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[ Abstract] Objective To construct a nanodelivery system surface-modified with RD2 peptide (polypeptide
sequence PTLHTHNRRRRR) for brain tissue penetration and B-amyloid (AP) binding. Epigallocatechin-3-gallate
(EGCG) was selected for encapsulation in the targeted delivery system and its therapeutic potential for Alzheimer’s
disease (AD) was investigated. Methods EGCG-load nanoparticles (NP/EGCG), NP/EGCG with RD2 peptide surface
modification (RD2-NP/EGCG), as well as RD2 peptide-modified blank nanoparticles (RD2-NP) were prepared and
characterized. Thioflavin T assay was done to assess the ability of RD2-NP to bind with Ap and ex vivo imaging was
conducted to evaluate the distribution of RD2-NP in brain lesion sites. The AD mice model was established by injecting
oligomeric AP,, in the bilateral hippocampi of ICR mice. Then AD mice were administered intravenously through the tail
vein with normal saline, EGCG solution, NP/EGCG or RD2-NP/EGCG for 28 d, respectively, and the Morris water maze
tests were performed to assess the spatial memory of mice. Subsequently, RT-PCR method was used to determine the
mRNA levels of tumor necrosis factor-a (TNF-a) and interleukin-1f (IL-1P) in the hippocampus of the mice, and the
morphological changes of hippocampal neurons were observed with Nissl staining. Additionally, the pathological changes
of heart, liver, spleen, lung, and kidney were characterized by hematoxylin-eosin (HE) staining. Results The particle
diameter of the prepared RD2-NP/EGCG was (204.83+2.80) nm and the zeta potential was —23.88 mV. The encapsulation
efficiency and drug loading capacity were 94.39% and 5.90%, respectively. The RD2 peptide modification has no
significant effect on the physiochemical properties of the nanoparticles. RD2-NP had good AP binding ability, and it could
be concentrated in hippocampus and cerebral cortex, the most common AP deposition sites. The four-week RD2-
NP/EGCG treatment significantly decreased the expression of the pro-inflammatory cytokine TNF-a and IL-1p, restored
neuronal losses and hippocampal damage, and ameliorated spatial memory impairment in AD model mice. Moreover,
treatment with the RD2-NP/EGCG did not present organ toxicity. Conclusion Surface modified RD2 peptide
nanodelivery system can efficiently deliver drugs to AD lesions and improve the therapeutic effect of EGCG on AD.
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FA] SR % 15 BR95 ( Alzheimer” s disease, AD ) & & DL #i
SR AT RGN, 32 B3R I HE AT MDA R0 B B A T AL D8
iBM, HATADBYIAYT T AR R XE, 33X 322245 7 1 5
K: AD I KR ALE] 55 5 2% Bk 2 AR fE iR 1 B4
W, ADFY TSI ATGY X EREAR K @ i i Bt i 1)
RELAR: DA K 2500 AR 5 4 ki A1, 46 K88 3 2k AR
ADJRSTRAABIA RORY U, TR KB R 1 254
IRITVE R 450,

VTAER, OKRF AN & e hy K Eh % 7 259 3 1k 95
AL TR BL. AOREIATT LIAE G S R n) T RE
B S MR TSR, N2 i 25 VR Y & — 1k,
R A 341 5 R AN RSO, ADRY 32 2 280 B
TEALFE VE R BRI R T e g2 Horp, FE 4 TP 2 i
AP TE A BERE A A R B Y M AD S AEYIFRIC, JL
F B> N BIE ML 1142 (B-amyloid 42, AB,,) (£1:5
96%) . ZMKFFIPTLHTHNRRRRR( i FRRD2JIK) & — 5%
5 AR A SR B AR+ K, HR A 2R
FEIR, R ok il 5 B . BHFSY O UESE, RD2BKYAYT W AL
2 APP/PS1EEBE R/ N ICAZ AT SR Z T M o3
%7&@%%%%7&@%@@5(epigallocatechin-3-gallate,
EGCG) & #f UF 52 H A7 15 B &0 H i 3, i A=A A
Tauf HBERR 1L, BTR LA &R E . #8111, EGCG
AR 2 Bl A HE, A& /D, ASBE A SR T Ik BB
PRI, A BIF 5 36 2R RD 2 AR Sy I 1o fi v A9 BRE 19 I E &, [+
B VEREAE W AH A M R AP I R & - R LM (PEG-PLA)
FRBER G WIE R, Fa) i L 1) i 3 oy 56 11 28
EGCGIKIERER YL, BHRIZRGRE R L M A2 1)
EGCGTEADYH AL FRAL A LL KX ADRIRY T RCR o

