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Differences of brain pathological changes and cognitive function after bilateral
common carotid artery occlusion between Sprague-Dawley and Wistar rats
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Abstract: The aim of the present study was to investigate the differences of the pathological changes and cognitive function after
bilateral common carotid artery occlusion (BCCAO) between Sprague-Dawley (SD) and Wistar rats. Male SD and Wistar rats were
randomly divided into 2 groups, respectively: sham operated (S-sham and W-sham) and operated (S-BCCAO and W-BCCAO)
groups. The survival rate and the rate of loss of pupillary light reflex (PLR) were observed on day 1, 3, 7, 14 and 28 after the opera-
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tion, and the light-dark box, Y-maze and odor recognition tests were performed to detect cognitive function on day 28 after the oper-
ation. HE and Luxol fast blue staining were used to observe the pathological changes of gray matter (hippocampus), white matter
(optical tract), optic nerve, and retina. The results showed that the survival rate of the W-BCCAO group was 62.5%, and PLR loss
rate was 100%; whereas the survival rate of the S-BCCAO group was 100%, and PLR loss rate was 58.3%. In the W-BCCAO group,
percentages of time spent and distance traveled in the light box of were more than those in the W-sham group, but there was no
statistical significance between the S-BCCAO and S-sham groups. In the S-BCCAO group, the percentages of time spent and distance
traveled in the III arm (labyrinth arm) of the Y-maze were less than those in the S-sham group, but no statistical significance was
found between the W-BCCAO group and W-sham group. In the S-BCCAO group, the discrimination ratio of the odor recognition
task was less than that in the S-sham group, but no statistical significance could be seen between the W-BCCAO and W-sham
groups. Ischemic injury was observed in the CA1 area of the hippocampus in the S-BCCAO group, but no readily visible damage
was observed in the W-BCCAO group. Ischemic injury of the visual beam and optic nerve was observed in both the S-BCCAO and
W-BCCAO groups. Compared with the corresponding sham groups, the S-BCCAO and W-BCCAO groups showed serious retinal
damage with significant thinner retina. The ganglion cell layer (GCL), inner plexiform layer (IPL), and outer plexiform layer (OPL)
were thinner in the S-BCCAO group, but no statistical significances were shown in the other layers. All the layers, except the outer
nuclear layer (ONL), were significantly thinner in the W-BCCAO group. The results indicate that there are differences of the patho-
logical changes in the hippocampus and visual conduction pathway after BCCAO between SD and Wistar rats, and the degree of
learning and memory injury was also different, which suggests that the vascular dementia model of different rat strains should be

selected according to research purpose.
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& PE N H0 I fE B HS (vascular cognitive impairment,
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IWHITHRERRRG LR EAE, EEFEANFFPER, 405
Fr A P R 451 (1) 20%, AR T Bl JR % i R (Alz-
heimer’s disease, AD)!". 124 Ay 1k, VaD f] &k 4.
RIENLE AR, (R Ay, R P e £
A FE VaD [ FEE, i i 5 PG H IAE VaD
RIRZAT, KWK IRSHE K T VaD 1l
AR R RS 2, L I R i PR AR S
PR R A ™ SRR P S IR O B

KSR ES S5 N AR AL, B 5 B R Willis 34,
A AE U 251 s B0 ik 25 L (bilateral common carotid
artery occlusion, BCCAO) J& 4k %52 K i $2 AL AN [7] 17
{IERi = 2 i VY R TR W L NE 22 Y ORI
B Rl Willis 24 [ J5 58 18 3)) Jik Bk = 50 A & ik 5 5
BCCAO J5 th B /™ & i e if. s K1k, 1H 1972 4F
Eklof %5 ™ 1 YR K B BCCAO 7L BF 7 i A 52
LRI SR N REE AR LIk, @M &R R 1)
BCCAO A5 72 N T VaD [ 5t 9, AR &
ET A R EEE A 2, RS e B
P3R5 2] 5L RS 5 . H 2 SCiRk#E o BCCAO
BRI B AL ENAN S AR A EE RO . H
FC7~, BCCAO HERK B A 32 B S0 BE 27 2 AR
Serh T AR, 1055 L B % 2E B, Tian 25 1Y

