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Abstract The aim of this study was to investigate if 
quinine plus antidepressant drugs (ADS) leads to an 
additive effect in the tbrced swimming test. Quinine 
(0.125, 0.5 mg/kg) and ADS (subactive doses) were 
given IP 45 and 30 min, respectively, before the test. 
When combined with QUIN, all drugs that act via inhi- 
bition of 5-HT uptake (imipramine, amitriptyline, 
citalopram, paroxetine, fluoxetine and fluvoxamine) 
significantly increased the swimming time of mice. 
Among trazodone, mianserin and iprindole (atypical 
ADS), only iprindole combined with quinine decreased 
the immobility (increased swimming) of the animals. 
The specific noradrenaline (NA) uptake inhibitors, 
desipramine and viloxazine, but not maprotiline, were 
also found to reduce the immobility time when pre- 
treated with quinine. The mixed monoamine oxidase 
(MAO) inhibitor (pargyline) and MAO-A inhibitor 
(moclobemide) also shortened the period of immobil- 
ity whereas the MAO-B inhibitor (nialamide) and the 
dopamine (DA) uptake inhibitor (bupropion) did not. 
Quinine's additive effects on several types of ADS is 
likely a result of blockade of potassium channels. 

Key words Antidepressants. Quinine • Forced 
swimming test • Potassium channel blocker - Mice 

Introduction 

Recent studies have shown that the clinical efficacy of 
lithium is related to its action on the 5-HT system 
(Heninger et al. 1983; Price et al. 1989). Nixon et al. 
(1994) found lithium (1 mEq/kg, subactive dose) 
significantly reduced the immobility time of mice in the 
forced swimming test (FST) when administered prior 
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to subactive doses of a variety of antidepressants 
(ADS). The additive effect of lithium was strongest on 
ADS with serotoninergic properties. The mechanism 
involved in lithium's actions on the 5-HT system in the 
forced swimming test is unknown. 

The FST is widely used to predict potential antide- 
pressant action of compounds in humans. Ilnmobility 
time is reduced by clinically relevant doses of tricyclic 
and atypical ADS, 5-HT uptake inhibitors and 
monoamine oxidase inhibitors (MAOIs) in mice and 
rats (Porsolt et al. 1977; Lucki et al. 1994). Furthermore, 
it was found that combined with clonidine, subactive 
doses of ADS (tricyclics, 5-HT uptake inhibitors and 
atypical ADS) produced significant anti-immobility 
effects in mice (Malinge et al. 1988; Bourin et al. 1991). 
Two 5-HT1A agonists, gepirone and buspirone, in com- 
bination with clonidine or lithium, also reduced immo- 
bility time (Hascoet et al. 1993). These results suggested 
that lithium, like clonidine, may potentiate the effects 
of subactive doses of ADS in the FST and these effects 
were greatest with drugs acting on the 5-HT system. 

It has been found that the actions of lithium on 
5-HT synthesis and in the 5-HT behavioural syndrome 
(Grahame-Smith and Green 1974) were similar to those 
of rubidium, caesium and quinine (Wang and Graham- 
Smith 1992). These studies provided evidence for reduc- 
ing or blocking potassium channel conductance as a 
potential link in mediating the effects of lithium, as qui- 
nine is regarded as a calcium-activated potassium chan- 
nel blocker (Atwater et al. 1979; Cherubini et al. 1984). 
In the present paper, the purpose was to determine the 
effect of subactive doses of quinine on subactive doses 
ADS in the FST in mice. 

Materials and Methods 

Animals 

Naive male Swiss mice (Centre d'elevage Janvier, France), 
weighing 20-24 g, were housed at a constant room temperature 
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(21 _+ 1 °C) in standard conditions, with free access to food and 
water. Each experiment group consisted of ten randomly chosen 
mice. Mice were only used once. 

The ethical rules of the French Ministry of agriculture for exper- 
iments with laboratory animals by law N ° 87.848 were followed. 

Drugs and treatment 

The following drugs were used in the study: amitriptyline HCL 
(AMI) and moclobemide (MOC) (Roche), imipramine HCL (IMI) 
and maprotiline HCL (MAP) (Ciba Geigy), desipramine HCL 
(DES) (Merck), viloxazine HCL (VIL) (Zeneca Pharma), trazodone 
HCL (TRA) (UPSA), mianserin HCL (MIA) (Organon), iprindole 
HCL (IPR) (Wyeth), citalopram HBr (CIT) (Lundbeck), paroxe- 
tine HCL (PARO) (Beecham), fluoxetine HCL (FLUO) (Lilly), 
fluvoxamine maleate (FLUV) (Duphar), nialamide (NIA) (Pfizer), 
pargyline (PARG) and RO 16 6491 (RO) (RBI), and bupropion 
(BUP) and quinine (QUIN) (Sigma). 

