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Hippocampal quinolinic acid concentrations in epileptogenesis in rats

GUC Qung's KUANG Pei-Gen

AIM: To study the changes of hippocampal
quinolinic acid (QA" concentrations during
acute and chronic seizures induced by ip injec-
tion of kainic acid (KA, 12 mg kg™') in rats,
METHODS: The extraction and measurement
of QA in the hippocampus were performed us-
ing a gas chromatography-mass spectrometry
method. RESULTS. When acute seizures
were fully established 3 h after KA injection,
no significant changes of hippocampal QA
were found. During ,chronic seizures ob-
served on d 30 after KA injection, there was

When

neither acute nor chronic seizures were de-

even a 55+ 8 % significant decrease.

tectable but astroglial proliferation in the hip-
pocampus and secondary neuronal degenera-
tion in extra hippocampal regions became grad-
vally prominent 2 d and 7 d after KA injec-
tion, there were 56 +13 % and 156 +13 %
dramatic increases of hippocampal QA concen-
CONCLUSION: The
increase of hippocampa} QA hardly plays any
initiation of KA-induced

seizures but may contribute to astroglial pro-

trations, respectivelwy,

key role in the

liferation and neuronal degeneration by activa-
tion of N-methyl-D-aspartate receptors.
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Since quinolinic acid (QA) in the CNS is

the most potent member of kynurenine
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metabolic pathway in causing convulsions and
cell death, QA is worthy of serious considera-
tion as a causative factor in convulsive disor-
ders"'~%*, Owur preliminary work found no in-
crease, but a decrease, of QA in cerebrospinal
fluid (CSF) of epileptic patients compared
with controls”. This decrease was neither
the effect of antiepileptic medication nor the
effect of the causes of seizures'’, The result
did not exclude the possibility that early in-
creases in brain QA were involved in patho-
genesis of epilepsy, since all these patients
had had recurrent seizures for 6+ 8 a*’. In
the present study, kainic acid {KA) model of

Y5 was used to analvze

temporal lobe epilepsy
the hippocampal QA concentrations at differ-
ent time points after the establishment of a-

cute and chronic seizures in rats.

MATERIALS AND METHODS

Wistar rats ( £, 50 for KA-treated and 12 lor
control group ) weighing 1965 16 g were decapited at
dilferent time points after ip injection of KA (12 mg
kg%, h 3 (n=12),d 2 ta=10),d 7 (n=15},
and d 30 ¢a=13).
time points) were injected with the solvent phosphate
buffer solution (PBS, pH 7.4) alone. After the
injection, rat behavior was monitored for 30 d.

Control rats {n=12, 3 for each

The extraction and measurement of QA in the
hipporampus were performed using a gas chromatogra-
phy-mass spectrometry method previously described™
with some modifications, In brief, the hippocampus
was homogenized in 2 mL 80 % ethanol containing 100
pL NaOH 0.5 mol L™ and 2, ¢-pyridine dicarboxylic
acid ¢2, 4-PDA) 2 nmol L™? as internal standard.
The hippocampal QA and 2.4-PDA were derivatized to
hexafluoroisopropanol (HFTP) ester. which was then
dissolved in 10 gl acetone, Two ul. of this sclution

was injected into the gas chromatography-mass spec-
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trometler (GC-MS 2000). The [ollowing GC were
used : svlanized glass column (2.5 m # 0.2 mm) con-
taming 5 % OV-17 on Chromosorb. 100 — 200 mesh;
1; gven temperature 145

M3 conditions

helium flow rate: 15 mL min~
C; flash healer temperature 190 C.
were: separator temperature 240 (: electron energy
60 eV ; acceleration voltage 3.5 kV. Under such ion-
ization conditions, the predominant ion had mass/
charge (m/z) of 272. therefore the content of QA was
obtained by comparing the height of its peak with that
of its internal standard at m/z 272, Data were ex-
pressed as T4 5 and statistically analyzed using ¢ test.

