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Abstract-Incubation of [14C]amineptine (1 mM) with hamster liver microsomes resulted in the irre- 
versible binding of an amineptine metabolite to microsomal proteins. Covalent biiding measured in the 
presence of various concentrations of amineptine (0.0625-l mM) followed Michaeli+Menten kinetics. 
Pretreatment with phenobarbital increased not only the V-, but also the K,, for this binding. Covalent 
binding required NADPH and molecular oxygen and was decreased when the incubation was made in 
the presence of inhibitors of cytochrome P-450 such as piperonyl butoxide (4 mM), SKF 525-A (4 mM) 
or carbon monoxide (80:20 CO-O2 atmosphere). In contrast, binding was increased when microsomes 
from untreated hamsters were incubated in the presence of 0.5 mM l,l,l-trichloropropenc 2,3_oxide, 
an inhibitor of epoxide hydrolase. Metabolic activation also occurred in kidney microsomes. In vitro 
covalent binding to kidney microsomal proteins required NADPH and was decreased by piperonyl 
butoxide (4 mM) but was not increased by pretreatment with phenobarbital. We conclude that aminep- 
tine is activated by hamster liver and kidney microsomes into a chemically reactive metabolite that 
covalently binds to microsomal proteins. 

Amineptine is widely used in France, Greece, Italy, 
Portugal, Spain and several other European, Asian, 
African and South American countries. In France, 
~nept~e is the second most prescribed anti- 
depressant, after clo~pr~ne. 

Amineptine differs from other anti-depressant 
drugs, such as imipramine or a~~pty~e, in that it 
possesses a long acyl chain (Fig. l), and is partially 
metabolized by poxidation in v&o [l]. Amineptine 
is also peculiar in its mechanism of action, which is 
thought to be related to the inhibition of the re- 
uptake of dopamine [2,3]. Amineptine resembles, 
however, several other anti-depressant drugs in hav- 
ing a tricyclic nucleus (Fig. 1). Like other tricyclic 
antidepressants [4,5], amineptine may produce 
hepatitis in some patients [6,7]. It has been estimated 
that amineptine may be responsible for 83% of the 
cases of hepatitis caused by tricyclic anti-depressants 
in France [8]. 

The mechanism for the hepatotoxicity of aminep- 
tine remains unknown. Several hepatotoxic drugs, 
including the related tricyclic anti-depressant imi- 
pramine [9], are transformed by cytochrome P-450 
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Fig. 1. Chemical structure of ~nep~e. The asterisk 
indicates the position of the ra~ola~l in [ll-‘%]- 

a~eptine. 

* To whom correspondence should be addressed. 

into reactive metabolites that covalently bind to hep- 
atic ma~omole~es, mainly proteins [lo, 111. Such 
metabolites may produce hepatitis in one of two 
ways. They may be (directly or indirectly) toxic 
[12,13], or they may trigger, in a few subjects, an 
immune response against the metabolite-macro- 
molecule complexes, and produce an allergic type of 
hepatitis [ 14-171. 

In this communication, we report that amineptine 
is transformed by liver and kidney cytochrome P-450 
into a reactive metabolite that covalently binds to 
microsomal proteins in vitro. In the next com- 
munication 1181, we report the protective role of 
glutathione and the in vivo covalent binding of an 
amineptine metabolite to proteins in various tissues. 

MAmRIALsANDMETHoDs 

ChemiculS. Amineptine hydrochloride and [ll- 
14C]amineptine hydrochloride were generously given 
by Servier laboratories (Neuilly, France). The radio- 
chemical compound (24 mCi/mmol), labeled on the 
tricyclic ring, was prepared by Comissariat B 
1’Energie Atomique, Gif-sur-Yvette, France; its 
radiochemical purity was found to be >99% by 
HPLC. 