All drugs were dissolved in distilled water. QUIN and the ADS 
were injected, in a constant volume of 0.5 ml/20 g, IP 45 and 
30 min, respectively, prior to the test. Vehicle control animals 
received distilled water only. Every experiment used nine groups of 
mice (n = 10), including a vehicle control, QUIN control, ADS con- 
trols and the ADS interactions with QUIN. 

Measurement of locomotor activity and immobility in mice 

To determine appropriate subactive doses of QUIN, a range of 
doses of QUIN from 0.06 to 4 mg/kg were tested for their loco- 
motor activity and immobility time. To rule out the possibility of 
a generalized increase in mobiIity induced by the combination of 
ADS with QUIN, two doses of each drugs combined with QUIN 
0.5 mg/kg were administered to mice prior to placement in a pho- 
tocell activity meter (OSYS) for 10 rain. QUIN pretreatment took 
place 45 min and ADS 30 min prior to locomotor activity testing 
as described by Boissier and Simon (1965). 

The forced swimming test used was basically the same as 
described in detail elsewhere (Porsolt et al. 1977). Briefly, mice were 
dropped individually into glass cylinders (height: 25 cm, diameter: 
10 cm) containing 10 cm of water maintained at 23 25°C and left 
there for 6 min. A mouse was judged to be immobile when it floated 
in the water, in an upright position, and made only small move- 
ments to keep its head above water. The duration of immobility 
was recorded during the last 4 min of the 6-min test. 

Statistics 

Data were evaluated by non-parametric statistical methods due to 
a non-normal distribution. Data were analysed by the KruskalI- 

Wallis H test for independent groups. Additional Newman-Keuls 
a posteriori tests were performed, when appropriate, to detect 
significant differences between groups (Keuts 1952; Armitage and 
Berry 1987). All analysis were conducted using the P.C.S.M. pro- 
gram (Deltasoft) for the IBM compatible microcomputer. 

The effects of ADS and QUtN are expressed as percentage change 
of vehicle controls. For ADS interactions with QUIN, the mean 
time of immobility of the treatment group is expressed as the per- 
centage change from the appropriate control group. 

Results 

Selection of the QUIN doses 

Preliminary studies were undertaken to select an appro- 
priate dose of QUIN. QUIN produced a significant 
reduction in locomotor activity of mice administered 
a dose of 64 mg/kg. HoweveI; in the FST, QUIN did 
not influence the immobility of mice even given a dose 
of 128 mg/kg (data not shown). These results indicated 
the QUIN had some sedative but no antidepressant 
effects at high dose. For the purposes of the present 
study, a lower range of QUIN was chosen to achieve 
a more specific effect and to prevent toxicity. In this 
range of 0.06 4 mg/kg, QUIN alone did not show any 
effect on immobility in the FST or locomotor activity 
of mice as compared to the control group (Fig. 1). 
When combined with QUIN 0.5 mg/kg, some ADS 
(AMI, TRA, MIA, IPR, MOC and PARG) produced 
a significant decrease in locomotor activity (sedative 
effects) (Table 1). More importantly, no ADS when 
combined with QUIN produced an increase in the loco- 
motor activity of mice. These preliminary studies were 
undertaken to ensure that any increases in mobility 
observed in the FST were not due to a generalized loco- 
motor effect produced by the drug combinations. Prior 
treatment with QUIN (0.125, 0.5 mg/kg), IMI and CIT 
were shown to significantly reduce the immobility time 
of mice in the FST. Therefore, the lower doses of 0.125 
and 0.5 mg/kg were subsequently selected as subac- 
tive doses for the interaction studies in the FST. The 
subactive doses of ADS were chosen based on previ- 
ous experiments in our laboratory (Bourin et al. 199t; 
Nixon et al. 1994). 

