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A皿 ：To study the effect of cytochrome P-450 

(C 0)inhibitors on clomipramine (Clo) 
N-demethylafion ／n v／tw ． M吡TH0Ds： Ⅱle 

kinetic of1．t~ rs of Clo N-demethylafion in 

human liver microsomes weI．e obtained by the 

Michaelis-Menten equation． 11 parameters 

after pretrealment with putative inhibitors of 

various CY isofonns w玳 c0mDaI耐 with 

controls． REs【】I腮 ： ml， m2， 叫 ， 

， 1~Karl，and 正／ m2 weIe(O．11 

±0．06)，(24 4-14)tnml·L_。，(114 4-47)， 

(428 4-188)r 0l·g_‘·min～，(1．8 4-1．6)， 
and(0．0194-0．005)L·g_‘·min～，respective— 
lv． 11 interindividual variatio~ for the last 4 

pal捌meteIs reached up to 2．5．，7．3一，3．4-，and 

1．8-fold． At 5 tnnol·L_。of Clo，troleando- 

mycin (Tm)， furafylline (Fur)， ditioeurb 
sodium (Dit)， and S．mephenytoin (Mep) 
produced a marked inhibition on Clo 

N-demethylation while sulfaphenazole(Su1)and 
quinidine(Olli)had only slight effects． 
inhibitory rates bYDit30，Mep 500，Fur10，Tm 

10．Fur 80，T阳 20o and Fur 80+Tm 20otm~ol 

·L wm  27．0 ％ ， 32．9 ％ ， 42．8％ ， 

40．5 ％ ， 63．9 ％ ， 65．4 ％ ， and 78．3％ ， 

respectively．Ⅱ1eIt (95％ confidenceljJ ts) 
for Fur and Tm 27．7(19．1—36．3)and 

42．1(20．9—63．3)tnnol·L～，respectively． 
00NCI 】sI(”『s：The N-demethylstion of Clo 

exhibited a bilflaasic behavior． 田1is reaction was 

medlatedmainly by both CYP1A2 and CYP3A4． 

to a minor extent by cn C19 at the low 
concentration of Clo in vitro． 
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Clomipramine (Clo)， a tricyclic anti· 
depressant， undergoes mainly N-demethylation 

and aromatic 8-hydroxylation． N-Demethyhtion 

is the most important metabolic mute leading to 

the active metabo lito desmethyldomipramine 

(Des)，which is further 8-hydroxylated and 
N-demethylated． 11le 8-hydroxylations of Clo 

and Des are c 【ahr ed almost entirely by 
CYP2D6Ll， ． whereas tI1e N—demethylation of 

Clo is catalyred by other cytochrome isozymes 
which possibly aIe C 2C19 -oj， 

CⅥ '1A2L ， ，and CYP3A40 J． 

F1】Ia剐】jne(Fur)，trolesndomycin(Tm)， 

ditiocarb sodium (Dit)，sulfa#maazole(Su1)， 
and Ouinjdine(。lli)8 selective jnhibitors of 
CYP1A2， 3A4． 2El， 2C9l／10， and 2136， 

respectively ． 11leir concentration Fall~$ at 

whichthe activityof CYP1A2，3A4，2El，2C9／ 

10．and 2136isinhibited bytllol'ethan 70％ aIe 

2o一4o。50—20o．15— 30，1．O一5．0，and 

1．O一 10 tanol·L～ ，respectively ． Mepeny． 

toin(Mep)is a probe d| and competitive 
inhibitor of CYP2C19． 11le present study was to 

assess the relative contribution of CYP1A2， 

3A4，2C19，2C9／10， 2El， an d 2136 to Clo 

N-demethylafion in human liver microsomes at 

the nest-therape utic concentration of Clo． 

h血山阿 ds Tro， li， Dit， i邛 pIamil1e 

(Imi)，O-NADPH，and bov~e st舯m albIJ卫 n 
(BSA)weI_epamhasedfrom Sigma Chemical Co． 
Liver samples were from Chinese Han nationality 

adult nl~rl，a曙ed 21—63(37 4-s 14)a，who 
weIe kidney transplantation donors or patients 

unde rgoing hepaticlobectomywith the appmv~ of 

the local Ethics Committee of Htman Medical 

Unive商 t、r． Au donors alcoholics． 

~,rmn 1／ver mi~ n3
⋯

tes wm  pn by 

diffemnti~ centrifugationL ． Micresomal protein 

were determinedwith BSA a8 standardL ． 

jh l，j study Microseil~8 weI_e incubated 

in afmal volume of5o0止 I HC1 buffer(100 
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mmol·L_。，pH 7．6)using mierosomal protein 
25O ． Sul~trate conecnt~ ons for defining 

