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Resveratrol Nanoparticles Combined with Dissolving
Microneedles for Keloid Treatment
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2. College of Chemistry, Jilin University , Changchun 130012, China;
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Abstract By using resveratrol (RES) and polyethylpyrrolidone (PVP) as raw materials, RES-PVP spherical
nanoparticles (RES-PVP NPs) with uniform size were prepared by nano-precipitation method. Then the RES-PVP
NPs were loaded into soluble microneedles (MNs) based on hyaluronic acid to prepare the nanodrug-loaded micronee-
dles MN-NPs. The microneedles still maintain high mechanical strength after drug loading, which can meet the needs
of penetrating the skin of human scar tissue. The RES-PVP NPs in MN-NPs can induce the apoptosis of human keloid
fibroblasts and inhibit their migration. In experiments in vivo, MN-NPs can effectively inhibit the growth of keloid,
showing the ability in keloid treatment. The method proposed in this work of transdermal delivery of resveratrol
nanodrug using drug-loaded microneedles to treat keloid is feasible, and has good application prospect.
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MM RE R ) A =3, FEARAE R AT B1 (TGF-B1) REUS I 2 TGF-B1/Smad {7551 % M 3 L 2T 24 20 it 114
BT 1 N g e e oS e i o T P S g 0] s e g e o | W e i
FIFEAE™. TRIL, IRTZIE BUAT 4N 0 AR K RE i, I IR AP FERIME . H HH UL R IZ I I6 YT
Dy 1 E AU B S R 7L L FARITIL L RS TI SOTIR AR (R A NI AR L R
BMMNNEZE DA K R i (A it st T EL AT Ml B2 RN LA . A, B ST [ R 3 2 2l
WIS AT RE S| & e IR 2845 R (0 R DUARSE , LR AAHUARM LR s Bk e . Nt 4%
RERS P RHRIZ IS IR YT M 25 W) e 85 Z 3B BC A 25 2 vk HLA ST 3L

ZW AR TP E A T A BRI AL S W BFR, | A TR, HAaPUAEL
PR BB IR S Tz A A e, AT | JRIT 2R . =, AR (RES) )E—
P EA BN 2L G, T2 AAE TS BRI SmYh, 2 MR E R, B
T 2% HA DR RESN 1 (PR PR B R DL IR R R A T AR A1 An6y TR e
I L B R S i MR L AR RS T S U SRR S S, AL BRI RE X LT 4
b, XSO NELF YA | IEF AL K Bz R AT AEAb O SR B AT — 8 TR R, A3 B0 T S i
JRIAYT , RTEMRRIZIS IR 20 . (EOGR e M 25 | K 25 B AE ) 30 558 ) AR, A R T
IR, AW R, 4 128 B SR HA SRS AN K 25 0 TR A BB A AR T 11 2
MRS T . KIS R R, R REREOR A I R 2506 1, B 28— 2 P REGOK 25 W 1
FHECR 5 P22 B AR R A — o I3RS

X FRIRTE 5 55 B BRI | 1B e A 25— PR A 25 XL B R 5 2 SR 4R 20 2 vh Bz R Ak
AR I AT B 25 B A0t 24 W B, a0 7 S BB T )7 B IR 97 I — R 4R 24345, RBASBE G0 1T IR A 24
AT RE & A I 1 3 255007 11 S B3l KO L AT B FAERRIM 250 B | FRARRIVE IR TR AR ™. Bk
MM R 43 R B )2 B 2RI R AUE, oy, RS2 B2 0 S 10~20 pum 0% A )2 02
RIS ] 1z R et 25 4 WA Ss SR %) B L S PR 20, BRI, AR X b T A ) 28 2 Bl Sl 3 i B JER X 24 1
WL . T ORI T L BR8], RERS IR B2 IR A )2, 8 Bz JBk 1 J% BN T A SOK IR/ DN 1) 3 1
R B AR R 2 R SRR O S R 57 4l AR AR A AR, T R AR
SR~y 4, TCOREBLBRIT I A, HAT @k B 5E | %A, 28 T T 2 oeE.

