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Effect of Capsaicin on Cognitive Function of Rats with Focal Cerebral Ischemia by
p38 MAPK/COX-2 Signaling Pathway
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[Abstract] Objective; To investigate the effect of capsaicin on cognitive dysfunction in rats with
cerebral ischemia-reperfusion and its possible mechanism. Method: Twelve SD male rats were randomly
selected as a sham operation group, and the remaining rats were sutured to replicate the model of middle cerebral
artery occlusion (MCAO). The successfully modeled rats were divided into a model group, a SB203580 [p38
mitogen-activated protein kinase (p38 MAPK) inhibitor, 1 mg-kg"'] group, capsaicin low- and high-dose (50,
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100 mg-kg') groups , and anisomycin (p38 MAPK agonist, 2 mg-kg"') + capsaicin (100 mg-kg") group, with
12 rats in each group. After reperfusion and administration, the rats were scored for neurological deficits. Morris
water maze and new object recognition experiments were used to test the learning and cognitive abilities of rats.
The hematoxylin-ecosin (HE) staining was used to observe the pathological changes in the hippocampus of the
brain tissue. Immunofluorescence method was used to detect the activation of microglia in the hippocampus.
Enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of interleukin-18 (IL-18), tumor
necrosis factor-a (TNF-a), and prostaglandin E, (PGE,) inflammatory factors in the brain tissue. Western blot
was used to determine the protein expression levels of transient receptor potential vanillin subfamily 1
(TRPV1), p38 MAPK, p-p38 MAPK, and cyclooxygenase-2 (COX-2) in the hippocampal tissue. Result: As
compared with the sham group, the neurological deficit score, escape latency, the number of Iba-1 positive
microglia in the hippocampal CAl area, the IL-18, TNF-a, and PGE, levels in the brain tissue, and the p-p38
MAPK/p38 MAPK and COX-2 expression in the hippocampus tissue was significantly increased in the model
group (P<0.01). In the model group, the number of crossing the platform position, the novel object
discrimination index (DI), and the TRPV1 expression in the hippocampus tissue was significantly reduced (P<
0.01), the number of hippocampal nerve cells was reduced, and a large number of inflammatory cells infiltrated.
As compared with the model group, the neurological deficit score, escape latency, the number of Iba-1 positive
microglia in the hippocampal CA1 area, the IL-18, TNF-a, and PGE, levels in the hippocampus tissue, and the
p-p38 MAPK/p38 MAPK and COX-2 expression in the hippocampus tissue were significantly reduced in the
capsaicin low-dose and high-dose groups ( P<0.05,P<0.01). In the capsaicin low-dose and high-dose groups, the
number of crossing the platform position, the DI, and the TRPV1 expression in the hippocampus tissue were
significantly increased (P<0.05, P<0.01) , a small amount of inflammatory cells were infiltrated, and the
number of nerve cells was significantly increased. The use of anisomycin, an activator of p38 MAPK, increased
the expression of COX-2, and significantly weakened the inhibitory effect of capsaicin on the activation of
microglia. Conclusion: Capsaicin has a protective effect on the cognitive function of rats with cerebral ischemia-
reperfusion, and its mechanism may be related to the inhibition of the activation of p38 MAPK/COX-2 signaling
pathway, thereby inhibiting the excessive activation of microglia.
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protein kinase/cyclooxygenase 2 signaling pathway
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fii (HRP) #5 i 19 11 ¢ ¥ e IgG H&L . /) B 4t K B
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Table 1 Effect of capsaicin on neurological deficit score in rats of

each group (x+s,n=12)

2 51 M /mg k' WRIAEEIIE /5
B AR 4L 0.00+0.00
TR 4] 2.43+0.28%
SB203580 £ 1 1.47+0.15"
BB ) B 21 50 1.91+0.21%
BB w1 70 B2 100 1.53+0.15"
anisomycin+BH % 20 2+100 1.96+0.17%

