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A 250 55 20 ik BEL OB 12 2 4% VD R BV B 3 A 20 S B L4 VD 2H , ALL IR i 2H (ALL-L 41 ) Al ALL & 7 it 20 (ALL-H 4 ) , %
B FARH(SH) K BHIATIR TR, 441 15 B ALL-L 44 1 ALL-H 24 3 455 5 43 50 e ik 78 8 ALL 5,20 mg-kg™', S 20l VD 20 I
SRR R AR AR K B R LR ESE 2 S o BT S8 U T Morris K 2K B SR I K BB 2 DSR2 BE T R R -UHLL (HE) Yt
5% Vi T DX 28 2 9 B o5 G A ARG 4 20 v R RE B T RS IR BT I F - TNF-a) , I AEAY -6 (1L-6) , IL-18 19 7K 7 F A AL
JOf 38 B I AR A L (MDA ), i 40 A6 ) B AL B (SOD ) A 45 e H Bk axt 40 Ak ) 18 ( GSH-Px ) 9 7 £ 5 A I B A0 B 1T R e B W A
dUTP ## 5K dii b7 1 (TUNEL ) 32 A8 0 5 5 DX 41 A i) 8 12 5 5 2 1 52 9% B3I 74 (Western blot) A6 W A 2H 28 v 4 1= Je 19 W AH DG 25
2 ok 2 R K 4% I #E 14 /K fift i -3 (Caspase-3) , B il I 41 i 98 -2 (Bel-2) , Bel-2 M1 3¢ X 2 4 (Bax) , & tHCE 1 1 524 3
(LC3) I ,LC3 T Mz F W X5t 73 ¥ BE B Atg6 [] R (Beclin-1) YRk, &R : 5 VDA LK, ALL-H 4} ALL-L 41 KB~ >
iCAZ B 1 W B AT VD 4 (P<0.05) , 1§ & 240 41t TNF-a, IL-6, IL-18 7K - & MDA & & B & it T VD 41 (P<0.05) , SOD K
GSH-Px 193 J7 B {2 /& F VD 41 (P<0.05) , 40 i 94 7~ % B & (% F VD 41 (P<0.05), H ALL-H 41 % ALL-L 20 5 ] & (P<0.05) .
ALL-L & ALL-H #1f§ & #1 41 Caspase-3,Bax,LC3 [ /LC3 T & Beclin-1 3 ik /K F B BAK T VD 4 (P<0.05) , Bel-2 2 35 7K - ]
BT VDA (P<0.05), H ALL-H 4 % ALL-L 44 5 W] £ (P<0.05). £ :ALL /] — & ME R vD KA 012 fe f, 1
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Effect of Allicin on Learning and Memory Ability of Vascular Dementia Rats and Its

Mechanism
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[Abstract] Objective: To investigate the effect of allicin (ALL) on learning and memory ability of rats
with vascular dementia (VD) and the possible mechanism. Method: The VD rats induced by modified bilateral
common carotid artery occlusion (BCCAO) were randomly divided into the VD group, low- and high-dose ALL
(ALL-L and ALL-H) groups, and the sham operation (S) group, with 15 rats in each group. In the ALL-L and
ALL-H groups, ALL was injected into the femoral vein at 5 mg-kg"' and 20 mg-kg", respectively, while the
same volume of normal saline was injected in the S and VD groups, once a day, for two successive weeks.

