9,10-

dihydrodiols. CD Cotton effects of 2-OH-3MC 9,10-dihydrodiol contained in peak 5 of 

Fig. 35 were opposite to tiiose of 25-OH-3MC 9/?,10/?-dihydrodiol (Fig. 29). Thus tiiis 

metaboUte (peak 5b) is highly enriched in 2R,9S,10S enantiomer. In contrast, CD 

spectmm of peak 7 of Fig, 35 indicated tiie presence of mainly 2/?-OH-3MC 9R, 10/?-

dihydrodiol. Based on tiie AUC ratio of peak 5 and peak 7 in Fig. 35 (59/41) and those of 

tiie two major components in peak 5 separated on normal-phase HPLC (-18/82; not 

shown), tiic ratio of two diastereomeric 2-OH-3MC 9,10-dihydrodiols in peak 5 and 7 was 

estimated to be -54/46. 

The 2-OH-3MC 9,10-dihydrodiols contained in peaks 5 and 7 were products of 2-

0H-3MC 9,10-cpoxidos which are hydrated by epoxide hydrolase to form diastereomeric 

9,10-dihydiodiols. 2-OH-3MC 9,10-cpoxides are also partially isomerized to form 9-OH-

2-OH-3MC and 10-OH-2-OH-3MC (peaks 11 and 12 of Fig. 35). 10-OH-2-OH-3MC 

was a major isomerization product of 2-OH-3MC 9,10-epoxides in tiie metaboUsm of (±) 

2-OH-3MC. 
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Peak 2 of Fig. 35 contained two components and were separated by normal-phase 

HPLC (not shown). One of tiie two components in peak 2 and peak lb of Fig. 36A had 

uv-vis absorption spectra identical to tiiat of 2-OH-3-OHMC 9,10-dihydrodiol which had 

been identified as a metaboUte in 25-OH-3-MC metabolism. MetaboUtes contained in peak 

lb of Fig. 36A and peak 2 of Fig. 35 werc probably two diastereomeric 2-OH-3-OHMC 

9,10-dihydrodiols. 

The component contained in peak 8 of Fig. 35 was identified as 3MC-2-one 9,10-

dihydrodiol as described in tiie metaboUsm of 25-OH-3MC. CD spectrum of this 

metaboUte compared with the 3MC-2-one 9/?,10/?-dihydrodiol fonned in tfie metabolism of 

3MC-2-one (Fig. 40) indicated that the metabolite was enriched in the 9/?,10/?-enantiomer. 

The minor metaboUte contained in peak 4 of Fig. 35 was 3MC cw-l,2-diol:9,10-

dihydrodiol. It had a retention time identical to that of a 9,10-dihydrodiol derived by 

incubation of 3MC c«-15,2/?-diol (see below). 

Two diastereomeric 2-OH-3MC 11,12-dihydrodiols (peak 5a of Fig. 30 and peak 6 

of Fig. 35) which were identified in tiie meraboUsm of 25-OH-3MC. One minor 11,12-

dihydrodiol probably derived from 2-OH-3-OHMC was contained in peak 2 of Fig. 35; it 

was not found in tiie metabolism of 25-OH-3MC. Peak 2 of Fig. 35 had a shorter 

retention time than tiiose 11,12-dihydrodiols contained in peaks 5 and 6 of Fig. 35. The 

metabolite in peak 2 of Fig. 35 was tiierefore tentatively identified as a 2-OH-3-OHMC 

11,12-dihydrodiol. 

3MC trans-l2-di(A in peak 10 and 3MC c/5-l,2-diol in peak 14 of Fig. 35 had an 

AUC ratio of 20/80. Their enantiomeric compositions were analyzed on a /J-DNBPG-C 

column as described below. The metabolite contained in peak 13 of Fig. 35 was 2-OH-3-

OHMC, which had been estabUshed in tiie metaboUsm of 25-OH-3MC. 

4.2 Absolute configuration and enantiomeric composition of chiral metabolites 

The CD spectmm of tiie metaboUcaUy fonned 2-OH-3MC /ra;LS-7,8-dihydrodiol 

from peak la of Fig. 36A is shown in Fig. 37 and exhibited Cotton effects similar to tiiose 
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of 7-MBA trans-lR.2R-^hydiodiol (Yang and Fu, 1984). We concluded tiiat tfie major 

enantiomer of 2-OH-3MC rranj-7,8-dihydrodiol has tfie 7/?,8R absolute configuration. 

The optical purity of this metaboUte was not determined. 

The metaboUcaUy formed 2-OH-3-OHMC 9,10-dihydrodiol contained in peak 1 of 

Fig. 35 had CD Conon effects similar to tiiose of 25-OH-3MC 9/?,10/?-dihydrodiol (Fig. 

29), indicating tiiat tiie major enantiomer of tiiis metabolite was 2-OH-3-OHMC 9^, 10^-

dihydrodioL The absolute configuration of the C2-hydroxyl group is unknown. 

Enantiomeric composition of 2-OH-3-OHMC 9,10-dihydrodiol was determined by CSP 

HPLC. The (9/?, 10/?):(95,105) ratio was found to be 62:38 (Fig. 36B). CD Cotton 

effects of each enantiomer collected from /J-DNBPG-C column were opposite in signs and 

mirror images of each other. The two diastereomeric 2-OH-3MC 9,10-dihydrodiols 

obtained from peaks 5 and 7 of Fig. 35 had a ratio of 54:46. Each diastereomer has a pair 

of enantiomers. The diastereomeric 2-OH-3MC 9,10-dihydrodiol contained in peak 5 of 

Rg. 35 had a CD spectrum with negative Cotton effects between 245 and 275 nm, 

resulting from major 2/J-OH-3MC 95,105-dihydrodiol. Enantiomers of 2-OH-3MC 9,10-

dihydrodiol contained in peak 5 of Fig. 35 were separated on /J-DNBPG-I column (Fig. 

36B) and had a ratio of (25. 9/?, 10/? ):(2/?,95,105) of 24:76. Positive CD Cotton effects 

of tiie 2-OH-3MC 9,10-dihydrodiol contained in peak 7 of Fig. 35 (not shown) indicated 

tiiat tfus product was enriched in 2R,9R.10R enantiomer. Since tiie O267/A268 '^^^^ o^ the 

enantiomerically pure 2/?-OH-3MC 9/?,10/?-dihydn)diol was 8.8 milUdegrees (see 

metaboUsm of 3MC-2-one), tfie enantiomeric composition of tiie 2-OH-3MC 9,10-

dihydiodiol in peak 7 of Fig. 35 was readily determined by its CD spectral data and tiie 

ratio of i2R.9R,lOR ):(25,95.105) was 81:19. The percentages of enantiomer in two 

diastereomeric 2-OH-3MC 9,10-dihydrodiols, fonned in tiie metaboUsm of (±) 2-OH-3MC 

by liver microsomes of rats treated witii PB, were found to be 14.6 (25,9/?, 10/?), 39.4 

(2/?,95,105), 37.3 (2/?.9/?,10/?) and 8.7 (25,95,105). 

Two diastereomers of 2-OH-3MC 11,12-dihydrodiols were also obtained in peak 
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metiianol; <I>2%/A272 = -11.2 miUidegrees) spectra of tfie metaboUte 2-OH-3-MC 7/?,8/?-
dihydiodiol (major) contained in peak 1 of Fig. 35. 
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5a of Fig. 30 and peak 6 of Fig. 35 and absolute configurations of major enantiomers in 

each diastereomer were detennined by CD spectra (not shown) by comparing witii tiiat of 

25-OH-3MC 1 l/?(5),12/?(5)-dihydrodiol (Fig. 24). The metaboUte in peak 5a of Fig. 30 

contained an almost opticaUy pure enantiomer witii 25,11/?, 12/? stereochemistry based on 

CD data of enantiomeric 25-OH-3MC 11/?, 12/?-dihydrodiol fonned in tiie metaboUsm of 

25-OH-3MC. The metaboUte in peak 6 had a CD spectrum identical to tiiat of 25-OH-3MC 

115. 125-dihydrodiol and had a relative amount of 19 (2/?, 11/?, 12/?) to 81 (25.115,125) 

which was resolved by /?-DNBPG-C column (Fig. 36B). 

The relative amount of 3MC rra«j-1,2-diol contained in peak 10 and 3MC cis-1,2-

diol in peak 14 of Fig. 35 was found to be 20:80. Absolute configurations and 

enantiomeric compositions of trans- and c/5-1,2-diol of 3MC have been estabUshed (Fig. 

13). Enantiomeric ratios of the metaboUcally formed trans- and cw-1,2-diols derived fixjm 

the metaboUsm of (±) 2-OH-3MC by Uver microsomes prepared from rats treated witii PB 

were 68 (15.25):32 (l/?,2/?) and 18 (15.2/?):82 (l/?,25) respectively (Table 4). Taken 

togetfier, the relative amounts of these four stereoisomers in 3MC trans- and 3MC cw-1,2-

diols formed were 65.6 (l/?.25) > 14.4 (15,2/?) > 13.8 (15.25) > 6.2 (IR,2R). The 

results indicated tiiat regioselective Ci-hydroxylation of (±)2-OH-3MC by Uver 

microsomes prepared from PB-pretreated rats was enantioselective toward 2/?-enantiomer 

over the 25-enantiomer, resulting in primarily rranj-15.25-diol (68%) and cw-l/?,25-diol 

enantiomer (82%). 

The 2-OH-3-OHMC, one of tiie most abundant metaboUtes contained in peak 13 of 

Fig. 35 had CD Cotton effects identical to tiiose of 25-OH-3-OHMC (Fig. 23). The 

enantiomers of 2-OH-3-OHMC fonned were separated using tiie /?-DNBPG-I column and 

had a (2/?):(25) ratio of 19:81 (Fig. 36C and Table 4). The hydroxylation of Ca-metiiyl 

sidechain of (±) 2-OH-3MC was enantioselective toward tiie 25-OH-3MC, forming a 

major 25-OH-3-OHMC metaboUte. 
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Table 4. Enantiomeric composition of metabolites fonned in tiie metabolism of racemic 2-OH-

3MC by rat Uver microsomes. 

MetaboUte* 

(peak no. on RP) 
EA(%)h Enantiomer Ratio (%)c 

A B 

2-OH-3-OHMC 9,10-DHD (1) 20 

2-OH-3MC9,10-DHD(5b) 15 

2-OH-3MC 11,12-DHD (5a) 15 

3MC /ranj-1,2-diol (10) 10 

2-OH-3-OHMC (13) 10 

3MCcw-l,2-diol(14) 7 

61.7 (9/?,10/?) 38.3 (95,105) 
24.0 (25,9/?, 10/?) 76.0 (2R,9S,10S) 

18.8 (2/?,ll/?,12/?) 82.2(25,115,125) 
67.7 (15,25) 32.3 (1/?, 2/?) 
19.0(2/?) 81.0(25) 

18.5 (15,2/?) 81.5 (l/?,25) 

a. Racemic 2-OH-3MC (40 nmol per ml of incubation mixture) was incubated with liver 

microsomes (1.0 mg of protein per ml of incubation mixture) from PB-treated rats at 37°C for 

30 min. 

b. The columns were ionicaUy or covalentiy bonded /?-DNBPG and the percentage of eluent E A 

(ethanol-acetonitrile, 2:1, v/v) in hcAcane was shown in this table. The flow rate was 2 ml/min. 

c. Enantionaers arc designated as A and B according to their elution order on CSP HPLC. 
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The CD spectmm of tiie metaboUte contained in peak 8 of Fig. 35 was opticaUy 

active and had a major enantiomer of 3MC-2-one 9/?.10/?-dihydrodiol (not shown). CD 

data (<1>280/A260 = 3.6 miUidegrees) of 3MC-2-one 9,10-dihydiodiol indicated a 

(9/?,10/?):(95,105) enantiomeric ratio of 84:16 (see also die data in tiie metabolism of 

3MC-2-one). The enantiomeric composition of 3-MC-2-one 9,10-dihydrodiol formed in 

the metabolism of (±) 2-OH-3MC by Uver microsomes of rats treated witfi PB was 

estimated to have a (9/?,10/?):(95.105) ratio of 71:29. The metaboUcaUy formed 3MC-2-

one 9,10-dihydrodiol could be derived from dehydrogenation of C2-hydroxyl group of 2-

0H-3MC 9,10-dihydrodiol (major metaboUte) and epoxidation at 9,10-double bond of 

3MC-2-one. 

The CD spectrum of 8-OH-2-OH-3MC contained in peak 9 of Fig. 35 exhibited 

positive Cotton effects (^56/A292 = 4.0 miUidegrees) between 240 and 280 nm, similar to 

tiiose of 8-OH-25-OH-3MC established (Fig. 2IB). Hence tius metabolite was highly 

enriched in 8-OH-25-OH-3MC. Since the value (<I>255/A292=7.0 milUdegrees) of opticaUy 

pure 8-OH-25-OH-3MC formed in tiie metabolism of 25-OH-3MC was obtained, tiie 

enantiomeric composition of the 8-OH-2-OH-3MC formed in the metaboUsm of (±) 2-OH-

3MC was estimated to have a (2/?):(25) ratio of 21:79. 

The CD spectrum of 10-OH-2-OH-3MC contained in peak 12 of Fig. 35 exhibited a 

strong negative Cotton effects between 245 and 290 nm (O258/A292 = -4-8 miUidegrees) 

(Fig. 38) and indicated that the major enantiomer of 10-OH-2-OH-3MC was derived from 

2/?-OH-3MC. Optical purity of tfiis metabolite was not detennined. 
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5. Stereoselecitve Metabolism ofSMC-2'One (Shou and Yang, 1990b) 

5.1 Effects of enzyme induction on metabolite formation 

The products formed in the metabolism of 3MC-2-one by Uver microsomes from 

PB-treated rats were separated by reversed-phase HPLC (Fig. 39). MetaboUtes were 

obtained by a 10-min incubation of 3MC-2-one witfi 0.25 mg protein equivalent of rat Uver 

microsomes and cofactors. Chromatographic peaks marked witfi 1 and 2 were identified as 

3MC-2-one 9,10-dihydrodiol and 2-OH-3MC, respectively (see below). The metaboUcally 

formed 2-OH-3MC had an identical retention time and uv absorption spectmm to that of the 

authentic compound. Unmarked chromatographic peaks in Rg. 39 have not been 

characterized. For the purpose of estimating the relative amounts of 3MC-2-one 9,10-

dihydrodiol and 2-OH-3MC formed by different rat liver microsomal preparations, an 

identical amount of an internal standard (3MC, retention time 48.3 min, Fig. 39) for 

chromatography was added to the incubation mixture after the metaboUc reaction had been 

stopped by the addition of acetone. With the aid of the internal standard, the amounts of 

3MC-2-one 9,10-dihydrodiol formed by Uver microsomes from PB-treated and 3MC-

treaied rats were determined to be -6.5-fold and ~3.3-fold of tiiat formed by Uver 

microsomes from untreated rats, respectively. The amounts of 2-OH-3MC formed by Uver 

microsomes from PB-treated and 3MC-treated rats were -1.47-fold and -0.95-fold of that 

formed by Uver microsomes fix)m untreated rats, respectively. Thus pretreatment of rats 

witii PB or 3MC, which induced tiie syntiiesis of cytochrome P450b and P450c 

respectively (Thomas et al, 1981), substantially increased tfie formation of 3MC-2-one 

9,10-dihydrodiol by Uver microsomes. However, pretreatment of rats witii 3MC had littie 

or no effect on tiie metaboUc conversion of 3MC-2-one to 2-OH-3MC, whereas 

pretreatment of rats witii PB increased tfie reduction of 3MC-2-one by -47%. 

In order to increase tiie yield of metabolites for the purpose of identification, 3MC-

2-one was incubated for 30 min with 1 mg protein equivalent of rat liver microsomes and 

cofactors. Metabolites were separated by reversed-phase HPLC as described in Fig. 39. 
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Figure 39. Reversed-phase HPLC separation of 3MC-2-one and its metaboUtes. The 

sample was prepared by incubation of 3MC-2-one for 10 min witii Uver microsomes (0.25 

mg protein per ml of incubation mixture) from 3MC-treated rats. Identities of peaks 1 and 

2 are shown and are described in tiie text Retention time of 3MC, which was added for 

quantitative comparison of metaboUtes formed witii different rat Uver microsomal 

preparations, is indicated in the figure. 
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Additional chromatographic peaks were detected (chromatograms not shown), but tfiey 

were relatively minor compared to tiie major metaboUte (peak 1 in Fig. 39). 

5.2 Identification of the predominant metabolite. 

The metaboUte contained in peak 1 of Fig. 39 has been identified as a 3MC-2-one 

9,10-dihydrodiol. Uv-vis absorption spectrum (Fig. 40) of tiiis major metabolite exhibited 

two major absorption bands centered at 260 and 277 nm, witfi several minor absorption 

bands at higher wavelengtii region. It was found to be opticaUy active by CD spectral 

analysis (Fig. 40). The magnitudes of CD Cotton effects of the metaboUte fonned in tfie 

metaboUsm of 3MC-2-one by Uver microsomes fttim untreated, PB-treated, and 3MC-

treated rats were very similar, indicating similar optical purity and mechanism of fomiation. 

Mass spectral analysis indicated molecular ions at m/z 316 witfi characteristic fragment ions 

at m/z 298 and 280 (loss of water molecules), suggesting tiiat tiie metabolite was a 

dihydrodiol. 

The locations of the hydroxyl groups in the dihydrodiol metabolite werc determined 

by the foUowing experiments. 3MC-2-one is known to be easUy converted to 2-OH-3MC 

by reduction of tiie 2-keto group witfi NaBH4. Thus, by assuming tfiat the dihydrodiol 

metaboUte retained the 2-keto group of the parent hydrocarbon, reduction of 2-keto group 

of the metabolite should produce two diastereomeric products with an aromatic nucleus 

similar to tiiat of a dihydrodiol of 3MC (or 7-metiiylbenz[a]antfiracene). The NaBH4-

reduced products, after cleanup by ethyl acetate/water partition, were isolated as a single 

chromatographic peak on normal-phase HPLC (retention time 19.4 min). Its uv-vis 

absoiption spectmm (Rg. 43) had similar absorption characteristics to those of 3MC trans-

9,10-dihydrodiol (Jacobs et al, 1983; Tiemey et al, 1978) and 7-MBA trans-3,4-

dihydrodiol (Tiemey et al, 1978), indicating that the 9,10 positions of the diastereomer 

were saturated. Mass spectral analysis of this diastereomeric mixture showed molecular 

ions at m/z 318 with characteristic fragment ions at m/z 3(X) and 282 (loss of water 

molecules), indicating that the diastereomers were triols with a hydroxyl group at C2 
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Figure 40. Uv-vis absorpticm ( , methanol; Xmax 260 nm) and CD spectra of the 

9,10-dihydrodiol ( ; concn. 1.0 A26o/nil, methanol; O280/A26O = 3.6 nulUdegrees) 

formed in the metaboUsm.of 3MC-2-one by Uver microsomes from 3MC-treated rats. 
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Figure 41. Left chromatogram: Reversed-phase HPLC separation of tfie diastereomeric 2-
OH-3MC 9,10-dihydrodiols obtained by reduction witfi NaBH4 of tiie metaboUcally 
formed 3MC-2-one 9,10-dihydrodiol. Right chromatogram: CSP HPLC separation of tfie 
enantiomers contained in peak 1 of tiie chromatogram on tiie left. The column was an 
ionically bonded /?-DNBPG and tfie elution solvent was 18% of ethanol:acetonitrile (2:1, 
v/v) in hexane at 2 ml/min. 
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Figure 42. Structuresof the metaboUcaUy fonned 3MC-2-onerra«.y-9,10-dihyclrodiol and 
its NaBHi-reduction products. Reversed-phase HPLC separation of two pairs of 
enantiomers is shown in Fig, 41. The major enantiomer in each enantiomeric pair was 
detennined by CD spectral analysis (see text for discussion). 
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Figure 43. Uv-vis absorption ( , methanol; Xmax 268 nm) and CD spectra of the 
diastereomeric 2-OH-3MC 9,10-dihydrodiols derived by reduction of tfie metaboUcaUy 
foimed 3MC-2-one 9,10-dihydrodiol witfi NaBIlt; peak 1 of Fig. 41 [ , O267/A268 
- 9.7 millidegrees, concn. 1.0 AiG^rai, metiianol; (2S,9/?,10^):(2/?,95,10^ enantiomer 
ratio = 84:16] and peak 2 of Fig. 41 [ , O268/A268 = 6.0 milUdegrees, concn. 1.0 
A268/inl. metiianol; (2/?,9/?,10/?):(25,95,105) enantiomer ratio = 84:16]. CD spectrum of 
7-methylbenz[a]antiiracene 3/?,4/?-dihydrodiol ( ) was taken from Yang et al, 1984 
far ready comparison. 
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position. Two diastereomeric triols were separated by reversed-phase HPLC witii identical 

areas under tiie curves Geft chromatogram. Fig. 41). TTieir uv-vis absorption spectra had 

similar absorption characteristics to tiiose of 3MC frafir-9,10-dihydrodiol (Jacobs et al., 

1983; Tiemey et al, 1978) and 7-MBA rram-3,4-dihydrodiol (Tiemey et al, 1978), again 

indicating tiiat tiie 9,10 positions of botii diastereomers were saturated. Taken togetiier, tiie 

results indicated that the NaBH4-reduced products were diastereomeric 2-OH-3MC 9,10-

dihydrodiols and tiie metaboUte from which tiiey were derived from was 3MC-2-one 9,10-

dihydrodiol. It is known tfiat the great majority of dihydrodiols formed in the metaboUsm 

of polycyclic aromatic hydrocarbons, including tiie 3MC franj-9,10-dihydrodiol and the 

diastereomeric 1-OH-3MC rrartr-9,10-dihydrodiols foimed in rat Uver microsomal 

metaboUsm of 3MC (Jacobs et al., 1983) and racemic 1-0H-3MC (Thakker et al., 1978; 

Vigny et al, 1977) respectively, by mammalian drug-metaboUzing enzymes are trans 

isomers (Yang et al, 1980; Sims et al, 1981). The 3MC-2-one 9,10-dihydrodiol fonned 

in the metaboUsm of 3MC-2-one is presumably also a trans isomer witii the hydroxyl 

groups preferentially adopting a quasidiequatorial conformation (Yang et al., 1980) and this 

is supported by the CD Cotton effects of its reduction products 2-OH-3MC 9,10-

dihydrodiol (see below). 

