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[Abstract] Objective: To investigate the protective effect of Naoxin'an capsule (NC) against glial cell
activation and inflammatory damage in brain of rats with chronic cerebral hypoperfusion-induced vascular
cognitive impairment (VCI). Method: One hundred and fifty rats were randomly divided into a sham operation

group (n=20) and a modeling group (n=130). Following the modeling with the two vessels occlusion (2-VO)
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technique, 87 successfully modeled rats were randomly divided into the model group, positive drug group
(aricept, 0.5 mg-kg'), and low-, medium-, and high-dose (0.18, 0.36, 0.72 g-kg"') NC groups, with 17-18
rats in each group. After intragastric administration of NC for eight weeks, the Morris water maze test and
passive avoidance test were conducted to detect the effects of NC on learning and memory ability of VCI rats.
Changes in neuronal structure of rat hippocampal CA1 area were observed by hematoxylin-eosin (HE) staining,
and the neuronal apoptosis in hippocampus by terminal deoxynucleotidyl transferase ( TdT)-mediated dUTP nick
end labeling (TUNEL) staining. Western blot assay was used to detect the expression levels of glial fibrillary
acidic protein (GFAP) , ionized calcium-binding adapter molecule 1 (Iba-1) , phosphorylated p38 mitogen-
activated protein kinase (p38 MAPK) , and phosphorylated nuclear factor kB (NF-«B) , followed by the
measurement of interleukin-18 (IL-18) and tumor necrosis factor-a (TNF-a) in the brain by enzyme-linked
immunosorbent assay (ELISA). Result: Compared with the sham operation group, the model group displayed
obviously decreased spatial learning and memory ability and memory retention ability (P<0.05, P<0.01) ,
neuronal damage in hippocampal CA1 area, enhanced neuronal apoptosis (P<0.01), up-regulated GFAP and Iba-
1 (P<0.01), elevated phosphorylation of p38 MAPK and NF-«B (P<0.01), and increased IL-18 and TNF-a ( P<
0.01). Compared with the model group, NC at each dose significantly improved the spatial learning and memory
ability and memory retention ability of VCI rats (P<0.05, P<0.01) , ameliorated the neuronal damage in
hippocampus CA1 area, reduced the apoptosis rate of nerve cells (P<0.05, P<0.01) , down-regulated the
expression of GFAP and Iba-1 (P<0.01), decreased the phosphorylation levels of p38 MAPK and NF-«B (P<
0.05, P<0.01), and lowered TNF-a and IL-183 levels (P<0.01). Conclusion: NC alleviates the inflammatory
damage of the central nervous system caused by activated p38 MAPK and NF-«B and improves chronic cerebral
hypoperfusion-induced VCI in rats by inhibiting the activation of microglia and astrocytes.

[Keywords] chronic cerebral hypoperfusion; vascular cognitive impairment (VCI) ; Naoxin'an capsule;

glial cells; inflammatory response
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WePE 0.054 g-mL" il . FHMEZY [, DA (o
=) 2500 A FR 2 W) A2 7™, 5 25 HE 5 H20050978, it 5
413321F |, ¥ T JC oA A= B 3k oK, B i s i i vk
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Merck 23 7], 41t 5 43 51 &y 1185283903, IPVH00010) ;
BCA v B I 2 377 &, RIPA 4 218 I 24/,
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MAPK ( % [# Cell Signaling Technology 23 & , it 543
B 3670,17198,8242,3031,9212,9211) ; H- il /% -
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FIGE [ (35 [H Bio-Rad 23 7 ) ; EG1150 KU 4 2 47 it
ALHEHL, RM2200 #Y 2H Z14] [ HIL , ASP300 % 21 41

. 48 .
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PR AT RIS, A0 BN BT [ A8 L. KRS
B Ja R AR T 5, LT R BT 90 B I K L 350
Bk 2 em ZE Ao DLFARBEEME >3 5 T XA 4
21, 5 58 R RS 3508 3 ik L DA 3-0 TR 4k 45 L s
sk, AR B ER K 218 vk . R JE 4 2 S TR A
HLah R E W fr Ik E s s RTF R
A A RN R T A B8 i v 43 8 U #5788 Bl ik ) 5
LA, REAFHIRETHS T4 U-d'F
BERPURY RS 4 d, 5 VISR KBRS A5 10 1
AR, B2 S T R RCR Bk & S5, U
51BF ARG K BA B2 5 0 A H B KL

