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Abstract

Purpose: A novel nanocarrier based on copper silicate hollow spheres was rationally designed for
delivery of anticancer drug of DOX, and its structure, performance, and cell toxicity was studied.
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Method: Copper silicate was synthesized via the “self-sacrificing template” approach by using sili-
ca nanospheres as the templates with one-pot hydrothermal method. The morphology, structure,
and surface characteristics have been studied through SEM, TEM, Zeta potential, UV-vis and FTIR.
Results: The morphology of the synthesized copper silicate is similar to the urchin-like hollow
sphere with the average diameter of 210 nm, and the surface charge is about -18.5 mV. Conclusion:
In this study, copper silicate hollow nanospheres were synthesized by template method and
loaded with DOX drugs to achieve a controlled release in response to pH. The results of cell cyto-
toxicity indicated that the nanocarrier showed a significantly therapeutic efficacy in comparison
with free DOX.
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1. 518

AR, HET ORGP TR = PUMRE 25 6 7 R DT T W FE 32 21 7 T2 B 9RTE 1] AR
TG KIAST T R B EIE N 1T, BT AORBIAR R 240k R0y BAT IR KIS, W 9K
PR RENS 8 I R AR AL R S NS E I E R L] el A R R 9K 25 it BN, 50
FR A TR 200 L FAO RS 25 PR [2] 5 B K B AR BE 5 KR AE R R 250 AE R 9 BRI 18], SRR e R I 9T 315
I BE TR SEHLG SR 25 AT R R [4] [5] . [ A A2 AR T RORT B PR BE [ 40K 245 P A L AR
BTttt e, KERNPURBAP G SR, WUBIREYE B 5 SR MIA0RB0RL, ik
GIRAEE. L R ARERE[6]-[11], 110 HL i T Le PR AR R PEA T A 940K 2538 AR3e T AR+
WAL . HEIIRAR . JeRIBIT SR SRT, X EEPOR AT IRAEAE A IR 2 BB AT, fna O
PR EBE, AR LLEG s BV AT AR AR RBEAE RIS AL, DRI BE PR ) 73X e g K 3K
RITZ A . Bk, R BT, EE . S ORE BOTER RN SR AR mRL
(K1, B BE MR #L R I 9K 25 P B R BAT R B S E

T HRAERW R WRLE, w0 RN R O SR 9K R T
W) N T AR AR £ GUR[12] [13] [14] [15]. T2, EAHT T A A St (SIO) 1 AR,
KA BAERINR T B39, AR E] T AR B AT AR AR ER 4R (CuSiOs) A5 e K Bk . A L AR A 22
O EE IR 25 B 3R (DOX), i g A 75 20 25 Wi ik B iR 4R A, HLSIZEL 10 BlRa A S5 i
RLR AT REBOE AR, B S AT AR R s R 1 R ] A WO B R 0
R R AR T — Rl i S8, T ELA B2 SR AR B 2 U v A

2. SLHERSy
2.1, (LR EHA

Hif 7 B S5 (ZEISS Gemini SEM 300); #E 5§ H T B 4% (Talos F200X); £4b - w] WU i
(UV-Vis); 7L AN (FTIR); B /R SCRAR BT ¢ 6 2 BE (Leica TCS SP8).
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EIpIE

ToKOEE, BoK, HERRVY ZFE(TEOS), — /KA fEERER, $hERET 2 % (DOX), mPEG-silane (Mw = 5000),
PBS SRS N o e K B RilgBT R TRAIEBR A F s SLIG AT IS 2 8 K.

2.2. CuSiOs-PEG@DOX K& ZhiE R HE

2.2.1. BEERSAZILERE SR

190 nm A5 B SEALTEG KR BRSR 4 8 i Stober 7VES . %, ¥ 0.7 mmoL Cu(NOs),-3H,0
1 mL ZUKIEEE] 30 mL L& TKH, BT REERERS . B A ) —E (70 mg)$55) 4 HITE 20
mL 1258 7K IS 5 mine K UL EBIRISSIEBGHATIR G, IFREI1HEEE 20 min, BEE IR AR
F2 2] 100 mL [ e S N, ONTIAAVI LA B, BT 140°C F TR 10 he fERMSERUE, B0
), FHEE TKMOEE S BeB =K, RAEAE 50 mL e /K 2l . % FrE 2R = L4k . B3
HH4T SEM. TEM. ZL4bitk. KoM a] WGt 3R 1E

2.2.2. FEBRSAFRE PEG &R fadk DOX

¥ IR R R AR 1Y) BRI NN 1 mL 27K A 100 mg ] mPEG-silane, 7E&/SfRH T 70°C
[ 12 he RN EEHRG, B0 ZBERUKTR 2R, G/ BE LB KT

