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The neuroprotective effect of W1302 on acute ischemic stroke in rats

XU Shao-feng, LI Jiang, CAI Jie, FENG Nan, ZHANG Mi, WANG Ling, WANG Wei-ping,
HUANG Hai-hong, WANG Yan, WANG Xiao-liang’

(Institute of Material Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: 2- (4-Methylthiazol-5-yl) ethyl nitrate hydrochloride (W1302) is a nitro containing derivative of
clomethiazole, which is a novel neuroprotective agent with both carbon monoxide (NO) donor and weak
y-aminobutyric acid type A (GABA,) receptor allosteric regulatory excitatory effect. The current study used a rat
model of transient middle cerebral arteryocclusion (tMCAO) brain injury to evaluate the therapeutic effect of
W1302 on ischemic stroke and explore its potential mechanisms of action. This experiment has been reviewed and
approved by the Laboratory Animal Management and Use Committee of the Institute of Materia Medica, Chinese
Academy of Medical Sciences (ethical review forms No. 620, 632, 5013). The results showed that gavage
administration of 1, 3, and 10 mg-kg"' of W1302 can significantly reduce the volume of cerebral infarction in rats
with ischemia for 2 h and reperfusion for 24 h, and the therapeutic effect was better than that of 200 mg-kg" of
DL-3n-butylphthalide. W1302 significantly increased NO levels in blood and brain tissue. It increased cerebral
blood flow and brain adenosine triphosphate (ATP) content after reperfusion, as well as, inhibited the expressions
of inflammatory factors tumor necrosis factor-a (TNF-a) and interleukin-14 (IL-15) in brain tissue. The time
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window of W1302 was between 120—-180 min after ischemia. These research results demonstrated that W1302

could increase NO release, dilate blood vessels, and increase cerebral blood flow, improve energy supply to brain

tissue and increase ATP levels, and inhibit neuro-inflammation, which playing the protective roles in tMCAO

stroke model rats. This provides theoretical support for the clinical application of W1302 in the treatment of

ischemic stroke.

Key words: stroke; 2-(4-methylthiazol-5-yl) ethyl nitrate hydrochloride; nitric oxide donor; y-aminobutyric

acid type A receptors agonist; neuro-inflammation
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P/ TR K R (1) G ZE AR R, 7E 1.3 1110 mg-kg ' 71l &
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0.3, P<0.05).

Table 1  Effects of a nitro containing derivative of clomethiazole
(W1302) administration by gavage 5 minutes after ischemia on
neurological score and cerebral infarction volume ratioin transient
middle cerebral arteryocclusion (tMCAO) model rats. Mean +
SEM. P < 0.05, “P < 0.01 vs model group. DL-NBP: DL-3n-
Butylphthalide

1 . Cerebral infarction
Group  p.o./mg-kg n  Neurologicalscore .
volume ratio/%

Model — 16 23+0.2 45.1+4.0
DL-NBP 200 14 1.9+0.2 33.0+3.7"
W1302 1 13 1.5+0.3" 313+55"
3 19 1.8+0.2 27.8+3.5"

10 14 1.6+0.3 257 +4.7"

2 WI1302 X tMCAO B KRG TT BBl & 52
W1302 %F tMCAO K & 78 J7 B (8] & ) 72 o, 1 7Y
KRB I 2 h FEE 24 h 5 0 A5 FE AR R RIAT N 0T 4 4%
N 38.1% + 2.4% A12.0 + 0.1, £ &k 1fl 30, 60. 90
120 min (FH#E) #E B 45 F W1302 (10 mg-kg™) fit i 2%
/b FEHE 24 1R A ZEARAR, 43510 29.9% £ 3.0% (P <
0.05).31.2% + 3.5% (P > 0.05). 29.5% = 3.8% (P <
0.05) A1129.7% + 2.7% (P < 0.05); {H X 47 A2 0P T i
FPEZE S, A, FEE 180 min (FF#E )T 60 min) #E 5
25T W1302, XF i i ZER N (39.3% + 3.1%, P> 0.05) Al
AT NPy (2.1 £ 0.1, P> 0.05) oK W & 5200
g5 FLER ], W 1302 7E SR IS5 120 min P4 &5 24 X6 i 5k
L8 A 5 4 2L A I S ) e A 5 BRI S 60 min 45

HERR NG 25, XA RS MEZ R A K,
{HL 5 R RS TR ZELAH BB AT AR LA B W S5 14 A ol A
FERARMIPERT . BRIk, ZR45 PP W 1302 X6 K Bl i ik 1f
T 451003 (X0 36 77 IR 8] 7 D9 Bk )5 2 120~ 180 min 2
A (%2).