5.3 Absolute configuration. 

The absolute configuration of the major enantiomer in the metaboUcally formed 

3MC-2-one 9,10-dihydrodiol could not be readily determined on the basis of its CD 

spectrum (Fig. 40). The koto group of the metaboUcaUy formed 3MC-2-one 9,10-

dihydrodiol was converted to a hydroxyl group by reduction with NaBH4 as described 

above and tiie resulting diastereomers were separated by reversed-phase HPLC (left 

chromatogram. Fig. 41). CD spectrum-absolute configuration relationship of enantiomeric 

7-MBA r7'j/w-3,4-dihydrodiols had previously been estabUshed (Yang et al, 1984). Thus 

by comparing tiie CD spectra of die diastereomeric 2-OH-3MC rraw-9,10-dihydrodiols 

(see structures of two enantiomeric pairs in Fig. 42) derived from tiie metaboUcaUy formed 
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3MC-2-one /ranj-9,10-dihydrodiol, it should be possible to deteimine the absolute 

Stereochemistry of the major enantiomer contained in each of tfie two diastereomeric 2-OH-

3MC rra«.s-9,10-dihydrodiols (peaks 1 and 2 in Fig. 41). Consequentiy tiie absolute 

configuration of the metaboUcaUy formed 3MC-2-one lra/tr-9,10-dihydrodiol could be 

determined. 

The characteristics of CD Cotton effects of both diastereomeric 2-OH-3MC trans-

9,10-dihydrodiols contained in peaks 1 and 2 of Fig. 41 are nearly identical to those of 7-

MBA 3/J,4/?-dihydrodiol between 250-450 nm, witii an exception in the intensity of 

Cotton effects in the wavelength region 225-257 nm for peak 1 (Fig. 43). These results 

indicated that the major enantiomer contain in both peaks 1 and 2 are the 9R,10R-

enantiomer. 

The exact absolute stereochemistry of tfie 2-hydroxyl group in each of the major 

enantiomers contain in peaks 1 and 2 of Fig. 41 has been established in the following 

experiment. A 25-OH-3MC, prepared as previously described (see metabolism of 2S-OH-

3MC), was incubated with Uver microsomes from PB-trcated rats. Metabolites were 

separated by reversed-phase HPLC under conditions described in Fig. 39. Among tfie 

metabolites separated (chromatogram not shown), two 2-OH-3MC trans-9,10-

dihydrodiols, in a ratio of approximately 6:1 favoring tfie early eluted peak, were detected 

witfi retention times identical to tiiose of tiie two diastereomeric 2-OH-3MC trans-9,10-

dihydrodiols shown in Fig. 41. The major 9,10-dihydrodiol had a CD spectmm (not 

shown) witii Cotton effects identical to tiiose of peak 1 in Fig. 41. Hence tiie major 

enantiomer contained in peak 1 of Fig. 41 was deduced to have a 25,9/?, 10/? absolute 

configuration. Consequentiy tiic major enantiomer contained in peak 2 of Fig. 41 was 

deduced to have a 2R,9R,10R absolute stereochemistry. 

If tfie 2-OH-3MC 9,10-dihydrodiols derived from tfie metaboUcaUy formed 3MC-2-

one 9,10-dihydrodiol were cis isomers, the CD Cotton effects of tiie major enantiomers 

contained in tfie two diastereomeric 2-OH-3MC 9,10-dihydrodiols (peaks 1 and 2 in Fig. 
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41) would have had very different characteristics from tfiose of 7-mothylbenz[a]anthracene 

(rra«j)-3/?,4/?-dihydrodiol (Yang etal, 1984). The hydroxy groups of 2-OH-3MC cis-

9,10-dihydrodiol should adopt botii 9el0a (a = quasiaxial and e = quasiequatorial) and 

9al0e conformations, whereas tiiose of 2-OH-3MC rraw-9,10-dihydrodiol should adopt 

only a 9el0e conformation (Yang et al, 1980). For example, benzo[a]pyrene (trans)-

7/?,8^-dihydrodiol with a7e8e conformation (Chiu etal., 1986) and benzo[a]pyrene (cis)-

7/?,85-dihydrodiol witii botii 7e8a and 7a8e conformations (Chiu et al, 1985) have 

characteristically different CD Cotton effects between 310-380 nm. Since tfie CD Cotton 

effects of the major enantiomers contained in two diastereomeric 2-OH-3MC 9,10-

dihydrodiols werc nearly identical to those of 7-methylbenz[a]anthracene {trans)-3R,4R-

dihydrodiol (Fig. 43), the CD spectral data provided confirmatory evidence that the 

metaboUcaUy fonned 3MC-2-one 9,10-dihydrodiol was a trans isomer with a 9el0e 

conformation. 

5.4 Enantiomeric composition. 

The results presented above estabUshed tfie absolute stereochemistry of tfie 

major/sole enantiomer contained in each of the two enantiomeric pairs of diastereomers in 

Fig. 41. However, CD spectral data do not readily provide information regarding the 

enantiomeric composition in each pair of enantiomers. Additional steps were taken to 

determine the enantiomeric composition of each enantiomeric pair. 

Enantiomers of tiie metaboUcaUy formed 3MC-2-one rrfl«j-9,10-dihydrodiol were 

not separated witii various mobile phases on aU four CSP columns employed in tfiis study. 

However, one of tiie reduction product (peak 1 in Fig. 41) was separated on an ionicaUy 

bonded /?-DNBPG column into a pair of enantiomers with a (25,9/?,10/?):(2/?,95,105) 

enantiomer ratio of 84:16 (peak la and lb in Fig. 41). A sufficient quantity (-3 Ajsg units) 

of peak lb in Fig. 41 was isolated by repetitive chromatography. Its CD spectrum (not 

shown) was found to be a mirror image of that of peak la, confirming tiiat peaks la and lb 

are a pair of enantiomers. 
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Using identical CSP column and elution solvent, the enantiomers contained in peak 

2 of Fig. 41 were not resolved. The use of otfier CSP columns also did not separate tfie 

enantiomers. However, its enantiomeric ratio [(2/?,9/?,10/?):(2S,9S,10S)] should be 

identical to tiiat of peak 1, since botii peaks 1 and 2 are derived from tiie same precursor, 

tfie metaboUcally fonned 3MC-2-one rrarLs-9,10-dihydrodiol. Based on tfie enantiomeric 

ratio of peak la in Fig. 41, tiie metaboUcaUy formed 3MC-2-one rrflrt5-9,10-dihydrodiol is 

deduced to have a (9/?,10/?):(9S,105) enantiomeric ratio of 84:16. 

During the course of this study the enantiomeric ratio of 3MC-2-one rranj-9,10-

dihydrodiol (determined by peaks la and lb as described in Fig. 41 following reduction by 

NaBH4), formed by incubation of 3MC-2-one with Uver microsomes from PB-treated rats, 

was found to vary between 69:31 and 85:15, in favor of the 25,9/?,10/?-enantiomer. It 

was found that the higher the percentage of substrate (3MC-2-one) metaboUzed and the 

amount of 3MC-2-one rranj-9,10-dihydrodiol formed, the lower the percentage of 

9/?,10/?-cnantiomer in the metabolically formed 3MC-2-one /ra/is-9,10-dihydrodiol. The 

results thus suggest that the 9/?,10/?-enantiomer of 3MC-2-one /ra/i5-9,10-dihydrodiol is 

further metabolized at a faster rate tfian the 95,105-enantiomer. 
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6. Stereoselecitve Metabolism of Racemic 1 -OH-SMC 

6.1 Reversed-phase HPLC separation of metabolites 

The absolute configurations and enantiomeric compositions of aUphatic 

hydroxylation products such as 1-OH-3-OHMC, 3MC fraru-1,2-diol, and 3MC cij-1,2-

diol fonned in tiie metaboUsm of racemic 1-OH-3MC by Uver microsomes from PB-treated 

rats have been described in an earUer section. In addition to tiiese aUphatic hydroxylation 

products, otiier metaboUtes are also formed. More tfian 20 chromatographic peaks were 

separated by reversed-phase HPLC using a Nova-pack Cig column (Fig. 44). Under tfie 

incubation conditions, -51% of tiie substrate was metabolized and tfiis was determined by 

using 3MC as an internal standard. Chromatographic peaks arc numbered as shown in 

Fig. 44 and tfie meiabolite(s) contained in each chromatographic peak was characterized as 

described below. Peak 19 is tfie remaining substrate 1-OH-3MC. Extensive secondary 

and tertiary metaboUsm occurred because tiie high rate of metabolism. The strucmres of 

metabolites contained in most of tiie chromatographic peaks in Fig. 44 have been 

estabUshed (Table 5). More insight can be gained on the patfiways of metabolism when 

secondary and tertiary metaboUtes are formed. 

6.2 Identification of metabolites 

Two metabolites were contained in peak 1 (Fig. 44) and werc separated by noimal-

phase HPLC into two components (peak la and lb in Fig. 45). These two metabolites 

were identified as 1-OH-3MC 7,8-dihydrodiol (peak la) and 1-OH-3-OHMC 9,10-

dihydrodiol (peak lb) on tfie basis of their uv-vis absorption and CD spectral data (see 

below). Peak la (Fig. 45) had a M* at m/z 318 and a characteristic fragment ion at m/z 3(X) 

(loss of H2O) by mass spectral analysis (Rg. 46) and a uv-vis absorption spectrum siimlar 

to that of BA 1,2-dihydrodioL Thus the metaboUte contained in peak la (Fig. 45) was 

identified as 1-OH-3MC 7,8-dihydrodiol. Because of an additional chiral center, 1-OH-

3MC /ra/w-7,8-dihydrodiol should have two diastereomers. These two diastereomers 
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Figure 44. Rcversed-phase HPLC separation of racemic 1-0H-3MC and its metaboUtes. 

Identities of metaboUtes contained in various chromatographic peaks are described in the 

text and summarized in Table 5. Retention time of 3MC as a internal standard is indicated 

by an arrow. 
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Table 5. Characterization of products formed in tiie metabolism of racemic 1-OH-3MC by 
rat Uver microsomes 

Peak No. 
in RP HPLC 
(Rt,min)a 

1 (8.90) 

2 (13.5) 

3 (14.0) 

4 (15.2) 

5 (16.9) 

6 (18.5) 

7 (20.2) 

8 (21.8) 

9 (22.5) 

10 (23.6) 

11 (24.2) 

12 (24.5) 

13 (25.4) 

14 (26.3) 

15 (27.6) 

16 (28.4) 

17 (28.9) 

18 (30.7) 

19 (34.0) 

20 (40.4) 

Elution Solvent 
in NP HPLC 
(Rt, min)h 

EA20 (14.63) 

EA20 (17.57) 

EA20 (13.40) 

EA20 (15.52) 

EA20 (16.20) 

EA20 (16.90) 

EA15 (16.63) 

EA15 (15.43) 

EAl5 (11.50) 

EA15 (13.23) 

EA15 ( 9.98) 

EAl 5 (11.82) 

EA15 (13.55) 

EA15 (14.10) 

EA15 (14.00) 

EA15 (12.46) 

EAIO (14.80) 

EAIO ( 9.57) 

M+ 
(m/z)^ 

318 

334 

334 

ND(316)d 

316 

ND(316) 

318 

318 

316 

316 

300 

300 

300 

300 

300 

300 

298 

300 

284 

282 

Identity of MetaboUte 

1-OH-3MC 7,8-dihydrodiol 

1-0H-3MC 9.10-dihydrodiol 

unknown 

3MC cw-l,2-diol:9,10-diol 

8-OH-1-OH-3-OHMC 

9-OH-1-OH-3-OHMC 

lO-OH-l-OH-3-OHMC 

15-OH-3MC 9/?,10/?-dihydrodioI (major) 

i;?-0H-3MC 97?.10 -̂dihydrodiol (major) 

3MC-l-one 9,10-dihydrodiol 

3-OHMC cw-1.2-diol 

3MCfrartj-l ,2-diol 

8-OH-1-OH-3MC 

1-OH-3-OHMC 

7-OH-1-OH-3MC 

9-OH-1-OH-3MC 

unknown 

10-OH-1-OH-3MC 

3-OHMC-l-one 

3MCcw-l,2-diol 

1-0H-3MC 

3MC-l-one 

c. 
d. 

MetaboUtes were separated by revei«d-phasc HPLC and numbered as indicated m HPLC 
chromatograph. RetenUon times (Rt) are shown in parenthesis. 
Elution solvents were defined in percentage of eluenv A (ethanol-acetonitnle, 2:1, v/v) m hexane. 
Reiention tiroes arc indicated in parenthesis. 
Molecular ion from mass spectral analysis. ND = not detennined. 
Expected molecular weight 
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could not be separated by eitiier reversed-phase or normal-phase HPLC. However, peak 

la (Fig. 45) was separated into two chromatographic peaks (peaks lal and la2 of Fig. 45) 

on an /?-DNBPG-C column witii an AUC ratio of 54:46. Peaks lal and la2 had identical 

uv-vis absorption spectra (Fig. 49). CD Cotton effects of tfiose two metaboUtes were not 

exact mirror images of each otiier (Fig. 49). Hence peaks lal and la2 were not a pair of 

enantiomers and they should be a pair of diastereomers; each of which has a pair of 

enantiomers. On the basis of their CD spectra data, peak lal was judged to be enriched in 

the 7/?,8/?-enantiomer, whereas peak la2 was enriched in the 75,85-enantiomer. 

The metaboUtes contained in peaks 11 and 13 (Fig. 44) were repurified by normal-

phase HPLC (Table 5) and were identified as 8-OH-1-OH-3MC and 7-OH-1-OH-3MC, 

respectively. The 8-OH-1-OH-3MC in peak 11 had a uv-vis absorption spectmm similar to 

tiiose of an authentic 2-OH-BA (Fig. 21) and 8-OH-2-OH-3MC (Fig. 21) and an M+ at m/z 

300 and a fragment ion at m/z 282 by mass spectral analysis. The 7-OH-1-OH-3MC in 

peak 13 had a uv-vis absoiption spectrum similar to that of an authentic 1-OH-BA (Fig. 50) 

and a M+ at m/z 300 and a fragment ion at m/z 282 by mass spectral analysis. Uv-vis 

absorption spectra of 7-OH-1-OH-3MC (Fig. 50) and 10-OH-1-OH-3MC (Fig. 61) are 

similar. Thus 7-OH-1-OH-3MC and 10-OH-1-OH-3MC cannot be distinguished by tiieir 

uv absorption properties. In order to confum that the metaboUte contained in peak 13 was 

7-OH-1-OH-3MC, the major component in peak 6 (1-0H-3MC 9,10-dihydrodiol) was 

converted to 9-OH-1-OH-3MC and 10-OH-1-OH-3MC (see uv-vis absorption spectra in 

Figs. 60 and 61). These two phenolic products had uv-vis absorption spectra and retention 

times on reversed-phase HPLC (Fig. 44) identical to tiiose of peaks 14 and 15, 

respectively. Hence tiie metabolite contained in peak 13 was concluded to be 7-OH-l-OH-

3MC. 

Peak 4 in Fig. 44 was further separated by normal-phase HPLC into two 

components (Table 5). The component eluted earUer on nonnal-phase HPLC had a uv-vis 

absoiption spectmm (not shown) similar to tiiat of an autiientic 2-OH-BA and a shorter 
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was retention time tiian tiiat of 8-OH-1-OH-3MC (peak 11 in Fig. 44). This metabolite 

tentatively identified as 8-OH-2-OH-3-OHMC. Anotiier component in peak 4 was 

identified as 9-OH-1-OH-3-OHMC (see below). 

Five 9,10-dihydrodiols were fonned and tiiese were: 1-OH-3-OHMC 9,10-

dihydrodiol (peak lb in Fig. 45), 3MC c«-l,2-diol:9,10-dihydrodiol (peak 3 in Fig. 44), 

two diastereomeric 1-OH-3MC 9,10-dihydrodiols (peaks 6 and 7 in Fig. 44), and 3MC-1-

one 9,10-dihydrodiol (peak 8 in Fig 44). 

Two major metabolites contained in peaks 6 and 7 witii an AUC ratio of 63:37 had 

uv-vis absoiption spectra identical to tiiat of 2-OH-3MC 9,10-dihydrodiol (see tfie section 

on tiie metaboUsm of 25-OH-3MC) and an M+ at m/z 318 witfi a characteristic fragment ion 

at m/z 300 by mass spectral analysis (Fig. 56). CD spectra of the metabolites contained in 

peaks 6 and 7 were similar to tiiat of 25-OH-3MC 9/?,10/?-dihydrodiol (Fig. 29), 

indicating they were enriched in the 9/?,10/?-enantiomer. Therefore, the predominant 

metaboUtes in peaks 6 and 7 were identified to be two diastereomeric 1-OH-3MC 9,10-

dihydrodiols enriched in tiie 9/?,10/?-enantiomer (Fig. 58). The 1-0H-3MC 9.10-

dihydrodiols formed in the metaboUsm of 1-0H-3MC were derived from epoxide 

hydrolase-catalyzed hydration of their 1-0H-3MC 9,10-epoxide precursors. 1-OH-3MC 

9,10-dihydrodiols may be further oxidized to form the potentiaUy reactive bay region 1-

0H-3MC 9,10-diol-7,8-epoxides. 

The uv-vis absorption and mass spectral data (Figs. 60 and 62) of the component in 

peak 14 were found to be identical to those of 9-OH-2-OH-3MC. Similarly, tiie metabolite 

in peak 16 of Fig. 44 had uv-vis absoiption and mass spectral data (Figs. 61 and 63) 

identical to tiiose of 10-OH-2-OH-3MC described earUer. In order to confirm the 

structures of metaboUte contained in peaks 14 and 16,1-OH-3MC 9,10-dihydrodiol (peak 

7 in Fig. 44) was converted to 9-OH-1-OH-3MC and 10-OH-1-OH-3MC by acid-catalyzed 

dehydration. The two isomeric phenoUc products were eluted on reversed-phase HPLC 

witii retention times and uv-vis absorption spectra identical to tfiose of metabolites 
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Figure 49. Uv-vis absorption spectrum of two diastereomeric 2-OH-3MC 7,8-
dihydrodiol contained in peak la of Fig. 45 ( ) and CD spectra of major 2-OH-3MC 
7/?,8/?-dihydrodiol (- , concn. 1.0 A 269/nti, metiianol; <I>239/A269 = 5.1 
miUidegrees) and major 2-OH-3MC 75.85-dihydrodiol ( , concn. 1.0 A273/ml. 

metiianol; 4)239/A269 = " 14.8 milUdegrees). 
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Figure 51. Uv-vis absoiption ( , methanol) and CD ( , concn. 1.0 A283/ml, 
metiianol; <l>2d5/A265 = 6.1 milUdegrees) spectra of the metaboUte 8-OH-15-OH-3MC 
(major) contained in peak 11 of Fig. 44. 
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contained in peaks 14 and 16, respectively. Hence tiie metabolites contained in peaks 14 

and 16 were confirmed as 9-OH-1-OH-3MC and 10-OH-1-OH-3MC, respectively. 

Uv-vis absorption spectrum of tfie metaboUte contained in peak 8 (Fig. 44) 

resembled tiiat of 3MC-2-one 9,10-dihydrodiol (Fig. 40). Mass spectral analysis indicated 

a M+ at m/z 316 and a fragment ion at m/z 298 (Fig. 57). These data suggested tfiat tfie 

metabolite was a 9,10-dihydrodiol of 3MC-l-one. Furtfiermore, CD spectral analysis (Fig. 

59) indicated tfiis metaboUte was optically active. In order to firmly estabUsh tiie stmcture, 

this metaboUte was converted by reduction with NaBHj to a pair of diastereomers, which 

had identical retention time, uv-vis absorption and CD spectra to tiiose of 1-0H-3MC 

9/?,10/?-dihydrodiols contained in peaks 6 and 7 of Fig. 44. These results confirmed that 

the metabolite contained in peak 8 of Fig. 44 was a 3MC-l-one 9,10-dihydrodiol. 

As described earUer, peak 1 of Fig. 44 contained two components which were 

separated by normal-phase HPLC (peaks la and lb in Fig. 45). Peak la was identified as 

1-0H-3-MC 7,8-dihydrodiol. Peak lb had a uv-vis absorption spectrum (Fig. 45) similar 

to those of 1-OH-3MC 9,10-dihydrodiols contained in peaks 6 and 7 of Fig. 58 and 2-OH-

3MC 9,10-dihydrodiol (Fig. 29). Mass spectral analysis of the metaboUte in peak lb 

indicated a M* at m/z 334 and characteristic fragment ions at m/z 316 Ooss of H2O) and 

298 (loss of two H2O) (Fig. 54). CD spectrum of peak lb was sinular to that of 25-OH-

3MC 9/?,10/?-dihydrodiol (Fig. 29) foimed in tiie metabolism of 25-OH-3MC. The 

retention time of peak 1 in Fig. 44 was much shorter than those of tiie two diastereomeric 

1-OH-3MC 9,10-dihydrodiols contained in peaks 6 and 7. On tiie basis of the above data, 

tiie metabolite in peak lb of Fig. 45 was established to be 1-OH-3-OHMC 9,10-

dUiydrodiol enriched in tiie 9/?, 10/?-enantiomer. In principle, 1-OH-3-OHMC 9,10-

dihydrodiol should have two diastereomers. Only one 1-0H-3-0HMC 9,10-dihydrodiol 

was detected. The otiier diastereomeric 1-OH-3-OHMC 9,10-dihydrodiol was eitiier not 

separable from peak lb or was not detectable. 
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Peak 4 of Fig. 44 contained two components (Table 5). The minor component was 

tentatively identified as 8-OH-1-OH-3-OHMC which had a uv-vis absorption spectrum 

similar to tiiose of 8-OH-1-OH-3MC (peak 11 in Fig. 44) and 8-OH-2-OH-3MC (Fig. 