A SCH G 9K TTTE . VAR 2 MM BB (PVP) Ry B 703 48 1 P38 7 B BRIE 400 K BkE (RES-
PVP NPs), Ho (22 2 B f i 0 B i 7l 1k 49. 3%. K5 RES-PVP NPs 1 44 K 2454 171 4878 LA 1% B ot
% g 5 () A AP (MNs ), 114567128 T RES-PVP NPs 025 2451304t (MN-NPs ). 4t 8025 )5 4159 5
FE TR R HLAGRE , BEUSTH 2 298 N IR 4 ZU% Tk F5 22 . MN-NPs H1(%) RES-PVP NPs BEf8175 & A
PRIRIZ I8 A A B A PR T IR RLERS . FEAR N SEEH, MN-NPs BEUS A RN I IZ I 1A, X
PEIRIZ I DR U T 3 s8R . AR SCHR R B AZR 2Y T T S B B2 P BN K 25 W 55 B2 4 29307
PTIRTZIE R T, A R A

1 SEISESH

1.1 RF S

P I (403 98% ) , J% [ Sigma-Aldrich 23 ] 5 5 2@ MEME el (435 8000) , Blikdzyb (o )
TEF A R A TR S (o Arat) , 25 48 B Ak R0 A BRAS w5 = 35 P 36 (56 P o (s, 4002
99.9%) , Bl T3] (V) A FRA R 3 TRR (75 10000) , RKiEFERAEVHARABR AT 6
R HZE (FITC) | Annexin V-FITC FRYUZH LR T 4G50 65 L 40 S AG 355 & A0 TUNEL 20 B 0 146
MR &, I KA HARAT B | 5 T11023 BUfR S R4 M (300 H ), Jb a0 H 2% 1 B A A R
Nl s DMEM 355530 (bl ) | MR Eh 22 nhifd (PBS, pHIE A 7. 2~7. 4), [ Gibeo A H) ;3 JAA- ML , HiH
DU Zs A ) T AR AR BRA 7 5 45050 £ (CCK-8) | A a1 B AL (B 20 550 0. 25% ) il
Ki-67 Z& (AP, bt R ERHEA RA R, ABRIZIE AT 4L 40 (HKFs) , B (EH AR R A FRA
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)5 Balb/e B, Jb a4l AR S 0S sh ) H R A R ]

H-800 74175 & B, 7 i 7% (TEM ), H AN Hitachi 23 #] 3 Zetasizer NanoZS BYZN KR FEAY , FE[E Malvern
N F] UV-2600 B AR-1] TL-IT 21 48 (UV-Vis-NIR) 43 66T, H AR Shimadzu 23 7] 3 Brucker VERTEX
8OV 7l e L A 48 21 FF S35 A (FTIR) , 7 [ £ji & 5220 Al 5 FluoView FV1000 Y 5 5 1 58 £ B 58
(CLSM), HZRBUMRE A A Ts2-FLIRZOGGE B 85, HARJEHRAH; PYXE-80IR B CO, K5 5546,
By g IR A ST A A BR 23 vl 5 RT-6000 BYREHRAY , TRIITE AL AE fn Bl e A BRZA v 3 FACSCalibur 7Y
A, SEE BD A H].

1.2 SCEEFE

1.2.1 RES-PVP NPs % & 89 %l &  FERWAET 1 mLIEEE R 7 me/mL (14 122 BE £ BRI WROEA
4 mLIEfBEA 3 mg T L7 MRS SE I (1) Tris 28 pPiA R (pH=8. 5) ", 7E 550 r/min (55 N #E 945 1.5 h.

RS HG WA OTTE 9200 I ES.O J1 F B0 10 min. B2 FIEWRE , BUTERE T T £ 7K
o, 1530 E 4 8 mg/mL Y RES-PVP NPs 75 .

