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A B S T R A C T

In vitro effects of dihydroergotoxine, dihydroergosine, dihydroergotamine, �-dihy-

droergocriptine (ergot alkaloids), diazepam, methyl-�-Carboline-3-carboxilate (�-CCM),

flumazenil (benzodiazepines), �-amino butyric acid (GABA) and thiopental (barbitu-

rate) were studied on mouse brain (cerebrum minus cerebral cortex) benzodiazepine

binding sites labeled with 3H-flunitrazepam. Specific, high affinity (affinity constant,

Kd = 57.7 8.6 nM) binding sites for 3H-flunitrazepam on mouse brain membranes were

identified. All benzodiazepine drugs inhibited 3H-flunitrazepam binding with nanomo-

lar potencies. In contrast to benzodiazepines, all ergot drugs, GABA and thiopental pro-

duced an enhancement of 3H-flunitrazepam binding to its binding site at the GABAA re-

ceptor of the mouse brain. The rank order of potency was: neurotransmitter (GABA) >

dihydroergotoxine > thiopental > �-dihydroergocriptine > dihydroergosine > dihydro-

ergotamine. The results suggest that dihydrogenated ergot derivatives do not bind to the

brain benzodiazepine binding sites labeled with 3H-flunitrazepam. However, an enhan-

cement of 3H-flunitrazepam binding by all ergot drugs tested, clearly identifies an allo-

steric interaction with the benzodiazepine binding sites of GABAA receptors.
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Introduction

The GABAA receptor is a ligand gated
chloride channel, an ionothropic receptor
that is opened after release of �-amino bu-
tyric acid (GABA) from presynaptic neu-
ron and binding of GABA to neurotrans-

mitter recognition site1. It contains neu-
rotransmitter binding site, the benzodia-
zepine modulatory center with binding
sites for anxiolytic and anxiogenic com-
pounds, the picrotoxin/convulsant bind-
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ing site, the barbiturate binding site and
the steroid binding site that seems to me-
diate rapid, nongenomic effects of neuro-
active steroid hormones in the brain2,3.
The recognition sites for other classes of
compounds on GABAA receptors were
also hypotesized2. Ergot drugs have been
used clinically in many settings: as diag-
nostics, cognition enhancers and in the
management of orthostatic hypotension.
The primary uses of ergot alkaloids today
are limited to treatment of postpartum
hemorrhage and migraine. To a varying
degree these drugs act at peripheral or
brain �-adrenergic, dopaminergic and se-
rotonergic receptors4. The results of be-
havioral experiments indicate that these
drugs might be also active at brain GABAA

receptors. Dihydroergotoxine and dihydro-
ergosine, for example, affect the occur-
rence and latency of convulsions produced
by antagonists of GABAA receptors5,6. Be-
sides, these ergot compounds prolonged
pentobarbital induced sleeping time in
mice and produced anticonflict effect in
rats7,8. A more direct interaction of dihy-
drogenated ergot derivatives with brain
GABAA receptors was suggested by recep-
tor binding experiments. Ergot alkaloids
non-competitively displaced the binding
of 3Ht-butyl-bicycloorthobenzoate (TBOB),
a compound that labels picrotroxin/con-
vulsant binding site of GABAA receptors,
with IC50 values comparable or even lo-
wer (2.5 times, dihydroergotoxine) than
that of GABA7,9. Moreover, GABA en-
hanced the affinity of dihydroergotoxine
for 3H- TBOB binding to mouse brain
GABAA receptors by two orders of po-
tency and this effect was completely abol-
ished by GABAA receptor competitive an-
tagonist bicuculline. The authors suggested
that dihydroergotoxine binds to an un-
identified recognition site of the brain
GABAA receptor complex, other than that
labeled with 3H-TBOB, to produce its
aforementioned behavioral actions7. To
test the hypothesis whether benzodiaze-

pine binding site is target for ergot de-
rivatives at brain GABAA receptors, we
studied the effects of dihydroergotoxine,
�-dihydroergocriptine, dihydroergosine and
dihydroergotamine, benzodiazepine recep-
tor ligands (diazepam, �-CCM, flumaze-
nil), GABA and barbiturate (thiopental)
on 3H-flunitrazepam binding to mouse
brain (cerebrum minus cerebral cortex)
membranes. The brain region was chosen
since our results using 3H-TBOB as a
ligand have shown the greatest binding
affinity of dihydroergotoxine (the most
potent inhibitor of 3H-TBOB binding) in
this brain region6.