21A). The major component had a uv-vis absorption spectmm (Fig. 60) similar to those of 

9-OH-1-OH-3MC (peak 14 in Fig. 44) and 9-OH-2-OH-3MC (Fig. 32A). Mass spectral 

analysis of the major component indicated a M+at m/z 316 (Fig. 55). The results 

indicated tiiat tiie major component in peak 4 of Fig. 44 was 9-OH-1-OH-3-OHMC. 

The 9,10-dihydrodiol contained in peak 3 was identified as 3MC cis 1,2-diol :9,10-

dihydrodiol on the basis of its uv-vis absorption spectrum and retention time, which were 

identical to tiiat of 3MC cis l,2-diol:9,10-dihydrodiol formed in the metabolism of 3MC 

cw-l,2-diol (see section on the metabolism of 3MC cis-l,2-diol). Mass spectral analysis 

showed that molecular weight of tfiis metabolite in peak 3 was 334. CD spectmm of this 

metaboUte indicated that it was highly enriched in tfie 9/?,10/?-enantiomer. Since 3MC cis-

1,2-diol (peak 18 in Fig. 44) was one of the major metabolites, the metabolically formed 

3MC cw-1,2-diol was expected to be further metabolized and apparentiy tfie 9,10-double 

bond of 3MC cw-1,2-dihydrodiol was a major site of metaboUsm. 

Metabolites contained in peaks 10 and 18 were readUy identified as isomeric 3MC 

trans-l,2-dio\ and cw-1,2-diol on the basis of tiieir identical retention times, uv-vis 

absoiption and mass spectra (Figs. 64 and 65) to those of autiientic 3MC trans-l,2-diol and 

3MC cw-1,2-diol, respectively. Based on tiie areas under chromatographic peaks, the cis-

1,2-diol was formed ~3-times that of the trans isomer (see Fig. 44). 

Peak 12 contained tiie most abundant metaboUte which had identical retention time, 

uv-vis absorption and mass spectra to tiiose of 1-OH-3-OHMC. The latter had boon 

described in an earUer section (Figs. 16 and 67). The metaboUcaUy formed l-OH-3-

OHMC was optically active and had a R/S enantiomer ratio of 58:42 (Fig. 17). 

Peak 9 as a minor metabolite (mass spectrum in Fig. 66) was shwn to have an 

identical retention time as that of 3-OHMC cw-l,2-diol which has been found as a 
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metaboUte of 3MC cw-l,2-diol (see section on tiie metaboUsm of 3MC c«-l,2-diol). The 

CD spectrum of peak 9 indicated tiiat it was enriched in die l/?,25-enantiomer (Fig. 16). 

The metaboUte contained in peak 20 of Fig. 44 was identified as 3MC-l-one 

because it had identical properties as tiiat of an autiientic 3MC-l-one (Fig. 68). The minor 

metaboUte contained in peak 17 showed similar uv-vis absorption spectrum (not shown) 

but a different retention time and mass spectmm (Table 5) from 3MC-l-one. Mass 

spectrum of tiie product in peak 17 had a M+ at mlz 298 and a characteristic fragment ion at 

m/z 280 Ooss of H2O) (Fig. 47) which indicated tiiat tius metaboUte was probably 3-

OHMC-1-one. 

6.3 Absolute corfiguration of enantiomeric metabolites 

The major component in peak 1 of Fig. 44 was estabUshed to be 1-OH-3MC 7,8-

dihydrodiol and contained two diastereomers which have been separated by /?-DNBPG-C 

column (peaks lal and la2 of Fig. 45). Except for bathchromic shifts and higher 

magrutude in elUpticity, CD spectrum (Fig. 49) of peak la2 (Fig. 45) was similar to that of 

BA 15,2S-dihydrodiol (Yang et al., 1983). The major enantiomer of peak la2 was 1-OH-

3MC 7S,85-dihydrodiol; the absolute configuration of Ci-hydroxyl group. However, CD 

spectmm (Fig. 49) of peak lal (Fig. 45) had sUghtiy different Cotton effects between 250 

and 300 nm from tiiose of 7-MBA l/?,2/?-dihydrodiol established by Yang et al (1984). 

The cause is probably due to an additional S -chiral center at Ci which displayed a positive 

CD Cotton bands centered around 258 nm (Fig. 8). Hence tiie IS -chiral center may alter 

tfie negative CD Cotton effect between 250 and 300 nm caused by C7 and Cg chiral centers. 

The result suggested tiiat tiie peak lal of Fig. 45 contained major enantiomer of IS-OH-

3MC-7/?,8/?-dihydrodiol. The optical purities of 1-0H-3MC 7,8-dihydrodiols contained 

in eitiier peak lal or la2 cannot be detennined. The absolute configuration of die 

metaboUte in peak lal of Fig. 45 can be established by comparing CD spectrum witii a 

biosyntiietic 15-OH-3MC 7/?,8/?-dihydrodiol derived from tiie metabolism of 15-OH-3MC 

(not shown). 
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The metaboUtes in peaks 6 and 7 of Fig. 44 were two diastereomeric 1-OH-3MC 

9,10-dihydrodiols. The determination of absolute configuration of enantiomers was carried 

out by tiie following experiments (see below). The metabolism of 1S-OH-3MC produced 

only two diastereomeric products 15-OH-3MC 9/?,10/?-dihydrodiol and 1S-0H-3MC 

95,105-dUiydrodiol. The metabolism of 1/J-OH-3MC produced only two diastereomeric 

l/?-OH-3MC 9R, 10/?-dihydrodiol and l/?-OH-3MC 95,105-dihydrodiol. Both 15-OH-

3MC 9/?,10/?-dihydrodiol derived from 1S-OH-3MC and 1/J-OH-3MC 95,105-

dihydrodiol derived from l/?-0H-3MC were a pair of enantiomers with opposite CD 

Cotton effects and were eluted on reversed phase HPLC to have retention time identical to 

that of 1-OH-3MC 9,10-dihydrodiol contained in peak 6 of Fig. 44 in metaboUsm of (±) 1-

0H-3MC. Vice versa , tiie 15-OH-3MC 95,105-dihydrodiol derived from 15-OH-3MC 

and l/?-0H-3MC 9/?,10/?-dihydrodiol derived from 1/J-OH-3MC were a pair of 

enantiomers with opposite CD Cotton effects and were eluted on reversed phase HPLC to 

have retention time identical to that of 1-OH-3MC 9,10-dihydrodiol contained in peak 7 of 

Fig. 44. The Positive CD Cotton effects of peak 6 of Fig. 44 showed tiiat this 1-OH-3MC 

9,10-dihydrodiol had a major enantiomeric 15-OH-3MC 9/?,10/?-dihydrodiol. 

Enantiomeric composition of tiie metaboUte in peak 6 of Fig. 44 was resolved by R-

D>fBPG-I column to be 79 (15,9/?,10/?): 21 (l/?,95,25) (Fig. 70). The CD spectra of 

botii enantiomers exhibited tiie entirely opposite Cotton effects (Fig. 58). The 1-OH-3MC 

9,10-dihydrodiol in peak 7 of Fig. 44 had also a positive Cotton effects, showing tiiat 

major enantiomer of peak 7 was highly enriched in IR,9R,10R stereochemistry (not 

shown). Unfortunately, two enantiomers in peak 7 can not be separated by chiral columns 

employed. These results exhibited tiiat PB-treated rat Uver microsomal enzymes catalyzed 

preferentially stereoselective fonnation of 9/e,10/?-dihydrodiol derived from (±)l-OH-3MC 

regardless of die absolute configuration of tiie Ci-hydroxyl group. 

The 1-OH-3-OHMC 9,10-dihydrodiol in peak 1,3MC cw-l,2-diol:9,10-

dihydrodiol in peak 3 of Fig. 44 and NaBH4-reduced products of 3MC-l-one 9,10-
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dihydrodiol in peak 8 of Fig. 44 resulted in similarly positive CD Cotton effect 

characteristics to tiiose of 1-OH-3MC 9/?,10/?-dihydrodiol, which demonstrated die major 

enantiomers in tiiose peaks above were enriched in 9/?,10/?-dihydrodiols. 3MC cis-1,2-

diol:9,10-dihydrodiol of peak 3 of Fig. 44 had retention time identical to tiiat of one 

diastereomeric 3MC c«-l,2-diol:9,10-dihydrodiol in peak 2 of Fig. 87 containing a pair of 

enantiomers {IR,2S,9R,10R and 1S.2/?,95.105) formed in tiie metabolism of (±)3MC 

ci5-1,2-dihydrodiol (see tiie metaboUsm of 3MC c«-1,2-diol). Hence CD spectmm of 

3MC cw-l,2-diol:9,10-dihydrodiol in peak 3 of Fig. 44 indicated the major enantiomer was 

highly enriched in IR,2S,9R,10R stereochemistry. The stereoselective formations of 

procarcinogenic 9/?,10/?-dihydrodiols derived from primarily parent 1-OH-3MC and from 

secondary oxidative metaboUtes at Ci, C2 and 3-metiiyl sidechain of 3MC may play a 

significant role in the metabolic activation patiiway of 1-OH-3MC and 3MC. 

The major phenolic products 8-OH-1-OH-3MC (peak 11), 7-OH-1-OH-3MC (peak 

13), 9-OH-1-OH-3MC (peak 14), and 10-OH-1-OH-3MC (peak 16) fonned by 

enantioselective metaboUsm of racemic 1-0H-3MC by liver microsomes prepared from PB-

pretreated rats have only one chiral center at Ci and should have CD Ciitton effects similar 

to tfiose of either 15-OH-3MC or l/?-0H-3MC. Except for tiie 9-OH-1-OH-3MC (peak 

14), CD data (Figs. 50, 51 and 61) indicated that all tiie phenols formed displayed positive 

Cotton effects similar to those of 15-OH-3MC. The magnitude of CD Cotton effects was 

dependent on the location of phenoUc hydroxyl group on tfie benz[a]antiiracene nucleus. 

However, the hydroxyl substituent should not alter tiie major Cotton effects induced by 15-

chiral center. Therefore, tiie phenoUc products at C7, Cg, and Cio positions of 1-OH-3MC 

were aU enriched in the 15 -enantiomer. 
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3MC 9,10-dihydrodiol enantiomers contained in peak 6 of Fig. 44 are indicated in this 
figure. 
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7. Comparative Metabolism of Racemic [^H]I-OH-SMC by Rat and Human Liver 

Microsomes 

MetaboUtes formed in tiie metaboUsm of ^H-laboled racemic 1-OH-3MC were 

analyzed witii a Waters Associates RCM-100 radial compression module fitted witii a 

Nova-Pak Cig cartridge (8 mm Id. x 10 cm; 4 l̂m particles). The cartridge was eluted 

witii a 50-min Unear gradient from metiianol/water (2:3, v/v) to methanol at a fiow rate of 1 

ml/min. An unlabeled metaboUte mixture, prepared from an in vitro incubation of (±)1-

0H-3MC witii Uver microsomes prepared from PB-treated rats, was added to each sample 

as uv markers. The oluents were monitored at 254 nm and 25 drops of eluent werc 

coUected in each fraction and the radioactivity of fractions was determined by Uquid 

scintUlation counting. Liquid scintiUation counting data (dpm) were converted to 

concentration unit (pmol) based on the specific activity of labeled substrate. Total 

radioactivity under a chromatographic peak was determined as the amount of a particular 

metabolite formed. Theirradioactivity elution profiles are shown in Fig. 71. Identities and 

quantitation of metaboUtes formed by incubation of [̂ H] 1-0H-3MC with liver microsomes 

prepared ftx)m rats and human are summarized in Table 6. 

Distribution of metaboUtes formed in [3H]1-0H-3MC (specific activity 184 

mCi/mmol) metaboUsm by rat and human Uver microsomal incubations werc quaUtatively 

similar (Fig. 71); 3MC m-1,2-diol was the major metabolite formed in all samples. Liver 

microsomes prepared from human had lower metabolic activity than tiiose prepared from 

rat Uvers (Table 6). It is interesting to note tfiat trans- and cw-l ,2-diols were tiie most 

abundant metaboUtes and 9,10-dihydrodiols were relatively minor metaboUtes (Table 6). 

Liver microsomes prepared fix>m 3MC treated rats had tiie highest activity in tiie 

metaboUsm of 1-OH-3MC among three rat Uver microsomal preparations. Metabolite 

pattern derived from human Uver microsomes was qualitatively more similar to those from 

Uver microsomes prepared from untreated and PB-treated rats. 
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Figure 71. Reversed-phase HPLC separation of metaboUtes formed in the metabolism of 

[3H] 1-OH-3MC by Uver microsomes from untreated (control), 3MC-treated and PB-

treated rats and human. Identity of each metabolite in chromatographic peak was shown in 

this Fig. 71 A. Radioactive metaboUtes formed from different microsomal preparations 

were identified based on known unlabeled metaboUtes prepared from a larger-scale in vitro 

incubation of 1-OH-3MC with PB-treated rat Uver microsomes as a source of UV marker 

of HPLC profile. The conversion of Uquid scintUlation counting data (dpm) to 

concentration (pmol) was obtained on specific activity of [̂ H] 1-OH-3MC. 
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Table 6. Comparative smdies of racemic [̂ H] 1-OH-3MC metaboUsm by Uver 
microsomes from rats and human 

121 

Identity* 

1-OH-3-OHMC 9,10-dihydrodiol 

3MC cw-l,2-diol:9,10-dihydrodiol 
1-OH-3MC 9,10-dihydrodiol-a 

1-OH-3MC 9,10-dihydrodiol-Z> 

3MC trans-l,2-^ol 

1-OH-3-OHMC 

9-OH-1-OH-3MC 

10-OH-1-OH-3MC 

3MC c/5-1,2-diol 

% substrate metabolized 

Product 

Control^ 

0.5 

211 

88 

178 

129 

1346 

738 
324 

251 

3176 

14.2 

2.0 

330 

155 

439 

312 

1687 

1281 

325 

308 

3638 

17.9 

(pmoles)*> 

Rats 

0.5 

400 
211 

416 

429 

1567 

1483 

380 

310 

4302 

19.6 

PB 

1.0 

784 

340 

989 

650 
2224 

2455 

293 

486 

4966 

25.1 

3MC 

0.5 

1457 

595 

2663 

1357 

3876 
4729 

1030 
2312 

3467 

40.1 

Human 

2.0 

125 

98 
132 

107 

740 
359 

273 
345 

3140 

11.9 

a. Identity of metabolites was shown in Fig. 71 A. 

b. Concentration (pmol) of metabolite fonned was converted from metaboUte radioactivity (dpm) 

under chromatographic peak. Numbers shown are average values of duplicate samples. 

c. Liver microsomes (mg of microsomal protein/ml incubation mixture) of untreated (control), 

3MC-treated and PB-treated rats, and human were used. 
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8. Stereoselective Metabolism ofS-OHMC 

8.1 Identification ofS-OHMC and metabolic formations ofS-OHMC. 1 -OH-SMC and 

2-OH-SMC in metabolism of SMC 

A 3-MeOMC has been chemicaUy synthesized; however, all attempts to conven 3-

MeOMC to 3-OHMC were unsuccessful (Lee et al, 1988). In a metabolism smdy of 

3MC:E, a 3-OHMCE was found to be a major metabolite of 3MCE. The double bond of 3-

OHM(rE between Ci and C2 can be easily hydrogenated and saturated to 3-OHMC by 

catalytic hydrogenation (Yang et al, 1990). Hence tiie 3-OHMC indirectly derived from 

3MC^ metaboUsm can be used to serve as an authentic standard in a 3MC metabolism 

study. 

A mixmre of 3-OHMC, 1-OH-3MC, and 2-OH-3MC was used to develop 

chromatographic systems that separate aU three components. A reversed-phase HPLC 

system using a Zorbax ODS column has been found to provide satisfactory separation of 

the three 3MC alcohols (Fig. 72). Under the earUer reported reversed-phase HPLC 

conditions using a Waters Associates Nova-Pak Cig cartridge (Shou and Yang, 1990a; 

Yang et al, 1990), 3-OHMC cochromatographed witfi 2-OH-3MC. The 1-OH-3MC was 

eluted as a shoulder immediately after 2-OH-3MC. 

MetaboUtes formed by incubation of 3MC witfi Uver microsomes from PB-treated 

rats were analyzed by reversed-phase HPLC (Fig. 72). Peaks 1,2 and 3 in Fig. 72 had 

retention times identical to the authentic compounds 3-OHMC, 2-OH-3MC, and 1-OH-

3MC, respectively. The identities and enantiomeric compositions of metaboUcaUy formed 

1-OH-3MC and 2-OH-3MC have recentiy been reported (Shou and Yang, 1990a). In 

order to confirm tiie identity of tiie metaboUte contained in peak 1, repetitive 

chromatography was carried out to coUect sufficient quantity of peak 1 for uv-vis 

absorption and mass spectral analyses. The uv-vis absorption spectmm of tiie metaboUte 

contained in peak 1 was identical to tiiat of 3-OHMC derived by catalytic hydrogenation of 
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text 
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3-OHMCE (Yang et al, 1990). Electron impact mass spectral analysis indicated a M+ at 

m/z 284 and characteristic fragment ions at m/z 267 (loss of OH), 266 Goss of H2O), 265, 

253, and 252 (not shown). Hence tiie metabolite contained in peak 1 of Fig. 72 was 

defiiutively identified as 3-OHMC. 

Relative amounts of 3MC alcohols formed by incubation of 3MC witfi Uver 

microsomes from untreated, PB-treated, 3MC-treated, and PCB-treated rats are shown in 

Table 7. Each ml of incubation mixture which contained, among otiier ingredients, 1 mg 

protein equivalent of rat liver microsomes, was incubated for 10 min at 37^0. The 

incubation condition was chosen so that sufficient amounts of 3MC alcohols would be 

formed for detection at 254 or 280 nm and tfie possibUity of secondary metaboUsm of the 

metaboUcaUy formed 3MC alcohols would be minimized. 

Normalized AUCs were calculated from the results obtained by reversed-phase 

HPLC analyses (Fig. 72) by dividing the AUC of tiic individual alcohol by tiie AUC of the 

internal standard, and multipUng by 100. Three 3MC alcohols formed by incubations of 

3MC with Uver microsomes from untreated, PB-treated, 3MC-trcated, and PCB-trcated 

rats, respectively, are expressed by normaUzed AUCs in Table 7. Since an identical 

amount of internal standard was used in each incubation mixture and since the three 3MC 

alcohols have identical uv-vis absorption properties (aU three alcohols have an identical 

benz[fl]anthrancene nucleus and similar aUphatic side chains), tiie normaUzed AUCs tiius 

reflect the relative amount of 3MC alcohols formed. 

The relative yield of three 3MC alcohols (the sum of three AUCs) formed in the 

metaboUsm of 3MC by four rat Uver microsomal preparations was: 3MC > PCB > PB > 

control (Table 7). However, Uver microsomes from PB-treated rats has the highest activity 

in tiie metaboUsm of 3MC, which is substantially higher tiian tiiose from 3MC- and PCB-

treated rats (Table 7). The relative amount of tfiree 3MC alcohols fomied was 2-OH-3MC 

> 3-OHMC > 1-0H-3MC. The results in Table 7 indicate tiiat 3-OHMC is one of tiie 

major metabolites and constitutes 15 to 41% of all the 3MC alcohols combined. Enzyme 
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Table 7. Distribution of hydroxylation products formed at tiie aliphatic carbons of 3MC 

by rat Uver microsomes. 

Rat Liver 3MC 
Microsomes* Metabolized 

(%) 3-OHMC 

MetaboUte Distribution (%)*> 

2-OH-3MC 1-OH-3MC 
Yieldc 

Control 

PB 

3MC 

PCB 

15.2 

33.5 

25.0 

27.1 

11.5 (34.6) 12.7 (38.1) 9.1 (27.3) 

(27.4) (42.2) (30.4) 

25.7 (41.1) 25.7 (41.1) 11.2 (17.8) 

(38.2) (42.7) (19.1) 

19.1 (15.5) 95.9 (78.0) 8.0 (6.5) 

(14.5) (78.5) (7.0) 

18.8 (28.4) 40.7 (60.9) 7.2 (10.7) 

(23.3) (64.4) (12.3) 

33.3 

62.6 

123.0 

66.7 

Liver microsomes prepared from male Sprague-Dawley rats (in groups of 5 or 15) 

which werc eitiier untreated (control), PB-treated, 3MC-treated, or PCB-trcated. 

Each ml of incubation mixture was incubated for 10 min at 370C and contained 1 

mg microsomal protein among otfier components as described in Materials and 

Methods. 

Numbers in the first row were normaUzed AUCs obtained from reversed-phase 

HPLC analysis (Fig. 72). Numbers in parentiieses are percentages of tiie AUC 

sum of tiu-ee alcohols. NormaUzed AUCs werc calculated by dividing AUC of tiie 

individual alcohol by die AUC of tiie internal standard and multipUed by 100. 

Numbers in the second row were obtained from normal-phase HPLC analysis (Fig. 

73). Numbers are averages from analyses witfi duplicate samples and agree witfiin 

10% of die values shown. 

