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Preparation and Pharmacodynamics Evaluation of Self-Assembled Nanoparticles for Synergistic Treatment
of NO and Photodynamic Therapy

Kadireya + Aikelamu, BAI Jingya, ZHONG Chunhong, ZHANG Qian, SU Wenjun, WANG Mei" ( College of

Pharmacy , Xinjiang Medical University, Engineering Research Center of Xinjiang and Central Asian Medicine Resources, Ministry of
Education, Xinjiang Key Laboratory of Natural Medicines Active Components and Drug Release Technology, Urumgi 830017, China)

ABSTRACT .OBJECTIVE To synthesize and prepare nitric oxide donor ( NODonor ) -silicon phthalocyanine ( SiPc) conjugated
prodrug self-assembled nanoparticles(NO-SiPc-NO@ NPs) and preliminarily evaluatetheir formulating properties and pharmacodynam-
ics. METHODS Furoxan NO donor-phthalocyanine silicon photosensitizer couplings were synthesized by chemical reactions. The
NO-SiPc-NO@ NPs were prepared using a nanoprecipitation method, and the effects of different concentrations of NO-SiPc-NO,
rotational speed, the volume ratio of the organic phase to the aqueous phase, and the content of the stabilizer DSPE-PEG,, on particle
sizes, polydispersity index(PDI), and Zeta potential of NO-SiPc-NO@ NPs were investigated to obtain the better prescriptions. The
release of NO and reactive oxygen species( ROS) yields as well as the photostability of NO-SiPc-NO were detected by the Griess method
and the chemical probe method, respectively. On this basis, the storage stability and in vitro release of NO-SiPc-NO@ NPs in phos-
phate buffer salt solutions of different pH were investigated. Finally, the photodynamic effect of nanoparticles was detected by CCK-8
method, and the effect of self-assembled nanoparticles on intracellular NO was observed by fluorescent probe. RESULTS  The
"H-NMR results showed that NO-SiPc-NO was successfully synthesized. The optimal preparation process conditions were ; NO-SiPc-NO
concentration of 2. 5 mg - mL™", rotational speed of 1 000 r + min ™', organic phase to aqueous phase volume ratio of 1: 3 and stabilizer
content of 40% . The prepared self-assembled nanoparticles were(111.467 +3.365) nm, (0.123 £0.035) and ( -11.433 £0. 850)
mV in particle size, PDI and Zeta potential, respectively. The nanoparticles in transmission electron microscopy were spherical or

spheroidal in shape, with a more intact morphology and homogeneous distribution. The results of NO and ROS release showed that the
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nanoparticles could release NO and ROS in solution with good photostability. NO-SiPc-NO@ NPs were stable under both conditions,

and there was no significant change in particle size, potential, PDI, encapsulation rate and drug loading. The results of in vitro drug

release experiments showed that NO-SiPc-NO@ NPs had a slow release and that their release followed a one-level kinetic model. CCK-

8 experiments showed that all nanoparticle groups showed dose-dependent cytotoxicity, and the light-exposed NO-SiPc-NO@ NPs had a

stronger photodynamic effect on MCF-7 cells. In NO assay experiments, NO-SiPc-NO@ NPs can produce large amounts of NO intracel-
lularly. CONCLUSION NO-SiPc-NO@ NPs are successfully prepared and the prepared self-assembled nanoparticles have good pho-

todynamic activity and realize effective delivery of NO, which lays a theoretical foundation for the synergistic treatment of gas therapy

and photodynamic therapy.

KEY WORDS: NO-SiPc-NO@ NPsj; nitric oxide; photosensitizer; self-assembled nanoparticle; conjugation; mCF-7 cell

¢35 5197 1= ( photodynamic therapy, PDT) 42 #]
FILAGR)  photosensitizer, PS ) FIER 52 K 9 5 41
AHEAE F 7 A= 4l 75 4 35 1 480 (reactive oxygen
species ,ROS ) , AT 725 2H 2 v fish 2% 240 e ) T~/ 5
WICHEIT ik Tl 12 T SR B8 1367
Ho SEHOIAE LSl ey  h o EE R Z
—, ZFEORE Z AT w2058 . Horh ik
# (phthalocyanines , Pes ) /E 58 —ACGEGH], BA 18
A P SR R B Ay 1o BR TR
HEFIFDG R TR IR A F A1, 3 s 1 AE 0k
BRI RIBIE SR PE AR o PR O HON W &
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S 25 W) 2528, D8R 25 I T, DAL, AR AE 193
I7 o — Rl A AR AR

