Nov. 2024

FLAX AL T F44EH11H
-+ 190 - Modern Chemical Industry 2024 F 11 B

T ITFL= EMK Y
ST FLZFUENKS
1% 1% E RS
BIXE R ENERES T
AXRBEMEWE FRE,ELAZ, FER MHE"
(BALEFRARFREECHNFEH G IEEELRT ML 8% 312000)

FE RO L IS T Fey 0, I-AEHN SAQ@ Fe,0,@ Si0, MYREMER L, NI STELRERD Y, 7F Fe,0, RMIEHENFL 5L
155 Fe;0,@Si0, . BLAM KT SERR SIS e A FL S AL e R M VE S pH WA R ) 5, BEAS SCBLAEAR pH i B 2 HLA I 5 T
BN AL A R T B FEHALIE , B - Atk pH T & 288, R BT 2T A 354 (FT-1R ) (X SR AT (XRD) |
BET 204 A% 32 5t B B8 (TEM) AR SIFE S REHR T (VSM) Fil Zeta B AT AN KT 1Z2 25 36 26 IR R AT FAF . R P 55 2% 4k Ay A 780
L5 AR AR 25 R A R B AL AR T RIS 25 058 16 AR R 25 R R RE 1 . 2 T R MBI 9 e 1, AR 25 R AL
ERIFHIN 1. 62%H 24. 31% ;1E pH 7. 4 il pH 5. 0 (5 1FF ,SA@ Fe,0,@ Si0, 19 ZH BRI 4 35. 82% 1 88. 51% , F I
H R pH M R PERE

KGR IR IR R FR s pH M 5 B B 5 A FL AU RE s SRR P A

FE 45 2K5 . TQ460.1 XRKFRARAD: A X EHS:0253-4320(2024) 11-0190-06
DOI; 10.16606/].cnki.issn0253-4320.2024.11.034

Preparation and property analysis of multiple-responsive mesoporous silica
nanoparticles for drug delivery
ZHU Jia-jian, YU Ji-yang, MAO Zhang-yu, ZHAN Le-yi, LUO Yi-xin, DU Yi-jun”
(Key Laboratory of Green Chemistry and Pharmaceutical Engineering, Yuanpei College, Shaoxing University,
Shaoxing 312000, China)

Abstract: Fe, 0, is synthesized via the coprecipitation method, and utilized as the magnetic core of SA@ Fe,0,@
Si0, ,a drug delivery system,to achieve magnetic targeting.Fe;0,@ Si0, is obtained by coating mesoporous silica onto the
surface of Fe;0,. Furthermore, sodium alginate is modified on the surface of mesoporous silica as a pH-responsive
substance that dissociates at low pH and binds to the surface of mesoporous silica to block its pores and prevent burst
release at neutral pH.The properties of this drug delivery system are characterized by means of FT-IR spectroscopy , X-ray
diffraction , BET analysis, transmission electron microscopy ( TEM) , vibrating sample magnetometry ( VSM) , and zeta
potential measurements. Additionally , doxorubicin hydrochloride served as a model drug is loaded into the mesopores of
SA@ Fe;0,@ Si0, to evaluate the loading and release capacity of this drug delivery system.It is verified that the drug
loading rate and encapsulation efficiency are 1. 62% and 24. 31% ,respectively. Moreover , the cumulative release rates of
SA@ Fe,0, @ Si0, @ DOX at pH 7.4 and pH 5.0 are 35.82% and 88.51%, respectively, indicating an excellent
responsiveness to pH.
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HR A [ B s RE A 52 WA & A1 i 4ty , 2020 4F 42
BRZTA 1 930 J3 138 A J6a5E A2 1 000 T3 91 Pl 98 i
FEM AT, BLAk, I F] 2040 2R Y
2 480 Jr Bl KomE . HED, FARVIBR AT
L 2E G YT = IR I T 1 Tk, AR, A%
Bk 2= TR H AR 2 R 5 oK A R A A
AR AR AR LA B PR A i 24 1 4 2 A PR
i MEARR, M 1) 24 W B A A AR R R R
I ) e R AL 4 R YR T ORI R L, SR T ek

(LE PSR

Wi IR TR B 5 1 2 B AT LA AR A TR
M BRI REPEAE T DR AR IR R
AETT A AL TR MRS TR 136 7 2R H L, 4r
LA AR T RN LR miAs e v i
BUR 2 25 T 380 Be 0 AL S A= AR B 1 o A
RIS 2k 2 SR, A fL S RE A T 4
—E YR BE , 028 1y 58 B RN AR i e 1 2 ) R T )
RO Fey0, HY T OH LML AR AR A I L R

%5 B #A:2024-02-04 ; & [E] H #1:2024-09-12

E&WB 420 BTG 2= B K= AL B QT T 5 A SRRHFA205 H (9999430441)
TEF BN RFE(2002-) , 5, AR R BFFE T 10 925 1% | 1529423467@ qq.com; HH3KFH (1980-) , %, T | B8  BF5E 7 1) A Ak 2p Rt kL,

