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ZARKOVSKY. A. M. The inhibitory effect of endogenous convulsants quinolinic acid and kynurenine on the pentobarbi-
tal stimulation of [PH]Flunitrazepam binding. PHARMACOL BIOCHEM BEHAYV 24(5) 1215-1217, 1986.—The metabolites
of tryptophan-kynurenines with convulsant action quinolinic acid (QA) and I-kynurenine (I-KYN) antagonized the enhanc-
ing effect of pentobarbital (1 mM) on [*H]Flunitrazepam binding. IC;, for I-KYN were 35.9+14.8 uM and for QA 31.2+7.2
uM respectively. The inhibitory effect of KYN was stereoselective: IC;, of l-isomer was about two fold lower than IC;, of
racemic form, d.I-KYN. Scatchard analysis revealed that inhibitory effect of QA and I-KYN on [*H]Flunitrazepam binding
enhanced by pentobarbital is due to the decrease in affinity of benzodiazepine receptors. On the basis of these data it is
proposed that QA and I-KYN possess their convulsant action interacting with barbiturate/picrotoxin sensitive sites of
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GABA-benzodiazepine-barbiturate complex.
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SUBSTANTIAL evidences suggest that various anticonvul-
sants and convulsants interact with proposed GABA-
benzodiazepine-barbiturate (GBB) supramolecular complex
via specific barbiturate/picrotoxin sensitive site [1, 9, 10, 18].
Drugs which directly interact with barbiturate/picrotoxin site
in turn may modulate the binding of other ligands to their
recognition sites within GBB complex [, 15, 16, 18, 19].
Among various convulsants the metabolites of tryptophan,
kynurenines draw much attention of investigators. Among
them quinolinic acid (QA) and I-kynurenine (I-KYN) were
most intensively studied last year. These neuroactive sub-
stances induce seizures in frogs [5], mice [3, 5, 6, 7] and rats
[7.11] after intracerebroventricular administration. In imma-
ture rats when the blood-brain barrier is not developed, QA
and KYN induce seizures after intraperitoneal injection [4].
Administration of QA into brain structures in rats resulted in
neuronal cell loss, and this neuronal damage resembles those
induced by exogenous excitotoxins, e.g., kainic acid {13,14].
Recent findings on antagonism of barbiturates to KYN- and
QA-induced seizures [12] and on selective synergism of
these two endogenous convulsants with picrotoxin among
various standard convulsants (Ryzov and Lapin, in press)
suggested that the barbiturate/picrotoxin subunit of the GBB
can be involved in the central action of KYN and QA. It
seemed to be of interest, therefore, to study the action of QA
and KYN on the stimulation of [*H]-benzodiazepine binding
induced by pentobarbital.

METHOD

[*H]Flunitrazepam ([*H]FNZ, spec. act. 84 Ci/mmol) was
purchased from Amersham plc. (UK), picrotoxin, kainic
acid, kynurenines: dl-kynurenine, l-kynurenine-SO,,
quinolinic acid, picolinic acid, antranilic acid all were pur-
chased from -Sigma (St. Louis, MO). Diazepam and fluni-
trazepam were a gift of Hoffman La Roche (Switzerland).
All other drugs and chemicals were obtained from local
commercial sources.

Membrane Preparation and Binding Assay

Fresh brain tissue (without brain stem and cerebellum)
from male rats of Wistar strain was homogenized in 10 vol. of
ice-cold 0.32 M sucrose in a Potter-Elvehjem homogenizer.
The homogenate was centrifuged at 1000 x g for 10 min and
the resulting supernatant was recentrifuged at 30,000 x g for
20 min. The pellet from the second homogenization was sus-
pended in 50 vol. of 50 mM TRIS-citrate buffer (pH=7.3),
centrifuged at 30,000 x g for 20 min. The pellet then was
additionally washed in 50 mM TRIS-citrate buffer three
times and stored frozen at —20°C for 24 hr. After thawing
membranes were washed at least four times with rehomogen-
ization in the same buffer and finally were resuspended in
100 vol. of buffer. The typical incubations in triplicate con-
tained in a total volume 1.0 ml 0.2-0.24 mg protein of mem-
brane suspension, 1.2 nM [PH]FNZ, 150 mM NaCl, | mM
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TABLE 1

INHIBITION OF PENTOBARBITAL INDUCED STIMULATION OF
[PHIFNZ BINDING BY VARIOUS DRUGS

Drug 1Cso (M)

Kainic acid >200 (2)
Quinolinic acid 31.2 = 7.2 (5)
1-Kynurenine 359 + 148 (4)
d,l-Kynurenine 84.5 = 21.4 (3)
Picolinic acid 99.1 +225 (3)
Anthranilic acid >150 (3)
Picrotoxin 6.95 = 1.25 (5)

