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The protective effect and mechanism of oxiracetam on primary fetal rat cortical neurons
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[Abstract] Objective To explore the protective effect and mechanism of oxiracetam on
primary fetal rat cortical neurons and to analyze the key sites of oxiracetam acting on N-methyl-D-
aspartic acid receptor ( NMDA ). Methods By using calcium ion imaging technology and
molecular docking techniques on primary fetal rat cortical neurons, the protective effect of
oxacetam on neurons were described at the cellular and molecular level and the molecular
mechanism was analyzed. Results The results of cell culture of primary fetal rat cortical neurons
showed that oxiracetam could ameliorate glutamate-induced neurotoxicity. Incubation with
oxiracetam at varying concentration gradients for 1 min down-regulated glutamate-induced
intracellular calcium ion ([ Ca®" ]i) elevation in a dose-response effect. As the concentration of

oxiracetam increased to 30 pumol/L, the peak calcium concentration caused by glutamate was
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significantly reduced to (78.45=+ 3.12)%, and the area under the curve (AUC) decreased to

(77.06+1.39) %. Increasing the concentration of oxiracetam further did not result in significant

changes in the peak calcium concentration. The final calculation showed that half maximal

inhibitory concentration (IC;,) of oxiracetam on peak increase in glutamate-induced [ Ca’" Ji

concentration was 15.34 pmol/L and that of AUC was 14.26 pmol/L, respectively. Oxiracetam
binded to NMDA receptors at ASN-599, LEU-601, PRO-602, and GLN-604, with a binding

energy of —3.34 kcal/mol. Conclusion

Oxiracetam can effectively bind to glutamate receptors

and play a neuroprotective role in improving glutamate-induced intracellular calcium overload.
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Figure 1 Oxiracetam in the amelioration of neurotoxicity induced by glutamate
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Figure 2 Increase in intracellular calcium in primary cortical neurons treated with oxiracetamin a dose-dependent manner
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Table 1 Calcium ion improvement under the combined
action of olacetam (30 pmol/L) and receptor blockers
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Figure 3 Docking results of oxiracetam and NMDA

3 i it

TE TBI kAR 2 HUAAN ) B 2 5 Bieh &
JCHY BT . A 2R T 4 AR 2R 2 L ek ik L 24
JI60 BB 11 5 1 A2 30 ke DA {45 40 B o8 A 498 3 TR i
AT T P e A A o A 2 i, 23T B
Ik 3E— 20 38 M e 8L, & T 4 i
G B U B AR A X TR 2 on B A A A K DA KB
P8 5 ik B 2 OC H 2L, LAt 3R 5K /v B o vy 2 fil b
28U ME DL 4EHFIE 0 2E BRI RE RUME & A2 4518 4 AL
1M BOAF I REREAG . B PY3HAE Sy —Fh g A
T RE 0 2590 . 16 P 22 70 40 M AR BRYE 2l T b
RGN B7 S U R 2T [ A R a7 i Sl
B, L5 5 %) i 330D K 221 23 THT 1Y) 200 L A A 2= AL

ZEA T AR R 5T LA T AN HIFFE 25 SR 07100 B
JH R P 2 U AN A PN A B MR BRI T R . B
GEAE R MW AN [) o B2 BB B2 ) B AL PE3H I F 1 min
ARG SN LCa® i Tha, JF £ 8
FE — RN I NG, Fe TS B BBV HE XA
FIR G| K& WA M [ Ca®" 11 W B I AE T+ 19 1Cs
15. 34 pmol/L, AUC ¥ 1C5 A 14.26 pmol/L., M
20 R S AR ROk R R TR S B i e
(voltage-gated calcium channels, VGCCs) 2455 +
AT M 2R, VGCCs A2 F AL,
LA N A P/Q AR R AIAE, BBV HE AT g
T 5 M 5K 6 S T 1Y) ) RE R B ARG B TN . A IS
F WY, BT VG I BE AL 1F T30 18 2R 1 09 R E 45 R B,
AR LG G, DT I AR 30 3 ) T 50 ARE 5 R T s s [
Bilan , % L & VGCCs, 47 75 30 7] G+ 48 30
T AR B RS M A 52 A Ak i AE A & T &
W AL B AS B 78 43 FF . 820 T 45 B 3 o 0 A
N 0 i T AN PN S B TR R I T
Rteo—et

