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Abstract

Hollow mesoporous silica nanoparticles (HMSNs) have the advantages of both hollow and mesopo-
rous. Large specific surface area and cavity volume, easy control of morphology and size, rich raw
materials, low price, simple preparation, good biocompatibility, and easy chemical modification
make HMSNs a good carrier material for catalysis, biomedicine and other aspects, especially in drug
delivery. This paper reviews the preparation methods of HMSNs, and emphasizes the broad pro-
spects of HMSNs in the fields of drug delivery, multimodal biological imaging, disease treatment,
biological detection and tissue engineering, in order to provide reference for the future research
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direction and practical application of HMSNs.
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1 MRE

TEMZ KR, AL B REYK R T (Mesoporous Silica Nanoparticles, MSNs) [A 45 14 Ji 4 |
PERTRR . FLARWT . (e Rse . AR LT DL 5 TR B ISR s 25 52 000 . Rtk R
SIER MSNs Tt BK B AR, TRk IR sl K It o 2535 ia ik B 4 e 1] {22, MSNs
FEREE AR, BRI S ARSI TN YRR . Bk, ZEF AT 2 W TR MSNs (451
DAY LR FH Ak, A S AL S G Kok - (Hollow Mesoporous Silica Nanoparticles, HMSNSs) W iz ifij
H[2]-[6]-

5451 MSNs AHEL, HMSNs BErt | MSNs FIGSER IR ZE IR i, 75 AR 4 2= 25 800k 1) 92 FH 52 318 Rk
ZIE[7]. HMSNs (1) EZRARIAE LTI TrH: 1) BARKM R AR i, 3R
B 2) TR ME R AR, AT DU SCRIMG S OV K S N 2s s 3) 5e)/=3R 10
B FL AT LME 259 7 1 i 0 SE B R Ab e B N b S S I N T A, SRS A B 4) RinE T+
BB RER], 5 TR 5) A LA 2 R REARL (N, ERARAVRRL T BT R SR ARRL T
WA LA, SEILBR ST — LRI EV6YT ;s 6) AR tEly, AR, FERIEH/INE8]-[14].

AELRIR T HMSNs il 45 7515 S AL AR = 2 U R O T () Bk idk e, 3 mi A GRS TH 2459
IR RCR . RV AR RO . ARSI SR T SO T2 AR, B AEN HMSN 2R K 1 i
FIT RIS bR B SR i 2%

2. PEMTAL - UEMNRRFRIBIZETTE

FAT, HMSNs [l 7 ik D AR 3 i, RO HBNGEFLIBRNR . BB R B AR ). A
BRI (AR L BRSSO AR ) BRI AN R AR AR S [15] -[18] o

BB R el A AR Sy T S A MURTENE LR FARA B IR 2 R B4, LR B
A FUAN S SR T 72 [19] [20]0 BRBEARIE BAZ VAR AT AR 7K — VR S5 o (4 =l B A AL R B0 R A
KL, BlnFLA R . B OE, HIEFRIETEART “87 5k 7. BRI T ds
FLEHI I — LGN EATRAE S5 S HMSNs TG A2 rh s Fe s 25 B RIS, SRS VEFIBNR . JER
FEJE T TP P LR Ia . 2RO FLEIE . 4, RGE HMSNs BT A Y InA LA, Tl i 2 H
BB e LA BT 2 G4 o AR, FEAE B R 2T R AR B AR AR DR S L T, 3 80y 14 B )5 B
PRSI T, RIAE SR 2270 R IR . TR IZBHEAE, A/ AT HA B AR B .

PERAGE & h S S AR TR, B e i U R E R IR, SRR AEANRII R L — R & 1
FRH21 . SRJRIEFE M B BRI OARL, B RIP RS . 207k TP BRSO L B, I LIS G 2
BER R HMSNs (9 RSF A A2l o AR 25 bR 05 ¥ 1 e 38 6 SR T REARAR (Kl o, mT DA fb 2
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Tz BB LB, R U] S PR S IR R . AESCEIE LT, R BT IR IR R 4
ARBE, CACSEE TSR Fe SRR . DR, SRR (R ] S L AR S 2 AR, HL P 1K) HMSN (125 57X
[ R BUR F HPESE T DLBEAT B o fc i P RE AR T 247 = MR REW) . RERRRIBR 3

FESKBRRL I, B RESGEAS T ZAMER ) B S G2 E ik, DUVERREEE 7 A lA, HHS
THRe[16] [22] - FEA R FE B LA _E, E2TT AR T V2 25 DA B SR 2%, A0 30 BLITRy BLR 48 H 2
Kirkendall RN AL e, RE RS P25 —BORUL, ABBROTEOIEND G 1) BIRAKMEI &
s 2) BRSO E . A GRIBONEATR, BRI s BB AN T B A A
OERFIER, T H RN R . BER T ZRE SRR R L A AR, X552
JERUBURL 8 S VE P S S A e Ak, BRI B 1 X AR ARIRE I A5 B, R T R A 7= 1)
B

