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Edaravone dexborneol exerts cerebral protective effect on cerebral ischemia-reperfu-

sion rats through PKC/ERK pathway
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( Fifih Department of Neurology, Baoding First Central Hospital, Baoding, Hebei 071000, China)

[ ABSTRACT] Aim To observe the effect of edaravone dexborneol (EDDE) on neuronal apoptosis in rats with cere-
bral ischemia-reperfusion, and to explore its mechanism. Methods SD rats were randomly divided into sham group,
middle cerebral artery occlusion ( MCAO) group, low-dose EDDE group ( EDDE-L group, 3 mg/kg), and high-dose
EDDE group ( EDDE-H group, 6 mg/kg), chelerythrine ( CHE, PKC inhibitor) group (5 mg/kg CHE), EDDE+CHE
group (6 mg/kg EDDE+5 mg/kg CHE) , with 15 rats in each group.  Except for the sham group, the rats in the other
groups were given the suture method to construct the MCAO model.  The rats in each group were scored for neurological
deficits; after 24 hours of reperfusion, TTC staining was used to detect the cerebral infarct volume of rats; HE staining was
used to observe the pathological damage of cortical nerve cells; TUNEL staining was used to detect cortical nerve cells ap-
optosis ; immunohistochemical method was used to detect the expression of Bel-2 and Bax in the cortex nerve cells; Western

blot was used to detect the expression of Caspase-3, cleaved Caspase-3 and protein kinase C ( PKC)/extracellular signal-
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regulated kinase (ERK) pathway related proteins (PKC, p-PKC, ERK1/2 and p-ERK1/2) in brain tissue. Results
Compared with sham group, the neurological deficit score, the percentage of cerebral infarction volume and the apoptosis
rate of nerve cells increased, the positive expression of Bax increased and the ratio of cleaved Caspase-3/Caspase-3 in-
creased (all P<0.05), the positive expression of Bel-2 decreased, the ratio of Bel-2/Bax, p-PKC/PKC and p-ERK1/2/
ERK1/2 decreased in brain tissue (all P<0.05), the cerebral cortex cells were sparsely arranged, swelling and vacuolar
degeneration of nerve cells were obvious, the nucleus shrank and the tissue becomes necrotic in MCAO group.  Compared
with MCAO group, the neurological deficit score, cerebral infarction volume percentage and apoptosis rate of nerve cells de-
creased, the positive expression of Bax decreased, the ratio of cleaved Caspase-3/Caspase-3 decreased (all P<0.05) , the
positive expression of Bcl-2 increased, the ratio of Bel-2/Bax, p-PKC/PKC and the ratio of p-ERK1/2/ERK1/2 increased
in brain tissue (P<0.05) in the EDDE-L group and EDDE-H group, the pathological damage of the cerebral cortex was
improved to varying degrees, the number of nerve cells increased, the vacuolar degeneration was reduced, the nucleus was
clearer, and the EDDE-H group was better than the EDDE-L group.

EDDE.

CHE could eliminate the neuroprotective effect of
Conclusion EDDE cloud inhibit neuronal apoptosis and reduce cerebral ischemia/reperfusion injury, and its

mechanism may be related to the activation of PKC/ERK pathway.
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Table 1. Effect of EDDE on neurological deficit scores in rats

AR Sy
il n PR BT 53
BT ARLH 15 0.00=0. 00
MCAO # 15 2.33x0.28"
EDDE-L 4 15 2.01x0.25™
EDDE-H £H 15 1.64+0.22"
CHE 4 15 2.57+0.30"
EDDE+CHE #H 15 2.08+0.26°

YEia W P<0.05, SIEFARALLE b Jy P<0.05, 55 MCAO 411
e 2 P<0.05,5 EDDE-H 41042,

EDDE-HZ

CHE4

EDDE+CHE#

B1. SAKRMALSR TTC #&

Figure 1. TTC staining of rat brain tissue in each group
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Table 2. Percentage of cerebral infarction volume

of rats in each group B %

el n WA FEAR B 43 L
BFARA 6 0.00+0. 00
MCAO 41 6 30.513. 40°
EDDE-L 41 6 24.92+2.97"
EDDE-H 4 6 16.37+2.38"

