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Protective Effect of Dihuang Yinzi on Cerebral Ischemia-reperfusion

Injury in Rats and Its Mechanism
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[ Abstract | Objective: To explore the protective effect and the preliminary mechanism of Dihuang Yinzi
on cerebral ischemia-reperfusion injury in rats. Method: The middle cerebral artery occlusion (MCAO) model was
established. Totally 90 SD rats were randomly divided into 6 groups: sham operation group, model group,
nimodipine group (0.01 g -kg ') and high, medium, low-dose Dihuang Yinzi groups (38.80, 19.40,
9.70 g-kg ') ,with 20 rats in each group. The modified neurological severity score (mNSS) was assayed at the
7", 14™ 28" days after operation, and the volume of cerebral infarction, pathological changes of brain tissue, the
BrdU positive cells and mRNA levels of Notchl, Jaggedl and Hesl in subventricular zone (SVZ) were observed

respectively by triphenyl tetrazolium chloride ( TTC) stain, htorylin eastin ( HE) stain, immunofluorescence
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technique and reverse transcriphase polymerase chain reaction (Real-time PCR) methods at the 28" day after the
operation. Result; The mNSS on the 7", 14",
nimodipine group were significantly lower than that of model group (P <0.05, P <0.01). On the 28" day, the

28" days of high, medium-dose Dihuang Yinzi groups and

percentage of cerebral infarction volume in brain tissue volume of high, medium-dose Dihuang Yinzi groups and
nimodipine group were smaller than that of model group (P <0.01). HE staining showed that the necrosis and
softening lesions of brain tissue were not obvious in rats of high, medium-dose Dihuang Yinzi groups and
nimodipine group, with neuronal cell and neuroglial cell proliferation. On the 28" day, the BrdU positive cells in
SVZ of the above 3 groups were significantly higher than model group (P <0.05, P <0.01), and the high-dose
Dihuang Yinzi group was significantly higher than nimodipine group (P <0.05). On the 28" day, the mRNA
levels of Notchl, Jaggedl and Hesl of high, medium-dose Dihuang Yinzi groups and nimodipine group were
significantly higher than those of model group (P <0.05, P <0.01), the mRNA level of Hesl of nimodipine
group was higher than that of high, medium, low-dose Dihuang Yinzi groups (P < 0.05, P < 0.01).
Conclusion; Dihuang Yinzi can improve the nerve function defect of MCAO rat model, and reduce the volume of
cerebral infarction and the pathological changes of brain tissue, thus playing a protective role in cerebral ischemia-

reperfusion injury rats. Its mechanism may be related to the activation of the Notch signaling pathway, and the up-