IR A ,7511373@ qq.com,



2024 F 11 B

SeMEDL B R e M RE )2 N L BRITT, Fe, O,
25 ke AR I RO AR BRI S R R ARk, 1
Fe,0, 14 A L A AL ik 1T LAA 2B 1k AR,
JEi I MRS E 1Y Fe,0,@ Si0, M58 Fe,0, 1L
FsEhE

P25 AR B M R 1 Ak 2= SE DR 3R = 24
IERENE R L S d L UL e M S L E AN S
£, Gao % i iHH Fe, 0, BAFKILIR TiO, Fif,
Wit T o 2454, T 7= A e 3 %) H R i 1 g
1. Yuan AR T AL Si0,@ CaSio, 25 D ER
Tk, FEAK pH 55 1F T, BERRES 550 & M fif
W T RS 25 0 T 2 A BAE A, 3
T2 Wy i b EORE T, DT A B pH B ) A AR H
Rahmatolahzadeh %5 il £ T 2& 2 M e KL —
FALREGUKRBORE , SR FHTEAR pH B9 5500 T 430 —
1y o 2R R P B LA S BRRR B O Y, Liu
LA T MMPS U bE R &4 PDDC, #4525
AR T R A BE o MMPS 15 38 3k M 1 52 28 4
[f) 38 S A AN N 25 W0 B . Wang 2500 83T
BRI AL R A RE GOk B, JF AT EGFR $i 4k
CET A 18 i) 49y Jo 8 P G vl (9 38 3, S04 e H K
i o AVEAT A5 30 B 25936 3% . Jadhav 2577 il £ T
NIPAM - co - MPS IR ¥y, 78 5K I A 1 iR 2
(LCST) LA b AR T BLARIHE B ACIRE , X — R H
TR FRE R

ERMRFI AR 2K (DOX) & —Fh) 1S P A & XA
i B LRI VE . DOX 1) 2R Iy =X
¥ ) d A DNA  BHAREZ R A=) A& B, DOX X
AT g 20 R 0 L e 2 2 A4 B R R S R R g 4 i
R, R A R R T A R IR 25 & A= T Y
FERIER 220 ¥ DOX R 7EAFL = AL ik
KIGURL g A e RBE S 25 3 b | AT LA R0
IR R AR YR T B

VEBERREN (SA ) J& AT HE €5 ) 3 28 A0 5 ok 4
S R, B B-D-H BB R (M) Ml a-L-1H%
WEREAR (G) i (1>4) BEE ST AL, Hoor 4540 7
HHRIE(—CO07) ™" FEMK pH T, SA 53 T 55U
a4, IR T B P AL RR BE Rk b, R0, 24 pH
HEINES, A g, RO R L, T
TR NI B pH USRI A
P ARFEMEAN pH SR | el 25k g )12 v

EH RV LA T Fe,0, 1EMZ O,
R IO T AL R, B, SA 7 FHifE
MRTEA L S AL R 2R TH, AT 25 ) Bk B A7 pH

REEF DTN BEPR AR XA R R IERE DT - 191 -

M PERE . DOX 1 R #8E A 25 )t 7 A FL — A Ak
FEIFLIE F . SA@ Fe,0,@ Si0, FEELA pH Wi v P
il LA R R I E 24 4 R O T B T
5, TR T AR TR A TR

1 SEIREH

1.1 SEIEH

LR \FeCl, - 4H,0 , S AL oK L BE 4T
CEEFNEESEERRAN (SA ), v [ 2= 25 4 A b 23400 A B
ONEV AR R N ke 3 = H 3 (CTAB) L IEREFR
U 2.6 ( TEOS) , EVAZ AL TR A BRA 7l A2 7=
TR, REA R ) A7 B bR A
BRZS FI A2 77 E A AL AN (NaOH ) | P8 R A R 7
R 3 -G N = O RS REE (APTES) | FeCl, -
6H,0 EhRLFE R (DOX) , L& ek kbRl
HBRAE A,
1.2 SIS ES

FH SK2200H /8 74 i1 17 e HL X JU 47 88 75 A
BRI SR A o T T Rk Wtk A7 ok
S35, FIH H1650R (=i 2041 (9 000 r/min) XA
SPEATES O AL R 3 G S—40 fH B PE AR PR AR
it o FIH Nicolet Nexus 110W %/ B 28 Ha 2T AR
1% (FT-IR ) iC s FE 5L AE 4000 ~ 400 em™' 22 8] 16
5B, FIH Dutch Empyrean B X 528 fi7 B 3K 5
FEHTE 20 ~ 80° Z [H] 1 S iR S5 4 15 2. AL JEM -
2100F 79375 5t i 7 i S B WL R b A R OB 25, F)
FH MS-M-S10 10 38 38 b #E 158 $1 2 B FERE &
It Trace A% R 43 BT A 7 A 5 O WOG B2 FIH
ASAP 2020 PLUS % b3 i B AL AR 43 A iR A8 43
Prdt by b R A FLA LA, AR VSM AR
IREES R PERE . 85T Zeta AL 2R AN T AR
Y Zeta FLAIAE,
1.3 Fe,O, HI%I&F

