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Abstract

~ Drug-drug interactions represent a serious problem in clinical practice. Cytochrome
P450 (CYP) and UDP-glucuronosyltransferase (UGT) enzymes are common sites of drug
interactions in human. Drugs may act as inhibitors of these enzymes, leading to altered
clearance of a second drug. In the prese;t study, we investigated the inhibitory effects of a
variety of drugs on the mexiletine p-hydroxylase activities by CYP, and on the morphine
glucuronosyltransferase activities by UGT in human liver microsomes, to predict drug-drug
interactions. ‘

Mexiletine, an antiarrhythmic agent, is used for the control of ventricular arrhythmias
and forneuropathic pain from cancer or diabetes mellitus. It is sometimes used together with
psychotropic drugs in patients with depression, schizophrenia or sleep disorder. To predict
possible drug interactions between mexiletine and psychotropic drugs, the inhibitory effects
of 14 psychotropic drugs (phenytoin, carbamazepine, fluvoxamine, paroxetine, fluoxetine,
citalopram, sertraline, imipramine,desipramine, haloperidol, thioridazine, olanzapine,
etizolam, and quazepam) on mexiletine metabolism in human liver microsomes were
determined. Finally, the present study predicted the possibility of drug interactions between
mexiletine and paroxetine, fluoxetine, desipramine, and thioridazine in clinical use.

Morphine, an analgesic drug, is used for the treatment of acute and chronic pain
syndromes for cancer patients. We investigated the inhibitory effects of 21 drugs including
anticancer drugs (etoposide, irinotecan, SN-38, tamoxifen), immunosuppresants (tacrolimus,
cyclosporine A, mycophenolate), anaIgesics (diclofenac, acetaminophen, naloxone),
anticonvulsants (carbamazepine, valproic acid), antidepressants (imipramine, clomipramine,
amitriptyline, desipramine), and antipsychotic drugs (diazepam, lorazepam, oxazepam,
olanzapine, milnacipran) on morphine glucuronidation. Ten out of 21 drugs, tamoxifen,
tacrolimus, diclofenac, carbamazepine, imipramine, clomipramine, amitriptyline, diazepam,
lorazepam and oxazepam were predicted to cause the drug-drug interaction with morphine in
vivo, resulting in altered analgesic efficacy and the risk of side effects.

The results obtained in this study will assist clinicians in choosing the proper drugs
and/or dosages, and enable them to anticipate potential drug-drug interactions.
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BRRICBWTREYIZ A ERICHA SN Z L B3EL, BED 10%8 LI EKWFEE
ERBEE TR LELNTWVS. FITIHEFROBNEDICHOWTIL, KA
RACERT SBRERSARL Bih, BEYRE EOXRERBBEL 23, o TEY DT
HPCERARBGICEWTIE, BV E2RYHEEERONE L 20BRELZEMICTRIL,
EOFEEBICHTe->TIE, BEORFRICRZLAVE I REOBRIRFEETH S,

ROBREFHEEMEAOTTH, RFHERICEE L HEERNER EMEE 25
ZEBEV. FEMRBIC T LR EE % R EERIX cytochrome P450 (CYP) &
UDP-glucuronosyltransferase (UGT) T 5. SWHEIER O 3 45D 1 3R BinE
ROBEVHEBFERICLZ LEbh T3, 1981 LUK, BAAOFEEEES 1 A7
BEFAEY (B) THY, BETRECEEON 30%E HEHE L5 ichy, BAEET
E2BEIBMICH D, BREOFRBIIBETICAES IT - BEEZHRLTCVB I LR
%<, RYBBICKE S BBLRIFTTEEIE VD, £ - SHERIIRYEE
ERRBZ X 1T RERMESE V. KR TIL, BIERESRIC SO THB S 3ES
DEVEYIIC X AHEERAOFRIC OV T, CYP R UGT DBEERIEDE SN b
L7

[EBRAEHS X UEB FH 1] :

E MFI 7Y —AZANT, CYPIZK B A F ¥ LF U KBLEBERIEM I RIFTH
BEHRE 4EE (=M, IARTBEY, IJARFH IV, RudkFy,
INFXReFr, Y8uFSh BV VY, A3F53Iy, FVFSTFIL, nn
NY R, FEYFDY, F50FEY, IT7ERA, =FV50) OREHES
BitL7. £, UGTIZEBEAE RN T o U EBRATERIC RIFS 21 S OEKY
TR : = bRV F, A1V T Hy, FHRRBHOSN-3S, FEXT T2y,
ME: F70Y bR, YIuRRI VA, Ia7=)—NER, EEX: Prury=F
7, TRENTI/ 7=V, REEHE: Fuoxyy, ERENHE : hiiePry,
INTuBR, AITFFI, yuIFFIy, TINITFVL, FSUFS5IL, N
YITVTRBEVREY VT BN, nSERA, XVP A, HIEEHEE . 45
YPEY, INTFVUTT) OMEBREBRFLE. hvito TROEHEEEKS X
O, BERICRIT B IERBETS AV CTinvivolo 13 2 MBI EER S, DToORIC
ESWTERBMIZTFRIL.

