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droxyethyl) piperazine-N’-2-ethanesulfonic acid; DOPAC, 3,4-dihydroxyphenylacetic acid.
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SUMMARY
[3H]Ketansenn binding studies were performed on purified chro-
maffin granule membranes. Binding was found to occur on one
class of sites and was temperature dependent. At 3#{216}0the
equilibrium dissociation constant K0 was 45 n�. At 0#{176},a K0 value
of 6 flM and a half-life of dissociation of 40 sec were measured.
Methysergide, an antagonist of 5-hydroxytryptamine2 (5-HT2)
receptors structurally unrelated to ketansenn, did not displace
ketansenn binding. Tetrabenazine, an inhibitor of the monoamine
transporter of chromaffin granules, displaced [3Hlketansenn
binding. Conversely, ketansenn inhibited the binding of [3H]
dihydrotetrabenazine, a ligand that specifically binds to the
monoamine transporter. The inhibition was of the competitive
type, indicating that both drugs bind to the same site. Ketansenn
binding did not depend upon ATP-induced energization of chro-

maffin granules. ATP-dependent 5-HT uptake by chromaffin
granule ghosts was inhibited by ketansenn with an IC� value of
70 flM. A series of ketanserin derivatives were tested for their
ability to displace [3H]dihydrotetrabenazine; EC� values differed
by more than 2 orders of magnitude and were not correlated to
affinities on 5-HT2 receptors. In mouse brain, [3H]ketansenn was
found to bind to methysergide-sensitive and to tetrabenazine-
sensitive sites. In the stnatum, tetrabenazine-sensitive sites rep-
resented a larger fraction than the methysergide-sensitive ones,
whereas the reverse was true in the frontal cortex. It is concluded
that nonspecific displaceable binding sites of [3H]ketanserin pre-
viously described in the striatum are tetrabenazine binding sites
associated with the synaptic vesicle monoamine transporter.

[:IHlKetanserin is considered to be a specific ligand of 5-HT2

or S2 receptors (1, 2). It has been currently used to identify

these sites in the central nervous system (3) as well as in

platelets (4). However, in these tissues [3H]ketanserin also

bound to another class of sites, the so-called displaceable non-

specific binding sites; [3Hjketanserin was displaced from these

sites by an excess of unlabeled ketanserin, but neither by

methysergide, a 5-HT2 receptor antagonist having another

chemical structure, nor by micromolar concentrations of 5-HT.

These sites were numerous in the striatum and in platelets (2).

Nonspecific ketanserin binding sites are unlikely to be neu-

rotransmitter receptors, because all neurotransmitters tested

were unable to displace [3H]ketanserin from these sites. How-

ever, the membrane preparations used in these studies con-

tamed various organelle membranes in addition to the plasma

membranes presumably bearing S2 receptors, and the nonspe-

cific ketanserin binding sites might be located on organelle

membranes. A recent report has suggested that ketanserin

This work was supported by the Centre National de la Recherche Scientifique
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binding to these sites was associated with an increase of DO-

PAC release (5).

We have recently described the regionalization of the TBZ

binding sites associated with the monoamine transporter of

synaptic vesicles, a transporter that is involved in the ATP-

dependent uptake of catecholamines and indoleamines and that

is inhibited by reserpine and TBZ (6-8). TBZ binding sites

have a maximal density in the striatum, as have the displaceable
nonspecific ketanserin binding sites.

In the present communication, we have tested the hypothesis
that the two classes of sites were related. We have thus exam-

med the binding of [3H]ketanserin to purified chromaffin gran-
ule membranes, a preparation enriched in TBZ binding sites

that does not contain 52 receptors.