Morris water maze (MWM) was used to test the learning and memory ability of rats. Hematoxylin and eosin
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(HE) staining was conducted to observe the pathological changes in hippocampal tissue, followed by the
detection of inflammatory factors tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and IL-183 as well as
oxidative stress indexes malondialdehyde (MDA ) , superoxide dismutase (SOD), and glutathione peroxidase
(GSH-Px) in rat hippocampus. The apoptosis of hippocampal cells was detected by TdT-mediated dUTP Nick
end Labeling (TUNEL) assay. The expression levels of apoptosis and autophagy-related proteins cysteinyl
aspartate-specific protease-3 (Caspase-3) , B-cell lymphoma 2 (Bcl-2) , Bel-2-associated X protein (Bax) ,
microtubule-associated protein light chain 31 (LC3 11 ), LC3 I , and the mammalian homolog of yeast ATG6
(Beclin 1) in hippocampus were determined by Western blot. Result: The comparison with the VD group
revealed that the learning and memory abilities of rats in the ALL-H and ALL-L groups were significantly
improved (P<0.05). The TNF-«, IL-6, IL-18, and MDA levels in hippocampus were lowered (P<0.05) ,
whereas the SOD and GSH-Px activities were enhanced (P<0.05). The apoptosis rates were declined (P<0.05),
with an even lower rate noticed in the ALL-H group (P<0.05). The expression levels of Caspase-3, Bax, LC3 11/
LC3 I ratio, and Beclin-1 in the ALL-H and ALL-L groups were significantly down-regulated in contrast to
those in the VD group (P<0.05), while that of Bcl-2 was up-regulated (P<0.05). The ALL-H group exhibited
better performances than the ALL-L group (P<0.05). Conclusion: ALL could improve the learning and memory
ability of VD rats to some extent, which may be attributed to its inhibition against inflammatory reaction,
oxidative stress, and neuronal apoptosis and autophagy.
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o5 BRI 0 AS B I R 1 45 8% B = A AR 9T VD
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TG VE A IR ) &, N B (MDA ) & R I R &
A W H K 3 45 A 9 1 ( GSH-Px) i F1l &5 K2 oK s I 4
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SR B R OB 355 B ik BH T i ) & VD OOR BB
RO 45T 10% K A E B (3 mg-kg™!) IR TR SRR
fife, 25 B TR S AT SUE ) E, 2 B S 5 B
k5 1 05 22 2R S5 FL. , BELIKT 1l 3% 20 min, [ B 76 K R
BRI 1 em b Wi B2 , B 29 0.3 mL, &K J5 A JF 22 4k
PR I 10 min, FF B & FH Wr 0L 3 20 min, E &
3, M AL VD R S 2R B 40 B BN # R B
ik, A5 FL LT , A i e ik B, HC Ay ok R 5 0 R 4
AR o A5 5 B e R JE 7 d#EAT 1K Morris 7K
PEEREI, LL S 41K BN AR [ A K S 1€ |3k 5 1 4
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25 H 20% 19 R B VD S B
22 SIS YZ) ERLES UG PRk 1 45 AT AL
D) K BT 5 229256 Bl L 43 VD 41, ALL I
4 (ALL-L 41 f1 ALL-H 4 ) , B4 15 H .
ALL-L 41 Al ALL-H @ K& & Wk & 9 ALL 5,
20 mg-kg', S 40, VD 2 v 5 A R A4 B AR AR K, B
K1, H14d,
2.3 Morris /K 2K B S EG" 48 2545 R 5 HE AT Morris
JK 2K BT S HG K  45 21K L 2E 2T iR 12 BB 1 i AR AR
o OENMMATER 4 HRRILHE1,2,3,4%
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4do BB S RIEATIMAR, B4 A 5 PRk bk v (R 30 it )
) S AE A N 2 20 R BT 0 R I 48 b . @28 T R 2R 5K
By, 7KK SR A 6 K EAT  WUBR T & 8 K BUK
T 4G BRI A K e A K e SR BRUFE 120 s
P2 P 5 07 A B . B4 G BRI BT B IR
B BB R e A2 BB Y e R A5 R
2.4 HE Y (B 3 1715 5 20 2005 3 27 W 4%
. 84 .

