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Nicotinamide, Inosine and Hypoxanthine,
Putative Endogenous Ligands of the
Benzodiazepine Receptor, Opposite to
Diazepam Are Much More Effective Against
Kynurenine-Induced -Seizures Than Against
Pentylenetetrazol-Induced Seizures
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LAPIN, L. P. Nicotinamide, inosine and hypoxanthine, putative endogenous ligands of the benzodiazepine receptor,
opposite to diazepam are much more effective against kynurenine-induced seizures than against pentylenetetrazol-induced
seizures. PHARMAC. BIOCHEM. BEHAV. 14(5) 589-593, 1981.—Nicotinamide (NAM, 1000 mg/kg), inosine (INS, 1000
mg/kg), hypoxanthine (HXT, 500 mg/kg), putative endogenous ligands of the benzodiazepine receptor, and nicotinic acid
(NA, 500 mg/kg) diminished DL-kynurenine-(DL-K, 50 ug ICV) induced seizures in C57BL/6 adult male mice and only
prolonged the latency of pentylenetetrazol (PTZ, 500 ug ICV) seizures. The same effect was previously observed when
PTZ was administered IP. In albino male BALB/c and SHR (bred from Swiss) mice only NA was effective against DL-K.
Diazepam in a dose of 0.5 mg/kg prevented PTZ-induced seizures in half of the animals but even in dose of 10 and 20 mg/kg
it was ineffective against DL-K. When injected ICV NAM (1 and 10 ug), INS (10 xg) and HXT (10 ug) prevented seizures
induced by DL-K and were ineffective against seizures induced by PTZ. It is suggested that if NAM, INS and HXT are of
functional importance in the central nervous system, they can act as antagonists of endogenous brain Kynurenine. NA and
NAM are suggested to be functional feedback inhibitory regulators of the kynurenine pathway of metabolism of tryp-

tophan.
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HIGH doses (500-2000 mg/kg) of the putative endogenous
ligands of the benzodiazepine receptor (BDZR), i.e.,
nicotinamide (NAM), inosine (INS), hypoxanthine (HXT),
and of nonligand nicotinic acid (NA) antagonize pen-
tylenetetrazol (PTZ) seizures in mice of various strains and
this antagonism is evident only in prolongation of the latency
of seizures (in press). This effect is not selective because
ligands similarly antagonized other convulsants, e.g.,
strychnine and DL-kynurenine sulfate (DL-K). It is gener-
ally known (see [8]) that diazepam, a standard ben-
zodiazepine (BDZ) tranquilizer, highly selectively antago-
nizes PTZ. Intracerebroventricularly (ICV) administered
ligands in doses of 50-300 ug also prolonged the latency of
PTZ seizures in BALB/c [7] and C57BL/6 mice (in press).
The purpose of the present study was to compare more
precisely susceptibility of DL-K-induced and PTZ-induced
seizures towards ligands or, in other words, comparative
efficacy of ligands against DL-K and PTZ. It seemed rea-
sonable that NAM and NA as tryptophan metabolites in the

kynurenine pathway (kynurenines) could relate to DL-K
equally or greater than to exogenous PTZ.

METHOD
Animals

Adult male mice of three strains, C57BL/6, SHR (bred
from Swiss) and BALC/c, weighing respectively 18-20,
17-19 and 21-23 g were supplied by the Rappolovo farm.

Procedure

Procedure followed has been recently described in detail
[3-7]. Injection of drugs into brain ventricles (ICV) in con-
scious mice was made by semiautomatic apparatus. IP pre-
treatment was made 30 min and ICV pretreatment 10 min
prior to a convulsant.

Copyright © 1981 ANKHO International Inc.—0091-3057/81/050589-05$01.00/0



590

LAPIN

TABLE 1

COMPARISON OF EFFECTS OF INTRAPERITONEALLY INJECTED PUTATIVE
ENDOGENOQUS LIGANDS OF THE BENZODIAZEPINE RECEPTOR ON
SEIZURES INDUCED BY DL-KYNURENINE AND PENTYLENETETRAZOL

