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ABSTRACT

AlIM: To invegtigate the effects and mechanism of succinic acid on pentylenetetrazol (PTZ) chemical kindling and
amygdala electrical kindlingin rats. METHODS: PTZ chemical kindling and amygdala electrical kindling models
were established in rats. The effects of succinic acid on the behavior and afterdischarge of kindled ratswere
observed. The mice were pretreated with succinic acid, 30 min later, picrotoxin, a GABA, receptor antagonist was
given by ip, then the effects of succinic acid on mice were observed. RESULTS: Succinicacid (100-400 mg/kg,
ip) dose-dependently inhibited PTZ chemical andamygdala kindled seizure (P<0.05, P<0.01), elevated the dterdis
charge threshold, and reduced the Racin€’ s stage of amygdaakindling rats (P<0.05, P<0.01); succinic acid (200-
400 mg/kg, ip) inhibited picrotoxin-convulsion in mice (P<0.05, P<0.01). CONCLUSION: Succinc add inhibits
PTZ chemical and amygdaadectrical kindling inrats, and the inhibition mechanism may berelated tothe enhance-
ment of GABA ergic system action in the brain, epecialy through GABA,, receptors.

INTRODUCTION
nervous system and anti-convulsion property have been
Succinic acid was so hamed because it isfound

mainly in amber, afamous mineral pharmacy!™, which
isaso found in organisms such as aquatic dlga. It has
been demongtrated that thereis a specific glucose meta-
bolic by-pass in the brain, glutamic acid-GABA-
succinic acid by-pass. Itsinhibitory effects on central

reported?. However, antiepileptic effect of succinic
acid has not been reported. The present sudy was
designed to investigate the antiepil eptic effects of suc-
cinic acid and mechanism on PTZ chemical and
amygdaaeectricd kindlingin rats.

MATERIALSAND METHODS

e . : . g o _
[ggét;n;toséupported by the Educationd Committee of China, Mz Drugs Succinic acid was produced by Beijing

2 Correspondence to Prof Y UE Wang, Chemmgl Plant(China); Pentyl enetetrazol (PTZ),
Phn 86-532-383-8480, ext 3756. Fax 86-532-380-1449. picrotoxin, and pentobarbital were purchased from
E-mail faogmc@public.qd.sd.cn Sigma (St Louis, USA).
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were provided by the Animal Center, Qingdao I ngtitute
of Drug Control (CertificateH= 000697, Gradell). Four
rats per cage were under controlled temperature
(23 T"+2 1) and on al2 h-light/12 h-dark lighting cycle
with free access to food and water. Kunming mice ( &

% ,weighing 20 g+2 g) were from Animal Center,
Qingdao Institute of Drug Control (Certificate
He 000209, Grade I1).

Chemical kindling PTZ (1.75 % solution) were
administered to rats, 35 mg/kg™ (subconvulsive dosage)
ip, and the behaviora seizure severity was recorded
within 1 h after adminigtration. Seizuresinduced were
classfied into 7 behaviora categories (grade 0-6) ac-
cording to Ono™: grade 0, no behavioral seizures, grade
1, head nodding or twitching; grade 2, myoclonic jerks,
grade 3, head twiging, forelimb clonic convulsons,
grade4, kangarooposition; grade 5, fdling down; grade
6, tonic convulsons. Rats which displayed 5 consecu-
tive grade 2 or higher ssizures weredefined as kindled
ras.

The kindl ed rats (n=9) were given succinic acid
of variousdoses (50, 100, 200, and 400 mg/kg, ip) a a
volume of 2mL/kg. Succinic acid wasdiluted in nor-
mal saline (NS). The day before that, the ratswere
given equa volume of NS as self-control. Behaviora
seizure severity wasrecorded within 1 h and seizure
percentage on grade 6 was calcul ated.

Amygdala kindling The rats were anesthetized
with sodium pentobarhital (40 mg/kg, ip) and given se-
reotaxic implantation of a bipolar eectrode into each
basol atera nucleus of theamygdala The dectrode con-
sisted of two twisted Sainl ess-stedl wires (0.25 mm in
diameter) which were separated at the tip by 0.25 mm.
According to the brain atlas of Konig et al™®, the fol-
lowing sereotaxic coordinates were used: AP 3.0 mm,
L 4.8 mm, DV 8.8 mm. All coordinateswere measured
from bregma. The electrode pair was anchored to the
skull with miniature screwsand dental cement. Fol-
lowing the electrode i mplantation, the animas were
treated with sodium benzylpenicillin for 3 d to prevent
infection.