(EP

A5 e, R REALIC 6 H R B, 109% 7K & S0 PR B
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(9 7K 45 T Ak e B R & e B R A 7
2.6 GAALRLECER AR AR I IOK BRI A SS9 R
FH 12 04 4 A il v 0 SE SOD Y 1, 2R B AR B BE
%R 2 E MDA 1 7 &, [a] i R ) A i 2
FH 2 e 5 D 5 GSH-Px V& 4, T A 52 56 5 4 7™ 46 42
WO G R AT
2.7 IO OE TR AR I B U 2 2 A
Yl i, R A TUNEL 4% A, 76 b I 4 7 40 il , BAR A
Z M8 TUNEL ) & U I B 14T . 7E90 6 B BE T
LSS 20 A U T 0 R T AR R AR AR s Bk DD A
43 S BE AL 6 B S AP0 TR A0 TR 4 A
ToR=UF T 40 & 8 AN < 100%
2.8 M EIIE VL (Western blot) 2 & 1 3R ik
K FH 240 B0 B 4 R & B O 41 SR K
R H BCA B0 5 25 LW B o HUER AR
40 wg HEAT - obE R G IR A 2R T A I O i PR Tk
(SDS-PAGE) M3 ¥k , % R fw — % & M (PVDF ) &£ , %
FH GG W3 45 25 38 351 P 2 h, 43 31 in Caspase-3, Bel-2,
Bax, LC3, Beclin-1 F1 B-actin HT 4K (1: 1 000) — #
4°CE K. FHARIgG ZHi(1:2000)F R H
1 h, k22 %06 W5 )5 R Image JIHE B &4 5
WS4 I (E /Y LG, B H 08 E R A R
STy g
2.9 SRit ik A EE R T SPSS 19.0 #E 4T
YA, T R Xt R, 4 R) L AR FH A ST R
A K3y, Z2 40 8] PR FY B PR R T 22 43 B, 2L TA) T
Wi L3 oK FH LSD-t K5 56, L P<0.05 fn 2 57 B A 4
ES-9'8
3 #R
3.1 XF VD KRB i miEgm 5 Sa i,
VD KU 3 KI5 4 Rk s v AR 300 B B T o, R
JOF & UK B IR (P<0.05) 3 5 VD 4 H &,
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ALL-L 41, ALL-H 4155 3 K 2 50 4 % a0k i v fR 30 0
8 AR, 2T 5 ORI B T (P<0.05) 5 ALL-L
20 L, ALL-H 241505 3 K M55 4 % a0k ok v AR 00 B J
REAR , 20 BT 5 OB S T8 (P<0.05) o Bl Il %k

F1 HSEXREMNEAR@ERPRFEFARY (35

M AT, VD 4 F 487 & 1 B R E s S Al i
ALL-L Jt ALL-H 4 Z ¥k T VD 41 , ALL AJ LA 35
KECIZBE S, H ALL-H 40 % ALL-L 41 % 8] & ,
W1,

Table 1 Change of escape incubation period during training and times of crossing platform of rats in each group (x+s)

b 3 7 AR 301 /s . -
5] 2P 5 R
EBPN 2R HIR 4R
S 98.76+5.52 78.03+7.56 41.20+4.02 20.32+1.89 3.62+1.01
VD 100.12+5.69 82.33+6.59 73.04+4.07" 59.10+4.00" 1.06+0.77Y
ALL-L 98.12+6.48 80.14+4.65 64.30+3.42%) 45.54+3.21% 1.86+0.932
ALL-H 97.54+6.59 78.90+5.78 52.2243.71% 33.91+2.94% 2.46+0.66%

5 S A D P<0.05; 5 VD 4 H A 2 P<0.05; 5 ALL-L 41 He %5 2 P<0.05( % 2~5 ] ) .

32 X VD KR SHALIE AN  HE J@sh
RE/R, SIS XA, HEY K%, 5
S ZH Lk A, VD 4 ki 21 200 T X IR 4 2 a0 B ERL L
Gy MR TORERCAR A M AR RAETE L BT
5 VD 21 13, ALL-L 21 5 & 20 il LG 9] B AR, 20 208
S LA —Fk®E, ALL-H 41 ok 35 5 5 W i .
DL 1,

c D
A.SH1;B.VD;C.ALL-L 4 ;D.ALL-H 41 (¥l 2~4 i)
E1 SAARBIXEMALR (HE,x100)
Fig.1 Brain tissue of hippocampal region of rats in each group