HRAfE SCHk[ 31 ] ik Jr vk, 2R F et g 2L i e
BAT Fe, 0, HIKAL, 24 ¢ FeCl,-6H,0 F
9.8 g FeCl, -4H,0 ¥ ##E 100 mL £ & FoKkH IF7E
ALY A 80C A TR A4, BEJE ¥
50 mL Z KM H I AR AW, I AE 80°C T g FE
30 min, RJ5E, MR B Fe,0, 40K PR, 1ER
BN 3.8 ¢ R, I AE A R R T FRE i b
1.5 h 432 Y 2d 2 B TRk =ik, R 5
FEREFE T8 24 h, 206 0.12 g Fe, 0, 2K
BRI HELTE 20 mL S5, A58 R IE R 6.1 mg/mL
Fe, 0, M55 780K .



192 - A AL T

1.4 Fe,0,@SiO, 1 NH,-Fe,0,@SiO, BI%| &

et SCHk [ 31] P RT R I T A K Fe,0, @
Si0, ﬁf‘ﬁ,ﬂ% 4.5 mL 6.1 mg/mL i3] Fe,0, S50y
HORAE 70°C T HEA T8 75 Ab BT K 43 BORHE — 2 40 1
MZE R E N . R, 7E 50°C &, 4% 1.3 g CTAB
WARAE 45 mL Bkl CTAB BARE W, S8
J& K CTAB IRIE M AF Fe,0, A48,
FFAE 50°C YRS 43 I 40 min, f2{H Fe, 0, MM
MIEEREEIK A, B 78 70°C (KT 2E L5 B Y
Ay, 25, REY A 274, 5 mL K87k A
3 mL 2 mol/L Z RSN M . i 10 min J5, B TH
W 4.5 mL TEOS 127 mL Z.W 2.1, I+ 2 bk
3 h N T4y, e A B0 A Uk 2 2 T 4
ST, AR b T g 38 I Ry B WSO A A R TR T
Fe,0,@ Si0,,

¥ 1.5 g Fe,0,@ SiO, MAZ|IEH 12.5 mL &
5 12,5 mL 8 F/KAN0. 1 mL BEER VA W, 76
60°C Fin# 16 h, T 3 IKTE 2R L Fe,0,@ SiO,
Y CTAB™ | Bl KBS 2 B P~ 9I7E 50°C F T
24 h, BRJG TERGALHKE 0.03 g Fe,0,@ Si0, i1 0.06 mL
APTES 7£ 5 mL H P20 £ 12 b IRS) . &a,
B £ B RV BBOR, T8 24 h 15 3]
NH,-Fe,0,@ Si0, ,
1.5 SA@Fe,0,@SiO0, HiH &

¥ 0.03 g NH,-Fe,0,@ SiO, 1 0.2 mL 1%}
SA WA A 10 mL % 82 F /K o, w5 4b 3% 2 i +F
12 h, 5% SA@ Fe,0,@ Si0,, Bfi)5, F &8 7Kt
SA@ Fe,0,@ SiO, #1722 B0 PEG L5 2R L H
FIMFRARM SA,JFAE 50°C T T4 24 h,
1.6 f1% DOX

#0.03 g SA@ Fe,0,@ SiO, 1 0.5 mL 4 mg/mL
DOX WA F] 4.5 mL PBS 2% vhifi v, 16 i kb 25
M 12 h, fiff DOX FEsr ik, 12 h J5, HHEE T
JKBEH: SA@ Fe,0,@ Si0, @ DOX, I 4 Ve 4 K .
W2 VR 233 nm AR B R THR AR I 2k 24
A E R,

25 (%) = [(my = C, xV,)/m,] x 100% (1)
Krfom, A DOX Wi i ; C, M PR H DOX
MIMREE s V, VR AR T m, i SA@ Fe,0,@
Si0, M BT

HERE(%) = (my/my) % 100% (2)
Arfim, B A DOX B it & ; m, N SA@ Fe,0,@
Si0,@ DOX & DOX ikt

F445511 5

1.7 DOX FIMEMAAR

15 2 LB OE TR 10 mg /Y SA@ Fe,0,@
Si0,@ DOX F¥ i, [m] B 75 B 5 250 8 P 43 51 i fin
2 mL AJE pH(pH 7.4 1 pH 5.0) B PBS 5 . ¥
2 WS BB AE 37°C TR IR A R AT A
SNBSS I 1.2.3.4.8.12.24 36 h F148 h
A S B B 1 mL B3, IFAMSE 1 mL
AHIF pH 9 PBS &, e, F AN et vkl
FE 233 nm N AYZGY) BT RER

SR (%) = [(Vf}oic,- +V,C,)/L] x 100% (3)
LV ORREEREL VO RO B SRR €
C, HEFTE & @ B W DOX MW EE (i=0,1,
yJRTTIE ) ;L N SA@ Fe,0,@ Si0,@ DOX £t DOX
B SR T