1.2.2 MIN-NPs 8 %] & B dl AN b ek R R85 B BTV i AE 5 B 1oKrh, Be il ik BE 4 300 mg/mL
(9375 I B RR /K SV . B 250 L as W R /K VA W S 5 TRt b, A 7 0 2s Rb 3L, 185 W) o PR /K A T
AR B TAL , Bl R RO TR AR N, o H T M2 1 b 5 A R AS 21 oK 2 24 19 25 1 Pl s P f g
(MNs).

P 50 L% R 300 mg/mL 35 BH R BR /K IE 5 S WL JE 4 8 mg/mL ) RES-PVP NPs iR TR & 14
SIS, PR T B A AN BRIE T, RS PR A 200 WL 300 mg/mL (1335 B J5T R K 5 1, PR
FLAS AR TR T4 IR B A5 51) MN-NPs. B MN-NPs 423583508 U] Fr 938 1 SEM MESTE A4 .

SR K 2 A S 53 A 15 0 AR 2 TCE T 1 R R AR AR RE, D FITCARICE B ER . LA% FF
B B(RhB)#1ict RES-PVP NPs il £ 2 Y EAR 10 A AT M 225 10T (F-MN-NPs ) , 38 8 0% 5 A5 I Sl
%X F-MN-NPs [T SN QUK BTR ARSI TP B 43 A 1 DL . 422 2 min f F-MN-NPs 4 AJ% B2 RS , B ds
JH 2 B OB 06 IR R A WM B Sk O, L 25 wm KR R [FITR BE 955, I
F-MN-NPs i AJ# B2 TR
1.2.3  RES-PVP NPs #1 MN-NPs 89 (& 5N B R 28 697 W P % HKFs L) 8x10° Cell/Pore %% B 2P 7E
96 fLARH, JFE T CO, %746 37 °C, 5% (BT 4340 CO, I . FRA MG RES , 23510 A 10 nLAH
N 25 BRI, (A5 55 R 5L P RES Al PVP SR MR FE 433 R 0, 1, 3, 5, 10, 20, 30 F140 pg/ml.,
RES-PVP NPs Fll MN-NPs (2 24351124 0, 10, 20, 30, 40, 60, 80 #1100 pg/mL. T CO, 3574 k4L
WEF 48 M 72 hm, FEREEARME T, AL A 10 wL CCK-8 VW, 4KZE0FE 1 h. il R FR AN 2
450 nm P RAL GRS (R, 715 HKFs I9FETE 2

4 HKFs LL 1x10° Cell/Pore [ % JE 3R 7E 6 FLAR b, 78 F CO KT AR IR & . Fr 20 M BE J5 5%
RS0 43 ) 58 4 b 33 JE A B R i 2 RES Fl PVP BAK YK 2 10 pe/mL, MNs., RES-PVP NPs #il
MN-NPs 94 5 24 20 wg/mL, X A0MIHEATLE 2540 P 24 by B SEHHT 1Y 58 ARG TR A1, %k BRZH A MO for
EANER . 9 PREE RS, WCAEAS L P B AR, A a3 A R AR 43 ) S 2L 200 B P O T A 4
GG