Material and Methods

Animals

Female CBA/HZgr mice from »Ru|er
Bo{kovi}« Institute, Zagreb, Croatia, weigh-
ing 20–25 g were used. They were housed
at a constant temperature (22 °C) and un-
der a light cycle of 11h light/13 h dark-
ness (lights on at 7:00 a.m.). Food and
water were freely available.

Drugs

Dihydroergotoxine methane sulfonate,
dihydroergosine methane sulfonate, �-di-
hydroergocriptine methane sulfonate and
dihydroergotamine methane sulfonate, all
from Lek, Ljubljana, Slovenia, were used.
GABA and diazepam were from Sigma,
St. Louis, MO. Flunitrazepam, flumaze-
nil and �-CCM were from Hoffman – La
Roche, Basel. Thiopental sodium was
from Byk Gulden, Konstantz. 3H-fluni-
trazepam (specific activity 85 Ci/ mmol)
was purchased from Amersham.

Preparation of the membranes

Synaptic membranes were prepared
from the mouse brain according to a me-
thod previously described10. Briefly, the
brains (cerebrum minus cortex) from four
mice were pooled and homogenized in 20
volumes of ice – cold 50mM Tris citrate
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buffer, pH = 7.4. After centrifugation at
10,000 ms–2 for 10 min, the pellet was dis-
carded and the supernatant centrifuged
again at 120,000 ms–2 for 20 min. The sec-
ond pellet was resuspended and centri-
fuged under the same conditions two
more times. The resultant pellet was re-
suspended and suspension frozen at –20
°C for 24 hours. After 24 hours suspen-
sion was thawed at room temperature
and centrifuged again as above. Freeze –
thaw – centrifugation cycle was repeated
to remove endogenous GABA. The final
pellet was obtained by centrifugation at
170,000 ms–2 for 20 min and resuspended
in 40 volumes of 50 mM Tris citrate
buffer containing 250 mM NaCl (pH = 7.4
at 37 °C) to give a protein concentration
of �0.7 mg/mL. Protein concentration was
determined as described by Lowry et al11.

3H-flunitrazepam binding assay

3H-flunitrazepam binding assay was
performed according to the method of
Zarkovsky12. To determine the concentra-
tion of drug required to displace 50% of
3H-flunitrazepam from receptor sites, IC50,

a single concentration of 3H-flunitraze-
pam (0.05 mL, 1 nM final concentration),
the various concentrations of unlabeled
drugs (0.05 mL), 100 �M diazepam (0.05
mL) to define non-specific binding and
0.05 mL of assay buffer (50 mM Tris ci-
trate + 250 mM NaCl, pH = 7.4 at 37 °C)
or drug solvent were incubated with 0.3
mL of the synaptosomal membrane sus-
pension for 30 minutes at 37 °C. To deter-
mine the number of 3H-flunitrazepam
binding sites, Bmax, and the ligand disso-
ciation constant, Kd, hot-cold dilution
binding assays were performed – the
same compound, flunitrazepam, was used
as labeled and unlabeled ligand. Assay
conditions were, in general, the same as
aforementioned, except the concentra-
tions of flunitrazepam ranged from 0.1–
1,000 nM. In any case, incubation was
stopped by filtration of 0.5 mL (final vol-

ume) incubation mixture through What-
man GF/C filters. The filters were rapidly
rinsed with 10 mL of assay buffer, trans-
ferred to counting vials and dried. After
addition of scintillation cocktail (toluene,
PPO, POPOP), the radioactivity retained
in the filters was counted by liquid scin-
tillation counter at 40–45% efficiency.
Specific 3H-flunitrazepam binding was
defined as the difference between binding
in the absence and presence of diazepam
and was 75–85% of the total binding.
Binding data were analyzed using a com-
puter-based equilibrium binding data
analysis (EBDA) program13. EBDA calcu-
lates Kd, Bmax and IC50 values from bind-
ing data. In the case of enhancement of
3H-flunitrazepam binding, it is not possi-
ble to use EBDA program. Therefore, we
used another computer-based program14

to calculate the EC50 values (the concen-
tration of drug required for the half of the
maximum enhancement) from the linear
portion of the enhancement curve. Emax is
the maximum enhancement of radioli-
gand binding observed in the presence of
drug over the control value (100% specifi-
cally bound 1 nM 3H-flunitrazepam with-
out drug). The data, expressed as the
mean standard error of the mean (SEM),
were subjected to two way analyses of
variance (ANOVA) followed, if significant,
with Newman – Kuels multiple compari-
son procedure. P values of less than 0.05
were considered significant.

