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[(# E] B8 HUPEEOREMRETE T4 (BMSCs) BHEEEA (ROS) /BHTF E24H%
2 (Nrf2) {55 % AstmER (VaD) KRZRKR @ WA, Jf e RN . FEE: K45 R
SD HEVE AR K RBEHLY IR T AR . BRI 28484l . BMSCsZH M BMSCs+M1L385 (Nrf24lii5)) £
(BeAd), BHIH . FHARBIEEENREE, BRETFARLM, HAKH KBS & VaD B, R
Morris 7K 2K ‘B 52 564G I 45 2 K B 24 2 842 86 J1, HE Y g4 K U 4L SV BB S R B, e R
Yl (0, 5% 25 20 K BRI 20 2065 B X8 IR AR AR I L, 375 S8 P B 00 4% 45 21 R BRI 40 208 5 X R A iy, ¢
AR 1 A6 T 4% 2H R BRI 2H 400 15 X R 22 96 v ROS K F-, Western blotting 125 46 ) 4% 41 K Bl IR 26 41

Nri2, MLLRMEAR 1 (HO-1) . B 55k & A REY 7 S8 mE 1 (PINKL) . E3Z R&H A %%
fiti parkin (Parkin) . 5% 1 (Beclin-1) Iz R45E&HEA P62 (P62) HEARKKTEBMEMCEA
IA/1B 52 8E3 (LC3-T/LC3-1) Hffi. S8 Morris /KK E 5K, S FARA A, B4 KRk
R I B AE K (P<T0.01), 2l 3 45 YR BOR 15 83 1 ] 24 B sk /b (P<<0.01); SHERI4H Mg,
BMSCs 20 K Bl kst 78 0K 01 W B 4 06 (P<<0. 01), 2l & WBIORT 5= B4 B 1 35 W1 e 486 i (P<<0. 01) 5
5 BMSCs 4l b, B4 20 K Bk v R0 I W 34K (P<<0. 01), 28 4 RS & U BRI 452 BS It ] 45 1 4k
W (P<<0.01). HE Jefligg, BF R4 K BN L0 D X 2o iom AU S IER, Jails), 4
FVE O, AR WLEA B AE; ST AR, BIATA KRN L2088 D XA 2R, 2R, MEni
WD BIEEAR —, J@ARHA), EEY, TSR s T, SRR A, 23 Bl R U 4L
UG 5 XA DL SR ZK L . LTI R (R B S R B, BMISCs 41K B B X b 28 T 4 43
W, TEEWE LR, HEPEON ST, AR RGN BUE; 5 BMSCs4l i, BAARRE
DX TCIE SRR, AR, MDA RE, RaRHs), EEdg. RREGWE, BF
AR U420 5 X onHES B 5r B %, TS MM R, SO, BR/MREARAREZ;
H5BFARA L, BAA KB Z0E DX L4, 2k, BR/AMEEGALHBERTGD; 5
BBV L 45, 2 420 K BRUNG 4 200 1 X m] DL Je [ /MR 3 (8 /0 HLBCR AR /D A5 300 6 3, BMSCs R R