¢ HKFs LA 1x10° Cell/Pore ()55 FEHERTEBOGIE R E L H 6 fLik D, JFE T COBEFRATINE . £F
YL BE J5 FEBR SR AL, T 10 nL BB W A WS AEALARICHR EA TR0, IR PBS phidsi iR Ab 45
FRVZ AL . 3 ) JFIARK ML 975 I B8 5 4 5 5 LA BERE b 2 RES A1 PVP BAKZHR B 4 10 pg/mL, RES-PVP NPs
FII MN-NPs 4 i 5 20 wg/mL, ST 200007725 25 Ab R, Xof 1 4[] Bsf B J8ie oAy s () R AL 375 e 5 4 % 9%
BE. FEZGPIARFRIS I 0, 24 F1148 h 43 B X LA 4 4 i KR Ak R T4 R
1.2.4  MN-NPs 8K )RR 2B 697 BV ARSCI esh P ac iy S 7 3 MOR2#55 — IR B shi e
PRZE AT, T SEU0 35 P A% H BRERVE RS 04T . 8R40 X8 K HKEs, TH AL 25005
PBS PE I T4, 4 PBS 5 Matrigel JE U SR TR A 5 A ANME, 400k 4L 0 5%107 Cell/mL. #
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0. 1 mL 4 M B LR T Balb/e #R A MM T K2, F/N R N IIRIZE R BUA E) 100 mm’ f5 , K/ B
B34 3 2H (Control 41 | 78 FATMETF LA MN-NPs 41 ). 7E25 0K | &5 6 KFNE 12 Kb 725 AU 45 250
BRAEN A 2, WIRAERR 24 h AR R RO S — ORI R RUINRUATE . 16 dJe, X/ 7%
IRVE, R E AR E T H&E et ff S BGH 2B - T A0 IR PR L HQE L, | e difb e
0, IFFIH Image J3AEXT S A R DF T i 40 Hr . H&E e tarh, FRSC P IRAFE S8 AL ZUR
K ARSI DR AU s H&E YL AW R K v 88 T AP IR . e b gL
T4 RS H&E Qe @A, A Y] A el 5 0 £ 20 b s bras 2 . B —hims . it
R B, " U KA R AR

2 HR5WH

2.1 RES-PVP NPs 5 MN-NPs #J&R1E

& 1(A)} RES-PVP NPs ) TEM & F-. A] I, RES-PVP NPs HoA R ~F ¥ — kB e, L EE N
70 nm. K 1(B)} RES-PVP NPs (/K &R ARE . 0L, PR G HRif% (Z-average) A 117. 5 nm. iX
S DR VR P R AR KO 2 WK™ A — s R R K . &1 1(C) F1(D) 4331124 RES-PVP NPs [ 28 5h- 1]
JL(UV-Vis) BRSO A FTIR 3% &, 3EH] RES-PVP NPs H £ 7E RES #1 PVP B Fh2H 43 . Horb, 76 FTIR 3%
K, 1606~1514 cm ' 4b 4 RES AR AGIR BRI, 1290 em'4b S PVP H1 C—N AY4R BRI IS, C=0
4R S U A PVP Y 1680 em™' 218 % RES-PVP NPs [ 1660 cm™ 7] G52 A 4 RES F1 PVP 2 [AIFE1E 4
SN, i RRERZE IS RES-PVP NPs H [ 22 2R 4 5430 50K 49. 3%.

A) B Bg 30+ (B) Z-average: 117.5 nm ©) (D)
y PDI: 0.015 a
9 25+ a
T 20} WW
§n b
5 10 c
[= W}
5| c VT
0 1 1 1 1 1 1 1
1 10 100 1000 200 400 600 800 4000 3000 2000 1000
dnm Anm P/em!

Fig. 1 TEM image(A), hydrated particle size(B), UV-Vis absorption spectra(C) and FTIR spectra(D) of RES-PVP NPs
(C, D) a. RES-PVP NPs; b. RES; ¢. PVP.