regulation of expressions of Notchl, Jaggedl and Hesl mRNA, thus promoting the proliferation of NSCs.
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15 g, R 7 15 ¢, WA 1S g, M7 15 g, 1 B3 15 g,
K15 g K% 15 g, 4323 g, RAT3 o, Wifif 3 g H
QS RE R AN N =N S RN R 3 S N e 2
FAEMLEE IIE ), O dr L B 25 K2E il 25 T 1R
INCL £ iR 2= T 3. 88 g AR UK R L4 C vk
FEORATF o PUZYJE ST v (e 25 SR W =Dl 245 0 T
AR A, 24 H23020496 ) H] 0. 9% S AL $ %
VR £ e B IR B (1 g+ L) o KRR -frar
(HE) B30 & ( REEA W YRR R A ALt
520160423 ) 3 G Ak — % PU A& e (TTC, b 52 78 W B
FABRA A, L5 409E033 ) 5 5-95 I 40 IR 5 BE 4%
(BrdU, € [# Sigma 24w, it 5 HMBD8875V ) ; /) il
Bt BrdU i A& (bt M Bk DR £ A R 2 A S
F1711) ;Alexa Fluor 555 % ic B9 W & i/ B — ¥t
trizol ( 32 [H Invitrogen A &, it 5 43 5l & 1802436,
12183-555) .
1.3 {%3% 2636 % MCAO Zi#% (b 5t VG ik BH % A
B2 w] ) s RM2235 AU 7 i ) Fr #L (£ [E Leica 2%
A ) s CFX384 AU Z 50 i 2¢O o & 3R G 1l 4 =X s 1r
(Real-time PCR) {¥ ( 3 [# Bio-Rad /A ®]) ; FV10-PSU
BIFOEIE R AR B BUBT, OlympusBX60 7Yt 2 fk il 453
( HA Olympus 22 #]) .
2 FiE
2.1 Kfgirhzh pkte 7€ (MCAO ) #E RIS ] 2 BRSC
BRLTS R St &2 — M MCAO B AL, KL 10%
KA G T W (350 mg- kg ™" ) B T SRR W, A0 Fib
[ T 5280 & b, B0 E AL A K 35 8 )2 40 85 2
B K BN Bl K L3S0 Bl Ik 5 45 FL 22 I 25 B ik
318 05 vty 1S54 Bl bk, AE B0 3h Bk 4 AR 3T O i 2
4 mmBY— /N K2R YT AL 1 550N B ik A Ty
4 A2 18 mm  JE B 42 5BH I RIS 1k 5 158 51
ELR BRSO BEFE ;90 min J5 [ AR H
LA ATHRETE . BFARAN B sk, AL, A
MR, RFRFARH ., RJ5 90 min 2 M Longa 1¥ 43
WU BT AT MR AR, 1 ~ 3 R R A BT
HARBRAEINTT ,0 43, JC A £ B4 e IR 5 1 4, AS g fif
JE XA ;2 43, A7 5 B 1] % 0 % Bl 5 3 43, A7 5k )
I X 0 R ) 54 43, ANRE H R AT B IR R
2.2 SrHSHY BENIE SN ~3 5
)R ERBENL 2 MR F AR AL, SRV AL, J8 25 M P-4, Hh
BRI A, dE 6 4, R 20 H AR
KBRS ANRE 1 kg R & F w55 7 406. 25, K5
ERIPN IS gy G o= NG I (A1 B 2 s L B =y
TP K BRI (424 38.80,19.40,9.70 g-kg '), JEBE
.44 -

V- 20 25 T 8 B IR B 10 mg-kg T ITEAR
OF R ZEE AR A B 0. 9% AL BN, B R IR,
HELEL 2 28 d,
2.3 BrdU #picd 73" BrdU % T 0.9% G4k
AT I T SR (R O 10 g- L),
U s 5F 50 mgkg ™' AR 2 0K, BRI IEIRE 8 h,
St 6 Y, TEARTE BHG 24 b, IR J5 45 28 K AbBE B
B SEATHE AR A
2.4 KEMEBERIITS AREH 7,14,28 K
2 HA Y RL A 22 D i e B4 3T 43 (mNSS) Nz B
JEE 5 A B 4 A 7 T B A R R i 22 45
VRS IR . 2T REIC /M 7E 0 ~ 18 43 2 [A],0 43
HIEH 1 ~6 53 R BE R R G4, 7 ~ 12 43 g o
JiE AR, 13 ~ 18 43 B JEE gt
2.5 TTC Yo WL A S AR AL 76 RS o 28
FAT M REBARIT N 5, 10% 7K £ 508 1G5 6K
P B, 0. 9% 48 A 6 378 Wi 28 0 T 3 S I Sk BRUIIG
T =20 CUkAHFE R 10 min, IR WUER % A0/
G, 46 DRI S DT 6 AN 24 2 mm JBE ) S AR
IR WA BT 0.5% TTC B, i 741 4 &,
37 °C 1 R A BE G AR % /K 20 min ) B T
ALY A, e 5], W F TTC W, A
4% 5 & WS [ 5 30 min, #2005 45 53 HEB T 20 % 4
I T B 4R AT 0, R AT L SR T T IR AR A
13l Image Pro Plus 6. 0 % {4 %4 i 411 44 247 40 #7
i R A TR = A e o 00 2 Bk T AR gt ) 2 R oA A
SO AR, 4% 10 AU LR JEE (2 mm) PR B, AR 24
A M AT AR 2 SR BB A b =
[ A e a0 ok A L — e afin 0 2 BR oA 451 26 1A AR ) /
A dg ot 002 BR AR BT % 100%
2.6 HE Jefa Wig¢ R UK A SUR L RI5H
28 K&K BT 4% 2 5 01 I o W 20 0 HE 3 ) TR
b ,4% 22 56 WP B8] 52 48 h, o ML S AL B)  R
J5 Wt s 28 AR Ak, e, B K B LB S MOBE R
22K UK 2 400 AR L
2.7 BrdU S8 5% 56 e (ks I 25 T 40 i 189 5175 10
RIGH 28 K4 KRBT 4% 2 BT B IE WL O
HETE 5 UM, 10% HYRE [ 5 48 h, ZEEBS K, —
HE o R R R, e U ) R L)
Fr BN 4 pm, JB R THEIEA B, T 62 CHEAH T
B B 4 b ML R I K Ak, BEAT B R &5 T
/ML BrdU(1:100) , B3 &b, 4 COkFH N E
T s W R R 2% YR (PBS) kS, T 0 M I 1 5 o
¥, —Hh Alexa Fluor 555 #3xic (9 1L 2E 47/ B ( BrdU
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ML, 1:200) 04 IR, 50 1 30 ming i ®2 REKTX MCAO KR mNSS WM (<20 =20)