Y — 52 B 1) CuSiOs-PEG HE| DOX HIVAM(1 mg/mL), 8 FBOGHHE 24 h 5, SO0 M,
HHEBE TR Fiid 55T W BOE i e 7T 5 DOX B IOL R, i brik ) DOX 1)
W S EE M2k, 1H5H CuSiOs-PEG ik DOX 21N 10 wt%. DOX Zi#fiik & it AR DOX

D= N
FEHE = (W mampox me — W s pox i) Weusios-pec@pox(%0) o

2.2.3. DOX Z5BH

— & &) CuSiOs-PEG@DOX 43 HEAN A pH {E ) PBS L& iAW H1(pH = 4.5, 6.0, 7.2), fE =&~
W FT R AR, R 1 h B — 5 B TR B O U BB TR, B R A A] I s L B . X R DOX
PRt il 2 v OB B &

2.2.4. ARAEMIRLE

Hep-G2 7 21l 2 HERE AN FL 1 > 10° AR FE 2 BR B0 933 b, B35 L 200 L 55 373040 5 I\ 5]
96 fLAR 1, 7E 37°C K 5%[#) CO, 41 F159% 24 ho HEFANFLFIMAAFIKRE K CuSiOs-PEG, DOX,
CuSiO3-PEG@DOX #fATH;i 7. 44L1:F% 24 h Jm, IMANHTEE )& A 5 mg/mL 1) MTT ) DMED VK, 3f
BE 4h. B2 BIEWBGFII 150 pL ) DMSO #7132 10 min J5, FHBERCE .

3. B/ER5WL
3.1. FBEEAIRES IDIKRI IR S 4 HRAE

TEAAREGUORER @ R DU L BETE BRI S A N KRS B (Z L Stober & GE) [16]. MK 1(a)
H SEM BB T LAE H, A R SiO, #r HAR R Y A1 Mgkek, HEAA292 190 nm. R — bkt
INBRIE NARAR , 43— KGR 3] 7 RERRH . 4o 1(a) A1 1(b)H TEM HBEE A AT, 132/ CuSiO,
SE AN BN EEE S ARk B, E— 2D ORI BT LS R A ) CuSiOs 9K ERAZ 38 25 O I 4544
HAMFER K A 42510 R LR RECIRTE S . AHXT T Si0, 40oKER, CuSiO; 44 oKER I B4 i B AR 1 386 K
2924200 nm 7247, X5 2(a)F ) DLS /g R — 8. SOYPUKRIRIIT R AR X-H &R s
it — Bk . Wl 1(d)F s, STEM-HAADF B R 4E7R T & 9K ER & 25 00 45 4 BLAR 52 2B &
WLt . TTEHTERY], Cu. Siv O =MIc R MAEDPKIRIISM % b B MIIGIKERH XRD E£AE T
FodbRgE kg, il 2(0)Fron, XFHEFRHERIRERRER R F (JCPDS 03-0219), & A= ¥1) XRD SR+ Fr k&
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A LW E, AER] T8 CuSiOs [17].{H 2 M XRD 7 B AT LU 5 R 74 CuSiO, I 4s il I FL i 2 .
LA, LT AT Bl b th ] LU Y 6F b — S A bk SRS 5 20 /M 1 R IR, R S 7= 4E 957 cm 1800 cm
KEFIMRSTIE S 2R T T3 1090 et A i MR AL T R A T B RS, X VT REAE BRI AT Si-O-Cu BT S 3 [18] -
i3 PAE B S5 SR R TCER e T 8 SRR WS B 02 CuSiOs LK ER

Figure 1. (a) SEM image of SiO, nanospheres; (b) TEM image of CuSiO; hollow nanospheres; (c) partial high-magnification
image of b; (d) STEM-HAADF and element mapping images of image of CuSiO3 hollow nanospheres: (e) Cu element; (f) Si
element; (g) O element
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Figure 2. (a) DLS of CuSiO; hollow nanospheres; (b) XRD pattern of CuSiO3
& 2. (a) CuSiO; Z/1L>EKHY DLS [Elitk; (b) CuSiO; B XRD EE

3.2. DOX Z9IFEHY

T HER CuSiOs PRKERIAEYIAHAE, AR+ PEG BB S T R, ME 3(c)Hhak#ik
1) Zeta HLAZFAEAL AT AR HY, CuSiOs-PEG #i I A pli ik . BT B AT OEEM, A CuSiOs 4K ER
AT LAE 4008 254 DOX a4 F T4 N B 254383% . CuSiOs AN KERINN 3 DOX FITAV i et 47 B IR B 41
AR BN GRARAR |, RSN AT WG REMR I, CuSiO; 4K 34 £ 4k DOX & Bl ik 3] 10 wt% (]
3(b)). MEZWIGE, Zeta LB EA TR AIAR L, XBIEW T HUE 254 DOX # i Ihith 712k %] T CuSiO;
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EIpIE