1 #RFTTE

1.1 FEMBGKFIFNEE
MePEG-PLA (A 77 JBi 50 000) fiMal-PEG-
PLACHIX 43 i 70 000) AR AR B TR 2450 00 25 4 s
RD2/ik(PTLHTHNRRRRR, M,,1798) FIAB,, i FF ik AE LA
PR A B EGCG(HES: N1027A; 4l =95%) I H K
HRCEVEARARA A FEBRT . ROEBE(PVA)
1,1,1,3,3,3,-7S #-2- N B (HFIP ) I F] Sigma- Aldrich A Al;
1,1'- A\t 5E-3,3,37,3"- DU FH R 0| W e ok AL 47 (1,1
dioctadecyl-3,3,3',3'-tetramethylindotricarbocyanine iodide,
DiR) 44k}l H Biotium 2\ 7 ; e SR FE I F-a (tumor
necrosis factor-a, TNF-a) . [141%-1p(interleukin-1p, IL-

B-amyloid binding ability

RD2 peptide Nanodelivery system

1B) . B-actin Wy A= T A9 T2 (_1ifg ) A BR2S |l 6 s
Hifair® II 1st Strand cDNA Synthesis Kit, qPCR SYBR
Green Master MixIly [ 80 35 AE YR A R F]; JEIG
et ah) & A A st R E RO PR 7l HEG (13
&0 A RO EA ) TRA R AW,

R L PR CROUTRAE R A, P D, Y VRSO
#15418R(Eppendorf, fE[E ), i G4 E{Y Nano-ZS(Malvern,
) NG AR 4 (VIS Spectrum, CailperPerkinElemer,
EH), ZYIRERFR Y Synergy H1(Bio-tek, £ ), /MRK
KB LR BF R 4 (WaterMaze, Coulbourn, £ ),
PCR{Y (Applied Biosystems, SE[E ) .

1.2 EIFNY

ICR/IMERL I, IR 18 ~ 20 g) W ) _E- 7 PG 3R -0
LS B IBR A F o 3xTg-ADEE /N, & & B6;
129-Psenltm1Mpm Tg(ABPPSwe, tauP301L) 1Lfa/Mmjax,
101 %, M, 14 F 36 ElJackson Laboratory, AHFFY CLil
W5 HRAZE S YME P e B A0 F 8 %, L
i 706 i [ (52 56 3l W) A R Ae B A 4R B9 (GBY/T
358922018) & HH I 5 23K
1.3 ik
1.3.1 HFZIRADIRG ARSI E  RHFLLE R ZE
K H % BMDIRMPEG-PLAG KR, FREL14 mg
MePEG-PLAF16 mg Mal-PEG-PLAYAf# T 1 mL 54 F ¢
1, INA20 pg DIRIBG1I5) o AT 53 £ 1 % IH R B4 7K
W3 mL, 200 W, [E]BTEE 7 60 s, K TS0 FL 5482 A20 mL
Jo 734500, 5% BN K W T, 45 PE5 min, 4 il e 7%
KBRE AR, WKEMT Sepharose CL-4BEEEAEVE
JBEBR K i# S HUDIR, 250 RIF$NP/DIR

