Biochemical Pharmacology. Vol. 45, No, 7, pp. 1528-1530. 1993.
Printed in Great Britain.

0006-2952/93 $6.00 + 0,00
© 1993. Pergamon Press Ltd

Kinetic analysis of mutual metabolic inhibition of lidocaine and propranolol in rat
liver microsomes

(Received 27 October 1992; accepted 7 January 1993)

Abstract—The metabolic interaction between lidocaine (LD) and propranolol (PL) was analysed
kinetically in rat liver microsomes. Employing a very short incubation time of 30 sec, we demonstrated
that PL. competitively inhibited liver microsomal 3-hydroxylation of LD, but did not affect either the
formation of monoethyiglycinexylidide or methylhydroxylidocaine from LD in PL concentrations up to
1 uM. On the other hand, LD competitively inhibited PL 4-, 5- and 7-hydroxylations, but the inhibition
type of LD for PL N-desisopropylation could not be clarified. Comparison of the kinetic data for liver
microsomes from Wistar and Dark Agouti rats indicated that among the primary metabolic pathways
of LD, the V,,, value for 3-hydroxylation was markedly less in female Dark Agouti rats. The results
suggest that LD 3-hydroxylation and PL ring hydroxylations are mediated by the same isozyme(s)

belonging to the CYP2D subfamily.

The pharmacokinetic interaction between lidocaine (LD*)
and propranolol (PL) was treated as a simple interaction
induced by haemodynamic changes in cardiac output and
hepatic blood flow in dogs [1] and in human subjects [2],
since LD is avidly metabolized by the liver and its clearance
is limited by the degree of hepatic blood flow. However,
Conrad et al. [3] suggested that a large part of the effect
of PL on LD e¢limination is a direct effect of the drug or
its metabolites on hepatic uptake of LD or on inhibition
of hepatic oxidative enzymes.

Otton et af. [4] observed that the rate of sparteine
oxidation by 9000 g supernatant from human liver was
inhibited competitively by LD and PL. This finding suggests
that LD and PL may be oxidized by the same cytochrome
P450 (P450) isozyme(s), which catalyse sparteine oxidation
in human livers. Al-Asady et al. [5] showed that oxidative
metabolism of LD in rat liver microsomes was inhibited by
various fB-blockers including PL. In the present study, we
performed enzyme kinetic experiments in more detail using
rat liver microsomes and demonstrated that the metabolic
interaction of LD for PL ring-hydroxylations and of PL
for LD 3-hydroxylation was competitive. The kinetic
parameters for LD metabolism in liver microsomes from
Wister and Dark Agouti (DA) rats of both sexes were also
determined.

Materials and Methods

Glucose-6-phosphate, glucose-6-phosphate  dehydro-
genase and NADPH were obtained from the Oriental
Yeast Co. Ltd (Tokyo, Japan); PL HCl from the Sigma
Chemical Co. (St Louis, MO, U.S.A.); 4-hydroxy-PL
(4-OH-PL) from the Sumitome Chemical Ind. Ltd (Osaka,
Japan); desisopropyl-PL from the ICI Pharmaceutical
Co. (Macclesfield, U.K.); 5-OH- and 7-OH-PLs [6],
monoethylglycinexylidide [7], 3-hydroxylidocaine (3-OH-
LD) and methylhydroxylidocaine [8] were synthesized by
the reported methods. LD HCl was JPXII grade.

Preparation of liver microsomes from Wistar and DA
rats of both sexes (7 weeks old) and measurement of their
protein concentrations and LD oxidation activities
were performed as reported previously [9] using LD
concentrations from 1 yM to 3 mM at an incubation time
of 2.5min. To examine the inhibitory effect of PL on
oxidative metabolism of LD, PL (final concentrations of
0, 0.5 and 1.0 uM) was added to the reaction mixture [9]

* Abbreviations: LD, lidocaine; 3-OH-LD, 3-hydroxy-
lidocaine; PL, propranolol; X-OH-PL, X-hydroxy-
propranolol; P450, cytochrome P450; DA, Dark Agouti.

containing LD (1.25, 2, 5 and 10 uM), and incubated for
30 sec. The inhibitory effect of LD (0, 2.0, 5.0 and 10.0 uM)
on oxidative metabolism of PL (0.25, 0.5, 0.75 and 1.5 uM)
was assessed by the reported method [10] in the reaction
mixture [9] using an incubation time of 30sec. The
inhibition studies were performed using liver microsomes
from male Wistar rats.

