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Abstract:

Antidepressant drugs after chronic administration induce adaptive changes in the NMDA receptor complex. Radioligand-receptor

binding studies using [�H]5,7-dichlorokynurenic acid demonstrated a “down-regulation” of the glycine site/NMDA receptor

following chronic treatment with antidepressants and electroconvulsive shock. However, binding procedure using this radioligand is

time consuming because it requires the use of centrifugation method in the separation process. The introduction of a new radioligand

of glycine/NMDA receptor, [�H]L-689,560 enables the application of a rapid filtration method. In the present study we demonstrate

that 2-week treatment with imipramine (15 mg/kg ip) did not evoke alterations in specific [�H]L-689,560 binding and in IC�� value of

glycine in displacing [�H]L-689,560 binding in the mouse or rat cortex. However, longer, a 4-week treatment with imipramine

induced a significant 71% increase in IC�� value of glycine in displacing [�H]L-689,560 binding in the mouse cortex. Moreover, the

presence of zinc in the incubation media, dose-dependently enhances detection of imipramine-induced increase in IC�� value of

glycine in displacing [�H]L-689,560 binding in the rat cortex. The present data indicate that: (1) [�H]L-689,560 may be a suitable

ligand for assessing adaptation of the glycine/NMDA sites and (2) the presence of zinc enhances detection of imipramine-induced

reduction of glycine affinity for glycine/NMDA receptors labeled with [�H]L-689,560 which further indicates a significance of zinc

in the mechanism of antidepressant treatment.
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Introduction

Chronic (but not acute) administration of antidepres-

sant drugs and electroconvulsive shock (ECS) pro-

duce an adaptation of the NMDA receptor complex in

the rodent brains [6, 18]. One of the best-charac-

terized alterations is “down-regulation” of the glycine

site of this receptor complex. Radioligand-receptor

binding studies using [3H]5,7-dichlorokynurenic acid

(5,7-DCKA) demonstrated a reduction in the affinity

of glycine for its binding sites within NMDA receptor
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complex following chronic treatment with a variety

of antidepressant drugs and electroconvulsive shock

[7, 9, 15–17]. However, binding procedure using

[3H]5,7-DCKA is time consuming as it requires cen-

trifugation. The introduction of a radioligand

[3H]L-689,560 [(±)-4-(trans)-2carboxy-5,7-dichloro-

4-phenylaminocarbonylamino-1,2,3,4-tetrahydroqui-

noline], which labels glycine sites of the NMDA re-

ceptor, enables the application of a rapid filtration

procedure in the separation process. In the present

study, we investigated the effect of 2-week imi-

pramine (15 mg/kg ip) treatment in mice and rats, and

additional 4-week imipramine treatment in mice, on

[3H]L-689,560 displacement by glycine from binding

to glycine sites on the NMDA receptor complex in the

neocortex.

Zinc is an antagonist of the NMDA receptor com-

plex which exhibits antidepressant-like effects in

a number of animal behavioral tests (e.g. [4, 5, 13]).

Previously, we demonstrated alterations in affinity of

zinc for NMDA receptor complex following imi-

pramine treatment or in tissue of suicide victims [14,

19]. This may indicate that an interaction between

zinc and modulatory sites of the NMDA receptor

complex is involved in the mechanisms of patophysi-

ology and treatment of depression. To examine inter-

action between zinc and glycine site following imi-

pramine treatment, in the present study, we have sup-

plemented the incubation media with zinc when we

examined [3H]L-689,560 displacement by glycine

from its binding sites.

Materials and Methods

Animals and drug treatment

All procedures were conducted according to NIH

Animal Care and Use Committee guidelines, and ap-

proved by the Ethical Committee of the Collegium

Medicum Jagiellonian University, Kraków, Poland.

Male albino Swiss mice (20–25 g) and male Wistar

rats (220–250 g) were housed under a 12 h light/dark

cycle (lights on at 07.00 h) with free access to food

and water. Imipramine (15 mg/kg, ip) was adminis-

tered once daily for 14 or 28 days. Twenty-four hours

after the last administration, the animals were decapi-

tated, their brains were removed, and cortices (neo-

cortex) were dissected and immediately frozen over

solid CO2. The frozen tissue was stored at –80°C for

2–6 weeks before the assay.