i 28 218 1 IX A 28 o0 [ 4R 00, AT S A e, e /MBI XTI £ 5 BMSCs 4l thdg, Bk
AU KRG H L2 ocE 48, TEAREEEER, e /MRS HECR >, B RsENeE, BFRHEK
R G 2 P08 5 X M 28 Te R AR A R, SUZ PSSR G T n I, BRI e s SIRT R g, B
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SR 2 21 B XM T R R I K AR T , BUZ S R BEIR , PRI W O, S AR, M ST
UK F W /MA SRR LR, A A K U 4 20 I X 2ok A 0 R B A I, MR
KRB A %2, BMSCs 4 K B 4 2208 T X 0l 28 o0 22 0 PR 5 R PN 30 25 W A I d el 3, 401 005 R JEE Dl e
Jf 5T Ry UL A W /IMAS s 5 BMISCs 41 F A, A A1 R BN 2 8065 B XM 2 ST ORI b ik, XU i
SGERBEIR, NSRRI R, MO BT oAl I A W MA . SORERER L, SR TR R, BRI A R R ZH
2L 5 XM 220 ROSAKEH & (P<<0.01); S5RIRIZ H, BMSCs 41K B 41 210 5 X f 22
JEH ROS KB B FEAL (P<<0.01); 5 BMSCs 4, B4 4l K BN 4 26 5 X b 2850 b ROS K
U TR (P<<0.01). Western blotting ¥, 58 F AR A, BRI K UK 24 210 Nrf2 f1 HO-1 25
F1 2638 K- 5 B B R AR (P<<0.01); SBIAIZ L4, BMSCs 41K B 4120 Nrf2 fl HO-1 2 1 #35K
SRR TR (P<<0.01); 5 BMSCs 4 A, A 41K BUIK 41 2 Nrf2 fl HO-1 8 3R 1A K7 241 &
BEAR (P<<0.01). SEFRA L, #A4 K RGN 2% Parkin, PINK1 fil Beclin-1 2 [ 2 ik 7K F K&
LC3-11 /LC3-1 M B IF s (P<<0.01), P62 7 [1E kK FH BFEML (P<<0.01); SHiAI4 1L
B, BMSCs 41K UG 4121 F Parkin, PINK1 #l Beclin-1 % (1 2 35 K B LC3-11 /LC3-T Al ¥ W] W%
fit (P<<0.01), P62 I EEAKFWEIH (P<0.01); 5 BMSCs4l i, A4 K EUKAR
Parkin, PINKI1 fll Beclin-1 % 4 # ik K F & LC3-11 /LC3-1 HAE¥ B & T+ 5& (P<<0.01), P62 %Kik
AKOFB BT (P<<0.01). £5i8: BMSCs A] LA K BN 4 2100 15 X pl 2 oo 3ol AE , 2l VaD KR
BN e, HAE I HLH] AT BE 5 45 ROS/Nri2 {5 538 B0 il 2ok A [ A 56

