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Research progress on mitochondrial oxidative stress and
corresponding targeted delivery systems in Alzheimer's disease
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Abstract: Mitochondrial oxidative stress has been recognized as a preliminary and critical factor that
aggravates the pathological cascade of Alzheimer's disease, which induces the production of g-amyloid protein,
upregulates the expression of phosphorylated tau protein and triggers oxidative damage to lipids, proteins and
mitochondrial deoxyribonucleic acid. Central neurons are more vulnerable to oxidative stress than non-neuronal
cells due to their high oxygen demand, abundant unsaturated fatty acids and antioxidant enzymes deficiency. On
this account, this review introduces the causes of mitochondrial oxidative stress, and analyzes the important role of
mitochondrial oxidative stress in the pathogenesis of Alzheimer's disease. Meanwhile, the review focuses on the
design and intervention strategies of drug delivery systems targeting mitochondrial oxidative stress in neurons,
aiming to provide new ideas for the prevention and treatment of Alzheimer's disease.
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ADRIT AR MO B 2 . 4k, MR Z i ALK
B, 2R A S A RO AD O T, AT RE A 5
WKEhE S5 2 AD R ELES RSO A R 2Rk A S AL
MR AT BRI, JF 0 BT 5 AD RIE AL (AB-tau
EVAED I T) Z KR fEEEAL b, B 5 A DL
Pl 0 SR AR AL RIEOA BE 1) 90K 25 035 9T SR e
(EHLGIKIBIE R G ALK EIE RE AV AT
YK IE R L)
1 RSN

Ak B A BT IS PR 4 (reactive oxygen species,
ROS) A3 1% %L (reactive nitrogen species, RNS) (7= 4=
a1 R 45 B2 A0 B2 2 18] 1) 7 B R A B
SR, kA AN ROS [ 32 B A 3 i, 16 H
TR I R, WP BRI S S| (12 3 R AL
I JEE) N (% FE R i Sl ) M I (40 5 3R ¢ ik 5 i)
AR AN T A 1 MR, YRR I R T S A RO LA
JH ¥ R HE 48 BH 25 1 (superoxide anion radical, +0,7) 8%
1% {L & (hydrogen peroxide, H,0,). BtiJ&, H,0,f1-0,”
JE L Haber-Weiss J B 8% 25 # j2 B 5 — AL BUE R
R H B AR, KR, &
1A LR R S A L A% i, BRI 13 17t v, Bk
THTHBEQMNEAWNEBEEZ S, ¥
(nicotinamide-adenine dinucleotide, oxidized form, NAD+)
1 )5 NI )R T 4 | (nicotinamide adenine dinucleotide,
NADH), NADH/NAD+ Lt i 38 K A 28 4 44 4k -3k % 4k
R, BRSO, & &, T ki fA h ROS /K
SO IR L, 40 B A IR P AL R G
FAL AL (superoxide dismutase, SOD). it AL A
fity (catalase, CAT) 14+ bt H ik i S AL ¥ (glutathione
peroxidase, GPx) 4§, 1] Wik [F] TAE A RO 1 B H 518 i
M. H7E AD R B 2 A T, AD B i b 4 R

TR S ABP-tau M1 % IR 25 H E4 (apolipoprotein E4,
ApOE4) %5 XK PR 2% 147 0] o 2 2 har Ak Fi 1 A 3 % A O
A MR, B = BERZ IR F (adenosinetriphosphate,
ATP) 1 B AR, B 7itt s  n, 3 ELROS 197
AT PR RGERTE R AE ), B2 — 2B R A N
2 SRR RIMAE AD &R EER

BRI I LA AR W kAT S A AT R 20 2%, 7E 4
AR AE R o BOREEMEN . ERATPING
B, 55 RS ¥ g B AL RO, A, 2R R ARE
Z: 5 A 4 i I R, G0 AR AT S A BT T
AR = 10 IR SRS H R 2R A R AR S A BB
25T ABtau A1 OCHE AR ) 43 1 19 AR BN DD RE K
A e AR, T 51 R BN AD R, R SO AR A 4%
RS A RIS AD KR HLE ) OE R (B 1).
2.1 ZHAFFEHMRHLEEASRE