Two weeks af ter the operation, constant current
gimulations (400 mA, 60 Hz, 1 ms, monophasic square

wave for 1 s) were deliverad to the right amygdala once
aday. EEG and seizure sage were recorded and
analyzed. Behaviord seizure severity wasclassfied ac-
cording to the classificaion described by Racing®: sage
1, facia clonus, stage 2, head nodding; stage 3, bilat-
era forelimb clonus, sage 4, rearing; sage 5, rearing
and falling. Animals which displayed 5 consecutive
seizures on dage 5 were defined as kindled.

The kindled rats (n=9) were given succinic acid
of various doses (50, 100, 200, and 400 mg/kg, ip)at a
volume of 2mL/kg. After 30 min of injection, the af-
terdischarge threshold (ADT) was determined with the
ramp method. A congant-voltage simulus (1 V) was
delivered to determine ADT. And then thevoltage was
increased by 0.2 V every 2 min till an afterdischarge of
a least 3 s duration was evoked. Afterdischarge, sei-
zure percentage, and seizure severity were monitered
a the ADT. Therats were given the same volume of
NS as self-control before they were givensuccinic acid.
Theinterva of experimentswasat least 4 d.

Effedt of succinicacid on mousepicrotoxin-con-
vulsion” Kunming mice (n=30) were randomly di-
vided into three groups (n=10). Succinic acid-treated
groups were treated with succinic acid (200 and 400
mg/kg), while the control group were given the same
volume of NS. Then 30 min later, the mice were ad-
ministered picrotoxin®, a GABA, receptor antagonist,
7.5 mg/kg ip'® . Picrotoxin was diluted in Me,S0.

Statigical analysis Data were expressed as
meantSD. Intergroup differences wereanayzed usng
unpaired and paired t-test.

RESULTS

Inhibition of succinic acid on PTZ chemical
kindling Succinic acid (100-400 mg/kg, ip) decreased
Ono grade 6 percentage (P<0.05, P<0.01) and dose-
dependently inhibited PTZ chemica kindling seizure
(P<0.05, P<0.01). Thedose of 50 mg/kg ip, had no
effect on kindling seizure compared with the controls
(Tab 1).

Effect of succinic acid on behavioral seizures
in amygdala kindled rats Succinic acid (50 mg/kg,
ip) had no effect on kindled rats. The dose of 100-400
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Tab 1. Effect of succinic acid on behavior al seizurein PTZ
kindled rats. n=9rats. Mean+SD. ®P>0.05, °P<0.05, °P<0.01
vsindividual vehiclecontrol.

Tab 3. Effect of succinic acid on mice picrotoxin-convulsion.
n=10 mice. Mean+SD. °P<0.05, °P<0.01vsindividual ve-
hicle control.

Ono grade Ono grade 6 seizure

Dose/ percentage/%
mg-kg'  Vehicle Succinic Vehide  Succinic
acid-treated acid- trested
50 6.0 5.3+1.0° 100.0 66.7°
100 6.0 4.6+1.1° 100.0 25.0°
200 6.0 3.3t1.4° 100.0 16.7°
400 6.0 3.0£1.3° 100.0 12.5°

mg/kg ip increased ADT (P<0.05, P<0.01), reduced
Racine stage (P<0.05, P<0.01), and dose-dependently
decreased seizure severity (P<0.05, P<0.01) (Tab 2).

Tab 2. Effects of succinicacid on ADT and behavior seizure
in amygdalakindled rats. n=9rats. Mean+SD. ?P>0.05,
PP<0.05, °P<0.01 vs individual vehicle control.

D ose/ ADTN Recine stage
mg-kg*  Vehide Succinic  Vehidle  Succinic
acid-treated acid- treated
50 3.4+1.0 3.441.1% 50 4.2+1.6°
100 3.4+1.2 3.8+1.0° 5.0 3.1+1.5°
200 34411 3.8+1.0° 5.0 1.9+1.2°
400 3.4£1.0 3.9+1.1° 5.0 1.5+0.8°

Eff ect of succinic acid on picrotoxin induced
convulson Succinic acid (200 and 400 mg/kg, ip)
prolonged the latency of picrotoxin-induced convulson
in mice (P<0.05, P<0.01, Tab 3) .

DISCUSSION

PTZ chemical kindling and amygdaladectrical kin-
dling modelsare two commonly used kindling models.
The former isan idea model in the study of the grand
mal of human primary epilepsy™, while the latter is
smilar to human epilepsy inseizure activity , EEG, and
the epileptiform discharged™. The kindling modd in

Group Dos¢ Convulsant Latancy/
mg-kg*  animas min
NS 10 9+3
Succinic acid-treated 200 9 14+45°
400 8 17+3°

ratsisconsdered to beagood model of human chronic
epilepsy.