Results and Discussion

We have examined the effect of PL on microsomal LD
oxidation in liver microsomes from male Wistar rats using
an incubation time of 30sec. LD 3-hydroxylation was
suppressed by PL in a concentration-dependent manner.
The Lineweaver-Burk plot of these data clearly showed
that the inhibition of PL for LD 3-hydroxylation was
competitive (Fig. 1A). The value of the inhibition constant
(K;) of PL for LD 3-hydroxylation was calculated to be
0.096 + 0.013 uM (N = 3, mean = SE)}, and was similar to
the values (around 0.1 uM) of the Michaelis constants for
PL ring-hydroxylations [11]. However, the addition of PL
to the reaction mixture did not affect significantly
either monoethylglycinexylidide or methylhydroxylidocaine
formation from LD in the PL concentration range used.

The inhibitory effect of LD on microsomal PL oxidation
forming 4-OH-PL, 5-OH-PL and 7-OH-PL and N-
desisopropylpropranolol was examined in microsomes from
male Wistar rats. The formation rates of all the metabolites
were suppressed by LD in a concentration-dependent
manner. As shown in Fig. 1B, the Lineweaver—Burk plot
of the data for PL 7-hydroxylation revealed that the
inhibition was competitive. The data for PL 4- and 5-
hydroxylations was also found to be competitive {data not
shown), and the K, values of PL were calculated to be
248+0.78, 1931027 and 2.03:022uM (N =3,
mean * SE)for PL4-, 5-and 7-hydroxylations, respectively.
On the other hand, the rate of PL N-desisopropylation was
lower at the substrate concentrations used compared with
the rates of the ring-hydroxylation, and the type of
inhibition could not be established.

Incubation time is important for the kinetic analysis of
LD and PL. Initial formation rates of the primary
metabolites may be underestimated, because these
compounds are rapidly metabolized and simultaneously
biotransformed to secondary metabolites. Most of PL. if
added to the incubation mixture at low concentrations as
an inhibitor, is metabolized during an incubation time of
more than 2min [12]. A reason why Al-Asady et al. [5]
did not identify the mechanism of the metabolic inhibition
of PL for LD metabolite formation may have been the use
of an inappropriate incubation time. We thus employed a
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Fig. 1. Lineweaver-Burk plots showing inhibition of LD 3-hydroxylation activities by PL (A) and that
of PL 7-hydroxylation activities by LD (B) in liver microsomes from male Wistar rats. Each plot shows
a typical result of three determinations.

Table 1. Kinetic parameters for 3-hydroxylation, N-deethylation and 2-methylhydroxylation of LD in liver microsomes
from DA and Wistar rats

3-Hydroxylation

N-Deethylation

2-Methylhydroxylation

m max Km Vinax Kl Vimnaxl Km2 Vi
Strain/sex (M) (nmol/mg/min) (M) (nmol/mg/min) (M) (nmol/mg/min) (M) (nmol/mg/min)
DA/male 2.34 + 0.07 0.060 + 0.006% 245 + 40 21.74 +3.17 18.7+6.1 0.107 = 0.019 575 = 162 0.140 = 0.017
(2.11 £ 0.26) (0.413 = 0.096) (378 = 75) (24.81 = 4.20) (22.1 £6.5) (0.170 = 0.065) (542 + 155) (0.160 + 0.066)
DA /female 1.98+0.17 0.018 = 0.003*t 468 + 80 1.42 + 0.28% 156+25 0.068 = 0.016 2106 0.038 + 0.014%
(2.10 £ 0.36) (0.364 £ 0.022) (554 = 103) {1.70 £ 0.12%) (15.5+3.8) (0.058 = 0.025) (337 £ 115) (0.040 = 0.008)

The formation rates of LD metabolites were determined at 15 different LD concentrations over the range of 1 to
3000 uM in liver microsomes from DA and Wistar rats of both sexes.

The kinetic parameters were analysed by the nonlinear least squares regression analysis program based on a simplex
method [14]. Each value represents the mean = SE of four determinations.

Values in parentheses represent values of Wistar rats for the corresponding sex.

* and 7: significantly different from Wistar rats for the corresponding sex (P < 0.01 and P < 0.05, respectively).

i and §: significantly different from male rats for the corresponding strain (P < 0.01 and P < 0.05, respectively).

very short incubation time of 30 sec in the reaction mixture
containing 1 mg/mL microsomal protein to minimize the
influence of the formation of secondary metabolites and of
a reactive metabolic intermediate [12] formed from PL
during incubation. It is thought that this modification has
made possible the elucidation of the mechanism of
inhibition for the interaction between LD and PL in the
present study.

