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Abstracf: Pinoline (6-methoxy-l,2,3,4-tetrahydro-~-carboline) is a naturally occurring compound in the mammalian body 
which inhibits 5-hydroxytryptamine (5-HT) uptake and exerts antidepressant-like behavioural effects in rats. The present 
study investigates the effects of pinoline on [3H]citalopram binding to the 5-HT transporter on rat brain. Our experiments 
revealed that pinoline inhibits [3H]citalopram binding with ICs0 12555167 nM and Ki 572576 nM; Hill coefficient for 
inhibition was close to I.  In saturation experiments, pinoline co-incubated with [3H]citalopram, increased dose-depend- 
ently the Kd value but had no effect on the B,,, value of [3H]citalopram binding. Micromolar concentrations of pinoline 
did not have influence on the dissociation rate of specifically bound [3H]citalopram. Binding parameters of [3H]citalopram 
did not differ significantly in cerebral cortex and hippocampus of rats treated for 10 days with pinoline or vehicle. These 
results indicate that pinoline did not have any modulative influence on the activity of 5-HT transporter and it interacts 
competitively with citalopram on the substrate recognition site of the 5-HT transporter. 

0-Carbolines have been in the focus of interest since the 
Mclsaac’s discovery that these compounds may form in the 
mammalian body under physiological conditions (McIsaac 
196 1). Among endogenously found j3-carbolines probably 
most attention has been given to the pinoline (6-methoxy- 
1,2,3,4-tetrahydro-P-carboline, 6-MeO-THBC, 5-methoxy- 
tryptoline). This compound has been found in pineal and 
adrenal glands, in retina and in brain in concentrations 
ranging from 2 ng/g or below that (Barker et al. 1981; Lang- 
er et al. 1986), 0.1-1 pg/g (Leino et al. 1983; Kari et al. 
1983) up to concentration 21 pg/g (Langer et al. 1984b). 
In rat and human blood the concentration of endogenous 
pinoline has been found below the detection limit, although 
pinoline has been found in trace amounts in human plate- 
lets (Schouten & Bruinvels 1985). 

Pinoline inhibits 5-hydroxytryptamine (serotonin, 5-HT) 
uptake and displaces efficiently tritiated imipramine from its 
binding sites in brain (Komulainen et al. 1980) and platelets 
(Segonzac et al. 1985). Initially pinoline was proposed to 
modulate the activity of serotonin transporter by acting as an 
endogenous ligand of the [3H]imipramine recognition site 
(Langer et al. 1984a & b; Segonzac et al. 1985). Now it is 
widely recognised that both imipramine and 5-HT bind to the 
same site in serotonin transporter (Marcusson &Ross 1990). 
Therefore, the endogenous ligand for imipramine binding 
site is considered to be serotonin and investigations for ad- 
ditional endogenous ligands are subsided. However, it is sup- 
posed that the serotonin transporter may have an additional 
regulatory binding site. It has been shown that 5-HT and 
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some antidepressants at high concentrations may slow the 
dissociation of high-affinity bound 5-HT transporter ligands 
(Plenge & Mellerup 1985). The effect of pinoline on the dis- 
sociation of specifically bound 5-HT transporter ligands in 
brain tissue has not been studied before. 

Recently we demonstrated that after acute administra- 
tion, pinoline has a clear and dose-dependent antidepress- 
ant-like effect in rats forced swimming test. Moreover, the 
effects of pinoline in the elevated plus-maze test resembled 
those of serotoninergic drugs (F‘ahkla et al. 1996). The aim 
of the present study was to elucidate possible neurochemical 
mechanisms of the behavioural effects of pinoline. The ex- 
periments were designed to study the interaction of pinoline 
with serotonin transporter by using competition with 
[3H]citalopram which is the most selective ligand for 5-HT 
transporter available at present. To reveal possible interac- 
tion with proposed allosteric binding site in serotonin trans- 
porter the influence of pinoline on the dissociation kinetics 
of [3H]citalopram brain membrane complexes was investi- 
gated and compared with that of antidepressants. To assess 
the possible influence of chronic pinoline treatment on the 
affinity and number of binding sites of serotonin trans- 
porter the [3H]citalopram binding parameters were deter- 
mined in the cerebral cortex and hippocampus of rats 
treated for 10 days with pinoline. 