PRI, AR BIF S 400 5 P 1 B i 4 NO IR [ 30K
R 4 - (1P ) 1,2, 505 k-2 Ak 1) | ANk
RO B 25 W) - 2545 5 ), S v R ot
B E bt sh TIOR3 BE A H R A B i NO
FRE ST o M HIRSE R (AR M 7E 0K rp B 2% i
KAL(NO-SiPe-NO@ NPs) , 3 — 42 i T (R4 119
KA, I X GA KRR B AL 1 J5 L NO-SiPe-NO [ (3 2
R BRGOLATOI . 8 0 SR AT 255
PN, I N 5 Sept e e it e e 26l o

1 # #
L1 FENHE

UV-2700 BYEHNAT UL 23Ot BE T [ Byt ( L)
SR Ak B F ], R-2003 Y Jiie 4% 7% % X, SHZ-
95B IR 2 25 42 (L SO TR A R
TR ), HWS-24 RIHL FfeE iR /K G5 ( Bl —1E
BHEA A BRA 1) , KQ5200DE U 5H 75 35 vt # ( B
LT AR A R A D) , BSA124S B -3 BT K-
(&[% Sartorius 24 7)) ,Nano ZS BRI ARLARAL ([
Malvern /A7) ) ,371 1 CO, 3% 57244 , Herasafe™ KS AU
e W24 H8 (35 [ Thermo Fisher Scientific /2] ) ,
85-2 BUfHIR AL St g (M B Ia kG B U il A PR
ANE] , Victor Nivo B Z I REEEFR{Y ( 25 [E PerkinElmer
5l) L JEM-1400 plus %455 5f #L 5%, SX-500 Y 4> H 3
EEKF S ( HAS Tomy Digital Biology /A H])
L2 FEH&EL5REA

NO Kl & ( B = RAVHARARL
], 41t 5-:061322221202) , DPBF (_F#Ef2 BEA: P RH 4
AR FL 5 :2106X230943 ) , L NiE R A 9, —
REf i POk g IR T £ T g -5 & 8% 2000 (3 A4 1
MBS 2GR A TR A, it 5 €20128 ), CCK-8 35
ORI REAYEARA RS A, #5:
BA03175388) ,DMEM % ¥ % ( 35 [H Gibco /), it
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5:6123109) HRER MERBR(FHERES
VW) , S , W R ER 2% vP IR (35 B Gibeo A W], b5
4351 2129299 2186962 8121247 ) , PU S Wk IR ( THF ,
Kt Eie b2 0 A BR A w] L s Fra) (NO bk
(A525 = [ i, L5 24 :20231212) , SiPeCl, (|1
R BB A IR A A 4 :90% )
1.3 s

MCF-7 4l F1 Hela 20 g (RIS 38 A A B
AIRAF]) o

NO donor SiPcCl,

E1
Fig. 1 Synthesis of NO-SiPc-NO

2.1.2 NO-SiPc-NO () NMR Z##7  H{ 20 mg NO-
SiPc-NO {HEEY A T AR E AT, A Unity-Inova600
B PRI AT H-NMR 52 .

2.1.3 NO-SiPc-NO fi IR 431 B 3 mg NO-SiPc-NO
Yy, H5is s IRAEIE 5 K A, ] IRPrestige-21
AT o

2.2 NO-SiPc-NO 48l 5 7 3 by 2 50

2.2.1 (%5 fF 4 ZORBAX SB-Cq {5335 A
(4.6 mm x 250 mm,5 pm), Y34 K & NE-K 14
(93:7) ;3N 1.0 mL - min ™" ;5K 356 nm;
FEIR A 25 °C MR 10 pl,

2.2.2 LJ@MEEE B NO-SiPe-NO %W, F 21
Wik — W, LA & NO-SiPe-NO [ 5y =3
RS 2,201 7R g 2 R RS T
2.2.3 NO-SiPc-NO Frifi i 26 ) 27 RS % B
NO-SiPc-NO 5 mg, ] 5 3% & Ji§ ¥ i, It E 45 &2
10 mL, BT EE 4 0.5 mg - mL ™" f¢) NO-SiPc-
NO & ¥ . ¥ NO-SiPc-NO IV £ 9% ] £ i 7 B 45