K RD2JIKVE T L8 7K, #RD2JIK5 Mal-PEG-
PLAFE/RECL : IHGRMIAGOARLE I, RS HE4 h, 1)
FFRD2ME M A0 K AL (RD2-NP/DiR ) o
1.3.2 RD2-NP/EGCG##l|% EGCGH I TIK, NidiH
FAFLA R 78 R i il 2 R 25 A AL . DR, 2 BEOSCRR,
K ILDTTE 6 2 BEGCGRY A KR, FRE11.2 mg
MePEG-PLA#14.8 mg Mal-PEG-PLAYA 200 L — 1 T}
(dimethyl sulfoxide, DMSO) H it B A4 BHE W - 73 FRIL
1 mg EGCGV 100 uL DMSOH it A2 M i o K W5 &
ATEIR G X950, A FE L A BT 5 502 %PV AV I
. AkEEEFE20 min, 200 W 7330 s, BESS ARER B
3 hER AP . B0 VB R E WEGCG, HIfS
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NP/EGCG. $#1.3. 177 YUK b 1 % H2RD2JIK, 15 5]
RD2-NP/EGCG.

1.3.3 HEGCG# AR aGEAE B 58 FKiE S
FeIG, K FMalverni{ O ChE 1 / Zeta it A5 I R SAG I 49 K At
HRIREAR S Zeta LA

TGRS WL, A 2GR R 20, i e TR & 18

B AW RLR R AUORR IR, B E I EGCG,
12 000 r/min, 4 °CE.0>10 min, B_EHRHPLC/HT, 115
YK KL 2 2 (DLC) AU E 3 (EE) . DLC(%)= 44K
KL P 35 EGC G/ MK U0 1 x100%; EE(%) = 412K
B AYEGCG /4% 2 < 100%
1.3.4 ##xE-T (Thioflavin T, Th-T) & A&HHriEH K
RD2-NPE5AB#G£Ea-6E ) Th-TIE B —Fh ] fiL AN
EILABLF AL H FH T o ABSARTELE vhifi &AL R
I N ABLT 4, L LT HEAE S Th-THE 45 A P2 A9, B
TGRS ARLF M 2 IEAOC . SCIRHRGE", RD2IK Y
ABPIREATE A, MTRHLAF ARLT 4E L B, FEXABLT 4 5
Th-THZE-EIES, PSR BEREAT, PR B i 281k
Al LIPEAG MG T RD2JIKFIPEG-PLAG K R B B A 5
ABZEERET

T SERC T AR ERAARTA L : BLAB, R T M ZEHFIPH 5
T, PR T L BRHFIP I i 7EpH7.41% 10 mmol/Li
FREh gz v, BN AR., AR -

20 pumol/L AR, BRI, MIA80 umol/L RD2-
NPCREZ YRR, S M81.3.27775414) F15 pmol/L Th-T,
BT OO IR AT, 1637 CA&F T IEE, 45T
2. 4. 8. 207124 hHIEEAR{XIN & Th-THYZEGHREE . Th-
THI & D% (excitation wavelength, Ex) 4440 nm, & 4
K (emission wavelength, Em) 7490 nm.,

1.3.5 & ARRBEIE 7 H3xTg-ADF I/, 43
SR ## K ESNP/DIR (n= 3) B{RD2-NP/DiR(n=3), 7l
¥09550.5 mg DiR/kg, 25 A % 18 28 75 5 AR TR AR A A 2R
K (n=1) SHZ5JE1 h, B 55 %7K A SR PR /N
B, /o JUE TR A SR K, B A, 0 R e TS R B, SR
P/ N EAR SR R GE A T USRS T4 7 (Ex= 748 nm,
Em=780 nm).

1.3.6 AD SBRE M A28 T KB FRE2 mg
APy, MA30 uL DMSO¥%fi#, FHIMATL 970 pLA: BEER 7K i
B %1 mg/mL. 37 CHMBE7 d, LB RE K
ABLTERIR . FSCHRIRIE J7 A AD/IN BB RS, Bty
ZALII AR, (5 uL) A TCR/IN RSN TAE S5 Py (LA B A A
HNIFEARFR, 52771.8 mm, J52.3 mm, %2 mm), R ARH %
Sy G AR K . FARE /N ERUE T LMY T AT T LA