Fig. 1 Effect of increasing 
doses of quinine on immobility 
time and locomotor activity of 
mice in the forced swimming 
test (FST) and the photocell 
activity meter (PAM), n = 10. 
QUIN was injected 45 min 
before the test. Mean 
immobility times and crossed- 
beams of controls in the FST 
and the PAM were 221 s and 
128 crossed-beams, 
respectively 
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Table 1 Effects of quinine 
(0.5 mg/kg, i.p. 45 min before 
the test) combined with 
antidepressants (i.p. 30 min 
before the test) on locomotor 
activity of mice in the 
photocell activity meter 
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Quinine with Dose % change in Quinine with Dose 
ADS mg/kg locomotor activity ADS mg/kg 

(% of control) 

% change in 
locomotor activity 
(% of control) 

Imipramine 4 - 6 Bupropion 4 - 10 
8 --34 8 1 

AmitriptyIine 2 -- 7 Trazodone 0.5 --29 
4 - 5 7 * *  4 - 4 0 * *  

Desipramine 2 - 10 Mianserin 2 - 4 5 * *  
4 - 9 4 - 4 5 * *  

Maprotiline 4 - 18 Iprindole 32 - 59'* 
8 - 2 t  64 - 8 2 * *  

Vitoxazine 2 - 6 Moclobemide 8 - 4 2 * *  
4 - 13 32 --55** 

Citalopram 2 24 RO16 6491 4 - 19 
4 1 16 - 1 3  

Paroxetine 1 7 Nialamide 4 - 8 
2 16 32 12 

Fluoxetine 4 - 26 Pargyline 4 - 18 
8 - 8 32 - 2 8 * *  

Fluvoxamine 4 9 
8 18 

*P < 0.05, **P < 0.01: using the Newman-Keuls test for non parametric data 
Control and interaction groups consisted of ten mice. Mean crossed-beams of controls in the PAM 
was 130 crossed-beams 

Interactions with QUIN and ADS at subactive doses 

Various inhibitors of neuronal uptake of NA, 5-HT 
and DA were administered IP to mice pretreated with 
QUIN 0.125 and 0.5 mg/kg. The results are shown in 
Table 2. The data showed that IMI (4 mg/kg) in com- 
bination with both doses of QUIN decreased the immo- 
bility of mice. At a dose of 8 mg/kg IMI alone was 
effective in decreasing immobility. AMI at 4 mg/kg, 
combined with QUIN 0.5mg/kg,  produced a 
significant decrease (28% compared with the drug 
alone) in immobility time. The specific NA uptake 
inhibitors, DES and VIL, but not MAR significantly 
reduced immobility when combined with QUIN. DES 
showed a potent interaction with both doses of QUIN. 
VIL with QUIN 0.125 mg/kg resulted in a small reduc- 
tion (14%, P>0 .05)  of immobility time. MAP 
8mg/kg  with QUIN 0.5mg/kg induced a 21% 
decrease in immobility, however due to a large stan- 
dard deviation, the immobility time of the interaction 
compared with MAP alone was not significant. Four 
selective 5-HT uptake inhibitors were studied in com- 
bination with QUIN. All doses tested of these drugs 
were inactive when administered alone. When pre- 
treated with QUIN, mice treated with CIT, PARO, 
FLUO and FLUV all showed increased mobility; how- 
ever, FLUO was only significant with higher doses of 
QUIN. BUR a specific DA uptake inhibitor, was 
unaffected by pretreatment with QUIN. 

Three atypical ADS were also investigated in mice 
pretreated with QUIN (Table 3). Neither TRA nor 
MIA induced anti-immobility when used alone or in 
combination with QUIN, whereas IPR with QUIN ted 
to a 14% reduction in immobility (P < 0.01). The addi- 
tive effect between MAOIs and QUIN in the FST were 

also investigated (Table 4). All MAOIs alone were inac- 
tive. Coadministrated with QUIN, MOC (a reversible 
MAOI-A) as well as PARG, but not NIA (mixed 
MAOIs) showed a significant decrease in immobility. 
RO , a reversible MAOI-B, had no effect in the FST 
either alone or when combined with QUIN. 