2 HREITE

2.1 FT-IR £I5p3¢igE
Fe,0, .Fe,0,@ Si0, SA@ Fe,0,@ Si0, fll SA@
Fe,0,@ Si0,@ DOX HIZIAMEIREEI WA 1 iR,

11535 1410 954 |
— |

T T
4 | 1 - /
B AN
| 2933 119601410 % 802y, f
3 \ 4 1092 164
4

16
1535 I

1
1 1
1 !
| 1
2 ! 1 1
[ 1 1 |4
1 1 f 64
| \ 1092 h
1 1 1 802
! ! 968 14
1 1 1 : !
1 1
1
1

N
954 802

EHHEI%

1092 Ued

1 i
1 1
I 1 N

1 11635 576”1

1

1173450, 1 . L . L
4000 3500 3000 2500 2000 1500 1000 500
/em™!

1—Fe,0, ;2—Fe,0,@Si0, ;3—SA@ Fe, 0,@Si0, ;
4—SA@Fe,0,@ Si0,@ DOX

K1 Fe,0,.Fe,0,@Si0, SA@ Fe,0,@ Si0, F1
SA@ Fe,0,@ Si0,@ DOX 21 4h 4 3 A

ME 1 %Lk 1 AT LIE 576 em™ Akl 06 X
N Fe—O HBERYHFAEMUL, 3 450 cm™ Fl 1 635 cm™
S PR WS U 43 1) SRy O—H e 4 i 4 i 2 R0 25 i AR
O 1 gk 2 T LLAE T, 968 em™ Al
954 cm™ " Ab A 55 I YA PT A R T Si—OH £ HR 3
1 092 802 cm ™' Al 464 cm™" 4b % 435 A1F W57 Wi g of 107
AEREFR FXT FR B Si—O0—Si Y 1 4 3% 3 A 25 il 9%
g, RS T R A RE R D B B AR Fe,0, Ff,
MEL 1 ik 3 T LA 1535 em ™ AL AAAE W i
S N—H Ziliesh, tEAh, 76 1 560 em™ Fil 1 410 cm™
Ab HE BB REAE IR S 0 - 1) UE T T lE X FR—C OO0~ fif
AR B XS FR—COO 4P 3l . UESE T APTES #



2024 FE 11 B

TR B NI B TE Fe,0,@ Si0, i, ME 1 h
TR 3 AT LU ,—CH, P ZEdRal A 2 935 em™
b TRV, O—H B ) i 4 41 20 04080 55 , 6 W] DOX. A
D Ae g
2.2 XRD ##f

Fe,0, fl Fe,0,@ Si0, i XRD EEWNAE 2 fiis

20/(°)

1—Fe; 0, ;2—Fe;0,@ Si0,
K2 Fe,0, 1 Fe,0,@ Si0, # XRD A

M 2 T LIE R SRR 26 R 30. 62 .36. 12
43.70 54. 04 57. 72°Fl1 63. 26° K45 AE Wz AT 73 5] ok
BT BA I AT G5 Y Fe,0,(JCPDS No. 19-0629)
220 311,400 422 511 F1440 41, o, WK 2
HELk 2 AT LUE Y, XA S R s B e A AT
SRPUe VA PR T OCE A AR AR TR 7R 23, 02040
AT UL B S 0 AT S5 0 S B AR R e i T b B AE
Fe,0, R, o0 M X B2 A7 5 185 7l 0, 7549
B SEALRES 5 Fe, 0, AH S0 Rr1E W I 06 &
KAE W B RHAE A LEEE Fe 0, B MK
GERR R AU
2.3 BET &#7

Fe,0,@ Si0, YRR - I B 45 1 th £ n 4] 3
Fim .

-
53
8

T

"ﬁmﬁ/(cma . g—l)
HON
28E8¢

:

(=]

0:0 0|.2 0..4 0‘.6 0|.8 ll.()
HIXE S (p/p,)

K3 Fe,0,@8Si0, t N, % Hf— i I 45 i o &

M 3 ] LA H, Fe,0,@ Si0, E£HH T
Langmuir N@%ﬂﬂﬂ%,ﬁﬂﬁ H1 ﬂ{%)ﬁ%,%%
£ Fe,0,@ SiO, HAATEA T A fLEA5 4, AT A 25 7 48
254, Fe,0,@ SiO, WY HLRTIA  FLAEFFLAE S0 K
660. 639 m*/g. 1.681 cm’/g Fl 9.330 nm, A Ik,
Fe,0,@ SiO, 7ET 225 )7 T HA T [ b FH &