Materials and Methods 
Materials. Male Wistar rats (“Grindex” breeding laboratory, Riga, 
Latvia) weighing 230-350 g were used for all experiments. [3H] Cita- 
lopram (80.C81.4 Ci/mmol) was obtained from NEN (Boston, 
MA, U.S.A.). The following drugs were obtained from their phar- 
maceutical company of origin or regular commercial sources: citalo- 
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pram hydrobromide (H. Lundbeck AS, Copenhagen, Denmark), 
fluoxetine hydrochloride (Eli Lilly and Co, Indianapolis, IN, 
U.S.A.), harman (I-methyl-P-carboline) (Fluka AG, Buchs, Switzer- 
land), DMCM (methyl-6,7-dimethoxy-4-ethyl-P-carboline-3-car- 
boxylate) (Schering AG, Berlin, Germany), imipramine hydro- 
chloride, desipramine hydrochloride, 5-HT creatinin sulfate, trypta- 
mine, melatonin, pinoline, noreleagnine (1, 2, 3, 4-tetrahydro-P- 
carboline), harmalol (7-hydroxy-l-methyl-dihydro-~-carboline) hy- 
drochloride (all from Sigma, St. Louis, MO, U.S.A.). All other re- 
agents were standard laboratory reagents of analytical grade. 

Brain membrane preparation. Rats were decapitated, the brains re- 
moved, whole cerebral cortex from all rats and hippocampi from 
chronically treated animals were dissected on an ice-cooled glass 
plate and stored at -70" until use. Crude synaptic membranes were 
prepared according to Plenge et al. (1990) with slight modifications 
(instead of fresh tissues, frozen tissues were used and the pH of 
buffers was 7.4 instead of 7.5). In brief, tissues were homogenised 
for 10 sec. with Kinematica Polytron homogeniser (80% maximal 
speed) in 1:30 w/v of ice-cold buffer (50 mM Tris-HCI, 150 mM 
NaCI, 20 mM EDTA; pH 7.4) and centrifuged at  30.000 Xg for 15 
min. at 4". Membranes were lysed for 30 min. at 0" and rehomogen- 
ised for 5 sec. in 10 ml of buffer (5 mM Tris-HCI, 5 mM EDTA; 
pH 7.4). Membranes were collected by centrifugation for 15 min. 
at 30.000 Xg. The resulting pellet was washed three times with 12 
ml of incubation buffer (50 mM Tris-HCI, 120 mM NaCI, 5 mM 
KCI; pH 7.4) by centrifugation at 30.000 Xg for 15 min. at  4". The 
final pellet was suspended to a concentration of 0.5-O.6 mg protein/ 
ml in the binding assay for saturation and competition experiments 
and 1 mg proteidml for dissociation experiments. Protein con- 
centration in the assay was measured according to Lowry et al. 
(1951). 

Inhibition of [-'H]citalopram binding by various drugs. Rat brain 
membranes were incubated with 1.4 nM [3H] citalopram in the pres- 
ence of 8-12 concentrations of unlabelled drug for 60 min. at 22" 
in a final volume of 250 pl. Triplicate determinations were used in 
each experiment. Incubations were terminated by the addition of 3 
ml of ice-cold buffer and membranes were collected by filtration 
under vacuum onto Whatman GF-B glass fibre filters. Filters were 
washed with two consecutive 3 ml aliquots of ice-cold buffer, trans- 
ferred into scintillation vials containing 4 ml of scintillation fluid 
(Hi-Safe, Wallac) and stored at room temperature for 24 hr. Radio- 
activity trapped by the filters was determined by liquid scintillation 
spectrometry. Ki values were calculated using the equation K,= 
IC5d(l+C:Kd), where ICS0 is the concentration at which the com- 
pound displaces 50% of the specifically bound labelled ligand, C 
is the concentration of labelled ligand and Kd is the equilibrium 
dissociation constant (Cheng & Prusoff 1973). IC5,, values were de- 
termined by non-linear variable slope analysis with multipurpose 
data analysing program Prism 2.0 (GraphPad Software Inc., San 
Diego, CA, U.S.A.). Hill coefficients were determined from Hill 
plots of saturation experiments with curve-fitting computer pro- 
gram Enzfitter (Leatherbarrow, 1987). 