A Guo 2 " HF TR R R, BCCAO Ja KR AR (M
W) AR Sz 450, T A (5 ) T B e
AiF AW 5 ER, BCCAO KRGS CA1 X
HEORAN M AET, T R T B kA U, (45
HEMAE, DRI AER T AR SRR, X
$ER AT« BCCAO J5 S B it S0 B AR (1) 22 7
AR T R BT RO NIGIEIX — 548, A
9% 1% F] Wistar A1 Sprague-Dawley (SD) % F /iy & K
B, b BCCAO Ja —#F K5 (35 ) E T (P ).
A e 2 TR IO ) 3 S B 22 AR . b, S
A Y IR BTSRRI AT R A I g R
P Z K BREEAT NN Zh e PEAY,  LABABEA A BCCAO
Je PR A i 2R KBS PR A L 5 R T A R A )
ZEgt, NG SIS [E] i & OKER VaD BEAY (1) 18
PRAL IO .

1 MREFZE

1.1 SRR ZWsEi Uy RARAR Bl R R 2K
SIS SIS B G o A, SEIGRE 48 TR A 4 R
PRERAT . IREE 250~300 g [fEEFEAEME SPF 2% SD K
B 24 H. Wistar KRR 36 H, il 3E s sh )
AIRA RS, VFaTiIES5 89 : SCXK( ¥ )2012-0002
KR T SPF RAFEN, WE 22+2)°C, 18
J¥ 40%~70%, 12 W12 h ARG AS &, H h i HK.
WERPERESE 3 d, HEE SD KREENL A2 A - 1T
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A (S-sham) 415 F R (S-BCCAO) 41 (n = 12/ 41 ) ; I
P Wistar K BBEALS> 79 3 4, fiRF AR (W-sham) 4.,
FARL 1 (W-BCCAO1) FIF-ARZ 2 (W-BCCAO2) (n =
12/ 40 ), AR J§ W-BCCAO1 F1 W-BCCAO2 & 7 N
W-BCCAO H (n=15), &%~ 24, Bl W-sham
45 W-BCCAO 4.

1.2 RFIFEE 5 BTl — i 2y
HIR AR (#5 : C002170902) 5 7K & G H [H
R A TR A ) (5 - 20180420), 1]
Az B ER K BC ) R 10% VAR s TFE S E R MIWE
HEAbHI 2 AR AR (k5 : F7012116), {8 Al
FH A= R E8 /K BC A% 80 000 TU/mL & s BERRI [ Fil ik
IWHRFG R A F (#L5 : P1039752) ; TR CEEIW
H s Bl A R A F] (Hk5 « P1413985). WA
KNS IRRIENL (Hsiv-pl, IG5 2= BRI G IR
AT ) s BRER IR (AT320, i RAFRFEAC
PEAHTR AT ) ¥ H-5%5 (MacroView, £ EHE AT );
B4 (DigBehv-ST, il | ERIH AR A A );
Y % & (DigBehv-YM, Lifg#d &HM4FHERA
H) s Y ER%E (BX43, Olympus Corporation, H
)&

1.3 U0 305 Bh Bk 7k K 14 25 31 1 4 18 14 Bk B I 4R
B OREURFIRRE, S U5 BRI S A0 B A7 ]
ST BB F AR L, 3% FHbE (95% A
5% BAIRA M) SARLER IR, 5055 B J5 H 2%
BUET A E B PR X Bk, 75% S BEML L, F
TR I B iR B, AR IR 4ERRAE (36.5 + 0.5) °C.
WG ER 2, MW Ee Egm B fg— Ay
1~1.5 cm YT, Btk S R MR, 25 M8t 7L R
LS i Lo PR 40 1 /N 00 53 55 3 Ik i 9
A Bk, AN oy A b 0 DAk G 4 oK E
2, WS EEIE 5-0 5FAREGEEG LT HAKT,
PSS R ARZ) 3 mm, 3 RIS HLFUE Bk, K
W[ R 48V 45 FL 6 #5053l ik« W-sham 5 S-sham
PR FDULBNIK, AT HAMEE, FAREEG
BRI, 2% WA G DRSNS E R
(60 000 TU/kg, i.m.) HL4, E THIEHEA,
Ry B 56 41 B8 i T80 B] TR 3R N 1R 5

1.4 KREFRAMEFEEFL 3SR ST (pupillary
light reflex, PLR) & AR5 V)G KR
SEIRM, 03AR)E 1. 3. 7. 14 128 d K411
M. TR, RJE 1. 3. 7. 14F128d
ML H R PLR. MEETTEN + Jefd R BRI