For the determination of 1C;, (concentration producing 50% inhi-
bition) the maximal enhancement of [*H]FNZ binding (by 1 mM
pentobarbital) was taken as 100%. The number of determinations is
shown in parentheses.
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FIG. 1. The inhibitory effect of QA (O), L-KYN (@), d,I-KYN (L)
and picolinic acid (A) on the pentobarbital (1 mM) induced stimula-
tion of [*H|FNZ binding in vitro. Abscissa: logarithm of the displac-
ing agent concentration. Ordinate: percent of control. Control was
taken as |?H]FNZ binding in absence of pentobarbital (100%).
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FIG. 2. The Scatchard analysis of [*H]FNZ binding in absence and in presence of pentobarbital (I mM) and the effect of QA
(left) and I-K YN (right) on the pentobarbital-induced stimulation of ['H]JFNZ binding.

pentobarbital-Na and various concentrations of the drugs
under investigation. The mixture was incubated at 30°C for
30 min and rapidly filtered under vacuum through GF/B fil-
ters (Whatman Co.). The filters were rinsed twice with 5 ml
of the same buffer and counted in a liquid scintillation
counter L.S-7500 (Beckman). Specific [*H]FNZ binding was
defined as total binding minus binding in the presence of 1
uM flunitrazepam or 5 uM diazepam. The saturation exper-
iments were performed using six concentrations (0.25-16
nM) of [PBH]JFNZ. Statistics B, (fmoles/mg protein) and K,,
(nM) were estimated from Scatchard plots of the binding
data using linear regression analysis. IC;, for the drugs tested
were calculated by probit analysis.

RESULTS

None of the drugs studied affected basal [P H]FNZ binding
(data not shown). Stimulation of [*’H]FNZ binding by 1 mM
pentobarbital varied among experiments from 165.5% to
185.6% (mean=178.3%) above control level (taken as 1009%).
Picrotoxin effectively inhibited the pentobarbital enhanced
[*HJFNZ binding (Table 1). The enhancement of [PH|FNZ
binding was antagonized by QA, d,-KYN and I-KYN-SO,
(Fig. 1). Among kynurenines the most potent drugs were QA
and FKYN. Moreover, the inhibitory effect of kynurenine
was stereoselective: IC;, of I-isomer was about two fold
lower than IC;, of racemic form, d,l-kynurenine (Table 1).



MECHANISM OF ACTION OF KYNURENINES

Picolinic acid was much less potent than above mentioned
drugs and anthranilic acid was almost inactive. Other excita-
tory dicarboxylic amino acids: kainic acid and l-glutamic
acid taken for comparison (Table 1) did not influence the
enhancing effect of pentobarbital on [PH]FNZ binding.
Scatchard analysis of the specific [’ H]JFNZ binding in the
presence of pentobarbital showed that the enhancement of
binding was due to an increase in affinity without significant
changes in the density of the binding sites (Fig. 2). The addi-
tion of QA (50 uM) or I-KYN (100 uM) into the incubation
mixture produced decrease in affinity of receptors enhanced
by pentobarbital (Fig. 2).

DISCUSSION

The principal finding of the present study is that QA and
I-KYN effectively antagonize the pentobarbital induced
enhancement of [*H]FNZ binding. The effect of I-KYN and
QA is due to the decrease in affinity of benzodiazepine re-
ceptor enhanced by pentobarbital. Recently it has been
shown, that various convulsants including picrotoxin, iso-
propylbicyclophosphate, benzodiazepine Ro  05-3663,
bicuculline antagonize the effect of pentobarbital on
[*H]FNZ binding {15, 18, 19]. Based on the data obtained in
the present study one may propose that I-KYN and QA pos-
sess their convulsant action at least in part via barbitu-
rate/picrotoxin site of GBB supramolecular complex. This
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suggestion is in agreement with previously obtained data that
QA and I-KYN selectively potentiate the convulsant action
of picrotoxin and that seizures induced by intracerebroven-
tricular administration of QA and I-KYN are effectively
blocked by barbiturates [12]. Moreover, in the present study
it is shown that another tryptophan metabolite from the group
of kynurenines anthranilic acid which devoid any convulsant
activity [5,8] did not antagonize the pentobarbital induced
enhancement of [PH]FNZ binding.