SR PARA LV P<0.05,2 P<0.01; 588 40 48 Y P<0.05,
Y P<0.01 ;5 HHUE B 4 e P P<0.05,9P<0.01( % 2-% 6 7))
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A 2.3 .4 d 2l B VR ORS00 S0 2 I, o £ 67
B 2= (P<0.01) . T2 HIFE3,

Table 2 Effect of capsaicin on latency of navigation escape in rats of each group (x+s,n=12) s
215 HlE/mg kg 1d 2d 3d 4d

AR 4L 52.04+4.16 41.21+4.50 32.64+4.05 29.45+4.30

TR 65.33+5.08% 62.45+7.17% 59.43+6.11% 55.26+5.68%
SB203580 £ 1 58.41+6.12% 50.12+5.06" 43.76+5.24" 38.78+4.26"
PR AR 1 41 50 62.86+6.09" 57.97+6.21 54.26+6.17% 49.85+5.32
AL 5 ) 1 41 100 60.64+5.47" 52.86+5.39" 47.59+4.86" 41.47+4.68Y
anisomycin+#H % 20 2+100 63.40+5.11 60.93+5.36% 55.40+5.31% 50.11+4.57%

K3 BHMENBAXRRZTEAREFHTAXRBSHANEYHHE
M (x+£s,n=12)

Table 3 Effect of capsaicin on times of space exploration crossing
platform and identification index of novel objects in rats of each

group (x+s,n=12)

4 531 Mk /mg-kg! MO RWEB/K D%
BT ARA 5.78+0.36 0.72+0.05
B 1.24+0.19%  0.21+0.03”
SB203580 4 1 3.64£0.33Y  0.60+0.07"
PR AR A £ 4 50 23740247 0.37+0.04>
BB 5 7 1 4 100 3.22£0.31Y  0.54+0.06
anisomycin+3#H K 41 2+100 2.05£0.20°  0.36+0.04"

FEB AP R BRI T R A g

A2 K R DIZK P i 35 B IR (P<0.01) 5 5 452 AU 2 Lk
B, SB203580 ZH AR AL | i 77 £ 41 K B DIZK P
W % T+ 7 (P<0.05, P<0.01) ; 53l = 7 it 4l L
¢, anisomycin+ 3 F 4 1) DI /K - B B [ A% (P<
0.05). WL3K3.
3.3 AR RN A LU0 DR B BEsT AR
R AR A K UG 4 20 ) XTI K 2 e Al
Ji T2 BN A% A [52 5 45% 780 4 K B 5 [XmT D e 22
20 R A5 D, HEB SR AL | A0 A% 361 6 TR G, 35840 4
Jib ik 5t s AR AR R a4 LR T 5 SB203580 4 Al
PR AR 7 0 i 4K R R o T A T ek A o
Z 20 BRI W £, D i g Tk A R R e i
anisomycin+HUHUER 415 BHUR & 57 & 21 A0 1L, Pl &
G O T R R g i IR ) | DTN 3 O
3.4 X4 ALK B I 4 20N i 5 AN T Ak 7 R

H5\FARA L, B4 K RIS CAL X Tba-1/
DAPI FH 1 3 ik B9 /N B2 5t 40 jf %0 it 8 3 7 55 (P<

- 126 -

T A F AR ;B BRI C.SB203580 41 ; D. BN & AL &
B MU R R 41 Fanisomycin+3UHUZE 4 ([ 2 FiE 3 [])
E1 HFMENESAXAREIWETEMFFEM I (HE, x200)

Fig. 1  Effect of capsaicin on structure and pathology of

hippocampal neurons in rats of each group (HE, x200)

0.01) ; 588 20 Ho 4, SB203580 £H Al & A% L 7
7 15t 41 K B Tba-1/DAPT A5 ic 1Y /1N 8 5T 240 i 45 &t W)
AR (P<0.05, P<0.01) ; 5 B & ) B 41 H 8
anisomycin+3f HZ 41 14 /0N i 5T 20 e %k = BE S T
(P<0.05). WLK2.%4,