AB H1VER BETT 4K 2 11 (amyloid precursor protein,
APP) 2t B-43 WA B AN y- 43 WA i BT V) I 7 A2, vk p-43 b
B2 AB 7 HE I BRGS0 B BT B0E B- 53 WA T B
p- o VAR, FE D) -2y WA, WA BE AR FE AP
ol 40 S8 Ak RO, IR B O A A W 4- Ak I g
(4-hydroxynonenal, 4-HNE) & & 4= %, H 68 _F i g-4
WA Rk, 23 APP BT D) = A AU T AB 5 2k i
A T ) 2T I S AR ELAE R — 20 R R AR
HIZ AR AR, 5 BOEORLAA FL 7 330 B AN A G g
W VERRARS [, AR ST AB L I S RE B AL 2
% 1A (receptor of advanced glycation end products,
RAGE) 454 J& & - % i 1fi 1 57 5% (blood-brain barrier,
BBB), it — B3I T ABTE M 1 & AR, R A T3
AD B E A T FIANRIBE ) P .

2R AR A SR R S B8 2 D (cyclophilin D,
CypD) Ik, Hl AR b A 88 37 11 i A0 FL B i, f5 45
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Figure 1 The relationship between mitochondrial oxidative stress and Af, P-tau, and key biomolecules. CypD: Cyclophilin D; PreP:

Presequence protease; p38: p38 mitogen-activated protein kinase; MAPK: Mitogen-activated protein kinases; GSK-34: Glycogen synthase

kinase-34; 8-OHdG: 8-Hydroxy-2'-deoxyguanosine; AD: Alzheimer's disease
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I F B ROS it — 25 1 7= AE FURE ™. Du ZMI7E g
filh 1 AIE SE T £ KRS AL RIS AR I AE B IEAR G
McLellan "Rl 2 6 7 S BoAR 6 AD 2 i 9 AB
DURRAHEAT B, K BAE E 0 B J BB |l R e AR 1
9, B BRI O BEHAH G, T A A& 7718 1 3
Peo H B ROS HIE ¥ B 0% % 0 B A A7 AR EL
LR

2R kK R 51 25 (1§ (presequence protease, PreP)
S FERiRIE T, 2 5 8RR R & H -5 A G BT
JT 5 0 24 A AR EAEY . PreP BE F# fif AB,, BT ABLEY, 4
LRRLAR A AL N UK SIS SR, PreP /K iE PEFRAIK, F3X
Rk AR RAR, R T AR T RE R EL AL U
PE, M IR AD 5 BEFE FERY . X SR SR A — e FR TR
IR RAR A AR S 5 AB TR BPLE, [FI AB
N AR FH T Skt in il 8 A SRR B, 5 BURPEIE R
22 RRRFNRH EARER L tau EERIRIA

B AR T, tau 25 S50 h 22 2 IR 1J7 A R 1
JE 7] B R AL 2 1) 5 tau 5 VB I 45 -5 R il i, — & AT
A FHOIRE . {2 ROS HIId B A Bl KR 4 Tt tau 2
R 47K, T4 tau Bt N3RS S AT, -3 80
B 2R AL, tau TR LT . Ui S I tau 7 B S O
I, 3B B P-tau FEAEAR . o, UK ROS i i i
% p38 M4 B H W B (p38 mitogen-activated protein
kinase, p38)©**, 22 24 [ yH 1L 25 (140 (mitogen-activated
protein kinases, MAPK) @ 4| ifg 4h {5 5 1 15 S B2
WE R & % B S 34 (glycogen synthase kinase-34,
GSK-3p)%*" K 41 ff J& 1A & A M BB 2 5 tau 25
IR 1L . tau 25 142 p38 M4, T 2 R ik S A B 38
REWS p38, MM T 5K tau 28 (1 FERE IR AL, REmpp
TGN A A% 1R i 2% 0s i, R T B & e T g &R ELE.
MAPK & —Fh 22 5 1R - 75 A BRI, /1 1 2 Fh 4 H s
MK A NG ST, AN AN S E
MAPK {5 53 i 25 6L, 7 B 5 w] i ik i 5 28068 1K
S b T HE— 25 B MAPK {5 5l %Y, N & tau 25 [
IE R AL . Lovell ZECYF] H Cu™ Fl Fe® k AE 4 L)
ZH 2 N3 iR AR BR B 2 48 T R AR A R, R
AR 2 51 tau 2 VT AE A R, FEAE R L
W C 1 o B 5 AR R0 o T B I C 2 GSK-38
(1) B LS 2 —, R GSK-3p 215 F tau B A
BB AL, (R AF 2 TCHET S . Beyrent Z5B2 5k B 4% bir 14 4
A SEORT R A P-tau MU HHORE I HE SR, FE P 28 5 B
I3, Gl A TCEE BT SR, K H A [F] il X A
22 T 1) 81 228 0] S8 A R0 U A AN [R], 78 K #f 2
JeH, EAA tau Bt B ARKCE IS N, B E T o A im

