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(WZE] B FHLERAMTTEEARENR . S s v DIReSEE I E T 2O 48 5500 B e 22 3 ko
BEREALUEIR, W MAS N R ThEE S A M UIAIG, DRI I AL TT 5 1 WA 56 28 v] B A B HC e 1 4% P9 i T B AGAIL
Wil BB RIS BT AR AT T X 2R A . / PR 3405 K BRI A N B BB RO RE IR, IR 5 W G 5
W Ca®/AMPK/MTOR HIKFRo Fik AL T 2017 4F 6—12 H5E M. RABENIEC R DK 75 H SPF %% Wistar HElE:
KREABTFARA (Adl) | BAIGISA (B4A) . PRI TR EA (C4l) . PHtfiThREd (D) &
BIHERALTT e 4L (D4L) , 4115 2. B, C. D. E 4L REURHM B Zea—Longa ZRA2 1 il 5 A Pl 1l / P31
BORERL, BRI HT 2 )8, C. D, EARRAHA TRIFLAMIT 5. 10, 20 me/kg RERMEE . A 4181 B ALK RS
TR 0.9% WAAERHES , ¥ 1K /e hE S ARRFEDF 2. 6. 24, 48, 72 h MIETIREBBIIT 4 . FESEIAF
/R BRR, FEREE 72 h A oe TR, EEE 2. 24, 72 h ARSI N AR K IR (VEGE) A ik K —4%
A AH (NOS) . —% LA (NO) &g, FHEE 72 h 418U LC3- 11 Beclin—1. JBRFARIG LA 1A (AMPK)
KM ZEME N (mTOR) EEMXTEEE, R (1) FHHE2, 6. 24, 48, 72 h, A 4RKFMMZIIAEHRIT
¥k 0, DA E A KB IIRESSIE T B4, C4l (P<0.05) o (2) FEE?2. 6. 24, 48, 72h, A 4K
TEFEARAR /KM ST 0, D 411 E 20K R SEMARR / R S AR T B2 L C4H( P<0.05 ). (3 )TH#H 72 h, B.C. D,
EARBMATHT RS T AL, DAMEARRMETHTRINT B4, C4 (P<0.05) . (4) F#EE 2L, DA
FE HARBUNAL VEGF X R T B4l C4l, BARFIKALINO, NOS FiET A4l (P<0.05) ; FHEN:
24, 72 h, DYLAE 4R EURZLA VEGF HiX R m F B4, ¢4, B, C. D, E4I KRNI NO, NOS & it
T A4, DAMEDAKRMAL NO, NOS KT B4, C4 (P<0.05) . (5) F#EET2h, B, C. D, EA KR
MiZHZ LC3- 11| Beclin-1. AMPK, mTOR & HAHXT A& & T A 41, D 4HM E H R RANHZ LC3- 1T | Beclin-1,
AMPK, mTOR EHMXRIEEMF BAL. C4l (P<0.05) o &t BIFLHRMIT 10, 20 mg/kg # B 0T A 08 S b
BRI/ FRE AR K B R T Re B, WA AT T, GRS N ThRE, ML T RE S IR AR DGR 5
Ca™/AMPK/mTOR A %,
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[ Abstract] Background Atorvastatin is often used to prevent acute cardiovascular events and delay the progression
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of atherosclerosis due to its lipid-lowering effect and improvement of vascular endothelial function, whereas vascular endothelial
function is closely related to autophagy, so investigation on the relationship between atorvastatin and autophagy may explain
the possible mechanism of improving vascular endothelial function by atorvastatin. Objective To investigate the impact of
different doses of atorvastatin on vascular endothelial function, to analyze its relation with autophagy—related Ca®*/AMPK/mTOR
signaling pathway in rats with acute cerebral ischemia/reperfusion injury. Methods This experiment was conducted from June
to December 2017. A total of 75 SPF male Wistar rats were randomly and equally divided into five groups: A group received
sham operation ) , B group ( prepare for the model only ) , C group (received low—dose atorvastatin ) , D group ( received
medium—dose atorvastatin ) and E group ( received high—dose atorvastatin ) . Rats in B group, C group , D group and E group
were prepared for models of acute cerebral ischemia/reperfusion injury by modified Zea—Longa suture—occluded method. Rats in
C group , D group and E group received gavage of atorvastatin suspension of 5, 10 and 20 mg/kg (once per day ) , 2 weeks
before model establishment, respectively while rats in A group and B group received gavage of equal volume of 0.9% sodium
chloride solution (once per day ) . Neurological deficit score and infarction volume/total brain volume 2, 6, 24, 48, 72 hours
after reperfusion, neuronal apoptosis rate 72 hours after reperfusion, relative expression quantity of VEGF, NOS and NO in
brain tissue 2, 24, 72 hours after reperfusion, relative protein expression quantity of LC3-II, Beclin—1, AMPK and mTOR
(1) After 2, 6, 24, 48, 72 hours of