X

K 2(A) A MNs [ 562708 7, IR AT LUE 2135 i i e 4544 . 181 2(B) A7 RES-PVP NPs [ TEM &

o _
® ‘ w @

4 “200 nm . 200 nm‘

Bright field

300 pm

Fig.2 Optical photo of MNs(A), TEM images of RES-PVP NPs before(B) and after(C) loaded in MNs and
CLSM images of F-MN-NPs(D)
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A, AT LA AR . B 2(C) i MN-NPs £F 2% U] 51 TEM B8 |-, 7] UL RES-PVP NPs 9 1 20T
A IR AR T IS A 19— IES . 18 2(D) &y F-MN-NPs (1) CLSM &%, 7] i, RhB bRic i RES-
PVP NPs fir S BLAY 21 (298 Y638 51 40 A1 1 FITC bRic (935 B SRR BT S B A e a2 e, UEHTKE RES-PVP
NPs 7 48, F375 B S R R L5 i nT Vs PR BT i, oK 25 RENS 38 ) I A e e I 3BT AR

14 F-MN-NPs 1 A S Bz 5 S B AR R B 5655 . B3 0T I, F-MN-NPs i A S Bz Jik
(TR EE B R AT IK 175 pm, AT LZEB A 2R B0 R KR R 2, SN 9K 25 10335 2 3 %

Fig.3 CLSM images of porcine skin treated with F-MN-NPs at varied depths after insertion for 5 min
Depth/wm: (A) 0; (B) 25; (C) 50; (D) 75; (E) 100; (F) 125; (G) 150; (H) 175.
2.2 RES-PVP NPs ¥ MN-NPs B SN IR E 554 77 i
&l 4 Jy 1] F§ CCK-8 39 % i RES, PVP, RES-PVP NPs Fil MN-NPs X HKFs (1) 21 g #5745 % . i
Bl 4(A) AT UL, BEE RES W EE IS K, HKFs (FE1E KB T B, IF HACFE 72 h J5 A 240 A5 230 0 21K
TAFRA8 h 50 . HIE4(B) AT UL, BlA PVP VR BE 3G R AL FRE A A9 A, HKFs AR5 R LT 3% AT
Ak, FeB PVP Xt HKFs JLF- %A 81 . Rk, RES-PVP NPs X} HKFs % 2 P51 5 T Ho P (9 RES.

&) 148D ®) C48h O3 72h
Aloo-JnLjL I 72h 100 e e = e a e =
S sl [ < ol
z £z
E 60| B 60|
g g
= 40| = 40|
&) &)

20 + ﬂ_‘ 20 +
0 0
Control 1 3 5 10 20 30 40 Control 1 3 5 10 20 30 40
Concentration of RES/(ug-mL"") Concentration of PVP/(ug-mL"")
120
© I 48h (D) _}-} ) 48h
100 - 3 72h 100 |- hl 3 72h
S gl S
z v z v
S 60 2 60
g s
= 40| = 40|
&) H H FL‘ ]
0 0
Control 10 20 30 40 60 80 100 Control 0 10 20 30 40 60 80 100
Concentration of RES-PVP NPs/(ug-mL-") Concentration of MN-NPs/(pg-mL-")

Fig. 4 Cell viability of HKFs after treated with RES(A), PVP(B), RES-PVP NPs(C) and MN-NPs(D)
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& 4(C) Al W, , HKFs 77 1% 2 [A] AL 25 RES-PVP NPs 1 J3 (1938 T WG, it 25 A BRI ] 79 SE < T o
fii. 2ET RES-PVP NPs #4350 MN-NPs JE B T AHRIRY 455, B 4(D) A L, MN-NPs X} HKFs [A]#E 2 A7
B ) AR

BIS 7~ T RIS =S A AR 5 i A8 T 00, B 6 7 T ) 3 X 2 AN 2 %) 240 i S 1
ARG . RS AL, X BEZH I SR T 3N 13. 84% , 23 I 2H 1Y A 4 I T2y 20. 18%, PVP
AN T8 19. 18%, RES LAY BN 125k 41. 70%, RES-PVP NPs 4114 B AL 1% H