3.5 WA KRN 4 IL-18 . TNF-a . PGE, /K -5
M 5T R A b, R R A R R 41 20 IL-18.
TNF-a . PGE, /K F & 3% Tt & (P<0.01) ; 5 E{ R 4]
B, SB203580 £ Fl BRAR Z I | /&5 7] 42 41 K Bl i 2 22
IL-18. TNF- a. PGE, /K *F- B & % ik (P<0.05, P<
0.01) ; S5 MUE & 7 & 41 L%, anisomycin+ Bl E
MK H A R HE A 2 TR (P<0.01) ; W3R 5.
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E F
E2 #FWMEMNSHAREDX /KR E LR m( R
)6, x200)

Fig. 2 Effect of capsaicin on microglia activation in hippocampus

of rats in each group (IF,x200)

T4 BEWMEMNSARR/NRRAEH B (T+s,n=6)
Table 4 Effect of capsaicin on the number of microglia in rats of

each group (x+s5,n=6)

415 R /mg-kg'  /INE R 40 R
BT A4 131.65+12.47
AR 2] 219.24+17.53%
SB203580 £ 1 174.31+18.36"
PIBZ AR ] 2 21 50 193.92421.45%
PR i ) 4L 100 182.43+17.36"
anisomycin+R i 21 2+100 195.87+18.24"

3.6 X A& 2H R B D 4 21 TRPV . p38 MAPK.,
p-p38 MAPK.COX-2 & KL E W  SE TR
2l A, BEA A K U S 4 2 TRPV L Y 8 3k K
- B E K, p-p38 MAPK/p38 MAPK ,COX-2 Hy %
K E TR (P<0.01) s 5L 4L, SB203580 4
S 2 21 TRPV1 1Y K3k 22 5 LG8 it % & L, p-p38
MAPK/p38 MAPK . COX-2 [ 3 ik b & F& Ik (P<

0.01) , LR AL . & 5 i 41 K B B 22U TRPV1 Y
F ik W #F I (P<0.01) , p-p38 MAPK/p38 MAPK |
COX-2 (735 W W FEAK (P<0.05,P<0.01) ; 5Bl &K
f 71 o 41 L 38, anisomycin+ B E 4 p-p38 MAPK/
p38 MAPK ., COX-2 iy % ik W] i J} & (P<0.05, P<
0.01) , TRPV1 (1Y £ ik 25 5 o 48 i 27 2 3, 4 U He
J5 A AT AE & SB203580 F1 anisomycin Jf A 5 Wi
TRPVI1H A, WK 3 K6,

TRPV] D e s G GIED @ 94 KDa
P-P38 MAPK e (D -NS <D < @S 4] kD2

P38 MAPK 4NN GHED D TN SIS TS 35 kDa
COX-2 = D - GEE> amms e 69 kDa

p-actin D GEED D GIND GD G 43 kD2
A B c D E F
3 ZBHKXKRKRIEDAHEL TRPVI, p-p38 MAPK. p38 MAPK.
COX-2H)EARIEBIK
Fig. 3 electrophoresis of TRPV1, p-p38 MAPK, p38 MAPK and

COX-2 protein expression in hippocampus of rats in each group

4 iFig

PR ZR R — i KSR A W6, A1 2 A BRHLE AE
Yy, BROBURE A B2 T R R i AEAE s BA 4L
& U PUMRE S 2R VT AR IR K
BT A% o ke ot B BA R PR o
JULE'S BT AR S AT Dk DA B A R BH A
BLAENY e BB ER O] 3 ek 9 v I A - P 5 )
S5 P (R I 1 22 35, oo 08 e i AT B R R RS2 45 4 IA
I RE 3 7T LUHE o #8005 TRPVL, W82 AD /BB IA
RS i T SR PR 510 T RO 3R R 7 B 3 CIR
P40 I 19 DN H D) R A L 0 R DL AR SCHRE . B UL,
A FE % MR FF T i — 2 R