reperfusion, neurological deficit score in A group was 0, respectively, while neurological deficit score in D group and E group

in brain tissue 72 hours after reperfusion were compared in the five groups. Results

was statistically significantly lower than that in B group and C group, respectively ( P<0.05) . (2) After 2, 6, 24, 48, 72
hours of reperfusion, infarction volume/total brain volume in A group was 0, respectively, while infarction volume/total brain
volume in D group and E group was statistically significantly lower than that in B group and C group, respectively ( P<0.05) .
(3) After 72 hours of reperfusion, neuronal apoptosis rate in B group, C group, D group and E group was statistically
significantly higher than that in A group, respectively, meanwhile neuronal apoptosis rate in D group and E group was
statistically significantly lower than that in B group and C group, respectively ( P<0.05) . (4) After 2 hours of reperfusion,
relative expression quantity of VEGF in brain tissue in D group and E group was statistically significantly higher than that in B
group and C group, respectively, while NOS and NO in brain tissue in B group were statistically significantly higher than those
in A group (P<0.05) ; after 24 and 72 hours of reperfusion, relative expression quantity of VEGF in brain tissue in D group
and E group was statistically significantly higher than that in B group and C group, respectively, NOS and NO in brain tissue
in B group, C group, D group and E group were statistically significantly higher than those in A group, NOS and NO in brain
tissue in D group and E group were statistically significantly lower than those in B group and C group ( P<0.05) . (5) After
72 hours of reperfusion, relative protein expression quantity of LC3— II', Beclin-1, AMPK and mTOR in brain tissue in B
group, C group, D group and E group was statistically significantly higher than that in A group, respectively, while relative
protein expression quantity of LC3— Il , Beclin-1, AMPK and mTOR in brain tissue in D group and E group was statistically
significantly lower than that in B group and C group, respectively ( P<0.05) . Conclusion Gavage of atorvastatin suspension of
10 or 20 mg/kg can effectively reduce the neurological impairment and neuronal apoptosis, and improve the vascular endothelial
function in rats with acute cerebral ischemia/reperfusion injury, the mechanism may be related to the regulation of autophagy—
related Ca”/AMPK/mTOR signaling pathway.
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L1 SEEeshY) ARSE T 2017 4F 6—12 A 5 M.
BEHL 75 H SPF 2 Wistar HETE KB, 6 W%, A&
190~210 g, FHIAFHE (201.4+4.1) g, HWAILE
Yesm ML S ARG R A, SR IES
SCXK (5% ) 2018-23, KEEMFE, HES H, =it
L35 22~26 °C, MHXTIRIE N 55%~65%, TSRIGI,
TREF 12 h G 12 h JRIE, BEE . Ik Sk 45
WAL AATT . WHEFE | TGRSR

1.2 T2y, i SALER

12,1 FEZhY  BFLRALTTES A (KGEMEH il 24545 BR
ONEVAEFE AR 129154 ); A PTG AT T TR 2R
4 BT FCA AT TES BB A, BTFE AT ES A5 0.9%
FACEHER LA 1 mg:2 ml HEBRG