DAPI e %, & iR iCE 5 min; PBS Pb )5, PL o8t
Wl b AR B b 7E OGS SR AR RS 400 A5 R, K
i 2 % PR X (SVZ) 19 5 AT, 114k BrdU BH
PEARAE , LA BrdU FHA: AR R Z 1 40 i (NSCs ) #458 .
2.8 Real-time PCR # Jll K f SVZ #J Notchl,
Jaggedl ,Hesl mRNA £ik ARG 28 RE L H K
Bl i ZH LR AR R A o S I 3 B 00 i % =
BT X AL 0.1 g, % IR wizol 1257 & $2 W&
RNA 52403 56010 B2 3R e B0 e HE 3 (4l 3 e Jox
i, mRNA @5 5608 oDNA, I B 2612 25 C
10 min,50 °C 30 min, 85 °C 5 min, % | Primer
Premier 6. 0 Fll Beacon designer 7.8 # {4 #f 17 & =&
PCR 5I¥ it (R 1) , i A T AW TR ( L) K4
ﬁBE/\jJ\J\AﬁE 95 CHIZEM: 1 min, T A5
& PCR AL 3, gk 4T 40 P1FEF (95 C 15 s,
63 °C 25 s) o S5 U AR A A A, LA B-HIL
B [ (B-actin) FE R NS LI, R 272k 3t
B mRNA A XS Rk &

%1 PCR3|#MF3
Table 1 Primers for PCR

i 51075 (5'37) w}fg

Notchl [ CGCTGATGTCAATGCTGTGGAT 115
g CATGTCTTTGTTGGCTCCGTTCT

Jaggedl i CGGTGGTACCTGCTATGATGAA 103
it CGGCAGGCAGCTACTGTTTCTA

Hesl - iF GTCAACACGACACCGGACAAAC 158
it GAATGCCGGGAGCTATCTTTCTT

B-actin % GTGTGACGTTGACATCCGTAAAGA 247

Tt GCCGGACTCATCGTACTCCT

2.9 geitserik SRHAD SPSS 22.0 Geit 4k Rk 4T
GEIt oA R DL v 25 RoR ., BRR T Z 4R
JH One-way ANOVA, J5 22 55 I}, 2% 21 ] 7 P 1L 458 R
A LSD K 555 J5 22 A 55 B 3% A Kruskal-Wallis H #;
5 ,P <0.05 HEFAGIEE L,

3 R

3.1 X} MCAO KB mNSS Wgm HFERHAW
mNSS g 0, Ut B2 DI BB IE %, S F AR A L, 12
HIZ] mNSS ¥ ZFF (P <0.01);7,14,28 d Hi i
RS R e JE S - 20 B mNSS B @A T[]
R[] Be YR BY 4 (P < 0. 05, P <0.01) ; 2% Hu 8 1K+
) mNSS s PR A ST FE L, WWR2,
3.2 XKL AT TTC Y 445