CHE 4 6 37.15+4.06"
EDDE+CHE #H 6 25.243.12°

H.a M P<0.05, 5BFRYLE ;b R P<0.05,5 MCAO 41t
¢ N P<0.05,5 EDDE-H 41 [b%¢
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FEAR PRI R A A B0 B, Y 8 35,1 CHE
2 R RG220 B 0 1 — 25 R, i 48 A e
Ji HEZ A 6, 25 W0 AR PR 3G N, B EDDE-H 4148 F
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SRFARAA H, MCAO ZH K B A 22 40 g 9 =
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ZH A1 EDDE-H 21 Kk U 2 41 7 72 R i 2 R#AK ( P<
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(P<0.05) , H EDDE-H 4t F EDDE-L 41, EDDE-H
ZH K B IAT- %% EDDE-L 4%/ ( P<0.05) ; 5
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EDDE-H 41 H. , EDDE+CHE 20 Bl 2 40 i 0 7%
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BETHE(P<0.05;18 3 f# 3)
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Figure 2. Pathological changes of cortical neurons in the brain tissue of rats in each group
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Figure 3. TUNEL staining was used to detect apoptosis of rat cerebral cortical neurons in each group
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Table 3. Apoptosis rate of neurons in each group of rats

B %

Iy n g R
BFARA 9 5.31£1.02

MCAO 41 9 32.6424.75°
EDDE-L # 9 21.38+3.26"
EDDE-H 41 9 16.79+2. 85"
CHE #4 9 40.24+4.32"
EDDE+CHE £ 9 27.65+3.29°

aly P<0.05, 5T ARALE ;b 2 P<0.05, 5 MCAO 4t
¢ 8 P<0.05,% EDDE-H 4 L%,

2.5 EDDE XX FRAN R Bt E 4 M Bel-2,Bax Rik
A=A |

EBFARGA L, MCAO £ K BRUI Kz I #4h 42 40
fEH Bax FBHMEZRIES B & T A, Bel-2 B BH IR IA
Bel-2/Bax HWAE I E R (34 P<0.05) ; 5 MCAO 4
A1, EDDE-L 41 Al EDDE-H £ A BRI 2 5+ 25 40

JL b Bax Y FEAE RIS 2 AR, Bel-2 1Y B R 260
Bel-2/Bax AR i 2 T+ (3 P<0.05) , 1fii CHE 21 /i
BT 2 A b Bax HY FHAE RIS B35 T, Bel -2 B9
FHPEZRIAFN Bel-2/Bax HE{E AR (1 P<0.05) ,
H EDDE-H #i{k T EDDE-L 41, EDDE-H 4 fixi % i
M2 AT Bax B PHEFIAE EDDE-L 4 F#IX, Bel-
2 I B HERIA AN Bel-2/Bax HETHE (3 P<0.05) 5
5 EDDE-H 41 AH tt , EDDE+CHE 41 it i [ #1 22 41 it
H Bax B FHE 25K 25 T &, Bel-2 B FHAE 2R GA A
Bel-2/Bax AR T #E WK (1 P<0. 051 4 FiZ 4) .
2.6 EDDE Xt KERAZAZE cleaved Caspase-3,Caspase-3
EBRIEHIN
S5FARHAME, MCAO 4 cleaved Caspase-3/
Caspase-3 HE 23 T ( P<0.05) ;.5 MCAO 414
lt, EDDE-L 20 #1 EDDE-H #H cleaved Caspase-3/
Caspase-3 HAH 2 % FEAIK (39 P<0.05) , 1fi CHE 41
cleaved Caspase-3/Caspase-3 M {H 2 # J+ & (P <
0.05), EDDE-H 4 cleaved Caspase-3/Caspase-3 [t
%% EDDE-L 4 &1k (P<0.05) ; 5 EDDE-H 0 #H
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., EDDE+CHE 4 cleaved Caspase-3/Caspase-3 L {H B ETHE (P<0.05; 18 5 fligk4) .,

