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R RN R RIAK 70 FE A 4L 2% (celastrol, Cel) FEE % &M BUIR 2 &9 (polyamide-amine dendrimer, PAMAM) 442K i#
245 R 40, UL TT B R 9RE R AN IR K SR AL T DG — R R TT . UL PAMAM AR 3R, 3@ i kM s A8 gk
PR 52 A ] i AT R (folic acid, FA) IR A4 $E [a] 3 [4] IR808 ([ i 4 A9 #47)), sk i vhu W B A Y 7 B bt 48 24
Cel, il T FA-PAMAM-IR808/Cel YK E AW . MM RAELE RE W, ZAKE B Cel 82 55 50.90%, Fift
130~160 nm, P2 BLAL7E 1.0~3.5 mV, B 25 52 I pH G, 20 20 406 BT 10 min 35 FE 73k 42.5 °C; R MBS
B W, AR S5 WA T 1) TR L ) A AL 2R A B 1] M 400K S D AE I 21 40 ' RS RT3 S R A P B A 3
YRR T RE 7, FE U AR M PR AR AR 48 7 MBI SR BB IR F o (TNF-0)« HH4HAEA -1 (IL-18)~ A4S %6 (IL-6)+
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Construction of folate receptors and mitochondria targeting
celastrol-loaded PAMAM nano-drug delivery system and its
in vitro anti-inflammatory effect
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Abstract: Pro-inflammatory macrophages play key regulatory role in the occurrence and development of rheu-
matoid arthritis (RA). In this study, we constructed a celastrol (Cel)-loaded polyamide-amine dendrimer (PAMAM)
drug delivery system, which could target folate receptor and mitochondria. It could target inflammatory macro-
phages and realize chemo-photothermal synergistic therapy. Using PAMAM as the nano-carrier, folate receptor-
targeting group folic acid (FA) and mitochondria-targeting group IR808 (also known as the photothermal agent)
were conjugated with PAMAM through amide reaction, and then complexed with anti-inflammatory drug Cel to
prepare the FA-PAMAM-IR808/Cel nanocomplex. I/n vitro characterization results showed that the drug loading
efficiency of the nanocomplex was 50.90%, particle size was between 130 and 160 nm, average potential was
between 1.0 and 3.5 mV, the drug release showed pH sensitivity, temperature reached to 42.5 °C after near-infrared
(NIR) light irradiation for 10 min. /n vitro cellular uptake experiments showed that the nanocomplex had obvious
folate receptor-targeting and mitochondria-targeting ability. Following irradiation with NIR light, the cytotoxicity
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and cellular apoptosis enhanced. The secretion of pro-inflammatory factors tumor necrosis factor a (TNF-a), inter-

leukin (IL)-1p, IL-6 and nitric oxide (NO) decreased in a concentration-dependent manner. This study provided

insights for the development of novel anti-RA nanomedicines.
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25 AR < 5 48 (rheumatoid arthriti, RA) #& — i A
Rk SCTT ROy T LRI 2 S B B e, i
JOR T B R AN, 7 B R RN, RA KR 2
ol G 52 200 A0 9 RE DR 7 3, G el SR 1 2 LR
JH o A FD T A R T DK A i B AR A BT
AL R BE A T o (TNF-a)~ FT4 A K 158 (IL-15)-
FIAH A 3R 6 (IL-6) 55, AT 0T 1 21 245 6 i T 240
(fibroblast-like synovial cells, FLSs), H:JE BR B4 54 L iL 7
MR 28, A FHPE g HRAFE. HATRAM
TRIT F B T RORE R T 5 e g ], B =]
DLAK L RIS L 58 R H) & BT A5, T AH RIG 9T 25 A
A B SR & s, HoB T RA R i B &2
2%, AR A I A — Fis o7 T BOK 58 2 42 il RA
b, FETT R WG IT 250 1) R I 4R R 2 Mg T T BOH
AWK EIRIT T RN RARIT B %