Discussion 

ADS of various classes were evaluated with regard to 
their effects when administered with QUIN in the FST. 
IMI and AMI are inhibitors of both 5-HT and NA 
uptake, whereas DES and VIL are selective NA reup- 
take inhibitors (Richelson and Pfenning 1984). CIT, 
PARO, FLUO and FLUV are selective 5-HT uptake 
inhibitors (Milne and Goa i991; Caley and Weber 
1993; Messiha 1993; Wilde et al. 1993). MOC is a selec- 
tive MAO-A inhibitor (Haefely et al. 1993) and PARG 
is a mixed MAO inhibitor (Glover and Sandler 1986). 
All drugs described above that act on NA and/or 5- 
HT systems produced an anti-immobility effect 
(increased swimming time) in mice pretreated with 
QUIN. These anti-immobility effects were not dose 
dependent. Taken together, the present results suggest 
that NA and 5-HT systems are essentially linked in 
mediating antidepressant action on immobility in mice 
(Porsolt et al. 1977; Malinge et al. 1988; Bourin et al. 
1991). 

It has previously been demonstrated that potassium 
channel blockers prolong the presynaptic action poten- 
tial, leading to an increase in Ca 2÷ influse and enhanced 
neurotransmitter release (Katz and Mitedi 1969; Benoit 
and Mambrini 1970; Kumamoto and Kuba 1985). 
Furthermore, it has been reported that Ca2+-dependent 



176 

Table 2 Effects o f  subact ive  doses  o f  qu in ine  ( 0 . 1 2 5 m g / k g  or  
0.5 mg/kg,  IP 45 min  before the  test) c o m b i n e d  with ant idepres-  

san ts  inhibi t ing up take  (IP 30 m i n  before  the  test) on  immobi l i ty  
t ime o f  mice in the forced s w i m m i n g  test 

D r u g  D o s e  
( m g / k g )  

% change  in immobi l i ty  t ime 

Quin ine  a lone 
(% of  saline control )  

D r u g  aIone 
(% o f  saline control)  

Quin ine  + d rug  
(% of  d rug  alone)  

0.125 0.5 0.125 0.5 

NA/5HT uptake inhibitors 
Imip ramine  4 0 - 2  - 1 - 2 0 * * ( b )  - 14*(b) 

8 0 - 2  - 1 9 * * ( a )  - 9 - 9 
Amit r ip ty l ine  2 2 - 2 - 16**(a) - 11 4 

4 - 2 - 2 - 17*(a) - 14 - 28"*(b) 

Specific NA uptake inhibitors 
Des ip ramine  2 ~--4 2 - 1 l*(a) ........ 8*(b) - 2 6 " * ( b )  

4 - 4  2 12*(a) - 3 1 * * ( b )  - 2 9 " * ( b )  
Maprot i l ine  4 ........ 3 - 2  7 ....... 5 0 

8 ....... 3 - 2  - 1 3  0 - 2 1  
Viloxazine 2 ....... 1 2 7 - 13*(b) - !0 

4 -- 1 2 0 ....... 14*(b) - 3 

Specific 5-HT uptake inhibitors 
Ci ta lop ram 2 0 - 3  - 4 - 16*(b) - 13*(b) 

4 0 3 0 - 24"(b) - 17"(b) 
Paroxet ine  1 5 0 - 2 - 1 - 9 

2 5 0 - 6 - 14**(b) - 2 3 " * ( b )  
F luoxet ine  4 t - 5  - 4 - 6 - 3 

8 --1 - 5  - 4 ........ 6 - 22 ' (b )  
F l u v o x a m i n e  4 0 - 3  2 - 2 1 * ( b )  - 19*(b) 

8 0 - 3  - 1 ....... 29"(b) - 16*(b) 

Specific DA uptake inhibitor 
Buprop ion  4 - 2  3 6 -- 3 - 6 

8 - -2  3 0 - 4  - 4  

Cont ro l  and  in teract ion g roups  consis ted o f  ten mice. Asterisks indicate the  significant degree o f  values  us ing  the  N e w m a n - K e u l s  test for 
non -pa rame t r i c  data:  P < 0.05*, P < 0.01"* versus  (a) cont ro l  g roup ,  or  versus  (b) A D S  alone.  M e a n  immobi l i ty  t imes  o f  saline cont ro ls  
were: 222 s (IMI),  231 s (AMI) ,  219 s (DES),  226s (MAP) ,  219 s (VIL), 224 s (CIT),  220 s (PARO) ,  225 s ( F L U O ) ,  223 s (FLUV) ,  214 s 
(BUP)  

Table 3 Effects o f  subact ive  
doses o f  quinine  (0.125 m g / k g  
or 0.5 m g / k g ,  IP  45 rain before 
the  test) c o m b i n e d  with 
atypical  an t idepressan ts  (IP 30 
m i n  before the  test) on  
immobi l i ty  t ime o f  mice in the  
forced s w i m m i n g  test 