Results

3H-flunitrazepam binding affinity,

density and pharmacological specificity

Analysis of hot-cold dilution binding
data revealed a mean dissociation con-
stant (Kd) of 57.7 � 8.6 nM and a mean
maximum receptor density (Bmax) of 0.485
� 0.130 pmol/mg protein for 3H-flunitra-
zepam binding sites at mouse brain
GABAA receptors (Table 1). All benzo-
diazepine ligands displaced 3H-flunitra-
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zepam binding in a concentration depen-
dent manner and with nanomolar poten-
cy (Table 2). Benzodiazepine receptor an-
tagonist flumazenil was the most potent
occupying agent (IC50 = 6.3 � 2.5 nM), fol-
lowed by full agonist diazepam (IC50 =
28.6 � 9.1 nM) and inverse agonist �-CCM
(IC50 = 32.8 � 11.6 nM).

The effect of ergot drugs on
3H-flunitrazepam binding

In contrast to benzodiazepines, dihy-
droergotoxine (1 nM–90 �M; ANOVA: F
(9.45) = 17.01; p<0.01), �-dihydroergo-
criptine (10 nM–500 �M; ANOVA: F
(6,10) = 8.91; p<0.01), dihydroergosine
(100 nM–1 mM; ANOVA: F (7,14) = 8.88;
p<0.01) and dihydroergotamine (100 nM–
900 �M; ANOVA: F (5,13) = 30.43; p<
0.01), all produced an concentration de-
pendent enhancement of 3H-flunitraze-
pam binding to its binding site at the
GABAA receptor of the mouse brain (Ta-
ble 3). The rank order of potency for
3H-flunitrazepam binding enhancement
was: dihydroergotoxine > �-dihydroergo-
criptine > dihydroergosine > dihydroer-
gotamine. The most effective enhancer of
3H-flunitrazepam binding, as judged by
Emax values listed in Table 3, was dihy-
droergotamine (Emax = 338 � 32 % over
control value), followed by dihydroergo-
toxine (Emax = 241 � 11 %), dihydroergo-
sine (Emax = 81 � 20 %) and �-dihydroer-
gocriptine (Emax = 66 � 5 %).

The effect of GABA and thiopental on
3H-flunitrazepam binding

100 nM–1mM concentrations of GABA
(ANOVA: F (8,15) = 28.19; p<0.01) and
100 nM–1 mM concentrations of thio-
pental (ANOVA: F (4,12) = 7.88; p<0.01)
enhanced 3H-flunitrazepam binding to its
binding site at the GABAA receptor of the
mouse brain. GABA was the most potent
enhancer of 3H-flunitrazepam binding
(EC50 = 4.3 � 1.5 �M, Table 3) among all
drugs used, with EC50 value about 8
times lower than that of the most potent
ergot drug dihydroergotoxine and about
30 times lower than that of thiopental
(EC50 = 117.5 � 19.4 �M, Table 3). Emax

values of GABA and thiopental listed in
Table 3 were lower than that of dihydro-
ergotamine and dihydroergotoxine.
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TABLE 1
DISSOCIATION CONSTANT, KD, AND A MAXIMUM RECEPTOR DENSITY, BMAX, FOR

3H-FLUNITRAZEPAM BINDING SITES AT MOUSE BRAIN GABAA RECEPTORS

Kd (nM) Bmax (pmol/mg protein) Number of
X � SEM X � SEM experiments*

3H-flunitrazepam 57.7 � 8.6 nM 0.485 � 0.130 3

* The brains (cerebrum minus cortex) from four mice were pooled and used in each separate
experiment

TABLE 2
DISPLACEMENT POTENCIES OF

BENZODIAZEPINE RECEPTOR LIGANDS ON
3H-FLUNITRAZEPAM BINDING TO MOUSE

BRAIN GABAA RECEPTORS

IC50 (nM) Number of
X � SEM experiments*

Flumazenil 6.3 � 2.5 3

Diazepam 28.6 � 9.1 3

�-CCM 32.8 � 11.6 3

* The brains (cerebrum minus cortex) from
four mice were pooled and used in each sepa-
rate experiment. IC50 is the molar concentra-
tion of drug required to displace 50% of
3H-flunitrazepam from specific binding sites.