i T A 5T K IO #IE JT (photo-thermal therapy,
PTT) % RAF ReBk 35 PTT &R e #anE A &
o 20 25 3% [P IE 21 41 )6 (near-infrared light, NIR) [ 5
AR R DAV R R AR I — MRy T .
e G AT7 R EL, PTT AJ S 3N 2 Ay 428 1 69 et X 3
S, 95 B f K PR b s/ AN R SOSE A F . IR808 1
NG LRG| WAL 2R ek}, W] RE ) gH i Rk, AR R
PG EGRY, Jf H IR808 &1 21 41t IEUHt 5 B A Bk 1)
ot — PR i RO, TR I AR R R A ol iR T
PTT!. FENATT RA O ETHEF L, HARIENE
77 5677 I E R AR 2, S RAT R E N R &I R T E
SZo ST HIRAE TSR, T A BELA R (celastrol, Cel) /&
PUAIR 25 7 A B REYE O 2 —, HAEH s adE
) 28 P R TL-18 FH TNF- 55 [ 2 38 H00i] 928 48
P R SR AR, AT ek 22 8 S L K gk /b 45 U
SR, Cel 822 MY KV M AR AR ) F B2 A0 4 B 2P )
BRI T Fle AR R o PR, 5 R i o AL 3k 24 5 X
D Cel MG HGHIAE FIOL 3, X B5GE Cel BiZ51E & RA
Il AR V697 35 B AN .

YK 25 R 40 (nano-drug delivery system, NDDS)
DA E 2 = 25 W0 A 1 L 50 25 25 AR 3) A 24y
A1 R e 2 DA ) PR IR PR ARAN RS, 3 4 SR BN 24 57

KB B, TR L - W BOIR R & W (polyamide-

amine dendrimer, PAMAM) E. 7 24— IR A% 8 1) Bk
T8 5 ¥4 s (1 PR 2 s, R A1) 3 THI S A K R e B ik
B, AT AT B 1 AR 5 SRR (1 Ak S AB A, 2R T i
Ft s I B A 38 W3R Ik 75 R4 B 24470, I SR A
LR B R A B o R A0 oK AR AT

AW 5L LA PAMAM N 49 K #i Ak, 73 7)) 38 i FA 1
IR808 Xif I 3% [fl 3 47 4k £ AB M, B Jl mT [ I 408 i 8 i
1] B I R B2 A RN 28R A4 ) FA-PAMAM-TR808 247
I5CAD, Bt 30 Sk L 9 T e 56 T e 47 TR R A R 3 R [
f) Cel, ¥ FA-PAMAM-IR808/Cel 41K & &4, 75 45
S S ) ) 0 RE N M 28 R S, RTE G Cel 1K 24 1R H
Jx TIR808 Y #AAE FH, A1 32844 6 2 R 44k 3 4% 1) 9% i 400
JET, AT A 254 I RA

MR57EE

RFI5%# PAMAM G4 (it 5 MKCJI8572, 3%
Sigma Aldrich 2 ®]); M FR (folic acid, FA, #it 5
D27D118135592) Cel (98%, #it 5 P28M10F84300)
(IR AR AR A A; 1-43-3- R
FH ) B — % $h R £k [EDCI, it 5 WG0019757-
170409001, FHim b 22k (Bilg) HIR AR 175K
= (HoBt, it 5 KCEBI26, At 5t HH it WIRHE A BR 2
]); IR808 (99%, fit5 IR808-202001, | i HL iy 3k [55 24
BHEAT PR 7]); MD34-7000D i& 148 (b it R K E RHY
AIRAR]); EERGEK (G ERA R A F]); 5T
i (DMSO, K B & Wi 2E ¥ 5 A A 7]); Hoechst
33342 (bR F /R s A AR A R F]); YF488-Annexin
V/PLE TR A & (b B Btk AE RN A IR A 7); ¥
HIL R AR IR L8 AR R A A PR A F).