the kinetic pltl'~Iletcrs of Des formation ranged 

from 1 to 60 tmaol·L～ ． After therapeutic 

dosage of Clo，the plasma conecntl~ on milge8 of 

Clo and Des ale 0．49 —2．2 and 0．93— 1．32 

tmaol·L～ ．~ peetivelyL ， ． Since the arug 

concentrationi13．1iveris always higherthanthatin 

Ia8ma，we selected the substrate concentration 

0f 5 “mDl·L in inhibitlon study． Inhibition 

data ]points Were 0brained by incubating Clo 5 

tlmol·L_。withDit 30，Fur 0．O1—80，Oui 20， 
~'lep 500，Sul 20，and O．01—200 皿  · 

L～． Except for Dit(dissolved i13．water)，all 
inhibitors Were dissolved in methanol and 

evaporated to aryness prior to addition of 

col'actors and buffer． Fur，Tro，and Dit were 

respeefively incubated (37 oC，15 min)with 
microsomes and 3∞ D．NAⅨ'H 1 mmol·L 

containing 50 mmol·L before the 

addition of Clo． Clo with and without other 

inhibitors wa8 preincubated at 37 oC for 5 min． 

n1e reactionwas initiated by the addition of 3(10 

(1 mmol’L )containing i~IgClz 

(50 mmol·L )． After incubation at 37℃ for 
10mill，the reaction was terminated by adding 

1∞ NaoH(6 mol·L )，followed by the 
addition of 100 internal standard，lmi(36 
tmaol·L )． AⅡincubations Were performed in 
duplicate． 

Sample 珊嘲 Concentrations of Clo 

and Des Were determined by删 C with lmi as 

internal fltal3dal-dL ’ ． A phenyl column 

(Sph~ oib C6rI5，250 nm X 4．6Ⅱ1m ID，5／zm 

particle size。China)waft used． n1e wavelength 
waft set ot 198 nll1． The eluc~nt comisted of 

64 ％ aqueous ~dillln perehlorate solution 

(which WBS prepared by addiirIg Naclo4 3 g and 
60 ％ Ha O．3—1 0o0 mL of redistilled wSt~l" 

and adjusted to pH 4．0 with triethylamine)and 
36％ acetonitrile，at the flow rate of 1．3 mL· 

mill～ ． n1e relative recoveries of Clo and Des 

were 96．3 ％ and 95．1％ ．respectively． The 

absolute1"~C01~erjC8( =3)WCI'~(91．5±4．5) 
％，(84．3±4．O)％ and(93．5±4．5)％ for 
III1i，Des，and Clo， respectively． The intra． 

and inter-d~y c~ t'icients of v~ _ ation WCI'~ 

<7 ％ ． n1e lower fimit of detection WSS 5 

nnM ·L witlI the linear m e of 0．05—200 

㈣ 1．LI1f0r both C_．1o and Des． 

Data 舶lal ．嵋 The kinetic mIfrleter8 

were obtained from the Niekaelis．Menten 

equation． Ihe inhibition data wm  alla1vzed 

the f test． Ic50~Itluc8 were obtained 

linear regression analysis． 

REsIJI． 

The formafion rate of De8 WSS linear witlI 

mierosome protein ≤ 0．5 g·L and witlI血ne 

≤10min． A 10-mill ineul~fion 血ne and 

micmsowal protein 0．5 g·L一 were selected． 

Des fomlation increased witlI Clo 

concentration before the met~ lising enzymes 

WCI'~s~arated(Fig 1A)． Clo N．demethyl~ion 

＼  
it11~5 ．． 

0 2o 帅  曲  帅  10o 2∞  

V／$(mL·g。 -m 。‘) 

飚 1． n 瞄鼬曲d p10b 0f D睁如m咖 №  

(Vd0d睁：VJ惯a (鲫h岫血：s)伽叫即打吐l岫 缸h衄柚 

_虹哪哪  ItI．．3—5—9(A)柚d曲 o0盯鹎岬岫 

B曲e_Ⅱ0自嫩 pIob(B)． 

一I．Ⅱl宦． 矗．10宦u) ，目—目．1，呻二0宦口一 
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exhibited an apparently biphasic behavior in the 

absence ofinhibitors(Fig 1B)，suggesting that at 
leasttwo CYP isoforms were involved in the Des 

formafion in humanlivermicmsomes． 

Miehaelis-Menten equation was used to 

estimate the affinity constant， ，the maxin~l 

velocity， ， and the intrinsic clearance 

(Cum)defined as ／ ，( 1)． 1he 
intefindividual variafiom reached up t0 2．5-， 

7．3-，3．4-，and1_8一foldfor 1， 1／墨 1， 

，
and ／ ，respectively． 

h口咖 H f ndar0日啊n瞄． 

Atthe selected concentration(5tnnol-L ) 
of Clo， Tm， Fur， Dit， an d Mep produced 

marked inhibition(paired test，n=4—5)on 
Clo N·demethylase activity while SUl and QIli 
had only slight effects(Fis 2)． 