TS . TR, KR4 2 7 52 S8 A0 R 5| RS 1Y) P-tau 52
WA /0N o T TH 5 4 22 TG T, tau 2R 11 U AS 2 DR 48U
WM A . XL R R, A ST Y tau A
REMEAEAFIMG X ph £ o0 P AR AR N TE 22 3¢, (A5 B IR
ANHZR G (BT
23 ZRBEURHRGEEENDF

ROS H A i 6 1, m R g 0« & 1 0 A A% R
LHEREEMH T
231 BERESEMN LRAREAMNES 5] ENE SR
1k, Fig B ok S Ak 2 45 i 5 ROS/RNIS 3@ L [ by 6 % X
SR B 1 7 A B T A = e AR AR
FECTE JIEE 5 52 4 2 B 4 N ML A0 IR 0 R, T 3 % i ROS
A 7 FR B R L LA SR T AR R AR S R
TR T B 2- TR e 5 T O SR 7 Y, 3 Bt e
I &5 ) A0 T fe 7 T, IR B T BRI L 2 AR R
.
232 EAREEMH® ROSHHZEESFEAMAML,
1 AT I R O O A A AT A S I AR R 45 R R
Ak, IS 80 AR EREWTR R AR R A
JR-H R A, SR E AR T Re kR, AT
B A 3R 95 B 1) 2O, TS &0 3 AR Han
SBR[y (2,4-dinitrophenol, DNP) K46 1 25
FIBR BRI AR BE, R IS 5 9 S 4 42 70 R AR A LI
8 JE J&, #4769 DNP/K-F-36 0, 12 J& J& & A R4k
AR AL NEE AR 265 0L b HLBEH ZoRi ik A AL
LK T, AN DR DX 5k 58 AE 7K - 39 0, 44 i 42
SERENEL R, A TC R AR . pb3 & — P
A1, A EAZ A% (deoxyribonucleic acid, DNA)
Fese MR A0 B E 8 A . 3R AR R AT I SR A B
I, p53 % i I L b 4 A1 3G 3 1 A1 IR I8 M, I ek
AT SRR S LA, AT A e Rk T RR B S, 5 S04
JLJE T, [RIE, p53 34 AT 7E LRk N AR 5, 5 CypD
B I3 DG B LT R A W 3 A B i P e
PEALE, i R 2 S BORR AR, 5] & 8R4 i
ik MR R, B4 T B4 IR AER,
233 #ZERIT R LR AR A AL B A I
ROS 1] 7 £l DNA X4k 7 %¢ . DNA/DNA £ DNA/ [
JRAE B S B A A AR 7E AD B 3 g RIK N R 2
R T KR ZL ) DNAM, BF 5t 2 8], AD 1 &
F 5 )32 () DNA A AL br &9 52 8- 2 3L i 42 % nE e
(8-hydroxy-2'-deoxyguanosine, 8-OHdG), H: f& & I 4
ML= . 5 Al 3 Fh DNABRIEAH LL, 104 ) 44
b HL AL B, i 5 32 BIROS My . i, 28 k07K DNA
(mitochondrial DNA, mtDNA) [H &t = 4 & [ #9"  f5
R NS TR KB ENEIE R, B4
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ROS 1) 28 Fi A P I, B 55 52 S A6 RN ) s i 4
mMtDNA ' 80HAG W 25 34 N i}, 4= 3 3 mtDNA =42,
P AR A, e AL, BT mEDNA 7E 4 fis 77 A4E
ROS ) W MR % F 06 5 W 5 rp it 8 32 16 A, IR
MtDNA 4% 2 3t — 5 JiOKk AD i il S Ak B f5 . ik
TF 78 5 1 T 2o A SR 10 N 38 7 BIX 3l AD 2 975 3R AR 11
HEAER, 2% W WU R AR S Ak BT g 2 VA T AD
P
3 MWEATLNASNNEAESNGEERS

