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Abstract

Silicon nanoparticles (Si NPs) prepared by a one-pot hydrothermal method were used as fluores-
cent carriers, while mesoporous silica nanoparticles (MSNs) were used as drug carriers, pH respon-
sive composite fluorescent nanocarriers (Si NPs-MSNs) were prepared and used for fluorescence
imaging and treatment of tumor cells. Using a series of characterization methods to analyze the op-
tical properties and structural characterization of nanomaterials. Using doxorubicin hydrochloride
(DOX) as a drug model, the drug adsorption and release properties of the prepared composite fluo-
rescent nano drug carrier were investigated; Investigating the biosafety and imaging effectiveness
of nanocarriers through MTT and cell imaging experiments. The drug adsorption test showed that
the drug loading rate of the composite nanocarrier was 23.08%, and the encapsulation efficiency
was 76.94%. In vitro drug release experiments showed that the composite nanocarrier has a sensi-
tive response to pH. The MTT results indicate that the prepared composite nanocarrier has low cy-
totoxicity and is suitable for biological applications. It also proves that the composite nanocarrier
loaded with DOX has the ability to Kill tumor cells. Tumor cell imaging experiments have shown that
composite nanocarriers can exhibit good fluorescence imaging effects in tumor cells and can be
used in the field of in vitro biological imaging. This study successfully prepared a pH responsive
composite nano drug carrier based on fluorescent Si NPs, using the anti-tumor drug DOX as the drug
model. The composite nano drug carrier has good drug loading and encapsulation efficiency, and
can achieve real-time fluorescence imaging and therapeutic effects on tumor cells.
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1. 5|8

AR, Qmﬂé*ﬁ?(Siliconnan0particles Si NPs) {4 — M A (A A U R e AR ET A5 32 1)
ZIORIE] [2]. SfEGMMRITR /I LEITTR RIIM 9O E T R, Si NPs BATEMA R VELF 00
#, ‘ﬂa/\fﬁﬁﬂﬁﬁﬂﬁcﬁﬁ’h‘ﬁ%fyﬁ, QR e RS I T I 7%7?% VESF . ROSRRE R, EAR U
57 RE MR FFAEEY AR SUR SR I T — s RIS F1[3]-[6]. ARFTRIRNL, SGHRET AR S B
K SOUE TR, REHH L 5B R GR, tﬁﬂ?i%%iﬁﬁﬂ%[ﬂ [91. BIHATALLE, KL
4 (4 Si NPs K2 R B (0Ot Blt, Ye [10155 ANH B AR B & IALE 180°C R &K 1 R G E 1
PPN 28.8%, RATH TG SiNPs, FFRRIIN TR Min [11789/ MR T S 22472 e S MR
&, fE 150°C A TR 5 h il 8 1 AN AR TOER) SiNPs, JERH] TR0 pH A A4k ; Ma[12]
PR AERURYT, 200°C26AF R /R 15 min &A% 7 AOLIR BRI SR (49t Si NPs, 4% 1 S
8], [ R 1RO . (HIXEE A R SiNPs W 7E w2k AR R ilAS,  EUOO AR MR BE . DI
SRR AN B2 A TR B R A K T HL SR BEAR XL R 98 Si NPs A2 B PhivE K T4 .

A AL ARG KL T (MSNs) B A LR TR }L%ﬁ”ﬁ Gy TR EAN R4 B 2 e
P A A 25 D AT AR R [13]-[16] 0 LA A AT de ot i Fh W PR 1 FH B0 A 2B R A RS 28 WA
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B FLIE IR TR IS, S BLERZG 1 A [17]-[19] Dtk MSNs J& —Fl R 4 (0 25080k, RS S 254
I SR, A HE DA AR B 24 W AE A A 2R AT 42 e A DM 2 20] . Chang 21758 AF
FI MSNs AR 2 3K AEAT 28, X P HIR7T: Feng [22]UREZLIH %) MSNs IR C M2 kS
PUMRE IR R, iR PUMR AR s Rui [23158 AR MSNs &8s 254 F aUine S 17—
T B pH R SR 25 R R R S AR, IX LS AU UK MSNs HI TR a7, IR R
MSNs FIHOERARRET S, JCHAREEA 5 SiNPs BEATEE &, TSI R R AR AR ST XU AE ]