[XBR] MR, BRORIEMR TR A, ZEFEZHEHT 2; IHMHEE; SRk A
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Effect of bone marrow-derived mesenchymal stem cell
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ABSTRACT Objective: To discuss the effects of bone marrow-derived mesenchymal stem cells (BMSCs)
transplantation on mitophagy in the vascular dementia (VaD) rats through reactive oxygen species (ROS)/
nuclear factor erythroid 2-related factor 2 (Nrf2) signaling, and to clarify its mechanism. Methods: Forty-
five male adult SD rats were randomly divided into sham operation group, model group, unloaded group,
BMSCs group, and MSCs+ML385 (Nrf2 inhibitor) group (combination group), and there were 9 rats in
each group. After intraperitoneal anesthesia, the VaD models were established in all groups except sham
operation group. Morris water maze test was used to detect the learning and memory abilities of the rats in
various groups; HE staining was used to observe the histopathological morphology of brain tissue of the rats
in various groups; Nissl staining was used to observe the changes of Nissl bodies in hippocampus region of
brain tissue of the rats in various groups; transmission electron microscope was used to observe the

ultrastructure of hippocampus region of the rats in various groups; fluorescence probe method was used to
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detect the ROS levels in hippocampus neurons in various groups; Western blotting method was used to
detect the expression levels of Nrf2, heme oxygenase-1 (HO-1) , PTEN-induced putative kinase 1
(PINK1), parkin RBR E3 ubiquitin protein ligase ( Parkin), Beclin-1, ubiquitin-binding protein p62
(P62) , and microtubule-associated protein 1A/1B-light chain 3 (LC3-Il /L.LC3-1 ) ratio in brain tissue of
the rats in various groups. Results: The Morris water maze results showed that compared with sham
operation group, the escape latency of the rats in model group was significantly increased (P<C0.01), while
the number of crossing time and residence time were significantly decreased (P<Z0.01). Compared with
model group, the escape latency of the rats in BMSCs group was significantly decreased (P<Z0.01), while
the number of crossing time and residence time were significantly increased (P<C0.01). Compared with
BMSCs group, the escape latency of the rats in combination group was significantly increased (P<<0.01),
while the number of crossing time and residence time were significantly decreased (P<C0.01). The HE
staining results showed that hippocampus neurons of the rats in sham operation group were normal in
quantity and morphology, with uniform staining and clear structure. Compared with sham operation group,
the hippocampus tissue of the rats in model group showed sparse arrangement, disordered structure,
reduced neuronal quantity, varied morphology, uneven staining, nuclear pyknosis, and partial neuronal
necrosis. Compared with model group, the neuronal damage of the rats in hippocampus regio in BMSCs
group was alleviated, with restored morphology and improved neuronal loss. Compared with BMSCs
group, the neurons of the rats in hippocampus region in combination group showed irregular morphology,
disordered structure, unclear cell boundaries, uneven staining, and nuclear pyknosis. The Nissl staining
results showed that the hippocampal neurons in sham operation group were tightly arranged with intact
morphology, obvious nucleoli, and abundant darkly stained Nissl bodies. Compared with sham operation
group, the neurons in hippocampus region of the rats in model group showed pyknosis, vacuolization, and
sparse Nissl bodies. Compared with model group, the BMSCs group showed reduced neuronal pyknosis,
relatively intact morphology, and increased Nissl bodies. Compared with BMSCs group, the combination
group showed neuronal pyknosis, loss of morphological integrity, and fragmented Nissl bodies. The
transmission electron microscope results showed that mitochondria in sham operation group exhibited oval
shape with intact double-membrane structure and cristae. Compared with sham operation group, the
mitochondria in model group showed swelling, disrupted membranes, broken cristae, and numerous
autophagosomes. Compared with model group, the BMSCs group showed improved mitochondrial structure
and reduced autophagosomes. Compared with BMSCs group, the combination group showed swollen
mitochondria, disrupted membranes, broken cristae, and visible autophagosomes. The fluorescence probe
results showed that compared with sham operation group, the ROS levels in the hippocampus neurons in
brain tissue of the rats in model group were significantly increased (P<C0.01) ; compared with model
group, the ROS levels in hippocampus neurons in brain tissue of the rats in BMSCs group were significantly
decreased (P<C0.01) ; compared with BMSCs group, the ROS levels in hippocampus neurons in brain
tissue of the rats in combination group were significantly increased (P<C0.01). The Western blotting
results showed that compared with sham operation group, the expression levels of Nrf2 and HO-1 proteins
in brain tissue of the rats in model group were significantly decreased (P<C0.01) ; compared with model
group, the expression levels of Nrf2 and HO-1 proteins in brain tissue of the rats in BMSCs group were
significantly increased (P<C0.01); compared with BMSCs group, the expression levels of Nrf2 and HO-1
proteins in brain tissue of the rats in combination group were significantly decreased (P<C0.01) ; compared
with sham operation group, the expression levels of Parkin, PINK1, and Beclin-1 proteins, and 1.C3-1 /
LC3-1 ratio of the rats in model group were significantly increased (P<C0.01), while the expression level
of P62 protein was significantly decreased (P<C0.01) ; compared with model group, the expression levels

of Parkin, PINKI1, and Beclin-1 proteins, as well as the LC3- [l /LC3- I ratio, of the rats in BMSCs
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group were significantly decreased (P<C0.01), while the expression level of P62 protein was significantly

increased (P<C0.01) ; compared with BMSCs group, the expression levels of Parkin, PINKI1, and

Beclin-1 proteins, as well as the LC3-11 /LLC3- | ratio, of the rats in combination group were significantly

increased (P<C0.01), while the expression level of P62 protein was significantly decreased (P<C0.01).

Conclusion: BMSCs can alleviate the hippocampal neuronal pathological changes and improve cognitive

function in the VaD rats, and its mechanism may be related to the regulation of ROS/Nrf2 signaling

pathway to inhibit mitophagy.