R4, BHEAXBRRERHEZ4M Bel-2,Bax B3R 1L F0 cleaved Caspase-3/Caspase-3 Lb1E
Table 4. The expressions of Bcl-2 and Bax and the ratio of cleaved Caspase-3/Caspase-3 in

cerebral cortex of rats in each group

il n Bel-2 Bax Bel-2/Bax cleaved Caspase-3/Caspase-3
RFAA 9 20.50+2. 11 5.81+1.05 3.52+0.34 0.23+0. 04
MCAO 41 9 8.04x1.28" 15.75+1.62° 0.51+0. 08" 0. 640. 08"
EDDE-L £ 9 11.38+1.35"™ 10.631. 14" 1.07+0. 15" 0.47+0.06"
EDDE-H 41 9 15.49+1.76" 8.54+1.20 1.81+0.22" 0.35+0.05"
CHE 4 9 3.75+0.51" 20.28+2.13" 0.18+0.03" 0.79+0.08"
EDDE+CHE £H 9 10.03£1.24¢ 14.91+1.58° 0.67+0. 09° 0.60+0. 07°

Ha ly P<0.05, 5FRAE ;b B P<0.05,5 MCAO Al H# ;¢ S P<0.05,5 EDDE-H 41 Ho A%,

AL AL

Pk
;P50 ym
TR

EDDE-L# EDDE-HZ CHEZA EDDE+CHE4

LR e -ty

B 4. FHAKBMKERHZHM Bel-2,Bax BIRIE

Figure 4. Expression of Bcl-2 and Bax in cerebral cortex of rats in each group
OB 2 3 %K (3 P<0.05), EDDE-H 4] p-PKC/

ceacs e ——— -
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D % EDDE-H 41, % CHE 41 ,F 3 EDDE+CHE 41, PKC D SO
Figure 5. Expression of cleaved Caspase-3 and DERKI? S e S . . S
Caspase-3 protein in brain tissue of rats in each group
BT S S
27 EDDEXXRMAR PKC.ERK RARBEE  oiron e e e e
HRIZHIR I
. A B C D E F
51 F R4 M, MCAO 41 p-PKC/PKC,

A METFARL,B S MCAO 41, C 24 EDDE-L 21
2 _1. 4 _H ¢ _ ’ ’ ’
MCAO Z1 4 It, EDDE-L 21 #l EDDE-H £ p-PKC/ D >4 EDDE-H 41 ,E >4 CHE 41 ,F >4 EDDE+CHE 41,

PKC, p-ERKI/2/ERK1/2 P At 5 T ( ¥y p< Figure 6. Expression of PKC/ERK pathway-related
0.05),1fi CHE 2 p-PKC/PKC, p-ERK1/2/ERK1/2 proteins in brain tissue of rats in each group
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% 5. &40 p-PKC/PKC #1 p-ERK1/2/ERK1/2 EL{ELL
Table 5. Comparison of p-PKC/PKC and p-ERK1/2/
ERK1/2 ratio in each group

il n  p-PKC/PKC  p-ERK1/2/ERK1/2
e FARH 9  0.69+0.08 0.55+0.07
MCAO 4 9  0.310.05" 0.26+0. 04"
EDDE-L £ 9  0.42+0.06™ 0.35+0.05™
EDDE-H £ 9  0.55+0.06" 0.43+0.06"
CHE 4 9  0.20+0.04" 0.12+0.02"
EDDE+CHE 4] 9  0.39+0.05° 0.30+0. 05

H.a M P<0.05, 5BFARUA LI ;b R P<0.05,5 MCAO 41k
e H P<0.05,5 EDDE-H 41 b,

3 % R

MGE LA 2 55 — A% e it P i 4 rp R B A
PZLRAPVE IR R 259, 2 —Fh A 200 B BT
W7, IR B P 3, i M K P 0 ) A 3R A 22
JEHET, Bl W 2 2 i i e ot #5405 O A s 2
BRI AL A Y, W36 e /R 51 Y
RATAH O HE I 77 Az 5l 3k % 48 0E B A 10 iR
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