22 S ¥ 150 HOK R R R R RE AL 4>
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HHT b P i e i AV CT R BR AR 28 8] 2 2 e A2 W R
B AETE NI B G . SRERLA LA, s AL A AT 35 00
55 2,3 K, 4 PR AL NG O R B AIG P LR A
2 K 3R R PR B 8] 247 B 2 0k 2L (P<0.05, P<0.01) 5 5 7
WUAT IR 4,5 K, BRI o0 8 15 2 K50 & 4140, HoAth
2 4 24 20 K Bk R AR 0 28 A I I 4 A (P<0.05,
P<0.01) , fifi /0o 2 J5¢ 5 A1 5] 2 20 W] D i) ] 45 52, {H TG
GiitsE X . Morris /K ik B S MR LT, 5K

FARY A, B4 28 8 H AR T & X B A H bR
S R B 455 B )R] 4 b 35 4 A (P<0.01) , 75 A X 4 R
) 55 B R[] 0) 4 35 40 (P<0.01) . S AEI A Fh g,
P20 AR b v R 2 KR SR
PR B XKL (P<0.05, P<0.01) FIAE H AR 5 IR {5 8
[ [A] (P<0.05, P<0.01) ¥4 B 1 4w , 7EAH XS S BR 1
{55 B8 I 1] DU) BH S 46 46 (P<0.01) , 22 %A 1 B 4012
B, W#E1,2,

F1 BOREFEN VCIKER Morris 7K 2 5 E AL AT1T 210 Mk g B K BB M (X+s)

Table 1 Effect of Naoxin'an capsule on escape latency of VCI rats in place avigation test of Morris water maze test (X+s)

a5 4 b VR0 /s
/mg kg’ FABS Hox 3R Hax 5K
BFEAR 20 87.24+17.75 45.06+15.25 43.10+10.73 29.02+11.64 19.17+9.90
LR 17 85.01+13.49 71.29+14.28" 66.03£19.38% 61.49+14.31% 44.27+16.82%
2 T 17 0.5 86.51+21.03 63.38+14.56" 57.27+11.63% 39.28+15.94% 31.19+12.22%
Jigi 0> 2 17 180 88.12+15.79 67.91£13.29% 61.57+12.86" 47.80+10.97 38.37+14.27
18 360 87.07+14.95 59.24+10.35% 49.09+12.64% 33.39+8.07% 29.9149.16%
18 720 87.90+19.75 51.32+11.43% 46.69+12.50" 31.74£10.46% 26.67+11.797

TE 5T ARA " P<0.05,2 P<0.01; 54 4 Y P<0.05,% P<0.01(F 2~6[]) .

F2 RORETEX VCIKER Morris /K BRI = BIRELWIEARAITM (F+s)

Table 2 Effect of Naoxin'an capsule on cognition index of VCI rats in spatial probe test of Morris water maze test (x+s)

215 n it /mg kg RO 5 B H A5 5 BR A5 B e [0 /s AR G BR A5 7 B 1) /s
BFA 20 17.18+4.31 47.21+4.65 13.29+3.06
LAY 17 3.20+1.177 27.44+6.69 29.91+5.16%
2P 17 0.5 10.18+3.25% 36.69+3.36 19.23+2.94
i 0 % 17 180 7.73+2.19¥ 32.94+4.179 25.59+2.679

18 360 9.25+2.84Y 37.31+3.04% 20.46+2.159
18 720 12.39+3.37% 40.85+5.27Y 17.37+1.26%

3.2 X VCILREICIZRFFRE I 2 M 78 K Lk
A S0 P, S TR b, R A K R R
PRI 25 4 5 (P<0.01) , T 1% S B 3 £ (P<
0.05), & B VCIBL A K U2 R R e 1 Z B & .
SR A LR, 2 B R O A b L A
Y68 B 581 vV CI R B 450 B3 W AR T (P<0.05, P<
0.01), FFMRAE 1R B (P<0.05,P<0.01), W3,
3.3 X VCI KR KW D CAL X JE 2 2% /Y 52 T
HE e 8 )5 OB T W% R F AR 41K B 5 CAl
DX 1 28 T6 M R 240 BE HE 51 8% 5%, MU A0l il S
WA, R DL 1T S %) 4 A% [ 40 R A ML IR BE R T A
SEFARAA R, B A KRIES CAL KWL,
A 240 I 20 A TR EL 40 B e e, HLH B
%) 4 A ] 4 R A0 S IR AE . SRR A R
PR R O 2 B IS v R R R A AR e
. 50 .