The present sudy showed that succinic acid (100-
400 mg/kg, ip) dose-dependertly inhibited PTZ chemi-
cal kindling and amygdala€eectrical kindling, decreas-
ing Ono seizure severity and the percentage of Ono grade
6 in PTZ chemica kindling; elevating the ADT and re-
ducing seizure severity and Racine stage in amygdaa
eectrical kindling. Succinic acid (200-400 mg/kg, ip)
prolonged the latency of convulsant mice caused by
picrotoxin, which suggestssuccinic acid hasinhibitory
effect on GABA , receptor, according with the enhance-
ment effect on GABA ergic sysem of semi carbazi de
convulsant mode! reported in the preambl e,

Succinic acid issSmilar in molecul ar structure to
inhibitory amino acids neurotransmitter GABA and ex-
citatory amino acid neurotransmitter glutamic acid. It
isinteregting that in Sructureit isalso smilar to sodium
oxybate, aclinica local anestheticd'?. Excitatory and
inhibitory neurotransmitters, such as glutamic acid and
GABA, take part in maintaining the balance of excita
tion and inhibition in the brain, wherethere isa specific
by-pass of succinic acid. This suggests that succinic
acid is an endogenous neur o-active substance. Suc-
cinic acid may act through GABA receptor or through
glutamic acid receptor. To invesgtigate the inhibitory
eff ect of succinic acid on kindling, we studied its ef-
fect on picrotoxin-induced convuls on according to
Zhang et al'”? . Theresultsindiceed that the inhibitory
eff ect of succinic acid on kindling probably involved
the enhancement of GABA , subtypereceptor, whilethe
inhibitory effect on glutamic acid receptor could not be
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excluded

In conclusion, succinic acid inhibits the PTZ
chemical kindling and anygdalaelectrica kindling , and
the mechaniam isrelated to the enhancement of the
GABAergic sysem action in thebrain . Since succinic
acid has low toxicity™ | it is of pharmacological value
to further study the anti-epileptic effect of succinic acid.

ACKNOWLEDGMENT The authorswish to thank
Prof ZHANG Shi-Shan for hiskind assstance.

REFERENCES

1 JinY,ZhangSS. Inhibitory effect of succinicacid on centra
nervous system. A ctaPharm Sin 1980; 15: 761-63.

2 JinY,YueW. Pharmacologica advancement of succinic acid.
Chin Pharm Bull 1983; 18: 36-8.

3 YueW, Wang L, Zhang F, Zhong WZ, Liu ZT. Inhibition of
nicardipine onamygdadakindling inrats. ActaPharmacol Sin
2001; 22: 365-8.

4 0Ono J, Vieth RF, Walson PD. Electrocorti cographica obser-
vation of seizuresinduced by pentylenetetrazol (PTZ) injec-
tion inrats. Functiona Neurol 1990; 5: 345-52.

5 Konig JJFR, Klipped RA, editors. Therat brain. Hamburg:
Krieger RE Publishing Co; 1967. p 71-2.

6 Racine RJ. Modification of seizure activity by electrica
stimulation. 1l. Motor seizure. Electroenceph Clin
Neurophysiol 1972; 32: 281-94.

7 Zhang JT, Le F, Liu Y. GABA receptor-ligand binding
experiment. In: Zhang JT, editor. Modern experimenta meth-
ods in pharmacology. 1st ed. Beijing: Union Medica Col-
lege Press; 1998. p 561-2.

8 TatsuoMA, Yokoro CML, Sagado JV, Pesquao SM, Santana
MA ,Francischi JN. Hyperalgetic effect induced by
barbiturates, midazolam and ethanol: pharmacological evi-
dencefor GABA, receptor involvement. Braz J Med Biol
Res 1997; 30: 251-6.

9 ZhangSS. Anticonvulsion experimenta methods in medicine.
In: Xu SY, BianRL, Chen X, editors. Experimental methods
pharmacology. 2nd ed. Bejing: People s Medica Publish-
ing House; 1994. p 675-9.

10 Loscher W, Schimidt D. Which animal models should be
used in the search for new antiepileptic drug? A proposa

based on experimental and clinica considerations. Epil epsy
Res 1988; 2: 145-56.

11 Albertson TE, Joy RM, Stark LG. Cargamazepine: aphar-
macologicd study in the kindling model of epilepsy. Neu-
ropharmacology 1984; 23: 1117-23.

12 Duan SM. Generd anestheticsin veins. In: Duan SM, editor.
Anesthetica pharmacology. Beijing: People’ s Medical Pub-
lishing House; 2000. p 96-106.

13 Jiangsu New Medical College. Encycl opediaof Chinese ma-
teriamadica. v 11. Beijing: People’ s Medica Publishing House;
2001. p 2278-9.

( : 266021 )

GABA-A

(kindling)

GABA,
(100-400 mg/kg,ip)
(P<0.05,P<0.01).,
(P<0.05,P<0.01).

(P<0.05,P<0.01).

: GABA,



