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(FE] HAY  WESHE Bk 5 5 Bk 2 12 (oxaloacetate , OxAc ) if G Ak 81-DC %2 < 19 ( lithium-pilocarpine seizures,
LPS) BRI Rt O VEH] . Jiid 30 H 6 ~8 Ji it A ST it 180 ~220 g Y Sprague-Dawley ik K g% BEAL AL 7 K ik
G35 A AEERKON FRZH (FH 0. 9% A BER KAV IE B R ) (LPS AN FEZH | LPS + OxAc 2H (PR R 2L AR AR L8 1k By o
OxAc 3.5 mg/100 g) \LPS + OxAc + 2 5% & [iff ( glutamate-oxaloacetate transminase, GOT ) ZH (45 Jif 43 £ IR 75 28 1k i 1 5
OxAc 3.5 mg/100 g+ GOT 3.5 png/100 g) J% LPS + OxAc + T 3K iR £ ( Maleate ) ZH (55 9K 335 22 R 48 4 1k B 7 5 OxAc
3.5 mg/100 g+ Maleate 6.3 mg/100 g) (n=6), FHSEACZFIICE | 5 2 W0 s PR, 75 o 0+ 22K 28 (status epi-
lepticus, SE) 60 min 5 VESTLEE L 1L AR, 43 RIS SE Z¢ 11 Ji5 AN [F] B[] 5 45 5256 2H SR BRI A 85 1009 P ) 45 S IR VR
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E 8 h Ay Y Jd Bee o K BRUB I 1 8 R B2 (P < 0. 05) ,8 b Ji5 HAE JHEEA A 2% 5 OxAc X0 K B 1M ¥ Hh 4 e R Ik
JEE (g AR T AT AR R PR A9 12 h(P <0.05) , OxAc XA 7 Ui oL Pl e 90 g 5 AR Tl ) IX 2 el R IR A
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Neuroprotective effect of oxaloacetate in rats with lithium-pilocarpine-induced epilepsy
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ences, °College of Traditional Chinese Medicine, Chongqing Medical University, Chongqging, 400016 ; *Institute of Clinical Pharmacology,
Central South University, Changsha, Hunan Province, 400078, China)

[ Abstract | Objective To observe the neuroprotective effect of intravenous oxaloacetate (OxAc) in a
rat model of lithium-pilocarpine-induced epilepsy (LPE). Methods Thirty 6 — 8 weeks old male Sprague-
Dawley rats, weighing 180 —220 g, were randomly divided into control group, LPE model group, LPE + OxAc
group, LPE + OxAc + glutamate-oxaloacetate transminase ( GOT) group, and LPE + OxAc + maleate group,
6 in each group. Rats in control group were given saline instead of pilocapine, rats in LPE model group and
LPE + OxAc group were injected with OxAc at the dose of 3.5 mg/100 g when the seizure of epilepsy was arres-
ted, rats in LPE + OxAc + GOT group were injected with OxAc at the dose of 3.5 mg/100 g and GOT at the
dose of 3.5 ug/100 g when the seizure of epilepsy was arrested, and rats in LPE + OxAc + maleate group were
injected with OxAc at the dose of 3.5 mg/100 g and maleate at the dose of 6.3 mg/100 g when the seizure of
epilepsy was arrested. Sixty minutes after a rat epilepsy model was induced with lithium-pilocarpine, seizure of
epilepsy was arrested by injecting diazepam. Glutamate level in cerebrospinal fluid and blood was measured,
findings on electroencephalogram ( EEG ) and neuronal loss in different experimental groups were recorded at dif-
ferent time points. Results The level of glutamate in cerebrospinal fluid and blood was about 88% and 54 %
higher in LPE model group than in control group after the seizure of epilepsy was arrested (P <0.05) and
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reached its peak at 8 h, then began to decrease slowly, indicating that intravenous OxAc could significantly re-

duce the glutamate level in cerebrospinal fluid and blood within 8 and 12 h after the seizure of epilepsy was ar-

rested (P <0.05). OxAc could also significantly improve the EEG and neuronal loss in hippcampus and den-

tate hilus. Intravenous GOT could improve the neuroprotective effect of OxAc, while maleate (a specific inhibi-

tor of GOT) could attenuate the neuroprotective effect of OxAc in rats with epilepsy. Conclusion

Intravenous

OxAc exerts its neuroprotective effect in rat LPE model by down-regulating the glutamate level in blood.
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52157, OxAc Bk —1E FH RIAE AT 2 T 0000 13697
ACFFE i it 57 BBV 5 (lithium-pilocarpin
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1 HRSH®