122 FZERAH —HAUAAH (NOS) . —% A
(NO) B & (m ot AR Y TRAR ST fr =)
DAB 5], SPikAl& (A2 e Ay HARE R
ocElAE ), RPN N A RKEF (VEGE) g
G LK (52 [# Santa Cruz Biotechnology 2 ] 4 7= )
LC3- 1| Beclin—1., BRiFRRIGILE G (AMPK) &
AL I R ENA (mTOR ) L7k (£HE
Proteintech 2N FIAETS) o

123 FEAUEE  RBRA LML CHH T g Y
PEABRANE A, RS PHY- M), 50 Aol (4
SR AR A, A1, SEFR -2016) , ML (H M
i FAER A R AR A, Bl BMJ-1T) , 4
H shdst A1 R SUBARBL (8T B AR AT BR A
Aye, BAS TSI- 1), A AREER SR TR (L E
KIMBLE A )4 7%, #15 . DHG-9023A ) , U7 WonkE
K SVEE R A (92 E KIMBLE A w457, #1145,
PYX-DHS ), liigiaiE & #( 52 [E KIMBLE 28w A7, #U45,
XW-80A ) , E.0HL (3 KIMBLE A w4, S,
TGL-168) .

1.3 SRR T RHBENLECT R A KR
SIRBRTFARA (Ad) | BRI 4l (B4L) . FHEfk
TR (C ) . BT iThsl A (D 4l)
K FFEARAb T T B4l (D 4H) , 44115 2. B, C. D,
E 20K BRI 45 2 v i e i, / PR VR AR AR, R i 4%
Hi2 /8, C. D, E A RBRHELTHFEEAMIT 5. 10,
20 mg/kg IRERIES , A UM B 41K R4 T55 5 0.9%
SAENEROES . 1k .

L4 0Pk it/ P R SR R & R AR
Zea—Longa 2k 1415 O A% AR R L / TR AR A
EARMT . BEETESS 2.4% KA4TE 0.8 ml/100 g JFRFFEK
B, BRI S e KRB, WA T e
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JOAEE P, SR P RRRR B 7F 200 5 2 ok 235 FLA07 2 3z ity B — &
F, df ARSI Zee, BRI EiE1E, R8s+l
JEEELRE, SERYIN . HE. UIKEINES B4
Horner fiE. (ARERNIG, HRZIAT/N ) R AMILLRG IS A
PR E A AL 2 . A 2R BT3B E Fh A E— k1 b
F, ARSIk . SURSIK . 3R sk &35
HBlfk

1.5 WEEHEPR

1.5.1 MEINEEEEITr  FET 2. 6. 24, 48, 72 h
B3 i A 5 AL REALE R 3 HREL, RH Zea—Longa 1741
DA R RS ReEA 7, I Josh 2 D e i
RIF0 43, TR TG 143, 478 B ) fdE—
AR 2 43, FER T fwiE— M et 3 2, Bk
%, TEARfTE4 2T

1.52  MFEARE M RE B T 72 TR s R s 1
2.4% KA 0.8 ml/100 ¢ FREFK R, Wraiabst, Wi
HAUETR 10 min, FERAPL S AL FATVEER T A, 36
4R, TR 2 mm, JCETE 2% B9 TTC W iR 2% v
WP E 30 min, SR 10% 8 /R GbkE w, HrhiEse
HATHE O, IEWHLE IR, BESAMLIE R fHARE,
SR P B UG A e SR I 4 - S T AL S A AR T A, ASIAE
PRFR R SRR = (4% R IE S E A At T A A 72 x
J&) 1 (48 IE T AL 2 x R ) x 100%.
1.5.3 MNAZURBEIES SRR S, 2% b bk,
10% FP I [ JEATIRRG B EE K . 3B, A S )
A, JEEE N 4 mm, WHLAT HE Yeh, S8R UEE 5 4
KR LUREIEA