CLin (HPHEF) / CLine (FREF) = 1/ (14U/K;) (1 : FASEREE, K : FETH

[ERER - B8] _ :

AX VLT OEBAHBERIT CYP2D6 TH Y, 4EHRIR L-Eipo 7 2iH
CYP2D6 DEE ThHo7e. AFRBERI Y SuxtFy, JLtHEFL, BL LS
Vo, FVTTIv, FAYVEDUBARY LF U KB CBERIEM IR L TR RS
ERZR L. Invivo ~\ORBBETRIEIToERBR, INVAFEFUIIAZFILFL
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iz (Table1). ¥/, FE&F 13 mechanism-based inactivation fERAZ A L, EH
bl THEERPEZ V1SS BN TR S .

Table 1. Predicted change of in vivo clearance of mexiletine by psychotropic drugs.

Psychotropic drugs Imax Protein binding Iu - TIuliver Ki 1+ liver/Ki

(uM) %) (M) (uM) M)
Paroxetine 15 95 75 23 17 24
Fluoxetine 15 94 90 27 06 55
Setraline 06 "~ 98 12 04 76 L1
Desipramine 1 83 187 56 32 28
Thioridazine 16 98 32 0.6 0s® 22

2 In the case of mixed-type inhibition, the lower Km value was used for the calculation.

EAEFIXEIZ UGT2BT IL Lo T/ NI n VBREARIE2X%T 5. BRIZBNT
runzzfrRruIriIv, 7INITFFYTEALEREEZORBYOK
NBIREZ LB SE D Z L RW|ESNTEY, inviro TOERDKER, invivo TOH
B —BLERERPE LN, —RIC UGT 20t LE-EWEHEEERDOEA, CYP &
AT invivo ~OEENFHITHEE L Wb TWEH, EVEXRIAVT vV BRIEE
RIGEMAELEFEX Y 72y, #I7B VAR, Y7uT=F7, IAN<E
vy, 43753y, z2ulirsIy, 7INITFIY, PTERL, vFER
B, XYL AT E X EOMEMRERERIET 2 SRR S (Table 2).

Table 2. Inhibition of morphine 3- and 6-glucuronosyltransferase activity in human liver microsomes by 14 drugs.

Morphine 3-glucuronosyltransferase activity Morphine 6-glucuronosyltransferase activity

Drug IGM)  K,(uM) Ks(uM) Inhibitory type 1+UK;  Ks(@M) Ki(uM) Inhibitory type 1+VK;
Tamoxifen 048 81 Noncompetitive 1.0 27 Noncompetitive 1.0
Tecrolims 004 347 95 Mixed 1.0 101 46 Mixed 10
Mycophenolate 60 713 Noncompetitive 1.1 296 Noncompetitive 1.2
Diclofenac 94 22 Noncompetitive 14 : 24 Noncompetitive 14
Naloxone 0.05 518 Noncompetitive 10 1298 Competitive BT
Carbamazepine 42 243 18 Mixed 14 7 47 Mixed 19
Imipramine 19 8 Noncompetitive 1.0 60 3 Mixed 11
Clomipramine 14 20 Noncompetitive 1.1 19 6 Mixed 12
Amitriptylme 0.8 248 Noncompetitive 1.0 m 30 Mixed 1.0
Desipramine 11 177 Noncompetitive 1.0 458 111 Mixed 10
Diazepam 18 47 Noncompetitive 10 9 Noncompetitive 12
Lorazepam 02 29 53 Mixed 10 65 17 Mixed 10
Oxazepam 5 519 Competitive 10 41 9 Mixed 12
Olanzapine 0.04 196  Noncompetitive 10 266 Noncompetitive 10

The K, and K; values are inhibition constants on the slope (competitive) and on the intercept (noncompetitive), respectively.
In the case of mix-type inhibition, the lower K; was used in the calculation.
ﬁephsmaeonoenunﬁbnofoxampamwas from Court et al., and those of the other drugs were from Gilman et al.

b, AFETEAFILF L EEAEXORBEEC L3 RYMMBEEHOT
R FFoTe. BERE - BRIBIIAGBIROE, MEERARRLERT 5 EYER)
SETHY, APEERIIEYOBRIRCHEER - BWERAERICERRFERLERY
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