(HE, x100)

3.3 X VD KEMHS RN FKFE#Zm 5S4
%, VD 4 TNF-a, IL-6 & 1L-18 1 /K 37 B &2 7 &
(P<0.05) ; 5 VD 41 tt % , ALL-L fil ALL-H 4
TNF-a, IL-6 } IL-18 By 7K V- W] i A%, H ALL-H 41
& T ALL-L 41 (P<0.05), W2,

3.4 X VD KR4 LU AN AR bR 5
SHYI L%, VD 41 MDA 14 & & B & 34, $1 5 1k il
SOD K GSH-Px 7% 7 1 & F & (P<0.05); 5 VD 4

x2 BHEARMAARMEHEBETFKE (x5

Table 2 Levels of inflammatory cytokines in brain tissue of rats

in each group (x+s) ng-L"!
2H 5 IL-6 IL-18 TNF-a
S 25.02+3.78 22.73+£3.04 52.02+3.08
VD 65.19+6.02" 57.33+5.06" 97.93+7.03"
ALL-L 51.09+5.54% 45.15+3.57% 75.37+4.44%
ALL-H 33.97+4.10%%) 36.28+3.87%>3) 61.75+9.68%%)

Fe#, ALL-L 41 &% ALL-H 240 MDA 1Y & & U] 5 A%
SOD M GSH-Px iy & % B W Jt & (P<0.05) , H
ALL-H#4 & T ALL-L 41 (P<0.05)., W%3.

R3 BEAKXRKEAL MDA SEE SOD,GSH-PxiEFHLLE (f+s5)

Table 3 Comparison of MDA content and activities of SOD and

GSH-Px in brain tissue of rats in each group (x+s)

215 MDA/pmol-L"'  SOD/U-mL'  GSH-Px/U-mL"
S 6.75%1.50 119.60£9.52 371.15+20.98
VD 19.87+2.70" 57.90£5.11" 231.48+15.45"
ALL-L 12.64+1.52% 68.09+6.242  288.62+18.192
ALL-H 8.70+1.3323)  91.71+7.59%3)  341.09+21.7823

3.5 XPHGAIIE TR 25 BOR S 4l L
TUNEL FHPE4I A, 5 S 41 b4, VD 41 BH 1 40 i 1L 461
B B FH 5 (P<0.05) ;5 VD 4 %, ALL-L }2 ALL-H
2 BH P 40 A T ek 2, 0 TR W AR, HDALL-H
U4 ALL-L AW I 2 (P<0.05), UMLK 2,3 4,

5 SHWE , VDA K EMAR PRI T-HEA
Caspase-3 Fll Bax & H 1) £ i5 K F B & F+ & , Bel-2 2
1A 2 35 7K 7 BT I B IR (P<0.05) 3 5 VD 4 [L 8K,
ALL-L F1 ALL-H 41 K f Caspase-3 #il Bax & [ /) %

KRB 2 B AIR, Bel-2 8 U R A K P BT, H
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B2 BRAAREBIXRMAEATIER (TUNEL,x200)
Fig. 2 Apoptotic of cells in hippocampal brain tissue of rats in

each group (TUNEL, %x200)

*4 BAKXKRBETER Caspase-3, Bax F Bel-2 E AR RIEKF
b8 (G+s)
Table 4 Comparison of apoptosis rates and protein expression

levels of Caspase-3, Bax and Bcl-2 in each group (x+s)

A5 JHT-F/%  Caspase-3/B-actin  Bax/B-actin  Bcl-2/8-actin

S 3.23+1.04 0.16+0.02 0.26+0.03 0.82+0.09
VD  11.03+2.06" 0.68+0.06" 0.74+0.06"”  0.2940.04"
All-L  8.28+1.87% 0.52+0.05% 0.50+0.04>  0.43+0.03%
All-H  6.15+1.57%%  0.31£0.03%*)  0.39+0.04>% 0.67+0.08*%