Materials and Methods

Chemicals. Ketanserin, ketanserin derivatives, and [3H]ketanserin

(35 Ci/mmol) were obtained from Janssen Pharmaceutica (Beerse,

Belgium); ketanserin hydrochloride (10 mM) was prepared in water;

TBZ was from Fluka (Buchs, Switzerland); TBZ stock solutions (2
mM) were prepared in 4 mM HC1; [3H]TBZOH (12 Ci/mmol) was
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Fig. 1. Association and dissociation kinetics of [3Hjketanserin binding to
bovine chromaffin granule membranes at 30#{176}(A) and O� (B). A, Mem-
branes (200 �g of protein/mI) were incubated with 1 .6 n� [3H]ketanserin
in 0.3 N sucrose/20 mM HEPES KOH, pH 8.0 (0). To follow the associ-
ation reaction, 6O-�I aliquots were withdrawn at intervals and rapidly
filtered. For the dissociation reaction, 60-�tl aliquots were diluted in 1 ml
of sucrose buffer containing 10 � unlabeled ketanserin and incubated
forthe indicated period of time at 3#{216}0beforefiltration. Nonspecific binding
(A) was measured in the presence of 10 �M ketanserin. Each point is the
mean of three determinations. B, Same experiment, but membranes (50
;ig protein/mI) were incubated with 10.6 n� [3H]ketanserin at 0#{176}in the
absence (S) or presence (A) of 10 �M ketanserin.

prepared as described (7); [3H]5-HT (12.3 Ci/mmol) was purchased

from Amersham (Aylesbury, Buckinghamshire, England); reserpine
was from Sigma (St. Louis, MO) and was diasolved in 1 M acetic acid
at a concentration of 10 mM; methysergide was from Sandoz (Basel,
Switzerland).

Chromaffin granule membrane preparation. Bovine chromaf-
fin granule membranes were prepared by osmotic lysis of granules

isolated by centrifugation on a 1.6 M sucrose layer (9, 10). Membranes

were frozen in liquid nitrogen and were stored at -80�.

Homogenates of mouse cerebral tissues. Male OF1 mice (Ills
Credo, Lyon, France) aged 6 weeks and weighing 30-35 g were used.

The striatum and the frontal cortex were dissected and homogenized
as described (6, 11).

Uptake experiments. Uptake was initiated by addition of [3H]5-
HT (17 nM) to membranes (20 �ag of protein/ml) preincubated at 30�

in 0.3 M sucrose/lO mM HEPES KOH, pH 8.0, with ATP (2.5 mM),

MgSO4 (1.3 mM), and various concentrations of unlabeled ketanserin.
Aliquots were withdrawn at 11 and 15 mm, diluted 10 times in ice-cold
0.3 M sucrose buffered at the pH of the incubation medium, and filtered
through GF/C filters (Whatman, Clifton, NJ). Filters were washed
twice with the same volume of dilution medium. Their radioactivity
was measured by liquid scintillation in Aqualuma (Lumac, Landgraaf,

The Netherlands).
[3H]TBZOH and [3H]ketanserin binding. To study [3Hjketan-

serin binding, membranes (40-200 zg of protein/ml) were incubated at

:\ B

� C
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) �

) � � \

0 :‘n 41) �,
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Fig. 2. Binding of [3Hlketansenn to chromaffin granule membranes. A,
Saturation curve. Membranes [200 (04) and 100 (#{149},A),�g of protein/
ml) were incubated with [3Hjketanserin (1 .2-260 nM) at 30#{176}(O,t�) or 0#{176}
(#{149},A).Each point is the mean of three determinations. Nonspecific
binding (1�,A) was proportional to free [3Hlketanserin with a proportion-
ality coefficient of 0.0265. B, Scatchard plot of specific binding. K0 and
B� values derived from the plot were as follows: at 30, K0 = 45.3 ±
2.4nM,B,,,,,,=51 ±2pmol/mgofprotein,r=0.93;ato#{176},K0=6.3±

0.4 n�.i, B� = 69 ± 3 pmol/mg of protein, r = 0.96.

the indicated temperature, with various concentrations of tritiated

ligand in 0.3 M sucrose/20 mM HEPES KOH, pH 8.0. Bound ligand

was measured by filtration on Whatman GF/C filters. The incubation

mixture was diluted 10 times in ice-cold 0.3 M sucrose/lO mM Tris.