28 TU-1901 %5143 506 BE vt (A5t 38 #r i H
XA IR TR A T); LGI-10 2 A T EHL b i
TRAE DB R A PR /A 7]); AVANCE 1T HD 700 MHz
W B e R U B A (1% [E] Bruker 23 7)); LS45 9% ) 6 1%
X 130V003 ¥t H 5K £ B BT (3% [H PerkinElmer 22
#]); Sorvall ST 8R & i ¥ 1% &5 0o AL (34 [ Thermo 24
#]); Malvern Zetasizer Nano-ZS 2/ 45 Y6 i 5 ki FE A (3
Malvern Instruments 2 7); SIGMA 300 3 & &t 371 3
HLA (18 [E] Zeiss 24 7]); JEM-2100 3% 5 BT 2508 (H
A JEOL 23 7]); A00-1102 ¥t 2 4H Mo A% [ U1 o & e IR FE



- 552 - 222224 Acta Pharmaceutica Sinica 2023, 58(3): 550-559

P (P E) ARAE]S

R RAW264.7 4R (1 B2 B 40 )

FA-PAMAM-IRS808 1B BX 4 B0 & Ak A A 28
Wi 1 FTs . FRELFA (4.5x10° mmol). EDCI (22.66x
10° mmol) F1 HoBt (22.66x10™ mmol) J* 5 J& k& i o,
DL L B % (DMF) Al DMSO & (31 1) N IE 7
R, EIEDOCH R 2 hiG b FARREE . PAMAM (0.9%
10 mmol) ¥ fi# T DMSO 1, I F| iR & MR+, 78
E R BB EE 24 he SN ZE R R, K SONRE AT
24 h, B 25 R R BLI FA AT, 3 0.22 pm il L 3E
JIE5, ¥ T B 19 FA-PAMAM 559 . B J5, FREX IR808
(3.6x10° mmol) ¥ fi# T DMSO 1, 4% _Eik o v 46 E 5 Ak
2 h, T\ DMSO ¥4 fi# F] FA-PAMAM (0.72x10” mmol)
ARELBEPE 24 he R G, B HTRR 25 A S I TIR808
JAEALF], 3 0.22 pm THALIERE, T B 15 FA-PAMAM-
IRBO I . K AL ML IRAC ("H NMR) 28 4h-1]
WA 6T (UV-Vis) %66 HEAY (FS, Em = 780 nm/
Ex = 808 nm) X MM B B A 2% S5 W AT WIE . ST
FA F1IR808 ) UV-Vis & & M 5& J7 i 3 47 T k5% %
R, HE &0 T ERAE

FA-PAMAM-IR808/Cel 4K E AHIRIFIE i
FREGE B 1) Cel (3.07x107 mmol) T KB, i1 10 mL
FH VS A, T 1) SRONEI HH IO B 2 A 1) FA-PAMAM -
IR808 1H 4 (0.61x10° mmol), % N Bt HE i %,
SSERBE T, 7K Z ¥, 9 000 r-min” &0 30 min, B _F
EIEWR, 1 0.22 pm BRALIERE, VR T,

HHE @I HPLC & 7 Cel 5€ & ik, F il
FA-PAMAM-IR808/Cel 44K & A4 Cel 1) 71 8 &, Wl
AT BT .

B &M fFH Kromasil C18 1% 4 (4.6 mm x
150 mm, 5 pm), JiL 3N AH N HEE-1% LB (90:10), Vi ik
1.0 mL-min™, ¥ 25 °C, #3422 nm™”,

¥
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Figure 1

amine dendrimer; Cel: Celastrol
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FA-PAMAM-IR808