啦 2． Effects 靶le CYl 柚 _岫 吼 file N· 

d|m叫 蚰叫 ao (5 Il瑚 I·L ) ．m 哪 li~,r 
珊 口∞叫 瞄 ． H：4—5． 《0．惦 。 《0．ol contro1． 

The inhibitory rates(n=4—5)produced 
by D 3O，Mep 500，Fur 10，Tm 10，Fur 80， 

andTm 200 gnml·L。。were 27．0％ ，32．9％ ， 

42_8 ％ ．40．5 ％ ．63．9 ％ ，and 66．4 ％ ， 

respectively． 11le combined inhibitory rate of 

Tm 200andFur 8O“m01．L_。was upto78．3％ 

(n=5)． Fur and Tm resulted in a concentra- 
tion-dependent inhibition on De8 formation with 

IC value(95％ confidence limits，n=5)of 

27．7(19．1—36．3)Imd ·L-。and 42．1(20．9 
— 63．3)I 0l-L_。，respectively． 

The formafion of Des was biphasie and 

existed large intefindividual variation in human 

liver mierosomesL“14j
． 111e present study 

showed that Fur an d Tm weIe the most potent 

inhibitors of Des formation，but their combined 

inhibitory mte did not exceed 80 ％ ． Th us， 

CYP1A2．and CYP3A4 p major but not 
exclusive rolesintheDesformation attherapeutic 

concentration ofClo． 111isisin accordancewith 

another study v／tro L14J． 11le large inter- 

individual variations of CYP1A2 and CYP3A4 

contents and activities explain partially the 

interindividual variation in clinical effect of Clo． 

Though Dit and Mep were studied at a 

concentration of 30 umol·L一 ，the high limit of 

selectivelyinhibited concentration)and 500 
。 L (greatly in excess of Km)，respectively， 

b0th produce an inhibitory effect of less than 

5O ％ ． CYP2C19 and 2E1 seemed to cata】vze 

the N．demethylation of Clo in part． However． 

sinceDit caIl also inhibit CYP1A2 and 33-4L ． 

the minor role of CⅥ】2E1 on De s fommtion ／n 

vivo and in vitro needto be confirmed． sLdand 

Oui had no effect on Clo N．demethylation．thus 
the role of CⅥ】2C9／10 and 2D6 might be 
llegli西ble． 

In sun'ln'i~ry，the N．demethyhtion of Clo 

was biphasic． Tbs metabolic pathway yeas 

mediatedmainly byhoth CYP1A2and CⅥ 】3A4． 

to a minor extent by CYP2C19 at the near 

therapeutic conoen嘶 0n of Clo in human liver 

m 1eros0m  ． 
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目的：研究 cYP450选择性抑制剂对体外氯米帕明 

(Cao)N～去甲基代谢的影响． 方法：应用米氏方 

程计算肝微粒体 中 Clo N～去 甲基代谢的动力学参 

数 ，比较加入 抑制荆前后这些参 数 的改变 ． 结 

果 ：J ，K ， 啦d， 础， Ⅱ1／Km1和 ／K 

分别为(0．1l±0．06)，(24±l1)肿10l·L。。，(114± 

47)，(428±188)ml0l·g ·rain。。，(1．8±1．6)和 

(0．019±0．005)L·g ·rain一． 后 四个参数 的个 

体差异分别可达 2．5，7．3，3．4和 1．8倍 ． 二硫卡 

钠(Dit)、美芬妥英(Mep)、呋拉茶碱(Fur)、醋竹 

桃霉素(1．m)和 Fur+Tro的抑制率分别为27．0％． 

32．9％ ．63．9％ 。66．4％ 和 78．3％． Tro和 Fur 

的 I 分别为 42．1和 27．7 ttmol·L～． 结论：人肝 

微粒体中存在高、低亲合力 Glo N．脱甲基酶． 在 

低浓度下，Clo N．去 甲基代谢主要 由 CYF3A4和 

CYP1A2催化．其次由 唧 C19介导 ． 
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