Animals and treatments. Male golden Syrian ham- 
sters, weighing 90-llOg, were purchased from 
Fichot (Ormesson, France). Animals were fed a 
normal standard diet (Ms biscuits, Extra Labo, Pro- 
vins, France), given ad l~&i~. Some hamsters were 
given phenob~bital (100 mg/kg i-p. in O.Sml of 
water), or 3-methylchol~~ene (ZOm~kg i.p. in 
0.5 ml of corn oil), daily for 3 days, and were killed 
24 hr after the last dose of the inducer. 
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Preparation of microsomes; m~~rosomal enzymes. 
Liver, kidney and lung samples were homogenized in 
3 volumes of ice-cold 0.154 M KCl, 0.01 M sodium- 
potassium phosphate buffer, pH 7.4. The homo- 
genate was centrifuged at 10,OOOg for 10 min. The 
10,OOOg supernatants were pooled and centrifuged 
at 100,OOg for 60 min. Microsomal pellets were 
stored at -20” until used, 1-15 days later. 

Microsomal protein concentration was determined 
by the method of Lowry et al. [19]. Hepatic micro- 
somal cytochrome P-450 was measured as described 
by Omura and Sato [ZO]. Renal microsomal cyto- 
chrome P-450 was measured as reported by Jakobs- 
son and Cinti [21]. 

In vitro couafe~t biking studies. Unless otherwise 
indicated the standard incubation was performed as 
follows: [ll-14C]amineptine (1 &i/ml, 1 mM), dis- 
solved in 10 @ of 0.1 N NaOH, was added to an 
incubation mixture containing: NADP (1 mM), 
glucose-6-phosphate (8 mM), lucosed-phosphate 
dehydrogenase (3 enzyme units f ml), MgC12 (6 mM) 
and hepatic or renal microsomes (6 mg of microsomal 
proteins/ml) in a total volume of 1 ml of 0.07 M KCI, 
0.13 M sodium-potassium phosphate buffer, pH 7.4. 
A zero-time sample (250 $11) was removed, and the 
remaining mixture was incubated under air, with 
shaking at 37” for 5 min; another sample (250 $1) was 
then taken. 

In some experiments, we varied the incubation 
time, the source of microsomes, the amount of micro- 
somal proteins, or the concentration of amineptine 
or NADP. In other experiments, piperonyl butoxide 
(4mM), SKF 525-A (4mM), or l,l,l-trichloro- 
propene 2,3-oxide (0.5 mM) was added to the incu- 
bation mixture. In other experiments, the NADPH- 
generating system was omitted. In some flasks, a 
CO-O2 (80:20) mixture was bubbled, first in the ice- 
cold incubation mixture for lOmin, and then for 
Smin of incubation at 37”. For experiments in ana- 
erobiosis, an oxygen-consuming system consisting 
of glucose (13mM), glucose oxidase (8U/ml) and 
catalase {l~U/ml) was added to the incubation 
mixture. Nitrogen was bubbled in the ice-cold incu- 
bation mixture for 5 min and then, for 5 min of 
pre-incubation at 37”. [ll-14C]Amineptine was then 
added, and the incubation was carried out for 5 min, 
with nitrogen bubbling in the incubation mixture. 
The amount of [ll-14C]amineptine metabolite irre- 
versibly bound to proteins in the zero-time and in 
the incubated samples was measured as previously 
reported [22-241. Briefly, proteins were precipitated 
on filter paper disks (Durieux 111) which had been 
previously soaked in 5% trichloroacetic acid and 
dried at room temperature 122-241. Proteins en- 
trapped in the filter paper disks were then washed 
three times with 10% t~chloroacetic acid and 
extracted repeatedly with various solvents of various 
polarities (methanol, twice; n-heptane, once; ether, 
once) as previously reported [22-241. The filter paper 
disks were then dried and placed in the bottom 
of scintillation vials; 10ml of scintillation fluid was 
added and the 14C remaining irreversibly bound to 
proteins was counted with background and quench 
correction [22-241. By running an identical exper- 
iment except for the absence of microsomes in the 
incubation mixture, we verified that [ll-14C]ami- 