P2 TOTE XA 28 R G0 AR HH G (5 5 A s A 2%
G EHEEY)RE, LR R M A T S fu A, HAE
FH 22 TC RN N CT s AR M S P R AR . WA
SR CEZSTA I oS T AN N Y e K =R
(AN E A TR R A AT QWi € S S i £ 285 i
A SE AR LI, PR 5 0 T RE 2 TS A9 12 AD R
SRR R G . AR, 46K 2 BT AR N 23K &K
227 i | 4 2R 3R EIC B QL0 &5 4 LLiZE 1 BBB, H
BT 2R R B f7 A5 X2 45 4, I FLIEE 1 B
WL, S B2 YRR 2 T A b A O EE A SR TR, i
PRAE F BT S0, TR, G ] s 003 36 24 470 42 i
28 UL RLIR, G I A B EIE F 2 AD YR IT IR £ AR
YR 1) 7

H AT, 99K R4 TRi42 ] il R 10 5 B0 . kR
TR K, [R] B AT 2 4K 2447 PN 0 AR F 1], 45 v b
B )RR, 380 2590 A DR RR e A SRR B, B
T o A SORE 1 5 A AR A v i # 22 Te 2 kL
RIIK RS TE SRS, B R TR R H
Lk R 488 e VIR 90K R BRI A 40
LR RS AL NI T AD R
3.1 $BEANTHE TTERIARIANK RGERIRIT

SR 24 3% 306 BE N 1 48 e R RLAR, K R G T
i BBB A4 G LR R A = A . o,
BBB J& 24 W) 6 B ¥ A0 A7 1 1 E R AT . (1 oG B0
If] SR s BL 52 AR A 5 LA B de (U5 B 2k
C% B R B (1 32 4) s R A S MR B i iz (e v
g i IEBEL S ) VR B SR S (Andn i o
JIES B A8 1) 251950, TR ¥E AD I BBB I 32 /4 iz 1k
L5 A4k, tn AD I RAGE . I & 48 i 7] 2 Fft 43 1--1
Z:76 BBB L0 FRIA 2 ke, 5 R A N A AR s
T TE 90K 3R G0 3% T 8RB A7 2B SRS L 25 9ok A9,
A B YK R G R ) 1

PR RGN G T — PR & T, F B R
e R FH AP G HE 1R D BE S, 40 %7 A Penetratin™  #fi £2
B R IR A K73 25 0 B 1 AT AR IR RVG 29 i 15 KU B 3
UK Tetd 4 £ 41 il 86 B 43 140Uk C3 %5, HF

0 53 B 1) T fit 2 1) 32 4K [F] IR 7E BBB FIAH 2 T b
1K, SIS 42 1 B — B ) T Bk T RVG29 JIK L C3 Ik &5 B
A SEHLXT BBB A 48 It I X0 E #E i, ] R b 4K R4
&t