FEHIEIERN 5 min f5, FAH S EZRR KRG
AR, WA AR B PLR GO, (7] B 57 B 2 565 ]
AR () [A) 422 PLR 15 00, D62k R 5 e £L 10 s AN Uig 4 B
9 PLR 2k U0 5 9 PR AS: B B4 K B 9T I 05 B 1
min, [FFEJ7 A 2 A HR PLR 500, ARG & T A
Ko
1.5 ERESFERMARCEIREESN AR5 28 dfE
FH B IS R R 25 20 R R BB iR e ). SEERe B
R . BEFE (30 cm x 30 cm x 40 cm, JGEREE 10 lux)
FIEHAE (30 cm x 30 cm x 40 cm, Y58 300 lux)
[ A —/NL (10 em x 12 cm) AHIE, KR AE AL
R T WG A BAFE 0] SEIG TR K RUE T P48
e X e, A R LA A BT R G (i AR
BHEABRA A ) 105K BRAE B AE 5 I 48 v 8 s i
(B YEBIEAES, 1CSHTTE] 10 min. 123645 0 J5 B
KBRIFIEBEAAE R R, 75% WRE AR5, FF
HAERY HUS AT T — Rl
1.6 KR¥ILIZeImE AJE 28 d T Y i
B3 ARSI % 2 KRR B 2 2 A2 Re 7, Rl T s
s BERT 1 bR R RRUBON B I BRI = P IE RLIA B,
For il & FH T30 42 22 P A O B A I 3 A o I
BB f Y IR IR (RREE ) s,
TRFFIE (RGE) 5 B (P08 ) BoE, KR
BT T, Skt mk s e, R Em e
IS ME, JIZ 8 min FHUHE KR, ERAKR
B EA FEAE SR, T5% AR EREER Y i85, 1795
KeeE, WREAT HE KRB IR WK B
WRTER 1 h 5, BEINERICT, R IE,
UK RE T 18, i HAE=AE R ZE 8 min
Y REMI T RE (LS &S
FRAT ) IE RRAE I I L& s shi e, 3%
BNEE R, 0 SRK4E R E B K BRI I B ZE (AT PR
T5% PRSI Y KB, fFrHERYT BUEHT T R
K BRI AS I o

27 Manella 25 """ (1757, FARJG 28 d @ik
K BRSBTS R, AU BRI A2 B 7 R 208
Rl 7AW R« KSR AT 2 min JRN B R IE 3056
(40 cm x 40 cm x 50 cm) FUE ML, T H K ED)
F— BN EAE 6 cm PSRRI, HNEH
JELIER I 1 mL TR CBE (2%, v/iv). ik KA
W HE BRE 5 min 5, JBEISEFRES . A 30
min 5, FFFE AT LA ) — N FREATL B 4 (A A
K/NFHT ARSI, N A IEARIF R INA 1 mL
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(1) BERR (4.5%, v/Iv), fERERAEM AN FHREHERS
min. H RGN AEEGKEATIHEE, PUORK
BRSNS ILZ 1 em 18 8 BSR40 a8
SN SR GE SR T SR B 1] e SR 45 R B
KBS H S SR, 75% ARSI RASIAE, A
HIE R TR FHT T — R,

1.7 KRB, MREMAHEHEALHE RLBHE K
J5i 28 d, K B 10% 7K £ FUBS RV (400 mg/kg, i.p.) J& »
TR o R R 22 (S ) N 4% 2 B
R e, TR XAHT S JE iR 20 2 mm AL EUE R T
MiZHZ, i K. ERACA S A fE, &k
Wi w R I V) A, W HE Jefty, 622 BRUED N K
B (MY ). BB (PR ) AR 2 3R AT W5 S FE
TS50, £/ cellSens EE M8+ (Entry1.18,
Olympus Corporation, H A ) #EAT 1 #8 5 EMZ 754
i N B A 42 1 mm, i IR HE B2t ) A,
HEAT R VR BRI IR S P oo B R OK BRI O A
SR =AANES X% 0 3 4 FEHEIT T : T
BiE =0, BEMMZE=1, FHERE=2, "HER
=3, MR SE K EIR I L AE IR = 4 1Y,
AN Y R o 6 O < A 1A S