ARV VT FH 7K S 4% G 3 678 6 1) SiNPs, 5 filk Si NPs &SI K AT IR B s[RI VA IR
- BEI% A A MSNs, 0T R T BEAT D REAL A, FA A ARIBCTIHE SiNPs AT MSNs fHL4S &5 BL DOX
NI £ JE Tt SiNPs ¥ pH W WY 52 S 9K 25034 il 46 (10 R 6 9 e 4R 25 W) a8k AT
2P BRSO, IFIRIEH B e A, RN HEAT IR A 2O R AVE ST, 9 SiNPs Al MSNs £
AW A HE 0 IR A T B SR AT T R

2. SCIOERSy
2.1. B{5IR7

HL T K (BS-224S, FZ AR HAARA RA R S /5 BaE v as (JP-040S,  FRYINTH i BRiE P 15
FHRAF; KA (F-4500, HAHILAF); KoM )6 i (Lambda 35, PerkinElmer 13 %%
AR F]); WOGKL RSN E AL(ZEN-3690, &5 [ & /RS RA R @S 1 2B (JEM-2800F, HAH T
PR 4t) s 3 Kk A4 H - BB (Scios, FEI 4 58 A7 fR A ) X-4 Z6A7 51 (D8 Advance, Bruker A &]);
37 2T A6 A (Spectrum Two, PerkinElmer 1X#5H R A 7).

3-(EFEN ) = IR SE(APTES) N-[3-( = HARIEIL) NI 4 ZZ(DAMO). AB&EIEKE . 1-4
B3-SR RIS Bk — e Eh R £R(EDC)  N-F2HE 5% H T 7 i (NHS) A 25 B2 B 25 25 (DO X)W i Fif
P T AR A RA R IERERR Y ZE(TEOS)FI-F75 bk = IR (CTAB) W H 1 [E 245 45 FARI A
BRAF], Jo/K R B RETERRIEREZEN A SE A BINaOH). FALII(NaCl) I Z K 5 R
BRI EBRA A . R FREFHGA) Jo/KBERE — 28 (NaH PO FI G /K B 2 Sl — B4 (Na HPO4) I
FEE AR AR AR . LIRS LB TAGEH TAA 8. AR ik, LAk
AT E A

2.2. T&¢ Si NPs BU$1&

# 10 mL LB F/KIIA 25 mL Beffi, FIMAREHAREUY 10 mg AP EE2K . I FHiHE(1200
r/min) 20 min, fSFNEAHISIHIER . K 2 mL A N-[3-(= FFEIERESL) A 3] 2 I (DAMO) 2183 hn #1i%
R, SR IEH OB EE T AR 110°C RN GIIE) B 20 min J5, FEREE AR I 2 =R R EGE, 15
FPF T Si NPs . K Si NPs RN/ F#EE 2 1000 FENT 48T 12 h /5 (5 4 h #:—00K),
1FENAG S 1) SiNPs R . K5 HAEAAAE 4 CUKFET & M. IbAh, B —3 3 4lfb ¥ Si NPs A R T8 15
A, FTJE8ERAE.