Female DA rats are known as an animal model for
CYP2D isozyme deficiency [13]. We reported selective 3-
hydroxylation deficiency at a LD concentration of 2 mM
in liver microsomes from male and female DA rats [9].
Therefore we examined kinetic parameters for the three
metabolic pathways of LD in liver microsomes from DA
rats of both sexes and compared the data with those from
Wistar rats of both sexes (Table 1). The V,,, value of LD
3-hydroxylation in female DA rats was significantly less
than that of male DA or female Wistar rats without any
difference in K, value, while the kinetic parameters for
N-deethylation and 2-methylhydroxylation were not
significantly different between DA and Wistar rats for the
corresponding sex. LD suppressed PL ring-hydroxylations
competitively at the positions 4, 5 and 7, and the K values
for these ring-hydroxylations by LD were similar to the
values (around 2 uM) of the Michaelis constant for LD 3-
hydroxylation (Table 1). These findings and the mutual

competitive inhibition found between LD and PL in the
present study suggest that LD 3-hydroxylation and PL ring-
hydroxylations at the 4-, 5- and 7-positions are mediated
by the same P450 isozyme(s) belonging to the CYP2D
subfamily.

Department of Tokun Suvzuki*

Biopharmaceutics Ryozo ISHIDAT
Faculty of Pharmaceutical SHIN-ICHI MATSUI
Sciences Y ASUHIRO MASUBUCHI

Chiba University
1-33, Yayoi-cho
Inage-ku

Chiba 263

Japan

SHIZUO NARIMATSU

REFERENCES

1. Branch RA, Shand DG, Wilkinson GR and Nies AS,
The reduction of lidocaine clearance by d/-propranolol:

* Corresponding author. Tel. (81) 43-251-1111 ext. 2713;
FAX (81) 43-255-1574.

T Present address: Central Research Laboratories,
Kyorin Pharmaceutical Co. Ltd, 2399-1 Nogi, Nogi-machi,
Shimotsuga-gun, Tochigi 329-01, Japan.



1530 Short communications

an example of hemodynamic drug interaction. J 9. Masubuchi Y, Umeda S, Chiba M, Fujita S and Suzuki

Pharmacol Exp Ther 184: 515-519, 1973,
. Schneck DW, Luderer JR, Davis D and Vary I, Effects
of nadolol and propranolol on plasma lidocaine

T, Selective 3-hydroxylation deficiency of lidocaine and
its metabolitesin Dark Agoutirats. Biochem Pharmacol
42: 693-695, 1991,

clearance. Clin Pharmacol Ther 36: 584-587, 1984, 10. Masubuchi Y, Fujita S, Chiba M, Kagimoto N, Umeda
. Conrad KA, Byers III JM, Finley PR and Burnham L, S and Suzuki T, Impairment of debrisoquine 4-

Lidocaine elimination: Effects of metoprolol and of hydroxylase and related monooxygenase activities in

propranolol. Clin Pharmacol Ther 33: 133-138, 1983. the rat following treatment with propranolol. Biochem
. Otton SV, Inaba T and Karow W, Competitive Pharmacol 41: 861-865, 1991.

inhibition of sparteine oxidation in human liver by B 1 [shiga R, Obara S, Masubuchi Y, Narimatsu S, Fujita

adrenoce'ptor antagonists and other cardiovascular $ and Suzuki T, Induction of propranolol metabolism

drugs. Life Sci 34: 73-80, 1984. by the azo dye sudan III in rats. Biochem Pharmacol
. Al‘ASady SAH, Black GL, Lennard MS, Tucker GT 43: 2489-2492 1992

and Woods HF, Inhibition of lignocaine metabolism 12. Masubuchi Y ! Suzuki K Fujita S and Suzuki T, A

by B-adrenoceptor antagonists in rat and human liver possible mechanism of the impairment of hepatic

8;?03%“3' Xe;tt;l;;?nlcg 19: 93915944& 1“918?] T. Ri microsomal monooxygenase activities after multiple
"h 18 JL, BRSSO i n_app anc ypate -, King administration of propranolol in rats. Biochem

ydroxylated propranolol: synthesis and beta-receptor Pharmacol 43: 757-762. 1992

antagonism and vasodilator a;tivities of the seven 13 Al ‘g;" bb:gh ‘SG I dle' IR a‘n d Smith RL. Animal

isomers. J Med Chem 24: 309-314, 1981. il ' : b
Gote i o™, ol of g s s Podeling of humn pbmostic d ondaton
el S, G e Gy ana Frsaoy W, inbred strains. J Pharm Pharmacol 33: 161-164, 1981.

Quantification of lidocaine several metabolites utilizing ~ 14- Yamaoka K, Tanigawara Y, Nakagawa T and Uno T,

chemical-ionization mass spectrometry and stable
isotope labeling. J Pharm Sci 66: 1180-1190, 1977.

A pharmacokinetic analysis program (MULTI) for
microcomputer. J Pharmacobio-Dyn 4: 879-885, 1981.