neptine did not bind to the filter paper itself (in the 
absence of entrapped proteins). After standard 
incubations, we also verified that radioactivity could 
not be removed further by introducing additional 
solvent extractions. We verified that similar 14C 
counts were obtained when the proteins were coun- 
ted while still entrapped into the filter paper disks, 
or after being first solubilized in 1 N NaOH (followed 
by subsequent neutralization with HCI). Finally, we 
verified [18] that in uiuo covalent binding measured 
with this filter paper technique gave results essen- 
tially identical to those obtained when similar wash- 
ings and extractions were performed on proteins 
remaining free in the test tubes. 

~tat~tic~la~alys~. Student’s t-test for independent 
data was used to assess the significance of differences 
between means when only one comparison had been 
performed in the experimental protocol. Analysis of 
variance and Dunnett’s test were used whenever a 
single control group had been compared to several 
other groups in the experimental protocol. 

RESULTS 

Liver microsomes 

Incubation of [ll-‘4C]amineptine (1 mM), under 
air, for 5 min, with an NADPH-generating system 
(1 mM NADP) and hepatic microsomes from control 
hamsters (6 mg of ~~rosorn~ protein/ml) resulted 
in the irreversible binding of 14C to microsomal pro- 
teins (Fig. 2). Covalent binding was three times 
higher with microsomes from phenobarbital-pre- 
treated hamsters, but was unchanged with micro- 
somes from hamsters pretreated with 3-methyl- 
cholanthrene (Fig. 2). Hepatic microsomal 
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Fig. 2. in vitro covalent binding with liver microsomes from 
untreated or induced animals. Hepatic microsomes were 
prepared from untreated hamsters (“control”) or froth 
hamsters pretreated for 3 days with 3-methyIc~oi~threne 
(“3-MC”) or phenobarbital (“Pheno”). The incubation 
mixture (1 ml) contained [11-W]amineptine (1 &i/ml, 
1 mM), an NADPH-generating system (1 mM NADP), and 
pooled hepatic microsomes (6 mg of microsomal protein/ 
ml). After 5 min of incubation, under air, at 37’, the amount 
of 14C irreversibly bound to microsomal proteins was deter- 
mined. Results are means ? SEM for six determinations. 
The asterisk indicates a significant difference from value in 

non-pretreated hamsters, P < 0.01. 
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Fig. 3. Time course of in vitro covalent binding. The incu- 

Results are means k SEM for eight determinations. 

bation mixture (5 ml) contained [11-14C]amineptine (1 si/ 
ml, 1 mM) , an NADPH-generating system (1 mM NADP) 
and pooled liver microsomes (6 mg of microsomal protein/ 
ml) from phenobarbital-pretreated hamsters. At various 
times, aliquots were taken and the amount of “C irre- 
versibly bound to microsomal proteins was determined. 

cytochrome P-450 (mean + SEM for six hamsters) 
was 1.03 + 0.05 nmol/mg of microsomal protein in 
control hamsters, 1.6 t 0.1 in hamsters pretreated 
with phenobarbital, and 1.70 k 0.05 in hamsters pre- 
treated with 3-methylcholanthrene. Unless other- 
wise indicated, microsomes from phenobarbital- 
pretreated hamsters were used in subsequent 
experiments. 