% change  in immobi l i ty  t ime 

Quin ine  a lone D r u g  a lone Quin ine  + d rug  
D r u g  Dose  (% of  saline controt )  (% o f  saline control )  (% o f  d rug  alone) 

(mg /kg)  
0.125 0.5 0.125 0.5 

A typical antidepressants 
T r a z o d o n e  0.5 - 4  3 1 - 14 - 9 

4 - 4  3 - - 2  - 9  - 5  
Mianse r in  2 1 0 - 5 -- 3 - 1 3  

4 1 0 - 3  - - 8  - 7  
Ipr indole  32 1 0 - 3 - 15*(b) - 14**(b) 

64 1 0 - 13*(a) - 14**(b) - l l*(b) 

Con t ro l  a n d  interact ion g roups  cons is ted  o f  ten  mice. Asterisks indicate the  significant degree o f  val- 
ues us ing  the  N e w m a n - K e u l s  test  for non -pa rame t r i c  data:  P < 0.05*, P < 0.01"* versus  (a) cont ro l  
group,  or  versus  (b) A D S  alone. M e a n  immobi l i ty  t imes o f  saline cont ro ls  were: 214 s (TRA) ,  228 s 
(MIA),  228 s ( IPR) 

5-HT synthesis and release were potentiated through 
stimulating the 5-HT presynaptic autoreceptors by 
decreasing potassium conductance (Hamon et al. 1979; 
Gohert 1980; Sawada and Nagatsu 1986). Similarly, 
prejunctional alpha2-adrenoceptor mediated NA release 

was enhanced by decreasing the permeability of potas- 
sium ions (Morita and North 198t; Zimanyi et al. 
1988). In our study, QUIN, a Ca2+-dependent potas- 
sium channel blocker, when administered concomi- 
tantly with ADS acting on NA and 5-HT systems, 



Table 4 Effects of  subactive 
doses of quinine (0.125 mg/kg  
or 0.5 mg/kg,  IP 45 rain befbre 
the test) combined with 
monoamine oxidase inhibitors 
(MAOI) (IP 30 rain before the 
test) on immobility time of 
mice in the forced swimming 
test 
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Drug Dose 
(mg/kg) 

% change in immobility time 

Quinine alone 
(% of saline control) 

Drug alone 
(% of saline control) 

Quinine + drug 
(% of drug alone) 

0.125 0.5 0.125 0.5 

MAOI-A 
Moclobemide 

MAOI-B 
RO 16 6491 

MIXED 
Nialamide 

Pargyline 

8 0 - 2  4 16**(b) --17**(b) 
32 0 --2 - 1 -- 10 -- 12 

4 2 ...... 1 0 0 0 
16 2 - 1  0 - 4 - 1 1  

4 2 - 1  - 8  5 10 
32 2 --1 4 3 -~ 6 
4 - 2  0 - 1 4 -23"* (b )  

32 2 0 - 4  - 7 - 14*(b) 

Control and interaction groups consisted of ten mice. Asterisks indicate the significant degree of val- 
ues using the Newman-Keuls test for non-parametric data: P < 0.05", P < 0.0I** versus (a) control 
group, or versus (b) ADS alone. Mean immobility times of saline controls were: 231 s (MOC), 224 s 
(RO), 224 s (NIA), 228 s (PARG) 

produced anti-immobility in this behavioral paradigm. 
These results indicate that enhancing NA and 5-HT 
transmitter release via potassium channel blockade 
may be involved in the increased anti-immobility effects 
of ADS. 

Prior evidence exists to suggest that tricyclic anti- 
depressants could inhibit Ca 2+- dependent potassium 
channels in neurones (Ogata et al. 1989; Wooltorton 
and Mathie 1993) and that they exhibit additivity with 
tetraethyl ammonium and QUIN (Kamatchi and Ticku 
1991). In the present investigation, tow doses of tri- 
cyciic antidepressants (IMI, AMI, DES), which have 
no effect on their own, were found to produce strong 
anti-immobility effects when combined with a pre- 
treatment of low doses of QUIN. This result suggests 
that a synergism of potassium channel blockade exists, 
with concomitant treatment with tricyclic ADS and 
QUIN resulting in more transmitter synthesis and 
release, and inducing an anti-immobility effect. 