HC1, pH 8, containing 10 �&M ketanserin and rapidly filtered through

filters previously incubated in the same buffer. The filters were then

rapidly washed with 1 ml of the same ice-cold buffer, and their radio-

activity was measured by liquid scintillation in Aqualuma. Specific

[�‘H]ketanserin binding was obtained by subtracting nonspecific bind-

ing determined in assays containing 5 �tM unlabeled ketanserin. A

similar procedure was followed for [3HJTBZOH binding; filters were

washed twice with 2 ml of 0.3 M sucrose/lO mM Tris . HC1, pH 8.0,

containing 100 �taM TBZ.
Miscellaneous. Protein was measured according to Bradford (12)

with bovine serum albumin as a standard. The octanol-buffer apparent

partition coefficient of ketanserin derivatives was measured as de-

scribed (13).
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Fig. 3. Displacement of bound [3H]ketanserin. Membranes (1 00 ,�g of
protein/mi) were incubated for 1 hr at 30#{176}with 1 n� [3H]ketansenn and
drugs: 0, TBZ; #{149},ketanserin; � 5-HT; A, noradrenaline. Nonspecific
binding, measured in the presence of 5 �zM ketansenn, was subtracted.
Each point is the mean of two determinations. Hill numbers were,
respectively: TBZ, 1 .02 ± 0.24; ketansenn, 1.08 ± 0.10; 5-HT, 1 .2 ±
0.3; and noradrenaline, 1 .03 ± 0.17.

TABLE 1

[�H]TBZOH bound (nM)

Fig. 4. Competition between [3H]TBZOH and ketansenn binding. Mem-
branes (20 �ag of protein/mi) were incubated at 30#{176}with [3H]TBZOH (1-
45 nM) and various concentrations of ketansenn: 0 (0), 40 n�.i (#{149}),120
nM (0), 360 nM (A). Nonspecific binding was measured in the presence
of 2 sM TBZ and was subtracted. Each point is the mean of three
determinations. The data are presented as a Scatchard plot of specific
[3H]TBZOH binding.

Agent

[�H)Ketanserin
baiting to

bovine
chromaffin

granu�s, K�

[�HJTBZ0H

� to bOVP)�
chromaffin

granu�s. K,

[�H]Ketanse#{241}n

budng to rat
cortex, 1(7

Ketanserin 0.045

�zM

0.055’� 0.0004
TBZ 0.007 0.001 3d
5-HT 250 240” 0.296
Noradrenaline 800 1200” 150
Methysergide >1 0 0.00094

. Calculated by the Cheng-Prusoff equation (21) from ECse values derived from
the displacement curves of Fig. 3.

a Taken from Ref. 1.
C Calculated from the data of Fig. 4.
d Taken from Ref. 7.

Results

Kinetics of [3H]ketanserin binding to chromaffin

granule membranes. [3H]Ketanserin binds to purified chro-
maffin granule membranes. Binding kinetics were studied at

30#{176}and at 0#{176}(Fig. 1). At 30#{176},binding was very fast and, at 1.6

nM [3H]ketanserin, equilibrium was reached in less than 1 mm.

Dissociation, observed after addition of an excess of nonlabeled

ketanserin, was too fast to be measured by the filtration tech-

nique. At 0#{176},the kinetics were slower and a dissociation rate

constant k., of 0.0175 sec�, corresponding to a half lifetime of

40 sec, was derived from the dissociation curve (Fig. 1B). The

association rate constant k+1 was derived from the binding

curve, using the equation

ln (B�-B)/B� = (k±1 [ketanserinj + k_1)t

where B and B� are the concentrations of bound ligand at,
respectively, time t and equilibrium, [ketanserin] is the free

ligand concentration, and k_1 the dissociation rate constant

derived from the dissociation curve. A figure of 1.67 x 10� M’

sec1 was thus obtained. The equilibrium dissociation constant

Ketanserin (log [nM])

Fig. 5. Inhibition of [3H]5-HT uptake by ketanserin. The experiment was
performed as described in Materials and Methods. Points are mean of
two determinations. Hill number was 0.938 ± 0.063 (r = 0.97).