2.3. ThEEH AT FL S RERNLF OB

2.3.1. AL - FHENREFRH&

TSR 188 mL 1255 T /K 52 mL FITE/K SBEMAE] 500 mL et , FEFE 0.5 g TN
Fi i = AR (CTAB), W H A /- BUHER T, 1E 40°C F4i#£(300 r/min) B2 CTAB 5826 #: 8
JEIIAN 1.75 mL ) 2 mol/L ] NaOH VK ; /5 212 B0 0 2.5 mL A IERERR VY ZBR(TEOS). ¥ iXIRA
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WAE 40°C NHEEE 2 h JEEUH B0, FHEE T/KMEE 3 Wk, BN ST M F 1000C T4 12 he BT
P58 i PR A EER A HCLE 5 3R 4 B 550°C R 4B S h LR 245457 CTAB, 5 B FL AL iEG K FL T (MSNs).

2.3.2. FEUNFL-SUREARBFIIHIZ

KB FREL 0.5 g MSNs IIAF 150 mL Jo/K ZBEH, @A HAS 285, A 1 mL B 3-(ZAFZEH )
= ZEFEREE(APTES)TE 40°C NEL:SHE 24 he B0JE /K 288G 3 R 22 R I B 1) APTES, TR\
IR 40C TR 12 h, BB E A FL T EAREGURR T (NH2-MSNs) «

2.3.3. RENUNFL -SSR FROSI &

FEEFREL 0.4 g ¥ NHo-MSNs I E] 200 mL ZREER A+, A HR 280G, WA 1.2 g GA 18
37°C NELEAH: 3 he B0J5H 0.1 mol/L 1) NaCl #7(0.1 molV/L)Feifkbr 22 R R ML GA, A5 TI15A 3]
LA FL EAREGK KL T (COOH-MSNs) .

2.4. ETFISE Si NPs FIE SGERBFHIHI%

BRI 45 mL A BT /K(pH = 5.0)F 100 mL 5 DM, IO 0.1 g N-FREEBEHIE I & (NHS)
015 g 1-£.3E-(3- RS N 38 ik — WP i% 2R R ER(EDC)#i#E 5 min, X5 0.15 g f) COOH-MSNs
Ak EEH P 30 min 54k MSNs 1 IR IE, £ )58 20 mL 2646 5 1) SiNPs IS BN BiZ4k &2, EiR(25°C)
FEEGHERE 24 he AR TR B E A R CHIK 2 EAE (ST NPs-MSNs) .

2.5. EATEIAPANKZHIE A (Si NPs-MSNs) 254 05 Bt £ M

DOX 2R AR mid. B2 A4 tb 15 %4 1/10. 3/10. 5/10. 7/10 A1 10/10, FH PBS Fi il

Wb B B 1) DOX TR - 4 LG B8 FREL SiNPs-MSNs A F%E B [ DOX WG, =54 T 221

PP 24h 5, EOB EIEWR SmL @A/ T 25 mL AR, LA a] W6 EIETE 480 nm XA
AT REIN, 02 R DOX IR AR IR, AR b il 28 0] 224 A B R AT 1 55

LC(%) =" x100 (1)

n,

EE(%)="2""1x100 2)
my
v
LC—8 A%,
EE——fE %
mo——¥5 DOX MIVIMhE, g;
m—— P E T DOX &, g;
m——HKEAE R, g.

2.6. EINMBESIR

FTE/K iR — AN AN TC /K B R S — BN IC ] pH {E 53 A 7.4. 6.5 F1 5.0 1) PBS Z2ii. 1 Je kS AR
B =41 0.01 g % T /51 DOX@Si NPs-MSNs JU T2 #k B &4 14000 IS4, R85 & MAAE PBS
ZER 3 mL, 20 HIE T 30 mL ) pH = 7.4, pH=6.5. pH =5.0 ] PBS Z& R H TR 5B, T
3T CHEFE, G —BURHA](1.0, 2.0, 3.5, 5.0, 6.5, 8.0, 12.0, 24.0, 48.0, 72.0, 96.0 h)HX 4 mL ¥4k, [FIH
AN 4 mL FIJE pH B PBS 2ihil,  CARFRE IS ARRUAAS . RSN AT W Y6 e FETHE DOX [HIH K
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WIS K 480 nm LRI HOIBARHET OGO M5, 228 DOX BB MCR S AT H 4, DAEEH
B,
VY C+1C,

ny

C (%)= 100 3)
e

C—— MBI %,

Vi—#MInE PBS HIAFR, mL;

n——HURE ICEL

Cr——Z Hi TR T8GR DOX ML, mg/L;

Vo——RANREIR R A, mL;

Cr—— TR B0 DOX K, mg/L;

mo——HART I E, mg.