Pretreatment Convulsant Effect
ICV
Dose Dose
1P mg/kg ng Latency to CC Number of mice
sec, mean + S.E. Total CC TE L
C57BL/6 strain
D.W. — DL-K 50 127.6 = 16.1 20 15 5 5
NAM 1000 181.0 + 59.7 20 st o2 2
INS 1000 267.0 19 2% 0% O*
HXT 500 118.7 + 8.9 19 4% 0% 0O*
NA 500 180 10 1¢ 0* o*
D.wW. — DL-K 50 91.4 = 20.9 8 7 1 1
Diazepam 10 73.7 + 9.7 8 8 0 0
20 90.0 = 10.5 8 5 0 0
D.wW. — PTZ 500 50.0 = 21.8 15 9 0 1
NAM 1000 286.0 + 59.4% 9 4 0 0
INS 1000 119.0 = 44.0 10 5 302
HXT 500 146.2 + 33.0% 10 5 0 0
SHR strain
D.W. —_ DL-K 50 79.3 + 8.7 10 8 3 3
NAM 1000 90.0 + 5.3 0 6 2 2
INS 1000 123.3 + 23.7 10 6 0 0
HXT 500 83.3 + 6.2 10 9 4 4
NA 500 156.6 + 31.8* 10 3 0 0
D.W. — PTZ 500 93.4 = 17.3 20 13 2 2
NAM 1000 152.4 + 52.3 5 1 2
INS 1000 47.0 ~ 15.8 10 6 3 3
HXT 500 108.0 = 10.1 0 6 2 2
BALB/c strain
D.W. — DL-K 50 65.0 = 10.3 10 8 0 0
NAM 1000 66.8 + 7.5 10 8 0 0
INS 1000 110.0 = 17.9* 10 6 0 0
HXT 500 80.8 + 10.6 10 6 0 0
NA 500 210.2 + 3.9% 10 2 0 0

Abbreviations: D.W.—distilled water, NAM—nicotinamide, INS—inosine,
HXT—hypoxanthine, NA—nicotinic acid, DL-K—DL-kynurenine sulfate,

PTZ—pentylenetetrazol,
L—lethality.
*p<0.05, tp<0.02, p<0.01.

Drugs

NAM (Koch-Light), INS (Reanal), HXT (Reanal) and NA
(city drug store) were dissolved in distilled water. Solutions
of HXT required heating and were not available stronger
than 1% thus limiting use of higher doses ICV. Solutions of
all pretreatment drugs had pH 6-7. In some experiments
2.5% ampuled solutions of NAM (city drug store) dissolved
by distilled water were used. Special comparison of prepara-
tions of NAM from two mentioned sources showed their
equal activity. DL-kynurenine sulfate monohydrate (DL-K)
and quinolinic acid (QA), both from Sigma Co., were also
dissolved in distilled water. PTZ (city drug store) was used
as 10% ampuled solution.

CC—<clonic convulsions,

TE—tonic extension,

Statistical Treatment of Data

Differences between groups in the latency of seizures
were treated with Student’s ¢ test and those in the rates of
clonic seizures, tonic extension and lethality with Chi-square
test.

RESULTS

IP administered NAM, INS, HXT and NA diminished
rate of DL-K-induced clonic seizures per group and, except
NAM, of tonic extension and lethality in C57BL/6 mice (Ta-
ble 1). Diazepam appeared to be ineffective in doses of 10
and 20 mg/kg in C57BL/6 mice (Table 1) and SHR mice while
in a dose of 0.5 mg/kg it prevented seizures and lethality in
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TABLE 2

EFFECT OF PUTATIVE LIGANDS AND NICOTINIC ACID ON BODY
TEMPERATURE AND MOTOR ACTIVITY (CONTROL)

Drug Hypothermia Motor activity

Dose 30 min after 1P injection

mg/kg —At*, mean = S.E. Locomotion  Rearings

C57BL/6 SHR SHR strains

D.W. — 1.3+0.2 1.6 = 0.2 11.7+ 19 8/8
NAM 1000 3.8 = 0.3% 5.0 = 0.5% 10.3 = 0.8 2/8t
INS 1000 2.9 + 0.4* 4.2 + 0.6% 9.2 = 1.7 4/8
HXT 500 22+05 28 =04 14.0 + 2.0 8/8
NA 500 — 4,7 = 0.1% 3.4 + 0.67 1/8t

Abbreviations: see Table 1.

Locomotion——number of lines crossed.
Rearings—number of mice reared to total number of mice in group.