Equilibrium saturation studies. B,,, and Kd for [3H]citalopram 
binding were determined by 60 min. incubations at 22". The reac- 
tion mixture contained 175 pl tissue suspension, [3H]citalopram 
at one of seven concentrations between 0.12 and 21.0 nM and 
a displacer for determining non-specific binding or a P-carboline 
derivative in a total volume of 250 PI. The specific binding was 
defined as the difference between the total binding and that re- 
maining in the presence of 10 pM fluoxetine. In the Scatchard 
analysis pinoline and noreleagnine were used at concentrations 
close to their IC30 and ICb0 values (0.4 pM and 1.5 pM for pino- 
line and 4pM and 15 pM for noreleagnine respectively). Satu- 
ration curves of radioligand binding were analysed using the non- 
linear least squares regression with curve fitting program Enzfitter 
(Leatherbarrow 1987). 

Dissociation rate determinations. Rat brain membranes were incu- 
bated with 5 nM [3H]citalopram at 22" for 60 min. The dissociation 
was initiated by diluting 200 p1 aliquots of membrane suspension 
into 10 ml buffer (50xdilution) at 22" containing the various drugs. 
The samples were filtrated through Whatman GF-B glass-fibre fil- 
ters immediately after the dilution and at different dissociation 
times up to 240 min. after the 50X dilution step. Filters were washed 
thereafter with 2 x 5  ml ice cold buffer. To determine the non-speci- 
fic binding, tubes from each dissociation rate determination were 
heated to 37" for 3 hr, ensuring that all specifically bound ligand 
had dissociated from the binding site. The samples were then re- 
turned to 22" for 1 hr before filtration. The radioactivity was 
counted as described above. As the [3H]citalopram receptor-ligand 
complex dissociates according to first-order kinetics (Bennet & Ya- 
mamura 1985), the half-life (ti,*) in minutes of complexes was deter- 
mined from the first order equation B=Boe-kt, from which t,,*=ln 
2/kLl. The dissociation rate constant (k-,) was obtained by non- 
linear regression using the one phase exponential decay equation 
with data analysing program Prism 2.0. 

Subchronic treatment of ruts. Rats were injected daily at 10-12 a.m. 
intraperitoneally with 10 mgkg of pinoline for 10 days. Pinoline 
was suspended in aqueus suspension of Tween 85 (3% vol.). To con- 
trol group a Tween 85 solution of the same concentration as a ve- 
hicle was administered. Rats were killed 24 or 48 hr after the last 
injection. The significance of difference between binding results 
after sub-chronic treatments was calculated with Student's t-test. 

Results 

Our experiments revealed that [3H] citalopram binds in rat 
cortical membranes to the single population of binding sites 
with a Kd of 1 S620.21 nM and a B,,, of 420240 fmol/mg 
protein. About 85% of the total binding was displaceable. 
All antidepressants studied inhibited the specific [3H] citalo- 
pram binding in a monophasic pattern with Hill coefficients 

Table 1 
Inhibition of [3H]citalopram binding to rat cortical membranes by 
some antidepressants, tryptamines and I3-carbolines. 