27. ERMARBIFLFINEM ST

2.7.1. 2% 41 4R FER B RO EC

B (1 SD HEVE X BRIIIR 5 mL BIPUEE H, IAE R AEE KRB RO, 18
4CHMFRE L, 75 BIERE RS OE R RN E A KRG EE O, 22 REERZE L
WAERR L EIEN . HEWE 0.5 mL FIZL4HMIMA 24.5 mL AR BE 357K A LB Rl 2% 1 2140 i 2

2.7.2. FRIMSE
PRI & R K AR A, H 0.9% 1) 4= 1 3h /K FL i A B2 4r 324 0.05+ 0.25. 0.5+ 0.75 Al 1

mg/mL FEEW, B2 mL R ER 315 2 mL 1 2% 0020 40 M Bl (SE360 20) A= B 2R 7K (B3 P X6t R ) A

EETKATER ) MR G, £ 37TCHRM TR Lh )5, 7£4°CMUES G, B EFHERLE 541 nm

DA b B R R ZERT T B2 RO R, AR R A X (4) T ML (HR):

Asample - Anegative

HR(%) = )
ositive egative

x100% @)
VLR

Asampleiiigﬁéﬁiﬁg y@i E/‘] [&jlﬁg H

Anegativeii IKH ‘ﬁﬁ ﬁﬁ éﬁ.iﬁ% Y’Tﬁ E(J [&7\% g H

Apositive__ BH 'ﬁxﬂL E\ﬁ éﬂj:j% ?Tﬁi E/'J I&j\[ﬁ}g o

2.8. FSMmRREEIIE

B B AR K 4 o M BE, JERUAFFL 100 L H& A 5 x 103 NI EHER S 96 FLIRT, WH
FENFLUIMANZEETCH PBS, N FER TP REFE 24 h BN 100 pL REKEE (4. 8. 164 32, 64. 128,
200 pg/mL)FH 25 5 FR M BRI PR 29 BRI B, 3 = ARG B, AR E S MR L.
GRELTHNEEFRAR F IR 24 h 5, FHTEERY) PBS VrTdE, BFLII 100 uL 75 577250 20 uL Smg/mL
MTT ¥R, k8595 4 h, BRRIEFBSERLF A 150 uL # DMSO, #%% 4 min, FEFARXAE 490
nm U E LS ) OD B . 4% HEA (S) THE A I AATE % (CVR):

A 1 (%) = 22— 9o

%100 (5
OD, - 0D,
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OD,—— S I 2H [ IR e T {8
OD—— % HEZH 1AW e BEAE
ODo——%% AL IO A

2.9. {ESMARERLIRSEH

BUOR SO0 K HepG2 A HARRE, FFLAAEAL 500 ul HAAH 4 x 10 NI ER 2 24 FLBCH
(24 SBT3 B 103 ), A FHBIMALINN S R C1E PBS, MR ZRF PR 7R 240 5, A
300 uL ANFHREE(S0. 100+ 150+ 200 pg/mL)H 2 A SR EF R PR M EAR B, IR ES A, 4
SN FRARETE 12 hs [E @GR AR IR B N 200 pg/mL, B5FRIHE 058 3+ 64 9. 12 h,
FIRER B2 AL, TR IR, B8 oG 4IMIEEIT DAPI et 1E9L(E B BB T S0 AR E I -

3. ER5118
3.1. Si NPs & R S RAE

3.1.1. Si NPs & X
B 1A K A TR B O SiNPs R

T
PCHs NH, 120°C HNS N,
si NH, + —
RIS NN 2
H;CO™ | N 1 e ~
oca, H OH 20min - pgN T,
2