S0 LA CTES 3 A UNE S-S RO N 31T
@© JEE A IR B = 2K BE (triphenylphosphonium,
TPP) S FCAT A= W) /2 40 i 1 L 1) 20 0 4% 1) 556 T 1k B 25
T, AR R 9 AL IR BN T, BTk N SR J
JRES, @ W Bftrgh 4 1 3R B K ik 2 W Szeto-Schiller
(SS) FHUNK, F 254 v 0 5 I ke ke AR 1k S8 L R A2 %
HEF, W T 22 JOKIE F P R0 5 i 4, S50 G e e oo 7 P TR
B 5 AL B 2 b AR, [R I SS kT 0Bl (ZRokr A
) g5, BT ARk, O FiIkE): K%
B SR L E M R, A SR AR T A T
TN 12 2= R A o 54, N-2K sifg 2 07 44 42 ) 45
5 JUR B 1) P 3 o P 7 5 32 AL 1) I IR R A B8 e 91

BT O, B R R RLAR K R AL
TEYIKRLR B 18 2 FrEl [ D) Re 5, IR T R4
A R 8 BBB #E N4 T, JFAE 2 ik BLAR R 1 e
JJERST )y T A R 1A 0, SE LA A ROk Ak,
AR L AR 50 0 T R 326 3% R R AR R AT Sk B R
(R
3.2 $BENEERS
321 FEHMAKBERG LHAKMEAEA L
T AR R RS T (s A, 1 BB R AF 259
B PER R . 2R EHUM B G0K RS — A Ak
fili (cerium oxide, CeO,)*** 4> (gold, Au) ™. 41
(palladium, Pd)®**), — fif ft. 45 (molybdenum disulfide,
MosS,) %5 CL 4 ] T 22 % AD .

PR ) CeO, & &AL, fE T H B EF
5y AT T B RS P K Ce™/Ce™ i T Xt . Ce*/Ce™
Al IE 5 A SRR R A R AR AR SR R R, AT
BRUFRA B 5 R HATAEY™ ., [F, CeO, fh 4
P BAT A7 T R, AL IE T - # B R A AR Ak S AT A
— B S R A R GRS, Ik R AR S A AR Th e
VAT A PR A 1, 5T B ROS Ak i R L H BRI
# . Dowding ZEPIHi| £ T /)N CeO, 44 K Ki (3~8 nm),
G A AL, T AP e R R R SR AR -, ]
BEAIL SOD FI CAT ¥ B £k br 4 S Ak B2 7= A 1) o i
ROS, MM B 1k £ JEFET: . /£ CeO, 44 K hi b & 1fi
TPP, A 7E 28 i 44 55 Hi 47 (—-180~-200 mV) 1 B 5
T, i R AR ANE R T kiR T (K 2a). TFTER
I, TPP-CeO, 44 K Ki v A7 24411 AB 755 (1) ROS 4,
T8 A 52 A5 U AN s T A DR R R AR B A, B
ik 4-HNE 7K (¥ 2b.c), #&57~ | TPP-CeO,{E AD ¥ 97
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H T AP, b, CeO, & — T Y n AL SR b
Bt AT mE AT DL OR B AN B S, PR AR T
7. Ge 7 4 FIH T CeO, X — KMk, &AL T
K1 PTIA CeO, I 4 KB, FRE 1M ¥ 51 9 KLVFF )
AR A 1A ik DL % KLVFF@AU-CeO, 4 K hi . | F 4
09 K F 19 )6 #5804l B KLVFF@AuU-CeO, i itk BBB,
[ BN 72 A2 1) AR08 BT e Ce™ ) Ce™ 6 4k, AT
P T BR ROS 2K .

bR 1 CeO, KN4t B 5t B3 T 0 58 HoAtb o
BLAN KL SR AU Bt 48 Ak i 1% M, DA o iR 1% 48 AD it 4
AR 25 AR L 20 78 B4 wf LS AR LE AD s b A 4
AR . B, Singh ZCIF & T B JAL SOD i 14 1)
LR Bl (cerium vanadate, CeVO,) 44K ki, iZ 448K
L B 12 1] o 222 0 200 L PR AR A A 7K I A R b A I
BB, TP R LR AR Th B, T ATPKF.
b, CeVO, 4 KL e Pk =AU Bk A4F T H0E T2 248 g
LR 2 SRR T R, BELIE B AR B AL, ORI A
JCANM . Jia O E T )\ TH & Pd 94K B & 1 R
(PA@PEG@Bor), ¥ H 24 .53 UK F (borneol, Bor)
XTE Pd 40K B 2 10 DR =1 FLi2 0% BBB FIEE [ #4142 7T
R . X MR Gk R B AR A SOD AT CAT i 4,
BE K 41 i P9 3 £ 119+0, AT H,0, B 46 9 T8 3 1R 1SR