Drug n Ki (nM) nH 

Citalopram 
Fluoxetine 
Imipramine 
Desipramine 

Tryptamine 
Melatonin 
Pin o 1 in e 
Noreleagnine 
Harmalol 
Harman 
DMCM 

5-HT 

4 
3 
3 
3 
3 
2 
2 
4 
3 
2 
2 
2 

0.7520.16 
25.9t3.2 
65.256.2 
347527 
301239 

3600 t 420 
300 000280 000 

572576 
70322984 

14 80023 800 
19 600 t4  400 

>ImM 

1.04t0.08 
1.1620.15 
1.07t0.10 
1.36t0.26 
1.1320.09 
0.8720.1 1 

0.9650.04 
1.0420.06 
0.78+0.14 
0.7650. I5  

- 

- 

The inhibition of [3H]citalopram binding was determined at 1.3-1.5 
nM [3H]citalopram for the various compounds listed. Eight to 
twelve concentrations of displacer were used for each determi- 
nation. The concentration of displacer that inhibited specific bind- 
ing by 50% (ICso value) was determined from the data using com- 
puter-assisted curve fitting with GraphPad Prism 2.0 program. K, 
values for each displacer were subsequently calculated from ICso 
value. Hill coefficients (nH) were determined from Hill plots of 
saturation experiments. The values shown in the table represent 
meanL5.E.M. of 2 4  determinations done in triplacte; n is the 
number of experiments with each compound. 
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Fig. 1. Influence of pinoline (A) and noreleagnine (B) on Scatchard plots of [3H]citalopram binding. Crude membrane homogenates were 
incubated with [3H]citalopram (0.12-20.6 nM) in triplicate for 60 min. at 22" in the presence of 0.4 pM or 1.5 pM pinoline; 4 pM or 15 pM 
noreleagnine; or in the absence of other drugs (control). The data from typical experiments shown are: in the absence of added drug Kd 
2.3450.40 nM, B,,, 515-1-24 fmoYmg protein; in the presence of 0.4 pM pinoline & 4.8850.21 nM, B,,, 51028 fmoVmg protein; in the 
presence of 1.5 pM pinoline & 9.7820.69 nM, B,,, 586219 fmoYmg protein; in the presence of 4 pM noreleagnine Kd 5.62-1-0.75 nM, 
B,,, 505227 fmol/mg protein; in the presence of 15 pM noreleagnine & 14.7921.03 nM, B,, 618225 fmol/mg protein. Three different 
experiments were performed with each compound with similar results. 

near unity (table 1). The most potent inhibitor was unla- 
belled citalopram with ICso 1.53?0.31 nM and K, 
0.75?0.16 nM, the least potent was desipramine with IC50 
747258 nM and K, 347227 nM. 

Like antidepressants, 5-HT also seems to inhibit [3H]cita- 
lopram binding competitively. The K, value 0.3 mM for me- 
latonin is only approximate because melatonin did not in- 
hibit specific [3H]citalopram binding completely up to the 
concentration of 1 mM (the highest concentration of dis- 
placing agent used in our experiments). 

All P-carbolines studied were weaker inhibitors of [3H]~it- 
alopram binding than 5-HT or antidepressants. The inhi- 
bition appeared to be monophasic and gave Hill coefficients 
close to 1. The most potent P-carboline compound was pi- 
noline with ICsO 1255?167 nM and K, 572t76 nM. Benzo- 
diazepine receptor inverse agonist DMCM showed very 
little activity to displace [3H] citalopram from its binding 
site and gave IC50 values greater than 1mM. 

In saturation experiments a Scatchard plot carried out in 
the presence of pinoline or noreleagnine was linear but not 
parallel with that performed in the absence of added drug 
(fig. 1). Co-incubation with 0.4 pM or 1.5 pM of pinoline 
and 4 pM or 15 pM of noreleagnine did not change the 
B,,, value. However, the affinity of [3H]citalopram binding 
was significantly and dose-dependently decreased in the 
presence of both compounds. 

Fig. 2 shows the effect of a 50X dilution with the buffer 
alone or with buffer containing different drugs at micromo- 
lar concentrations. The dissociation of [3H]citalopram brain 
membrane binding site complex induced by dilution fol- 
lowed a monoexponential curve with half-life of 55.4 min. 
Fluoxetine increased the dissociation rate of receptor-ligand 
complex to half-life of 38.3 min. citalopram and imipramine 

decreased the dissociation rate (tliz 353.6 min. for 200 pM 
citalopram and 64.6 min. for 200 pM imipramine). Pinoline 
did not have significant influence on the dissociation rate of 
receptor-ligand complex and both concentrations tested 
had t1,2 values close to those with dilution with the buffer 
alone (tl,Z 52.9 min. for 100 pM pinoline and 60.3 min. for 
200 pM pinoline, respectively). 

The Kd and B,, values of [3H]citalopram binding in cer- 
ebral cortex and hippocampus of rats treated sub- 
chronically with pinoline or vehicle are presented in table 2. 
Student's t-test revealed no significant difference in these 
values between treatment groups in either brain structure. 
Difference between treatment with pinoline or vehicle was 
not significant in either time intervals after last injection 
studied (24 and 48 hr, respectively). 