MAR a specific NA uptake inhibitor (Richelson and 
Pfenning 1984), produced 21% reduction of immobil- 
ity, yet failed to reach significance. One possible expla- 
nation for this result is that its tetracyclic structure was 
sterically prohibited from affecting potassium chan- 
nels. Recent studies have shown that VIL, another 
specific NA uptake inhibitor, also inhibits both 
monoamine oxidase A and B isozymes, resulting in 
increased catecholamine and serotonin levels in vivo 
and in vitro (Martinez et al. 1986). VIL, the MAO A 
inhibitor MOC and the non-specific MAO inhibitor 
PARG, all at sub-active doses, produced anti-immo- 
bility effects when mice were pretreated with QUIN. 
Subactive doses of 5-HT uptake inhibitors showed sim- 
ilar effects. These results are consistent with previous 
reports showing that the 5-HT releaser fenfluramine 
reduced immobility in rats (Porsolt et al. 1979). Thus, 
the additive effects of QUIN with subactive doses ADS 

may be explained by elevation of brain NA and 5-HT 
concentrations due to potentiation of neuronal activa- 
tion by potassium channel blockade. 

The most potent pharmacologic action of the atyp- 
ical ADS, MIA and TRA is their blockade of the 
5-HT2A/2C receptor (Sanders-Bush and Conn 1989; 
Marek et al. 1992). It has been reported that 5-HT 
uptake inhibitors and 5-HT1A receptor agonists reduce 
immobility in FST, but that other 5-HT subreceptor 
agonists and 5-HT receptor antagonists did not (Lucki 
et al. 1994). Our results concur with this finding, in 
that no dose combination of QUIN with MIA or TRA 
reduced immobility. In contrast, the atypical ADS 
IPR, which possesses a tricyclic structure, differed 
from other atypical ADS a n d  produced an anti- 
immobility effect with QUIN. The ability of QUIN to 
potentiate the activity of IPR provides support for 
the theory that blocking potassium channels and 
increasing synaptic transmitter concentration may be 
a mechanism of action for QUIN's effect on ADS in 
the FST. 

BUP works primarily through dopamine related 
mechanisms by inhibiting DA uptake (Ferris et al. 
1983; Richelson and Pfenning 1984). Our finding that 
QUIN did not influence the anti-immobility time pro- 
duced by BUP suggests that the DA system is not 
directly involved in potentiation of ADS at subactive 
doses by pretreatment with QUIN. 

In summary, this experiment was designed to inves- 
tigate the effects of pretreatment with QUIN on ADS 
in the FST and compare the results to those found with 
pretreatment with lithium (Nixon et al. 1994). It was 
previously reported, that pretreatment with lithium 
enhanced the anti-immobility effects of ADS which act 
on the 5-HT system in mice. Previous studies have 
shown that chronic or acute treatment with lithium 
increases 5-HT synthesis and release (Berggren 1986; 
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Friedman and Wang 1988; Sharp et al. 1991), poten- 
tiates hyperactivity produced by MAOI plus L-trypto- 
phan (Grahame-Smith and Green 1974) and decreases 
5-HT mediated head-twitches and 5-HTla induced 
hypothermia in mice (Wang and Grahame-Smith 
1992). These data indicate that lithium's effect seems 
to be an enhancement of 5-HT function. Recently, the 
major effector mechanism of lithium was demonstrated 
to be inhibition of cAMP formation and inositol-1- 
phosphatase activity; however, these effects of lithium 
were not confirmed to be 5-HT specific (Price et al. 
1990). Our data showed that pretreatment with QUIN 
resulted in an enhancement of not only serotonergic 
ADS, but also those acting specifically on NA systems, 
atypical and MAOI ADS. The common factor seems 
to be increasing synaptic availability of neurotrans- 
mitter, likely as a result of QUIN blockade of Ca 2÷- 
dependent potassium channels. This blockade induces 
prolonged neuronal activity, leading to increased presy- 
naptic release and thus, synaptic availability of neuro- 
transmitter. Another possible contributor to QUIN's 
effects, results from metabolism. Specifically, QUIN is 
a known inhibitor of the liver enzyme cytochrome P450 
I I D  6 (Kobayashi et al. 1989). It is this enzyme that 
is responsible for the deactivation, through hydroxyla- 
tion, of many antidepressant compounds. Further stud- 
ies are required and underway to assess the relative 
contributions of both potassium channel blockade, and 
metabolic inhibitor as mechanism of action in QUIN's 
potentiating effects of ADS. 
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