1.5.4 M&ITMET A RH TUNEL R 5 41K R
FEHEVE 72 h Moo TR, BARR . A2 R &
BREEERE 0, PR IR DNase B2 I K R
20 mg/ml, 37 CYKFHILE 20 min, R PBS PE%k;
NBTEERCHI) 3% i HAL R (H,0,) W TR PSR
10 min, SR PBS Pelk; B3/ S PRI DT i i i i A
YIZEFRICH 50 ml, FCEAER S NGRS, 37 C
B FBEE 60 min, % PBS YEi; MHl DAB & (4K
Fl Streptavidin—-HRP T /EW, 44 5 %N 50 ml,
HCE AR SN AE R U R 1R, % E 30 min, R H PBS
VR B EERS BOK IS B, B DR g Y)
R O TR, m i SRR A TR 8 A
NG SN E S olE

1.5.5 MN4HZ0 VEGF FikiFol  RAGZEA LA 5
AR FUFEE 2. 24, 72 h 440 VEGF £k g, H
RANTR s AR B SR IR S S, A
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B2 BEYURNLE, B TME &N, i PBS &b
PE3 W, 3 min/ K, MAILCEITE, ¥E 10 min, FN
A—PURPLE VEGF BT BEPUA, 4 Cilk. PBS A
WPE 3, 5 min/ K, A PIEZRE FHE 10 min,
PBS ARYE 3 UK, 3 min/ IR, T ABRMREEAR T 04 il
DR, SRA DAB B EF e, s A, E%
AT 4R S BH A, SR Image—Pro Plus 6.0 [£]
G AT AR ARSI B 40 G2

1.5.6 MZHZUNOS, NO &iE  SRHLE Akl 5
ARBREHEE 2, 24, 72 h [N414INOS, NO & &, H
RGN BURZZ 1y, SRH 4 CHIA I 0.9% AL
WP YRR UM, 0.1 g 23K, 1500 x g #5.0> 10 min,
BV, SR E sk 5 2K U 4122 NOS
NO i, i B S Ul B T

1.5.7 Ji#H 41 LC3- 1. Beclin-1. AMPK }2 mTOR &
FZEAEM R Western—blot 3450 5 2H K B FRE L
72 h il 44 21 1L.C3- 1T . Beclin-1, AMPK A mTOR %
FIREOL, BARWT . BN LTS, S8 2865
FREHLYK, EIAHLE 80 V, TR WE YR T AR 4
B 40T B RN E] 100 V, VR E UK o B IR
TGRSR, R THRER{CT PVDF BENTT

PSSR, THIR 30 mA, #%4E 90 min, PVDF BEEUH
K H 5% TBST Wil Wiy 6A, 7= 60 min, PSSR E
SR TNS-T EEVREIE 3 UK, 10 min/ ¥R, SR 5K I5GE
BRZACAS N, INAGE sV BEpLIAR, )5 4 C
PR A TBST IEVR M PRI 3 ¥k, 10 min/ K, TEANA
TR VEWR B B A A AL B R IC — BT, 3% 60 min,
PVDF i B k22 &0t (ECL) B EaBNEHET
5min, BE TG, B IGER . KPP E BT,
K IPP A i G B A&ty I . BAREE A
AN RIS = HARER 450 IKEEAE | WS 550 IR

1.6 Gl drik R SPSS 19.0 Geit 24 -4 5 s
b, HEVORLL (k) FoR, Z4H0E BRI
R0, WP LECRH ¢ K. DL P<0.05 255
B L,

2 #R

2.1 MEIREEPITr  FREE 2. 6. 24, 48, 72h,
A AR BRI E D REE I 43 3 05 B. C. D, E4LR
SRR DI REEA P43 LA, 22 A Gei 24 L P<0.05 )
Horp D M E AR BRAP LI RESIR KT B 4L, C 41,
ERAGIFE X (P<0.05, WE1) .