K0, calculated from these values by the equation KD = k1/k+1,

was 10.5 nM.

At both temperatures, the addition of 2.5 mM ATP/1.3 mM

MgSO4 to the incubation mixture had no effect, either on the

rate of binding or on plateau value.

[3H]Ketanserin binding at equilibrium. Binding iso-

therms were determined at 0#{176}and at 30#{176}(Fig. 2A). Because of

the rapid dissociation rate at 30#{176},the samples incubated at that

temperature were diluted in ice-cold buffer before filtration and
the filters were washed by ice-cold buffer. At the two temper-

atures tested, [3H]ketanserin binding was saturable. At 0#{176}using

6 flM [3H]ketanserin, nonspecific binding, determined in the

presence of 10 �zM nonlabeled ketanserin was 8% of the bound

tritiated ligand. A Scatchard plot ofthe data (Fig. 2B) indicated

only one class of binding sites, with KD and Bmax values of,

respectively, 45.3 ± 2.4 nM and 51 ± 2 pmol/mg of protein at

30#{176},and 6.1 ± 0.4 nM and 69 ± 3 pmol/mg of protein at 0#{176}.

The binding reaction is thus exothermic, and comparison of

the KJ) values at the two temperatures suggests �H and i�S

values of, respectively, -12 kcal/mol and -0.08 cal/mol, for the

binding reaction.
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Relationship between ketanserin and TBZ binding

sites. [3HjKetanserin was efficiently displaced from its binding

site on chromaffin granule membrane by TBZ (Fig. 3). The

corresponding curve was characterized by an EC� value of 7

nM and a Hill number of 1.02. In contrast, noradrenaline,

5-HT, and methysergide were poor displacers of [3H]ketanserin

(Table 1). This pharmacological profile differs from that of rat
cortex S2 sites (1), which have a high affinity for 5-HT and

methysergide and a low affinity for noradrenaline (Table 1).

On the other hand, this profile is similar to that of the TBZ

binding site of the monoamine transporter, which has a low
affinity for both 5-HT and noradrenaline.

To investigate further the relationship between TBZ and

ketanserin binding sites, we examined the inhibition of

[3H]TBZOH binding by ketanserin (Fig. 4). The experiment

was performed at various [3HJTBZOH concentrations and the

results are shown as a Scatchard plot. The fact that the appar-

ent Bmu for [3H]TBZOH binding was independent of the
concentration of ketanserm used indicates strongly that the

two drugs compete for the same site or for two sites that cannot

be simultaneously occupied. From this experiment, a K1 value

for ketanserin of 55 nM at 30#{176}was derived.

It may also be noted that ketanserin inhibited ATP-depend-
ent 5-HT uptake with an IC�,o value of 70 nM (Fig. 5).

Binding profiles of ketanserin derivatives. The affinity

for the TBZ binding site of a series of ketanserin derivatives

(see structures in Fig. 6) has been tested by comparing their

potency in displacing [3H]TBZOH from its binding site (Table

2). The various compounds had K1 values differing by more

than 2 orders of magnitude. Two compounds (compounds 4

and 7) had a potency similar to or somewhat better than

ketanserin. The addition of two methylene groups between the

piperidine and the pyrimidine moieties of ketanserin (com-

pound 8) results in a 20-fold decrease of affinity.
The TBZ binding site is hydrophobic and the apparent

affinity of a ligand for this site is largely dependent upon its

lipophilicity (13). The lipophilicity of a compound can be

estimated from its apparent octanol/water partition coefficient

(14). The apparent octanol/water partition coefficients, Poib, of

the tested ketanserin derivatives are given in Table 2. In the

same table, an estimate ofthe “instrincic affinity” ofthe various

compounds, defined as described (13) and calculated as K1 x

Poii i5 indicated. The intrinsic affinity varies by about 2 orders
of magnitude.
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aFormulae are indicated in Fig.