Figure 1. Schematic diagram of Si NPs prepared by hydrothermal method
B 1. k#AEHI & SiNPs FIREE

3.1.2. Si NPs &R &tk

FIF o — AR By, I AR S ST S SR (R AR BEXS SiNPs (& Ak it Tk . H i 2 m] LA
BRI RN . B 2 LA H, FEEER DAMO M SN 2 mL, 385740 E M 1 FH &M
5mg 3K E] 50 mg FIEFEF, ZABEIEAEBIMI BN 10 mg iF, A HUH SiNPs FI78Esm R, A6k
SRR KA B 2(b) AT LB, 24 SRR A A 10 min SR8 K F] 35 min (R, 24 SRR A] A 20 min
I, AR Si NPs [ GHEE IR B 2(c)rT AR H, N 90°CHEKE] 140°C I REH, M)
N A 110°CHY, A Si NPs (2650 k. At Si NPs (5 A 2k M [E e iR DAMO [
BN 2mL, EEFAREIEEB RN 10 mg, SN 8RR SR 43504 20 min A1 110°C.
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35 min ———140 °C

b ——30 min ——130°C
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Figure 2. Optimization of conditions for synthesizing Si NPs

[ 2. &5k Si NPs BIKHRIL
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3.1.3. Si NPs BUE MR

3 HHHIHIZE a f& SiNPs MR, Mgk b RILR RS, MEEIRT L, & B SiNPs 1
FEBOR KN 450 nm, e fE RS K N 580 nm. B 3 FHEEI AT LUE 2, $4 4 A1 Si NPs i URTE
SAMT TS, G R SiNPs BS9SRI R —81.

30004
a b
2500 4
20004

1500 1

1000 4

PL Intensity /a.u.

500

0

350 400 450 500 550 600 650 700
Wavelength /nm

Figure 3. The optimal excitation spectrum (curve a) and emission spectrum (curve b) of Si NPs. Illustration: Luminescence of
Si NPs solution under UV light irradiation
[ 3. Si NPs B ERUASLIBE (HI% o) SRELFIEE (H%Z b). EE: SiNPs RRAELRIMTBH THLKE

3.1.4. Si NPs ROZE ¥ R4

TR Si NPs 347 1 RiAR R4 & 4(a) Si NPs {135 5 4% KI(TEM). i TEM afLLEH, &
B Si NPs 25K, Horhk Rif. AT #E—50#r Si NPs [RiAE, FRATX-A A Si NPs #4717 27
FeBUR M, B 4(b)FT A, Si NPs FERIAE AN 2.3 nm. 8 4(c)f2 Si NPs BIZLAMGIER, Eh 1096
em ' A1 1013 em ! SR Si-O-Si IH4ERSN; 3279 em ™! AT B N-H B 4IR30 7F 2932 cm ™' F
1459 cm™ 43 A S5 AMEAT C-H Mg iRz A tRAHIG: 1590 cm™1 A1 761 em™ 43 il %J B N-H 25 it Al #5 4%
PRBh; 7E 1348 e SCH 2 C-N IR ZEIRB0[24] [25]. LA RS REH, &0 SiNPs & S &J.

40 b aeverage diameter: 2.3nm

Transminttance %

1096
2.5 3 35 4 4000 3500 3000 2500 2000 1500 1000 500

Diameter /nm Wavenumber /cm™

200 kV 3000000 x - 23/06/11, 15:29) ——50 mn

Figure 4. Structural characterization of Si NPs. (a) TEM image, (b) particle size analysis, (¢) FT-IR spectrum
[ 4. Si NPs FU45#93R1E. (a) TEM [, (b) RIRSHF, (c) FT-IR i&E