£3 BMORBRENVCOXRERELREEERPREBERRY
IR (X+s)
Table 3 Effect of Naoxin'an capsule on stay-latency and error

time of VCI rats in avoiding dark test (¥+s)

141 ) 7 i 15 B VAR R AL
/mg- kg /s 17/

BFA 20 272.37+48.14 0.74+2.01
A 17 91.29+31.422  14.25+4.49"
gLt 17 0.5 179.01+44.27% 7.79+3.95%
ik oo 17 180 187.38+39.15% 5.94+2.24%
18 360 214.21+46.38" 5.05+1.29Y
18 720 229.45+41.32% 2.97+1.75%

E VCIR RIS CAT X B 28 o0 FIAE AR 40 M 45240 , 4n
Ji HE A 25 YA AN 5] B2 B S5 20 i A% 1 45 0 4
REIRFEI >, WK 1.
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A RTFARY ;B BEAIA C. LR AL DL ik O AR S 4 EL O
B R 2 S F L 2 i ) ek (P 2~4 7))

B1 REOREENVCIXKRIBE CAIREEFEHM (HE, x400)
Fig. 1 Effect of Naoxin'an capsule on morphology of
hippocampal CA1 area of VCI rats (HE, x400)

34 X VCI KB A LT msgm R
TUNEL % 80042 VCI K B 2H 27 £ CA 1 X 48 L
PTG B0 o BT A4 K BRI 4 25 U B I 0 T 4l
JiL, AE 0 T A A B s SR TR A A A
KR 41 20 T CAT X 41 j 8 1 3 1 35 14 (P<
0.01), 2 45 X AT U 8 T~ 41 it A2 BH 55 [ 45, J0RE R e
S AF A A BT R K e AR AL R, A B
FHZH O 28 e A L v ] e A i 2H 8L 1 CAL
D20 B 8 T R AT B R R (P<0.05, P<0.01) . %
T > 22 5 30 T8 06 . 2 0 ) 12 P i 4 1l 3 VCT
KRKWE S CAI X Maampis. W
’El2,%&4,

3.5 X VCI KB A L B4 s e 5
T AR s, AR 2H K B i 2H 28 GFAP il Iba-1 4
IKAKE 8 TR (P<0.01) , % B] VCIFL R K BLK
i v A A W I A B R i S 240 R /) G T 4 R BT
SRRV R R R, B A O AR R A
7] 5t 21 kg 28 20 GFAP il Iba-1 3% 15 7K °F B &8 F i
(P<0.05,P<0.01) , & W] A0 22 XoF 18 1 fik it 1t -5 801
VCI K B 2H 2R Jox 4 B it B A 2 3 4kl AR
WK 3, %S5,

3.6 XF VCI KR 414! p38 MAPK Fl NF-«B # 1
BERR AL ACE 52 SRR At AR 2 KRR

B2 MORBREMVCIARKAMED CAIREBBTHRM
(TUNLE, x400)
Fig. 2 Effect of Naoxin'an capsule on apoptosis in CA1 region of

hippocampus in VCI rats (TUNLE, x400)

£4 EORKBEXVCIXRED CA1 R #HE MR T R0
(xX+s5,n=6)
Table 4 Effect of Naoxin'an capsule on neuronal apoptosis in

CAT1 region of hippocampus of VCI rats (x+s,n=6)

2133 4k /mg-kg! T/ %
P A 0.387+1.572
il 59.277+2.790%
UL 0.5 31.163+2.290%
i o> %2 180 26.531+4.475%

360 14.210+3.307%
720 5.106+2.846"
GFAP 50 kDa

GAPDH 37 kDa

Iba-1 17 kDa

GAPDH 37 kDa

A B C D E F
B3 ‘AXRMAL GFAP M Iba-1 K& 7k F ik
Fig. 3  Electrophoresis of expression level of cerebral GFAP and
Iba-1in VCI rats

il £ 20 NF-«xB Fl p38 MAPK # [ # i2 1k 7K % 15 2
FTFHE(P<0.01) ; SRV A, 2 PEH AL i o0 %

JiE A v L ] 4 4H NF-«B il p38 MAPK 7& [
.51 -
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x5 BMORKREN VCIXRNALR GFAP 1 Iba-1 EQ R A KFE
IR (¥+s,n=6)

Table 5
cerebral GFAP and Iba-1 in VCI rats (X+s,n=6)

Effect of Naoxin'an capsule on expression level of

R7T EORKEX VCIXREASR TNF-o, IL-18 RAKFHIF
M (x+s)

Table 7 Effect of Naoxin'an capsule on level of TNF-a and IL-18
in VCI rats (x+s)

25 51 #|4/mg-kg'  GFAP/GAPDH Iba-1/GAPDH
e gE| 0.438+0.007 0.667+0.049
LY 5.284+0.048%  7.726=0.038%
4 FL 0.5 2.941£0.059"  4.927+0.059”
g0 2 180 2.67240.0719  4.471+0.081"