Sum of normalized AUCs of 3-OHMC, 1-0H-3MC, and 2-OH-3MC. 
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(Fig. 72). 
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induction does not significantiy alter tiie amount of 1-OH-3MC fonned. However, tfie 

formations of 3-OHMC and 2-OH-3MC by rat Uver microsomes are significantiy increased 

when rats wore pretreated witii eitiier PB, 3MC, or PCB (Table 7). The increase in tiie 

formation of 2-OH-3MC was tiie most pronounced when rats were pretreated witii 3MC. 

We were concerned with tfie possibUity that there may be impurities and/or otiier 

metaboUtes which coeluted with chromatographic peaks 1,2, and 3 in the reversed-phase 

HPLC mode (Fig. 72). This would significantiy alter tiie values of the relative distribution 

of tiie ihiec 3MC alcohols. Hence chromatographic peaks 1,2, and 3 Fig. 73 were 

collected as one fraction and, after removal of solvent, were further analyzed by normal-

phase HPLC (Fig. 72). In the chromatogram shown in Rg. 73, each of the three alcohols 

were completely separated and cochromatographed with tfie corresponding autfientic 

compound. The relative amount of three 3MC alcohols determined by normal-phase HPLC 

was generally consistent with those determined by reversed-phase HPLC (Table 7). The 

results suggest that, other than the 3MC alcohols, peaks 1,2, and 3 in Fig. 72 do not 

contain a significant amount of otfier 3MC metabolites. 

In conclusion, 3-OHMC is one of tfie major rat liver microsomal metabolites of 

3MC. Pretreatment of rats witii PB, 3MC, or PCB significantly increases tiie metabolite 

formation of 3-OHMC. To date 3-OHMC has not been chemicaUy syntiiesized. In the 

absence of a synthetic compound, 3-OHMC may be prepared biosyntheticaUy. Hence it is 

now possible to furtfier examine tfie metabolic patfiways, DNA-binding activity, 

mutagenicity, and tumorigenicity of 3-OHMC. These additional studies should give 

insights to tiie role of 3-OHMC in 3MC-induced carcinogenesis. 

8.2 Identification and separation of metabolites formed in S-OHMC metabolism 

A relatively large quantity of 3-OHMC was isolated from tiie mixmre of metaboUtes 

foraied in the metaboUsm of 3MC by Uver microsomes from PB-trcated rats. Metabolites 

formed by incubation of 3-OHMC by Uver microsomes from PB-treated rats were 

separated by reversed-phase HPLC (Fig. 74). 
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chromatographic peaks are showTi. Unmarked metaboUte peaks were not characterized. The 

sample was obtained by incubation of 3-OHMC for 30 min with liver microsomes (1 mg 

protein/ml of incubation mixture) firom PB-treated rats and otiier cofactors as described in text 



Table 8. The Relative amount of metaboUtes fonned in 3-OHMC metabolism by rat Uver 
microsomes 
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MetaboUtes^ 
Relative Amount (Metab./InLStd.)*> 
Control PB 3MC PCB 

2-OH-3-OHMC 9,10-dihydrodiol 

3-OHMC 7,8-dihydrodiol 

3-OHMC 11,12-dihydrodiol 

3-OHMC 9,10-dihydrodiol 

1-OH-3-OHMC -I- 8-OH-3-OHMC 

2-OH-3-OHMC 

3-OHMC-1-onc 

3-OHMC-2-one 

% substrate metabolized 

0.08±0.02 

0.34±0.02 

0.9010.03 

0.84±0.09 

2.76±0.42 

0.79+0.02 

0.58±0.02 

0.44±0.03 

13.67 

0.71±0.15 

0.70±0.17 

1.19±0.10 

2.2810.22 

1.2810.16 

0.9410.08 

0.2010.08 

0.3610.01 

64.56 

0.7310.10 

0.8410.02 

0.8910.03 

1.7710.04 

1.5910.07 

0.2510.01 

0.4610.02 

0.1510.03 

54.30 

0.7110.08 

0.6810.05 

1.3310.02 

2.1310.22 

1.8010.58 

0.5510.01 

0.3410.02 

0.3810.04 

65.74 

a. 3-OHMC (40 nmol per ml of incubation mixture) was incubated with Uver microsomes of rats 

untreated and treated witii PB, 3MC and PCB (1.0 mg of protein per ml of incubation mixture) 

at 31°C for 15 min. 

b. Relative amount was determined by the ratio under chromatographic area of each 

metaboUte formed to internal standard (3MC). HPLC separation of metaboUtes formed 

in metaboUsm of 3-OHMC was analyzed by using the column (Nova Pak Cig, 4 p., 8 

mm x 10 cm) eluted with a gradient from 40% methanol in water to metfianol in 50 min 

at fiow rate of 2 ml/min. 
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Table 9. Enantiomeric compositions of 3-OHMC 9,10-dihydrodiol, 2-OH-3-OHMC and 

1-OH-3-OHMC formed in 3-OHMC metaboUsm by rat Uver microsomes 

MetaboUtes* 

Control 

Enantiomeric Ratio %^ 

PB 3MC PCB 

3-OHMC 9,10-dihydrodiol 82:18 

2-OH-3-OHMC 32:69 

1-OH-3-OHMC 26:74 

88:12 

35:65 

25:75 

93:7 89:11 (RR : SS) 

4 : 96 10 : 90 (^ ; S) 

44: 56 32 : 68 (R : S) 

a. 3-OHMC (40 nmol per ml of incubation mixture ) was incubated with Uver microsomes of rats 

untrcated and treated with PB, 3MC and PCB (1.0 mg of protein per ml of incubation mixture) 

at 37°C for 15 min. 

b. Enantiomeric ratios were resolved by using eitiier ionicaUy or covalentiy bounded /J-DNBPG 

column. Eluent A (ethanol-acetonitrile, 2:1, v/v) in hexane was used and the flow rate was 2 

ml/min. 



131 

Chromatographic peaks were numbered as indicated in Fig. 74 and tiie metaboUtes 

contained in each chromatographic peak were characterized as described below. Peak 10 is 

tiie unmetabolized substrate 3-OHMC. Characterization of metaboUtes is described in 

below. 

Two 9,10-dihydrodiols were formed in the metabolism of 3-OHMC. The product 

contained in peak 4 of Fig. 74 was identified as 3-OHMC 9,10-dihydrodiol. This 

metabolite had uv-vis absorption and CD spectra (Fig. 76) simUar to tiiose of 25-OH-3MC 

9^,10/?-dihydrodiol (Fig. 29) and the molecular ion (M+) at mlz was 318 (not shown). 

The component in peak 1 had a uv-absorption spectmm similar to that of peak 4, indicating 

that it was also a 9,10-dihydrodiol. This metabolite may bo derived from eitiier 2-OH-3-

OHMC (peak 7) or 3-OHMC 9,10-dihydrodiol (peak 4), botii of which werc the major 

metaboUtes formed in the metaboUsm of 3-OHMC. 

The metaboUte contained in peak 7 was identified as 2-OH-3-OHMC. It had 

rctention time, uv-vis absorption and mass spectra identical to those of 2-OH-3-OHMC 

(Figs. 23 and 25). 

The major component contained in peak 5 was separated by normal phase HPLC 

(not shown). It had an uv-vis absorption spectrum and a retention time on rcversed-phase 

HPLC identical to those of 1-OH-3-OHMC (see metabolism of 1-OH-3MC). Hence the 

major metabolite contained in peak 5 was identified as 1-OH-3-OHMC. 

Peak 2 had uv-vis absorption and CD spectra (Fig. 75) similar to tiiose of 7-MBA 

l/?,2/?-dihydrodiol (Yang and Fu, 1984). Hence the metaboUte in peak 2 was tentatively 

identified as 3-OHMC 7,8-dihydrodiol. 

Peak 3 of Fig. 74 had a uv-vis absorption spectrum simUar to that of 2-OH-3MC 

11,12-dihydrodiol (Fig. 24) and had CD Cotton effects (Fig. 77) similar to tiiose of 7-

MBA 57?,6/?-dihydrodiol (Yang and Fu, 1984). This metaboUte in peak 3 was tentatively 

estabUshed as a K-region 3-OHMC 11,12-dihydrodiol. 
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Figure 75. Uv-vis absorption ( , methanol) and CD ( , concn. 1.0 

A27o/ml» methanol; <1>298/A269 = -2-6 mUUdegrces) spectra of die metaboUte 3-OHMC 

7/?,8^-dihydrodiol (major) contained in peak 2 of Fig. 74. 

Figurc 76. Uv-vis absorption ( , methanol) and CD ( , concn. 1.0 Axio/ml, 

methanol; O268/A270 = 3.8 milUdegrces) spectra of the metaboUte 3-OHMC 9R,10R-

dihydrodiol (major) contained in peak 4 of Fig. 74. 

Figure 77. Uv-vis absorption ( , methanol) and CD ( , concn. 1.0 A274/ml, 

metfianol; O249/A274 = - 8.0 milUdegrces) spectra of tiie metabolite 3-OHMC IIR,12R-

dihydrodiol (major) contained in peak 3 of Fig. 74. 
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The minor metaboUte in peak 8 was found to have a uv-vis spectmm and a retention 

time on reversed-phase HPLC similar to tiiose of 3-OHMC-l-one detected in tiie 

metaboUsm of (l)l-OH-3MC (Fig. 47). 3-OHMC-l-one formed in tfie metaboUsm of 3-

OHMC was probably derived from dehydrogenation at Ci of tiie major metaboUte l-OH-3-

OHMC. 

8.3 Absolute configuration and effect of enzyme inducers on enantiomeric composition 

of chiral metabolites 

Enantiomeric compositions of 3-OHMC 9,10-dihydrodiol, 2-OH-3-OHMC and 1-

OH-3-OHMC formed in die metaboUsm of 3-OHMC by Uver microsomes from control, 

PB-, 3MC- and PCB-treated rats werc rcsolved on eitiier /J-DNBPG-C or /?-DNBPG-I 

column as shown in Fig. 78 and Table 9. The major metaboUte 3-OHMC 9,10-dihydrodiol 

(peak 4 in Fig. 74) had CD Cotton effects (Fig. 76) similar to tfiose of 2S-OH-3MC 

9y?,10^-dihydrodiol (Fig. 29) indicating tfiis metabolite contained a majority of the 9R,10R 

enantiomer. Enantiomeric ratios [(9/?,10/?);C95,105)] of 3-OHMC 9,10-dihydrodiol were 

82:18 (control), 88:12 (PB), 93:7 (3MC) and 89:11 (PCB) (Table 9). The results indicated 

that aU liver microsomal preparations catalyzed the formation of 3-OHMC 9,10-dihydrodiol 

enriched in the 9/?,10/?-enantiomer and liver microsomes ftom 3MC-treated rats were more 

Stereoselective than other Uver microsomal preparations. 

Enantiomers of 2-OH-3-OHMC, a metabolite formed in the metaboUsm of 3-

OHMC, were separated on /?-DNBPG-I column (Fig. 36C) and had R/S ratios of 31:69 

(control), 35:65 (PB), 4:96 (3MC) and 10:90 (PCB), respectively. The results indicated 

that P-450 isozymes in tiie Uver of rats induced by 3MC and PCB had tiie highest 

Stereoselectivity in catalyzing tiic fonnation of 25-OH-3-OHMC. In comparison, l-OH-3-

OHMC formed in tiie metaboUsm of 3-OHMC had R/S enantiomeric ratios of 24:76 

(control), 25:75 (PB), 44:56 (3MC) and 32:68 (PCB). The Uver microsomes form 

untreated and PB-treated rats had tiie highest stereoselectivity toward tfie formation of 15-

0H-3-0HMC tiian tiiose from 3MC and PCB-treated rats. 
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Figure 78. Chiral stationary phase HPLC separation and absolute configurations of 

metaboUte 3-OHMC 9,10-dihydrodiol enantiomers contained in peak 4 of Fig. 74 are 

indicated in this figure. 
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8.4 Effects of enzyme inducers on relative amount of metabolites 

The relative amounts of metaboUtes formed in the metaboUsm of 3-OHMC by Uver 

microsomes from untreated (control), 3MC-, PB- and PCB-treated rats were determined 

with the aid of an internal standard (Table 8). The relative amounts of 3-OHMC 7,8-

dihydrodiol fonned were 3MC > PB = PCB > control; 3-OHMC 11,12-dihydrodiol, PCB 

> PB > 3MC > control; 3-OHMC 9,10-dihydrodiol, PB > PCB > 3MC > control; 2-OH-3-

OHMC, PB > control > PCB > 3MC. 
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9. Metabolism of Racemic and Enantiomeric SMC trans-l 2-diol 

9.1 HPLC separation and identification of metabolites 

A mixture of metaboUtes, formed in a 30-min incubation of a racemic 3MC trans-

1,2-diol witii Uver microsomes (0.25 mg protein per ml of incubation mixture) from PB-

treated rats, was separated into more tiian 8 components by reversed-phase HPLC (Fig. 

79). The various chromatographic peaks which have been identified were: 8-OH-3-OHMC 

trans-l,2-^ol (peak 1), two diastereomeric 3MC rranj-l,2-diol:9,10-dihydrodiols (peak 2) 

8-OH-3MC fra/tr-1,2-diol (peak 3), 7-OH-3MC rra^s-1,2-diol (peak 4), 9-OH-3MC trans-

U-diol (peak 5), 10-OH-3MC rra;zj-1,2-diol (peak 6), 3-OHMC trans-l,2-dio\ (peak 7), 

and the remaining 3MC trans-l,2-dio\ (peak 8). Peak 9 is 1-OH-3MC, an internal standard 

added for chromatography. Metabolites were characterized by uv-vis absorption, CD and 

mass spectral analyses and by comparison. 

The major metaboUte contained in peak 2 (Fig. 79) had uv-vis absorption and CD 

spectra (Fig. 80) sinular to those of 2S-OH-3MC 9/e,10^-dihydrodiol (Fig. 29). Mass 

spectral analysis indicated a molecular ion (M"*") at m/z 334 and two major fragment ions at 

m/z 316 Goss of H2O) and 298 Goss of two H2O). These data indicated tfiat metabolite 

peak 2 was a 3MC rrart5-l,2-diol:9,10-dihydrodiol. 3MC /ra/ts-l,2-diol:9,10-dihydrodiol 

can be present as two diastereomers. However, the metaboUte in peak 2 could not be 

separated into more tiian one component on sUica gel and ̂ -DNBPG-C columns. CD 

spectrum of tiie metaboUte contained in peak 2 was sinular to tiiat of 2S-OH-3MC 9^,10^-

dihydrodiol (Fig. 29). Hence the hydroxyl groups at 9,10 positions are predominantiy in 

9R,10R configuration. The absolute stereochemistry of tiie hydroxyl groups at Ci and C2 

positions could not be deduced from tiie CD spectrum. 

Two phenoUc products (7-OH-3MC /ranj-1,2-diol and 8-OH-3MC trans-l,2-diol) 

contained in peaks 3 and 4 (Fig. 79) were found to have uv-vis absorption spectra (Figs. 

82 and 83) sinular to tiiose of 1-OH-BA and 8-OH-2-OH-3MC (Fig. 21A) respectively. 
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Figure 79. Reversed-phase HPLC separation of (1) 3MC trans-1,2-diol and its 
metaboUtes. This sample was prepared by incubation of (1) 3MC fra/w-l ,2-diol for 30 min 
with Uver microsomes (0.25 mg protein/ml incubation mixnire) from PB treated rats. 
Identities of metaboUtes contained in various chromatographic peaks are described in the 
text and summarized in Table 10. 1-OH-3MC was used as a internal standard for 
quantitative study. The various chromatographic peaks are: peak 1, 8-OH-3-OHMC trans-
1,2-diol; peak 2, a mixture of two diastereomers, 3MC rrflnj-l,2-diol:9,10-dihydrodiols; 
peak 3, 8-OH-3MC rran^-1,2-diol; peak 4,7-OH-3MC rraay-1,2-diol; peak 5,9-OH-3MC 
rraw-1,2-diol; peak 6,10-OH-3MC /TAW-1,2-diol; peak 7,3-OHMC trans-l 2-diol; peak 
8,3MC trans-l,2-diol (residual substrate); peak 9,1-OH-3MC as an internal standard 
added. 
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They both had M* at m/z 316 witii a fragment ion at m/z 298 Goss of H2O) by mass 

spectral analysis. The two phenols were probably derived by non-enzymatic rearrangement 

of 3MC rra«.s-l,2-diol:7,8-epoxide precursor. However, since none of the two possible 

3MC rra«.s-l,2-diol:7,8-dihydrodiol diastereomers were detected as metaboUtes, it likely 

indicates that the 7,8-epoxides may be unstable and, if formed metaboUcally, it may be 

readily isomerized to form 7-OH-3MC rranj-1,2-diol as weU as tfie 8-OH-3MC trans-l2-

diol. 

The metaboUtes contained in both peaks 5 and 6 had molecular ion (M"*") at 

m/z 316 with a fragment ion at m/z 298 (loss of H2O) by mass spectral analysis. 

Their uv-vis absorption spectra (Figs. 84 and 85) were simUar to tiiose of 9-OH-2-

0H-3MC (Fig. 32A) and 10-OH-2-OH-3MC (Fig. 32B), respectively. 7-OH-3MC 

rrflRS-1,2-diol and 10-OH-3MC rranj-1,2-diol had simUar uv-vis absorption 

spectral properties. The location of phenolic group of metaboUte peak 6 was 

confirmed by converting 3MC rra«.y-l,2-diol:9,10-dihydrodiol (peak 2 in Fig. 79) 

to 9-OH-3MC trans-l,2-^ol and 10-OH-3MC trans-l,2-^ol derived by acid-

catalyzed dehydration. The 10-OH-3MC rra/ts-1,2-diol had an identical retention 

time on reversed-phase HPLC (Fig. 79) to tiiat of peak 6. 

The metaboUte contained in peak 7 was identified as 3-OHMC froAty-1,2-diol on tiie 

basis of its uv-vis absorption spectmm (Fig. 81) and mass spectral data [M+ at m/z 316 

and a fragment ion at m/z 298 (loss of H2O)]. 

A minor metaboUte contained in peak 1 was found to have a uv-vis absorption 

spectrum simUar to tiiat of 8-OH-2-OH-3MC (Fig. 21 A). This metabolite was tentatively 

identified as 8-OH-3-OHMC trans-l,2-diol. 

9.2 Absolute configuration and effects of inducers on enantiomeric composition 

CD spectrum of tiie metaboUte contained in peak 2 (Fig. 80) indicated tiie metaboUte 

contained in peak 2 was enriched in 9R,IQR enantiomer. Liver microsomes from 3MC-

ireated rats formed a 3MC rran5-l,2-diol:9,10-dihydrodiol witii tfie highest value of tiie CD 
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Figure 80. Uv-vis absorption ( , metiianol) and CD spectra of 3MCrran.y-15,25-
diol:9/f,10/?-dihydrodiol (major, , concn. 1.0 A268/n^. methanol; O267/A268 = 6.4 

nulUdegrees) and 3MC rra/ts-l^,2/?-diol:9/?,10/?-dihydrodiol (major, , concn. 1.0 
A268/°^' methanol; ^267/A268 = 5.7 milUdegrces). 
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Figure 81. Uv-vis absoiption ( , metiianol) and CD spectra of tiie opticaUy pure 3-
OHMC /ra«j-lS,25-diol ( , concn. 1.0 A302/ml, metiianol; <D257/A29i = 1-2 
mUlidegrees) and 3-OHMC trans-lR,2R-diol ( - . concn. 1.0 A29l/ml, metiianol; 

^257/^291 = -1.2 milUdegrees). 
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Cotton effect at 267 nm (<I>267/A268 = 4.4 mUUdegrees by untreated rats, 3.2 by PB-treated 

rats, and 4.7 by 3MC-treated rats). 

8-OH-3MC trans-l2-diol (peak 3 of Fig, 79) had a CD Cotton band between 243 

and 266 nm, indicating tiiat tiie metaboUte was mainly derived from 3MC trans-lR,2R-diol 

enantiomer (Fig. 83). The enantiomers of tiiis metaboUte, formed in tiie metaboUsm of 

(1)3MC rrans-1,2-diol by tiiree microsomal preparations, were resolved by /J-DNBPG-C 

column (Fig. 86A) and were found to have {IS,2S:):(IR,2R) enantiomeric ratios of 22:78 

(control), 25:75 Ô B) and 28:71(3MC), respectively (Table 11). The results indicated aU 

microsomal preparations preferentially catalyzed the formations of 3MC trans-lR,2R-

diol:7,8-epoxides which were further isomerized to 8-OH-3MC trans-lR,2R-dio\ by non­

enzymatic reaction. 

The CD Cotton effects of tiie 7-OH-3MC rra/ts- 1,2-diol in peak 4, formed in tfie 

metaboUsm of racemic 3MC rran.s-1,2-diol by three microsomal preparations, also 

exhibited a negative CD Cotton band between 248 and 270 nm due to IR,2R 

stereochemistry (Fig. 84). MetaboUte peak 4 had enantiomeric compositions as shown in 

Table 11 and Fig. 86B. 