104 10 10t
(A) FITC-P1 FITC+, PI+ (B) FITC-, P1+ FITC+, PI+ (C) FIrC-,P1+ FITC+, PI+
1.80 7.85 3.34 10.9 L16 9.22
g 10°H , g 10° | g 10° b
=1 =1 =1
Q Q Q
2 2 2
g 10? g 10 £ g 10°
= = =
=] = =]
E 101 E 101 L E 101 L
FITC: X
76.5 179."
10° RRPTRRES: « % - 1 10° 10° 1
10° 104 10° 104
FITC fluorescence
4 V) 4
10 (D) Frrc-, pr+ FITC+, PI+ 10 10
3.08 24.7
g 10° - g 103 g 103
=1 =1 =1
Q Q Q
2 2 2
g 10% | g 10? g 10°
= = =
=] = =]
SIS ST = o
FITC-
55.2
10° : 10° 10° !
10° 104
FITC fluorescence FITC fluorescence FITC fluorescence
Fig.5 Annexin V-FITC/PI assay of HKFs treated with different samples
(A) Control; (B) MNs; (C) PVP; (D) RES; (E) RES-PVP NPs; (F) MN-NPs.
600 700 600
(A) = Debris ®B) = Debris © == Debris
500 | = Aggregates 600 = Aggregates 500 | = Aggregates
== Dip G1 . == Dip G1 == Dip G1
400 b == Dip G2 300 - == Dip G2 400 L == Dip G2
2 == Dip§ B 400 | = Dip S B == Dip §
g 300 - Gl1:55.02% g Gl1:51.06% g 300 - G1:51.82%
Z S:21.64% 2 300 | S:26.67% Z S: 28.55%
200 G2:23.35% 200 L G2:22.28% 200 - G2:19.62%
100 100 | 100
0
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
FL2-A FL2-A FL2-A
500 500 500
(D) == Debris (E) == Debris (F) = Debris
— Aggregates ) = Aggregates ) — Aggregates
400 - == Dip Gl 400 - == Dip GI 400 - == Dip Gl
== Dip G2 == Dip G2 == Dip G2
B 300 - =3 Dip § 5300 - =5 Dip S 5300 - =3 Dip S
§ G1: 64.51% g G1: 73.24% g G1: 67.41%
Z 200 + S:30.21% Z 200 S:19.73% Z 200 S:25.86%
G2:5.28% G2: 7.03% G2: 6.73%
100 100 100
0 0
0 100 200 300 400 500 600 0 100 200 300 400 300 600 0 100 260 300 400 3500 600
FL2-A FL2-A FL2-A
Fig. 6 Cell cycle assay of HKFs treated with different samples
(A) Control; (B) MNs; (C) PVP; (D) RES; (E) RES-PVP NPs; (F) MN-NPs.
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56.30%, MN-NPs 41 () B AL 08 1= %0 46. 50%. v LA W, 25 AER 4L PYVP ALY B i i i 1% 5
Control 43237 , X HKFs (AR 0 ABR . 1 RESZH . RES-PVP NPs £ F1 MN-NPs ZH (1) s 40 i 05 1
R EET Control 4, HRLIFE K T HKFs FIPHT . 5B RES-PVP NPs Al MN-NPs H Y RES H- & Uit
e )7, A5 TR RETT . B 61T L, 5 Control AR H , 23 1AM 4HLFN PVP 4% HKFs (141
SR ILT- A 520, 1 RES 2 . RES-PVP NPs 21 Fil MN-NPs 21 4 F G 1 38 11 201 Jifd b A5 B (g 386 22 . 150 B
RES-PVP NPs F1 MN-NPs H (¢ RES AE i 15 % HKFs 20 i 7 55 (0 BELA 0 ) O, A 2205 0 T %R Y
BT

PTIRIZIE M A K B R R IR 0 A 5, B BUNRE s . T, XA [RIAb S HKEs (140l iE
BRES AT 755 . MIETH UL, Control 41, 25 (A4 . PVPALAYRIJEAE 48 h AT SE 2, BIRIR
WA RN 100%. 1 RES FAKZ] | RES-PVP NPs 41 . MN-NPs 41 7£ 24 h N RAT 82 RR dn A, BIVEFE
48 h I, RIJE ArA 2 5 HA 29. 39%, 12.23% F119. 20%. S2Ea 45 450 B RES, RES-PVP NPs il
MN-NPs BIEEG D] HKFs (40T .