360 2.21040.039  1.494+0.040"
720 1.372+0.051*  1.049+0.077"

1% Ak 7K S B R % (P<0.05, P<0.01) . 4% SR 31,
i U 2 e HE B A% 1 0 42 1 A it 35 S 9 VCT R B
Ji¥i 2H 21 NF-«B F1 p38 MAPK 15 5 il B% 09 800% . W,
K4,%6,

p-p38 MAPK 43 kDa

p38 MAPK 43 kDa

GAPDH 37 kDa

p- NF-xB p65 65 kDa
NF-xB p65 65 kDa

GAPDH 37 kDa

A B C D E F
Bl 4 HAKXRKALRp38 MAPK 1 NF-«B FE BB ER L 7k T HE ik
Fig. 4 Electrophoresis of phosphorylation level of p38 MAPK and
NF-«B in VCI rats

R 6 LRIEN VCIKXRIKEL p38 MAPK 71 NF-«B & B #
BRI /K FRI I (X+s,n=6)
Table 6 Effect of Naoxin'an capsule on level of phosphorylation

of p38 MAPK and NF-«B in VCI rats (Xx£s,n=6)

a3 Fiilbiis 1 p-p38 MAPK p-NF-kB p65
/mg-kg /p38 MAPK /NF-kB p65
25 0.323+0.009 0.645+0.029
BEAY 5.629+0.048> 8.327+0.039%
LR 0.5 2.296+0.072% 5.261+0.084%
oG . 2 180 1.798+0.047% 5.514+0.056>
360 0.926%0.065" 3.293+0.037%
720 0.722+0.046% 1.748+0.075Y

37 X VCIKRREMMBHEFELRENEH S
F AR i, BRI K BRI TNF-o, IL-18 7% 2
FHM(P<0.01) . SBI7L LA, 2 B HT 4R o0
WAL A4 IL-18, TNF-a & & 4 0] i
W/ (P<0.05,P<0.01), W37,

. 52 .

a0 biilh==s TNF-« IL-18
/mg-kg'! lpg-g! /pg-g’
%5 14 2.418+0.367 1 421.32495.06
i 11 8.892+0.454”  5764.96+312.25
LI 11 0.5 6.265+0.375%  5525.25+392.07"

i o> 2 11 180 4.927+0.446% 3 383.79+485.71%

12 360 4.429+0.378% 3 130.58+192.36%

12 720 3.936+0.5219  2505.61+284.16"

4 iTig

P G Bk i St e A P T 2 — R I ki
I 97 AN R SO A8 P i ) Re R A . K R B
(AN K ) A = G YA ©) BN 1| A= 8 B TP
(VaD) , Bl /R 9 ¥ 3K 9% (AD) [ Binswanger i 55 #fl £
ZR G0 9 1 A ()0 BRI A S 08 i gl ot 87 i 37
R AL T ARHE AR A T ORI e T B B T A
AN SV K TN L = e O E I
P47 K G N AR IE S, 1E RGN e . 5 A
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AR K A EEE LY 2-vO 3 K Rl
PE i e i 2 B A PR 2 DR 0 1 ki A A, 2-
VO J& F| I 3 2l ik & 8948 7 FR gt i A J2 | 1 Rl -
FE R Bl Dk &R I3 H 5 32 Bl Ik 1) 42 3080 ik &R DA
AV L 30 3 L DT 3 4 I 0 P et AR BIE 5
FHI2-VO ¥R T, R B B AS 8] 2 ) e 12 RE
FACACARFE 68 T 25T B BT s TR T 48 M i st
1L 5 55 VCT 9 BUR A o