Table 2 Effect of W1302 administration by intragastric adminis-

tration of 10 mg-kg" on the treatment time window of tMCAO
model rats. Mean = SEM. "P < 0.05 vs model group

Time of administration Neurolog- Cerebral infarction

Group after ischemia/min ical score  volume ratio/%
Model — 27 2.0+0.1 38.1+2.4
w1302 30 22 19+0.1 29.9+3.0°

60 24 1.8+02 31.2+3.5
90 21 1.8+0.2 29.5+3.8
120 22 2.1+0.1 29.7+2.7
180 20 2.1+0.1 39.3+3.1

3 W1302 X} tMCAO 28U X 5R i [ 57 = B9 52 11

W ge a5 o (B 1), DUk i AR 1 i i 7 & A &
1, B KR tMCAO J& i I it 12 32 35 B, 15 60% LA
b, FRE S G g R R 2 R R R - 13.9%
8.2%~~-5.9% + 6.5%. W1302 (10 mg-kg") 7 Bk Il j5
5 min ¥ B 25 24, 0P B R) (BRI 2 h ) B9 A IfL 9 5
A DL B P e A (L o R O L i,
E 3,30, F1 60 min J& 1) FUAE 7 51 ECOAR BT I & S
7.0% + 6.0% (P < 0.05).20.9% + 7.0% (P < 0.05) Al
17.5% + 9.5% (P =0.050 1).
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Figure 1  Percentage of changes in cerebral blood flow of

tMCAO model of rats after W1302 intragastric administration. n =
10-11, mean = SEM. "P < 0.05 vs model group
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R T, MAESS 2 )5 K22 his BIIE(H (&12).
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Figure 2 Time curve of carbon monoxide (NO) level in plasma (A) and brain tissue on the injured side (B) of W1302 after acute cerebral

ischemia in tMCAO model rats. n = 12 (half male and half female), means + SEM. "P < 0.05, “P < 0.01, ""P < 0.001 vs model group
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INOS IR IEKF 70 7 N B T 24%17% F122%. LA
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Table 3 Effects of W1302 on brain tissue inflammatory factors
in SD rat tMCAO model, including tumor necrosis factor-a (TNF-
a) and interleukin-1f (IL-14) and inducible nitric oxide synthase
(iNOS). Mean + SEM. "P < 0.05, P < 0.01 vs model group

p.o./ TNF-a/ IL-18/ iNOS/
Group a1 | -1 -1

mg-kg pgug prot  pg-pg prot  U-pg prot
Model — 13 23.10+2.23 614.44+27.75 2.20+0.25
DL-NBP 200 11 15.29+0.85" 518.06+27.55" 2.03+0.43
W1302 1 9 14.34+1.68" 509.84+37.54" 1.68+0.18
3 9 12.89+0.77" 500.47 +41.57° 1.83+0.30
10 9  9.82+2.12" 405.89+46.37" 1.72+0.23

Wk SRR INALEE, 774 cGMP, 0% A il i, i 3
AR ER . E4ATHT A, W13027E 1~10 mgkg'
FE I AT B B 24 3% tMCAO K BRAR J5 24 h AT R 2£1E 4T,
IR0 AR AT AR AR, LI 77 B 3 RN G R B
By AN 223 NO & &, Tk tMCAO K KR &6
G I o IX B 55 45 R Ul B, W1302 Rl 5dE 1 B NO
Bk 07 8 o L A A R LN (ATP) K AE
TG PR3P A o

GABA 2 7L )P0 AR 4 28 22 G v 32 B2 400 1) 1
P22 386 I, AE PRI 48 0 0 B 1 R RS AR A, BOE
GABA, 324, 7] 7= A= 4 il oh 22 98 E A b 2 R 4P VE
W1302 J& CMZ HIAT AN, A S50 5 A 1) Fi A= 2 2
ORI W1302 H A 554 #4015 GABA, 32 AR A A,
HX GABA, 2R 11 s AE Fl 8 CMZ B 2 B, UM
CMZ ] 1/10 (EC;,=996 umol-L"), H 45 & 47 55 54K+
WKEE AR F], 5 GABA, 224k p 4541, 38 W1302
A3 55 P JE P GABA [ 4 8 O/ 4P 1E AL, T B 0E
GABA ZMAE S, Wb T R ) rE iR

Brain ATP

60
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Figure 3 Effect of W1302 on adenosine triphosphate (ATP) time curve of plasma (A) and injured brain tissue (B) after acute cerebral
ischemia in tMCAO model rats. n = 12 (half male and half female), means + SEM. P < 0.01, ""P < 0.001 vs model group
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