KEYWORDS Vascular dementia; Bone marrow mesenchymal stem cells; Nuclear factor erythroid

2-related factor 2; Reactive oxygen species; Mitophagy

I % M & (vascular dementia, VaD) & —
FhARASPER RE RS 25 B AE, Bl 2 P i I A8 92 3 5 k2
D) RE AT, JE T LA AR A Y VaD R
U B 2 AF SR R R 22—, R R E A AR I 5 5
17, RO N B A T AR R B 1500~
2026, AL T BI/R BRAMEBAG . VaD iy 32
O Sy i It A5 B Bk A AU S, T 2 ek
JEREZ )2 T REAEAE, G R IR A AT o B
5. BEE PR R, MOCRE R WZE W, X &
H A B e R R, A RKEE . AR
IR R G L R R . Wik, BHG VaD
By & A A SR AL OF 54 &y 1 BT Boxt T VaD
HIRIT RA EEE L.

TEIEH ZMF T, P&t N By 2k e 4okt 2338 1o
FOWETE R, DL4ESRR IR 00 AR & A 20 M D 3R B 1Y
Fads o AR R IIWESE Y FIA GO 2 R
R VaD kAR, M uhh TN BURA, T
Pk & (reactive oxygen species, ROS) K& =4,
ROS KV It s W R iR A7 3, JF i i 2 Fh bl 4
2 [ GoRi A, A0 R ) 7 A P A
W, SEERLEAWRE)TIZ R . MR IZCIR S AT
il T i e A R

[a] 75 5 T 41 g (mesenchymal stem cells, MSCs)
EA AT [ B R R SOk IR w S
F5E R B s MSCs 38 3 43 006 41 i PR 7 0 R 4
oo S5 )5 2, A A THABE L MRS,
MR EE . MSCs i REHE I/ E LB 5, I
o 00 ) 200 O T R v A7 A A A A AE T R
MSCs i A 38 2o 8 55 4 28 50 [ WK - i3 i 22 58 14
TS, o TR R AR T SR, AR
P2t 22 e 9 vh Y B LI AT 5 2F — 2B R0 .

HHT, MSCs 3 i 18 5 401k 0 0 S 2 14 1
U3 VaD 1A FUIR 2 B A8 52 A HTHL R % A 5 4
Ao AR ST A B R IR Y R FE BT T 40 i (bone

marrow-derived MSCs, BMSCs), i i & & ik i
O VaD B A, WX VaD KRR
PR, FEPEAL BMSCs X Kk B 5 #2850 S8 Ak i
WORES R btk AW =15 00, B4R VaD 1
F 5T 4 A i SR B

1 #MR57FE

1.1 ZBHHp. me L2 XNEANE S~10 i
HEPE SPF 9% SD K 45 1, A& (300+40) g,
WA KD TT R AEYEARARAR, S a: =il
JES: SCXK () 2022-0011, K B 3% T3 7 2%
Wby, PR E RFFTE 20 'C~24 °C, AR E
F50%~70%, B H 12hBEE R, A ke Ak
K, 3 NP SR 1R R AT S . ASHIESE R AR 1AL
BT ES G ER R IEZE B SfE, RS .
(2023) fEH# %5 (WFO02) 5. TS 5ELRMA
3 438 o ) A6 A S5 S MOl N 5Ll BOR ZE T
PR AAEUETS, S50 ™A B AE 3R IR X B )
fEFIAH G E , JFA TRR A NE LG . K
BMSCs g [ ZEMV AE W RHA IR AR . BT E2 A
* W F 2 (nuclear factor erythroid 2-related factor,
Nrf2) # # ML385 ( 3 E MedChemExpress 2
A, HEQ @ & (b EREREARAR),
R (R H4E A RHEA R AW ), RIPA
2w (FEE s RAEYRHE AR ), BCAKE
F R R D ) & (S8 E R R R B A ]
ECL Ak 2 Kot & (deaw 2 AR w8 A R A
), 4 & % (Dihydroethidium, DHE) #l
4", 6- Bk e -2- FK KL m| g (4", 6-diamidino-2-
phenylindole, DAPI) 3ty (3 E Sigma/A+l),
Prod VK B Rl (32 Southern Biotech A #] ),
W2 B 5 9k 1 A R IR Y5 S 1 (phosphatase
and tensin homolog induced putative kinase 1,
PINK1) #tfk . E3 iz R & H i % #§ parkin (E3
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ubiquitin-protein ligase parkin, Parkin) $T{A& . Il £T
ZEIN%A B 1 (heme oxygenase-1, HO-1) #iifk . iz
45 & & A P62 (ubiquitin-binding protein P62,
P62) bk, FEE 1 (Beclin-1) B A4S H ¢
HH 1A/1B # %% 3 (microtubule-associated proteins
1A/1B light chain 3, LC3) #ifk (3% Abclonal 24
A, N2k (RN =ZEAEMHEARAGRAAE) .
Morris 7K & B WM o3 Hr R 48 (A5 . SA20, VLJ5
TR AEYRHEARAR), WEHI A (B5.
RM2016) . ##TI APl (85 . LEICA UCT7) FIE
BIOL R (815 . LEICA DM2000LED) ¥y
HIEME LEICA A, #5His (RS JEM-1400,
HAHB XS4, KG9 /AL (8 5.
CRYOSTAR NX50, EEFER CHRBHLAFD),