3.2. MSNs &5 RAE

K 5(a), & 5(b)%r %14 MSNs ) TEM A1 SEM &, 1 TEM K] LA H MSNs E A5 I HUIR [ FLiE 45
¥y, Vi MSNs BRI &R, HkifE )9 200 nm. o SEM KA LLE H MSNs £ KR F 22558 H K
INE— B ER T 4N K kT « 1] 5(c) MSNs [/ XRD AT5HE . 7] LA 2% MSNs 7F 260 4 2.5° FE 41,
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AW G ATI 0, AT SRR WA S N AR AE i JE R ST FLEE I [26] [27]. B 5(d) R 20 FIE
285> 712 MSNs. NH>-MSNs fil COOH-MSNs 2040k ], B ihzis 1045 cm™ F 440 em™! AbX}
J% Si-O-Si FIAKEFRAH G A2 fhPRBhIE, 3748 cm ' AbXE R Si-OH FI4FAEIE[28] [29]; MLtk LG
F| 3748 cm™ &b Si-OH HURFEWETE 2L 7, 7 1635 cm™ 2L HL N-H FIH4E4R501&, 7F 2980 cm™ 4L B C-
H SRR AE R U [30]-[32], Tt A 283 il Th e BN FL AL REG R BT 3R T s g i 22 T LA 21
HELA 1714 em™ & C=0 #4iHR5).1635 cm " BRI C-O LIRS 1408 e ™" &b O-H TH N AR TR FN[33],
Vi B MSNs Fr1 5 24 i )

M FL oK BT
200 kV 1000000 x =

250000 C
200000
N
3 P
= 150000 4 =
= =
£ 100000+ C 3748
i g
£
- —— MSNs
50000
—— NH,-MSNs
0 —
COOH-MSNs -
2 3 4 5 6 7 8 9 10 4000 3500 3000 2500 2000 1500 1000 500

20 /degree Wavenumber /cm™!

Figure 5. Structural characterization of MSNs. (a) Small angle XRD spectra, (b) TEM and SEM images, (c) FT-IR image of
the nanocarriers

[ 5. MSNs RUZEHIRIE. (a) /M XRD IEE, (b) TEM #1 SEM &, (c) KE KRB FT-IR &

3.3. Si NPs-MSNs Bl & LS RAE

3.3.1. Si NPs-MSNs BO#I&F DOX RYZEH;
6 #& Si NPs Fl COOH-MSNs 7EMRIEFII/E H T &AM B 2 DOX HIZE#on =K.

Ve @ C aa® "
0o ¥ + 000’
© &’\-b‘ + o‘:.:.' —e
Cge¢ ©
Si NPs COOH-MSNs Si NPs-MSNs Dox DOX @ Si NPs-MSNs Cross-sectional view of

DOX @ Si NPs-MSNs

Figure 6. Schematic diagram of the preparation of Si NPs MSNs and DOX loading
[ 6. Si NPs-MSNs §%| %1 DOX KR R EE
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3.3.2. Si NPs-MSNs B RAE

¥l 7(a)’y MSNs Al SiNPs-MSNs [/ fff XRD fips i . € il 2k & MSNs ¥ XRD A5, ZLeih4k
& Si NPs-MSNs [ XRD fiTht, V3REM SR 260 Ny 2.5° 6 47 HAT W AT IE, B0 A 5 gk 25 %
RN IBAELE B FE X ST FLEE M. B T(b) R Bt 2 (RIS (il 28 3 73l /& COOH-MSNs. Si NPs Al Si
NPs-MSNs LA B 2k 1635 cm™ AT 3382 em ™ AL HIE! N-H {45 RBNIE; 1548 cm™ C-O
BILAREN, SiNPs 5 COOH-MSNs M5, fEEAGWKAYEETIERN T O=C-N #, HEMMEEYK
AR ITA KEZIE[34], UEH Si NPs IIEELE] 7 MSNs b, #1528 7 EE590K A48k Si
NPs-MSNs.,

a —— MSNs
— Si NPs-MSNs

—— COOH-MSNs
— Si NPs
— Si NPs-MSNs

Ietensity /a.u
Transmintance /%

2 3 4 5 6 7 8 9 10 4000 3500 3000 2500 2000 1500 1000 500
20 /degree Wavenumber /cm™!