BB Z J& TRPVI W 3h 7, & ¥k i TRPVI
B — T 32 BEAE AR AR B 28 o0 T TR 1 58
M T E Y AR, ROk B 2 B g R

£5 HMEXMSAKRRMAL IL-18. TNF-a . PGE, 7K F B Z I (X+s5,1=6)

Table 5 Effect of capsaicin on levels of IL-18, TNF-a and PGE, in brain tissue of rats in each group (¥=s,n=6) ng-L"
251 il /mg- kg IL-18 TNF-a PGE,

i F AR 4L 131.06+12.89 189.75+18.11 6.17+0.58

A2 198.14+20.23 352.81+24.65” 14.94+1.22%
SB203580 41 1 154.91+18.05" 220.56+21.39" 8.23+0.75"
BRG] R 4L 50 178.09+17.44Y 314.42+27.16% 11.27+1.06>
PR 1 ) R 4L 100 163.57+15.919 253.90+22.45Y 9.98+1.15%
anisomycin+# il % 41 2+100 182.60+19.37° 317.61+29.87 12.06+1.23%
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K6 HEMEMNEZAKRREDAL TRPV1.p-p38 MAPK/p38 MAPK.COX-2 B K iXBI B0 (x+s,n=6)
Table 6 Effect of capsaicin on expression of TRPV1,p-p38 MAPK/p38 MAPK and COX-2 in hippocampus of rats in each group (x+s,n=6)

2051 it /mg ke TRPV 1/B-actin p-p38 MAPK/p38 MAPK COX-2/B-actin
i F AR 4 0.92+0.08 0.520.07 0.25+0.04
TR 241 0.44+0.05 0.95+0.11% 0.68+0.07>
SB203580 21 1 0.49+0.06 0.67+0.07% 0.40+0.05
PIR AR ] 2 21 50 0.61+0.07Y 0.83+0.09" 0.59+0.06
PIRE e ] 2 100 0.78+0.06" 0.74+0.08" 0.47+0.04"
anisomycin+#Hl % 21 2+100 0.75+0.08 0.86+0.10% 0.62+0.05%

TRPV1 £ K A4 2]z Rk IS 52/
RE L 191 40 3 15 2 f A% 338 R0 AT 8 DL RGN T T REY
BALLEZA-TAPIA %52/ % #l TRPV 1 5% {4 # 3 7 7T
30 Wl U 24 2 0 1 S A5 1 FLE IS R A O AR A e
LI BIEMFEEE (M (AB) AT A 4 i 7 PE1E H -
AP AR R LB E T M 44U TRPV &
F Y R IA A R0 18 M i R R RO e ) g e
i 5 B W B R B el A I D e R i A JH . 7
AHWFFE PR ZH 2R MCAO K AR R i R 411 e iy
P 1 H X, IF 38 3 Morris 7K 28 B R 20 49 44 L 531
T2k 45 5% B X CIR K BRI 0 T 6 19 5% i), 45 2
b 7 A R AR BRI B % DA T R R T AR R
AT B I 2% ff A5 R K RRIC 12 ) R 2] [ s Longa 1
43 FVHE Y €8 45 B Al 38 B U AT el st A5 A0 KRR
25 T g SR AR, W R o L oC A i — A T
FRAUZE KT CIR K BRUIA 01 2 Al i) ol 5 7 5 (HHCAE
HILAH i AN BH A o