REEF  ZITIMN NS S EERK RS R R IEREDAT - 193 -

2.4 TEM RIE
Fe,0, fll Fe,0, @ Si0, A5 5 B 55 K W& 4
iR

(a)Fe,0, (b)Fe,0,@ Si0,

4 Fe,0, 1 Fe,0,@ Si0, # TEM K

MK 4(a) FATLIE H, Fe, 0, BF-HIKE LR
10~20 nm, MIE 4(b) thaf LIF ), & /LA
G, Fe,0,@ Si0, EBURHLINERIE |, HAE3
BiARZ) R 70~80 nm, LA, AL AL AEST)E NAF
TS A P8 5, R W Fe,0,@ SiO, HAF7EAR P
ML, [, Fe,0,@ Si0, BY5¢ 2R 20 60 nm,
J& AR AR 2 LR P I R R X AT i VSML 41
HriEsE
2.5 VSM 4347

Fe,0, fll SA@ Fe,0,@ Si0, @ DOX F 41k i £k

mE s fis,
ﬁlj

60
2

[ ST
(=2~
T T

S

WEALSRBE / (emu - g!)
|
[\*]
S

|
N
S

p

20000 -10000 0 10000 20000
W3R B Oe

1—Fe; 0, ;2—SA@ Fe; 0, @ Si0, @ DOX

K5 Fe,0, #1 SA@ Fe,0,@ Si0,@ DOX

w4

LS ] LA Y Fe, O, B4R ARG AL 38 5
52.290 emu/g, Ifii SA@ Fe,0,@ SiO, @ DOX [ {4 I
WEAL SR E A 0. 832 emu/g, XK A H T Fe,0, #
FLETES AL AN, 2L Fe, 0, HYZH 3 HE A9
Yok b, MRS T oAt g Ak i )

Fe,0, 1 SA@ Fe,0,@ Si0, @ DOX & i 17 4]
mE 6 s, IE 6 (a) F1E 6 (c) AT LIE 1, Y
Fe,0, MU A HUE Z BE A, F2 B0 R 35 57 9 2R €5 75
i ;24 SA@ Fe,0,@ Si0,@ DOX T /3 B 7E £ B
I, DU A Y 5 R 55 . R ANIET 6 (b)) AT
6(d) WAl LUE 5l AT B RSB 5, T LA BT



- 194 - A AL T

FHUEEIH

WL R BORL A SRAE B S

(a)Fe;0,

(b) SMIRES F 1) Fes0,

(¢)SA@ Fe,0,@Si0,

(d) AMmE T
SA@ Fe,0,@ Si0,

K6 Fe,0, s-mwi7 Tt Fe,0, SA@ Fe,0,@
Si0, @ DOX Fu 4k w3 T 89 SA@ Fe,0,@
Si0,@ DOX 4H4E F

2.6 TAYHREHAEIMERHAR
2.6.1 DOX #i #

KIS AN MG BE I E 7E 233 nm & 0.2.1,
2.5.10.15 pg/mL 1 20 pg/mL DOX ¥ W 19 1% %
B2, It DOX B mbn e th 4k . RS, HR4E DOX
IR AR E 28, LA 8 T &tk M R y =
0. 041 43x+0. 039 38 , fHX R R® 70.999 9, Zid
W, 25 9 1) B 2 B AL 3R 0 51 1.62%
24.31%,

2.6.2 RINEEHATR
TE 37C IR T, RIFl pH 244 T 1% DOX

Bt 7 s,
100
2
8o
R
% 60f
§40— 1
&
® 20}
0.
0 10 20 30 40 50
B /h

1—pH 7.4;2—pH 5.0
B 7 FF pH T SA@ Fe,0,@ Si0,@ DOX
DOX Hy B ik 4 AE
MET Rl LU W E pH 7.4 K0 N, &t

48 h DOX [ BT BCHE N 35. 82% , 1M 1E pH 5.0 5%
PR, 2590 B RCR B g N & 88. 51% , & W]

SA@ Fe,0,@ Si0,@ DOX TEf R 1 ¥ 45 v 1) 245 ) B¢
O FERA SR, X2 PR AE Fe,0,@ SiO, R HE
i SA ZxEIEAFL, AT BELAS 25 ) D 3sh ik 1R R rh B
i SR TR A T SA SR AR, S BUL
5 Fe,0,@ Si0, @ DOX 143 &, M ifi 51k 1 2k 25
Py iy PHRE
2.7 Zeta BT

SA@ Fe,0, @ Si0, [1) Zeta H A28 L AN E 8
FF7R o

40
30t
20t
10}

0_

-10f

=20t

=30t

—a0f

Zeta HLfi/mV

pH

H8 SAQFe,0,@Si0, i Zeta 1L

MK 8 Rl LIE B pH 34N, Zeta FLAL
B/, 1E pH 4 7.4 I}, SA@ Fe,0,@ SiO, ¥
Zeta B0 A —36.33 mV, FL7E pH 5. 0 AL, X J2&
T SA@ Fe,0,@ SiO, F—NH, i i T F1—COOH &
FAbh—C00™, Rl i DOX HA BHE Tib ik
Fi, H DOX B b5 HEE 5 SA@ Fe,0,@ SiO,
Az FUR AR FH ), BB 08 32 i 1 i L R BB
XRHRIZL A FE AR 580 DOX 7E pH 7. 4 BEREIEE
D TIAE pH 5.0 BRI 22, X AT FE I 7 9RO B
IS e BESE