R SRR A RS PRI Cel 5.0 mg, VA
JFEFER 10 mL =T, 152 0.5 mg-mL™ %] &
T, RSB mL X O B, € A3 50 mL 2,
310 pg-mL™" B0 B8 A A . 20 RS %5 8 HURT FEL
it &M 0.5.1.2.4.6.8 mL, E & X 10 mL =i+, 155
JR B4 9909 0.5.1.0.2.0.4.0.6.0.8.0 pg-mL" [ &
1RO GRREAS

WAEWE T FERBOL RN Cel T RN
W, N 3 mL AR VA AR, T e SRR AR DN R R )
YRR G, IR THFEE R, KN ET, KEE,
9 000 r'min” %> 30 min, PHTVE, b€ 1% FHBEIE R, I
0.22 pum il FLIE M, $% b id il S 4 347 I 5, A0 g
T AR, MR HE AR it 26 o R R A &, THE
2~ (1)

B E = (kEE - RNEE/GKEEYE) x 100%

(M

NEBARES 99KEEY (5 mgmL!) 7 #
Tk, 0.22 pm 3 FL 2 B8 €, R B Malvern
Zetasizer Nano-ZS 2 2% ' #i 5RLEE 4G E 99K 5 & W)
IR AL . SR A3 T BB (SEM) FIE 4 i
T RS (TEM) MG K EAEMHITER

fa M ¥ FA-PAMAM-IR808. FA-PAMAM-
IR808/Cel 7 #1 T pH 7.4 W R Th 2% M ¥ (PBS), i &=k
B85 mgmL!, T = EME, K Malvern Zetasizer
Nano-ZS 3l 25 J6HUR AL A 2 7 KR NGIKE A1
RLAE N2 7 H R B0 (polymer dispersity index, PDI)

FHRELE WL 200 pL A [F 9% BE 1 FA-
PAMAM-IR808/Cel 7K ¥ ¥ ( LA IR808 i 4 5. 10,
20 pmol-L™") FANi&E I 96 FLAR H, LLK A= (st IE,
808 nm LJ % 7y 1.5 W-em™ [ 3G R4S 600 s, & 60 s i
S 1 FEAR AL, FE AR R 7 600 e e (LA IR808 14
10 umol-L™") 7E 3 M A H Zh % (1.5.1.0.5 W-em™) 0k

LN
on /Q/L‘o ° @ it —
N NV\N
I H
NH{J\N N

PAMAM FA-PAMAM

T

A co-yy

A )

Electrostatic interaction -
aO

FA-PAMAM FA-PAMAM-IR808

FA-PAMAM-IR808/Cel

Schematic diagram of the synthetic route of the FA-PAMAM-IR808/Cel nanocomplex. FA: Folic acid; PAMAM: Polyamide-
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HELS T (il 2 AR A

RINTRZS K 3% M iE X Cel & FA-PAMAM-
IR808/Cel [P 44 7B AT R 34T %5 5% TiC il pH 5.0
7.4.8.8 [ PBS I MRAE R IHUI JoT, ¥ 2% FREX Cel I FA-
PAMAM-IR808/Cel % T~ AH B (1) B T8 A ot 1, 73 71 &=
W N1 mg-mL" 15 257 W (LA Cel 1), A5 2 FE HL
1.0 mL Ti@ A48 rh, F @ A B8 0 W g FH 4 26 4L 55, RS
BT 50 mL B0 h, CE THE IR K IR IR A8
(37 °C~100 r'min™). 435 F i E J5 10.15.30.45 min,
1.2.4.8.12.24.36.48.60.72 h B 1.0 mL B il i, it
0.22 um L FL €, SR A HPLC il 5& Cel ¥ ¥ Cd, 5 ik
[ B M0 1.0 L 38 85 (1R TS S 28 SRR JBO A Joit o, A
BT T SR FBR AL, #2 A K (2) THER WK EE
Ce, #2230 (3) THE BRRETICR F(t), Horh wt y#24%
Y Cel & &

Ce=Cd+1/50>""'Cd ()