In uitro covalent binding was almost linear with 
time for the first Smin of incubation, and then 
increased less rapidly (Fig. 3). An incubation time of 

i/v (nmol.mg proteln”.b mln9 

16- 

12- 

4- 

0 1.5 3 6 
Mlcroeomal protein hg) 

Fig. 4. In uitro covalent binding as a function of the amount 
ofhamster liver microsomes. The incubation mixture (1 ml) 

means -C SEM for six determinations. 

contained [ll-14C]amineptine (1 &i/ml, 1 mM), an 
NADPH-generating system (1 mM NADP) and pooled 
liver microsomes from phenobarbital-pretreated hamsters 
(1.5-6 mg of microsomal protein per ml). After 5 min of 
incubation, under air, at 370. the amount of “C irreversiblv 
bound to tkrosomal~proteiks was determined. Results are 

5 min was selected for further experiments. Covalent 
binding increased linearly with the amount of micro- 
somal proteins added in the incubation mixture (Fig. 
4), up to 6 mg of microsomal protein per ml, which 
was selected for further studies. When measured in 
the presence of various concentrations of amineptine 
(0.0625-l mM), in vitro covalent binding followed 
Michaelis-Menten kinetics (Fig. 5). Both V,, and 
K,,, were higher with microsomes from pheno- 
barbital-induced animals than with control micro- 
somes (Fig. 5). In all other experiments, the con- 
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Fig. 5. Double reciprocal plot of in vitro covalent binding to hamster liver microsomes in the presence 
of various concentrations of amineptine. The incubation mixture (1 ml) contained [11-“Cl amineptine 
(1 /&i/ml; 0.062-l mM), an NADPH-generating system (1 mM NADP) and pooled liver microsomes 
(6 mg of microsomal protein/ml) from either control hamsters or hamsters pretreated with phenobarbital. 
After 5 min of incubation, under air, at 37”, the amount of “C irreversibly bound to microsomal proteins 
was determined. Results are means f SEM for eight determinations. Values for V,, are in nmol bound/ 

mg microsomal protein/S min. Values for K,,, are in mM. 
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Fig. 6. Double reciprocal plot of in vitro covalent binding to hamster liver microsomes in the presence 
of various concentrations of NADP(H). The incubation mixture (1 ml) contained [ll-14CJamineptine 
(1 @i/ml, 1 mM), pooled liver microsomes from phenobarbi~-p~~eated hamsters (6 mg of microsomai 
protein/ml) and an NADPH-generating system made up with various concentrations of NADP (0.2- 
1.6 n&4). After 5 min of incubation, under air at 37”, the amount of r4C irreversibly bound to microsomal 

proteins was determined. Results are means i: SEM for six determinations. 

centration of amineptine was kept at 1 mM. In vitro 
covalent binding also followed ~Chaeli~Menten 
kinetics with respect to the concentration of 
NADP(H) in the incubation mixture (Fig. 6). Other 
e~e~ments were carried out in the presence of 
1 mM N~P(H~, Covalent binding was almost 
absent when the incubation was carried out under a 
nitrogen atmosphere (Fig. 7). Covalent binding was 

Ol l-J L-I L-I 

5$%2 Without Without 
OXY@Wt NARPH 

Fig. 7. Cofactor requirements for in vitro covalent binding 
to liver microsomes. In the “complete system”, the incu- 
bation mixture (1 ml) contained [li-*4C]amineptine (1 @i/’ 
ml. 1 mM). an N~PH-venerate system (1 mM NADP), 
and pool& hepatic miciosomes &&m ph~nobarbitaI-pro- 
treated hamsters (6 mg of rni~rosomal protein/ml). In some 
flasks, the NADPH-generating systems was omitted. Other 
flasks were incubated under nitrogen, in the presence of 
an oxygen-depIeting system {see Materials and Methods). 
After 5 min of incubation at 37”, the amount of r4C irre- 
versibly bound to microsomal proteins was determined. 
Results are means 2 SEM for four determinations. The 
asterisks indicate significant differences from the value in 

the complete system, P c: 0.05. 

decreased markedly when the NADPH~generating 
system was omitted (Fig. 7). Covalent binding was 
also decreased markedly when the incubation was 
made in the presence of piperonyl butoxide (4 mM), 
SKF 525-A (4 mM) or under a CO-0~ (80:20) atmos- 
phere (Fig. 8). 