1.8 KRR, REMHLZHEZ Luxol fast blue (LFB)
FeERE  EEUEERTX 2.64 ~-3.36 mm 4t " 1)
MRHE i, ATaRAaEY R, @lgE, &
7+ 0.1% LFB % 60 °C ¥ & i &, 4Kk 517
N 95% ZFEHhEEL 10s, FRHEAN 0.05% BRERE A
Wt @WK EJEH SR RE R Xt
LFB Zet0 (1 v #E47 o (R ) i vrh sy, R
KRR AT (MR ) M =AAES X% 0 33
ISR BEAT 0 - 1IEH =0, MEaggExEl=1, &
WAL =2, AR 4En 2k =32, R KR Am (W
O I K o 0 B 2

1.9 RERESEHALALFIEFRE SUMEER YT
1.9.1 IREKEAHHEARHE 8 Kf528d, KK
F 10% 7K & S BRI (400 mg/kg, ip.) fa, PROEHH
XM AR ER N Davidson [ 2 ¥ ( VKESER © To/K LBE -
40% FPEE © 4liK =1:3:6:10) bR [E 2, 10~12 h )5
HHE T 4% 2 RRBE R gk s e, figHs]
oK, FEH, Ak, B IRER AT &k A s
LM IRIY) . JEEE 3 um, L HE Jefi)E, Ot
R S R A T

192 MERSEREEES T S Ni&% P
W78, A S A MM BT 12 S &

LI KB TIT 6 ST, T 400 67 G T,
i F cellSens K 1% 4> #t ¥ 14 (Entry1.18, Olympus
Corporation, [ A ), i B oh & 0 4P &2 7 2k 4
1 000~1 500 pm A A4AHEX I, [HIFE 150 pm EHL 3
S AN B 78 X I 52 400 D) IBE - 24 o )2 5 A R R R i
SRFE, BCFEE.

1.9.3 AMEMETSARERREES prifild
TE WS A 7 12 S B & d e 4 3Lk
R 6 MY A, T 200 5 EMEE T, A
cellSens 14 43 ¥4 4 (Entry1.18, Olympus Corpo-
ration, HZA), BHUERBEMAMZF L 1 000~1 500
pum &b, P 3 AAE S 500 um X3k, FETHEUIL
JIEE 4 25 15 41 Bd (retinal ganglion cells, RGCs) %t H ,
HF ME 1H 54 500 pm KA A0 I 1B BT 2 RGCs 4
% [22]O

110 BRG] SPSS Statistics
21.0 A (IBM, £ ) #4780 . & A LA
mean + SD FEox. T AU K MO A ¢ k30t
TP SE LU B s AR AR EEBCK H Log-rank £
5 ; PLR M RZF I LECRH RITRES « Bkl
Ft 5 1) LR ) Mann-Whitney U #5562, P < 0. 05
AN Z 7 B Gt X

2 &R

2.1 BCCAORI KR EFRFM

W-BCCAO K BRA G 7RI H L B &b shid >,
TEhiReE, RNOIREE, LB, AR RIRE, 1d
TG HIIET:, 7d WAAFERFER] 62.5%, )&k
IR B AET: (K 1), S-BCCAO 4k BA S5 or
BB A RSBk, ATEIRSE, RNGEEE, L,
WEWA PR, 3dEREBRHREIES, LKA
N AR LR R ERIETS, 28 d A FEZ N 100% (K 1).
W-sham 21 5 S-sham 20 #£ 1. 3. 7. 14 f128 d 3
B RKRAET:, 28 d EFEHE N 100% (F 1),
2.2 BCCAOARM KRPLRE S AN

iR RN, W-BCCAO HA73h KRAE 1. 3d /)
BUHR PLR ¥ 25 43 51 N 94.4%. 100%, 5 W-sham
HAL A G % ZER (K2, P<0.001); S-BCCAO
R 7 d FIXAR PLR ¥ K %~ 58.3%, L S-sham
HAMEEABSG %R (E 2, P<0.01). W-BCCAO
415 S-BCCAO 4K KL PLR R RAAEARE 7 d
PLWN, ZJ5 B K M %% %) PLR {2, W-sham 70 5
S-sham ZH K B OUHR 57 R W 2231 PLR i 2K,
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Fig. 1. Effects of bilateral common carotid artery occlusion (BC-
CAO) on survival rate in SD and Wistar rats. Survival rate was
assessed before (0 d) and after BCCAO surgery (1, 3, 7, 14 and
28 d) using Kaplan-Meier survival analysis with Log-rank test.
P <0.001 vs W-sham group. n = 12—15 per group.