An negative CD band of CD Cotton effects around 255 nm of botii the 9-OH-3MC 

trans-l,2-diol (peak 5 in Fig. 84) and the 10-OH-3MC rrans-1,2-diol (peak 6 in Fig. 85) 

indicated that both phenoUc products were highly enriched in tiie IR,2R enantiomers. The 

enantiomeric compositions were detennined on R-DNBPG-C column (Figs. 86C and 86D) 

and had enantiomeric ratios [(IS,2S):(IR,2R)] of-24:76 for 9-OH-3MC rraw-l,2-diol by 

aU tiiree microsomal preparations and 11:89 (control), 13:87 (PB) and 42:57 (3MC) for 10-

0H-3MC D-fl/tr-1,2-diol, respectively. Enantiomeric compositions of 3-OHMC trans-l 2-

diol (peak 7 in Fig. 79), formed in tiie metaboUsm of (1) 3MC trans-l,2-diol by aU tiiree 

microsomal preparations, were deterauned by CSP HPLC G'ig. 86E). The hydroxylation 

at C3-metiiyl group of (1) 3MC trans-1,2-diol by Uver microsomes from untreated and PB-

treated rats was not enantioselective. However, tiie microsomes prepared from 3MC-
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Figure 82. Uv-vis absorption ( , methanol) and CD spectra of the optically pure 7-
0H-3MC rra/ts-15,25-diol ( , concn. 1.0 A287/nil, metiianol; O257/A287 = 4.9 

millidegrees) and 7-OH-3MC rra/w-L/?,2/?-diol ( , concn. 1.0 A287/nil, metfianol; 

^257/^287 = - 4.9 miUidegrees). 
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Figure 83. Uv-vis absoiption ( metiianol) and CD spectra of die optically pure 8-

OH-3MC rrflw-15.25-diol ( , concn. 1.0 A287/ml, metiianol; <i>2si/^iii = 4.9 

mUUdegrees) and 8-OH-3MC trans-lR2R-^ol ( . concn. 1.0 A287/nil. metiianol; 

<I>257/A287 = - 4.9 millidegrees). 
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Figure 84. Uv-vis absoiption ( metiianol) and CD spectra of die optically pure 9-
0H-3MC rra/w-15.25-diol ( , concn. 1.0 A^oi/rnl, metiianol; <D255/A302 = 2 

mUlidegrees) and 9-OH-3MC frfl/w-li?.2/?-diol ( , concn. 1.0 A302/ml, metiianol; 
^255/A302 = - 2 millidegrees). 
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Figure 85. Uv-vis absorption ( , methanol) and CD spectra of the opticaUy pure 
10-OH-3MC franj-15,25-diol ( , concn. 1.0 A29i/ml, metiianol; O257/A291 = 4.1 

milUdegrees) and 10-OH-3MC rraay-l/?,2/?-diol ( , concn. 1.0 A287/ml, metfianol; 

^257/A29i = - 4.1 miUidegrees). 
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treated rats catalyzed preferentiaUy tiie fonmation of 3-OHMC rrfl/ts-15,25-diol (56% 

enantiomeric excess). Since most phenoUc metabolites were mainly derived from 3MC 

trans-lR,2R-^ol, metaboUsm of (1)3MC trans-l 2-diol was enantioselective toward tiie 

IR2R enantiomer. Enantiomeric ratios [(IS,2S):(IR,2R)] of unreacted substrate (peak 8 

in Fig. 79) were 59:41 (control), 75:25 (PB) and 66:34 (3MC). 

9.S Effects of enzyme inducers on the formations of metabolites 

The products fonned in die metaboUsm of (1) 3MC rrfl«5-1,2-diol, 3MC trans-

15,2S-diol and 3MC trans-lR,2R-dio\ werc determined (Table 10). The rclative amount of 

each metaboUte formed from both the racemic and enantiomeric forms of 3MC trans-l,2-

diol, by Uver microsomes preparcd from rats trcated witfi differcnt enzyme inducers were 

normalized against the internal standard. Effects of inducers on the relative amounts of 

3MC rra«5-l,2-diol:9,10-dihydrodiol formed in tfie metabolism of (1) 3MC trans-l,2-diol 

were PB (2.7) > control (-0.7) > 3MC (-0.3); in die metabolism of 3MC trans-lS,2S-diol, 

PB (1.4) > 3MC (0.5) > control (-0.4); in die metaboUsm of 3MC trans-lR,2R-diol, PB 

(2.6) > control (-0.5) > 3MC (0.2). Thus liver microsomes from PB-trcated rats had tfie 

highest activity in catalyzing the formation of 3MC rranj-l,2-diol:9,10-dihydrodiol. The 

relative amount of 3MC /ra/u-l,2-diol:9,10-dihydrodiol formed in rat liver microsomal 

metaboUsm also depended on the racemic and enantiomeric substrates used. 3MC trans-

l/?,2/f-diol and (1)3MC trans-l,2-(^o\ seem to be better substrates than 3MC trans-lS,2S-

diol in die fonnation of 3MC rrart5-l,2-diol:9,10-dihydrodiol. 

Various enzyme inducers altered rclative amounts of metaboUcaUy formed phenoUc 

products. Effects of inducers on tiie relative amounts of phenolic metabolites at C7 and Cg 

formed in die metaboUsm of botii the racemic and die enantiomeric 3MC trans-l,2-diol 

were 3MC > control > PB. The relative amount of 8-OH-3MC rrani-1,2-diol formed was 

greater tiian tiiat of 7-OH-3MC /rfln.y-1,2-diol. 

The formations of tiiese phenols were found to be dependent on tiie racemic and 

enantiomeric substrates, as well as the enzyme inducers utiUzed. In tfie metabolism of 
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Chiral Stationary Phase HPLC (R)-DNBPG-C coiu'mn 
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Figure 86. Chiral stationary phase HPLC separation and absolute configurations of 
metabolites 8-OH-3MC rra/ty-1,2-diol (A), 7-OH-3MC rra/w-1,2-diol (B), 9-OH-3MC 
rro/ts-1,2-diol (C), 10-OH-3MC /ra/tf-1,2-diol (D) and 3-OHMC /ranj-1,2-diol (E) 
enantiomers are indicated in this figure. 
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Table 11. Enantiomeric composition of metabolites fonned in the naetaboUsm of racemic 

3MC trans-l,2-diol by rat liver microsomes. 

MetaboUtes* 

8-OH-3MC rronj-1,2-diol 

7-OH-3MC rrortj-1,2-diol 

9-OH-3MC rrom-U-diol 

10-OH-3MC rranj-1,2-dio 

3-OHMC rranj-1,2-diol 

3-MC frartJ-1,2-diol 
(remaining substrate) 

Enani 

Control 
(0.25 mg) 

22.4:77.6 

24.9:75.1 

23,8:76.2 

11.0:89.0 

45.6:54.4 

59.1:40.9 

domeric 
(1S,2< 

Composition (%)** 
? : IR,2R) 

PB 
(0.25 mg) 

24.9:75.1 

30.0:70.0 

24.0:76.0 

12.7:87.3 

49.1:50.9 

75.0:25.0 

3-MC 
(0.25 mg) 

28.4:71.6 

43.4:56.6 

24.1:75.9 

42.8:57.2 

78.3:21.7 

66.2:33.8 

a. Racemic 3-MC trans-l,2-diol was incubated witfi Uver microsomes (0.25 or 1.0 mg 

protein/ml of incubation mixture from untrcated(concrol), PB-treated and 3MC treated 

rats. Each miUiUter of reaction mixture contains 40 nmol of 3MC rraw-1,2-diol and 

was incubated at 37<»C for 30 min. 

b. Enantiomeric ratio of metaboUtes was detennined by CSP HPLC on a covalentiy 

bonded /?-DhfBPG column. 
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eitiier racemic or an enantiomeric 3MC trans-l2-^ol, effects of inducers on the relative 

amount of phenoUc metaboUtes at C9 and Cio were PB > control > 3MC. Based on 

AUCs at 254 nm, ratio of 9-OH-3MC fra/15-1,2-diol to 10-OH-3MC /rflnj-1,2-diol (Table 

10) formed in die metaboUsm of 3MC trans-lR,2R-diol were 0.6:3.9 (PB), 0.4:2.7 

(control) and 2.1:0.7 (3MC); in die metabolism of (1) 3MC trans-l,2-^ol, 0.3:1.9 (PB), 

0.2:1.3 (control) and 0.5:0.5 (3MC), respectively. MetaboUsm by Uver microsomes from 

untreated and PB-treated rats on tfie relative ratios of 9-phenol to 10-phenol differed from 

tiiat of 3MC-treated rats. 

Effects of different inducers on the hydroxylation at Cs-mothyl group in the 

metaboUsms of the racemic and enantiomeric 3MC rra«5-1,2-diol were found to be 3MC > 

PB > control (Table 10). The relative amount of 3-OHMC fraas-1,2-diol formed in tfie 

metaboUsms of (1) 3MC trans-l,2-diol and 3MC trans-lS,2S-<^ol by Uver microsomes 

from 3MC-treated rats were 3.0 and 5.6 fold greater than those by PB or control. This 

indicates that 3MC induced microsomal enzymes were morc capable of driving 

hydroxylation rcactions at the Cs-metfiyl group of (1) 3MC rra/ts-1,2-diol or 3MC trans-

lS,2S-diol than microsome enzymes from control or PB-induced. 
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10. Metabolism of Racemic and Enantiomeric SMC cis-12-diol 

10.1 HPLC separation and identification of metabolites 

Four major and some otfier minor metaboUtes were formed in die metaboUsm of 

(1)3MC cw-1,2-diol by Uver microsomes from PB-trcated rats. The sample was obtained 

by using 0.25 mg protein of liver microsomes/ml of incubation mixmre and an incubation 

time of 30 nun. MetaboUtes were separated by reversed-phase HPLC. Chromatographic 

peaks are numbered as indicated in Fig. 87. The identities, spectral properties and relative 

amount of the formations of tiiese metaboUtes from each chromatographic peak are 

indicated in Table 12 using 1-0H-3MC as an internal standard. The percentage of substrate 

metaboUzed in die metaboUsm of (1)3MC cw-1,2-diol by liver microsomes prepared from 

untreated (control), 3MC- and PB-treated rats was -30%, -41% and -45%, respectively 

(Table 12). 

The two major metabolites contained in peaks 2 and 4 of Fig. 87 were identified as 

diastereomeric 3MC cj.s-l,2-diol:9,10-dihydrodiols. These two metabolites had uv-vis 

absoiption spectra (Figs. 88 and 89) similar to that of 2-OH-3MC 9,10-dihydrodiol (see 

Fig. 29). The mass spectra of peaks 2 and 4 of Fig. 87 werc identical, M"*" at m/z 334 with 

two characteristic fragment ions at m/z 316 (loss of H2O) and 298 (loss of two H2O). CD 

spectra of the two products indicated Cotton effects (Figs. 88 and 89) sinular to those of 2-

0H-3MC 9/?,10/?-dihydrodiol (Fig. 29). The relative amounts of the diastereomeric 3MC 

9,10-dihydrodiols under chromatographic peaks 2 and 4 was 59:41. 

Peaks 7 and 9 were estabUshed to be 9-OH-3MC CJJ-1,2-diol and 10-OH-3MC cis-

1,2-diol, respectively, by uv-vis absorption spectra (Figs. 90 and 91), which were sinular 

to tiiose of 9-OH-2-OH-3MC and 10-OH-2-OH-3MC, respectively (Fig. 32). Mass 

spectral analysis indicated tiiat they both had M"*" at m/z 316 with a fragment ion at m/z 298 

(loss of H2O). 9-OH-3MC ciy-1,2-diol and 10-OH-3MC cw-1,2-diol were fonned witii an 

AUC ratio of -18:82 at 254 nm. 

A minor metaboUte contained in peak 3 had a uv-vis absorption spectmm G îg. 92) 
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Figure 87. Reversed-phase HPLC separation of (1) 3MC c/s-1,2-diol and its metabolites. 
This sample was prepared by incubation of (1) 3MC cw-1,2-diol for 30 min witii Uver 
microsomes (0.25 mg protein/ml incubation mixture) fix)m PB treated rats. Identities of 
metaboUtes contained in various chromatographic peaks are described in the text and 
summarized in Table 12. 1-OH-3MC was used as a internal standard for quantitative 
study, peak 1,8-OH-3-OHMC cw-1.2-diol; peak 2, 3MC c«-l.2-diol:9,10-dihydrodiol-a; 
peak 3,10-OH-3-OHMC c«-l.2-diol; peak 4,3MC cw-1.2-diol:9,10-dihydrodiol-b; peak 
5,8-OH-3MC cw-1.2-diol; peak 6,7-OH-3MC d5-1.2-diol; peak 7,9-OH-3MC cw-1.2-
diol; peak 8,3-OHMC cw-1.2-diol; peak9,10-OH-3MC cw-l.2-diol; peak 10, remaining 
substrate 3MC cw-1.2-diol. 1-OH-3MC was added as internal standard. 
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similar to tiiat of 10-OH-2-OH-3MC (Fig. 32B) and a M+ at m/z 332 with a fragment at 

m/z 318 Goss of H2O). This metabolite was identified to be 10-OH-3-OHMC cw-1,2-diol. 

The major metaboUte contained in peak 8 had a uv-vis absoiption spectmm (Fig. 

93) identical to tiiat of tiie 3MC cw-1,2-diol and a M+ at m/z 316 witii a fragment ion at m/z 

298 Ooss of H2O) by mass spectral analysis. These results indicated tiiat tiie metaboUte 

had an additional hydroxyl group and was not phenoUc in nature. Hence die metabolite 

contained in peak 8 was deduced to be 3-OHMC cw-1,2-diol. 

The minor metaboUtes contained in peaks 6 and 5 in Fig. 87 had uv-vis absorption 

spectra (Figs. 94 and 95) similar to tiiose of 1-OH-BA and 8-OH-2-OH-3MC (Fig. 21 A), 

respectively. Mass spectra analysis indicated tfiat tiiey botfi had M+ at m/z 316 and a 

fragment ion at mlz 298 Ooss of H2O). These two metaboUtes were identified as 7-OH-

3MC cw-1,2-diol (peak 6) and 8-OH-3MC CJ5-1,2-diol (peak 5), respectively. 

The minor and morc polar metaboUte contained in peak 1 had a uv-vis absorption 

spectrum (not shown) similar to that of 8-OH-3MC cw-1,2-diol (Fig. 95). Mass spectral 

analysis (M"*" at m/z 332) indicated that it contained an additional oxygen than 8-OH-3MC 

cw-l,2-diol. These data indicated that the metaboUte contained in peak 1 was 8-OH-3-

OHMCcw-1,2-diol. 

10.2 Absolute corfiguration and enantiomeric composition 

Optically pure 3MC cw-15,2/?-diol:9S, 105-dihydrodiol (peak 2 in Fig. 87) and 

3MC cw-lS,2/?-diol:9/?,10/?-dihydrodiol (peak 4 in Fig. 87) werc prcpared by incubation 

of an optically purc 3MC cis-lS,2R-dio\ by rat Uver microsomes and subsequent 

purification by reversed-phase HPLC. Their CD spectral data (<1>266/M6l) werc shown to 

be 4.5 and -7.6 miUidegrees (Figs. 88 and 89), respectively. The opticaUy pure 3MC cis-

l/?,25-diol:9/?,10/?-dihydrodiol (isolated as peak 2 in Fig. 87) and 3MC cis-lR,2S-

diol:9S,105-dihydrodiol (isolated as peak 4 in Fig. 87) were similarly prepared by 

incubation of 3MC cis-lR,2S-dio\. 3MC m-l/?,25-diol:9/?,10/?-dUiydrodiol had a 
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Figure 88. Uv-vis absorption ( , methanol) and CD spectra of 3MC cis-lR,2S-
diol:9^,10/?-dihydrodiol ( , concn. 1.0 A267/inl, methanol; O266/A267 = 8.2 

milUdegrees) and 3MC cw-15,2/?-diol:95,105-dihydrodiol ( , concn. 1.0 A267/nil, 
methanol; O266/A267 = -7-6 miUidegrees). 
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Figure 89. Uv-vis absorption ( , metiianol) and CD spectraof 3MCcw-lS,2/^• 

diol:9/^,10/?-dihyd^odiol ( , concn. 1.0 A267/nJ. metiianol; O266/A267 = 4.5 

millidegrees). 
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^>266/A267 value of 8.2 nulUdegrees (Fig. 88). Based on die CD data of opticaUy pure 

enantiomers, tiic 3MC cw-l,2-diol:9,10-dihydlrodiol contained in peak 2 of Fig. 87 was 

calculated to have a (1/?,25,9^,10/?):32(15,2/?,95,105) enantiomer ratio of 64:32. 

SimUarly, tiie diastereomeric 3MC cis-l,2-diol:9,10-dUiydrodiol contained in peak 4 was 

found to have a (15,2/?,9i?,10/?):(l/?,2S,9S,105) enantiomer ratio of 91:9. Since tiie 

AUC ratio of peak 2 and peak 4 was 59:41, tiie relative amount of enantiomers contained in 

peaks 2 and 4 was 38 ilR,2S,9R,lOR) « 37 ilS,2R,9R,lOR) > 21(15,27?,95,105) > 4 

(1^,25,95,105). The Uver microsomal enzymes of PB-treated rats were highly 

stereoselective in the formation of 9^,10^-enantiomer over that of 95,105-enantiomer. 

The results also indicated tiiat tiie 15,2/?-enantiomer of 3MC c«-l ,2-diol was 

enantioselcctively metaboUzed in the formation of 9,10-dihydrodiol. 

The enantiomeric ratios of phenolic products formed in metaboUsm of (1)3MC cis-

1,2-diol from untrcated, 3MC- and PB-trcated rats are Ustod in Table 13. The positive CD 

Cotton effects between 220 and 300 nm of tiie 8-OH-3MC cis-l,2-diol (Fig. 95), 7-OH-

3MC cw-1,2-diol (Fig. 94), 9-OH-3MC cis-1,2-diol (Fig. 90), 3-OH-3MC cis-l,2-diol 

(Fig. 93) and 10-OH-3MC c«-1,2-diol (Fig. 91) formed in die metabolism of 3MC cis-

l/?,25-diol werc found to be sinular to tiiat of 3MC cis-l/?,25-diol (Fig. 13) except for tiie 

magnitudes of <1>..256/Axmax values in miUidegrces due to additional substituent. The CD 

Cotton effects of tiie conesponding phenolic and Cs-hydroxylation products (Figs. 90-95) 

derived from die metaboUsm of 3MC cis-15,27?-diol, werc opposite foiming mirror image 

to tiiose spectra derived from the metabolism of 3MC cis-l/?,25-diol. 

10.3 Effects of enzyme inducers on the enantioselective metabolism of(±)SMC cis-12-

diol 

The enantiomeric compositions of 3MC cis-l,2-diol:9,10-dUiydrodiol fonned in die 

metaboUsm of 3MC rrans-1,2-diol could not be direcdy determined by CSP HPLC. 

Enantiomeric compositions of 3MC cis-l,2-diol:9,10-dihydrodiols contained in peaks 2 

and 4 of Fig. 87 were determined respectively based on die CD spectral data of opticaUy 
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Figure 90. Uv-vis absorption ( , methanol) and CD spectra of 9-OH-3MC cis-
1^,25-diol ( , concn. 1.0 A292/nti, methanol; O250/A292 = 6.5 millidegrees) and 9-
0H-3MC cis-15,2/?-diol ( , concn. 1.0 A292/ml, metiianol; O250/A292 = - 6.7 

miUidegrees). 
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Figure 91. Uv-vis absorption ( metiianol) and CD spectra of 10-OH-3MC cis-

lJ?,25-diol ( , concn. 1.0 A292/ml. metiianol; O256/A292 = 8.1 mUlidegrees) and 

10-OH-3MC cis-15,2/?-diol ( , concn. 1.0 A292/ml. metiianol; <I>256/A292 = - 8.1 

milUdegrees). 
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Figure 92. Uv-vis absorption ( , metiianol) and CD spectra of 10-OH-3-OHMC 

cis-l/?,25-diol ( , concn. 1.0 A286/ml, methanol; O256/A286 = 6.9 millidegrees). 
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Figure 93. Uv-vis absorption ( , metiianol) and CD spectra of 3-OHMC cis-
iy?,25-diol ( , concn. 1.0 A294/ml, metiianol; O256/A294 = 6.2 miUidegrees) and 3-

OHMC cis-15,2/?-diol ( , concn. 1.0 A294/ml, metiianol; ^•25fJ^i9A = - 6.3 

milUdegrees). 
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Figure 94. Uv-vis absorption ( metiianol) and CD spectra of 7-OH-3MC cis-
l/?,25-diol ( , concn. 1.0 A287/nil, methanol; O255/A287 = 7.7 miUidegrees) and 7-

OH-3MC ciy-15,2/?-diol ( , concn. 1.0 A287/ml, metiianol; <^2S5/M»7 = - 7.8 
miUidegrees). 
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Figure 95. Uv-vis absorption ( , methanol) and CD spectra of 8-OH-3MC cis-
l/?,25-diol ( , concn. 1.0 A293/ml, metiianol; O255/A293 = 5.5 nulUdegrees) and 8-

OH-3MC cis-15,2/?-diol ( , concn. 1.0 A294/ml, methanol; O255/A293 = - 5.5 

milUdegrees). 
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pure 3MC cis-1,2-diol:9,10-dihydrodiol enantiomers. In tiie metaboUsm of (1) 3MC cis-

1,2-diol, Uver microsomes prepared from untreated and PB-treated rats produced 9,10-

dihydrodiols enriched in die 9/?,10^-cnantiomer (64-91% ). Since area ratios of tiie sum 

of chromatographic peak 2 and peak 4 of Fig. 87 was 1.81 in PB induction and 0.84 in 

control; relative amounts of 3MC cis-l,2-diol:9,10-dihydrodiol enantiomers formed in die 

metaboUsm of (1) 3MC cis-l,2-diol were 66 {IR,2S,9R,10R) > 21 ilS,2R,9R,lOR) > 1 

(15,2/?,95,105) = 6 (1/?,25,95.105) in control and 38 (IR,2S,9R,10R) » 37 

ilS,2R,9R,lOR) > 2l(lS,2R,9S,lOS) > 4 (IR,2S,9S,10S) in PB induction, respectively. 

The enantiomeric compositions of phenoUc and Cs-hydroxylation products fonned 

in the metaboUsm of (1) 3MC cis-1,2-diol were direcdy resolved by CSP HPLC (Fig. 96). 