Similar obse~ations were made with liver micro- 
somes from untreated hamsters. Indeed, after 5 min 
of incubation with [Il-14C]amineptine (1 #K&ml, 
1 mM), an NADPH-generating system (1 mM 
NADP) and pooled hepatic mierosomes from 
untreated hamsters (6 mg of microsomal protein per 
ml}, the amount of covalently bound material was 
0.17 & 0.04 nmol/mg of microsomal protein/5 min 
(mean ‘-c SEM for six deter~nations) in the com- 
plete system but only 0.5 + 0.02 when the NADPH- 
generating system was omitted and 0.04 2 0.02, 
0.05 + 0.02 and 0.10 -’ 0.02, respectively when the 
incubation was made in the presence of piperonyl 
butoxide (4mM~, SKF 525-A (4mM~ or a CO-0s 
(8O:ZO~ atmosphere. En contrast, in u&o covalent 
binding to liver microsomes from untreated hamsters 
was almost doubled when the incubation was made 
in the presence of 0.5mM I,l,l-trichioropropene 
2,3-oxide (Fig. 9). 

Kidney and lung microsomes 

Covalent binding also occurred when [ll- 
t4C]amineptine was incubated with an NADPH-gen- 
era&g system and renal microsomes from untreated 
hamsters (Fig. 10). Covalent binding to kidney 
microsomal proteins required NADPH and was 
inhibited by piperonyl butoxide (Fig. lo), but was 
not higher with mi~rosomes from phenob~bital” 
pretreated hamsters (Fig. IO). Renal microsomal 
cytochrome P-450 (mean ?z SEM for four hamsters) 
was 0.14 t 0.01 nmol/mg of microsomal protein in 
control hamsters and 0.15 2 0.01 in hamsters pre- 
treated with phenobarbital. 
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Fig. 8. Effects of cytochrome P-450 inhibitors on in vitro covalent binding in liver microsomes. 
The control incubation mixture (1 ml) contained [11-r4C]amineptine (1 @i/ml, 1 mM), an NADPH- 
generating system (1 mM NADP), and pooled hepatic microsomes from phenobarbital-pretreated 
hamsters (6 mg of microsomal proteins/ml). In some experiments, SKP 525-A (4 mM) or piperonyl 
butoxide (4 mM) were added, or the incubation was made under a CO-O2 (80:20) atmosphere. After 
5 min of incubation at 37”, the amount of 14C irreversibly bound to microsomal proteins was determined. 
Results are means + SEM for four determinations. The asterisks indicate significant differences from 

the value in the control incubation, P < 0.05. 

In vitro covalent binding could not be detected in 
hamster lung microsomes (not shown). 

DISCUSSION 

Our results show that amineptine is transformed 
by hamster liver microsomes into a reactive metab- 
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Fig. 9. Effect of an inhibitor of epoxide hydrolase on in 
vitro covalent binding. The control incubation mixture 
(1 ml) contained [ll%]amineptine (1 &i/ml, 1 mM), an 
NADPH-generating system (1 mM NADP), and pooled 
liver microsomes from untreated hamsters (6 mg of micro- 
somal protein per ml). In some flasks, 0.5 mM l,l,l-tri- 
chloropropene 2,3-oxide (TCPO) was added to the incu- 
bation mixture. After 5 min of incubation at 37’, the 
amount of r4C irreversibly bound to microsomal proteins 
was determined. Results are means + SEM for six experi- 
ments. The asterisk indicates a significant difference from 

the value in the control incubation, P < 0.01. 

olite which covalently binds to microsomal proteins 
in vitro. In such a system, the rate-limiting step is 
the enzymatic formation of the metabolite, followed 
by its spontaneous reaction with nucleophilic sites of 
proteins. Indeed, in vitro covalent binding followed 
MichaelieMenten kinetics with respect to the con- 
centrations of amineptine or those of NADP(H) 
(Figs 5, 6). Metabolic activation was mediated by 
cytochrome P-450, since it required NADPH and 
oxygen (Fig. 7) and was decreased by carbon mon- 
oxide and other inhibitors of cytochrome P-450 (Fig. 
8). 