TABLE 3

COMPARISON OF EFFECTS OF INTRACEREBROVENTRICULARLY INJECTED PUTATIVE
ENDOGENOUS LIGANDS OF THE BENZODIAZEPINE RECEPTOR ON SEIZURES INDUCED
BY DL-KYNURENINE AND PENTYLENETETRAZOL

Pretreatment Convulsant Effect
ICV ICv
Dose Dose Latency Number of mice
HE [25:4
to CC, sec Total CC TE L
mean+S.E.
SHR strain
Saline — DL-K 50 58.0 + 8.6 10 8 4 6
NAM 0.1 176.0 = 23.3% 10 4 0* 0t
1.0 112.0 10 2t 0 Of
10.0 57.5 10 2t 0 0t
Saline — DL-K 50 70.0 + 2.4 10 7 2 1
INS 1.0 101.0 = 16.4 10 4 0 0
10.0 — 10 0F 0 0
HXT 1.0 9]1.6 + 38.8 10 4 0 0
10.0 345 10 1 0 0
Saline — PTZ 500 36.6 + 5.6 10 9 4 4
NAM 1.0 62.5 = 12.9 10 8 S S
10.0 68.7 = 17.4* 10 4 3 1
100.0 18.5 + 3.7 10 7 4 4
INS 10.0 342 2.7 10 7 0 0
100.0 30.0 = 3.8 10 S 1 1
Saline —_ PTZ 500 43.0 = 5.2 10 5 1
HXT 10.0 371+ 24 10 7 1

Abbreviations: see Table 1.

half of the SHR and C57BL/6 mice treated with PTZ (80
mg/kg IP or 500 ug ICV). The same doses of NAM, INS and
HXT did not diminish seizures but only prolonged the la-
tency of seizures induced by PTZ administered ICV (Table
1). When PTZ was injected SC or IP, pretreatment with
NAM, INS and HXT gave similar results (in press).
Putative ligands in doses used in C57BL/6 mice were
practically not effective in albino SHR and BALB/c mice
treated with DL-K (Table 1). NAM in a dose of 1000 mg/kg in

some other experiments prolonged the latency of DL-K sei-
zures. Ligands also did not modify PTZ seizures in SHR
mice (BALB/c mice were not tested against PTZ adminis-
tered ICV). However, NA increased the latency and di-
minished rate of clonic seizures induced by DL-K in these
two albino strains (Table 1).

Control measurements have found (Table 2) that the
doses of tested compounds used, except HXT, lowered body
temperature and two of them, NAM and NA, inhibited rear-
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ings. NA inhibited locomotion as well. Degree of hypother-
mia was slightly greater in SHR mice than in C57BL/6 mice.

The convulsant effect of another tryptophan metabolite
with convulsive action, QA (5 ug, ICV), was not modified by
the doses of ligands used with SHR and C57BL/6 mice. NA
in a dose of 500 mg/kg diminished the number of C57BL/6
mice with clonic seizures and prolonged the latency of QA
seizures in SHR mice.

ICV injection of NAM, INS and HXT reduced the
number of SHR mice, a strain in which these compounds
were ineffective under IP administration, with DL-K-
induced clonic seizures (Table 3). These doses of compounds
and a dose of 100 ug of NAM and INS practically did not
change the convulsant action of PTZ administered ICV (Ta-
ble 3) or IP (80 mg/kg). An exception was prolongation of the
latency of PTZ seizures in mice treated with 10 ug of NAM.
This dose of NAM, INS and HXT did not change body tem-
perature and motor activity 10 min after ICV injection in
control mice. Doses of HXT ICV higher than 10 g were not
tested because of poor solubility of this compound in water.
NA at doses of 0.1 ug and 1.0 ug ICV prevented DL-K
induced seizures in SHR mice.

DISCUSSION

Data obtained show that in C57BL/6 mice, a strain which
is particularly susceptible to the anti-PTZ action of putative
ligands (in press, see also [7], these compounds are much
more effective against DL.-K than against PTZ (Table 1). In
albino BALB/¢c and SHR mice, ligands in the doses used
were not effective against DL-K while NA was. The latter
was the most effective against DL-K, also in C57BL/6 mice as
in a previous study (in press) against PTZ. Observed differ-
ences between C57BL/6 and SHR strains in susceptibility to
anti-DL-K action of tested compounds could be due to
poorer penetration into brain in SHR mice since all com-
pounds were highly effective in SHRs when injected ICV.
We did not study so far the anti-DL-K action of ligands
administered ICV in BALB/c mice.