Discussion

3H-flunitrazepam binding affinity,

density and pharmacological specificity

In this kind of experiments is crucial
to prove that radioligand, in our case
3H-flunitrazepam, has identified the cor-
rect binding site, in our case benzodiaz-
epine binding site at the brain GABAA re-
ceptor. Dissociation constant (Kd) and a
maximum receptor density (Bmax) values
for 3H-flunitrazepam listed in Table 1,
are in agreement with the data15,16 ob-
tained under similar conditions (physio-
logical or near physiological incubation
temperature, presence of NaCl in incuba-
tion mixture, absence of detergents dur-
ing membrane preparation). To further
validate 3H-flunitrazepam binding assay,
benzodiazepine drugs with well-known
potencies for benzodiazepine binding
sites, GABA and thiopental were used in
competitive binding experiments. Again,
there is a good match between IC50 values

for flumazenil, diazepam and �-CCM re-
ported here (Table 2) and IC50 values
reported elsewhere using the same drugs
under similar 3H-flunitrazepam binding
conditions17,18. One of the most consistent
findings on the pharmacology of GABAA

receptor is the existence of several bind-
ing sites on these receptors, all of which
exhibit multiple allosteric binding inter-
actions with each other2,19. Since benzo-
diazepine/GABA/barbiturate binding si-
tes allosteric interactions remain intact
in the absence of detergents during mem-
brane preparation20, GABA and thiopen-
tal enhanced 3H-flunitrazepam binding
to mouse brain membranes (Table 3). It
has been already reported that binding of
benzodiazepines to the brain membranes
which are not subjected to the treatment
with detergents is stimulated by GABA,
by depressant barbiturates and by anxio-
lytic, anticonvulsant and hypnotic stero-
ids2,21–23. EC50 and Emax values for GABA
and thiopental presented here are in rea-
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TABLE 3
THE ENHANCEMENT POTENCIES AND EFFICACIES OF ERGOT DRUGS, GABA AND THIOPENTAL

ON 3H-FLUNITRAZEPAM BINDING TO MOUSE BRAIN GABAA RECEPTORS

EC50 (�M) Emax (%) Number of
X � SEM X � SEM experiments*

GABA 4.3 � 1.5 127 � 3 3

Dihydroergotoxine 32.4 � 2.6** 241 � 11†† 6

Thiopental 117.5 � 19.4 135 � 19 3

�-dihydroergocriptine 174.1 � 43.9** 66 � 5 3

Dihydroergosine 340.4 � 64.4 81 � 20 3

Dihydroergotamine 388.5 � 19.1 338 � 32†† 2

* The brains (cerebrum minus cortex) from four mice were pooled and used in each separate ex-
periment.
EC50 = molar concentration of drug required for 50% of the maximum observed enhancement;
Emax) = 3H-flunitrazepam binding over the control value (100% specifically bound 1 nM 3H-flu-
nitrazepam without drug, about 0.040 pmol/mg protein).
** p< 0.01 for dihydroergotoxine and �-dihydroergocriptine EC50 values against dihydroergosine
and dihydroergotamine EC50 values, Newman Kuels test (ANOVA: F (3,10) = 26.47).
†† p<0.01 for dihydroergotoxine and dihydroergotamine Emax values against dihydroergosine and
�-dihydroergocriptine Emax values, Newman Kuels test (ANOVA: F (3,10) = 59.31).



sonable agreement with literature da-
ta16,24,25. Taking together, above mentioned
results clearly suggest that 3H-flunitra-
zepam labels high affinity benzodiaze-
pine binding sites, the same site at the
brain GABAA receptor complex by which
the benzodiazepines exert their clinically
important actions1.

The effect of ergot drugs on
3H-flunitrazepam binding

As shown in Results, all ergot drugs
produced an enhancement of 3H-flunitra-
zepam binding to its binding site at the
GABAA receptor of the mouse brain. To
our knowledge, this is the first demon-
stration that ergot compounds affect bren-
zodiazepine binding sites labeled with
3H-flunitrazepam. Moreover, Emax values
for ergot drugs listed in Table 3 are com-
parable or even higher (2-3 times, dihy-
droergotoxine and dihydroergotamine) than
that for GABA or thiopental. Sometimes
is difficult or even impossible to unmis-
takably conclude whether drug interacts
directly or allosterically with binding sites
of GABAA receptor complex, especially in
the case of inhibition of radioactive ligand
binding. On the contrary, an enhance-
ment of binding of radioactive ligand by
the compound to be investigated in any
case identifies an allosteric interaction
with the respective binding site2. Thus,
the fact that all ergot compounds used in
our study stimulate rather than inhibit
3H-flunitrazepam binding clearly indicate
an allosteric inter- action of these drugs
with benzodiazepine binding site at the
brain GABAA receptor. Because ergot com-
pounds allosterically modulate 3H-fluni-
trazepam binding to benzodiazepine bin-
ding site, we can presume that ergot
drugs do not bind to the benzodiazepine
recognition site at the brain GABAA re-
ceptor. The mechanisms responsible for
the enhancing effect of ergot drugs on
3H-flunitrazepam binding to the brain
GABAA receptor in vitro could be a few.