R BT B, 18 1 i e 1 A 5 30 b A b 28 48
PE R AR I g i A B 1 M e 2T T A
b e X R 22 58 M A 1 TR 18 M i R 1S B VCT Y
KR R R T AR R 18 A e
T A& 1 f 58 B 0L A4 L, R I 4 L 7 1 i L 5 2R AR Ak
05, T S 5 W 4E M ek AR R AR P A iR R A,
T P A R e 30, S BOAN R T RE TR K Y
Ty DX IR 5% M) 2 2 1212 04 O HE G X, Vi X P 28 0T
P55 0L T REE VI G, PR R,
V CI 835 R i T B DX 7E s 57 100 BRIV o 08 ) b 22 4
AT 5 VCL R A RN ) BE B A A7 AE I A O
AR ARAIF G R 18P i el il B VCT R B S
CA X fift 28 7T 1 30 #7874 [ 45 Al #2420 HE 91 TR
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L, 2 BH 0 M i ke 1t P S BOK BUME T IR o i
P05 5 ZEVE E 45T 0 IS 8 TR S AR AR R BR R G
Ty DX 28 0 A% [ 446 /0, AN B HE ) s ) SR R
WY A 0 22 JiE 5 B A% W S O 4 A8 7R R BRI 5 X ph 22
TR o K VAR DX A 28 0 3 40 55 AR Y
Ty g 401 03 A — 20, Bt 2R BF 5 AT 0L A8 P i gt il 35
VCIR BUH BT 8 35 19 28 18] % 21 0 A2 58 1 Fid 12 4%
FRAE T TR, S B AT 0 LRSS A ALK R
B 25 18] 2% 21 e A2 B8 J1 FC AR R e ) W 3 el st .

A P9 AN 5 32 B 1 P i e I A 350 PN e o e
AR BE TR 18, I A LA H B R i 5 AR Ak B
R AR K A A R R T S A A D
5 240 R L T M ST M B ) 3 Ak B B R T 5 R
PR M 450 0 P A E S N 5 T M P R M R R I T LA
ik o i i AR 4K N B B R T R T B T
Mz, T BON D) BE BRI AR /N i R
Ui 23 51 & S MR B, B TIOAR 4% M A i TR F
Ak R B LAt 5 P A T4 o Tba-1 2 /)N i 5T 48 il
Fr S PESh & A S A H 2 5 806 09/ e 5T 4 A
21 i 5 4 8 T A B LR O R WA R L 2 /N I T 4
[ URCR CAIOR S TaN o ol = PR C A O RANY it N B2 7
5 5P R T A0 A O |, O 2 F GFAP %
IR ARG BT AN R T B 1 1 R
ST A5 S il P A AR I IXCAE N R e T PR T,
M 38 RICAZ T BE 2 Bt o A WF 58 7, 1 M i 463 1t
HOVCT R BUIR A H B0 3 A0 /N 5 A e R R R i
J5T 240 3% A, 5 0t ) s A2 78 K RO i T S X 28 T
BT A T M B B R % 3 R IS T i
1L 35T ST 4 K 43 S e A /0N S S 4 i %
5LV ¢ 50 240 M 1% A6 A5 12 90 Toa-1 il GFAP 1 3R 35, ek
S AR I B i Vg X 28 o A T, X T AR A A
Mg I B A EEE L,

R A 5E 22 BT, 18 P e I 5 A R R R K
A 38 H R 35T p38 MAPK il NF-«B 25 11 B 2 1k
Bl AH G E B2 MAPK {5 5 18 % il b i O &
1 \MAPK % i /) 3% i S MAPK #4240 i, 2 514
Y A a3 Ak R A M B B 22 o A B AR
8 P B i 7T % 5 p38 MAPK B 12 1k, #F i b 3
TNF-a,IL-18 45 R M F %15 . NF-«xBA{E K —Fl
SV RN T P S e SR AT 2 5 Z R LR
BB HE G FE o FENR A B il & AR B TNF - 46
Al 7% NF-kB, 16 1k B9 NF-«B 2 A 40 il #% 1 I 5 3
AAHE-2(COX-2)mah FX4 4, i COX-2 %
ik A E R TR I R AE S & R, 18 1 ik

#f Il ARG Y NF-«B #UE , COX-2 ik L, /T
il 5 18 o ke i 5 DA 90 T R AR 4 B DA O AR
WFFE 57, 00 22 8 2 BB 408 S 25 00 il 2 A i g8 . 35
VCI K UK 2H 41 p38 MAPK Fll NF-«B 5 [ W iR 1k .

15 P G i 1l T % S R M T RO S R
MOt B . R RS A R R
U2 J5t 4 3% e TR 3R 3k 5 [R) I 5 1 DR A Sl o B 4
R A P = M N 7 11 R 1 7 M A X A
TNF-a Fl IL-18 J& Z 5 18 P i Sl iin 53 47 aoF 72 7 o 2
PR PR, m S b A A B R % R R T A
JEL 9 T, A 200 9 Y R I G e B A A o R AE
58 W] TNF-a 7K F- 5N HBE 1 T B, #2800 28 M A
G 24 L T 5 I AH 56 5 IL-18 4 B 28 3k , £ il 4 28
RAE GNP 2 TTAE T, I T O AR 5 P
A ARG K B G0 A I R R 3T 8
ki 45 11 B VCT K BUIG N TNF-a il TL-18 7K, W 20>
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