It has been proposed in the recent years that there might
be an endogenous ligand for barbiturate/picrotoxin receptors
in the CNS [18]. Taking into consideration the fact that
kynurenines are naturally occuring compounds of the brain
one may propose that kynurenines might serve as endoge-
nous ligands or modulators at these receptors. However, the
concentration of kynurenines in the brain tissue is much
lower than those which induce seizures or inhibit the effect
of pentobarbital on [PH]FNZ binding. For this reason a prob-
able role of kynurenines as putative endogenous regulators
of barbiturate/picrotoxin receptors under normal conditions
requires further investigations.

ACKNOWLEDGEMENT

The author is deeply grateful to professor 1. P. Lapin for his
advice, discussions and constructive criticism of the manuscript.

REFERENCES

I. Asano, T. and N. Ogasawara. Chloride dependent stimulation
of GABA and benzodiazepine receptor binding by pentobarbi-
tal. Brain Res 225: 212-216, 1981.

2. Foster, A. C..J. F. Collins and R. Schwarcz. On the excitotoxic
properties of quinolinic acid, 2,3-piperidine dicarboxylic acids
and structurally related compounds. Neuropharmacology 22;
1331-1342, 1983.

3. Lapin, 1. P. Stimulant and convulsive effects of kynurenines
injected into brain ventricles in mice. J Newral Transm 42:
37-43, 1978.

4. Lapin, 1. P. Convulsions and tremor in immature rats after in-
traperitoneal injection of kynurenine and its metabolites. Phar-
macol Res Commun 10: 81-84, 1978.

5. Lapin, I. P. Kynurenines and seizures. Epilepsia 22: 257-265,
1981.

6. Lapin, I. P. Convulsant action of intracerebroventricularly ad-
ministered l-kynurenine sulphate, quinolinic acid and other de-
rivatives of succinic acid, and effects of amino acids: structure
activity relationships. Newropharmacology 21: 1227-1233, 1982.

7. Lapin, [. P.. 1. B. Prakhie and I. P. Kiseleva. Excitatory effects
of kynurenine and its metabolites, amino acids and convulsants
administered into brain ventricles: differences between rats and
mice. J Newral Transm 54: 229-238, 1982.

8. Lapin. I. P. Structure-activity relationships in kynurenine,
diazepam and some putative endogenous ligands of the ben-
zodiazepine receptors. Newrosci Biobehav Rev 7: 107-118,
1983.

9. Leeb-Lundberg, F., A. Snoroman and R. W. Olsen. Barbiturate
receptor sites are coupled to benzodiazepine receptors. Proc
Natl Acad Sci USA 207: 195-197, 1980.

10. Olsen, R. W. GABA-benzodiazepine-barbiturate receptor in-
teraction. J Neurochem 37: 1-13, 1981.

11. Pinelli, A., C. Ossi, R. Colombo, O. Tofanetti and L. Spazzi.
Experimental convulsions in rats induced by intraventricular
administration of kynurenine and structurally related com-
pounds. Neuropharmacology 23: 333-338, 1984.

12. Ryzov, I. V. and L. P. Lapin. Effect of anticonvulsants on sei-
zures induced by kynurenine, quinolinic acid, strychnine and
pentylene-tetrazol. Bull Exp Biol Med (Moscow) 92: 696-699,
1981.

13. Schwarcz, R., W. O. Whetsell and R. M. Mangano. Quinolinic
acid: an endogenous metabolite that produces axon-sparing le-
sions in rat brain. Science 219: 316-318, 1983,

14. Schwarcz, R. and C. Kohler. Differential vulnerability of cen-
tral neurons of the rat to quinolinic acid. Newrosci Lett 38:
85-90, 1983.

15. Skeritt, I. H. and G. A. R. Johnston. Interactions of some an-
aesthetic, convulsant and anticonvulsant drugs at GABA-
benzodiazepine receptor-ionophore complexes in rat brain
synaptosomal membranes. Newurochem Res 8: 1351-1362, 1983.

16. Skolnick, P., K. C. Rice, I. L. Barker and S. M. Paul. Interac-
tion of barbiturates with benzodiazepine receptor in the central
nervous system. Brain Res 233: 143-156, 1982.

17. Stone, T. W. and M. N. Perkins. Quinolinic acid: a potent en-
dogenous excitant at amino acid receptors in CNS. Eur J Phar-
macol 72: 411-412, 1981.

18. Ticku, M. K. Benzodiazepine-GABA receptor-ionophore com-
plex. Curr Concepts Neuropharmacol 22: 1459-1470, 1983.

19. Ticku, M. K.. R. Thyagarajan and R. Ramanjaneyulu. Allo-
steric modulation of benzodiazepine-GABA receptor-ionophore
complex by depressant and convulsant drugs. In: Neurotrans-
mitters, Seizures and Epilepsy 11, edited by R. Fariello, P. L.
Morselliand J. Engel. New York: Raven Press, 1983, pp. 42-50.