3 4ig

B BT B pH M 7 FIRE T 7 1) 245 490 32 3%
ZYi SA@ Fe,0,@ Si0,, Fe 0, E NS T 1
H ) [RIEE SA 1Rk pH e 9 BT SE 3 T pH BUSE
I FT-IR XRD .BET .TEM ,VSM Fil Zeta HL{ 23 Hr
XFZTCMR N 2 H)ihik RGLHAT T RAE, SA@Fe,0,@
Si0, EAFMIERIE | Lb RN 660. 639 m*/g, U
A, SA @ Fe,0, @ SiO, 1)1 1 # £k 5% & R 0. 832
emu/g, % W H B A F R 0 68 T, 346, 7
pH 7.4 T ,SA@ Fe,0,@ Si0, [f] Zeta HL{ H-36. 33
mV, 5 pH 5. 0 i ) Zeta FLOIAH L & A, 2 — 245
2T SA@ Fe,0,@ SiO, ) pH #lmERE, L DOX
HETIZGIIESE T 25 )ik RGN A ER
FURSMEE I RE 7). &3l 22 , SA@ Fe,0, @ SiO, 1)
25 AL B RN 1. 62% Fil 24.31% , 1E SA



2024 F 11 B

&4 J5, DOX 75 pH 7.4 WAy B iH B iR Ky
35.82%, FIHET 7, DOX 7E pH 5.0 B iy B3R
R AN 88. 51% , %W SA@ Fe,0,@ Si0, H
A RER pH #7880 m) 3 3% T BT

RS
5% 30k
[1] Sung H,Ferlay J,Siegel R L, et al.Global Cancer Statistics 2020

(2]

(3]

(4]

(5]

(6]

[7

[

(8]

(9]

[10]

[11]

[12]

GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries[ J].CA:A Cancer Journal for Clinicians,
2021,71(3) :209-249.

Lai S,Wang H,Qiao N,et al.Preparation and properties of pH-re-
sponsive magnetic mesoporous silica drug carrier[ J].Journal of Sol-
Gel Science and Technology,2022,103( 1) :139-150.

Hou X S,Wang H S,Mugaka B P et al.Promising organelle targets
for cancer diagnosis and treatment[ J |.Biomaterials Science,2018,
6(11).:2786-2797.

Tian X,Zhang L, Yang M, et al.Functional magnetic hybrid nano-
materials for biomedical diagnosis and treatment[ J |. Wiley Interdis-
ciplinary Reviews: Nanomedicine and Nanobiotechnology, 2018, 10
(1) :eld76.

Maier-Hauff K, Frank U, Nestler D, et al.Efficacy and safety of in-
tratumoral thermotherapy using magnetic iron-oxide nanoparticles
combined with external beam radiotherapy on patients with
recurrent glioblastoma multiforme [ J]. Journal of Neuro-Oncology,
2010,103(2) :317-324.

Zhou J,Wen Z,Yan S, et al.Preparation and release properties of
pH-sensitive mesoporous silica composite nanocarriers [ J ]. Journal
of Nanoparticle Research,2022,24(3) .1-18.

Saranya S, Radha K V.Review of nanobiopolymers for controlled
drug delivery [ J ]. Polymer-plastics Technology and Engineering,
2014,53(15) :1636—1646.

Ghaem B, Sadeghi M, Bardajee G R.Synthesis of nano-polymer sup-
ported on nano-hydrogel chitosan base and its application for DOX
delivery[ J ]. Journal of Polymers and the Environment, 2020, 28
(9) :2457-2468.

Xu L,Zhao M, Gao W, et al.Polymeric nanoparticles responsive to
intracellular ROS for anticancer drug delivery[ J].Colloids and Sur-
faces B:Biointerfaces,2019,181:252-260.

John J V, Uthaman S, Augustine R, et al.PH/redox dual stimuli-re-
sponsive sheddable nanodaisies for efficient intracellular tumour-
triggered drug delivery[ J].Journal of Materials Chemistry B,2017,
5(25) :5027-5036.

Jia X, Zhang Y, Zou Y, et al.Dual intratumoral redox/enzyme-re-
sponsive NO-releasing nanomedicine for the specific, high-efficacy,
and low-toxic cancer therapy [ J |. Advanced Materials, 2018, 30
(30) :1704490.

Tabasi H,Mosavian M T H, Darroudi M, et al.Synthesis and charac-
terization of amine-functionalized Fe;0,/mesoporous silica nanop-
articles (MSNs) as potential nanocarriers in drug delivery systems

[ J].Journal of Porous Materials,2022,29(6) :1817—-1828.

REEF DTN BEPR AR XA R R IERE DT

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

- 195 -

Iraji S, Ganji F, Rashidi L.Surface modified mesoporous silica nano-
particles as sustained-release gallic acid nano-carriers[ J ] . Journal
of Drug Delivery Science and Technology,2018,47.468-476.