Discussion 

[3H]imipramine has been used extensively in binding assays 
to label the serotonin uptake transporter site and to investi- 
gate interactions of P-carbolines with this transporter 
(Langer et al. 1984a & b; Segonzac et al. 1985; Airaksinen & 
Kari 1991). However, most of former studies did not take 
into consideration the heterogeneity of imipramine binding. 
Only about 5Ooh of desipramine defined specific t3H]imipra- 
mine binding involves serotonin uptake sites (D'Amato et 
al. 1987). [3H]Citalopram, in contrast, labels selectively 
serotonin uptake sites (Hyttel 1982). Therefore, we used 
[3H]citalopram to characterise the interactions of P-carbol- 
ines with serotonin transporter. 

The results of present experiments confirmed the findings 
of earlier studies with [3H]imipramine that pinoline and no- 
releagnine competitively inhibit the high affinity binding of 
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Fig. 2. [3H]Citalopram dissociation from rat brain membranes at 22". Crude membrane homogenates (200 pl) were incubated with 5 nM 
[3H]citalopram in triplicate and diluted SOX into 10 ml buffer alone or into buffer containing 200 pM fluoxetine, 100 pM pinoline, 200 pM 
pinoline, 200 pM imipramine or 200 pM citalopram. Ordinate: d.p.m. in sample in logarithmic scale. Abscissa: time in min. after start of 
the experiment by a 50X dilution. Experiment was repeated twice with similar results. 

serotonin transporter ligands. From P-carboline com- 
pounds studied pinoline was the most potent compound to 
inhibit [3H]citalopram binding. Hill coefficients for pinoline 
and noreleagnine were not significantly different from unity 
as it is shown for antidepressants having 5-HT uptake in- 
hibiting properties. Unsaturated P-carbolines harmalol and 
harman which had very low affinity on the [3H]citalopram 
binding site showed shallow competition curves and Hill 
coefficients below 1. This may show noncompetitive inhi- 

Table 2. 
Comparison of [3H]citalopram binding parameters in the cerebral 
cortex and hippocampus of rats treated 10 days with vehicle or 
pinoline. 

Time after 

(hr) Treatment n (nM) (fmolimg protein) 
last injection Kd2 S.E.M. Bmsx? S.E.M. 

Cerebral cortex 
24 Control 

Pin o 1 in e 

48 Control 
Pinoline 

Hippocampus 
24 Control 

Pinoline 

48 Control 
Pinoline 

5 
4 

5 
4 - 

1.52t0.07 
1.4320.25 

1.3720.10 
1.5020.15 

489220 
507233 

591521 
571 t 2 0  

1.5720.12 
1.61tO.10 

1.4020.08 
1.45+0. I4 

488218 
511219 

4565 19 
454531 

Rats were treated intraperitoneally with pinoline 10 mg/kg in aque- 
ous suspension of Tween 85 or with Tween 85 solution of the same 
concentration (control) for 10 days. Crude membrane homogenates 
were incubated for 60 min. at 22" with increasing concentrations of 
[3H]citalopram (0.15-18.00 nM) in duplicate; n is the number of 
rats in each group. 

bition and most probably, the low Hill coefficient is a result 
of non-specific interactions of receptor protein with dis- 
placer at very high concentrations. 

A further confirmation of a competitive interaction was 
obtained from saturation studies. Both pinoline and norele- 
agnine decreased the affinity but had no influence on the 
number of binding sites for [3H]citalopram as it is charac- 
teristic to the competition for the same binding site. 

The dissociation experiments revealed that pinoline did 
not have any influence on the dissociation rate of high-af- 
finity bound [3H]citalopram. In former studies it has been 
shown that citalopram has the greatest slowing effect on the 
dissociation rate of labelled serotonin transporter ligand 
and receptor complexes; dissociation is considerably slowed 
also in the presence of serotonin (Plenge & Mellerup 1985, 
Wennogle & Meyerson 1985; Plenge et al. 1990). The reason 
of this effect is not known but it is suggested that serotonin 
transporter may have an allosteric binding site, the acti- 
vation of which locks the transporter in a configuration in 
which dissociation of drugs bound to the binding site is 
inhibited (Plenge et al. 1990). It is suggested that there may 
exist an endogenous modulator which regulates the sero- 
tonin uptake activity and diurnal variation in the 5-HT up- 
take (Wennogle & Meyerson 1985; Rovescally et al. 1989). 
Although it has been reported that endogenous levels of 
pinoline in chicken fluctuate in a similar way to those of 
melatonin (Kari et al. 1983) our study revealed that pinoline 
does not have any influence to the site modulating the dis- 
sociation of bound [3H]citalopram. The tissue concen- 
tration of pinoline was not determined in the present study. 
However, the possible influence of endogenous pinoline to 
the results of experiments was minimised by hypoosmotic 
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lysis and extensive washing of tissues during the membrane 
preparation procedure. 