1.1 #hh5iEA
1.1.1 Y W5 T 9% Sprague-Dawley (SD) Mt A L 30 H,

6 ~8 JHli% MBI 180 ~ 220 g, fHH RRIERFRE LW 34 o0
Pl

1.1.2 5/ L-A%ER OxAc Maleate E{fL4H U 2 R fi Al
TR B FE 5 ) F) Sigma A A, 4 B S 1 Roche 24 7], HAt
172 R 1 A A 4l

1.2 Z£¥7*E

1.2.1 s d RERE % SD K RIEMEYLE 7R A
5 M (n=6): AEFERAKXS I LPS ALAIXT A \LPS + OxAc
21 \LPS + OxAc + GOT i % LPS + OxAc + Maleate 41, % fk.40-
VE % S R AB A 14 1 45 22 B Dube ™ O i hm LB Bl S T ok
3 mEq/kg SAGERIE I VESNT,20 b JS 45 T RRRRFTFESD 1 mg/kg
JE RS ,30 min J5 45 T 10 me/kg VLB I I VST 4n
TCIR AR SIRES (status epilepticus, SE) &4, £:fF 15 min &
ESVLEY R, HE SE L, 9 RO B A AT 50 mg/kg,
SE $#£% 60 min J5, FiH KR4 T 10 mg/kg %58 @ G2 L
BN AEBRER K IR ZH A B 0. 9% 4= PREb K AL I B R
LPS BRI HRZH K R SE 45722 60 min 5 ST ZE +0. 9% A3
E57K 5 LPS + OxAc 4K U 5 %2 & 1 R B, B8 i Ik i 4 OxAc
(3.5 mg/100 g) ; LPS + OxAc + GOT £k BRI, )2
kST OxAc(3.5 mg/100 g) + GOT(3.5 pg/100 g) ; LPS +
OxAc + Maleate 2l R B 13 5 22 5 9 [ B5F, 22 K U 5% OxAc
(3.5 mg/100 g) + Maleate(6.3 mg/100 g) ,,

1.2.2 KEMWERS MRS 2Rk ENE  SE #7£260 min
Lk BRI, 5 F 2.4.8.24 172 h BRI BV R AR
B RGOSR0 2 ml, 3T 3 000 x g B0 15 min, HL K
- 80 CHAAEFFM . K BRIGE L RALEZ MR E, K
SRR P8 S o045 JEL Sk 30 [ A i 7 A R A 1, BB R A A B S
T T S DA/ I S 5 b 24 e BB U, 5 7L 3 000 x g B0
15 min J5 B3 - 80 CORERFM . RASBR Z H BRI A=
J A R OB €8 37 X A [+ S5 58 4 K BRI 2 i 5 TR A
PR BE A TR N, AABIK — HH [ (OPA ) /3-%i 3L 1R (3-MPA)
A AR, F e R AT AR, ODS (- /\ 3k bt ) B 408, LABE R
ERGE B (pH =7. 2) TR Bh AR, ot — R M B VR B, O
HR 1.0 ml/min, K36 38 C KK 340 nm, 25 R FRARAE
i Sigma 23] 77 i
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*1 SUHE-LFEREMEZEKR SE L ILEARRMNEAKRERFHNBEREREKE (pmol/L,n=6, x+s)
ZH 5 2h 4 h 8 h 12 h 24 h 72 h
A BRER KO R 2 465 +16.9 448 +24.8 459 +£19.1 455 +21.8 456 +21.5 449 +26.8
LPS {570 % fE 41 658 £25.4% 792 +42. 6% 862 +42.5% 823 +35. 12 801 +51.92 779 £35.7%
LPS + OxAc 4 586 +31.0%b 652 +51. 33 826 +39. 83> 816 +30.92 826 +48.22 791 +42.6°
LPS + OxAc + GOT 21 521 +29,73be 596 +25. 4abe 786 +45.73be 814 £42.12 832 £57.6% 782 +48.7%
LPS + OxAc + Maleate £H 628 +35. 54 786 +28. 14¢ 879 +48. 34 821 +48.2° 812 +42. 74 781 +36.82
a:P<0.05,5 A8 KT BAE ;b P <0.05,5 LPS B4 3+ B 20 )b 3k ;¢. P <0. 05, 5 LPS + OxAc 2045
2 SHE-LFFREMERKR SELRILEARFEMNESNFERHERERE (Lmol/L,n=6, x+s)
25 2h 4 h 8 h 12 h 24 h 72 h
A BRER KO B 2] 98.7 +8.6 100.3 9.1 96.5+11.5 94.6 +13.5 101.3 £9.6 99.2 £14.9
LPS %k i 21 99.5+11.7 126.0 £15.7¢ 153.9 +£24.3¢ 142.6 +£16. 8¢ 102.6 £14.3 95.8 £10.6
LPS + OxAc 41 62.3 +6.43 50.6 +9.43b 120.3 £15. 22 123.0 £20. 6% 103.2 £12.5 99.8 +9.2
LPS + OxAc + GOT 41 48.9 £5.7b¢ 29.8 +16.9abe 112.6 +20. gabe 119.8 £17.2¢ 101.4 £19.7 98.6 £8.4
LPS + OxAc + Maleate 21 89.6+5.5% 119.8 +18. 3% 140.6 £10. 7% 145.6 £20. 4% 105.3 £8.92 97.9 £10.3