2.3 BCCAOARN KRR L&A gE HBR M

45 R IR, S-BCCAO 41K B 78 W 46 13 3 it
18] [(35.8 + 18.9)%] M i&#hHE B Ebap] [(38.3 + 15.0)%]
5 S-sham 41 [(26.2 = 7.8)%, (28.6 £ 5.3)%] AH L3534
o, HEEASEE X (K34, B) ;s W-BCCAO
HH K BRAE B A I35 S I [A] [(47.7 + 5.2)%) i 3hiE
2 Lb 5] [(45.5 + 4.8)%] ) K T W-sham 41 [(20.3 +
6.7)%, (23.7 £ 5.8)%), Z 5 A Giit2:= X (K 34.B,
P <0.001), &8 Wistar X G HFHEE 7] BEZ 40
2.4 BCCAOARM X B2 ML 128 IR

Y R E R AE R, GRS A 2] ez
RE S AR RSN 7 vk B 45 R, S-BCCAO 4
KERAE LR (RREE ) I B A [(22.7 + 12.5)%]
Ko A PR B L [(21.3 £ 7.2)%] ¥ 78 T S-sham 2H
[(33.2£9.5)%, (36.3 £5.2)%], %% BA%iH5E L
(B 3C. D, P<0.05, P<0.001); W-BCCAO 41k
BUFE TIDRE (K= ) 1 B N IR [(21.0 + 9.9)%] M
TEBhEE S LL ) [(25.4 £ 7.3)%] 5 W-sham 41 [(20.0 +
4.3)%, (25.4 £ 4.3)%] tHHIL LG 1= %57 (B 3C.D),
Z 45 R R W] S-BCCAO ZH K X BT (1) 47 3 72 7
KT S-sham 4, IXAJRESH 2= S1C 2B AH %,

B AR R R 2 FH KA B st v R 2 12
(R — AT AR ik s K RO B AA F)  5 fi
FH#ER HE % (discrimination ratio, DR) $8 45 i3E47T =4k,
DR =N/ (N + F), “N” FRllAm A S H =R )

~¥- W-sham
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Fig. 2. Effects of bilateral common carotid artery occlusion (BC-
CAO) on pupillary light reflex (PLR) loss rate in SD and Wistar
rats. Direct and indirect PLR were examined before (0 d) and after
surgery (1, 3, 7, 14 and 28 d) using Chi-squared test. ““P < 0.01
vs S-sham groups; ~ P < 0.001 vs W-sham group. n = 1215 per
group.

PREWFE], “F” R D050 0 B oK BROus i 4 A0k 19
R, 4R ER, S-BCCAO 41 KR M#HR L
Z (0.46 + 0.08) /N - S-sham 41 (0.64 £ 0.12), % 5F
A% %5 X (K 3E, P<0.05); W-BCCAO 4
KEIIFFR L (0.59 + 0.15) 5 W-sham 41 (0.54 +
0.16) #H tL L 4e it % 2 = (K 3E). %45 R &KW
S-BCCAO 4 K B 0T 3 0 1) i 52 2 B2 22 B AR T
S-sham 41, XW]REE HACIZREJH 1 AH G

2.5 BCCAORMAKRIFZICAIX, MEREMHZH
g} A1

KK (5 [X I HE 4045 B 5 R, S-sham,
W-sham ZH K B 5 () 10 2 4 P HE 51 B 55 2o, 4l
MBI e R, MKFEE, %R B SR,
TR, Tl 4R SR IR (] 44) ; S-BCCAO 4
A2 R KRS CAl XAFAE D BUR G % 1 4
TEASA TN IR A, 25 FE A () il 1 22
(¥ 44) ; W-BCCAO ZH K Fil i 5 £ [X (1) 4 22 24t it
FIRESTEUR, MM TR, RILHEMES L
e (K 44).