Ty DX R b B A &) g A2 my OB,
2 X Fe AL PR VS e S T A2 B A5 4 DX, A A
DIRE % VIAROC o /N0 5T 4 it J2 vh AP 8 R G 1o A
P B 5 R YT 20 B, ORI AR G, M B,
JUE JBT 240 BT Ak S 23 o Wb AR B PR R R R 1 R
(W IL-6 \ TNF-o  IL-18) , 41 15 #if £ 50 ; M2 A 2, 3L
AL 5 BB 43 W bt & - (40 IL-10 . 1L-4 .\ TGF-B8) , A
FFMH&ITHmmBEE> . MRS maEIRRE#E T
/0N S T 240 L P K0S /0N IS JB 400 T A S 1) RE & 2
TR S8 U W 2 i i AR E RN R . 2 5
INAT T RE FE RS . BOK 8¢ & B BUML 2 v 2 R
PE ML/ 5T 20 Jf 5 A8 S p RV M2OIRAS BB T2
U iz BE 4 25 JC O A2 1% ; CHUNG 251250 % 31 3L 2% 1
1% TRPV L A] L3 s 410 i) 1 4 % /)N BRUASE 780 o (i ft 22
JBE J5T 4 B 95 A S 0 36 M 4 (ROS) A 28 5% E
(TNF-a . IL-18) >k R 47 B8 i SCIR K 22 1 i i 28 56
DL BFSE B 7R, OB X D0 1 e A ek AT g
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570N e 5T 240 M 8 3% A A G o Tba-1 BE 5 /)N i 5T 44 i
R SRS A WA S % /N BT A A Y A g
Yy 5 3k JBE 14 4 A A T340 i 51 i 25 R 48 R 1 R i
S /NS ST 4 Ao R A AR AR . O T HE— 2B R E
T AR, 28 R B 92 5 Ol G 8 s K T T TR ) 2 41
Tba-1 7 ic 119 FH 4 200 i 11 22 3R 5 100, 25 2R /s A 8L R
BV T 41 21 Tba-1 BH M 28 3 1 /0N B Jo 40 i 45 it B (5
TF, PR AT B AR Tha-1 BH 1 26 38 19 /0N I S5 400 it %
B, JF 0T DR AR ik 20 48 TNF-a . IL-18 . PGE, 19 7K F- ;
I BRORZR AT 9k 2D /0N B 0 448 i 43 M TNF-a  IL-18,
0] /N J5E S5 240 355 Ak o

COX-2 2 — Ffr 40 1k 107 JORH G 35 BT, 2 M Ak 4B 2R
VU 5 R 77 A= PGE, ) O Bk B i 1 1 , 38 % 7% R E 2o 72
TR S, O BN A R R A 28 A 1 £ K TR
RS ECAMAE S F R MAPK £ B 28 R AE
A 22 R AT s vh PR D 2 A BIAR A7 p IE S, B
E /N B S50 48 3% Ak, 2 5 91 COX-2 R 48 it R
AN E R AL MAPK iR 5 & A, W p3s
MAPK. YAO 45" () F 5% & W 78 71 42 A% /N BUASE Y
H, il p38 MAPK {5 5 4% 5 T ok 20 /N e J5it 41 i 4
5P A M TR B R, DT AR 9P 22 L B g A 42
T I MO AT M B A% s BHATIA %5 % B35 b 2% 7T ik
% p38 MAPK/MK2/PGE, il ifs ‘5 1 /N ¢ 5t 4 Jfd 7%
ko FEARMFZE R4 & B AE CIR K R i 20 21
/N RS JBE 440 1 0% Ak £F B % p38 MAPK 1Y I I AN
COX-2 FR ik M 34 i, 07 AR 7] 40 il p38 MAPK 119
B, B K COX-2 1 #£ ik, 5 p38 MAPK #ll il 7
SB203580 1Y 45— 3 ; H A JH p38 MAPK 1Y i 17 7
anisomycin A 3 fil COX-2 (%) & ik , B {2 I 55 B &
XoF 7N JGE T 240 L A 1 400 R T i EE CIR R B A TA
ST il B A 5 42 R HURUER T g E i 4 i p38 MAPK/
COX-2 il #% P ¥ , i3 CIR KB IA N T BE

25 LR, BRLE X CIR K BN o ie B A
T /B, AR F ML AT B8 5 40 ) p38 MAPK/
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COX-2 3 ¢ A4 3 , 2 17 400 o) /) i T 4 ) o 2 3%
A5G o T AR R J2 75 ARl R 1 e S e R
S AH K 1Y) 38 % A ok 3 IR e XU DA RE R A O A
Frt— 20 5E.
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