Effects of enzyme inductions on die stereoselective formations of phenolic and C3-

hydroxylation products formed lead to great differences as shown in Table 13. Enzyme 

induction with 3MC produced phenoUc and C3-hydroxylation enantiomers highly enriched 

in IR,2S Stereochemistry, indicating that 3MC-treated rat liver microsomal catalysis was 

highly enantioselective toward 3MC cis-1^,25-diol substrate over Uver microsomes from 

control and PB-treated rats. Enantiomeric compositions of the phenoUc and C3-

hydroxylation products formed in the metabolism of (1)3MC cis-1,2-diol from 3MC 

induced nucrosomes were 7 phenol ( - 100% enriched in l/?,25) > 8 phenol (95%) > 10 

phenol (86%) > 3-OHMC cis-l/?,25-diol (68%) (Table 13). Untreated control and PB 

induced microsomes had different stereochemical effects than 3MC on the enantiomeric 

compositions of 7-OH-3MC cis-l,2-diol and 10-OH-3MC cis-l,2-diol (Table 13). Major 

phenoUc enantiomers were enriched in the 15,2/? stereochemistry from both control and 

PB induced microsomal metaboUsm of (1) 3MC cis-1,2-diol as compared to die IR2S 

enriched from 3MC induced microsomes. 

Enantiomeric disposition of substrate (1) 3MC c«-1,2-diol resulting from untreated 

control, 3MC- and PB-induced microsomal metabolism was also eUcited as shown in Table 
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Table 13. Enantiomeric composition of metabolites fonned in die metaboUsm of racemic 

3MC cis-1,2-diol by rat Uver nucrosomes 

MetaboUtes* 

8-OH-3MC cis-1,2-diol 

7-OH-3MC cis-l,2-diol 

9-OH-3MC cis-1,2-diol 

3-OHMC cis-1,2-diol 

10-OH-3MC cis-1,2-diol 

3MC cis-l^diol 

(remaining substrate) 

Enantiomeric Composition 
[15 2R'.: IR,2S] 

Control 

43.2:56.8 

65.3:34.7 

55.5:44.5 

47.2:52.8 

67.8:32.2 

45.2:54.8 

PB 

33.4:66.6 

63.0:37,0 

52.5:47.5 

32.4:67.6 

62.5:37.5 

25.6:74.4 

(%)^ 

3MC 

4.7:95.3 

0:100 

ND 

32.3:67.7 

13.5:86.5 

57.6:42.4 

a. Racemic 3MC cis-1,2-diol was incubated with Uver microsomes (0.25 mg protein/ml of 

incubation mixture from untreated(control), PB-trcated and 3MC trcated rats. Each 

milliUter of reaction mixture contains 40 nmol of 3MC cis-1,2-diol and was incubated at 

37oCfor30min. 

b. Enantiomeric ratio of metabolites was determined by CSP HPLC on a ionically bonded 

R-DNBPG column. 

c. ND means enantiomer ratio was not detected. 
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12. Relative amounts of unmetaboUzed 3MC cis-l,2-diol enantiomers ilS,2R:lR,2S) 

were 45:55 (control), 26:74 (PB) and 58:42 (3MC) (Table 13), respectively. The 

enantioselectivity of untrcated and PB induced microsomal enzymes favored die 15,2/?-

cnantiomer while tiiat of 3MC favored die l/?,25-enantiomer. 

10.4 Effects of enzyme induction on formation of metabolites formed in the (±) SMC cis-

12-diol and enantiomeric SMC cis-12-diol 

The relative amounts of various metaboUtes formed in die metabolism of racemic 

and enantiomeric 3MC cis-1,2-diol by three rat Uver microsomal preparations werc 

determined with the aid of an internal standard (Table. 12). Liver microsomes and die 

substrate werc used at 0.25 mg of protein and 40 nmol per ml of incubation mixturc, 

respectively, and the reaction mixture was incubated for 30 min. Areas under the 

chromatographic peaks were normaUzed against tiiat of an internal standard. For the 

purpose of comparing the relative amounts of metaboUtes formed, extinction coefficients of 

phenolic products at 254 nm were assumed to be identical. 

The effects of inducers on the relative amount of 9,10-dihydrodiols (sum of peaks 2 

and 4 of Fig. 87) formed in die metaboUsm of (1) 3MC cis-1,2-diol and 3MC cis-15,2/?-

diol by rat Uver microsomes were PB > Control > 3MC (Table 12) and in the metaboUsm 

of 3MC cis-l/?,25-diol, PB > 3MC > control. The relative amount of 9,10-dihydrodiols 

formed in die metaboUsm of (1) 3MC cis-1,2-diol by Uver nucrosomes from PB-treated 

rats was greater than that formed in the metabolism of 3MC cis-15,2/?-diol or 3MC cis-

l/?,25-diol. 

The ratio of total phenolic products formed at C? and Cg positions (sum of peak 5 

and 6 of Fig. 87) to that of die internal standard formed in the metaboUsms of racemic 3MC 

cis-1,2-diol and 3MC cis-l/?,25-diol by rat liver microsomes showed die effects of 

inducers to be 3MC » PB = control. The relative amount of phenoUc products at C? and Cg 

formed in die metabolisms of 3MC cis-l/?,25-diol, (1) 3MC cis-1,2-diol and 3MC cis-

lS2R-diol ftt)m 3MC induced rat Uver microsomes were 1.6 > 1.0 » 0.2, respectively. 
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the effects of inducers on the formations of phenolic products at C9 and Cio in tfie 

metaboUsms of the racemic and enantiomeric 3MC cis-l,2-diol were 3MC > PB > control. 

Relative amounts of Ca-hydroxylation product 3-OHMC cis-1,2-diol were 

compared and the effects of enzyme inducers were PB > 3MC > control for botii the 

racemic and enantiomeric 3MC cis-1,2-diol. The relative ratios of 3-OHMC cis-1,2-diol 

formed in die metaboUsm of (1) 3MC cis-l,2-diol, 3MC cis-15,2/?-diol and 3MC cis-

l/?,25-diol were 0.9:0.4:1.0 in PB treatment, 0.7:0.3:0.8 in 3MC treattnent and 

0.4:0.1:0.3 in control, respectively. 3MC cis-l/?,25-diol and (1) 3MC cis-l,2-diol seem 

to be better substrates to be hydroxylated at the Cs-motfiyl sidechain than 3MC cis-lS,2R-

diol. In the metabolism of the racemic and enantiomeric 3MC cis-1,2-diol, die effects of 

enzyme inducers on the percentage of substrate metaboUzed were 3MC (33-54%) > PB 

(29-41%) > control (11-30%). The differing ratios of metabolic products and disposition 

of tiiese 3MC cis-1,2-diols were due to racemic and enantiomeric substrates used as woU as 

various pretreatments of microsomal enzyme inducers. 



DISCUSSION 

Stereoselective formation and disposition ofl-OH-SMC and 2-OH-SMC in the 

metabolism of SMC 

In several smdies reported earlier (Sims et al., 1966,1967; Cavalieri et al., 1978; 

Eastman et al, 1979; Thakker et al, 1978; Stoming et al, 1977; Tiemey et al, 1979), 1-

OH-3MC and 2-OH-3MC have been consistentiy reported (Table 14) to be tfie most 

abundant metabolites of 3MC. However, confUcting results were reported on tiie relative 

amounts of 1-OH-3MC and 2-OH-3MC formed in die metaboUsm of 3MC by rat Uver 

microsomes (Eastman et al, 1979; Thakker et al, 1978; Stoming et al, 1977; Tiemey et 

al 1979). A [l-OH-3MC]:[2-OH-3MC]ratioof32:68 (Stoming era/., 1977) and of 43:57 

(Tiemey et al, 1979) was reported in die metabolism of 3MC by liver microsomes from 

3MC-a:cated rats. Another study reported tiiat 2-OH-3MC was formed predominantiy in 

the metabolism of 3MC by Uver microsomes from Aroclor 1254-treated rats (Eastman et 

al, 1979). In contrast, Thakker et al (Thakker et al, 1978) reported die ratios of [1-OH-

3MCJ]:[2-OH-3MC], formed in the metaboUsm of 3MC by four rat Uver microsomal 

preparations, were 78:22 (untreated control), 93:7 (PB-treated), 66:34 (3MC-treated), and 

97:3 (prenenolone-16a-carbonitrile-treated), respectively. In this study, the amount of 2-

OH-3MC formed in the metaboUsm of 3MC was consistentiy found to be higher than that 

of 1-OH-3MC by Uver microsomes from untreated, PB-treated, and 3MC-treated rats 

(Table 1). The discrepancy of results in this and earUer studies (Eastman et al, 1979; 

Thakker et al., 1978; Stonung et al, 1977; Tiemey et al, 1979) was apparentiy due to 

differences in analytical methods employed. By using 45% acetonitrile in water as the 

mobile phase in reversed-phase HPLC, Eastman and Bresnick (Eastman et al., 1979) 

separated 2-OH-3MC (retention time 42 min) and 1-0H-3MC (retention time 47 min) and 

found that approximately 85% of die monohydroxylated ^H-labeled metaboUtes 

cochromatographed witii tiie autfientic 2-OH-3MC. In other studies (Eastman et al, 1979; 

163 
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Table 14. Relative amounts of 1-OH-3MC and 2-OH-3MC formed in die metabolism of 

3MC by various rat liver preparations. 

Rat liver 

Preparation 

Microsomes 

Microsomes 

Microsomes 

Microsomes 

Microsomes 

Microsomes 

Microsomes 

Microsomes 

Pretreatment 

none 

none 

PB 

PB 

3MC 

3MC 

3MC 

3MC 

1-0H-3MC 

(%) 

30 (34)^ 

78 

21 (15)b 

93 

10 (2)»> 

43 

32 

66 

2-OH-3MC 

(%) 

70 (66)b 

22 

79 (85)^ 

7 

90 (98)b 

57 

68 

34 

Reference* 

this report 

Thakker et al. 

this report 

Thakker era/.. 

this report 

Tiemey et al. 

Stoming et al. 

Thakker et al 

1978 

1978 

1979 

,1977 

,1978 

^ See original reference for experimental conditions. 

b Two sets of numbers resulting from different incubation times are taken from Table 1 

for ready comparison, 

c PCN = prenenolone- 16-a-carbonitrile, PCB = Aroclor 1254. 
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Thakker et al, 1978; Stoming et al, 1977; Tiemey et al., 1979), 1-0H-3MC and 2-OH-

3MC were closely eluted under die reversed-phase HPLC conditions described and hence 

tiieir relative amounts could not be reliably detennined. In tiiis study, 1-0H-3MC and 2-

OH-3MC wore first isolated by reversed-phase HPLC as a mixnire, and tiieir relative 

amounts were detennined by nonnal-phase HPLC, which allowed baseUne separation of 1-

0H-3MC and 2-OH-3MC (Fig. 10). 

In die previous studies of 3MC metabolism, Thakker et al (1978) reported tiiat 

pretreatment of rats witii control, PB, PCN, and 3MC results in 4%, 10%, 16%. and 25% 

of the total metabolism of 3MC, respectively when die data are expressed as percent 

conversion. Later rcsults indicated tiiai PB-, PCB- (Aroclor 1254), and 3MC-pretreatment 

cause 1.8-, 4.2-, and 4.6-fold increase in die specific activities of the microsomal 

preparations, respectively, relative to those of the microsomes from control (Gangarosa and 

Stoming, 1983). However, in our reports, when 3MC was used to induce rats, total 

metaboUsm (15% or 35%) was less efficient than tfiat of PB (17% or 39%, table 1). The 

discrepancy in inductive properties between our and early reports is probably due to 

different animal induction (dosage and number of injection of P-450 enzyme inducer to 

rats), substrate concentration, microsomal incubation (incubation time and volume) and 

analytical condition used, or remains unknown. 

In view of our results (Table 1), the hydroxylation reaction is more regioselective at 

C^ position than that at Cj position of 3MC by aU three rat liver microsomal preparations. 

The effect of enzyme inducers on the rcgioselectivity toward die C^ position of 3MC by 

three rat Uver microsomal preparations is: 3MC > PB > control. It is worthy to note that 2-

0H-3MC is a considerably more potent carcinogen tfian 1-0H-3MC (CavaUeri et al, 1978; 

Levin et al, 1979). Since it is the most abundant metabolite, 2-OH-3MC may play an 

important role in the carcinogenic activity of 3MC. The motaboUte(s) responsible for die 

carcinogenic activity of 2-OH-3MC has not been examined. 
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Rat Uver microsomal metabolism at Ĉ  and C2 positions of 3MC are 54-65% and 

86-94% pro-5 stereoselective, respectively (Table 1). However, as Ulustrated in Fig. 11, 

die pro-5 hydroxylation reactions occur at opposite stercohoteroiopic faces of tiie C1-C2 

bond. The results indicate die preferred orientation of substrate (3MC)-enzyme 

(cytochrome P-450) interaction which result in tiie stereoselective hydroxylation at Cj and 

C2 positions. The reason(s) for tiie higher degree of pro-5 stereoselectivity at C2 tfian at 

Cl remains unknown. 

Rat Uver microsomal metaboUsm of racemic 1-0H-3MC is selective toward die 5-

enantiomer (Table 1). In contrast, rat Uver microsomal metaboUsm of racemic 2-OH-3MC 

is selective toward die /?-enantiomer. It is interesting to note tiiat die hydroxyl groups of 

15-OH-3MC and 2R-OH-3MC are on die same siereoheterotopic face of the C1-C2 bond 

(Fig. 11). It appears tfiat the 15 and 2R hydroxyl groups are responsible for their higher 

affinities with the enzyme active site tfian the respective antipodes. The finding that die 5-

enantiomer is metabolized at a faster rate than the /^-enantiomer by rat Uver microsomal 

metabolism of racemic 1-OH-3MC indicates that the major and the minor 9,10-dihydrodiols 

(1-OH-3MC 9,10-dihydrodiol-a and 1-OH-3MC 9,10-dihydrodiol-/>. respectively, 

Thakker et al., 1978), formed in the metabolism of racemic 1-OH-3MC, are derived from 

the 15 and IR enantiomer, respectively. 1-0H-3MC 9,10-dihydrodiol-a was reported to 

be more mutagenic and tumorigenic tiian 1-OH-3MC 9,10-dihydrodiol-/? (Wood et al., 

1978; Levin etal, 1979). Since the absolute configuration of enantiomeric 1-OH-3MC 

and 2-OH-3MC have been established, it is now possible to study the stereochemical 

metaboUc activation and detoxification pathways of 3MC, 1-0H-3MC, and 2-OH-3MC in a 

more detaUed manner. 

Enantioselective aliphatic hydroxylations of racemic I-OH-SMC 

In the metabolism of 3MC, 1-0H-3MC and 2-OH-3MC by rat Uver microsomes, 

bodi 3MC frons-1,2-diol and 3MC cis-1,2-diol were determined as metaboUtes (Stoming et 
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al., 1977; Tiemey et al., 1979; Thakker et al., 1978 and Gardiner et al, 1984). In die 

metaboUsm of 3MC by rat Uver microsomes, 1-OH-3MC is enriched in die 15-enantiomer 

(53-73%), whereas 2-OH-3MC is more enriched in die 25-enantiomer (86-98%). In tius 

smdy, die CSP HPLC resolution of enantiomeric 1-OH-3MC, 1-OH-3-OHMC, 3MC 

trans- and cis-1,2-diols; die elucidation of the absolute configuration of the resolved 

enantiomers and enantioselective hydroxylations at the C2-caibon and tfie Ca-metfiyl group 

of racemic 1-OH-3MC were described. 

Enantiomeric pairs of 1-0H-3MC, 1-OH-3-OHMC, 3MC rra/is-1,2-diol, and 3MC 

cis-1,2-diol were resolved by CSP HPLC on a covalentiy bonded /?-DNBPG (Pirkle type 

1 A) column and their absolute configurations werc estabUshed by CD chiraUty method and 

CSP HPLC (Figs. 8,16,14 and 22). Hydroxylation at the C3-metiiyl group of racemic 1-

OH-3MC was enantioselective toward the l/?-enantiomor over the 15-enantiomer in a ratio 

of-58/42, by cytochrome P-450 in Uver microsomes from PB-trcated rats. Hydroxylation 

at C2-carbon of racemic 1-OH-3MC resulted in die formation of 3MC trans- and cis-1,2-

diols in a ratio of-1/3 (Fig. 18). The C2-hydroxylation was enantioselective toward the 

15-enantiomer over tiie l/?-enantiomer in a ratio of-3/l(Fig. 19), forming mostly the cis-

IR,2S enantiomer (66.9%). In tiie C2-hydroxylation of 15-OH-3MC, cis-1,2-diol and 

rrans-1,2-diol were formed in a ratio of-67/9 (Fig. 19). In comparison, cis-1,2-diol and 

frans-1,2-diol were fonned witii a ratio of-9/15 in tiie C2-hydroxylation of l/?-0H-3MC. 

3MC /rons-1,2-diol fonned in die metabolism of racemic 1-OH-3MC by Uver nucrosomes 

from PB-treated rats was found to have a (15,25)/(l/?,2/?) enantiomer ratio of -63/37 

(Fig. 18) whereas tiie 3MC cis-l,2-diol formed had a (15,2/?)/(l/?,25) enantiomer ratio of 

-12/88. These results indicate diat PB-treated Uver microsomes preferentiaUy catalyze tiie 

stereoselective C2-hydroxylation at a cis position relative to tiie Ci of 15-OH-3MC, which 

was the major enantiomer formed in the metabolism of 3MC (Table 1). 

Stereoselective metabolism of2S-OH-SMC 
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2-OH-3MC comprises die majority (70-90%, depending on die enzyme inducer 

used to treat die rats) of die hydroxylation products fonned at C^ and Cj positions of 3MC 

by rat Uver microsomes. Furtheraiore, 2-OH-3MC fonned in die metaboUsm of 3MC by 

Uver microsomes from untreated, PB-treated, and 3MC-ireated rats is highly enriched in the 

25-enantiomer (enantiomeric excess 72-96%) as reported earUer (Shou and Yang, 1990a). 

The substrate (25-OH-3MC) used in tiiis study was isolated from a mixmre of 

metaboUtes fonned by incubation of 3MC witii Uver microsomes from 3MC-treated rats. 

Consistent with die results of an earlier report, die 2-OH-3MC fomied in die metabolism of 

3MC by Uver nucrosomes from 3MC-treated rats was highly enriched in die 25-enantiomer 

(enantiomeric excess -98%). The absolute configuration of tiie major 2-OH-3MC 

enantiomer formed in die metabolism of 3MC has been established in this study. 

Because 2-OH-3MC is itself a potent carcinogen and 25-OH-3MC is die most 

abundant metaboUte of 3MC, the metabolic activation pathway(s) of 25-OH-3MC may play 

an important role in the metabolic activation of 3MC. In this study, 16 metaboUtes have 

been detected as products formed by incubation of 25-OH-3MC with rat Uver microsomes. 

Among these metaboUtes, six are 9,10-dihydrodiols which may be further metaboUzed to 

fonn the biologically reactive bay region 9,10-diol-7,8-epoxides. Two diastereomeric 

9.10-dihydrodiols were derived from 25-OH-3MC; 25-OH-3MC 9/?,10/?-dihydrodiol and 

25-OH-3MC 95,105-dihydrodiol in a ratio of-9/1. Since nucrosomal epoxide hydrolase-

catalyzed reactions occur predominantiy at the nonbenzyUc positions (Yang et al, 1977; Lu 

et al, 1980), these results suggest that the metabolic precursor 9,10-epoxide has a 

(95,10/?)/(9/?,105) enantiomer ratio of -9/1. Two more 9,10-dihydrodiols were probably 

derived from 25-OH-3-OHMC since the latter was the most abundant metabolite of 25-

OH-3MC. 25-OH-3-OHMC is a newly recognized metaboUte of 25-OH-3MC and its 

carcinogenic activity is yet unknown. The fiftii 9,10-dihydrodiol is derived from 3MC-2-

one which is a potent carcinogen (Sims et al, 1967; CavaUeri et al, 1978; Levin et al, 

1979) and one of die major metabolites of 25-OH-3MC. The sixth 9,10-dihydrodiol may 
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be derived eitiier from furtiier metabolism of 3MC cis-15,2/?-diol or by (cis)-Ci-

hydroxylation of 25-OH-3MC 9/?,10/?-dihydrodiol or 25-OH-3MC 95,105-dihydrodiol. 

Three K-region 11,12-dihydrodiols were found as metaboUtes of 25-OH-3MC; two 

diastereomeric 25-OH-3MC 11,12-dihydrodiols and one 25-OH-3-OHMC 11,12-

dihydrodiol. In principle, two diastereomeric trans-l 1,12-dihydrodiols can be fonned 

from 25-OH-3-OHMC. However, die amount of die second 25-OH-3-OHMC 11,12-

dihydrodiol may be too small to be detected. The amounts of tiiose K-region dihydrodiols 

formed are considerably lower tiian tiiose of 25-OH-3-OHMC or die 9,10-dihydrodiols 

derived from 25-OH-3MC. 25-OH-3MC 1 l/?,12/?-dihydrodiol and 25-OH-3MC 

115,125-dihydrodiol are formed in a ratio of-77/23. The 115,12/?-epoxide may be the 

major enantiomer formed by epoxidation at die K-region of 25-OH-3MC by Uver 

microsomes from 3MC-treatod rats. In die metaboUsm of 3MC by liver microsomes from 

3MC-treated rats, -91% of the 11,12-epoxide formed is die 115,12/?-enantiomer (Yang et 

al, 1990). Botii tiie 115,12/?-epoxide and die 1 l/?,125-epoxide of 3MC are 

regioselectively hydrated by microsomal epoxide hydrolase to form a 3MC 11,12-

dihydrodiol witii a (1 IR,12R)/(115,125) enantiomer ratio of 85/15 (Yang et al, 1990). 