OREAA (14 3(c)) o FATRE—DWHTT T YUK EGIEARAE AR pH S AF T RIZ5WPR TGS RE - 4014 3(d) s

FEPVEZRAE T, GORZGWIEAA L AR DOX. 4K pH 180 %] 6.0 I, K214 62%H) DOX M
PR LR R B pH 3t D FERE] 4.5, BEHIRAI DOX AR T 90%. XLLLREEH], DOX 4 Ik
P RSO FEI %2 pH SEM R o 85 R ALK pH A IE W HAUR R AmBR I, 110 PR A P R
IR pH 2979 4.5~5.00 X WULH] 1 A TE BUAUK 25 E LR A DRI RE % 8 S AN b BRI, R
IE T AR EGWEAAE R I P B 78 70 BT, AT BE S 2542 Ay R RR [T i b xe I 3 ZHL M 240 i 1) 435
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a[— sio, b [ cusio;PEG — DOX
— CuSio, — CuSi0;-PEG@DOX

@ e \ - 5

§ s

£ g

5 5

= o

s @

e

: :

1 1 1 1 1 1 1

T T T T T
4000 3500 3000 2500 2000 1500 1000 500 350 400 450 500 550 600 650

Wavelength (cm™) Wavelength (nm)
0- 100
c d | —=—pH=7.2
—e— pH=6.0
S 5+ N 80 4 —&—pH=4.5
E g |
S-10- Cusio;-PEG@DOX| & 601
= a
5 5 |
8154 o 40
o- 3
T CuSiO;-PEG 2
o= [)
3_20_ 20
CuSiO; ]
o T T T T T T
-25 0 5 10 15 20 25

Time (h)

Figure 3. (a) FTIR spectra of SiO, and CuSiOs; (b) UV-vis absorbance spectra of CuSiO5-PEG, DOX, and
CuSiO;-PEG@DOX; (c) Zeta potential of CuSiO;,CuSiO3-PEG, and CuSiO;-PEG@DOX; (d) DOX release
profiles from CuSiO3;-PEG@DOX in PBS buffer at pH values of 7.2, 6.0, and 4.5

3. (a) SiO, F CuSiOz Bl FTIR ik; (b) CuSiOs-PEG, DOX # CuSiO;-PEG@DOX BYLESMNAT AR UL
SEiE; (c) CuSiOz;, CuSiO;-PEG F1 CuSiO;-PEG@DOX HY Zeta B {ir; (d) CuSiO3-PEG/DOX 7 pH &)y
7.2,6.0 A1 4.5 B PBS & MNA R AR

3.3. ApRSMmR

PL Hep-G2 iR AR, X RBARII ST 7%, WA 4@ MTT 5%, &
CuSiOs-PEG K E A& BA L7 I AEM AR 1, BIEEIR B =1i& 160 pg/mL B, Jifvygs 4 i P 473 2 AT SR8
FT 95%LA 1. GIKEWE & CuSiOs-PEG@DOX HIAN I EE 45 SRR B, FHXT T 51 DOX 2459, 454
PUKEAR S5 R AEm T DOX 3T 2R . filtn, W2 16 pg/mL (1) DOX 5 Hep-G2 4 a3 77 24 h
Jii» YIHAFTE R LN 30%; fEZFE M) DOX WKJE T, CuSiO;-PEG@DOX AbFH A f) fi 8 41 A A7 1% 2 R B4 21|
T 8%, YLEALE A YK A S fE R THOIT 23 IR TT R . AIE A(b) R A B BT IS Yy a2 S I i e]
PAIE HH, PBS Fil CuSiOz-PEG AbFRZH4HML JL-F- A FET:; Ak DOX 252 AL BRI 4H e 43 S8 1 5 1
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Figure 4. (a) Hep-G2 cell viabilities incubation with different concentrations of CuSiO5-PEG, free DOX, and
CuSiO5-PEG@DOX; (b) live/dead cell staining assay to visualize the cell viability of Hep-G2 cells under
different treatments
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Tt R E A, RGBT PEG, 537 EAMRRAEYMAETER CuSiOs-PEG 49K
o BT HAS LR, 7 LAERUMIR 25 DOX, B EIAR] 7 10 Wt%. 3k 5 140 M sz 562 0,
AN T B DOX 2540, & Hiff) CuSiOs-PEG@DOX Xt Hep-G2 fit 53 4 i {27 H 0 s A 4l Bl 154, o3
Pem TAIT IR . AL, AR SCH TG S O 5 AR 2 AR R L T — P i 7.
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