F(t)=Cc><50

MESSZAERE M BOLILRER TR LL5x 10
200 Jf /L35 5 3 ot RAW264.7 4 i, 45 201 Jf it -2 51 80%,
FIPBS 13t 31X, I\ PAMAM-IR808/Cel .FA-PAMAM-
IR808/Cel ¥ ¥ (LA IR808 i1k & 4 4 umol-L"). K777
4 hJg, FH PBS Mk 3 4k, S8 J5 I 1 mL PBS B IfiL i 5
TR, ¥R IR L E T ORI R B T s i, vF
W AN B 250 40 B U1

I A, B 1) 2 Fl ik B FA-PAMAM-IR808/Cel ¥ 7
(1.2 pmol-L™"), [# & 6 HUA 8], WL %245 2 4 h )5 41 e £
BN O [ 8 29 W9 B, WS8R 25 25 4.8 h = 41 i £5% B
.

R REREME HON HUE K RAW264.7 41 i,
I3 mL &K E G377 5 (LIRS0 THIKRE Ky
4 umol-L"), 541 L5075 8 h, Bl J5 FH RGN 0o &
YK AW IR WS 4 T 1) PBS Bk
3K, BRI AR E &Y. RGN IR
4 50 nmol-L™ f] MitoTracker Green £k Fi 14 % Y6 ¥R 4T,
TE 5% I F6 P8G9 B 30 min; T 0 1 mL ) Hoechst
33342 (10 pg'mL™") 40 M % O #R &, 4k B2 5
20 min, 2 & 40 il F 004 16 PBS P35 3 TR Bk 22 7 125 4L
Bhe BT RO R A B T LIS [F] 58 Y6 TE 4 i
)54, FEHEAT A IS0 1T .

YHRREME ST A R B A | Cel 24
(+NIR).PAMAM-IR808/Cel 44k & A ¥4 (NIR).FA-
PAMAM-IR808/Cel #1K B &4 (+NIR). RAW264.7
IS FRAE 96 FLBR rh, LA 1x10° /40 /L A4 35 A
24 h &, IIANZH (LA Cel i1 0.25~25 pmol-L™) 541

x 100% (3)

LI H 24 h, 41 H B4 1) PBS Pk 3 Wk, In N BT i
BRIk, AL RE 3R 24 he XTI 404N GRS 4, 40
Ve JE I N BT 85 3R 5L A 808 nm O HE S 10 min
(1.5 W-em?), 4k4:1% 97 24 h., B 9545 o I i 77 3
HFLIIAN 100 uL 0.5 mg-mL" MTT &, FF N K 37
FErP ARSI E 4 h, B 96 FLAR, AR WA AS 25 % FL
R gr3E, IF NN 150 uL DMSO, A g 5 A3 52 490 nm
Ab - FLR G EE (A) 18, LAR 25 Lo % R, 4% 18 2 5K
@) TR M BRATE R

MAEETS K F] YF488-Annexin V/PI W L% 46 ]
UM T, RAW264.7 4l T 6 FLARES 7%, 4L 1x10°4
M. 24 h)m, 1 mL 5 pmol L™ 25903 W (UA Cel it
B WEE 24 h, N0 FEE AT, SRS T4 PBS B
3R, XTI LA e BG4, 808 nm G R 10
min (1.5 W-em?), A BrERF 7R3, k407§ 24 ho W H
455 F A F EDTA [ BREE 4k, 1 800 r-min™ B0 5
min, Fil¥ (1) PBS #1352 X, 28 J5 I 100 uL PBS &
Y0, FEEF NN 5 uL YF488-Annexin V 1 PI TAFW, &
IR N B E 10~15 min, M 75 45 % 5 0 400 pL
PBS, it =4 M A S I