e A 28 386 5T 52 AR J7 T, 4% 2 R AE Ry Hh R Bl 48 &R

PRO-602
LEU-601

A M
ASN-599 23 s dm .
26 v
y2:5 604
«iu»ﬁ“ GLN-60
25

Gerp ST 20 T, 2 K A B IR
YN G, N-H DR 4 2 W 5Z /& (N-methyl-D-
aspartate receptor, NMDAR) f& — Fl Xt 45 & T & )&
T F B TR AR A2 IR R R ) A E R
0 F2 T i By rh i e T R Y L BBV 3H T g
b H T4 F R e p 28 A% 3 [A] 45 5% il NMDAR 1Y 2
fe. IEHIEL T, FAMRBG S NMDAR 454,
(B STRERID I TN 4 T AL
AT BEREAR T NMDAR %48 20 B2 i 5088 1k L (15 15
AR TR B 43 E R B i K S F - NMDAR 38 3 FF iR &
WIS S BTN IR . e B HH AR T BE 5
NMDAR 7£ 20 il 5 b 19 5638 f & ik . & s /r 0 4l
T NMDAR M 4t 74 32 % 510 41 Jf 2% 18 1Y 0 72 L 9
T AR I RETE NMDAR (858, i B T
B85 -3l i NMDAR 38 8 o A 40 M () &2, e 245 50
20 L PN 5 A R DA PR AN . B D L e
PEVERS DO 515 5 45 N 2 80 n D[R AR T, S5 B XF
NMDA 2R3 g (9 KE 4 98 35 . 3 Fh Bl = A 3R
7 LA P R A L 8 403 F5 DA R B 5 3 o v LA
FEOL# . KRR 5T 75 #F — 25 B L% A Al GluN2
Y S R g 22 S, OF R AR5 AR 1 R bt Ak
T A B A IO % 75 DTG 3kt i bt 8 T PR 2 T 3K
OPAE AT 2 iR T

BARL 7Y 30 Y Ak 2 S5 H fl O BB 08 AR 4 R 5
NMDA SZ 45 G 0 5. X B 5% 45 & 45 4L
VG A 7E 52 U4 JE] L RE O 47 A 6 R RS i A R R
Sy o HoAb ) R AR kbl A BRI R 4, i
O3 F X 4k — A5 B IE B P 3 5 NMDA 32 14 (1 4%
B SR Ay . KR SS G RN, AR SR iR
B35 AR 5 DR 5 A BRSO T R A ELVE R,
Horp, B PG 35 NMDA 52 1K (9 25 & 00 5K
ASN-599 . LEU-601,PRO-602 il GLN-604 , 4% & fig
1 —3.34 keal/mol., 74BN HEJ7 i . NMDA 3% &
S — B R R A2 R WA B AT B Y B



- 512 - WG BB K 2 2 it

Ak HoM

Pk, BAIVEIH S NMDA SZ K15 25 & 716 B T4
WA ITCH Ak, M ES G EZAK EE, R X
ARG 2230 BT 5 % 2 AR B A R R AR S
AT BB T 45 G 1Y BOR O OB A TR AR S
RO, AN TE 2 2] REAC R DG B #2283 Bl L 3l i
X AR LS A 1Sk B NMDA 32 4 1 2 B8, Wi
Pt 22 70 22 6] B A 5 A% 388 35 Bl O B 4 el 4 LA
B RN e e 7. desh X R R g5 A ) e b
SR T AR TR, T —20h 22 R 4032 3 4
P s LT o G i ke 1, B8 b 22 R AT MR BB PY
5 NMDA Z &89 % % 25 6 0] LI kB A &R o
JERER A N R R B A I, A A T R IE R
WG SRR I . 43— X 42 S SRz v 30 4 4 T BL 1 2
b7 PR E SR {H SR 25 SR G ek 5% AR Y A7 A ST
B DI AE 24 B2 0 5T K R B s 22 4E FE B IR, X
“TR AR TN — S5 5 UE — I PR A Ak B PR B A 5 A
2o A AT T B P 3T SO AL AT AE B o I
I I P T iR Y B 2 DR 2 ) B T A
GRS T 2 T A L N A B R B (T
ok 2% 308 Ao T 40 RO 2 - L P Bz R 2 T
TG VR TS B . X b 1 ML A B 7 2 45
25 T2 L P A B R A X A 2R T Y TF R A 8L ) g
ARl 28 O 3PS 3 J A L Oy ik — 20 S Rz Y 3H
TERIZE 22 G850 10 07 Th VR AL 4 41 77 e B 2
R AT R i 56 uETE AR 3R 016 B 2 p 2 T
R R TR R B ) BB P HE R 1 min A R A
AR FHAMANLCa> Ji Th . JF Hidad Hill J5
FRALE RV K 5 8 AR A A [Ca®" i
B AR G & L TS B BBV 3H X A = R
Sk B 20 M [ Ca®" T W B & 1Y IC, N
15.34 pmol/L, AUC #) IC;,H 14.26 pmol/L., iX4b
SERRW], WAV NG 7R g on b A J RS 1
5 3ok 28k o L Al A ) A 2 v A P . B Y
WAEN NMDA SZ AR5 507, 3l o s £ 45 & A &
57 A O & % GluN2D W 3 59 NMDA 32 {4) .
0 4] A Z R Aok 2 VI 5 | %) A L R R A, DT U
BRI 2 T A R BE R B 1 L B s B PG B AT BB G Ao
V5 3 R A B AR AL 48 NMDA #5415 Can & i
T ) B @A AU o 235 G N I 2k | 8 i ) i 5 A
2519008 2 — RS — AR A Y = A — K
AL, BT i A A R R R R K TS L R
A J5 T T SR DG A R R A 00 0 24 v B A R B R
PEFT . 38 W0 0 i, 24 9 32, AT LA A 245 ) 7E 1R 9 1Y
SEBRIKAF- o A 2R 24 v BE AL T A K TR P L 1 B 24
YEAE R A T A BT 008 8 N Zh BE Lid 12