FITHIREE . /INEIRRES AR 3R

W FR7 dfF, BN B 54 R ADBERL/INEL
BEHLAY Fadl, @ ~ ®), 49 H: ORF ARX Il
(Sham4l); @ ADX} M4 (AD4); ® EGCGIR M 45
@ NP/EGCG#; ® RD2-NP/EGCG#H ., O, Q44 H
57100 uLAHERK; B @, @ 45145 TEGCG,
NP/EGCG. RD2-NP/EGCG, #7134 J £ HER K, 45257
SN R A N A H 2 mg EGCGlkg, 415K
P —IR, LR F TG4 24528 d, H23 KIF IR #EAT
MorrisZK B LK (W1.3.7) . 442528 dJ, 4b3E/NER, B
iRiZH 2 AT % 28 1 PRl F-mRINAZKSF-0  (1.3.8) Fg B
e (W1.3.9).
1.3.7 Morris’ K#EFATAHF F% T HZRD2-NP/
EGCGH/INFONHFNCAZ ST A oL, AT T T 7Kk
AT RIS . AT R AT LA T S IR RN A [l
R, BT IR RLE6 d, & /N R &4
ZIR AR, FHAC T &, 10 N RBRT A
i E] (R AR 0D (0 AE AL . 2B 6 KINZREs R, LK TP
B, PEAT A MR R S5, R MG R B il B2/ BRUTE
60 sPNIFUK I, Geit/ )N B - 6 WBURITE H ARG PR 45
B 1]
1.3.8 i X B FmRNAKFRE  H T KIERD2-
NP/EGCGX] #1 28 4 iE (4 il 4 Y, FAT T3 1+ RT-PCRI
FE T WD 322 S M4 M I IL- 1B TNF-a mRNAZK-
AT 2SI A AT, R/ INE L O IV T A 3K, 37 AP
BB BN S, BT 1 mLuK¥E 1Y Trizolil 57 v A) 3%, $REX
SRNA . SR5 i 30 5% 5050 & (Hifair® 111st Strand
cDNA Synthesis Kit) K& 1) ERNA R 5% 5% JcDNA,
FiR ) UL FHSYBR Green PCREZIN 71, 7EIQ5 2 (A,
SZIPCRAGIN 2248 b EAFRT-PCRIZE . 75151 (10
5'-3')°}, TNF-a, F: AGGCGGTGCCTATGTCTCA, R:
GAGGCCATTTGGGAACTTCT; IL-18, F: GAAATGC-
CACCTTTTGACAGTG, R: CTGGATGCTCTCATC-
AGGACA; B-actin, F: CCACACCCCGCCAGTTC, R:
GACCCATACCCACCATCACACC. VJp-actinf 2,
K2 BT A TNF-a, IL-1BmRNA AN 357K .
1.3.9 REKFERHEFRE 17 RHFMIRLEHG, /MUK
Figs, SR AR BEER K VAR - B4 % 2 R IS O ERE T . 4
HOINEURRRG L Oy BF L B BRI, AR $a% 2 3R
HIEE b g 48 h, T AR, VIR R 6 pm. RS
K FJE QY 300 Gox i ) R 47 T2 Qg £, W4 45 41
/NEUY) A B CALX M eIEAS . [ HHES (il &
XU BEL R BB SEATHEY (0, SR 2 RGE Y
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LA,

1.3.10 %&itF 7k BROUA U, B+ s &
No U Z BRI R 251 (one-way
ANOVA), P4 LR FHARFC X XU e 452, P< 0.054 22
SAGI2EE L

2 R

2.1 EREGCGHIKHIRIFRIE
S AINP/EGCG¥- I ki4 7 (198.54+3.67) nm, 4
Kok R T BMRD2IKG, B Bg 4K, 24(204.83+2.80) nm,

B2 %G1 5 X . RD2-NP/EGCGH Zetafi {7 . 40 %}
R S5 NP/EGCGHAH R FFIE 22 S B2 2 o
1,
22 WEE-TRESH

WE LR, BEE B E BRI, ABXTRRZE A2 iR
FEANHKREAN, IERATE B T ABLF4E. TMRD2-NPS5 AR I &
24 h, DENGHR AR APXT HRZH AY37.10%, i /RRD2-NPHE
BEIHIARLMRE . IS AR IIRD2 K1Y
PEG-PLAGKAATS HAT R ) ARSS & e J1, REAE A I
APHIREE,

1 FEMKHMHEBUER (n=3)

Table 1 Physicochemical characterization of different nanoparticles (n=3)