A (A2) (As)

Fig. 7 CLSM images of scratches treated with different samples at 0 h(A,—A,), 24 h(B,—B,) and 48 h(C,—C,)
The distance between the red dashed lines is the remaining width of the scratch.
(AI—CI) Control ; (A2—C2) MNs; (As_cs) PVP; (A4—C4) RES; (As_cs) RES-PVP NPs; (As—Cs) MN-NPs.

2.3 MN-NPs Bk A RIRZE 6T iE
P8 (A) g FHAN RIS 18] 5 2% 2/ BROBRZ I (- SRR Tl ORI B AR R 2k . == il 4l
HIRIRYZIE I AL R Control 2HHEAN— I, RIS AR XHBURIZIE I AL KL BeA IR . i

1400 12
(A)  — Control (B) ©
o, 1200 | —— MN L
& s 1.0
! — MN-NP &) Control .
S 1000 s T osh ¢
S 800F 3
b = 06F
S 600 ks O MNs ’ ‘ ' ‘.
g 2 04}
£ 400t <
o
= 200t 0.2r minesf) @ 6 & @
0 1 1 1 1 1 1 1 1 1 0 2
0 2 4 6 8 10 12 14 16 Control  MNs  MN-NPs i
Time/d B

Fig. 8 Keloid volume growing trend curves of nude mice in each group (A), average mass(B) and

photographs(C) of keloid in each group after different treatments for 16 d
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MN-NPs 2H IR 298 1 A KA B 23, 7655 16 d I BEEHATRAR JE Control A F—2F . 16 d [IGYT
WG, XA A/INRSEHE R A, IO RIZE . B 8 (B) A RHRIZIE M B e 2558, B 8(C)H
PIRIZIE M IR R . SCIGZ5 R R, Control 41 A28 PR A P RURIZIE 1 S e B k2= 5,
MN-NPs 2 H IR 92 925 1) Jot e B S BAAEG , 6 B MIN-NPs SHRIRIZ 8 10 AR KA RIFE T . 9 (A)~(C) A
20 PR YZ R H&E YL 6 K%, 7T AT HY MN-NPs 2 7 41 19 % 2 5 Control ZHAH HEAT B S A9 380/)N
FAPIRIZ I () K2 3 T4

i =5
Gk N s b RO ey Ll : s S G TN S R S

Fig. 9 Micrographs of H&E-stained keloid slices collected from nude mice at 16 d treated with different samples
(A) Control; (B) MNs; (C) MN-NPs.
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JRIZIERIRIT AR . UL, SR g b Y ikt — 0 TRRIZ IS 20 iR 3 R eF b br 2
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A b EE AR FRIBLT M, 5B MN-NPs o] i@ il TGF-B1, a-SMA & Col-1 3 F & [ (1 F 5k 7 i

Fig. 10 Micrographs of immunohistochemical staining of keloid slices collected from nude mice

at 16 d after different treatments
(AI—AS) Control ; (BI_BS) MNs; (CI—CS) MN-NPs. (A]—C]) tunel ; (Az_cz) Ki-67;
(A,—C,) TGF-B1; (A,—C,) a-SMA; (A;—C,) Col-I.
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Fig. 11 Results of quantitative analysis of immunohistochemical staining
(A) Tunel; (B) Ki-67; (C) TGF-BI1; (D) a-SMA; (E) Col-I.
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Fig. 12 H&E-stained splanchnic slices of heart(A,—C)), liver(A,—C,), spleen(A;—C,), lungs(A,—C,) and
kidneys(A;—C,) of nude mice after different treatments
(AI_AS) Control ; (BI_BS) MNs; (CI—CS) MN-NPs.
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