KB B (AR ) X 3 HE 4% 8,45 L aT L,
S-sham . W-sham ZE A0 5 A 40 B HEZ B0, 2 IR T
TGRS (& 44) ; S-BCCAO ZH ML o 25 15 B 3 ek />,
LA R AZ (K] 44) ; W-BCCAO 4L w] I ] &
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Fig. 3. Effects of bilateral common carotid artery occlusion (BCCAO) on light recognition and learning and memory in SD and Wistar

rats. A, B: The average percentage of time spent (4) and distance traveled (B) in the light box of the light-dark box test in 10 min. C, D:

The average percentage of time spent (C) and distance traveled (D) in the III arm of the Y-maze test in 8§ min. Time spent and distance

traveled were evaluated at 28 d using Student’s ¢ test. The discrimination ratio of the odor recognition task (£) was analyzed using
Mann-Whitney U test. “P < 0.05, “*P < 0.001 vs S-sham group; P < 0.001 vs W-sham group. Values are expressed as mean + SD.

n =12-15 per group.

MAF4EL G A RAF 4RSI AL SRR RS B R
14455 (1€ 44). KB A% LFB 4e a4t LR, S-BCCAO
20 K BRI PR AT AL B R A R O (T 44), PR E
JRBRAG V4> B BT+, 5 S-sham 41 Lh B Gi it
=5 (4B, P<0.001); W-BCCAO 4 KA
AL B A VR AR L B A O DR A R 1
(K 44), MR ARSI E T &, 5 W-sham
ML EAG % (KBl 4B, P<0.001),
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Fig. 4. Effects of bilateral common carotid artery occlusion (BCCAO) on the hippocampal CA1 region, optic tract and optic nerve in
SD and Wistar rats detected by HE and LFB staining. A: Representative image of the CA1 region of the hippocampus (HI), optic tract
stained with HE (OT1), optic tract stained with LFB (OT2), optic nerve stained with HE (ON1), and optic nerve stained with LFB
(ON2). HE staining showed most neurons had smaller cell bodies, a disordered arrangement, strongly stained eosinophilic cytoplasms,
and irregular triangle-shaped and polygon-shaped nuclei (yellow arrow) in HI. HE staining showed myelin loss and vacuolization (blue
arrow) in OT1. Disordered arrangement of nerve fibers was associated with vacuolization and myelin loss (red arrow) in OT2. Severe
infiltration (black arrow) was displayed in ON1. Vacuolization and myelin loss (white arrow) were also seen in ON2. Scale bar, 50 um. B:
Histological evaluation score of optic tract stained with LFB. C: Histological evaluation score of optic nerve stained with HE. P < 0.01,
P <0.001 vs S-sham group; P <0.01, P <0.001 vs W-sham group. Values are expressed as mean + SD. n = 6-7 per group.
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Fig. 5. Effects of bilateral common carotid artery occlusion (BCCAO) on retina in SD and Wistar rats detected by HE staining. Com-

pared with S-sham group, S-BCCAO group showed vacuolation (blue arrow) in ganglion cell layer (GCL) and disordered cells in

outer nuclear layer (ONL, black arrow). Compared with W-sham group, W-BCCAO group showed degenerated and/or disappeared (red

arrow) cells in inner nuclear layer (INL) and disordered cells (yellow arrow) in ONL. Scale bar, 50 um. NFL, nerve fiber layer; IPL,

inner plexiform layer; OPL, outer plexiform layer; PL, photoreceptor layer; RPE, retinal pigment epithelium.
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Fig. 6. Effects of bilateral common carotid artery occlusion (BCCAO) on total retinal thickness, layer thickness and retinal ganglion
cells (RGCs) density in SD and Wistar rats. 4: Thickness of the total retina; B: Layer thickness of retinal pigment epithelium (RPE) of
the retina; C: Layer thickness of photoreceptor layer (PL) of the retina; D: Layer thickness of outer nuclear layer (ONL) of the retina;
E: Layer thickness of outer plexiform layer (OPL) of the retina; F: Layer thickness of inner nuclear layer (INL) of the retina; G: Layer
thickness of inner plexiform layer (IPL) of the retina; H: Layer thickness of ganglion cell layer (GCL)/nerve fiber layer (NFL) of the
retina; /: The mean cell number per 500 pm in the GCL was quantitatively analyzed. The thickness and mean cell number were ana-
lyzed by using Student’s 7 test. “*P < 0.001 vs S-sham group; ~P < 0.01, P < 0.001vs W-sham group. Values are expressed as mean +
SD. n = 6-7 per group.
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