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WU Zhong-Luan, HUANG Song-Lin, OU-YANG Dong-Sheng, XU Zhen-Hua, XIE Hong-Guang,

ZHOU Hong-Hao®

( Pharmacogenetics Research Institute , Hunan Medical University , Changsha 410078, China)

KEY WORDS clomipramine; cytochrome
P-450; furafylline; troleandomycin; mepheny-
toin; ditiocarb; sulfaphenazole; cquinidine; liver
Microsomes

AIM: To study the effect of cytochrome P-450
(CYP450) inhibitors on clomipramine ( Clo)
N-demethylation in vitro. METHODS: The
kinetic parameters of Clo N-demethylation in
human liver microsomes were obtained by the
Michaelis-Menten equation. The parameters
after pretreatment with putative inhibitors of
various CYP450 isoforms were compared with
controls. RESULTS: K., Ku, Veomo
Vaarss Veaxt/ Kat» and Vgeo/ Kop were (0.11
+0.06), (24 +14) pmol+L™', (114 x 47),
(428 + 188) nmol g™ '-min~!, (1.8 £ 1.6),
and (0.019+0.005) L-g~'*min~", respective-
ly. The interindividual variations for the last 4
parameters reached up to 2.5-, 7.3-, 3.4-, and
1.8fold. At 5 pmol+ L™! of Clo, troleando-
mycin { Tro ), furafylline ( Fur), ditiocarb
sodivm ( Dit), and S-mephenyioin ( Mep)
produced a matked inhibition on Clo
N-demethylation while sulfaphenazole {Sul) and
quinidine (Qui) had only slight effects. The
inhibitory rates by Dit 30, Mep 500, Fur 10, Tro
10, Fur 80, Tro 200 and Fur 80 + Tro 200 pamol
* L' were 27.0 %, 32.9%, 42.8 %,
40.5 %, 63.9 %, 66.4 %, and 78.3 %,
respectively. The IC55(95 % confidence limits)
for Fur and Tro were 27.7 (19.1 - 36.3) and
42.1 (20.9 — 63.3) pmol * ™!, respectively.
CONCLUSIONS: The N-demethylation of Clo
exhibited a biphasic behavior. This reaction was
mediated mainly by both CYP1A2 and CYP3A4,
to a minor extent by CYP2C19 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-Demethylation
is the most important metabolic route leading to
the active metabolite desmethylclomipramine
(Des), which is further 8-hydroxylated and
N-demethylated. The 8-hydroxylations of Clo
and Des are catalyzed almost entirely by
CYP2D6''?), whereas the N-demethylation of
Clo is catalyzed by other cytochrome isozymes
which  possibly  are  CYP2C192-9),
CYP1A2™*3), and CYP3A4Y).

Furafylline { Fur), troleandomycin (Tro),
ditiocarh sodivm (Dit), sulfaphenazole (Sul),
and Quinidine (Qui) are selective inhibitors of
CYP1A2, 3A4, 2E1, 209/10, and 2D6,
respectivelym. Their concentration ranges at
which the activity of CYP1A2, 3A4, 2E1, 2C9/
10, and 2D6 is inhibited by more than 70 % are
20 - 40, 50 - 200, 15-30, 1.0 -5.0, and
1.0 —10 pmol - L', respectively!®, Mepeny-
toin (Mep) is a probe drug and competitive
inhibitor of CYP2C19. The present study was to
assess the relative contribution of CYP1A2,
3A4, 2C19, 2C9/10, 2E1, and 2D6 to Clo
N-demethylation in human liver microsomes at
the near-therapeutic concentration of Clo.

MATERIALS AND METHODS

Materials Tro, Qui, Dit, imipramine
(Imi ), B-NADPH, and bovine serum albumin
(BSA) were purchased from Sigma Chemical Co.
Liver samples were from Chinese Han nationality
adult men, aged 21 — 63 (37 £ s 14) a, who
were kidney transplantation donors or patients
undergoing hepatic lobectomy with the approval of
the local Ethics Committee of Hunan Medical
University . All donors were alcohalics.
Human liver microsomes were prepared by
differential centrifugation’® . Microsomal protein
were determined with BSA as standard(®) .

In vitro study Microsomes were incubated
in a final volume of 500 pL Tris-HCl buffer (100
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mmol* L™}, pH 7.6) using microsomal protein
250 pg. Subsirate concentrations for defiming
the kinetic parameters of Des formation ranged
from 1 to 60 umol * L™'.  After therapeutic
dosage of Clo, the plasma concentration ranges of
Clo and Des are 0.49 — 2.2 and 0.93 - 1.32
pmol L7, respectively[l’“]. Since the drug
concentration in liver is always higher than that in
plasma, we selecied the subsirate concentration
of 5 pmol - L™! in inhibition study. Inhibition
data points were obtained by incubating Clo 5
pmol-L~ " with Dit 30, Fur 0.01 — 80, Qui 20,
Mep 500, Sul 20, and Tro 0.01 - 200 pmol -
L~!. Except for Dit (dissolved in water}, all
inhibitors were dissolved in methanol and
evaporated to dryness prior to addition of
cofactors and buffer. Fur, Tro, and Dit were
respectively incubated (37 C, 15 min) with
microsomes and 300 pL B-NADPH 1 mmol - L~!
containing MgCl, 50 mmol - L™! before the
addition of Clo. Clo with and without other
inhibitors was preincubated at 37 “C for 5 min.
The reaction was initiated by the addition of 300
pL B-NADPH (1 mmol-L~!) containing MgCl,
(50 mmol*L~'). After incubation at 37 C for
10 min, the reaction was terminated by adding
100 pL NaOH (6 mol - L~'), followed by the
addition of 100 pL intemal standard, Imi (36
pmol-L~'}.  All incubations were performed in
duplicate .