FA-PAMAM-IR808/Cel 442K & & # % 40 il 4% iE
EFRIETBER 4 RAW264.7 411 LL 5x 10°AN/FLE) 2%
FEERDT 24 FLAR P, 3597 24 h )G FEIHRE 37 3, 23 790 hn
N PLSE A 3G 75 B R R I 25 IR B 245 (R 8 MTT 4 i v
IS5, HFE LA Cel TR 4 0.25.0.50.1.00 pmol-L"!
I KE AV, F- 1 B2 H 4 LPS B4 | Cel
4 .PAMAM-IR808/Cel (+NIR) ZH .FA-PAMAM-IR808/
Cel (+NIR) 4, H:1 Cel 41 .PAMAM-IR808/Cel (+NIR)
41 . FA-PAMAM-IR808/Cel (NIR) 41 i & « 1 L ik K
B, AR 3N AL AMERYM4 h S, IS
1 pg-mL" LPS ¥ DMEM #5775, % & 48 h*, K577 4%
FaE, Wtk BiE RS R, 3 500 r-min” B0 10 min, X _E
i YR FH ELISA 55 & 0 % TNF-a IL-181L-6 [ ¥ &
—HH MR (NO) & & .

It Al SPSS 17.0 # i i s PR & Ay
ZE 50 AR B AT it . SRER EHE LAY B +
PRUEZE (x +5) Fon, LWEYLE Z 57, P<0.05 KRG80t

x 100% 4)

#R

1 FA-PAMAM-IRS808 : M {BEL4 L F LEMRIE
B, A AT R ) R A2 A RN 2R AR P AR B

Y, T 330 4 254 Cel. FA-PAMAM .FA-PAMAM-
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IR808 [¥] '"H NMR 41 1& 2A iR, 6, 2.0~3.5§ PAMAM
SURFIEIERY, o g, = 2.20~2.35 ppm (H,), J,, = 2.45~
2.53 ppm (H;), J,, = 2.62~2.72 ppm (H,), J, = 2.91~
3.00 ppm (H,), d,, = 3.10~3.20 ppm (H,), 6,, = 3.29~
3.36 ppm (H). d, 7~8 ¥ FA.IR808 ] 75 & & HF 1k
U2 AN [ A8 I5C 4 UV-Vis 451 45 45 40 ] 2B iR, FA-
PAMAM . FA-PAMAM-IR808 14 7E 285 nm 4b & 7~ iR
RIS, FA-PAMAM-IR808 7E 808 nm 4t & 7~ IR808
RIS IS s 556 1% G 2C Ff s, FA-PAMAM-IR808
(1172 Y645 5 7F 808 nm b5 15 TRS8OS HH 7l ) 5 K K S
K. Ik, AH NMR . UV-Vis K FS il 45 5 ] # 52,
FA . IR808 ¥ il j 3%+ 3| PAMAM | .
2 FA-PAMAM-IR808/Cel 4K & A ¥IFB 1L M FRIRAE
2.1 HAE WA O LXK FA FIIR808 1%
PN BT T BT HRRTE B RIS K 285 nm
Ab bR dE 2 (819 5 FE 0 y = 0.063x + 0.035, R* = 0.996
(EI3A); IR808 £ #5z KM STk K 808 nm Ab A7 i Hh 45 [+
HFFE Ay =0.113 8x — 0.006 9, R* = 0.999 (& 3B).
21+ 5, 4 FA-PAMAM-IR808 FE 4/ 18 £ 47 th FA Al
IR808 LA %7373 1.60 F14.55.

53 A ERE Cel of J b T VRN 25 1 57, Cel 0385 U
PR B I 18] 4 10.0 min H G H Al T4 (1 3C), &8 1 4F
& B E R Cel 7E.0.5~10 pg-mL™" [ kr it il 28 ]
7 FE N y = 13.839x - 5.764 9, R* = 0.993, £Vt KL UT,
FFE e R . &5, FA-PAMAM-IR808/Cel H 11
3 Cel {15 58 50.90%, L3 %R 67.48%.