H#5A (# % . Pannoramic MIDI, &) 7 F
3DHISTECH 4wl ), HWiJk#li (#-5 . DYCZ-24,

AN —EYRHE AR A .

1.2 EBshpEE Ak %% 451 SDRKEE
NPEMESE T dJEBENL A MR TR A . BRI | %
#H . BMSCs4 1 BMSCs+ML38540 (BE&4),
B9 H o S H KR BE R TS RME, BT ARH
Ab LA A AR BT U 351 B Bk 43 IR 25 HLF R
Hil & VaD R (MR 2VORER) . FARF W, &
2R R MR B B BR S W SE Th R W1 I, 435 )
Rl 2, BEEAMBUEASI K, FFAE O b S O v
G VIWT . BIEREEE KR KA, TR S I
MR 1M, DA D 245 $0 I U W 22 ) 3508 2
fik, 8RR . BT AR 41K R 58 U £, Bl ik
Jasr s, HAbRER L. &S8R 7dE, F
BMSCs A 2X 10° mL " {4 41 fifd 2% B 3 2o 2 i ik 7 5
1 mL % BMSCs 41 A R BRI BF R4
LY 2 R R0 DA AR ] 75 20 S 1 mL AR R K s 2
o4l K R R bk R 1 mL B R SR 2% P W
(phosphate buffer saline, PBS) . 5t & 41 K K ¥
ML385% T 1% 520 ZH B A (dimethyl sulfoxide,
DMSO) ) PBS Z i, 7E BMSCs # i i 3 d
FaEES (30 mg-kg '), FFLE7d, HR4 KR
PAAR R X332 %5 4 % 5% DMSO [ PBS 28 il ik .
Morris 7K 2K B 52 56 ) 28 25 5 4 58 K BRI 21 41
W8 T 4% ZRPE P EE, Hpads
WA GE R G A7 T — 80 ‘CUKAR & H -