S Determined as in Ref. 1 3. For each sample, concentrations were determined

spectrophometrically and fluorometricalty.
S Membranes (1 0 �g of protein/mI) were incubated for 1 hr at 30#{176}with [3HJ

TBZOH (1 flM) in the presence of ketansenn derivatives at 1 0 different concentra-

tions in the 3 flM-3 mM concentration range. Determinations were performed in
duplicate, with a variability of less than 1 0%. K, values were derived from ECse

using the Cheng-Prusoft equation (21).

a Taken from Refs. 1 and 5.
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TABLE 2

Binding profile of ketansenn derivatives

Compound#{176}

Octand/buffer
apparent
partition

coefficient,#{176}
P5,0

[�HJTBZOH
binduig to

chromaffin
�

membranes,#{176}
K,

Intrinsic
affindy f�

TBZ binding

site,
Pa,0 X K,

[�HJKetansehn

binding to rat

co.rtex7 K,

1

2
3
4

5
6
7
8
9

10

305
770
293
456
340

31
1940

280
1470
150

flu

950
48

350
14

814
3600

40
950
410
325

�u

290
37

103
6

277
112

78
266
603
49

flu

1.3
890

0.7
0.9
1.3
1.4
2.3
2.8

6.

Fig. 7. Binding of [3H]ketanserin to mouse cerebral homogenates. Stna-
tum homogenates (5 mg of protein/mI) (A) and frontal cortex homoge-
nates (4 mg of protein/mi) (B) were incubated with [3H]ketansenn at 3.3
nM (A) or 2 nM (B) with or without inhibitors. C, total binding; M, 1 �tM

methysergide; T, 2 MM TBZ; and K, 6 MM ketanserin. Each value is the
mean of three separate experiments.

The affinity of the tested ketanserin derivatives for TBZ

binding sites of chromaffin granule membranes has been com-

pared with their affinity for 5-HT S2 sites of rat brain (Table

2). The two sets of data are not correlated.

Ketanserin binding to mouse brain homogenates. We

have compared the binding of [3H]ketanserin in striatum and

in cortex homogenates from mouse brain (Fig. 7). As reported

earlier (3), total binding was high in these two brain structures.

However, specific binding to S2 receptors, defined as the meth-
ysergide-sensitive fraction of [3Hjketanserin binding was more

important in the cortex than in the striatum (43 and 15 fmol/

mg of protein, respectively). On the other hand, TBZ-sensitive

[3H}ketanserin binding was larger in the striatum than in the

cortex (55 and 10 fmol/mg of protein). Moreover, the effects of

the two drugs were additive, and binding to these two sites

accounted for most of saturable [3H]ketanserin binding.

Discussion

Purified chromaffin granule membranes bind [3H]ketanserin.

Binding occurs on one class of sites and is characterized by

equilibrium dissociation constants of 45 and 6 nM at 30 and 0#{176},

respectively. These sites are believed to be identical to the TBZ

binding sites of the monoamine transporter for the following

reasons: 1) ketanserin, as TBZ, inhibits ATP-dependent 5-HT

uptake by chromaffin granule ghosts, and the inhibition con-

stant for the uptake reaction is the same order of magnitude as

the dissociation constant K!); 2) the density of TBZ and ketan-

serin binding sites are identical (60 pmol/mg of protein; fig. 2)

(see also Ref. 7); 3) TBZ inhibits [3Hjketanserin binding in the

nanomolar concentration range (consistent with a figure of 3

nM for the KD of TBZOH) (7). Reciprocally, ketanserin com-

petitively inhibits [3H]TBZOH binding with an inhibition con-

stant of 55 nM, which is identical to the [3Hjketanserin equilib-

rium dissociation constant; 4) TBZ and ketanserin binding

sites have a similar low affinity, in the millimolar concentration

range, for the substrates of uptake 5-HT and noradrenaline; 5)

photoaffinity experiments, using an arylazido derivative of TBZ

(15), and radiation inactivation experiments (16) have shown

that the TBZ binding site is associated with a 70-kDa polypep-

tide chain. Preliminary experiments performed with an aryla-

zido derivative of ketanserin suggested a similar molecular

weight for the ketanserin binding site.’