Tsai C H, Vivero-Escoto J L, Slowing I I, et al.Surfactant-assisted
controlled release of hydrophobic drugs using anionic surfactant
templated mesoporous silica nanoparticles|[ J ] . Biomaterials, 2011,
32(26) :6234-6244.

Farooq A ,Shukur A, Astley C,er al.Titania coating of mesoporous
silica nanoparticles for improved biocompatibility and drug release
within blood vessels[ J].Acta Biomaterialia,2018,76:208-216.
Shahabi S,Déscher S, Bollhorst T, et al. Enhancing cellular uptake
and doxorubicin delivery of mesoporous silica nanoparticles via sur-
face functionalization ;effects of serum[ J].ACS Applied Materials
& Interfaces,2015,7(48) :26880-26891.

Nguyen T N T, Nguyen-Tran D H,Bach L G,et al.Surface PEGyla-
tion of hollow mesoporous silica nanoparticles via aminated interme-
diate [ J ]. Progress in Natural Science: Materials International,
2019,29(6) :612-616.

Huang L, Wu J,Liu M, et al.Direct Surface Grafting of mesoporous
silica  nanoparticles  with  phospholipid  choline-containing
copolymers through chain transfer free radical polymerization and
their controlled drug delivery [ J].Journal of Colloid and Interface
Science 2017 :508 ,396-404.

Wu C L,He H,Gao H J,et al.Synthesis of Fe;0,@ SiO, @ polymer
nanoparticles for controlled drug release[ J].Science China Chemis-
try,2010,53(3) :514-518.

Chen F H, Gao Q,Ni J Z.The Grafting and release behavior of
doxorubincin from Fe; 0, @ SiO, core-shell structure nanoparticles
via an acid cleaving amide bond : the potential for magnetic targeting
drug delivery[ J].Nanotechnology,2008,19(16) :165103.

Santra S, Tapec R, Theodoropoulou N, et al.Synthesis and charac-
terization  of  silica-coated iron  oxide nanoparticles in
microemulsion ; the effect of nonionic surfactants [ J ]. Langmuir,
2001,17(10) :2900-2906.

Gao L,Zhang H,Li W et al.Electro and magneto dual response of
Ti0,@ Fe, 0, core-shell composite nanoparticle[ J].Journal of Ma-
terials Science ; Materials in Electronics,2023,34(2) ;139.

Yuan M,Shi S,Luo Y, et al.Fabrication of mesoporous SIO, @ CA-
SIO; hollow spheres as carriers for pH-sensitive drug delivery[ J].
Chemical Research in Chinese Universities,2021,38:999-1004.
Rahmatolahzadeh R ,Hamadanian M, Shagholani H, et al.Synthesis
of Au/SiO, nanoparticles with highly porous structure as a pH-sen-
sitive targeting drug carrier[ J].Journal of Inorganic and Organome-
tallic Polymers and Materials,2017,28( 1) :187-194.

Liu X, Ma M. Matrix Metalloproteinases Responsive paclitaxel-
chlorin e6 nanoparticles induce apoptosis of colon cancer cells[ J].
Chinese Journal of Pharmaceutical Biotechnology,2019,26:211-
216.

Wang Y, Huang H Y, Yang L, et al. Cetuximab-modified
mesoporous silica nano-medicine specifically targets EGFR-mutant
lung cancer and overcomes drug resistance[ J ].Scientific Reports,

2016,6(1) :25468.
(F#% 201 1)



2024 F 11 B

ik SR TR AR, S T URLE A A 1Y
EL, A BRI I

3 it

Dbl 5 7K - 78 G 2 R WORR T8 S [R) R AS
AR B SR WAL Sy BEL Y J0RE , Xof 22 AH I BEL Ui #4
RAERRGBAIG S Ak i e e T T 0 AT, 15
FILLTF 458 .

(1) F AR BRI A BAT R4 BRI | B IR
JE AR 24 d=3 mm p=2 700 kg/m’ A
IR 10% B, WA R R BRZE KR O A I)E, ik
WEBR Y E N 392.5 W/ (m® - K) £ T &
1712.2 W/ (m*-K) , t#H L &5 SR T+ T 36. 6%,
H #4217 130 h HMRER R,

(2) e S 28 5 K ) Ok B Ak 4 PRGSO T 47
EACREEZE, 5 R BRI WRL B & S 30k
T SR A A ASOR B AR d=3 mm p =
2 700 kg/m’ (AL R &5 A PERE B fE L A
LTS N0 B3 A Bl TP R A e SR B A
i i 5 i AR IR AN, IR B4 8% ~ 10% 55 K
T

(3) ARVERL o3 A T A — e BB L3 mT 4
et R A X2 2 Lo A a2 A R B K iz
PR, 38T J0RE A3 HR A8 19 LU 1] SR AR A AL
R

Sk

[ 1] BRIESC, oA, MR — 8. 3 0 4% 75 U M 00 K% i ) 7F 5 3t e
[J].ALTHLIK, 2005, (1) :60-64.