FPIE 222k 2025 4F 1 H 5 60 45 1

2 F ik

2.1 NO-SiPc-NO # 4 i 5 % 4E

2.1.1 NO-SiPc-NO FJ & i ¥ SiPeCl, (200 mg,
0. 327 mmol) I NO fi£{4 (482 mg,0. 981 mmol ) 7 H
(10 mL) fiEREEIE 36 W' R NS S g
SR ZR , B R 28 ok v 400 B S Vs 7110, 45 [T . ofL
ZREAT 2T, LA PE-EA-MeOH (4:1:0.2) +3% TEA
SRR HEAT PR, 15 B i 2% €4 [E & NO-SiPe-NO,
BRI 1,

S’\/(

0
Q(,N/@/
=N J.N—

N N,SI\N <N

toluene

h s
NO-SiPc-NO O’\/\ ;-0
[¢] o /1:1\0_

— 1o BB - B F OGSO 18 Bk 4 (NO-SiPe-NO ) iy & ik 4 I

FFRWE N 1.5.10,30,40 pg - mL~" 1Y R B
W, 2,201 TR A G SRR e SR g TR, LA
AR (A) X (p) FEAT LM [l IH

2.2.4 AEHEHEE RIS 10,30 pg - mL
(Kb B MR ) 1) NO-SiPe-NO ¥#5#,24 h N
HESLHERE 3 U, 105% 3 BRI EE R NO-SiPe-NO 11y
VTR, T H RSB o 2% 3d AR Bl HERE
Rl 1R, il SR AR, A H RS 25 B

2.2.5 JnEEENEERIRE BUR(S pg - mL7h) R
(10 pg - mL™") (&5 (30 pg - mL™") 3 AR
NO-SiPc-NO ¥, [l IS S5 AR LA
2.3 NO-SiPc-NO@ NPs # #| %

K FHANAKDTTE 1 45 T NO-SiPe-NO [ 21 %64
okt ARSI R 5, R FRE 30. 0 mg
NO-SiPc-NO, it A THF % #5225 % 10 mL, it &
WeHE N 3 mg - mL~" NO-SiPe-NO ¥, 1 R AR
HIA 12 mg DSPE-PEG,, % i 2 5t it 73 % 40%
DSPE-PEG,, 1) NO-SiPc-NO THF ¥k, 75— & 514
.57.
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T, G AR SK th g dE 5 min, {13 5 203 80k
Y KARLA W ( NO-SiPe-NO@ NPs) |, it — 3% H7 6 h,
Br 2ok AU B 25 W A A AL L 15 385 B
HALAKRLI I
2.4 BHEEER

PIkiAE (2B R B (PDL) DL K Zeta HLA P
Wribr, HEAVAH S KB (1:3.1:6.1:9),
FaE | DSPE-PEG,, 7% it (30% 40% .50% ) , 7K AH
34 (800 .1 0001 200 1 + min ") Il &% NO-SiPc-NO
MR (1.0,1.5.2.0.2.5.3.0 mg - mL™") %
AN[A] A P 2R %6 NO-SiPe-NO @ NPs £ P 1) 52 i
IR AL .
2.4.1 NO-SiPc-NO JE ¥k BB m B 30 mg
NO-SiPc-NO ¥ F 10 mL THF HL, g i 5% vk B
3 mg - mL ™ HIE AT R IO A 0 R
1.0.1.5.2.0.2.5 mg - mL™"'f) NO-SiPc-NO THF
W, W1 mL il 1 mg DSPE-PEG, i&f# )5 , 7 —
FE IR EE AP T, S8 M A E] 3 mL 7K B
HH SR NO-SiPe-NO@ NPs V5 . 9 ARLIES W7
Brad i, B 2ok B AR S 258 . R DKL 73BT X
M58 NO-SiPc-NO@ NPs [fj%i48 .PDI Fl Zeta HL A .
2.4.2  PEPEEEMEmE FH 2.5 mg - mLT
NO-SiPc-NO THF %, Bt 1 mL jil A 1 mg DSPE-
PEG, i fa , 76— & il &5 i B 23 i i A 3 40
T RE 4512k 800 .1 000 .1 200 r + min ™' [#¥ 3 mL 7K B
i H [ 21255 i NO-SiPe-NO 44 K i v . i M7 1 1
J&i , 3 3 RE B 43 BT AN 3 NO-SiPe-NO @ NPs 1) fir
& ,PDI Fll Zeta HLAV
2.4.3  FEsE | DSPE-PEG,, & HE A2 M HC il
2.5 mg - mL ™' [f) NO-SiPc-NO THF ¥5%, B¢ 1 mL 4y
SR 6 & & (30% ,40% J2 50% ) ) DSPE-
PEG 00 W i , TEA BN PR 1 000 v+ min ™'
B 7K LT L [ 20 25 i NO-SiPe-NO 4 K ki i3 W . 35
Bk 2 F5, Gk ok FE H A7 g3 B AN SR 2 A
NO-SiPc-NO@ NPs[1 42, PDI Fl Zeta HLAi o
2.4.4 A AHLMEAKMIEB LW EZmE B H
2.5 mg - mL ™' NO-SiPc-NO THF % 4 mL, Jil
A 4 mg DSPE-PEG, ., 15 i J5 , 75— & il £ 1 B &
POPEHEEE T, 40 1T mL {3 AF]3.6.9 mL K H
{8 L [ 4155 B NO-SiPe-NO 44 K ki v i o 35 B it
W, kL B H A7 43 BT AR 43 B NO-SiPe-
NO@ NPs [{)57 4% , PDI F Zeta HL {3/ o
2.5 NO-SiPc-NO@ NPs # % 1E