Because it is NA which most markedly inhibited
locomotion and rearings and lowered body temperature one
may wonder whether anti-DL-K effect of NA and of other
studied compounds is due to their nonspecific inhibitory ac-
tion. Hypothermia is known [1] to decrease transport of
amino acids, e.g., GABA, which counteracts DL-K (in
press) in the brain, and it is likely that hypothermia is of
importance for distribution of an amino acid metabolite,
DL-K, from brain ventricles into brain structures.
Moreover, hypothermia is of some importance for protection
of SHR mice against audiogenic seizures [4]. Three facts
speak against an idea that hypothermia can be a determinant
of anti-DL-K effect of ligands and demonstrate that there is
no correlation between lowering of temperature and protec-
tion against DL-K seizures: (1) In C57BL/6 mice HXT did
not lower body temperature (Table 2) but was equipotent to
NAM which appeared to be the most hypothermic among
ligands. (2) In SHR mice NA and NAM equally lowered
body temperature (Table 2) but only the former diminished
DL-K seizures. (3) In SHR mice ICV administration of
ligands in a protective dose of 10 ug did not lower body
temperature. These arguments bring doubts that hypother-
mia is important for anti DL-K effect of NA as well.

It seems premature to speculate whether the anti-
kynurenine effect of ligands and NA is central or peripheral
or both. Because ligands in small doses ICV prevented
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FIG. 1. Chemical structures of compounds studied.

DL-K seizures it seems reasonable that the anti-kynurenine
effect of ligands, both endogenous and injected IP or ICV, is
of central origin. Some peripheral mechanisms may also be
involved in protection against convulsants as it has been
shown [4] for IP administered kynurenines.

Much higher activity of ligands against DL-K than against
PTZ suggests that NAM, INS and HXT can be considered as
endogenous antagonists of endogenous brain kynurenine.
Whether their action is related to occupation of the BDZR
remains an open question.

Chemical structures of DL-K (and natural L-K; for both,
further abbreviation K) and diazepam can be represented in
a manner showing their close similarity (Fig. 1) which
suggests that K can occupy if not the whole BDZR, a part (a
supplement) of this receptor and, when so, K can be consid-
ered as a putative endogenous ligand of the BDZR.

There are three fragments (F), or moieties, common in the
structures of K and diazepam.

F, N-C-C-C=R; R=0 in K and R=N in diazepam;

F, N-C-C=0; this F, is situated inside the ben-
zodiazepine ring in diazepam and in the
side chain in K.

In the structure of K one CH, group separates F, and F,,

while in the structure of K they are not separated.

F, C-C-C-C=R; R=0 in K and R=C in diazepam; F,

forms the contour of the lower part of both molecules. F, has

similar spheric contour at benzyl ring of both molecules.

It seems important that only these two molecules, K and
diazepam, have three common fragments. NAM and
diazepam have only one common F,. Purines HXT and INS
(as well as adenine and adenosine) and diazepam have two
common Fs: F, (instead of =0 they have —OH) and F,
N-C-C-N=(which is similar to F, differing by N=instead
of C= in F,).

Stimulant and convulsant effects of K are probably re-
lated to the presence of two carboxy groups (C=0) separated
by two carbon atoms (C-C), i.e. to a moiety
0=C-C-C-C=0. This moiety of the molecule is also typi-
cal of QA, the strongest endogenous convulsant among
kynurenines, and aspartic acid, an excitatory amino acid. In
the molecule of caffeine there are also two carboxy groups
separated by one N atom. Similarly to K and diazepam caf-
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feine has F, and modified F, (N-C-N-C=0) which suggest
a binding of caffeine with the BDZR.

Inefficacy of diazepam against K might be due either to
replacement of diazepam by K as a more strongly competi-
tive antagonist or to independence of seizures induced by K
on its binding with BDZR. However, antagonism between
the endogenous ligands of the BDZR (although possessing
low affinity), NAM, INS, HXT, and K speaks against the
latter suggestion. It appears noteworthy that although chem-
ical structures of ligands are much more similar to the struc-
ture of PTZ than to the structure of K (Fig. 1) they antago-
nize the latter much more effectively than the former. This
could be because PTZ is a stronger competitor than ligands
or because K and ligands bind with one part of the BDZR

593

while PTZ binds with another part of this receptor. The
above considerations require in vitro studies on replacement
of *H-diazepam by K.

Anti-DL-K effect of NAM and NA, end-products of the
kynurenine pathway of metabolism of tryptophan, deserves
special attention. It has been recently shown [2] that not one
of IP injected kynurenines in rats inhibits liver tryptophan
pyrrolase activity. That discriminates this enzyme from the
majority of other enzymes which are regulated by the inhibi-
tory action of their products. In view of this fact a functional
regulation of this pathway by a feedback inhibition of
neuroactivity of kynurenine by its metabolites seems to be of
particular importance for regulation.
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