HO__O

A

22 R EMRFEASRE @308 6H0 kA
A BB G K S S W RLAR | HEL AL R 3 S5 ) 2R
PR R BEAT T RAE . KA B AL 45 B a8 3D VE Fr
/I, FA-PAMAM-IR808/Cel 44k & &P i1k 42 7E 130~
160 nm, “F-¥J B ALLE 1.0~3.5 mV; M F3 4 F 55 A0 Bt
HLBE 45 A A UL B OB &S N RO (B13F.G).

23 FRAEMEE FA-PAMAM-IR80S {4 F1 FA-
PAMAM-IR808/Cel 4K & & ¥ ke & V75 g 45 R n ]
SHFTR, i FiUE 7K, FA\PAMAM-IR808 {54
FA-PAMAM-IR808/Cel 4l >K & & ¥ (1) K 42 7E 130~
160 nm, PDI £ 0.22~0.26, 1£ 7 K W17 3 8451k, ik
] FA-PAMAM-IR808 1 X 4 1 FA-PAMAM-IR808/
Cel 4K 5 & WRa e M AT -

2.4 RSMERAROTYY IR ARG FA-PAMAM-
IR808/Cel RSN I N FEAT VPN . 25 R 317,
7E 808 nm T £1 40 HE S T iR B AR A 52 T B 2 PO B A
P RO D R AR i . FA-PAMAM-IR808/Cel (LA
IR808 i1, i 20 umol-L ™) f G LI AN 1.5 W-em?,
HESR IS 6] 2 600 s B, 3 B 1T 9 42.5 °C, 15 B n] 3 Jd Ky
808 nm [ ) BE 5 16 R FARE, Ok b o 40 i = 2B R A A
F iR FE (40 °C).

2.5 RAONEEZ ORI IE ML X Cel X FA-PAMAM-
IR808/Cel A IMNE L4547 AT VPAN, 45 R W 3T s,
A% ! Cel 1 FA-PAMAM-IR808/Cel (144 41 88 245 4T Ky
51 5 0 25 10 pH K I, Bl A pH B OK, RE 20 2R
P, 5] E R 46 4, FA-PAMAM-IR808/Cel 75 24 h

S
"%"7” um ’ 4
NS P 3
m X
90 80 7.0 6.0
cl
>~ O 3
Nooc§ %OON
90 80 70 60 JL
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
B 2250
b7 — FA
o 520 — IR808
2 k= — FA-PAMAM
= g 150 — FA-PAMAM-IR808
—
_‘g g 100
2
. 250
Q
2
o

400 600 800

Wavelength/nm

55

500

600 700 800
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900

Figure 2  Structural characterization of the FA-PAMAM and FA-PAMAM-IR808 conjugates. A: Nuclear magnetic resonance hydrogen

(‘*HNMR) spectrum of conjugates; B: Ultraviolet and visible (UV-Vis) spectrum of conjugates at concentration of I mg-mL™'; C: Fluorescence

spectrum of conjugates at concentration of 10 ug-mL"'. Wavelength:

Em =780 nm, Ex=808 nm.n=6,x*s



VLB S I [ R B2 PR RN 2R R O B A R 41 5 PAMAM 4K 38 25 R G0 2 Ak bt 46 4 © 555 -
A D E
20 1.01-0,063x+0.035 12 . 300000
815 808" 2 :
8 § 0.6] F=099% 28 3 200000
é 1.0 § 04 E g g
£ 05 2 02 £ & 100000
0.0; 0.04
200 4 0 15 0 . ; :
Wao\?elenzg:/nmaoo ’ Concentration/pg-mL"! 1 10 100 1000 10000 -100 0 100
e Partical size/nm Apparent zeta potential/mV
B 15 F G
g g [r=0-1138+-0.0069
g0 § 1.0{R=0.999
5 0.12 ]
2 2
.1 .
A s
’ 0.0+
200 400 600 800 0 5 10 e
Wavelength/nm Concentration/pg'mL"! an
C 20 1507 y=13.839x-5.7649 H g 220, ~ FAPAMAM-IR808 035, ~ FA-PAMAM-IR808
o £ 200] = FA-PAMAM-IR808/Cel = FA-PAMAM-IR808/Cel
g 15 R=0.993 ) 0.30
g 1ooy = X 180 ;
210 2 @ 7025
gL = 160 g
2 Cel 50 8 140b—i—yp————1 0.20
205 < k=
< methyl alcohol E 120 0.15
0.0: 0l 00— 0.10
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Figure 3 Characterization of the physicochemical properties of the FA-PAMAM-IR808/Cel nanocomplex. A, B: UV-Vis scanning spec-