The trans- l/?,2/?-diol and cis- 15,2/?-diol are formed in a ratio of -11:89 in the 

metabolism of 25-OH-3MC by Uver microsomes from 3MC-treated rats. Thus the 

stereoselective (cis)-Ci-hydroxylation is more prevalent than the (»'ans)-Ci-hydroxylation 

(see iUustration at the top of Fig. 22). In the absence of the C^-hydroxyl group, rat liver 

microsomal metabolism of 3MC resulted in the preferential formation of 15-OH-3MC with 

an enantiomeric excess of 8-30%, depending on the enzyme inducer used to treat the rats 

(Osborne et al., 1986). It should be pointed that, due to the addition of a chiral center at 

CJ, the hydroxyl group with 25 designation in an enantiomeric 2-OH-3MC is changed to 

2R (and vice versa) in die enantiomeric 3MC trans- and cis-l,2-diols (see Ulustration at tiie 

top of Fig. 22). Thus tiie stercoselective hydroxylation at Cj position of 3MC is highly 

dependent on whether tiierc is a hydroxyl group at C2. 
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Figure 97. The major metabolic pathway of 25-OH-3MC. 
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The carcinogenic activity of racemic 3MC cis-1,2-diol is weaker dian diat of 

racemic 1-OH-3MC (Sims, 1967). However, die carcinogenic activity of 3MC trans-l,2-

diol has not been tested. A preliminary smdy in our laboratory indicated diat a pair of 

diastereomeric 9,10-dihydrodiols are tfie predominant rat liver microsomal metaboUtes of 

3MC rrans-1,2-diol, indicating tiiat 3MC rra/is-1,2-diol may also be activated at die 

7,8,9,10 benzo-ring. 

Our earUer finding tiiat 25-OH-3MC is tiie most abundant metaboUte of 3MC and 

tiie present finding diat 25-OH-3-OHMC and two diastereomeric 25-OH-3MC 9,10-

dihydrodiols are major metabolites of 25-OH-3MC arc in contrast to die conclusions 

reported by Osborne et al Identification of metaboUc patiiways of 25-OH-3MC in this 

report should substantially enhance our understanding of the mechanism of metabolic 

activation of 3MC which is summarized in Fig. 97. The rcsults reported to-date on the 

metabolism of 3MC and its Ci and C2 derivatives indicate that tfie procarcinogenic 9,10-

dihydrodiols can be formed in die metaboUsm of 25-OH-3MC. Tumorigenicity tests of 

these 9,10-dihydrodiols and their parent compounds should provide considerable insight 

into the roles of 7,8,9, lObenzo ring metaboUsm in the metabolic activation of die potent 

carcinogen 3MC. 

Stereoselective metabolism of racemic 2-OH-SMC 

Due to stereoheterotopic interaction between microsomal enzymes (cytochrome P-

450 and epoxide hydrolase) and PAH substrate, racemic substrate 2-OH-3MC, was taken 

into more consideration in tiie stereoselective formations of enantiomeric metabolites by 

liver microsomes of rats treated with PB. 

In this study, 19 metaboUtes have been detected as products formed by incubation 

of (1) 2-OH-3MC. Six of diese metaboUtes are 9,10-dihydiodiols which may be furtiier 

metaboUzed to form the bay region 9,10-diol-7,8-epoxides. Two major diastereomeric 2-

OH-3MC 9,10-dihydrodiols contained in peaks 5 and 7 of Fig. 35 with a ratio of 54:46 had 
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tiieir own enantiomeric compositions of 27 (25.9/?, 10/?): 73 (2/?,95.105) and 81 

(2/? ,9/?, 10/?): 19 (25,95,105), respectively. Relative amounts of the two pairs of 

enantiomers were 39.4 (2/?,95.105) > 37.3 (2/?,9/?,10/?) >14.6 (25,9/?,10/?) > 8.7 

(25,95,105). The stereoselective fonnations of 2-OH-3MC 9,10-dihydrodiols in die 

metaboUsm of (1) 2-OH-3MC by Uver microsomes of PB-pretreated rats were mainly 

daived from 2/?-OH-3MC. This indicates tfiat microsomal enzymes, which catalyze the 

epoxidations by cytochrome P-450b at die M region of 2-OH-3MC to 9,10-epoxides, and 

hydrations of 9,10-epoxides by epoxide hydrolase to 9,10-dihydrodiols enantioselectively 

fit tiie 2/?-OH-3MC substrate better tiian 25-OH-3MC, forming a majority of 2R-OH-3MC 

9,10-dihydrodiols. Therefore, the enantioselective disposition of (1) 2-OH-3MC is toward 

2/?-OH-3MC over 25-OH-3MC. 

Since 2-OH-3MC 9,10-dihydrodiols and 2-OH-3-OHMC fonned in die metabolism 

of (1) 2-OH-3MC were the most abundant metabolites, die two diastereomeric 2-OH-3-

OHMC 9,10-dihydrodiols, contained in peak 1 and 2 of Fig. 35 werc probably derived 

from botii die C3-hydroxylation of 2-OH-3MC 9,10-dUiydrodiols and die hydration of 2-

OH-3-OHMC 9,10-epoxides formed tiirough tfie epoxidation reaction at tiie double bond 

benveen C9 and Cio of 2-OH-3-OHMC. Only one pair of 2-OH-3-OHMC 9,10-

dihydrodiol enantiomers in peak 1 can be separated by the /?-DNBPG-C column which 

produced a ratio of 62 (9/?, 10R):3% (95,105) witii unknown stereochemistry of tiie 

hydroxyl group at C2. 

Three K-region 11,12-dihydrodiols were found as metabolites of 2-OH-3MC: two 

diastereomeric 2-OH-3MC 11,12-dihydrodiols and one 2-OH-3-OHMC-11,12-

dihydrodiol. It is interesting to note that major enantiomers of tiie 2-OH-3MC 11,12-

dihydrodiols were enriched in 25.11/?,12/? and 25.115.125 absolute configurations which 

were derived from 25-OH-3MC. The formations of dihydrodiols of 2-OH-3MC at eidier 

die M or K region in die meubolism of (1) 2-OH-3MC were dependent on die 

stereochemistry of hydroxyl group at C2. In odier words, die 2/?-OH-3MC was rcadUy 
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metaboUzed to form the major 2/?-OH-3MC 9,10-dUiydrodiols whUe die 25-OH-3MC was 

metaboUzed to fonn die major 25-OH-3MC 11,12-dihydrodiols. 

The 3MC rrons-1,2-diol and 3MC cis-l,2-diol are fonned in a ratio of 2:8 in die 

metaboUsm of (l)2-OH-3MC by Uver microsomes from PB treated rats. In Table 4, die 

15.25-diol (68%) in a pair of 3MC rra/is-1,2-diol enantiomers and l/?,25-diol (82%) in a 

pair of 3MC cis-1,2-diol enantiomers were major components and were aU derived from 

2/?-OH-3MC. These results suggest tiiat Uver microsomal enzymes from PB-treated rats in 

catalyzing die Ci-hydroxylation reaction at die cis or trans position of 2-OH-3MC 

preferentiaUy metabolize 2/?-OH-3MC. Ci-hydroxylation of 2/?-OH-3MC driven by 

cytochrome P-450b prefers die cis-position of 2/?-OH-3MC over frans-position, forming a 

majority of cis-l/?,25-diol. 

In above results, die M region between C9 and Cio of the 2-OH-3-OHMC, 3MC-2-

one, 3MC cis-1,2-diol and (1) 2-OH-3MC in nucrosomal incubation witii NADPH-

generating system can be oxidized to produce their corresponding 9,10-epoxides which are 

further hydrated to 9,10-dihydrodiols. Further epoxidations of these 9,10-dihydrodiols 

between C7 and Cg may form die bay region 9,10-diol-7,8-epoxides. Many DNA-binding 

studies of the 9,10-diol-7,8-epoxides possibly derived from 3MC, 3MC 9,10-dihydrodiol, 

3-OHMC and 1-OH-3-OHMC, 1-OH-3MC and 1-0H-3MC 9,10-dihydrodiol have been 

reported (Cooper et al, 1980; King et al, 1977; King et al, 1978; Eastman et al, 1979; 

Osborne etal, 1983; 1986 and PhiUips etal, 1978). Since 2-OH-3MC has been shown to 

have higher carcinogenic activity and to be the most abundant metaboUte in die metaboUsm 

of 3MC, the bay region 7,8,9,10-benzo ring stereoselective metabolism of 2-OH-3MC in 

the metabolic activation of the potent carcinogen 3MC should be taken into consideration. 

Stereoselective metabolism ofSMC-2-one 

In tills study, we have demonstrated that 3MC-2-one trans-9,10-dihydrodiol is the 

most abundant metaboUte in 3MC-2-one metaboUsm by Uver microsomes from untreated. 



174 

1 " P-450 

3MC-2-one 3MC-2-one 
9,10-epoxide 

-XX??"" 
EH J I 

3MC-2*one 
9,10-dihydrodiol 
( 84%, 9/7,1 Off) 

Figure 98. The major oxidative patiiway of 3MC-2-one. 
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PB-treated, and 3MC-treated rats. Thus it was surprising tiiat in earlier studies (Cavalieri et 

al, 1978; Sims etal, 1966) die rrans-9,10-dihydrodiol was not found as a rat liver 

microsomal metaboUte of 3MC-2-one. It was reported tiiat die majority (70-90%, 

depending on die enzyme inducer used to treat die rats) of tiie hydroxylation products 

formed at Ci and C2 positions of 3MC by rat Uver microsomes is 2-OH-3MC. Since 

3MC-2-one is one of tiie oxidative metaboUtes of 2-OH-3MC (CavaUeri et al., 1978; Sims 

et al, 1966) and is known to be a potent carcinogen (Sims et al, 1967; CavaUeri et al, 

1978 Wood et al, 1978; Uvin et al, 1979), 3MC-2-one and its frans-9,10-dihydrodiol 

may also play important roles in die metaboUc activation of 3MC. 

The metaboUcally fonned 3MC-2-one rrans-9,10-dihydrodiol is highly enriched in 

the 9/?,10/?-enantiomer. Determination of enantiomeric compositions of the metaboUcally 

formed 3MC-2-one rrans-9,10-dihydrodiol in several experiments suggested tiiat the 

9/?,10/?-enantiomer is further metabolized at a faster rate than the 95,105-enanriomer. The 

importance of absolute stereochemistry and relative rate of further metabolism of such 

potentiaUy procarcinogenic 9,10-dihydrodiol metaboUte has boon woU documented in the 

metabolic activation of the most extensively studied aromatic carcinogen benzo[a]pyrcne 

(Conney et al, 1982). Prcsumably 3MC-2-one rrans-9/?,10/?-dUiydrodiol (Fig. 98) is die 

metaboUc precursor of the potentiaUy reactive ultimate carcinogenic bay-rcgion 3MC-2-one 

9,10-diol-7,8-epoxides (anti and syn isomers), a pathway sinular to die metabolic 

epoxidation at tiie 9,10-double bond of benzo[a]pyrcne 7/?,8/?-dihydrodiol (Conney et al, 

1982). The metabolic fate, mutagenic and mmorigenic activities of 3MC-2-one frartS-9,10-

dihydrodiol should be evaluated in a later smdy. 

Stereoselective metabolism of racemic I-OH-SMC 

Many biological tests have exhibited tiiat major Ci and C2 hydroxylation products 

1-OH-3MC and 2-OH-3MC had carcinogenic and mutagenic activities. When strain TA98 

of salmonella typhimurium with hepatic microsomal source of metaboUzing enzyme was 
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used to detect mutagens, 1-OH-3MC was metaboUcaUy activated to a 10-fold greater extent 

tiian was 3MC and was die most active compound tested (Wood et al, 1978). 1-OH-3MC 

9,10-dihydrodiol and 3MC-2-one as die most active compounds, were also activated to a 

greater extent tiian was 3MC. When strain TAIOO and Chinese hamster V79 cells widi 

hepatic microsomal system werc used to detect mutations, 1-OH-3MC 9,10-dihydrodiol 

had a greater effect dian 3MC, 4,5-, 7,8-, 11,12- or 2a,3-dihydrodiol( Wood et al, 1978). 

Diastereomeric 3MC 9,10-dihydrodiol-a was more active botii in 5. Typhimurium strain 

TAIOO and V79 cells dian tiiat designated 1-OH-3MC 9,10-dihydrodiol-/>. In topical 

appUcation of tumorigenicity on mouse skin, tiie average numbers of tumors per mouse 

showed tiiat 1-OH-3MC 9,10-dihydrodiol diastercomers, 3MC, 2-OH-3MC and 3MC-2-

one werc about equipotent as tumor initiators and tfiat 1-OH-3MC had approximately one-

fourth the activity of the most active compounds (Sims, 1967). 

The fluorescence spectra of DNA adducts isolated from the skin of mice treated 

with 3MC werc examined by Vigny et al (1977) and by Cooper et al. (1980) and showed 

the antfirancene-Uke onussion, indicating tfiat metabolic activation of 3MC involved die 

saturation on the 7,8,9,10-ring. King et al (1977; 1978) detected five products of DNA 

adducts in mouse embryo ceUs in culturc and demonstrated that adducts formed in these 

coUs arise from the 9,10-diol 7,8-epoxides derived from both 1-OH-3MC and 3MC. AU 

the tests werc carried out in the prcsence of metaboUzing systems and provided tfie 

evidence for bay-rcgion activation of 3MC and 1-0H-3MC to form ultimate carcinogen 

9,10-diol-7,8-epoxides. 

In metaboUc studies, few rcports of the metabolism of 1-0H-3MC have been 

completed (Thakker et al, 1978; Gardiner et al., 1984). Most metabolites fonned in die 

metabolism of 1-OH-3MC werc not characterized. Only strucmrcs of two isomeric trans-

and cis-l,2-diol of 3MC, and two predominantiy diastereomeric 1-OH-3MC 9,10-

dihydrodiols assigned as a and b with unknown stereochemistiy were found. Duo to the 

high mutagenic and carcinogenic activities of 1-0H-3MC 9,10-dihydrodiol, we were 
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mterested in studying of die activation patfiways of stereoselective metaboUsm of 1-OH-

3MC leading to tiie fonnation of ultimate carcinogenic metaboUtes. 

A major metaboUc patiiway of (l)l-OH-3MC by Uver microsomes from PB trcated 

rats is characterized in Fig, 99. There are five 9,10-dihydrodiols fonned in die metaboUsm 

of (1) 1-OH-3MC. Two diastereomeric 1-OH-3MC 9,10-dihydrodiols contained in peaks 

6 and 7 of Fig. 44 which were estabUshed as 9,10-dihydrodiol-a and b of 1-0H-3MC by 

Thakker et al. (1978) were major metabolites in a ratio of 63:37. The absolute 

configurations of enantiomers in tiiese two diastereomers were first detennined in tfiis 

smdy. The diastereomer in peak 6 of Fig. 44 contained a pair of enantiomers (15-OH-

3MC 9/?,10/?-dUiydrodiol and l/?-OH-3MC 95.105-dihydrodiol) which were separated 

on /?-DNBPG-I column witii enantiomeric composition of 79:21. The diastereomer in 

peak 7 of Fig. 44 contained a pair of enantiomers (major component l/?-OH-3MC 9R,10R-

dihydrodiol and minor 15-OH-3MC 95.105-dihydrodiol). 1-0H-3MC 9,10-dihydrodiol 

enantiomers contained in peak 7 of Fig. 44 were separated by CSP HPLC. The mutagenic 

and carcinogenic smdies showed that diastereomer formed in peak 6 had more activity than 

tiie diastereomer in peak 7 (Wood et al, 1978; Levin at al., 1979). Hence 15-OH-3MC 

9/?, 10/?-dihydrodiol as a major enantiomer (79%) and potential procarcinogen contained in 

peak 6 plays a possible important role in the stereochemical metaboUc activation pathway 

and carcinogenicity of both 1-0H-3MC and 3MC. 

The tertiary metabolites 1-OH-3-OHMC 9,10-dihydrodiol in peak 1,3MC cis-1,2-

diol:9,10-dihydrodiol in peak 3 and 3MC-l-one 9,10-dihydrodiol in peak 8 of Fig. 44 are 

also precursors of their corresponding 9,10-diol-7,8-epoxides. These are possibly derived 

from major metaboUtes 1-OH-3-OHMC, 3MC c«-1,2-diol and 3MC-l-one respectively 

and from 1-OH-3MC 9,10-dUiydrodiols. CD spectra indicated tiiat tiiese 9,10-dihydrodiol 

metaboUtes contain a majority of 9/?,10/?-enantiomers. Even though carcinogenic activities 

have not been tested, these 9/?,10/?-dihydrodiols as precursors of bay region 9,10-diol-
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7,8-epoxides should be taken into account when considering die carcinogenicity of 1-OH-

3MC and 3MC. 

Some phenoUc products at C9 and Cio of 1-0H-3MC contained in peaks 4,5,14 

and 16 of Fig. 44 were also fonned in die metaboUsm of (l)l-OH-3MC by rat Uver 

microsomes. The metaboUtes were mainly derived from non-enzymatic reanangement of 

9,10-epoxides. MetaboUc formations of morc stable phenolic products at C9 and Cio of 1-

OH-3MC were impUcated to be metaboUc inactivation patfiways due to blockage of bay 

region diol-epoxide formation. 

The bay region 1-OH-3MC 7,8-epoxides are precursors of tiie 1-0H-3MC 7,8-

dihydrodiols formed in peak la of Fig. 45 by hydration with microsomal epoxide 

hydrolases. MeanwhUe, the 7,8-epoxides also can be rcarrangod by a non-enzymatic 

rcactions to result in two phenolic products, 7-OH-1-OH-3MC and 8-OH-1-OH-3MC 

contained in peaks 11 and 13 of Fig. 44 . The metaboUc formations of the 7,8-

dihydrodiols and phenolic products at C7 and Cg are mainly dependent on the stabiUty of 

7,8-epoxide itself and the interaction of 7,8-epoxido substrates with epoxide hydrolase. 

Our findings suggest that 1-OH-3MC 7,8-epoxides werc not good substrates for the 

microsomal epoxide hydrolase and most werc readily isomerized to form their phenoUc 

products. In considering that the portion between C7 and Cg which is lixated in die bay 

rcgion and is simUar to that of B[a]P /ra/is-9,10-dihydrodiol, the hydroxyl groups of the 

bay region 1-OH-3MC /rartS-7,8-dihydrodiol are forced to adopt a quasidiaxial 

conformation (Yang et al., 1980,1981). Due to this conformation, the rclatively morc 

polar 7,8-dihydrodiol had a early retention time which eluted in peak 1 of Fig. 44 and was 

much shorter than other dihydrodiols with the quasidiequatorial conformations. The 

phenoUc products formed at C7 and Cg seem to be greater than 1-OH-3MC 7,8-

dihydrodiols based on HPLC chromatographic profile of Fig. 44. 

Comparative metabolism of[^H] I-OH-SMC by rat and human liver microsomes 
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The metaboUc profiles of pH] 1-0H-3MC by rat and human liver microsomal 

systems appoared to be similar patterns as seen in Fig. 71. Cytochrome P-450 systems 

exist in botii rat Uver microsomes and can be induced by prior administration of 3MC and 

PB, as shown by die higher level of metabolites fonned widi induction as compared to 

untreated rat (control) and human Uver microsomes. The radioactive metabolites can be 

characterized by co-migration witii unlabeled known metaboUtes as UV markers on 

reversed phase HPLC. Fonnations of radioactive metabolites formed from various 

microsomal incubations were quantitated by liquid scintiUation counting. 

The metaboUc activation of 1-0H-3MC into bay region 9,l0-diol-7,8-epoxides is 

tfiought to be an important step in carcinogenesis of tfiis substrate. Enzyme-mediated 

sources prepared from the animals and ceUs have been shown to catalyze die formation of 

adducts to DNA in vitro as a result of die metaboUc fonnation of 1-OH-3MC 9,10-diol-7,8-

epoxides (Cooper et al, 1980; King et al, 1977,1978 and Eastman et al, 1979). 

Although lower metaboUsm of 1-OH-3MC from human Uver microsomes occurred, the 

metabolic pattern was substantiaUy simUar to that of rat Uver microsomal metaboUsm and 

the formation of aU 9,10-dihydrodiols accounted for-10% of total metaboUsm. Treatment 

of the rats with PB and 3MC stimulated 2.5 and 9.7 fold increase in the formation of 9,10-

dihydrodiols when using 0.5 mg microsomal protein per ml incubation mixmre, as that 

observed with control. Liver microsomes from untreated rats caused 2.8 fold increase of 

9,10-dihydrodiols formed in the metaboUsm of 1-OH-3MC as that from human when using 

the same microsomal concentration. It is interesting to note tfiat metaboUc formations were 

found to vary depending on microsomes used from different species, type of enzyme 

induction and microsomal protein concentration. The HPLC profile of formation (15-58 

% of total products) of 3MC cis-1,2-diol from [̂ H] 1-0H-3MC metabolism was different 

than from that from unlabeled 1-OH-3MC metaboUsm. This difference may be due to die 

various incubation and analytical conditions employed as weU as metaboUc rate and 

extinction coefficient of molecules. 
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Our findings suggest tiiat human Uver microsomes are capable of metaboUzing 1-

0H-3MC. This data leads to an understanding diat human liver microsomal metabolism of 

1-OH-3MC involves an activation process similar to rats. Even tiiough tiie quantity of 

9,10-dUiydrodiol metaboUtes was less dian diat observed from Uver microsomes of 

untreated rats (control), 9,10-dUiydrodiols, as precursors of known ultimate mmorigenic 

moieties of 1-0H-3MC, formed from eitfier rat or human liver microsomes is an important 

factor to consider. 