(a)

EITC-coria NPy

Enlarged image

EITC-TPP- ceria NPs

TK, I B 4 R 2R AR L LA R4S B 1 OKCT, HT AB 1
FEAEFIRAE, WD WG JONE, RIIIE TG, B3 AD /b
R P WA B

K2 B ALY K R G ) i Ik E A A
RAg, AITEAE ) 2 ARV Y, BRI AR 22 R e F 4
A0 B BORI A 28 9 RE, T 7 14 28 IR AT R AR, 2 2
SIFICAZRE 71, GefR AD EAR
3.22 BHMKIBERG % THIYKMEMLF T
A A L% TS PR A W ZE M BR R b, ST 4F
K, ALK R Gk FH T P 2 Bk, e ik
PR TCERLAR I 3%, o35 B S A ROR , W Bk ik T
B, AELE AD R B R .

H A, AD 78 H B FH A 2 A LA KR AP RL 22
LR R RN, DR AR A
KR TR R IR - 5 2 R AL B [poly(lactic-co-
glycolic acid), PLGA]™. 5 2% W0 f& "™ | 5 35 P — itk Bt
B =R B R, Yang SR AR T M 4 A1 G
Bt 27 RLABL IR C3 (i # £8 JC HIE r) Th R %) FH TPP (2R Hi
B ) T RE R SERME A I 2R & - R LR (PEG-
PLA) lZ R &4 (CT-NM), 1% & Gt 2L AT 1 R i 220
2R R AR ) M (] 3a), Rl e A 16 B UG R B A
HE I 2 R el (B 3b.c), AUC, ., [ 32 B3 5 26

§

¥

MitoSOX fluorescence intonsity
(MitoSOX-A)
EH

Bl Negative control
3 TPP-ceria NPs
Bl AR+TPP-ceria NPs
[ X-A) = Ap

MitoSOX flucrescence intensity
MitoS0.

(c)

sham

LT+

Figure 2 a: Representative confocal fluorescence microscopy images showing the subcellular colocalization of fluorescein isothiocyanate

(FITC)-conjugated triphenylphosphonium (TPP)-ceria nanoparticles (NPs) and FITC-conjugated ceria NPs. Scale bar: 20 pm. b: MitoSOX

fluorescence intensity measured in SH-SY5Y cells by flow cytometry. Statistical analysis was performed using an ANOVA test.

“™P <0.0001. Error bars represent 95% confidence intervals. ¢: Transmission electron microscopy images showing representative

mitochondrial morphologies of wild-type + saline (LT + sham), transgenic + saline (Tg + sham), and Tg + FITC-conjugated TPP-ceria
NPs (Tg + TPP-ceria NPs). Scale bar: 500 nm. Adapted from Ref. 56 with permission. Copyright © 2016 American Chemical Society
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(1105 fi5 o AHER Ui 25 Z5 P RN AS i C3 IR I IR, A
A 3 P ) CT-NM (CT-NM/Res) A8 5 A R b jk 4%
AL, 18 5 2R b Ak o RO B A A, 4R R
PRI A FNIE W A, Jk/b ABTURR AN tau 25 A i 2 1
FR AL, DR S i, #0081 /08 Ji J5T 248 . S 5 3 A6 AR 98
NE, Hfe Al APP/PSL % B[R] B (1) I\ N g 0 1 B2 31 1E
K (B 3d.e), 1B S AL 25 Ik BE IR e A T R
# 1 AD J8 9T 2 . Marrache 250V 5 fl 7 — i 7 B2
TPP [¥] PLGA-b-PEG 3L % ¥ (PLGA-b-PEG-TPP NPs),
P 25 B g Kok s N 2 R R A R,
ZYARL M5 TP E N R, I BE B T )RS, L
- BT A 9N KR ET M N A IR, A TR R (e AL
R p =0.53). BRI R 0] HH] AB 51 & 1 E AL
N, AR AR A T AT 2, SRR AD R FRERE . M
ALK KL R T 5 181 2 FoAS [/ R B 4 43+, LA
2 EERE A R G, AT KRS = kb X 25 0R T, 53
AD JRIT R
323 HYVIRGEMMKEERSG FWERHSH
B 2 A AR R B 755 4y, IR T T AR R
2R e 2 mAH EAE R RE . Rk, 280 A
A 7 TR 2B 0 R P D 200 B BB a1 A i ST W 4 i
JEETSL b bk s 2 i PO S L B T KRR R . e
Jif 0, S P 4 KR B R B R A B AR D RE (A g K
A PRI 8] Yol IR P 2 28 495 P 435 B < BA A1 9 925 TR 1 4
2 A ), TR SOAR R T g Ko [ A B 4 B Ak 2
Jio AT LR DL 28 50 2 b A AL B SO #E 5
M AT R G .