Table 2 Effect of Dihuang Yinzi on mNSS of MCAO rats(x = s,

n=20) Vi
4531 ﬁ”i, 7d 14 d 28 d
/g kg
BFAR - 0 0 0
A - 8.38 +1.92%” 7.88+2.03% 6.63 +1.92%
JERMF  0.01  6.30=1.64° 5.50+1.65% 4.60 +1.29%
KT 9.70  7.44+1.68  6.89£2.15 578 +2.05
19.40  6.60 £1.65% 5.80+1.93> 4.90+1.20%
38.80  6.20+1.79% 5.21 £1.30%  4.20 +1.30%

T 5 BT R Y P < 0.05,% P <0.01; 5 [ B il
B o H 4% P <0. 05,9 P <0.01,

RN BFARAMALG 2 @, s A
0 20 25 IR D) R T LA )RR Y AR SRk o Bt
FRHE TSRS 28 K, M B IR 1 i L b R a2 AN JE 5 T
AN IO I IR AN AR A E AR N A S M B v K e s B
H(P<0.01) ;8R4 5 Je 5 b1 241
TGI8, WE3, E 1,

#3 HERFH MCAO A RAMETLEREHI (v 25,0 =5)

Table 3 Effect of Dihuang Yinzi on volume of cerebral infarction of

MCAO rats(x +s,n=5)

453 kg kg ™! i 58 B8 A B E /%o
BFA - 0
A - 28.78 £3.38%
Je B i - 0.01 8.83 =3.92%
b B KT 9.70 26.13 +2.64%
19. 40 13.67 +3.20%
38. 80 6.13 +2.17%

WS EFARULE P <0.05,7 P<0.01; 5HEMAH LD P <
0.05,P<0.01; 58354 F 4 IL%> P <0.05,9 P <0.01 (% 4,5
) o

AT AR B AR C S 45 D. 8 IR TR 4 B
BEART AR A A L B ER T R R (R 2,3 1)
Bl #EKRF MCAO XRINEFEERE M (TTC)

Fig.1 Effect of Dihuang Yinzi on volume of cerebral infarction of

MCAO rats(TTC)

A B C

3.3 X MCAO KU 42U Bk R i 52 5k
TR A, R A R BRUNG 2 2 nT WLIRBEAE I ., )R
.45 .
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A0 I 240 i v e LA L S O AR o %3 T AR U 2
SR DL R i 40 A% [ 6 R R U R MR R AL g B
BACKE AN T LIS S5 240 i L I8¢ Jore W A 396 24, R4
DX i AT DL A 22 G 240 i A HG v e e R e R
e LA 2

T T e e ST TINSERTIE \ L e T3 ST
SRR RO GNP 1 F
.- e ol o IR ‘;c } - —"I" 3
A g N .
2 ¢

B2 #ERFI MCAO X RANARKEH TN (HE, x400)
Fig.2 Effect of Dihuang Yinzi on pathological changes of brain
tissue of MCAO rats( HE, x400)

3.4 X MCAO K E SVZ iy BrdU FH ¥ 4 i £ 1) 5%
Wi IEH AR R B SVZ A AR D B T Al dk
L FEVE SR 28 K BERUL | JE SV 20 M B AR T 4%
HE AR T AR BrdU BH 40 Bk 2, Hoh Je 55
A M B R T PR 2 R B SVZ B BrdU B
AR s TR (P <0.05,P <0.01), M5
TR R i 2 Brd U BH P 240 B 2500 8 T JE 5 1
4 (P<0.05), W3, %4,

F4 MERFH MCAO X R SVZ i BrdU [H 14 40 B #1 &9 2 il
(x+s,n=5)

Table 4 Effect of Dihuang Yinzi on number of BrdU positive cells

in SVZ of MCAO rats(x +s,n=5)
26 51 Fl /g kg ™! BrdU  FH 4 41 fitd /4~
BEA - 12.75 +2.49
Rl - 13.88 +2.75
& 25 4 - 0.01 20. 38 +3.25%
Bk T 9.70 15.63 £3.58°
19. 40 17.75 £2. 60
38. 80 23.50 +3. 1249

