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Participation of the CYP2D subfamily in Ikineaine 3-hydroxyintion and formation 
of a reactive metaboHte cevalently bound to liver micresomal protein in rats 

(Received 10 June 1993; accepted 3 August 1993) 

Abstract--Lidocaine metabolism was investigated in rat liver microsomes and in a reconstituted system 
containing P450BTL, a cytochrome (P450) isozyme belonging to the CYP2D subfamily (Suzuki et al., 
Drug Metab Dispos 20: 367-373, 1992). P450BTL biotramformed lidocaine into 3-hydroxylidocaine (3- 
OH-LID) but not monoethylglycinexylidide and 2.methylhydroxylidocaine, in the reconstituted system 
including NADPH-P450 reductase and dilauroylphosphatidylcholine. An antibody against P450BTL 
inhibited microsomal lidocaine 3-hydroxylase activity by 97%. Thus, P450BTL and/or its immunorelated 
P450 isozyme(s) belonging to the CYP2D subfamily appear to be involved in fidocaine 3.hydroxylation. 
Furthermore, the antibody also suppressed the amounts of a lidocaine metabofite(s) bound to microsomal 
protein. These results suggest that the CYP2D subfamily biotransformed lidocaine into 3-OH-LID via 
an epoxy intermediate, which binds to microsomal macromolecules. 

Lidocaine is a local anesthetic and antiarrhythmic drug 
widely Used clinically. It is primarily metabolized via N- 
deethylation, aromatic 3-hydroxylation and 2-methyi- 
hydroxylation to form monoethylglycinexylidide 
(MEGX*), 3-hydroxylidocaine (3-OH-LID) and methyl- 
hydroxylidocaine (Me-OH-LID), respectively, in rat liver 
microsomes [1-4]. Multiple species of cytochrome P450 
(P450) isozyme were shown to be involved in lidocaine N- 
deethylation, i.e. eight forms of P450 purified from rat 
liver microsomes showed dealkylation activity in the 
reconstituted system, and higher activities were noted for 
CYPIA2, CYP2B1, CYP2Cll and CYP3A2, while 3- 
hydroxylase and methylhydroxylase activities were observed 
only for CYPIA2 and CYIr2B2, respectively [5, 6]. It was 
also observed that antibodies against CYP2Cll and 
CYP3A2 partially suppressed lidocaine N-deethylation in 
liver microsomes from untreated rats [5, 6]. 

We reported that lidocaine 3-hydroxylation was selec- 
tively deficient in the Dark Agouti rat known as a 
poor-metabolizer animal model for debrisoquine 4- 
hydroxylation, suggesting that the CYP2D subfamily is 
involved in lidocaine 3-hydroxylation [7]. In addition, we 
found that a chemically reactive species which bound to 
liver microsomal protein was formed through lidocaine 
metabolism, and that a CYP2D isozyme(s) might be 
involved in the metabolic activation [8]. However no direct 
evidence with any CYP2D isozyme or antibody has yet 
been available for the involvement of the isozyme(s). 
Recently, we have purified a CYP2D isozyme, named 
P45OBTL, which was very active in 4-hydroxylations of 
debrisoquine and bunitrolol [9]. In the present study, we 
investigated the catalytic activity of P450BTL toward 
lidocaine in a reconstituted system containing NADPH- 
P450 reductase and dilauroylphosphatidylcholine (DLPC), 
and the effects of the antibody raised against P450BTL on 
metabolism and activation of lidocaine in rat liver 
microsomes. 

Materials and Methods 
Chemicals. Lidocaine HCI and DLPC were purchased 

from the Sigma Chemical Co. (St Louis, MO, U.S.A.). 
MEGX, 3-OH-LID and Me-OH-LID were synthesized as 

* Abbreviations: MEGX, monoethylglycinexylidine; 3- 
OH-LID, 3-hydroxylidocaine; Me-OH-LID, methyl- 
hydroxylidocaine; P450, cytochrome P450; DLPC, dilau- 
royiphosphatidyicholine; G-6-P, glucose 6-phosphate; 
G-6-PDH, glucose 6-phosphate dehydrogenase; IgG, 
immunoglobulin G. 

hydrochlorides by the methods described previously [3, 4]. 
[14C]Lidocaine HCi labelled at the carbonyl position (sp. 
act. 2 OBq/mmol) was obtained from New England Nuclear 
(Boston, MA, U.S.A.). The radiocbemical purity of the 
compound was at least 99.0%. Glucose 6-phosphate (G-6- 
P), glucose 6-phosphate dehydrogenase (G-6-PDH) and 
NADPH were purchased from the Oriental Yeast Co. 
(Tokyo, Japan). Other chemicals used were of analytical 
grade. 

Preparation of  hepatic microsomes and purification of 
P450BTL. Male Wistar rats (2 months old) were obtained 
from the Takasugi Experimental Animals (Kasukabe, 
Japan). Hepatic microsomal fractions were prepared 
according to the method of Omura and Sato [10]. Protein 
concentrations were assayed by the method of Lowry et al. 
[11]. P450BTL was purified from hepatic microsomes of 
male Sprague-Dawley rats (2 months old, the Shizuoka 
Laboratory Co., Shizuoka, Japan) as described elsewhere 
[9]. It had a high debrisoquine 4-hydroxylase activity (2.22 
and 5.63 nmol/min/nmol P450 at substrate concentrations 
of 50/~M and 2 raM, respectively) and its N-terminal amino 
acid sequence (GLLIGXDLMAVVXFXAIXLL) was 
similar to CYP2D2 [9]. An antibody against P450BTL was 
raised in female Japanese white rabbits (3 months old, the 
Takasugi Experimental Animals) and its immunoglobulin 
O (IgG) fraction was prepared according to the reported 
method [9]. The anti-P450BTL IgG inhibited microsomal 
debrisoquine 4-hydroxylase [9] and imipramine 2-hydroxyl- 
ase activities almost completely but not imipramine N- 
demethylase or phenacetin O-deethylase activity (unpub- 
lished observation). NADPH-P450 reductase was purified 
from liver microsomes of phenobarbital-treated male 
Wistar rats by the published method [12]. 