Nanoparticles

Size/nm PDI Zeta potential/mV DLC/% EE/%
NP/EGCG 198.54+3.67 0.185+0.042 —-23.51+0.32 95.43+1.02 5.96+0.06
RD2-NP/EGCG 204.83+2.80 0.191+0.066 —-23.88+1.24 94.39+0.86 5.90+0.05

PDI: Polydispersity index; DLC: Drug loading capacity; EE: Encapsulation efficiency.
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& 1 Th-THHRD2-NPXTAB,, BEMFME ( n=3)
Fig 1 The influence of RD2-NP on Af,, aggregation was analyzed with
Thioflavin T assay (n=3)
Binding to AB,, was determined using the Thioflavin T fluorescence at 440
nm excitation wavelength and 490 nm emission wavelength and presented in

relative fluorescence units. ¥P<0.05, vs. RD2-NP+Ap,, group.

Saline group NP/DiR group

Hippocampus

Cerebral cortex

RD2-NP/DiR group

2.3 BEERIEMERD2-NP/DiRFEAD/M R K EERALAY
VoK

3xTg-AD/INRBHIKIEGTAIKRRLL hIF, i 28 AR 4
ZERANE 2R . AH#TNP/DiR4H, RD2-NP/DiRZH7E
AD F AR XK Bz [T A (1) 2 B SB35, 433
JJNP/DIiR4 13.324 F16.344%, K WIRD2-NP/DiRAE M 42
F & FUEM BN ADJRASTRAL, XA A FEGCGIRYTIE
FHR R
24 KREBTAFERER

16 M6 dfII it FErh, ADX REZL AR IR
EY (FEI3A), WD N ST AR T /N AIEZ
J1, BRI ALY . EGCGIF . NP/EGCGIRIT4JA )5,

[l NP/DiR group
O [ MMl RD2-NP/DiR group

kok
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B 2 B GNENRNERRETES (REERNEDMAMER ) M5 HIENRELRE

Fig 2 The ex vivo imaging of brain lesions of 3xTg-AD transgenic mice at 1 h after intravenous injection of DiR-loaded NP and RD2-NP

A: Ex vivo imaging of hippocampus and cerebral cortex; B: Relative fluorescence intensity of hippocampus and cerebral cortex from each mice group (n=3).

**P<0.01.
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AD/NR_E B IgR A, B — B iC e BeEE e . T
45T RD2-NP/EGCGIAYT T, /NI AR I 4 B i W1 2., 1|
G2 KA 5 ADX B 2H 25 A e it X (P<0.05), H
SBRFARLAY . FE28 MIRR L5 (3B ~ 3D) 1, RD2-

- Sham group -- AD group — EGCGgroup 50
60 . NP/EGCG group - RD2-NP/EGCG group o, 42|
. 4.0}
2 T 'z 351
& S0 b ik r 230}
S : i = S 25t
E 40+ ——— _':_-i::-“_‘*‘ﬂ.* 2 %(5) L
2 B S5t
g I* E 1.0}
3 30} Lor
= .
i 0
20 . i
1 2 3 4 5 6
t/d &

NP/EGCGHL/NRFEI T W . 19 F- 5 B, (Loete Hbrg
PR P Tk ELS 87 B 00 B RS PR LB T
ADXIRAH/NRIE T 6 BN, WDk B 5 22 W 4 i RE 34
%, XSEZEE Ll RD2-NP/EGCGHIVAYT nl 15

NP/EGCG group RD2-NP/EGCG group

3 RD2-NP/EGCGH EADRE/MNRKIINFINEERERT (n=9)
Fig 3 RD2-NP/EGCG ameliorated cognitive deficit in AD model mice (n=9)

A: Mean escape latency in the Morris water maze of AD model mice; B and C: The times of crossing of the removed-platform area and retention time in the quadrant

where the platform was placed before; D: Representative swimming path. * P<0.05, vs. RD2-NP/EGCG group.