2.5.1 SPULEBIOMIEASRAL SR IE I L B M4
.58
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NO-SiPc-NO@ NPs fJE 41" . HLAR 7 it - OE it
NO-SiPc-NO@ NPs, ¥ 44 K ki H & &+ /K i B 5 T
B EAT B N L, B AR¥E TS, T 10% w5 4H
fRYs o 10 min, K¢ A 5 8 35 4 # 85 (JEM-1400
plus) T XREEG K TS o

2.5.2 NO-SiPc-NO fupR Mgz pyile  RH
1 B €815 5 I E 40 Kbz NO-SiPe-NO 1 4 £
R H . NO-SiPe-NO £ 35 R 14 25 1 i FH 2>
®1~2 5,

() = DALRIMZEIBE 000

SN B 245 ) I
(1)
n(2)

Hovr, B4R 25 W) TR KR 28 0 AT 24
K H 413 17 5 NO-SiPe-NO J&, 1] 2 JiF i B¢ 100
i, A FLS >R A HPLC Il %€ NO-SiPe-NO & &
2.5.3 NO-SiPc-NO@ NPs [yfa @ e -~ T
#r B AL AR R FEE P, NO-SiPe-NO@ NPs 73
SITEE R AN 4 C A TICARE 30 d, T 1
[ (1.3.5.8.,14.22 } 30 d) I & kidz  HL iz , PDI,
NO-SiPc-NO i $f 58 15 8 24 it DL 25 58 94 KORE ) I A7
2.5.4 NO-SiPc-NO@ NPs R 1EHM R FAMKHE
BLODIEIEAT UK RLAR M i B DUAT 9T o RS %5 F L
0.5 mg + mL™" NO-SiPc-NO@ NPs 1 mL & F 10 mL
W2 £h 22 vh il (pH {H 6.8 F15.0) H, 43 & T
(37 £2) CHE K IR 7 4 P IR, T A [R) I 8] 50
(0.1.2.5.8,12.24 148 h) it 1 mL & F &0
o IR AN SEAR TR R B W R R 22 v . BRSO E
FELOHLE, B0 HUE I B R 3 000 ¢ - min~' B
O T E R 10 min, B0 AL BB E S 25 C,
ELORRIMTTE Y SR 2 1 mL, 3t 0.22 wm
FRUEIE . FHRS 2.2, 1 "I R NO-SiPe-NO i)
Em, IR R R
2.6 NO-SiPc-NO@ NPs ty 14 & 3F i
2.6.1 NO By ] Griess i EATIASN NO £
s

IS LR R (5 mmol ) RO WEIR L 2%
AR B B 45 0 25 ol + L' ) NO-SiPe-NO
1 NO-SiPc-NO@ NPs /5 . ¥ ERIERE T 37 C
TR TP, TAS [ IS T) s IO R SO L, 53
BMA 50 plL Griess Reagent I fil Griess Reagent I,
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FRCE 10 min, 76 540 nm BN GRS . A
NO Bt , VORARIRER (NO, ™) Iy BN
2.6.2  {KHN ROS lE  fif b2 B EF T R
NO-SiPc-NORJ{E A i o 1,3- R F AT ki
(1, 3-diphenylisobenzoruran, DPBP ) J& — K % Jt:
BEORBIDUCR D e Hom R 5 45 A B iE PR R
#2Y  DPBP 5 E M & ( reactive oxygen species,
ROS) 254 , ANAT AL, S50 AT LY 415 nm 2R R
WAL TG A o