Stereoselective metabolism of S-OHMC 

3-OHMC, one of tiiree alcohoUc products, has recentiy been impUcated to be an 

important metaboUc intermediate in forming reactive product(s) that bind covalentiy to DNA 

in 3MC-treated cultured mouse embryo coUs (Osborne et al, 1986) and in various tissues 

of mice treated witii 3MC (Lu et al, 1990). Furthermore, 1-OH-3MC and 2-OH-3MC are 

beUeved to contribute littie to the formation of DNA binding adducts in 3MC-treated mouse 

embryo cells in cititure (Osborne et al, 1986). 

Several metabolism smdies have claimed tentative identification of 3-OHMC as a 

metaboUte of 3MC (Sims, 1966; Eastman et al., 1979; Thakker et al, 1978; Osborne et al, 

1086; Lu et al, 1990). 3-OHMC, 1-OH-3MC, and 2-OH-3MC have an identical 

molecular weight and uv-vis absorption spectrum. The lack of an authentic compound and 

an analytical system which aUows the separation of die stmcturaUy simUar 3-OHMC, 1-

OH-3MC, and 2-OH-3MC has precluded die definitive identification of 3-OHMC as a 

metaboUte of 3MC. In tiie smdy by Osborne et al (Osborne et al, 1986), a 3-

medioxymethylcholanduiene (3-MeOMC) was used as an autiientic compound for die 

purpose of identifying 3-OHMC as a metabolite. However, since 2-metiioxy-3MC was not 

shown to be chromatographicaUy separable from 3-MeOMC, Osborne et al (Osborne et 

al., 1986) may have mistaken 2-OH-3MC for 3-OHMC. In our study, it was found that 
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die amount of 2-OH-3MC formed in die metaboUsm of 3MC is substantiaUy higher tiian 

that of 1-OH-3MC. 

Comparing tiie regioselectivity of various cytochrome P-450 isozymes on Ci, C2 

and 3-mediyl side-chain hydroxylation of 3MC molecule, tiie relative ratios of [1-

OH3MC]:[2-OH3MC]:[3-OHMCl were 31:42:27 (control), 19:43:38 (PB-treated), 7:79:14 

(3MC-treated) and 12:65:23 (PCB-treated) respectively for 10-min incubation and 24:46:30 

(control), 19:43:38 (PB-treated), 4:83:13 (3MC-treated) and 29:55:16 (PCB) respectively 

for 30-min incubation (Table 7). The relative amount of monohydroxylated 3MC 

formations in 3MC metabolism by all four microsomal preparations were 2-OH-3MC > 3-

OHMC > 1-OH3MC. These results indicate that cytochrome P-450 isozymes in Uver 

microsomes from 3MC-treated rats had the highest rcgioselectivity toward the C2 position. 

MeanwhUe, induction effects of cytochrome P-450 isozymes on activation and inactivation 

of 3MC metaboUsm become important factors to evaluate. It is obvious that 3MC-induced 

cytochrome P-450 forms hydroxylate more regioselectively tiie C2 position and play 

important roles in die activation of 3MC metaboUsm since 2-OH-3MC exhibits nearly the 

highest biological activities of aU oxidized compounds witfi an aUphatic five membered 

ring. 

DNA binding studies in vivo and in vitro by Osborne et al (Osborne et al, 1986) 

and Eastman et a/.(Eastman et al, 1979) showed tiiat 3-OH-3MC bound to DNA more 

effectively in this regard tfian eitfier 1-OH-3MC or 2-OH-3MC when using mouse embryo 

cells and a microsome-catalyzed-DNA system, and contributed the most activity to tiie 

formation of tiiese adducts indicating that 3-OHMC was a major precursor. These results 

suggested diat major binding to DNA is possibly mediated via rrans-9,10-dihydrodiol, 

presumably through the subsequent hydroxylation at 3-mediyl sidechain to a vicinal diol-

epoxide as prescribed by the bay region hypotiiesis. 

In some smdies, 3MC 9,10-dihydrodiol was not found as a metaboUte of 3MC 

(Osborne et al., 1986). By analyzing metabolite-DNA binding adducts derived from 3MC-
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treated mouse embryo cells, Osborne et al reported tfiat only a minor proportion (3-8%) 

was derived from anri-9,10-diol-7,8-epoxide of 3MC. Some (11-28%) were derived from 

syn-9.10-diol-7,8-epoxide of 3MC, and most of die adducts were derived fi^m 9,10-diol-

7,8-epoxidos (anti and syn isomers) of 3-OHMC (37-51%) and 1-OH-3-OHMC (29-35%). 

In tiiat smdy, Osborne et al prepared ^H-laboled 3-OHMC by incubation of ̂ H-labelod 

3MC witii liver microsomes from Aroclor 1254-treated rats. It was reported (Osborne et 

al, 1986) tfiat 3-OHMC accounted for -20% of all die metaboUtes formed (based on die 

description tiiat 3-OHMC accounted for 2% of aU die radioactivity on die TLC plate, using 

a sample containing 90% of unmetaboUzed 3MC). 

Altiiough tiie metaboUsm of 3MC has been extensively investigated in rat liver 

microsomes, very Uttle is known about the metabolites derived from 3-OHMC. In tiiis 

smdy, eight metabolites formed in die metabolism of 3-OHMC by liver microsomes from 

control, PB-treated, 3MC-treated and PCB-treated rats werc characterized and relative 

amounts werc determined by adding an internal standard. The 3-OHMC 9,10-dihydrodiol 

contained in peak 4 was found to be a major metaboUte. Effects of enzyme inducers on the 

formation of 3-OHMC 9,10-dihydrodiol were PB > PCB > 3MC > control. Enantiomers 

of 3-OHMC 9,10-dihydrodiol formed by the four microsomal preparations were separated 

on a chiral column. SimUar enantiomeric compositions resolved by CSP HPLC as seen in 

Fig. 78 indicate that aU the induced microsomal enzymes preferentiaUy catalyze the 

formation of 3-OHMC 9/?,10/?-dUiydrodiol. 3-OHMC 7,8-dUiydrodiol and 3-OHMC 

11,12-dihydrodiol as minor dihydrodiols in the metabolism of 3-OHMC were purified and 

were shown to contain a majority of/?,/?-enantiomers. MeanwhUe, CiandC2 

hydroxylation of 3-OHMC also occuned, forming 1-0H-3-0HMC and 2-OH-3-OHMC 

which could be partly converted to their corresponding ketone products. These 

observations suggest that epoxidation at the double bond between C9 and Cio ̂ <^ 

hydroxylations at Ci and C2 are major bio-oxidative steps in metabolic pathway of 3-

OHMC characterized in Fig. 100. Not many phenolic products in the metaboUsm of 3-



185 

OHMC were formed except 8-OH-3-OHMC which co-eluted on reversed phase HPLC 

widi 1-OH-3-OHMC in peak 5 of Fig. 74. In previous smdies, using HPLC, Eastman et 

al (Eastman et al., 1979) examined die mixture of nucleoside adducts obtained from DNA 

tiiat was incubated with 3MC in die presence of a rat Uver microsomal system. They 

showed diat one of several diastereomeric 9,10-dihydrodiols witii higher level of reaction 

witii DNA was derived by monohydroxylation at C3-metiiyl sidechain of 3MC. The 

available evidence on the metaboUc activation of 3-OHMC in our smdy indicates tfiat 3-

OHMC 9,10-dihydrodiol formed in 3MC metaboUsm arises from initial hydroxylation at 

C3-methyl group and further oxidation at the M rcgion of 3MC. 

Metabolism of SMC trans-l 2-diol 

Very few studies on the mutagenicity and carcinogenicity of 3MC rraay-1,2-diol 

have been rcported to date. The relationship between the metaboUc product 3MC rrans-1,2-

diol fonned in the metaboUsm of 3MC and its carcinogenic activity has not been clear. 

However, in considering the bay rcgion theory of PAHs, it is questionable as to whether aU 

the biological activity is mediated through 3MC rrans-1,2-diol via die intermediate 

formations of 9,10-dihydrodiols since some 3MC aliphatic derivatives such as 1-0H-3MC 

have been exhibited to be active by the formation of 9,10-dihydrodiols. 

The most abun(3ant product formed in the metaboUsm of (1) 3MC rrans-1,2-diol by 

Uver microsomes of PB-treated rats was 9,10-dUiydrodiol, a possible mixmre of 

diastereomers contained in peak 2 of Fig. 79. The relative amount of 9,10-dihydrodiol from 

(1) 3MC rrans-1,2-diol metabolism had varying degrees depending on enzyme inducers 

UtiUzed and was 2.70 (PB) > 0.65 (control) > 0.34 (3MC). Since die relative amount of 

9,10-dihydrodiol derived from 3MC rrans-l/?,2/?-diol in liver microsomal metabolism by 

untreated and PB-treated rats was more substantial than tiiat from 3MC rrans-15,25-diol as 

shown in Table 10,3MC rrans-l/?,2/?:9/?,10/?-dihydrodiol should be die greatest 

stereoisomer in the mixture of 9,10-dihydrodiol diastereomers contained in 
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Figure 101. The major metaboUc patiiway of (1)3MC rrans- 1,2-diol. 



187 

peak 2 of Fig. 79. The avaUable evidence of stereochemical products fomied in 

microsomal metaboUsm reflects the possible stereoselective activation patiiway of 3MC 

rrans-1,2-diol. However, how die metaboUcaUy fonned polar bay region 3MC rrans-1,2-

diol:9,10-diol-7,8-epoxides penetrate membranes and bind DNA in die ceU nucleus to 

exhibit their biological activity remains unknown. 

Four isomeric phenols at 7,8,9,10 benzo-ring foimed in die metabolism of 3MC 

rrans-1,2-diol were found and were believed to be derived from non enzymatic isomerization 

of the 7,8-epoxides and 9,10-epoxides. CD spectra of their optically pure phenolic and C3-

hydroxylation enantiomers, induced by the Ci and C2 chiral centers, from die metabolism of 

enantiomeric 3MC rrans- 1,2-diol were detennined which presented characteristics of major 

Cotton effects sinular to those of eitfier parent 3MC rrans-l/?,2/?-diol or 3MC rrans-15,25-

diol. The elUpticity (miUidegrees) of optically purc phenoUc enantiomers is known to vary 

sUghtiy with location of a hydroxyl group due to stereo-interaction between tiie hydroxyl 

group and the benz[a]anthrancene nucleus. However, CD spectra of 3-OHMC rrans-1,2-diol 

exhibited ODtton effects identical to tiiose of each 3MC rrans-1,2-diol enantiomer, because 

hydroxylation at the 3-mediyl sidechain does not direcdy affect die aromatic system of 

benz[a]antiiracene nucleus. If their extinction coefficients were assumed to be sinular, 10-

OH-3MC rrans-l/?,2/?-diol (relative amount = 3.85) fonned in the metaboUsm of 3MC trans-

l/?,2/?-diol by Uver microsomes of PB-treated rats and 9-OH-3MC rrans-l/?,2/?-diol (2.08) 

from 3MC-treated ones respectively, were the most abundant metaboUtes in aU microsomal 

incubations of bodi die racemic and enantiomeric 3MC rrans-1,2-diols (Table 10). 

Enantiomers of all phenolic products formed at C7, Cg, C9 and Cio were enriched in IR2R 

Stereochemistry which range 57 - 89% as seen in Table 11, indicating tiiat diese metaboUtes 

were Ukely rearranged from 7,8-epoxides and 9,10-epoxides of 3MC rrans-l/?,2/?-diol radier 

than those from 3MC rrans-15,25-diol. Effects of enzyme inducers on formations of 

phenoUc products of 3MC rrans-l/?,2/?-diol in metabolism of (1) 3MC rrans-1,2-diol were 

PB = control (70-89% in IR,2R) > 3MC (57-76%). 
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Taken togetiier, die major metabolic patiiway of 3MC rrans-1,2-diol by rat Uver 

microsomal incubation is characterized in Fig. 101. These results indicate diat dihydrodiols 

fonned at bay and M region in die metaboUsm of (1)3MC rrans-1,2-diol from aU microsomal 

preparations are mainly derived from 3MC rrans-l/?,2/?-diol. The role of 3MC trans-lR,2R-

diol:9/?,10/?-dUiydrodiol in die metaboUc patiiway of 3MC rrans-1,2-diol and 3MC has yet to 

be detennined. It is significant to note die large quantity of phenoUc products fonned as a 

possible inactivation patiiway in tiie metaboUsm of 3MC rrans-1,2-diol. The possible role of 

die metaboUtes in die activation of 3MC rrans-1,2-diol remains speculative since tiie 

biological activities of metabolites have not been tested. 

Metabolism of SMC cis-12-diol 

The metaboUc products of 3MC in rat Uver homogenate include botfi 3MC cis-1,2-

diol and 3MC rrans-1,2-diol, witfi die cis-isomer predominating (Sims, 1966). Sims has 

tested die carcinogenicity of many of die metabolites of 3MC by injecting tfiese compounds 

subcutaneously into C57 black mice (Sims, 1967). Under tfie conditions used in tfiis work, 

the cis-isomer induced a few mmours with comparatively long latent periods. Microsome-

mediated aUcylation of DNA by [3H]-3MC routinely exhibited that 3MC cis-1,2-diol was 

one of 14 radioactive peaks when the deoxyribonucleoside-bound adducts were 

chromatographed on HPLC (Eastman et al, 1979). 

In our smdy, in vitro microsomal incubation of 3MC cis-1,2-diol produced nine 

3MC cis-l,2-diol metabolites. Two diastereomeric 3MC cis-l,2-diol:9,10-dihydrodiols, 

contained in peaks 2 and 4 of Fig. 87 formed ftxim PB-treated rat Uver microsomes were 

the most abundant metaboUtes. Peaks 2 and 4 of Fig. 87 were mainly enriched in 

1/?,25,9/?, 10/? and IS,2R,9R,IQR absolute configurations, respectively. This indicated 

that the formations of 3MC c«-l,2-diol:9,10-dihydrodiols, in die metaboUsm of 3MC cis-

1^-diol, by rat Uver microsomes highly selected 9/?, 10/? stereochemistry and did not 

significantiy exhibit substrate enantioselectivity at region between Ci and C2. A resulting 
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stereoselective patiiway of (i)3MC cis-1,2-diol metaboUsm from rat Uver microsomes is 

clearly characterized as shown in Fig. 102. 

The 3-OHMC cis-l,2-diol in peak 8 and 10-OH-3MC cis-l,2-diol in peak 9 of Fig. 

87 were major metabolites, formed in die metabolism of (1)3MC cis-1,2-diol from aU 

pretreatment rat Uver microsomes, and were products of Cs-hydroxylation and of non­

enzymatic reanangement of tiie 9,10-epoxides respectively. The relatively higher amounts 

(Table 12) of phenoUc products at C9 and Cio fonned in die metaboUsm of (1) 3MC cis-

1,2-diol by Uver microsomes of 3MC-treated rats indicated diat die 3MC induced 

cytochrome P-450c isozymes catalyze die formations of 9,10-epoxidos. However, tiiese 

fonned epoxides may not be good substrates to be hydrated to corresponding dihydrodiols 

by microsomal epoxide hydrolase. Alternatively, the concentration of epoxide hydrolase 

contained in 3MC induced rat Uver microsomes may not be sufficient to convert these 

epoxides to dihydrodiols. Hence the epoxides formed at the region between C9 and Cio 

were non-enzymatically isomerized to be their conesponding phenolic products. The 

formations of the 9,10-dihydrodiol metaboUtes demonstrated that epoxide hydrolase 

contained in Uver microsomes from PB-induced rats is significant in the conversion of 

9,10-epoxi(ies to 9,10-dihydrodiols which may be oxidized to ultimate carcinogen bay 

region 9,10-diol-7,8-epoxides. 

CD spectra of opticaUy pure phenoUc and Cs-hydroxylatod enantiomers were 

obtained by metaboUsm of 3MC cis-15,2/?-diol and 3MC cis-l/?,25-diol. The Cotton 

effects of each pair of enantiomers displayed opposite and minor image characteristics. 

Enantiomers of these compounds formed in the metaboUsm of (1) 3MC cis-1,2-diol were 

separated by CSP HPLC and enantiomeric compositions differed with enzyme inducer 

used and with the location of aromatic ring hydroxyl groups. 3MC induction caused 

stereoselective effects on the formations of all phenolic and C3-hydoxylation products 

enriched in 3MC cis-l/?,25-diol (68-100%, Table 13). Control and PB inducer had 

similar effects on die formation of phenols and 3-OHMC cis-1,2-diol, showing diat 
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phenoUc products at C7, C9 and Cio were enriched in 15,2/? stereochemistry, and tiiat 

products at Cg and Cs-mctiiyl group were enriched in IR,2S stereochemistry. The results 

of die fonnation of phenolic enantiomers, produced in die metaboUsm of (1) 3MC cis-1,2-

diol, reflect die stereoselectivity of microsomal enzymes by various inducers and die ease 

of isomerization arising from tiie corresponding metaboUcaUy fonned epoxides. Hence die 

Stereoselective patiiway of (1) 3MC cis-U-diol metaboUsm from PB-treated rat Uver 

microsomes is shown in Fig. 102. 

In conclusion, 3MC is a potent carcinogen and rcquircs metaboUsm by mammaUan 

drug-metaboUzing enzyme systems to exert its biological activity. 3MC 9,10-dihydiodiol, 

a precursor of the bay region 9,10-diol-7,8-epoxides, was reported in one smdy to be a 

major rat liver microsomal metabolite of 3MC (Tiemey et al, 1990). In otfier smdies, 

3MC 9,10-dihydrodiol was either not found as a metaboUte (Sims et al, 1966; Tiemey et 

al, 1979; Thakker et al, 1978; Burki et al., 1972; Stoming et al, 1977) or a minor 

metabolite (Eastman etal, 1979; Stoming etal, 1977; MacNicoU etal, 1980) of 3MC. 

As a minor metaboUte, 3MC 9,10-dUiydrodiol, a proximate carcinogen formed in 3MC 

metaboUsm, is not taken into account in the activation pathway of 3MC. The 

carcinogenicity of the morc active 1-OH-3MC 9,10-dihydrodiols derived from the 

metabolism of both 1-OH-3MC and 3MC takes its place. Further metaboUsm of major 

secondary and tertiary metaboUtes of 3MC become important steps in producing more 

9,10-dihydrodiols tiirough hydroxylation at Ci, C2 and C3-mediyl sidechains. These may 

play an important role in contributing biological activities exhibited by 3MC rather than 

3MC 9,10-dihydrodiol itself. Ci, C2 and C3-mediyl positions of 3MC are major sites of 

oxidative metaboUsm by microsomal isozymes, foiming 1-OH-3MC, 2-OH-3MC, 3-

OHMC, 3MC rrans-1,2-diol and 3MC cis-1,2-diol. 1-0H-3MC and 2-OH-3MC can be 

further oxidized to conesponding ketones 3MC-l-one and 3MC-2-one, respectively. 

Many smdies reported diat diese major metaboUtes formed in die metaboUsm of 3MC 
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showed varying degrees of biological activities including aUcylation of DNA. mutagenesis 

and carcinogenesis, except for 3MC rrans-1,2-diol. 

Absolute configurations of 1-0H-3MC, 2-OH-3MC, 3MC trans- and cis-U-diol 

were detennined by CD chirality metiiod and CSP HPLC. In tiiis report, stereoselective 

metaboUsms of 3MC oxidative derivatives at Ci. C2 and C3-mediyl positions were canied 

out by rat Uver microsomes. The major metaboUcaUy fonned 9,10-dihydrodiols were 

derived from 3MC derivatives and were mainly enriched in die 9/?, 10/? stereochemistry. 

Relative amounts of 9,10-dihydrodiols fonned depended on substrates employed including 

racemic and enantiomeric compounds, rate of metaboUsm and enzyme inducers utilized. 

PhenoUc products at C7, Cg, C9, Cio benzo-ring were also obtained and represent a lUcely 

detoxification process and inactivation patiiway of 3MC. Effects of die enzyme inducer 

3MC enhanced the formation of die phenolic metabolites. C3-hydroxylation products 

formed in metabolisms of 3MC and its Ci and C2 derivatives were found to be major 

metabolites in most cases and some were further converted to conesponding 9,10-

dihydrodiols, such as 1-0H-3-0HMC 9,10-dihydrodiols and 2-OH-3-OHMC 9,10-

dihydr(xUols. Some minor 7,8-dihydrodiols (bay region) and 11,12-dihydrodiols (K 

region) were formed in the metaboUsm of 1-OH-3MC and 2-OH-3MC. Results of our 

studios elucidate that ring positions of 3MC at C7, Cg, C9 and Cio are active sites of 

oxidative metaboUsm of 3MC derivatives by rat Uver microsomes in botfi activation and 

detoxification pathways. CD spectra and stereochemistries of most dihydrodiols and 

phenoUc products fonned in the metabolisms of 3MC derivatives were determined. 

Enantiomeric compositions of some metaboUtes formed were resolved by using CSP 

HPLC and used to characterize the stereoselective metaboUc patfiways. Microsomal 

metaboUsms of [̂ H] 1-OH-3MC from rat and human Uver appear to have sinular patterns. 

This predicts that a possible similar metaboUc patfiway of 1-OH-3MC by human Uver 

microsomes may exist as tfiat observed by rat Uver microsomes. Effects of 3MC inducer 
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on formations of metaboUtes resulted in more enhanced metabolism of [̂ H] 1-OH-3MC in 

aU microsomal preparations from rats. 

These smdies characterize the overaU metaboUc pathway (activation and 

detoxification) of major secondary and tertiary metaboUtes at Ci, C2 and C3-methyl 

positions formed in 3MC metabolism by rat Uver microsomes. The results provide a 

clearer understanding of 3MC carcinogenicity exhibited by metaboUc factors; underlying 

reason(s) for the intrinsic activities of the Ci, C2 and C3-methyl derivatives of 3MC; and 

availabiUty of a chemical source of 9,10-dihydrodiols as proximate carcinogens for further 

biological tests. 
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