1.3 Morris KX T EHHMNEARXRAF TR
A B IS5 RKRANEMMATER, HEH — 258

UM E, B4 FEETHENZE, 11K
HAE T A 1em, 5 2~5KKH i FG. A
[F] B A 0 A 4 A G R v 50 R BRI A K e s
HHKE GG uE, Bk E R Oy 120 s,
R BUE 120 s W B BRI 3 s KL B, THACH
KEARBF-&, 0% 8] #E RS R #5120 s
WAL BN 6 W7 S HAEF & B 10s, 56K
AT A MR R I, AWK B2 > eere .
EEF A, BREMNERE S SO AKS, id®& K
B 120 s PN 58 1RF & DX 8 O 80 A B A 4 BR 15 B
HRNEIN
1.4 HE£ENBRZEXABUARBENSEAA
FHRKRMALE T 40 ZRPEESEE, &M
AWM. Y. AU R4 pm#E R, RS
B, BB KA, SRATHE Jeilfl gy, i
KB B, T WA T SR 45 21 K UG 2 4 B
BRI,
1.5 REFENRBZSEXABARED R KK
TERL HIEARASY R 147 Al
YR 2 2 IR YL W Y (0, 2~5 min, ZEMEK R VE, MWIE
HLE AT 0. 1% KBS IR X U0 R #4701k, &
A 65 CHERTHLT, MR E F, BT W
S 2R BRI 20 21 ) TG AR AR AR O o
1.6 EHELENREULAXAATARELEBHE
A B mm® RN BRI T A 4T, GG A B
EWH 4 °CHEE4h, PBSEMKIERE 3G, 1%
HR 20 “CHE 5 2 h, PBSZE Ml TE 3 K G & B
BEWLAK , A SR K 812 AL 3 5] 438, R I #B i 1)
FALHEAT Y R, 200 Tt il 10 R 7K R A TR
XUt 35 5 H 8 O % 4% 2 A UG 2 200 2 [ il
e
1.7 RARHAEZRNZEXABARELRA L
¥ ROSAK-F 4 K BN A U6 ok R 90 Fr, 5
R A B T IR A5 30 min, PBS 28 il vk %
3, %M DHE 4, = T &6 F 30 min,
PBS & M Ve 31K, K 5 min, DAPTY (A %
JEEOEEE 10 min, PBSZE Mk vE&k 3k, Bk
5 min, PLAOGERE R E R, 25O0 WU W 5
FH R . SR A Image TR Mok ens &, LLPEot
5 B 10 2 ROS K- .
1.8 Western blotting H# R F A XK A WAL ES
R # Nrf2,HO-1.PINK1.Parkin. Beclin-1 = P62 %
B R EAKFRLC3-M/LC3-1 Wedd BRI R R
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Jiki 20 200 B IXCHCH WS NG i RIPA 2R 219K,
#E 30mine 4°C. 12000 remin ' B> 15 min M HL
FVEW, BCA BRI A ¥k B JF A A 22 vhifk
AN 10 min ffi 45 (A2 P . B SDS-PAGE #E ¢ [ FE
JEHF R UK B, IR Z PVDE B B IR 5E
BeJE, LASY IR WM VR A B AW, B TR IR 22
RS, EWEMA L h, SR —Hrud BB 6 — e
TR, 4°CHFE SR . TBSTIRMPES 3, K
5min, Z M0 UL B ECH U R, & R
H1h, TBSTHMWPEH 3K, K5 min, ECL{L
EREHN B, R Image THAF 20 B 2 1 44 K
JEAE, L B-actin AN, HHH HME A RBKFE.
HEE A RBKE=HME KN KEME/ NSE
45 K RE A .

1.9 %it¥ 5 RHISPSS 23.0 G i F vt 17
Giit 2o b . & 4R Bk AR . 5 OF IR
B, JEOF B a R, i 24U ROS K P F Nrf2

HO-1. PINKI1. Parkin, P62 } Beclin-1 % [ % ik
KFLL K LC3-T /LC3- T A EHBSF A IES a4, L
xtsFRoR, ZYLRREAR BB BRI BN &y 22 4%
B, 20 TR R AR X B0 P B A R T LSD-c K 56 . DU
P<<0.05 R A G 7FE X,

2 & B

2.1 BAXARBHERE . FARTFEREFIEE
B SRR LA, B Rk v R
WIER (P<C0.01), ZFEBEF & WREAF B I [a] 13
Bl > (P<<0.01); SEAIALE, BMSCs 4
B AR I B 4 (P<<0.01), % MR
£ YR {57 7 Bsf TE) 2 B S 36 m (P<20. 01), 25354l
KRR T AR T . 2F AT £ UOECRI 45 B ) i) 25
WG %8 XL (P>0.05); 5 BMSCs4 %,
A 2R Rk ke VR R 0TI A K (P<<0.01), ZFil
Ji 7 5 UEOR 5 BE ) TE] B W o/ (P<<0.01) .
TR L,

A B

C

D E

A': Sham operation group; B: Model group; C: Unloaded group; D: BMSCs group; E: Combination group.
Bl &4AKK Morris K2 E 8 B