Although ergot drugs are known to have a
high, nanomolar potency for brain amine
receptors26, the enhancement effect of er-
got drugs on 3H-flunitrazepam binding in
vitro could not be explained on the basis
of a non- GABAA receptor mechanism,
since 3H-flunitrazepam exclusively labels
high affinity benzodiazepine binding sites
in our experimental system. Regarding
GABAA re- ceptor related mechanisms,
the neurotransmitter site could also be
excluded as a possible explanation of the
results presented here. Namely, Hruska
and Silbergerd reported that ergot alka-
loids do not affect 3H-GABA binding to
brain GABAA receptors26. These results
are in accordance with our unpublished
data, showing very low, nearly milimolar
potency of ergot drugs for 3H-muscimol
(GABA analogue) binding. It has been al-
ready reported that dihydrogenated ergot
drugs bind with high affinity to GABAA

receptor associated chloride ionophore la-
beled with 3H-TBOB9. The potency for in-
hibition of 3H-TBOB binding sites was
2-6 times higher than that for enhance-
ment of 3H-flunitrazepam binding sites
listed in Table 3. Moreover, in the pres-
ence of physiological concentration of
GABA, at least one of these drugs, dihy-
droergotoxine, non-competitively displaced
3H-TBOB binding with potency (IC50 = 46
nM) comparable to that reported for brain
amine receptors8. Besides, the rank order
of potency for ergot drugs on 3H-TBOB in-
hibition8 was the same as that for en-
hancement of 3H-flunitrazepam binding
reported here: dihydroergotoxine > �-di-
hydroergocriptine > dihydroergosine > di-
hydroergotamine (Table 3). Therefore, we
can presume that binding site for ergot
drugs at the brain GABAA receptor re-
sponsible for the enhancing effect of ergot
drugs on 3H-flunitrazepam binding is lo-
cated near to picrotoxin/convulsant site.
Finally, intri- guing possibility of direct
interaction between ergot drugs and ste-
roid binding site of the brain GABAA re-
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ceptor could not be excluded, since bind-
ing of benzodiazepines is stimulated also
by anxoiolytic, anticonvulsant and hyp-
notic steroids23.

In conclusion, the results of present
study suggest that dihydrogenated ergot
derivatives do not bind directly to the
brain benzodiazepine binding sites la-
beled with 3H-flunitrazepam. However,
these findings indicate that ergot com-

pounds have an appreciable modulation
activity at the benzodiazepine binding
site labeled with 3H-flunitrazepam, and
affect the mouse brain GABAA receptor
complex in a manner which is typical for
drugs acting on this allosteric receptor
complex. Therefore, the results presented
here further support the hypothesis that
ergot drugs interact with the brain
GABAA receptor complex.
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U^INAK 3H-FLUNITRAZEPAMA ZA GABAA RECEPTORE
IZ MOZGA MI[A

S A @ E T A K

U in vitro uvjetima istra`ivani su u~inci dihidroergotoksina, dihidroergozina, dihi-
droergotamina, �-dihidroergokriptina (ergot alkaloidi), diazepama, metil-�-karbolin-3-
karboksilata (�-CCM), flumazenila (benzodiazepini), �-amino masla~ne kiseline
(GABA) i tiopentala (barbiturat) na vezno mjesto za benzodiazepine obilje`eno 3H-flu-
nitrazepamom iz mozga mi{a (veliki mozak bez kore). Na membranama pripremljenim
iz mozga mi{a identificirano je specifi~no vezno mjesto, visokog afiniteta (konstanta
afiniteta Kd = 57.7 � 8.6 nM) za 3H-flunitrazepam. Svi benzodiazepini su inhibirali ve-
zanje 3H-flunitrazepama sa nanomolarnom potencijom. Za razliku od njih, svi ergot
alkaloidi, GABA i tiopental su pove}avali vezanje 3H-flunitrazepama za njegovo vezno
mjesto na GABAA receptorima iz mozga mi{a. Redoslijed potencije za taj u~inak je bio:
neurotransmiter (GABA) > dihidroergotoksin > tiopental > �-dihidroergokriptin > di-
hidroergozin > dihidroergotamin. Spomenuti rezultati sugeriraju da se ergot alakloidi
ne vezuju za vezno mjesto za benzodiazepine obilje`eno 3H-flunitrazepamom iz mozga
mi{a. Me|utim, pove}anje vezanja 3H-flunitrazepama sa svim ergot alkaloidima upo-
trebljenim u ovom istra`ivanju jasno ukazuje na alosteri~ku interakciju ergot alka-
loida sa veznim mjestom za benzodiazepine na GABAA receptorima.
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