FIRN2 2 Ge S S A DI RE S A, B, 7E Bk A0 0
(R Pf 28 TE PR A2 3o v, 3 ) BT G 3 I 24 vk B R
A AR 7 A 28 00 48 5, B R 28 o8 =2 R 1Y
5 BAL . ARWFIE AN & B IF O AT —Fp
T B PG 2R 2 36 7 N0 T R A AR A R T R e
(1 & B & F (L F] 5 Z1 2023 1 0938921.1)1%%0, 7]
DL EHMGIAHITBE J7 L 5 A BE T RS2 fig ) 45 2
AT TR A DN BE s DA S B I R BE AR
A LA JIORS oy {6 b W T R 3 R A N T
FE B 15 14 051 L

25 L TR BBV HH 5 5 0 28 T AN i S B
VA R W (T ok 2 3 kX 200 L R S - 3 T
ZAREZ T LA VRS E . XA HLH A
B T 2 e o 2 O 4 TR PN A B AR L X R & T Y IE
AL BRI RE A 28 Ol B EAE L O ik — b B
fiff VLA VY HH AE A 28 3R GBI VA T R A A R B 2 4L
TORBELR AR . MK R R R A 0 SRR P A I 2 R AR
Il RGBT 1E— 2 A A By 52 $2 L A5 s 3L i

(5% k]

[1] Guan B, Anderson DB, Chen L, et al. Global, regional and
national burden of traumatic brain injury and spinal cord
injury, 1990 — 2019: a systematic analysis for the Global
Burden of Disease Study 2019[J]. BMJ Open,2023,13(10)
e075049.

[2] Silvestro S, Raffaele I, Quartarone A, et al. Innovative
insights into traumatic brain injuries: biomarkers and new
pharmacological targets[J]. Int ] Mol Sci.2024,25(4) :2372.

[3] Maas AIR, Menon DK, Manley GT ,et al. Traumatic brain
injury: progress and challenges in prevention,clinical care,and
research[J]. Lancet Neurol,2022,21(11):1004-1060.

[4] LiuT,Yu S.Liu M, et al. Cognitive impairment in Chinese
traumatic brain injury patients: from challenge to future
perspectives[ ] |. Front Neurosci,2024,18:1361832.

[5] Lai JQ,Shi YC,Lin S,et al. Metabolic disorders on cognitive
dysfunction after traumatic brain injury [ J ]J. Trends
Endocrinol Metab,2022,33(7) :451-462.

[6] Nirnberger F, Leisengang S, Ott D, et al. Sensitization of
primary cultures from rat dorsal root ganglia with
lipopolysaccharide ( LPS) requires a robust inflammatory
response[ J]. Inflamm Res,2022,71(2):187-190.

[7] Bergquist TF,Kew CL,Wisinger AM. Traumatic brain injury
[J]. Neurol Clin,2024,42(4) :863-874.