ALL-H %1 % ALL-L 4 ¥ B & (P<0.05) . W
E 3,34,

Caspase-3 - - - - 32kDa
b e D G - 20
s> (I — D S >

s (D ) > G- -
A B (6 D

3 &AKXR Caspase-3,Bax 1 Bel-2 F AR IZHE ik
Fig.3 Electrophoresis of Caspase-3,Bax and Bcl-2 in each group

3.6 XF HWES A LC3 & Beclin-1 Bk sem  H
W A G 26 ARG 45 S R, 5 S Al g, VD 41K R
L4 LC3 M /LC3 T & Beclin-1 25 F1 1Y 1k K
VB & T (P<0.05) 55 VD @ B, ALL-L &
ALL-H4 KR S48 LC3 T /LC3 1 & Beclin-1
T # B K O W R AR, B ALL-H 41745 fb 3 B @
(P<0.05). WLKE4,%5.
4 itig
VD 2 FH I A 0 A | RS 1 Mk 2 24 4 3 i
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practin M- S S W 2 D2

A B C D
Bl 4 & AKX R LC3 R Beclin-1E A R % B ik
Fig. 4 Electrophoresis of LC3 and Beclin-1 protein expression

levels in each group

%5 RBEAKARLC3EBeclin-1 EAMNRAKTELLE (55
Table 5 Comparison of LC3 and Beclin-1 protein expression

levels in each group (x£s)

2851 LC3M/LC3 1 Beclin-1/B-actin
S 0.36+0.04 0.39+0.05

VD 1.22+0.08" 0.65+0.04"
All-L 0.880.082 0.52+0.032
All-H 0.48+0.0423 0.44+0.042»

B — B AT M A 2 ) BB AT T 2 ST iR D) R
B A2 VD R e R R e R Y. VDY
R AL H AT N R, BUA BF9E 20 8 VD I &
Az 5 AL AR 0 L A0 S R T LA N R E R
BA o AR DR 2 LR 4 E B e 358 g 25 1) 8L
PA T, Rl Ot 22 Rk 4 2 5 A AR T
S R 405 10 % R RN LS R LR AE R A IL-18,
IL-6 B¢ TNF-a %', LIZE" W58 % B, TNF-a 7K
Xt VD g YRR A — S IS R
DUKIC %57\ fJF 58 2 W TL-6 /K ¥ 5 VD 19 & E & i
YA OE . BLAk R R A A AL AR A ) R AR
FIFH 3 0 15 3500 ST B SR 405 2 VD R AR O —
HEEALH . O A BT IE S SR i 458 45 i s A A
o3k A W TR, dE 5 8RBT RO AR R
MDA ; [ Bf SOD F1 GSH-Px 2540 Ak il (19 & 3 3
R AIG , B0 U A R B A R e R Al B 4| R
oG 2 24N B A5 005 R T RN IR AR g 4G R K
B, VD 4K Rt 5 20 21 58 1 4 B Y TNF-a, IL-
6,1L-18 /K F- 5 MDA ) & 3 3 & T S 4, 41
A L SOD 5 GSH-Px Ay {if ¥ ] B A F S 41, & W
21 40 i R 1 R A AR N PR N 2 5 T VD
B SRR R B RN A i D i
B3 2 A e 0 2R 1A T LA R 2 s i e ) I e A
PR AT T AR B D4R R R D RS O A Y R R
R HATHEAE & B, [ W A2 R G N R R
BB Lo P E A IE® RN EHELAE
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BAE, AWEN R S0 AR R S B & T R K
FET . KEIEHHE /R AW S5 T VD B & kit
FEY o LC3 T & o T 1 [ MR A WA, 2 3 Wi {4
JIEE A R S M AR R L K D LC3 TT/LC3 Ty A8
Ak, T LA DB 440 i 19 T B Y 5 5 Y AR BIE 9 4 R
WoR, 5 S, VD4 LC3 T/LC3 T il Beclin-1
B #E TR K B B 4R 8 VD oK R S 4 4
[ KT N, 5 R A 0 g 4 R — B0