The absence of any influence to the affinity and number 
of binding sites for [3H]citalopram was further supported 
by determination of [3H]citalopram binding characteristics 
after subchronic treatment of rats with pinoline. This effect 
was similar to that observed mostly after chronic treatment 
of rats with tricyclic antidepressants or 5-HT uptake inhibi- 
tors (for review see Marcusson & Ross 1990). 

In conclusion, our study revealed that pinoline did not 
have any modulative influence on the activity of serotonin 
transporter and it interacts competitively with 5-HT uptake 
inhibitors to the substrate recognition site of the trans- 
porter. In addition, pinoline is reported to inhibit mono- 
amine oxidase A activity (Glover et al. 1982; Fernandez de 
Arriba et al. 1994), but this effect appears in much higher 
drug concentrations. Although the inhibition of mono- 
amine oxidase A may take part in some effects of pinoline, 
the antidepressant-like and serotoninergic effects in behavi- 
oural experiments on rats (Pahkla et al. 1996) are probably 
mainly the result of serotonin reuptake inhibition. Con- 
sidering the comparatively low endogenous levels of pino- 
line and competitive interaction with serotonin, our study 
does not support the role of pinoline as endogenous modu- 
lator of the activity of serotonin transporter in the rat brain. 

References 
Airaksinen, M. M. & E. Kari: Pinoline, the natural ligand of sero- 

tonin transporter in retina and pineal gland. Adv. Biosci. 1991, 

Barker, S. A., R. E. Harrison, J. A. Monti, G. B. Brown & S. T. 
Christian: Identification and quantification of 1,2,3,4-tetrahydro- 
P-carboline, 2-methyl-l,2,3,4-tetrahydro-P-carboline and 6-me- 
thoxy-1,2,3,4-tetrahydro-P-carboline as in vivo constituents of rat 
brain and adrenal gland. Biochem. Pharmacol. 1981,30,9-17. 

Bennet, J. I? & H. I. Yamamura: Neurotransmitter, hormone, or 
drug receptor binding methods. In: Neurotransmitter receptor 
binding. Eds.: H. I. Yamamura, S. J. Enna and M. J. Kuhar. 
Raven Press, New York 1985, 61-95. 

Cheng, Y. & W. H. Prusoff: Relationship between the inhibition 
constant (Ki) and the concentration of inhibitor which causes 50 
per cent inhibition (IC50) on an enzymatic reaction. Biochem. 
Pharmacol. 1973,27, 3099-3108. 

D’Amato, R. J., B. L. Largent, A. M. Snowman & S. H. Snyder: 
Selective labeling of serotonin uptake sites in rat brain by [3H]cit- 
alopram contrasted to labeling of multiple sites by [3H]imiprami- 
ne. J. Pharmacol. Exp. Therap. 1987, 242, 364-371. 

Fernandez de Arriba, A., J. M. Lizcano, M. D. Balsa & M. Unzeta: 
Inhibition of monoamine oxydase from bovine retina by p-car- 
bolines. J. Pharm. Pharmacol. 1994, 46, 809-813. 

Glover, V., J. Liebowitz, I. Armando & M. Sandler:. P-carbolines 
as selective monoamine oxidase inhibitors: in vivo implications. 
J. Neural Transmission 1982, 54, 209-218. 

Hyttel, J.: Citalopram, pharmacological profile of a specific sero- 

82,239-240. 

toniniuptake inhibitor with antidepressant activity. Prog. Neuro- 
psychopharmacol. Biol. Psychiatry 1982, 6, 277-295. 