Figure 7. (a) Small angle XRD spectra of MSNs and Si NPs MSNs, (b) FT-IR plots of Si NPs-MSNs
[& 7. (a) MSNs #0 Si NPs-MSNs BJ/)sf XRD i, (b) Si NPs-MSNs K FT-IR

3.4. Si NPs-MSNs BUZ542E

] 8(a) 23K (200~800 nm)F 4 AT %1 DOX & KWW # K9 480 nm, fE 480 nm Filll#F DOX
WEESWOGEE IR NG R, XA BT A5 2] DOX MArdErh 4, 45RankEl 8b)fr, Hd AN
WeHRE; C o8 DOX W EIREE; R2AMKRE. 45REMH, ERE 15~40mg/L UM, DOX MikELE
W R I R AT 2 R R

2041 4 0.8- b
A=0.018531 C+0.0272,

154 L% R?=0.9991
b5
g 0.6
-g 1.04 <
2 480nm J
i 0.5

0.5-

0.4
0.0 4 0.3 -
200 300 400 500 600 700 800 15 20 25 30 35 40
Wavenumber /cm’! Cpox /mg-L!

Figure 8. (a) UV Wavelength Scan of DOX, (b) Standard curve plot for DOX
B 8. (a) DOX BYZSMNKKIFHE DOX HIFRERLZLRE], (b) DOX BIFRAE L]

DOI: 10.12677/aac.2025.152028 295 oririb it e


https://doi.org/10.12677/aac.2025.152028

FHER, TKiEE A

TR AT WA Yo EFEVEAE 480 nm R XFVAREATRL I, e AT DOX IR TR EIRE ., H#k 1
A%, DOX IR E 24h i, wAEMZYARMAEREL N 3/10, B RQ)THHEHEE B gk 2Pk 1
LR R RN 23.08%F1 76.94% .

Table 1. Effect of different drug/carrier mass ratios on drug loading and encapsulation rates

F 1. NEMZHYEERELE B ARME I RPNFN

AR L LIRS (EEES
1/10 14.93% 48.16%
3/10 23.08% 76.94%
5/10 28.58% 57.16%
7/10 20.78% 66.59%
10/10 21.17% 60.71%
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Figure 9. Release profiles of Si NPs-MSNs at different pH. (a) pH = 7.4; (b) pH =6.5; (c) pH=5.0
& 9. [E pH T Si NPs-MSNs HIFEZhiZkE . (a) pH=7.4; (b)pH=6.5; (c)pH=5.0
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Figure 10. (a) Haemolysis rate analysis of composite nanodrug carriers; (b) Relative survival of nanocarriers after 24 h of co-
culture with cells
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Figure 11. Relative survival of DOX and DOX-loaded composite nanocarriers after 24 h of co-culture with cells
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Figure 12. Fluorescence photographs of HepG2 cells after incubation in DMEM medium containing 0, 50, 100, 150 and 200
ng/mL of Si NPs-MSNs for 12 h. Yellow fluorescence photographs of Si NPs-MSNs in HepG2 cells (a)~(e), blue fluorescence
photographs of nuclei stained with DAPI (a’)~(e’) and merged images (a”’)~(e”). Scale bar: 100 um
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Figure 13. Fluorescence photographs of 200 pug /mL Si NPs-MSNs suspension after co-incubation with HepG2 cells at differ-
ent time points (3, 6, 9, and 12 h). yellow fluorescence photographs of Si NPs-MSNs (a)~(e), blue fluorescence photographs
of nuclei stained with DAPI (a’)~(e’), and their merged images (a”)~(e”). Scale bar: 100 um
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