3.5 X%f MCAO K ARJ55 28 X SVZ K Notchl,
Jaggedl ,Hesl mRNA FikHEm AR5 28 d B
Mo, B AR R R R KB SVZ Y Notehl
Jaggedl ,Hesl mRNA & ik 7K °F B & & T 488 A 244
(P<0.05,P<0.01), #b ¥4k G R4l 1y —F %
KT N WA B A 2 JE I M T 2 Ml IR 4
2HA ¥ Notchl, Jaggedl , Hesl mRNA 3 ik 7K S A
e JE B T 411 Hesl mRNA W i 25 4 35K+
. 46 -

>

BrdU DAPI Merged

o]

aQ

v}

tr1

-]

B3 ihFERFI MCAO KR SVZ § BrdU E A RIE KM H W
(BP9, x400)

Fig.3 Effect of Dihuang Yinzi on BrdU protein expression in SVZ
of MCAO rats(IF, x400)

R (P <0.05,P <0.01) . WS,
4 tig

P i A A R e R R BB T R Bk
R R R TR A R B L P
TET R B4R e )™ A R TR A Ay A
F A IR B, o — 2 T T 2 A A
0317 o O B R R R TR 2 5 R DR
W 'V OUHE S, BEIE 25 RE , WK 2 AN, I 265 58 BHL , Jiki 2%
R IR S 0 v A 5 LR A ) B L Y6
J7 25 DLKN B3 I O R AR ik ), 4 SRR N ] A LA
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x5 #HERF I MCAO X B SVZ # Notchl, Jaggedl, Hesl
mRNA RiEKEMEZM(x+s,n=5)
Table 5  Effect of Dihuang Yinzi on expressions of Notchl and

Jaggedl and Hesl mRNA in SVZ of MCAO rats(x +s,n=5)

21 5 /ji%ﬁ . Notchl Jaggedl Hesl
BFEA - 1.02 £0. 09 0.98 0. 06 1.06 0. 06
LAY - 1.03 +£0.07 1.00 +0.08 1.08 0. 10
JEFHF  0.01 1.33 £0.05%  1.50 £0.09%  1.68 £0.07*
KT 9.70 1.05£0.09° 1.080.09% 1.14 +0.13%

19. 40 1.18 £0.06%® 1.17 +0.07>% 1.25 £0.0°%
38. 80 1.55+0.04%% 1.52 £0.12%  1.54 £0.04*°

A LAY MR T oA RO A A
W& - R -FWeTr) , Dae“ % 5 B, 4 B, IR 55
™ 2 F B R B AR, R,
JEVR YT BRI I A TR A RO ) . O L BT L
R AN B BT RN RS L SR O R 25 AR | I Rk
PN RN AT I NG TN N e i 2T ]
A, B 25 35 G B BH, LAIR B 2 AR A B L I
RS =TT AR 2 g A 24 5l A2 R
A2 A A b A2 L AT AR ARG, b
TR, LS B RN E R AR RS 2T, R
N A R T T ik R T
PR AN B VA X T R AR 2 R SR T REH A B 2
fE# . 72 NSCs JZ T b, B 32 R 3 2 3R B 12
NSCs B R E

£ ML) Noteh {5 5 38 # 7 1 6145 Notch ZZ 4,
Notch BCAAFI CSL-DNA 8558 H 3 &5 24 M1k
BILT 4 Fh Notch 5244, B} Notch 1, Notch 2, Notch 3
1 Notch 4735 F Notch Wit {£, 4> 5| N Jaggedl,
Jagged2 , Delta-like-1, Delta-like-3 Fl Delta-like-4 ',
Haii K 2 5F 58 & A8 Notchl/Jaggedl {5 5 i 5
NSCs (3458 73 AL B VIR OC o Noteh 324K 5 Folfi 3% 1)
BCAK 45 & )5, Notch ZZ 1A 25 1 9 y-7 W B§ (y-
secretase ) Z4 i, B HY 7K 7 1 7Y Notch 57 14 ifg P BX
(NICD) , 5 41l g #% P9 19 DNA 25 4 2 11 CSL/RBPJk
ZEE I A A, R I 5 Hesl, HesS 45 (155 5,
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