Kari, I. ,  M. M. Airaksinen, J. Gynther & A. Huhtikangas: Mass 
spectrometric identification of 6-methoxy-1,2,3,4-tetrahydro-P- 
carboline in pineal gland. In: Recent developments in biochemis- 
try, medicine and environmental research 8. Ed.: A. Frigerio. El- 
sevier Scientific Publishing Company, Amsterdam 1983, 19-24 

Komulainen, H., J. Toumisto, M. M. Airaksinen, I. Kari, €? Peura & 
L. Pollari: Tetrahydro-P-carbolines and corresponding tryptam- 
ines: In vitro inhibition of serotonin, dopamine and noradren- 
aline uptake in rat brain synaptosomes. Acta pharmacol. et 
toxicol. 1980, 46, 299-307. 

Langer, S. Z., R. Raisman, L. Tahraoui, B. Scatton, R. Niddam, 
C. R. Lee & Y. Claustre: Substituted tetrahydro-P-carbolines are 
possible candidates as endogenous ligand of the [3H]imipramine 
recognition site. Eur. J. Pharmacol. 1984a, 98, 153-154. 

.anger, S. Z., C. R. Lee, A. Segonzac, T. Tateishi, H. Esnaud, H., 
Schoemaker & B. Winblad: Possible endocrine role of the pineal 
gland for 6-methoxytetrahydro-P-carboline, a putative endo- 
genous neuromodulator of the [3H]imipramine recognition site. 
Eur. J. Pharmacol. 1984b, 102, 379-380. 

.anger, S. Z., A. M. Galzin, C. R. Lee & H. Schoemaker: Antide- 
pressant-binding sites in brain and platelets. Ciba Found. Symp. 

Leatherbarrow, R. J.: Enzftter. a non-linear regression data analysis 
program for the ZBM PC. Elsevier Science Publishers, Amster- 
dam 1987. 

Leino, M., I. Kari, M. M. Airaksinen & J. Gynther: 6-Methoxy- 
tetrahydro-P-carboline in the retina of rabbits and pigs. Exp. Eye 
Res. 1983, 36, 135-138. 

Lowry, 0. H., N. J. Rosenbrough, A. L. Farr & R. J. Randall: 
Protein measurement with Fohn phenol reagent. J. Biol. Chem. 
1951, 193, 265-275. 

Marcusson, J. 0. & S. B. Ross: Binding of some antidepressants 
to the 5-hydroxytryptamine transporter in brain and platelets. 
Psychopharmacology 1990, 102, 144-155. 

McIsaac, W. M.: Formation of l-methyl-6-methoxy-l,2,3,4-tetrahy- 
dro-Zcarboline under physiological conditions. Biochem. Bi- 
ophys. Acta 1961,52, 607. 

Pahkla, R., J. Harro & L. Riigo: Behavioural effects of pinoline in 
the rat forced swimming, open field and elevated plus-maze tests. 
Pharmacol. Res. 1996, in press. 

Plenge, I? & E. T. Mellerup: Antidepressive drugs can change the 
affinity of [3H]imipramine and [3H]paroxetine binding to platelet 
and neuronal membranes. Eur. J. Pharmacol. 1985, 119, 1-8. 

Plenge, I?, E. T. Mellerup & M. Nielsen: Inhibitory and regulatory 
binding sites on the rat brain serotonin transporter: molecular 
weight of the [3H]paroxetine and [3H]citalopram binding pro- 
teins. Eur. J. Pharmacol. [Mol. Pharmacol. See.] 1990,189, 129- 
134. 

Rovescally, A. S., N. Brunello, M. Riva, R. Galimberti & G. Racag- 
ni: Effect of different photoperiod exposure on [3H]imipramine 
binding and serotonin uptake in the rat brain. J. Neurochem. 

Schouten, M. J. & J. Bruinvels: High-performance liquid chromato- 
graphy of tetrahydro-P-carbolines extracted from plasma and 
platelets. Anal. Biochem. 1985, 147, 401409. 

Segonzac, A., H. Schoemaker, T. Tateishi & S. Z. Langer: 5-methox- 
ytryptoline, a competitive endocoid acting at [3H]imipramine rec- 
ognition site in human platelets. J. Neurochem. 1985, 45, 249- 
256. 

Wennogle, I? L. & L. R. Meyerson: Serotonin uptake inhibitors dif- 
ferentially modulate high affinity imipramine dissociation in hu- 
man platelet membranes. Life Sci. 1985, 36, 1541-1550. 

1986, 123, 3-29. 

1989,52, 507-514. 