Incubation of lidocaine in a reconstituted system or a 
microsomal reaction mixture. A reconstituted system 
consisted of 50pmol P450BTL, 0.5U NADPH-P450 
reductase, 0.1 mg sodium cholate, 5/~g DLPC, 5 mM G-6- 
P, 1 U/mL G-6-PDH, 1 mM NADPH, 5 mM MgCl2, 5 
MnCi2 and 10 ~ or 2 mM lidocaine in 50 mM Tris-HCl 
buffer (pH 7.4). After preincubation of the mixture without 
NADPH for 5 min at 37 °, incubation was started by adding 
NADPH, and was carried out in air for 5 min. A 1 mL 
microsomal reaction mixture contained 1 mg microsomal 
protein, 5 mM G-6-P, 1 U/mL G-6-PDH, 1 mM NADPH, 
5 mM MgCI2, 5 ~ MnCI2, 0-5 mg preimmune IgO or anti- 
P450BTL IgO and 15/~M I+C-labelled or unlabelled 
lidocaine in 50mM Tris-HCI buffer (pH 7.4). The IgO 
fractions were preincubated with microsomes at 25 ° for 
30min, followed by adding other components of the 
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Fig. 1. Effects of anti-P450BTL IgG on Edocaine metabolism and covalent binding of a 14C-metabolite 
to rat liver microsomes. Hepatic microsomes of male Wistar rats were preincubated with anti-P450BTL 
IgG (O) or preimmune IgG (O) at 25 ° for 30 rain, and followed by incubation with 14C-labelled or 
uulabeUed lidocaine under the conditions described in Materials and Methods. A, B and C show 
lidocalne 3-hydroxylase, N-deethylase activities and covalent binding of a p4C]lidocaJne metabolite to 
microsomal protein, respectively. Results are expressed as per cent of the values in the absence of the 
IgG fraction. The values of A, B and C in the absence of the IgG fraction were 0.295, 0.908 nmol/ 

min/mg protein and 3.46 pmol bound/min/mg protein, respectively. 

reaction mixture. The incubation was carried out at 37 ° for 
2.5 min when metabolic activities were determined, and 
for 15 min when covalent binding was determined. 

Assays of lidocaine metabolites and determination of 
covalent binding of radioactivity. MEGX, 3-OH-LID and 
Me-OH-LID in the reaction mixture were measured by the 
HPLC method as described previously [8]. The covalent 
binding of the radioactivity to hepatic microsomal protein 
after incubation of [14C]lidocaine was measured according 
to the reported method [8]. 

Results and Discussion 
P450BTL exhibited lidocaine 3-hydroxylase activity in a 

reconstituted system (1.45 and 2.69nmol/min/nmol 
P450 at substrate concentrations of 10/zM and 2raM, 
respectively), and the latter activity was close to the 
reported value of CYP1A2 at a substrate concentration of 
1 mM [5]. On the other hand, lidocaine N-deethylase or 
methylhydroxylase activity was less than detection limits 
under the conditions used (<0.1 nmol/min/nmol P450). 

Effects of the antibody against P450BTL on lidocaine 3- 
hydroxylase and N-deethylase activities in liver microsomes 
from male Wistar rats are shown in Fig. 1A and B, 
respectively. The anti-P450BTL IgG fraction inhibited the 
microsomal lidocaine 3-hydroxylase activity by 97% at a 
protein ratio (IgG to microsomes) of 5.0 (Fig. 1A), whereas 
it did not affect lidocaine N-deethylase (Fig. 1B) or 
methylhydroxylase activity (data not shown). The 3- 
hydroxylase activity of P450BTL in the reconstituted system 
and the immunoinhibition by anti-P450BTL-IgG fraction 
indicate that P450BTL and/or its immunorelated P450 
isozyme(s) belonging to the CYP2D subfamily are involved 
in 3-hydroxylation of lidocaine in rat liver microsomes. 
The present observation is compatible with our previous 
results [7] demonstrating selective deficiency of lidocaine 
3-hydroxylase activity in the male and female Dark Agouti 
rats, an animal model for human debrisoquine poor- 
metabolizer. 

We reported previously that incubation of [14C]lidocaine 
with rat liver microsomes in the presence of an NADPH- 
generating system resulted in covalent binding of a 14C- 
labcUed material to microsomal protein [8]. A chemically 
reactive metabolite(s) covalently bound to microsomal 
protein was found to be formed by P450-dependent mono- 
oxygenation [8]. As shown in Fig. 1C, the anti-P450BTL IgG 

fraction suppressed the metabolism-dependent covalent 
binding of lidocaine to microsomes by 90% at a protein 
ratio of 2.0. These results showed that a P450 isozyme(s) 
belonging to the CYP2D subfamily participated in the 
metabolic activation of lidocaine as well as in 3- 
hydroxylation of lidocaine. Although direct evidence is not 
available at present, it seems reasonable to assume that a 
CYP2D isozyme(s) biotransforms lidocaine into a chemi- 
cally reactive epoxide(s), some of which bind to microsomal 
protein, and the rest are converted to 3-OH-LID. A few 
studies have reported that the CYP2D subfamily is involved 
in bioactivation of drugs or chemicals [13, 14], but their 
toxicological significance remains to be elucidated. Further 
studies are required to pursue this possibility. 
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