22 MACARR KA EAT PR 2. 6. 24, 48, 72
h, A 4R BUBEFEARTR / K S AFE S 0; B. C. D,
E 4R BBESEAART / K AR LA, ZRA5FE X
(P<0.05) ; H D40 E 21K BUEZEMARAR / Kl A
BURT B4L. c4l, ZHA50T#E L (P<0.05, WHEK2),

£1 B. C.D. E4KRFHMEE2. 6. 24, 48, 72 h WL hAEHLHR
P (Rxs, 43)

Table 1 Comparison of neurological deficit score in groups B, C, D and
E2, 6, 24, 48 and 72 hours after reperfusion

AH 0 REC ERlEE2h fEEeh  MEEMh FREEFSL EEEL
B4 15 1812036  230£048 279054  341£062 3592065
c4 15 180£035  229£046  276+052 338060  3.56+0.62
D4l 15 156034 209:050" 165£055" 253£061" 260063
B4 15 152032 206£049" 162051 258+062" 259061
Ffd 4.197 4013 5752 5.009 6.751

P <0.05 <0.05 <0.05 <0.05 <0.05

W 5B, ‘P<0.05; 5 C4lbE, "P<0.05

#2 B.C. D, EAKMMAMEE2, 6. 24, 48, 72 h MEALIABL/ K
SRS (225, %)

Table 2 Comparison of infarction volume/total brain volume in groups B,
C, Dand E2, 6, 24, 48 and 72 hours after reperfusion

A% R EEEh EMEEeh  EERMn EMEE4sh  EEET2R
BAL 3 12142047 14112068 1930£1.00  1619£0.64 1591045
CH 3 12102046 14082066 1928+110  1616:061 1589042
D4l 310630457 1332£065" 1678+ 112" 1259£0.60™ 1225043
A 3 1059£044™ 1329061 1671+ 108" 1253£062" 1222£041"
Fffi 480 4.163 6.052 6971 8.683
P <0.05 <0.05 <0.05 <0.05 <0.05

W 5B, ‘P<0.05; 5 C i, "P<0.05

23 MEHZURFIIEA A 41K BUIK 4L 23 N B 51X
ZICZWAT, AT . BRI ; B4R
SR T DX 3k P R AL IR B 22 T 22 | TE R 22 oaidis b,
HRMIRIE , Mk B4 | RS, A/, R 2s ik,
HEF AL LA Bk ¢ 4R BN SR IIE S S
B 4HAR{L; D M E R BRI S, SR K ik
WL AFE , SRFEM e icR >, WA 1,

24 MAIGRTIE FETF 72h, A AKBRET RS
TUECE /D B ALK BRUR TR 2 T U 7 G A X
BN, HAOMAYS; ¢ ARBMT- ot 5 B4
AT DM E 4R BT aociE /0T B 41,
C4, WE 2, FHEET2h, AAKRBEMEITTHT ZH
(1.00+£0.52) %, B4 H (42.18+0.49) %, C 4 K
(40.13+0.55) %, D 20} (25.10+£0.56) %, E 21 K
(24.87+0.58) %, 5 HRBMETH T FILEL, 257
BGitE L (F=27.194, P<0.05) ; KB, C. D.
E A RBMZICRET RS T A 4L, D4 E 4Rz
JEIT R B4 C4l, 2R A5+ E X (P<0.05),
2.5 HGZHZY VEGF FHXF A& & NO. NOS & FE
2,24, 72 h, SHAKRBIKAL VEGF FIXF F ik & K&
NO. NOS Fi i, ZRA%i%E X (P<0.05) ;
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Figure 2 Neuronal apoptosis status in the five groups

3 -
A

T 2 h, DA E A REKAZ VEGF X 15 R4 5d KRR WETE 72 h i 41 20 LC3- T, Beclin-1, AMPK,
P T BAL CAL BAIKRURALINO NOS frtpg T A 4L, iof I IRIRAIEn foes)
’ ’ Table 4 Comparison of relative protein expression quantity of LC3— 1T,