[3H]L-689,560 binding to strychnine-insensitive

glycine receptors

Tissues were thawed in 20 volumes of ice-cold

50 mM Tris-HCl buffer (pH 7.0), homogenized and

centrifuged at 20,000 × g for 20 min (0–4°C). The re-

sulting supernatant was discarded and the pellet was

homogenized again in 20 volumes of ice-cold 50 mM

Tris-HCl buffer (pH 7.0) and centrifuged as above. The

pellet was resuspended and centrifuged two times more.

Radioligand binding assays were performed on

plates (MultiScreen/Millipore). The final incubation

mixture (final volume of 300 µl) consisted of 240 µl

of membrane suspension, 30 µl of a 1 nM [3H]L-

689,560 and 30 µl of buffer containing eight concen-

trations (10–11–10–4 M) of glycine. Incubation mix-

tures contained also 500 or 1000 µM zinc in experi-

ments examining in vitro zinc effect. The nonspecific

binding was defined at 1 mM glycine. The assay mix-

ture was incubated for 1 h at 0oC. The incubation was

terminated by rapid filtration over glass fiber filters

(Whatman GF/C) using a vacuum manifold (Milli-

pore). The filters were then washed 2 times with the

assay buffer and placed in scintillation vials with liq-

uid scintillation cocktail. Radioactivity was measured in

a WALLAC 1409 DSA liquid scintillation counter. All

assays were done in duplicates.

Data analysis and statistics

Radioligand binding data were analyzed using itera-

tive curve fitting routines (GraphPAD/Prism, Version

3.0 – San Diego, CA, USA). Group differences were

assessed using unpaired t-test. Data were deemed sig-

nificant when p < 0.05.

Results and Discussion

Following 2-weeks administration of imipramine

(15 mg/kg ip), no significant differences were ob-

served in the potency of glycine to inhibit

[3H]L-689,560 binding to mouse or rat cortical tissue

(Tab. 1, Fig. 1A). However, 4-week treatment induced
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a significant (71%) increase in the IC50 value of

glycine in displacing [3H]L-689,560 binding to

glycine/NMDA sites. Neither treatment with imi-

pramine for 2 weeks nor for 4 weeks altered the spe-

cific binding of [3H]L-689,560 in mouse (Tab. 1) or

rat (data not shown) cortex. In the previous studies,

adaptive changes in glycine sites of NMDA receptors

observed following chronic antidepressant treatment,

electroconvulsive shock as well as in animals exposed

to forced swim test and in some animal models of de-

pression were assessed using [3H]5,7-DCKA [3, 8–11,

15–17]. Administration of imipramine at the same dose

for 2 weeks produced a significant (2.5-fold) reduc-

tion in the potency of glycine to inhibit

[3H]5,7-DCKA binding to strychnine-insensitive

glycine receptors. Moreover, further experiments

demonstrated that the magnitude of the observed ef-

fect on [3H]5,7-DCKA binding produced by imi-

pramine continued to increase if treatment was ex-

tended to 3 weeks (330% of control) and persisted for

5 to 10 days following cessation of treatment [17, 18].

The basal binding of [3H]5,7-DCKA to cortical mem-

branes was not changed, likewise the basal binding of

[3H]L-689,560 following 2- or 4-week treatment with

imipramine [15, 17]. Taken together with the present

results, it can be concluded that the adaptive changes

in glycine/NMDA receptors following chronic antide-

pressant treatment can be investigated using both

radioligands. However, 4-week treatment is required

when using [3H]L-689,560 as a tool to detect these

changes. [3H]5,7-DCKA has been described by Baron

et al. [1] as the first radiolabeled glycine site antago-

nist, but like the previous ligand – [3H]glycine, it has

the disadvantage of rapid dissociation rates and,

therefore, requires centrifugation as a technique to

separate bound from free radioactivity. The dissocia-

tion constant (Kd) values for [3H]5,7-DCKA and

[3H]glycine were 138 and 69 nM, respectively [1]. In-

terestingly, the binding characteristics of [3H]L-
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Treatment IC��

(nM)
% Specific binding

(fmol/g tissue)

n

A

Saline 767 ± 134 100 4537 ± 190 5

Imipramine 537 ± 72 70 4575 ± 310 5

B

Saline 1159 ± 84 100 3937 ± 347 6

Imipramine 1978 ± 369� 171 3798 ± 467 6

)
����
��� :-1 
�;%� ip< �� ����� : 2�= (��< '�� ��
����������
���� � ��� ��� -/ :A< �� .# :B< ����2 >����� ��� �9������� �� �	�

���� ? +6� �� � ���
�� ��� �����2 @ � A  2 1 vs. �����

+ Zn 500 µM

+ Zn 1000 µM
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689,560 indicated that this high affinity glycine

site/NMDA receptor antagonist with Kd value of

3 nM, had a slow dissociation rate enabling the use of

filtration procedure in separation process [2]. Filtra-

tion is the most efficient and convenient method of

separating free from bound radioligand, because it re-

quires less handling and manipulation of samples. Fil-

tration is also preferable to centrifugation due to re-

duction in nonspecific binding as a result of the more

thorough washing of the tissue homogenate. Thus, the

advantage of using the radioligand [3H]L-689,560 for

studying the NMDA receptor-associated glycine bind-

ing site is the simplification of the binding procedure.

Moreover, the maximal binding for [3H]L-689,560

(Bmax = 4.15 pmol/mg of protein) was similar to that

of [3H]glycine (Bmax= 5.59 pmol/mg of protein) bind-

ing to its strychnine-insensitive sites on the NMDA

receptor in rat membranes, confirming the selectivity

of this ligand for glycine/NMDA receptors [2]. How-

ever, several limitations to this study must be ac-

knowledged. It is not known why the adaptive

changes in glycine site of NMDA receptors as de-

tected by using [3H]L-689,560 require 4 weeks of

treatment with imipramine, whereas 2 weeks of imi-

pramine administration is sufficient when the radio-

ligand [3H]5,7-DCKA is used. Also, in one study

2-week antidepressant treatment was not sufficient to

induce significant alterations in glycine inhibition of

[3H]5,7-DCKA binding in rats [3]. The time-course of

the effect of imipramine administration on adaptive

changes in glycine site/NMDA receptors remains to

be determined in order to estimate the minimum pe-

riod of treatment required to induce these changes. In

this initial study, the adaptive changes elicited only by

one antidepressant, imipramine, at a dose of

15 mg/kg/d, were examined using [3H]L-689,560.

Additional study will be needed to test this effect fol-

lowing treatment with different antidepressants, e.g.

SSRIs or following electroconvulsive shock.

We also demonstrated that the addition of zinc at

1000 µM (but not 500 µM) concentration enabled de-

tection of the increase in IC50 value of glycine in dis-

placing [3H]L-689,560 binding following 2-week imi-

pramine treatment (Fig. 1B,C). Thus, saturation of

zinc binding sites of the NMDA receptor by this ion

allows for the demonstration the imipramine-induced

reduction in glycine potency at NMDA receptor. This

finding may have significant value for in vitro detec-

tion of adaptive changes in glycine/NMDA sites

and/or may lead to explanation of the mechanism of

zinc-induced enhancement of antidepressant treatment

efficacy demonstrated in experimental and clinical

studies [12, 13]. Both issues need further verification.

Nevertheless, the present data indicate that: (1)

[3H]L-689,560 may be a suitable ligand for assessing

adaptation of the glycine/NMDA sites and (2) the

presence of zinc in incubation media enhances capa-

bility of detection of imipramine-induced reduction of

glycine affinity to glycine/NMDA receptors labeled

with [3H]L-689,560 which further affirms the signifi-

cance of zinc in the mechanism of antidepressant

treatment.
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