a:P<0.05,5 4 22 &K B4 ;b P <0.05,5 LPS B A st B0 1L 4% ;c: P <0.05, 5 LPS + OxAc 41104k

1.2.3 i EHEsE SE &AbJR 4 h xR R AT el e
SRS h KEUREES , 20 0048 K BT 22 40 B S Ao B2
TR 3 ALK, ] BL-420E A= Wi HLBE L 56 R G R 4E | R JIf
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1.2.4 JIIEASS0 SEZEJE 72 h, REURE G Wk
BEUNG , 455 2L 2 TRE MR AT RS JBE 7K, 98 B0 4R [l AR Eh 37, A
BRI R AL T ERE ST B, R TR 10 wm, 45 5256 20 19 vk VR
Yl 64T Nissl Yoo, BAUEET ISR, [0 B 76 Rl — X bl
B S A B 0 S R OLEF ( x400) o ER 445 NIS-
Elements BR 2. 30 U ST 840 2 #2080 H .
1.3 “%itsam

S G HOHE 1 SPSS 13. 0 SRR AT SR 2 B, S5 SR D
X xRN AR LLECR R 207 229047 .

2 #R

2.1 OxAc x42-It % F Jb # AL A K R Ak P &
BRI T R

5 A PR K A BURE L, LIPS A58 ef it 20 A B A 9k e
BRMR S TE SE ZEJ5 2 h N B E .8 h e A7 ik H
T, FHE TR 88% BESE P AR B8 TR, &£ 72 h (iR 3%
T IEH K (P <0.05), SEZ )5 8 h 4,55 LPS 4f lE4H K
FRAR EL , LPS + OxAc 41 K BRI V8 A 19 4% SRR vk FE 4 35 R AIX
(P<0.05),8 h LG5 ;SE 4 L)/58 h N, 5 LPS +
OxAc AL, LPS + OxAc + GOT £H < B 4 W v 1 4 e Mk
JE R (P <0.05) , 1 LPS + OxAc + Maleate ZH K BN G IR
T R B ) 2 T (P <0.05) ,8 h JF B4 it % 5+
(F1),
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T 5% ML YA P A R 11 BE 1 R A, 22 24 h i fe) S LPS BAY
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TR SR FEL P P R D A % R i 3 TG A S 4035, {3 LPS + OxAc +
Maleate ZH 2R BUA i L ETRAE R PR s 38 22 (TET 1)
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i P -y . . - . 7 b E:LPS+OxAc+Maleate 21
1 v v -
. o, . Vi ¢ B2 BRESRSELERE72h &%
- i . . T 7 or o™ AKRBD CA3 RWETH k1
— “‘: \ " | RINZE (Nissl x400)
v d a B D . - E.
2.4 OxAc sHi2-E ¥ FRBMmBEA XA ZLHYE 2"

A

AP ER K BB 4 A L, LPS A58 X B8 20 K R Vg I 45 4
CAT X (CA3 DFRHRIR [m] 1] DX 24 HE BMp 28 TC IR B, v UL ER A7
Z UM | 28R I A B Ok, JE IG/IMA SR LPS + OxAc
HIRTERE A, fETE ML T R B £ (P<0.05), 5
LPS + OxAc ZHAH Y., LPS + OxAc + GOT 4 # 2yt L4 i3
25 (P>0.05) A5 T WS ph LT HES BN HE ST &% LPS +
OxAc + Maleate 21 2 o4l 8 280/ (P <0. 05, &2, 3),

3 BIWAKAREIHEMEMEERERKE X HMEIT LR
(pmol/L,n=6, x +s)

25 PRIl X CAL X CA2 [X. CA3 X
AEFEER KR 2 164.2+18.9 584.7+72.8 168.4+10.8 650.2 +43.5
LPS FT%} HRZ 68.9£11.2 286.4+38.6° 106.8+9.5% 368.4 +59.22
LPS +OxAc 20 95.6+9.8% 401.2 +58.4%> 138.6 +12.4%> 498.5 +54,9%