The chemical structure of the reactive 
metabolite(s) of amineptine remains unknown. In 
rats, dogs and humans, amineptine is metabolized 
by @oxidation of the acyl chain, lo- or ll-hydroxy- 
lation on the central dimethylene bridge of the tri- 
cyclic nucleus, and to a lesser extent, by lactame 
formation; in rats only, there is a slight formation of a 
10-11 double bond (Servier Laboratories, personal 
communication). Up to now, no oxidation of the 
benzene rings has been detected. Our findings that 
the in vitro covalent binding was almost doubled in 
the presence of 0.5 ~IvI l,l,l-trichloropropene 2,3- 
oxide, a potent inhibitor of microsomal epoxide 
hydrolase [25], may indicate the possible formation 
of an epoxide as a minor metabolic pathway. Simi- 
larly, the in vitro covalent binding of a reactive 
imipramine metabolite has been found to be doubled 
in the presence of 1 ,l,l-trichloropropene 2,3-oxide 
and a reactive epoxide has been suggested as the 
probable structure of the reactive metabolite of imi- 
pramine [9]. Further studies are required, however, 
to delineate better the chemical structure of these 
reactive metabolites. 

It is noteworthy that pretreatment with pheno- 
barbital increased not only the V,,,, (f-fold) but also 
the K,,, (Cfold) for the in vitro covalent binding of a 
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KIDNEY MICROSOMES 

0 Control 
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Fig. 10. In o&o covalent binding with kidney microsomes. In the “complete system”, the incubation 
mixture (1 ml) contained [ll-i%$mineptine (1 &i/m& 1 mM), an NADPH-generating system (1 mM 
NADP) and renal microsomes (6 mg of microsomal protein) from either untreated, or phenobarbital- 
pretreated, hamsters. In some flasks, the NADPH-generating system was omitted. In other flasks, 
piperonyl butoxide (4 mM) was added. The mixtures were incubated, under air, at 37“ for 15 min, and 
the amount of i4C irreversibly bound to microsomal proteins was determined. Results are means rt 
SEM for six determinations. The asterisks indicate a significant difference from the incubation made 

with microsomes from untreated hamsters in the presence of the “complete system”, P c 0.01. 

reactive amineptine metabohte to tnicrosomal pro- 
teins (Fig. 5). This observation may indicate that 
different oytochrome P-450 isoxymes may participate 
in the metabolic activation of amineptine. Some 
isozyme(s), present in low amounts in untreated 
animals, may exhibit a high apparent affinity for 
amineptine, while other isozyme(s), induced in high 
amounts by phenobarbital, may exhibit a lower 
apparent affhrity for amineptine. 

Interestingly, amineptine also underwent meta- 
bolic activation in kidney microsomes (Fig. 10). As 
in liver, metabolic activation was probably mediated 
by cytochrome P-450 since it required NADPH and 
was inhibited by piperonyl butoxide (Pig. 10). Uniike 
hepatic cytochrome P-450, however, renal cyto- 
chrome P-450 is not inducible (or poorly inducible) 
by phenobarb~t~ in rats [26], mice [lS] and hamsters 
(this study), explaining the failure of phenob~bital 
pretreatment to increase the in vitro covalent binding 
of a reactive amineptine metabolite to kidney micro- 
somal proteins (Fig. 10). 

We conclude that hamster liver and kidney micro- 
somal cytochrome P-450 transforms amiueptine into 
a chemicaliy reactive metabolite. The protective role 
of ~uta~one against in vitro and in viva covalent 
binding is reported in the next ~mrnu~~tion [Ml. 
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