During monoamine uptake, the transporter is activated by

the W electrochemical gradient generated by an ATP-depend-

ent W pump of chromaffin granule membranes (17, 18). Two

different sites have been demonstrated on this transporter,

using the uptake inhibitors TBZ and reserpine (7, 19, 20). The

TBZ binding site has a low affinity for the substrates and
binding to this site is independent of the presence of ATP. On

the contrary, reserpine binding is greatly accelerated by the W

electrochemical gradient, and the reserpine binding site has a

high affinity for the substrates. The ketanserin binding site is

similar to that of TBZ in that it is not affected by the presence

of ATP and it has a low affinity for the substrates.

Estimates of the intrinsic affinity of ketanserin (13) based

on the displacement of [3H]TBZOH (BC50) and on apparent

octanol/buffer partition coefficient (p#{176}�)suggest that ketan-

serin has a high intrinsic affinity for TBZ binding site. This

recognition factor is only 10 to 20 times lower than that of the

monoamine substrates or that of TBZ (13). It is at least 2

orders of magnitude higher than that of haloperidol (13) and

spiperone,2 two ligands of dopaminergic receptors. The fact

1 M.-F. Isambert, B. Gasnier, P. M. Laduron, and J.-P. Henry, unpublished

experiment.
2 M.-F. Isambert and J.-P. Henry, unpublished experiment.
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3 F. Darchen, D. Scherman, and J.-P. Henry, unpublished experiment.

that the tested ketanserin derivatives have very different in-

trinsic affinities suggests that the affinity for ketanserin of

TBZ binding site reflects some structural complementarity and
not simply a high lipophilicity.

We propose that ketanserin sites that are not affected by S2

ligand (the so-called ketanserin nonspecific displaceable bind-
ing sites) in brain and platelets are identical to the TBZ binding

sites of the monoamine transporter. This assumption is based

on the fact that TBZ displaces methysergide-resistant bound

[3H]ketanserin (Fig. 7). The level of [3H]ketanserin binding

observed in the presence of methysergide and TBZ is virtually
that observed in the presence of an excess of unlabeled ketan-

serin. This assumption is also consistent with the reported

regionalization of TBZ binding sites (6). TBZ-sensitive ketan-

serin binding sites have a 5-fold higher density in the striatum

than in the cortex. A similar difference has been reported for
TBZ binding sites, reflecting the presence of a large number of
dopaminergic vesicles in the striatum.

Our hypothesis is important to consider when [3H]ketanserin
is used to label serotoninergic S2 receptors. As shown in Fig. 7,

addition of 2 �tM TBZ to the incubation mixture saturates the
nonspecific sites without interfering with 52 receptors. Alter-
natively, we suggest that binding and filtration of the incuba-

tion be done at 30#{176},a temperature that will result in a rapid

dissociation of the [3H]ketanserin bound to TBZ binding sites.

Another consequence of our hypothesis is that ketanserin
might have some amine-depleting effect, similar to that of

reserpine or TBZ. This effect might explain the ketanserin-

induced DOPAC release observed by Leysen et al. (5). However,

such an effect can be predicted to be limited because of the

rapid dissociation of ketanserin at 37#{176}.At 30#{176}reserpine,3 TBZ
(7), and ketanserin have KD values of, respectively, 0.03, 3, and

40 nM. The corresponding half-time of dissociation are 16 hr,

7 mm, and less than 5 sec. Because the effect of TBZ on the

level of brain monoamines is less marked and of shorter dura-
tion than that of reserpine, it can be anticipated that ketanserin

will have a very limited reserpine-like effect.
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