L THF A5, i il e B2 4 40 pmolL « L' [y
DPBF ¥, 437 40 pmoL - L™" () DPBF 5 i i
F% 320 pmol. - L™y NO-SiPc-NO FiI NO-SiPc-NO@
NPs VR EWSE N 3.2 pmoL. - L™, IR A RE
T A, ] 680 nm O AF (PR %
500 mW - cm ) HR &, 76 0.10,20.30.40 .60 .80,
100,120,150 #1200 s #4742 K3
2.6.3 NO-SiPc-NO J:fa &M Fithil 30 pg » mL™'
i) NO-SiPc-NO ¥, ] THF Fi B2 5 pg » mL™'
Ja , BB 3 mL o L LA L, 5 ) %
500 mW - cm 1) 680 nm %28 BE ST, 43 HITE O
102030 .40 .60 .90 120 180 240 300 420 #1540 s
PEAT SN OG I E
2.7 NO-SiPc-NO@ NPs #5723

BOW A KW () MCF-7 Al Hela 41 i, 4351 LA
AL 1.3 x 10* 4~ F1 1.0 x 10* 4~ 27 5 96 FLAR A,
37 C MBI E 5% CO, 56 T H55% 24 h J5, 5 &
JREE SR WL, A& NO-SiPe-NO @ NPs [ 8% 35 5t
(PANO-SiPe-NO i, JBE JR ¥ BE 4353 2 0. 025 ,0. 05,
0.1.0.2,0.4.0.8.1.6.3.2.6.4 pmolL - L"), 5L
100 pL, 7GR, T A SR —HE, 4525 2 h
J&, FH 680 nm OGS HRAEAL 1.5 min, 55748 h
&, F R SRS B 100 WL PBS 35t 3 i, 0
A 100 pL &7 10% CCK-8 i3 3k, gk 3t 1
h, SR BEFR AR 450 nm PR ANIE A {8, FFARHE A
3 AR

?lﬂﬂﬁﬁfﬁ%(%) :Aﬁnéﬁ?ﬂ _A‘*Ifaiﬁl'%ﬁé'ﬂ % 100%

Aspm — Aspmen

n(3)
2.8 NO-SiPc-NO@ NPs ¢ 1A 4~ NO #431]

5 NO ZEEARET (DAF FM DA) PEAG4HAE A NO
HFEA P B A FLIRIE MCEF-7 40455l 7 x 10*4~Fh
T 24 FLAkcb 72 37 COZnMus At 9% 24 ho FRd
MalbRES | 352 IHEEF2 355 i A NO-SiPe-NO@ NPs
TS AREEE TR, 76 37 CANfE I FRAETIEE S h

FPIE 222k 2025 4F 1 H 5 60 45 1

F25 B3, PBS ¥ 3 I, AR RTHC B4 1A DAF-
FM DA (5 pmol + L™") SE4REH K, 37 C T
30 min ] PBS PE% 3 UK, 3 DAPL Jed%, fie ) il ]
POCHE BB AE 515 nm AP

3 & B
3.1 NO-SiPc-NO 18 Bk 4y 19 45 #) & AT

P53 % 243 €0 [5 4 (0. 199 mg, 0. 130 mmol ) , ~

#.40% .
3.1.1 '"H-NMR Z3#f NO-SiPc-NO fj' H-NMR {5
B4R . H-NMR (600 MHz, DMSO-d, )6 9.70 (dp,
J=6.6,3.7,3.2 Hz,8H) ,8.54(dt,J =5.8,3.3 Hz,
8H),7.99 ~7.95(m,4H),7.82(u,J = 7.2,1.3
Hz,2H),7.67 (t,] =8.0 Hz,4H) ,4.29(1,] =6.2
Hz,4H),3.97 (t,J = 6.3 Hz, 4H), 1.97 ( dt,
J=20.2,6.5 Hz,4H),1.89 (t, ] =20.2,6.5 Hz,
4H),1.17(t,J =7.3 Hz,4H) ,0.42(t,] =6.4 Hz,
4H), -0.27(t,] =6.0 Hz,4H) ,