RESULTS

The behavioral seizures within 1 d after
KA injecticn were called acute seizures. char-
acterized by ®“wet dog shakes”, forepaws
tremor, loss of posture control, and general-
ized seizures. Three hours after KA injec-
tion, the rats exhibited a fully developed sta-
tus epilepticus. We therefore selected this
time point to assess the possible changes of
hippocampal QA concentrations which may
occur in conjunction with acute selzures.
However, no such early changes were detected

(Tab 1).

Tab 1. Hippocampal quinolinic acid (QA ) concentra-
tions (nmold /g wet tissue) at different time points after
ip kainic acid 12 mg kg™!. Number of rats in paren-
theses. “P<0.05. “P<<0. 01 vs control.

Time after

KA Control KA

3h 0.9140.20 (3} 0. 91+0.32 (12)
2d 0.82+40.26 (3) 1. 2840.31 ¢10)
7d 0.8040.13 (3)  2.0540.43 (15)°
30 d 0.934+0.25 (3)  0.4240.15 (13)*

All the rats showed a relatively “silent”
period with no seizure behavior 2—7 d after
KA .
centrations in the hippocampus increased 564
13 29 and 156113 % ond 2 and d 7, respec-
tively.

But compared with control, QA con-

The recurrent seizures ocrurred 8— 30 d

after KA treatment were called chronic
seizures, characterized by  generalized
seizures. A 553+ 8 % decrease in QA concen-

trations in the hippocampus was detected 30 d
after KA treatment,

DISCUSSION

The time course of changes of hippocam-
pal QA concentrations was determined in the
present study to examine if there was any in-
crease of brain QA which might be involved in
acute and/or
When acute

seizures were well established 3 h after KA

the initiation of KA-induced
chronic behavioral seizures.
treatment, no significant change in hippocam-
pal QA concentrations was detected. Hip-
pocampal QA was even decreased during
chronic seizures 30 d after KA injection. The
increases of hippocampal QA concentrations
were observed 2 — 7 d after KA administra-
tion, which corresponded temporally with nei-
ther acute nor chronic seizures, but with a rel-
atively “silent period” for behavioral respons-
es. These results indicated that the activa-
tion of NMDA receptors by QA hardly played
a key role in the initiation of KA-induced
acute and chronic seizures. This conclusion is
consistent with the observation that NMDA
antagonists failed to block the inidation of
KA-induced epileptic burst discharges in hip-
pocampal CA3 neurons®. Besides, the de-
crease in hippocampal QA concentrations dus-
ing KA-induced chronic seizures is consistent
with our previous clinical observations show-
ing that CSF QA concentrations in chronic
epileptic patients also decreased markedly™’.
KA causes neurcn loss and astroglial pro-
liferation in both hippocampal and some dis-
tinct extrahippocampal (distant) regions®™.
These pathological changes were particularly
pronounced between 2 —7 d after KA injec-
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tion. the time which corresponded to the in-
crease of QA concentrations in the hippocam-
pus. observed in the present study. Since
beth QA synthetic 3-hydroxy-
anthranilate 3, 4-dioxygenase (3-HAD) and

enzyme

QA degradation enzyme QA phosphoribo-.

syltransferase (QPRT) are localized predomi-

=il e propose that

nantly in glial cells
the increase of QA concentrations in the hip-
pocampus 2 d and 7 d after KA treatment be
 related to reactive astrogliotic events. Be-

sides, “distant” extrahippocampal damage was

tn the rat brain.  Brain Res 1984, 298. 352—5.

& MNeuman R, Cherubini E. Ben-Art ¥. Epileptiform
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11 Stone TW. Connick JH. Quinolinie actd and other

kynurenines in the cenrral nervous system.
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frequently observed 3 — 8 d following KA &53—44&"

treatment, which was mediated by secondary
release of endogenocus excitotoxic NMDA ago-
nist'”, we propose that QA may be such a
candidate and may play a causative role in the

genesis of secondary neuronal degeneration.
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