%%ﬁ%i+$%>z (P<0.05) 5 E%‘EE 24, 72h, DHA Beclin-1, AMPK and mTOR in brain tissue in the five groups 72 hours
FE 2R BUNHZ VEGE fHXT £k i S T B4, C4l, B, afterreperfusion

C. D, EAKRKHALINO, NOS i T A4, D4 A R LG-TEA Bedicl A AMPKER lORER
FEHRBEMKAHL NO, NOS S EILT B4, C4, = A 3 006:002  005:003  020£005 0212006
FAGHHE X (P<0.05, WE3) . B4l 3 0245004 0202005 0615007 0562007

2.6 MWi#H 20 LC3- 1. Beclin-1. mTOR. AMPK # [
FKiEEM HHED 72h, SHRRMAZL Le3- 1.
Beclin—-1, mTOR, AMPK & [ AH X} £ ik & b, Z57
HEite# L (P<0.05) ; HPF B, €. D, E4L KR

c4l 3 0.22£0.04° 020+0.04" 0.59+0.06" 0.54+0.06"
D# 3 0.13£003™  011£0.04™  029£006™  032£005"

E4 3 0.12£004™ 0102003 027£005™  030£006"

fixi 41 49 1L.C3- 11 . Beclin—1. mTOR. AMPK & 1 #H %} Fif 7083 8114 6053 7119
FEEET AL, DAME 41K R4 2 1e3- 11, P 005 005 005 005
Beclin—1, mTOR , AMPK £& X} FIA &K T B4, C 4, TE: AMPK= JRFFM 1L 7E (WS, mTOR= FHINEG £0EN; 5
K BAT B L (P<0.05, WFE4) | AGHE, “P<0.05; 5 B4LH#, "P<0.05; 5 C4lHE:, P<0.05

R3SYURRFRMN: 2, 24, 72 h 414! VEGF XSRS R NO. NOS ik gL (52s)
Table 3 Comparison of relative expression quantity of VEGF, NO and NOS in brain tissue in the five groups 2, 24 and 72 hours after reperfusion

i J=| VEGF FXF ikt NO ( wmol/g) NOS ( wmol/g)
) B pgerion mEME24h FEEVE72h BENEVE2 R POMENE24h MOEEE72h MR FEMEME24h FOVEVE 72h
A4l 3 - - - 462048 459+047 460050 325+051 3.58+0.55  3.59+0.52

B4l 3 2041+3.69 5271+482 3571+3.95 5.69+0.53" 2521+0.56" 1620+0.54" 505+0.57° 2042+0.59" 18.23+0.51°
C#H 3 2046+371 53.18+4.77 3593+3.86 5.63+0.52 2497+0.54" 16.12+£0.51° 5.03+0.56 20.29+0.57" 17.98+0.55"
D4 3 2531£3.52" 69.39+4.57" 4228=+3.74" 541+0.51 20.16+0.52" 13.07£0.51™ 4.99£0.54 16.28=0.53" 12.17 +0.54™
E4l 3 2573+3.48" 69.81+4.62" 42.55+3.69" 538050 19.98+0.50™ 13.01 +0.52™ 4.97+0.52 1599+0.51™ 12.02+0.53"

F1H 5.083 13.284 9.073 3.185 10.002 5.723 3.449 8.061 12.390
PH <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

H: VEGF= AN B K AT, NO= —%4bA, NOS= —F LA A HE 5 A AL, "P<0.05; 5 B HE:, "P<0.05; 5 CHlHEL, P<0.05; “-”
SR JoAR S
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— U8 AR / P A AR BRI S N2 SRR IR
TR IR L, Rk ZH 2 Bk S A, i
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LR TE A SRR B / P T B R R, 25 SR
N, B Rt X3 N PR o, / P A A B
W, B ReET i s, PR Rlfl s

BIFEAER AT T A AT TR 2, HOANEEA R A0
BYEH, @ BAIHIMAATE R dHMaEER . - WLAn i
BB N N B T RESE 2R . BRAERFSE R, B far
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