LPS +OxAc +GOT 4 97.5 £12.4% 412.5 +34.82¢142.7 +15. 12> 503.7 £65. 12

LPS +OxAc +Maleate 41 64.3 +14.7% 283.5 +41.7% 105.6 £11.5% 471.5 +48. 42>

a:P<0.05,5 A 38 2 K R # ;b P <0.05, 55 LPS A7 % 1
Y4 e P <0.05, %5 LPS + OxAc 4Libék
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FEAE T AR T OxAc IR A & R 32 R 1Y
YR IE B 28 2 fk F) 35 0, S0 0T IR 240 L /1 34 o S5
Th i A B BRI S A AR ], A EAEIRTT 2 %8
f1 IR, W7 B8 B A 4 I O T 7 PR T 1 4%

SE Lk

[1] Wang Y, Qin Z H. Molecular and cellular mechanisms of excitotoxic
neuronal death [J]. Apoptosis, 2010, 15(11) . 1382 - 1402.

[2] Hawkins R A. The blood-brain barrier and glutamate [ J]. Am J Clin
Nutr, 2009, 90(3) : 867S —8748S.

[3] Campos F, Sobrino T, Ramos-Cabrer P, et al. Oxaloacetate: a novel

neuroprotective for acute ischemic stroke[ J]. Int J Biochem Cell Biol ,

2012, 44(2): 262 -265.

[4] Teichberg V 1. GOT to rid the body of excess glutamate [ J]. J Cereb
Blood Flow Metab, 2011, 31(6): 1376 —1377.

[5] Zlotnik A, Sinelnikov I, Gruenbaum B F, et al. Effect of glutamate
and blood glutamate scavengers oxaloacetate and pyruvate on neurologi-

cal outcome and pathohistology of the hippocampus after traumatic brain

injury in rats [ J]. Anesthesiology, 2012, 116(1) . 73 -83.

—
@)
[

Zlotnik A, Gruenbaum S E, Artru A A, et al. The neuroprotective
effects of oxaloacetate in closed head injury in rats is mediated by its
blood glutamate scavenging activity; evidence from the use of maleate
[J]. J Neurosurg Anesthesiol, 2009, 21(3) : 235 —241.

[7] Campos F, Sobrino T, Ramos-Cabrer P, et al. Neuroprotection by glu-
tamate oxaloacetate transaminase in ischemic stroke: an experimental
study[ J]. J Cereb Blood Flow Metab, 2011, 31(6) : 1378 —1386.

[8] Campos F, Sobrino T, Ramos-Cabrer P, et al. High blood glutamate
oxaloacelate transaminase levels are associated with good functional out-
come in acute ischemic stroke[ J]. J Cereb Blood Flow Metab, 2011,
31(6) . 1387 —1393.

[9] Campos F, Rodriguez-Yanez M, Castellanos M, et al. Blood levels of
glutamate oxaloacetate transaminase are more strongly associated with
good outcome in acute ischaemic stroke than glutamate pyruvate transa-
minase levels [ J]. Clin Sci (Lond), 2011, 121(1): 11 —=17.

[10] Dube C, Marescaux C, Nehlig A. A metabolic and neuropathological
approach to the understanding of plastic changes that occur in the im-
mature and adult rat brain during lithium-pilocarpine-induced epilep-
togenesis [ J]. Epilepsia, 2000, 41 (Suppl 6) : S36 — $43.

[11] Lau A, Tymianski M. Glutamate receptors, neurotoxicity and neuro-
degeneration[ J]. Pflugers Arch, 2010, 460(2) ; 525 —542.

[12] Szydlowska K, Tymianski M. Calcium, ischemia and excitotoxicity
[J]. Cell Calcium, 2010, 47(2) ; 122 -129.

[13] de-Oliveira D L, Bavaresco C, Mussulini B H, et al. Early life LiCl-
pilocarpine-induced status epilepticus reduces acutely hippocampal
glutamate uptake and Na*/K* ATPase activity [ J]. Brain Res,
2011, 1369 167 - 172.

[14] Puig N, Davalos A, Adan J, et al. Serum amino acid levels after per-
manent middle cerebral artery occlusion in the rat [ J]. Cerebrovasc
Dis, 2000, 10(6) ; 449 —454.

[15] Stephen L J, Brodie M J. Pharmacotherapy of epilepsy: newly ap-
proved and developmental agents[ J]. CNS Drugs, 2011, 25(2):
89 - 107.

[16] Anovadiya A P, Sanmukhani J J, Tripathi C B. Epilepsy: Novel ther-
apeutic targets [ J]. J Pharmacol Pharmacother, 2012, 3(2) ; 112 -
117.

[17] Rogawski M A. Revisiting AMPA receptors as an antiepileptic drug

target [ J]. Epilepsy Curr, 2011, 11(2); 56 —63.

(H#5:2011-11-22 ;4813 :2012-02-16)

(4 £ &)