NO-SiPe-NO f#' H-NMR % & W& 2, H s
9.70 F18. 54 HkBkE Y R Tk, 3 8 ME., 67.99 ~
7.95,7.82,7.67 [ 8 NJFE T 2 4~ NO fIL{AFEFR |-
B NO-SiPc-NO H 5aEc Z AU Y 4 NERT1k
NIRRT, AR B E A B0

NO donor

L‘_ﬁ JUJL.A»\«L_L

-~ I

SiPcCl,

i ﬂ Llj\—A_JLLiJLL‘L _LU L

135125 115105 95 85 75 65 55 45 35 25 15 05 05
8

B2 —HMAANO)fEE NO-SiPe-NO W% # ik A% H
Fig.2 'H-NMR spectrum of NO donor and NO-SiPc-NO

3.1.2 IR4MF NO-SiPe-NO [ IR (ZEUN°F -

FT-IR(ATR) v (em™") .1 733 .1 550.1 334,
1 079 685,

NO-SiPc-NO 4544 vt 3= 2 ) Fp AiE 3k P A R
W ER R R R AN R AR, S5 R, 1 733 em Tl
Fg Pk FEHR 2 1%, 1 079 em ™' S fiF C—O i 3h i,
1550 ecm ™'y BRI IR RLHPR Bh 04, 1 334 em ™' Hy
Fifk G 5 1) L fof R B 0, 685 em ™' Sk AR A A1) i fie

<59 .
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B, FiH Z B AYE K, NO-SiPe-NO # NO it
k£ 3 400 em ™" A 47 [—COOH F§ fiE W

K 3),
3.2 NO-SiPc-NO 4 &
LIE L R UL 4A RS HIERAT

it NO-SiPc-NO [ ] %2 , NO-SiPe-NO 77 #: 1 & )&
PER A, AT AL (A) X NO-SiPc-NO Ji7 & ¥k &
(p) FEATEAPERIIH, 25 R WK 4B, 45 R &V,

NO-SiPc-NOZE 1 ~40 pg » mL™"' L8Pk B 4T, 4 ¢
FRBOKTF 0.999, K. &k FE NO-SiPe-NO 1) H
PAE B RSD 450 1.01% (1.51% (1.88% , H
) K5 25 B RSD 43511/ 0. 87% 1.15% 1. 13% , ¥

% H Lk BE NO-SiPe-NO X [ 1 i A [5] i 232
(n=3)4%7(99.67 £1.01)% (98.35 +1.51) % Al
(104.39 + 1. 88) % , RSD /INTF 2% , 32 BH 7 35 i i 1
FERAT

NO donor

AN
W
NO-SiPe-NO Y\/
4000 3500 3000 2500 2000 1500 1000
Wavenumbers/cm'!

B3 NO fitk 5 NO-SiPc-NO 1y 21 4h 6 3 B

INF2.00% (n=3), U0 B K % E B I, Fig. 3 IR spectra of NO donor and NO-SiPc-NO
A
0 1 — 277 3 4 5 6 3 9 10 11 12 1 147717577
1/ min
i B
I
il
N1
|
[ |
(4
0 i 2 3 4 5 6 7 9 10 ¥ 12 13 14 15
1/ min

A -2 H{EF]; B = NO-SiPe-NO
A - blank solvent; B — NO-SiPc-NO.

B4 NO-SiPc-NO &y & Bk A € 1% (HPLC) % B 1+ & i
Fig. 4 HPLC specificity spectrum of NO-SiPc-NO

3.3 2HEFE
3.3.1 NO-SiPc-NO W JE I # 2 NO-SiPe-

NO I P BT EE N 2.5 mg - mL ™" i, ARk
#%2 PDL Fll Zeta HL {753 51 7 (151. 433 =1.985) nm,

Size/nm
1ad

0 1 —— —— 02
1 155 2 25
Plmg-mL"

B 5 FFEt NO-SiPe-NO i J& »t g 41 3%

2K KRR % 2 W R B (PDL) 7 Zeta W (L8 %

(0.115 £0.029) 1 ( -15.6 £1.951) mV (| 5),
PDL A HE o7 LU il & R Wk EE o 1.0.1.5.2.0 X
3.0 mg - mL ™I /N, % 2.5 mg - mL7
£k NO-SiPc-NO@ NPs (4] 7 1 JiE

Zeta potential/mV

T T T T
1.0 15 20 2.5 3.0

Plmg-mL"!

Y, n=3,x+s
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