ALL M4 @ T 3 Rk 2 Rari) 8 AY
TR, BT BUR B PO B R DL R R v LA
RPEDIREHE ZFE DY . BRI D5 IE L T
ALL X 2 DI R8I0 PR 474 F o 3 26 F o 25 2R
KL, ALL A o 4R A 6 42 400 1] 40 45 5 b 2 R R
T T 2H 220 Jf 0 R T 3 DT DR R BRI 2 ) Rl
TR ; T 2B 98 & B, ALL W] 38 i 189 58 i 41
ST AL T 40 ] e 2 R R Vi S DX A B R T
MR 0 22 A8 T TR . ARWFSR SR R, ALL
0 RE W5 B AN VD K BRUAY 06 ahE v AR 0T, B 2 ik
B, %W ALL #F — & F2 2 AT DLk 3% VD K R 2% 2
iICAZBE ). WEFE M, ALL 0990 A AL 1 A R 3 Bt
AL RE T bR R R RR 3L [ 3, W 4R SOD
M GSH-Px 1Y 1% ¥ , FEARAR N MDA 1Y & & , Bl 55 1
FIH 351 0 g T 2 480 Ak B R, YT A W R N IR
HA T AT, B KRR IESS T ALL 5460
SR AK BN B AR i B AR, LT & 5 R T
il A AL SR AR B . R AP g R
ALL 7] )38 3 Bt S0 Ak g S ML ) 400 ) 200 ) <
FE (9 PC12 48 B (% 3 45, B AR I 08 7 % ; SAMRA
SEPVBIESE R ALL AT LAGE i3 A AR 4010 R 38 AT il 5%
P /N R S S DA T A A 2 T 23 1 5 S 09 I A 0
A PHT . S5 A AR LI, ALL 5 40 i I mE
) VR AR B A FH N AR BE i AN Rl I A 22 7. 2=
WUIR S PO 5T 2 B, 76 1 98 vh ALL n] LAJI 1 P9 5
FI 0 I A (58 40 A & A o7 38 1 O T k) Rt A O
R, ALL AT LA ] 0 4k v 2 R BRI JHF U 4 i
WO g QR T AR R LM, S
VD 4 b #, ALL IR 551 4k Bz e 771 4k 21 K BT S 41 4
rf 96 V20 ML P T TNF-ar, IL-6,1L-18, MDA & & K i
25 40 O T R W S RIS, B Ak B SOD & GSH-Px
15 e S TE S L UL ALL X VD K BRI 48 5 S I
FAE AR B KA — 22 I i VB ; Western blot 6 il
R ILJH T AH G B 1 Caspase-3, Bax 85 [ 2 35 K F-
AR, Bel-2 8 1 3R IA 7K B 8 7 i W] B ALL 4
T4l 41 LC3 /LC3 T 1 Beclin-1 4 2 1 % 3k /K

S0 AR T VD 4L, 2% ALL W] fi 3 a4 i 4204k R
POK Y- 058 RE RN, 30 B v AR A SR
AT 00 S v DX b 2 A0 i Y K A R i — 2P A
o T R S SR T Re 5 . LAk 7
g B F I L S AE 7K P KRR R oK - AE b - ALL-H
¥4 ALL-L 4 W] 2, 45718 ALL X VD A9 5% i 7
JH AT e A7 7 79 = M

Zr BTk, ALL A LL3E 8 90 i) VD K B 20 48
A AR K T R A RE SN B/ A 28 A B Y )
P, T el VD R B AR 20 A2 he T i BEAIG A B
IR VD E 25 ) I R A H AR LR I R IR T 24
Yy it — 20 i o SR Al T — i S 0 B Al A BB AR .
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