AD/INEUR 2 [RlE T2 R AR
25 BRABNEEFIXHZTHS
nE 4R, ADXT IR /N CALIX AT B 2 i i 4850
Pifh, AAER 2T Rk HEPEGEL . A% . EGCGI
WK NP/EGCGIRYT i, M4 ouibi (s B — i e, (247
EERZTTRR, BT A0 4G . IR B4 . T RD2-
NP/EGCGIRYT A A& ITTIE SR, MR %A 7,
S RFARAMEFRA LI, KPIRD2-NP/EGCG i 3
W T AT EUE St 2Tt
2.6 RD2-NP/EGCGXt#4iE E F3RiAHI RN
AD/)NFUE S oR TNF-aFIIL-1 80 K SE A I T AR 41 73

ham group AD group

s

EGCG group
L

S T 1755 AL 5%, RIS RE /N B 3™
B RAE S (#5) o 2525408 )5, EGCGI IR i 35 FEAIlX
PRSP 4 L R (4 7K, D0 5 EGC Gz ast i fii 5+ e 1
/DA X . RD2-NP/EGCGIAYT T, /NI & i TNF-
afIlIL-1BRYFB A 2 1E % /KK, ZWIRD2-NP/EGCGAH
B T AD/INRUI S R AE TR 5%
2.7 HEBNREHFFEFHNT

K6, EGCGEHIFELL A2 4, O JF . . il
B I HEYS (0 ] UL A Ik 25 245 44 7 M 2 3, o R M40 i i
i, oS H K . M EIRAE, ST ARA T 2R
PL_E45 R E I, RD2-NP/EGCGHAT R AF IR N %2 41

NP/EGCG group

E 4 BRZABURBLMETHS

Fig 4 Representative photomicrographs of Nissl-staining of hippocampus of AD model mice after 28-day treatment with saline or various EGCG

preparation
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& 5 RT-PCRA #T ADMEUNR 5 A TNF-aFlIL-18 mRNAKFE ( n=3)
Fig 5 Relative mRNA change of TNF-a and IL-1 in the hippocampus of AD model mice treated with saline or various EGCG preparations (n=3)

*P<0.05, vs. AD group; # P<0.05, vs. sham group.

Sham group

Spleen Lung Liver Heart

Kidney

EGCG group

NP/EGCG group RD2-NP/EGCG group

& 6 HELBNESHRREFHET

Fig 6 Representative photomicrographs of HE staining of heart, liver, spleen, lung and kidney of AD model mice after 28-day treatment with saline or

various EGCG preparations

EGCGHA | Iz 2 BIEPE, 1E5 P 2R 1T Mg
TR HIRTT I ). AFSEAGE, EGCGRES IR 42 ADREA!
ARSI LI EAR . TTIREGCGH] LLBH f f il 22
J5T 2 [ JHe ot 28 T4 2 FTIE 462 %095 (Parkinsons” s disease,

PD ) BEAY i S R AL A 1 ACF A BE AR . EGCGik
A AT R P 22 S RE 7K ST R &1 (A B s PR A
FH, HEGCG A P-H# 8 R 22 24T 245 40 JC 2R 1 2 1 8
P, Bl S B A HE, Wl 2%, i B E R EEAR . HL
EGCGHZ W KALG Y, 161 N T b ik, Fae PR
ZEW TR, el ST IR BREE, FE 4> R EEGCGHY 25 B
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T LIRS T 28R T 1A SR A DR [

AR A YA ELE L Y AT RS I PEG-
PLA R M KL, ¥ EGCGHL 2 T PEG-PLAGY AL o, 38 i
224, KigHe mEGCGH AR . [RIEH gAY
A A THEINEGCGRYFRE M, b 0 A e e ==& i ob
HER I EGCGRYSMIEE R, FI TR 25 Ao S 1
— SRR I N 12 OB FNTE ADR S R R B,
AHIFFEAEEGC G4 KA 2 T A8 1 L8 1) Jii 3 A9 4E 1) 22 Jikk
RD2, LIE5R IR, #il 4 RD2-NP/EGCGHLIE K
200 nmZi A7, [EE H(94.39+0.86) %, AN AMIFFEIESE
RD2IKE IR T T 9K B R I ABLS A e T, 1 2 7
ADYR 7 X sl —— KM B B A B 1) 43 A 3 = TR
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