[8] Petersen CCH. Whole-cell recording of neuronal membrane
potential during behavior [ ] ]. Neuron, 2017, 95 (6): 1266-
1281.

[9] Hao A,Eapen BC. Traumatic brain injury rehabilitation[ ] ].
Phys Med Rehabil Clin N Am,2024,35(3) : xv-xvi.

[10] Liu T, Liu M, Nie M, et al. Effect of l-oxiracetam and

oxiracetam on memory and cognitive impairment in mild-to-



Wn e

By 7Y SR BB R 2 T B AR A B AL A Y g

513 -

[11]

[12]

[13]

[14]

[16]

[17]

moderate traumatic brain injury patients: Study protocol for a
randomized controlled trial[ J]. Aging Med (Milton),2024,7
(3):341-349.

Jiang WX, Yu XD, Deng YQ. Effect of Butylphthalide
combined with Oxiracetam on cognitive function, Intellectual
recovery and serum inflammatory factors in patients with
cognitive impairment after cerebral infarction[ ]J]. Pak ] Med
Sci,2023,39(2) :485-490.

Muehlschlegel S,Rajajee V,Wartenberg KE,et al. Guidelines
for neuroprognostication in critically ill adults with moderate-
severe traumatic brain injury[ J]. Neurocrit Care. 2024, 40
(2):448-476.

Jahan AB, Tanev K. Neurobiological mechanisms of
depression following traumatic brain injury [ J]. Brain Inj.
2023,37(1):24-33.

Malik M, Tlustos P. Nootropics as cognitive enhancers:
types.dosage and side effects of smart drugs[J]. Nutrients,
2022,14(16) :3367.

R HE SC R T L A PR 5 AR A LA IR R SN g
W 1) A DG (D D L BE 2, 2023, 45(13) :1991-1994.,
Niirnberger F, Leisengang S, Ott D, et al. Sensitization of
cultures from rat dorsal root with

primary ganglia

lipopolysaccharide ( LPS) requires a robust inflammatory
response[ J|. Inflamm Res,2022,71(2) :187-190.

Liu T, Liu M, Nie M, et al. Effect of l-oxiracetam and
oxiracetam on memory and cognitive impairment in mild-to-
moderate traumatic brain injury patients: Study protocol for a
randomized controlled trial[ J]. Aging Med (Milton),2024,7

(3):341-349.

(18]

(191

[20]

[21]

[22]

[23]

[24]

[26]

Lim JS, Lee J, Kang Y, et al. Efficacy and safety of
oxiracetam in patients with vascular cognitive impairment: A
multicenter, randomized, double-blinded., placebo-controlled,
phase 1V clinical trial[J]. Contemp Clin Trials, 2023, 126
107108.
Cui XP, Ye JX, Lin H, et al. Effects of edaravone combined
with Oxiracetam on neuronal apoptosis in rats with cerebral
infarction through targeting SIRT1/NF-kB inflammatory
pathway[J]. Eur Rev Med Pharmacol Sci.2022,26(1):218-
224.
7o e LA EON GLluACRE i & oo k% PTSD /N AR B REAT
B AL B 5 LD 5 BH < B PG o B 25 K 4% L 2024,
W 1R % AT H R e P 28 TC 7 TIOR8 5 B0/ BUP R — 8 G e
PUMICAZ FEAT 9 FE FTBIE SE LD AR IR 2%, 2024,
JA7 25 UK. Sk AL AR 84 98 5 NMDA 5% 1K-STEPs, 15 5 % # ik 3%
APP/PSIAD #5581/ BUSE fih w7 93 14 45 35 00\ 0 I 5 199 76 ) I
BLEI LD A FE AL BER R4, 2023.
TG Sk 76 A B ] AD BN B2 filt S NMDA 32 {4
i B IEHLEI B 7 (D] A F O WAL B R K%, 2023,
HUER. TR R 2 g JC #E 58 3 1 ) AMPA 32 & Hil NMDA % &
R T EEA T /N B2 2T B R LD ] N« B g R 2, 2022.
Zhang T, Tao Y., Pu J, et al. Safety, tolerability, and
pharmacokinetics of oral (S)-oxiracetam in Chinese healthy
volunteers: A randomized, double-blind, controlled phase [
study[J]. Eur J Pharm Sci.2024,192:106621.
7 b PR R 2 R e — RS ) R 1 M2 YA T A )
il I RS8R R 4 - 202310938921, 1[ P.2024-04-16.

O ST % #1237 #)