TR N AR BRI B %, Bk IS, 29 A AL
FIIK ki 4 28 0L RLAR AT & — AN H KRR . Han Z5P74
T A2 LT 1 BT A A R 1 R RE TR K T TR
A, IF 75 21 240 Mo B 1A% 4 A R 9% 55 B B (1 AT AR K
RVG29 F1 TPP L 73 Jill /- 5 Fili # 28 0 A1 28 Kr Ak 2 i)
(RVG/TPP-RSV NPs@RBCm, & 4a). 24 5l % 5t %
B RVG29 1 TPP MBI AN = 52 Wi AE 9K R ) K
PEIREIE . £ X D) Re 52 M AE R, RVG/TPP-RSV
NPs@RBCm A A % itk BBB, H. A R 7] 2 #f
TCHIZR R (18] 4b), T2 25 G5 R T Ak Ak S8 AL B 3
H 2, A [R5 21 48 Ao J5 5% i 25 () 1fiL B i 5 22 S Tl e
51 6 AT 40 i 2 T8 F 5 B HE S O L, AFTE — 8 AR A
U . e RIS S, Han ZE00F] F 620 i R 5%
9% P R0 A P T G T B IX — R, I W A
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Figure 3 a: Schematic illustrating the micelles co-modified with neural cell adhesion molecule (NCAM) mimetic peptide C3 and TPP for
targeting the mitochondria of the central neurons, reversing mitochondrial dysfunction. b: Representative fluorescent images showing the
distribution of different Cou-6-loaded micelles in Neuro-2a at 8 h following incubation. Scale bar: 10 um. c: Concentration-time curve of
resveratrol in mitochondria of brain after i.v. injection. “P < 0.01, “"P < 0.001. d: Mean escape latency in the Morris water maze of APP/
PS1 transgenic mice.”P < 0.05. e: Representative swimming path. PEG: Poly(ethylene glycol); PLA: Poly(L-lactide); NM: Micelles without
modification; T-NM: Micelles modified with TPP; C-NM: Micelles modified with C3; CT-NM: Micelles modified with both C3 and TPP;
Res: Resveratrol; CL-NM/Res: C-NM/Res low-dose; CH-NM/Res: C-NM/Res high-dose; CTL-NM/Res: CT-NM/Res low-dose; CTH-NM/
Res: CT-NM/Res high-dose. Adapted from Ref. 53 with permission. Copyright © 2020 Elsevier Ltd. All rights reserved
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Figure 4 a: Schematic preparation of loading resveratrol (RSV) into red blood cell (RBC) membrane-coated nanostructured lipid carriers
(NLC) bearing rabies virus glycoprotein (RVG29) and TPP molecules attached to the RBC membrane surface (RVG/TPP-RSV
NPs@RBCm). b: Colocalization of various Cou6-tagged formulations into mitochondria in HT22 cells. Cou6 (green) and MitoTracker

for mitochondria staining (red) were recorded. DSPE-PEG2000-TPP: 1,2-Distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy
(polyethylene glycol) 2000]-TPP. Adapted from Ref. 57 with permission. Copyright © 2020 The Author(s)
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