trum and standard curve of FA (A) and IR808 (B); C: UV-Vis scanning spectrum, chromatogram and standard curve of Cel; D: Particle size
distribution graph of the FA-PAMAM-IR808/Cel nanocomplex; E: Potential distribution graph of the FA-PAMAM-IR808/Cel nanocomplex;
F: Scanning electron microscope (SEM) image of the FA-PAMAM-IR808/Cel nanocomplex; G: Transmission electron microscope (TEM)

image of the FA-PAMAM-IR808/Cel nanocomplex. Scale bar: 100 nm; H: Particle size and polymer dispersity index (PDI) change curves of
the FA-PAMAM-IR808/Cel nanocomplex in 7 days; I: Temperature change curves of the FA-PAMAM-IR808/Cel nanocomplex with

different concentration after irradiation with different power density of near-infrared light (NIR); J: Drug release curve of the FA-PAMAM-

IR808/Cel nanocomplex. n =6, x £ s
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Figure 4
RAW264.7 cells after uptake different drugs (IR808, PAMAM-
IR808/Cel and FA-PAMAM-IR808/Cel, 4 pmol-L") for 4 h, and
treatment of RAW264.7 cells with the FA-PAMAM-IR808/Cel

Confocal laser scanning microscope images of

nanocomplex at different concentrations and time points. Scale

bar: 50 pm
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Figure 5 Organelle localization images of RAW264.7 cells after uptake the IR808, PAMAM-IR808/Cel nanocomplex and FA-PAMAM-

IR808/Cel nanocomplex. Scale bar: 13 um
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Figure 6 Cytotoxicity and apoptosis of Cel, conjugates and nanocomplex to RAW264.7 cells. A: Cell survival rate of empty carrier. P <
0.05 vs PAMAM; P < 0.05 vs FA-PAMAM-IR808; B, C: Cell survival rate of Cel and nanocomplexes to RAW264.7 cells without (B) or
with (C) NIR irradiation. "P < 0.05 vs Cel; "P < 0.05 vs PAMAM-IR808/Cel; D: Half maximal inhibitory concentration (IC,,) of the Cel,
PAMAM-IR808/Cel, FA-PAMAM-IR808/Cel nanocomplex with or without NIR irradiation. "P < 0.05 vs without NIR irradiation; E: Flow
cytometer spot map of RAW264.7 cells after treatments with the Cel, PAMAM-IR808/Cel nanocomplex and FA-PAMAM-IR808/Cel nano-

complex with or without NIR irradiation; F: Apoptosis analyses of flow cytometer spot map. "P < 0.05 vs control; “P < 0.05 vs Cel. n = 6,
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Figure 7 A: Standard curves of tumor necrosis factor o (TNF-a), interleukin (IL)-14, IL-6 and nitric oxide (NO) used for enzyme-linked

immunosorbent assay (ELISA) determination. B: Secretion level of inflammatory cytokines by RAW264.7 cells after induced with lipopoly-
saccharide (LPS, 1 pg-mL™). "P < 0.05 vs control. C: The content of TNF-¢, IL-14, IL-6, and NO secreted by RAW264.7 cells after treat-
ment with different drugs. "P < 0.05 vs Cel; “P < 0.05 vs FA-PAMAM-IR808/Cel. n =6, x £ s
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