Fig. 1 Morris water maze track dragrams of rats in various groups

R FARFSEERY B & RBCRE 8 B R

Tab.1 Escape latency, number of crossing time, and residence time in platform quadrant of rats in various groups

(n=9, x%s)
Group Escape latency(#/s) Number of crossing time Residence time in platform quadrant(#/s)
Sham operation 23.61+2.40 11.67+£2.35 58.294+2.72
Model 37.60+2.93" 4.00+2.06" 32.87+2.92°
Unloaded 37.71+2.29 4.22+1.79 32.67+£2.94
BMSCs 26.64+2.40" 10.44+2.51" 51.30+4.20"
Combination 36.2443.17" 5.33+1.50" 38.83+43.35"

"P<<0.01 vs sham operation group;~P<0.01 vs model group;*P<<0.01 vs BMSCs group.

2.2 BUXABURBRERIEARL BTFARUAKR
G 20 20 B X P 2 o B R AU B IE R, @iy s),
ZERUE, R WA 5T AR bR, B
MR RN L0 5 XA e, SR, s

B, BEA—, ORI, BEE, W
TR IRSER R 2200 5 SRR AL, 23 2 2 R U
MY B X ] WA REEZETL, Moo b ke E
ANEEB IR, BMSCs 41 K 5N 20 2116 B X pf
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ZICER , TEASREIESR , HEFVE BT, s
TTERENW B ME; 5BMSCsdH ek, BEH

R BRI 4 2178 B X 22 ST IR AR I, A 4454 3R
AL, AR, RO, B, WK 2.

A': Sham operation group; B: Model group; C: Unloaded group; D: BMSCs group; E: Combination group.
B2 HE 30584 4 K B 4H 200 BIE SR 3 (< 400)
Fig. 2 Pathomorphology of brain tissue of rats in various groups observed by HE staining ( X 400)

2.3 BUXRRAELZRERRRATHERL BFARA
TR BRUG 2H 200 T X A e HEA B 5 B %, TR SR
SER, B, RRAMEE AR BEGEZ; 5]
FARG LA, A 20 R BRI 20 20 1 X P 45 [
45, a5k, BI/MEE B> BB ERD; 58
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A': Sham operation group; B: Model group; C: Unloaded group; D: BMSCs group; E: Combination group.
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Fig. 3 Changes of Niss body in brain tissue of rats in various groups dietected by Nissl staining ( X 400)

Arrows indicated autophagosomes, triangles indicated mitochondria. A: Sham operation group; B: Model group; C: Unloaded group;

D: BMSCs group; E: Combination group.
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Fig.4 Ultrastructure of neurons in hippocampus region in brain tissue of rats in various groups
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Fig. 5 Expressions of ROS in reurons in hippocampus region in brain tissue of rats in various groups (< 800)
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Tab. 2 ROS levels in neurons in hippocampus region in brain

tissue of rats in various groups (n=3, x%5)

Group Level of ROS

Sham operation 30.8942.96

Model 87.77+2.06
Unloaded 84.104+2.69
BMSCs 42.87+3.35"
Combination 69.17+4.18"

'P<<0.01 ws sham operation group; “P<(0.01 wvs model group;

#P<20.01 vs BMSCs group.
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Lane 1: Sham operation group; Lane 2: Model group; Lane 3: Unloaded group; Lane 4: BMSCs group; Lane 5: Combination group.
'P<C0.01 ws sham operation group; “P<C0.01 vs model group; “P<C0.01 vs BMSCs group.
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Fig. 6 Electrophoregram (A) and histogram (B) of expressions of Nrf2 and HO-1 proteins in hippocampus tissue of

rats in various groups detected by Western blotting method
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Lane 1: Sham operation group; Lane 2: Model group; Lane 3: Unloaded group; Lane 4: BMSCs group; Lane 5: Combination group.
'P<<0.01 s sham operation group;~P<0.01 vs model group;*P<0.01 vs BMSCs group.
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Fig. 7 Electrophoregram (A) and histograms (B—F) of expressions of mitophagy-related proteins in hippocampus

tissue of rats in various groups detected by Western blotting method
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