RIBTE  DAERMBRRARBL ARG

R - 201 -

[2] fYR2E, WA Ay, % 0 BT 1 e YR A1l [ BT 4k i
SERRIE B HORAFF [ T]. 4142, 2002, (2) : 12-14.

(3] sKAUA, 59 25 W1 AT HLRR W Wk 7] 2 B 4 P 46 35 I S5 B i T
[J].BEVEMISE 515 5 ,2017,33(4) :242-246.

[4] Aol B, 4R S 4 BN ALK B 35 Tk e M) 14 18
[J].)Pashll 2018, (4) :31-33.

[5] WEE LBk i il B AL 37 T [T PU r 44 HE K, 2012, 34
(5) :37-40.

[6] Wath ok AR IR I Y B Al 05 % [ 1] 462 T8, 1991,
(2):19-23,18-3.

(7] JHER LA, ok i 75 e B bR 4535 i iy R [ ] 8
A£T.,2005,(11) :6-8.

[81 W23, VP AR L F 2 RIBHIR B AR S Br b o [ 1] AR AR e
2013,41(10) :2195-2200.

[9] M, 205 ZRIBA0, 55 28 R B BRI BT B R S FH A &AL 55
AR R[] J6HLER Tolkz, 2008, (8) :59-61.

[10] EBETfk R EE IR, 56 R DU S AR AL ZE K 45 B BRI
N EBFFE [ T]. S0 Tk, 2002, (6) :21-24.

[11] Kollbach J, Dahm W, Rautenbach R.Continuous cleaning of heat
exchanger with recirculating fluidized Bed[ J].Heat Transfer Engi-
neering,1987,8(4) :26-32.

[12] Rautenbach R, Erdmann C, St. Kolbach J. The fluidized bed
technique in the evaporation of wastewaters with severe fouling/
scaling potential-latest developments, applications, limitations [ J ].
Desalination, 1991,81(1/3) ;285-298.

[13] ZREAe, M- AR AL [ T ) S B fb 2 TR 24, 1995
(4) :326-331.

[14] B)50  mdfedn , 240 = AIPR IR AL R 22 oI RAIZE R AR 11
WFFEL ] E i 4EAE 7, 2003, (1) :64-67.

[15] VL KV 28 W B 9E PR AL R T BURL 43 A 9 WF 5T [ D). R
B L Tl R, 2012.

[16] M) J) 3 8 4 3 5 Ak PR UKL 43 A AR 1) S 38 BF 9% 0 B (B AR 4
[D]. K% AL Tk k4,201

(E#F 195 1)

[27] Jadhav S A, Brunella V G, Scalarone D M, et al.Poly ( NIPAM-Co-
MPS) -grafted multimodal porous silica nanoparticles as reverse
thermoresponsive drug delivery system[ J].Asian Journal of Phar-
maceutical Sciences,2017,12(3) :279-284.

[28] Singal P K, Iliskovic N.Doxorubicin-induced cardiomyopathy [ J].
The New England Journal of Medicine, 1998,339(13) :900-905.

[29] Ajzashokouhi A H,Bostan H B, Jomezadeh V et al.A review on the
cardioprotective mechanisms of metformin against doxorubicin[ J].
Human & Experimental Toxicology,2019,39(3) :237-248.

[30] Kong Q, Guo C,Sun Y,et al.Preparation and characterization of
NiO hollow fibers consisting of nanoparticles derived from alginate
salt precursor| J].Rare Metals,2011,30(S1) :208-212.

[31] Xu H, Cui L, Tong N, et al. Development of high magnetization
Fe;0,/polystyrene/silica nanospheres via combined miniemulsion/
emulsion polymerization[ J].Journal of the American Chemical So-

ciety ,2006,128(49) : 15582-15583.

[32] Ghosh S.Mesoporous silica-based nano drug-delivery system synthe-
sis, characterization, and applications [ M ]. New York: Elsevier,
2019.285-317.

[33] Jiang W,Wu J, Tian R.Synthesis and characterization of magnetic
mesoporous core-shell nanocomposites for targeted drug delivery
applications[ J ]. Journal of Porous Materials, 2016,24 (1) :257 -
265.

[34] Zadeh E N, Fozooni S, Nejad E T, et al. Synthesis of Fe;0, @
MCM41 and Kaolinite coated with Ethyl 2-( ( 3-( triethoxysilyl ) pro-
pylamino ) ( phenyl ) methyl ) -3-oxobutanoate and their applications
in heavy metal removal and drug delivery ; optimization study using
RSM[J].Silicon,2023,15( 11) :4723-4750.

[35] Malekzadeh A M,Ramazani A ,Rezaei S J T, et al.Design and con-
struction of multifunctional hyperbranched polymers coated
magnetite nanoparticles for both targeting magnetic resonance ima-
ging and cancer therapy [ J].Journal of Colloid and Interface Sci-

ence,2017,490.64-73.1