Sample analysis Concentrations of Clo
and Des were determined by HPLC with Imi as
internal standard>"*). A RP-phenyl column
( Spherisoib C¢Hs, 250 mm x 4.6 mm ID, 5 ym
particle size, China) was used. The wavelength
was set at 198 nm. The eluent consisted of
64 % aqueous sodium perchlorate solution
(which was prepared by addiing NaClO, 3 g and
60 % HCIO, 0.3 -1 000 mL of redistilled water
and adjusted to pH 4.0 with triethylamine) and
36 % acetomitrile, at the flow rate of 1.3 mL*
min~!, The relative recoveries of Clo and Des
were 96.3 % and 95.1 %, respectively. The
absolute recoveries (n = 3} were (91.5 + 4.5)
%, (84.3£4.0) % and (93.5+4.5) % for
Imi, Des, and Clo, respectively. The intra-
and inter-day coefficients of variation were
<7 %. The lower limit of detection was 5
nmol+ L™' with the linear range of 0.05 - 200

pmol*L ™! for both Clo and Des.

Data analysis  The Kkinetic parameters
were obtained from the Michaelis-Menten
equation. The inhibition data were analyzed by
the paired 1 test. ICs, values were obtained by

linear regression analysis.
RESULTS

The formation rate of Des was linear with
microsome protein < 0.5 g- L™ ! and with time
=10min. A 10-min incubation time and
microsomal protein 0.5 g+L~! were selected.

Des forrnation increased with Clo
concentration before the metabolising enzymes
were saturated (Fig 1A). Clo N-demethylation

v/S {mL-g~'-min"!)

Fig 1. The representative plots of Des-formation rates
{Veocity: V) vs Clo (substrate: S) concemtrations in hnman
liver microsomes from HL3, 5, 9 (A) and the corresponding
Eadie-Hofstee plots (B) .
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exhibited an apparently biphasic behavior in the
absence of inhibitors (Fig 1B) , suggesting that at
least two CYP isoforms were involved in the Des
formation in human liver microsomes .

Michaelis-Menten equation was used to
estimate the affinity constant, K, the maximal
velocity, Vo, and the intrinsic clearance
( Cim ) defined as Vo /K,, (Tab 1). The
interindividual variations reached up to 2.5-,
7.3-, 3.4, and 1.8-fold for Ve s Viwa /' Kt »
Vo s and Ve Ky, respectively.

Tab 1. Kinetic parameters of comipramine N -demethylation
In nman lLiver microsomes.

y Voot ; Vouss!
Mico  Km mn]m'!:'l K Ko mn]"::z_l K
-1 vpm -t e
smes polL ein ! L.g_l pnod < L, i ! L_g_L
*min " min
HL3 0.06 104 1.8 22 478 0.021
HLS 0.12 78 0.6 14 210 0.015
HLA 0.15 193 1.3 14 382 0.026
HL7 0.18 113 0.6 48 718 0.015
HIO9 0.02 81 4.6 24 355 0.015
£ 0.11 114 1.8 24 428 0.019
5 0.06 47 1.6 11 188 0.005

At the selected concentration (5 prmol <L~ 1)
of Clo, Tro, Fur, Dit, and Mep produced
marked inhibition (paired ¢ test, n =4 - 5) on
Clo N-demethylase activity while Sul and Qui
had only slight effects (Fig 2).
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Fig 2. Effects of selective CYP4S0 inhibitors on the N-

demethylation of Clo (5 pmol * L-!) in human liver
microsomes, n=4-5 " <0.05, *P <0.01 vs control.

The inhibitory rates (n =4 —5) produced
by Dit 30, Mep 500, Fur 10, Tro 10, Fur 80,
and Tro 200 pmol-L~! were 27.0 %, 32.9 %,
428 %. 40.5 %, 63.9 %, and 66.4 %,
respectively. The combined inhibitory rate of
Tro 200 and Fur 80 pmol-L~! was up t0 78.3 %
(n=35). Fur and Tro resulted in a concentra-
tion-dependent inhibition on Des formation with
ICsy value (95 % confidence limits, n = 5) of

27.7 (19.1-36.3) pmol-L~! and 42.1 (20.9
-63.3) pmol-L~", respectively.

DISCUSSION

The formation of Des was biphasic and
existed large interindividual variation in human
liver microsomes™'™ .  The present study
showed that Fur and Tro were the most potent
inhibitors of Des formation, but their combined
inhibitory rate did not exceed 80 % . Thus,
CYP1A2, and CYP3A4 play major but not
exclusive roles in the Des formation at therapeutic
concentration of Clo. This is in accordance with
another study in vitro'¥. The 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 pmol * L™ ! (the high Limit of
selectively inhibited concentration) and 500 gamol
*L~! ( greatly in excess of K, ), respectively,
bath produce an inhibitory effect of less than
50 % . CYP2C19 and 2E1 seemed to catalyze
the N-demethylation of Clo in part. However,
since Dit can also inhibit CYP1A2 and 3A41%,
the minor role of CYP2E1 on Des formation in
vive and in vitre need to be confirmed. Sul and
Qui had no effect on Clo /N-demethylation, thus
the role of CYP2C9/10 and 2D6 might be
negligible .

In summary, the N-demethylation of Clo
was biphasic. This metabolic pathway was
mediated mainly by bath CYP1A2 and CYP3A4,
to a minor extent by CYP2C19 at the near
therapeutic concentration of Clo in human liver
MIiCTOSOmeS .
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