B 7 UL EH R 2 A, T AR S O R Tl AR BB AN ER A R A IR IS, R
Y HMSNs il # (R [23] Bilhn, & e S AR E BT S0 (VR o PSR R 7 1 I 28R & B A3 R vl
CUE BRI, I HAE IR BT, AT A& 0 R sh 2 A LA RL, 0 R SRR & e
BRIEA AL FL 45 H — S AR ROk B/ S )38 I U7 i . Ward 55 AAIER[23], SRS R T L=
FACTES T SR EY - ROVGER)M > B S, £ DG Bl e b 28 50000, ERE S B s 2507y
LB . T B R L AR R THE PR (R 80) e A A BT AR rh K WA 43 B8, W) A4S 3]
FYBERS A . AR AR 20 ER . I AE @ FE I B AR m] A 80 I, RIS (/A £
R

3. FEMFL S UENRNFHIEYN A

T LB EEGUR R T (HMSNs) R s i B R TR . AL 5 TR . RIFHIZEYIHE
AL ARSI R [24]-[30], FEAEMIER AT AZ BB (115G . Rl R O 2 T
A€ HMSMs, TTLLSEELZ MIhRE(I, 20 WERLIHIZGWIEIE . RIS SR 2GR, 2 RS EMI AU
CIF A RO R ITAE),  HAR G A G SUAMRE R SRR TE 0, SHE TSR MRRL
K MR AR HEEAER) 2 RE31]-[33].

3.1. ZiEX

BT, ATk Mgk Rt 7 2, n, JeiE. RAEWAPUKMEL, B R BrbEghk
MR LA HUEER HMSNs &5, EA#EA & BAA RS, ASCE RS M Afe e . #0268, 2k
A REE . AV ENE S BRI 2 A AT T b, BRSNS 1 R, AEXTT S, HMSNSs
s AT 4., FONERABRN TSN, RS FRERE T TERMEN, BANk
Mz sEae 1, B4tteE. 5 TRmEW, BA REFIEDRASEREEME, &HTREMmBRE
N 250, B BRI DNA F siRNA %5, J2dEw BAR4A 25800k [18] [34]. H4h, AR,
T MR RS A FLEE R, HMSNs AT AR 9% Gellg ik it B AR B DR B rh s oA SR A A s 7K 731 P i
B, LRSS B AT R KN AN R AT AL, AT LRI SE KA A [35]

K2, HMSNs fERZiisik KRG RA V2. B, Hm bR AR o] 8 (1 FL 4S5 # L RE s = 4L
R, WEmAYMTEE . IR, M FLILIE R DA ZY 1Y BOEE, SSRGS R R .
Ak, HMSNSs (1R TH 55 T3 T DhRe A, 0T LAS ]\ v J2 A S i o2 PR R A, S B 2447 () L ) 4
AR BRI K, HMSNSs #E 25483 R 4007 R AT R R AT, 502 1P R} R 2 2 4
LR IE[36]
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Table 1. Comparison of HMSNs with other nanomaterials

%= 1. HMSNs 5 E 4K 4 R A3 EE

gﬁii GHRREE BN SRR R Eﬁggﬁ %Yk
B S PR L
IJ‘ =8B A/ 3 23
o I g, 1 gbos, B REBNEA, 1N
g R A o AP LA S, TR RS e 137]
A T o R B S 1 P
PebE, Sk TUKEEZ 5 B
BNER
O ) N
| %%g%ﬁgiﬁéﬁg{gawﬂﬁﬁﬁﬁﬁ‘%@%WMi S
REMMAMEL o o e, O WIS HE Bl W, ThARLIE T MM RE R [38] [39]
ESZ: X{mﬁy‘fﬁl}u@ 4%%%7J<EEE}IL7J( % ﬂ?”%‘ﬁ*% Ab%ﬁn,rib.b?lzg ﬁjzﬂl.i
K, FasEth X 35, o TR HEPRREELRE TR o
SIRBEER, L o o RESHRIE,  AWHAET
SRR ﬁ%ﬁﬁ»ﬁ%&ﬁiigkﬁﬁEﬁﬁiggiﬁﬂﬁi%ﬁ%%i%ﬁ,éﬁ%¥[MHM]
FAL R c * (I AT AL ]k B
A ST 0 R §%E$EE§
BAAOKAPEL A, Bl WERRSEGR URd—f R o, NI
i 5, YR RE 51 R RRE B
7, B "
o ol
AL M. S HRE, e TR, fES \ A
A pALILERR s SHRRAE e RITRE T ene 44
B
BT R R B R
Sl Wk e, WO FH AT N
HMSNs  BLK, ik AaTam. & o S, sy TSR
Bk gifaE ER. M, b &4, TR EER

PEbT B

Qu [45]32 5 2 Py AN SOk 1) & T VE 4% 1 IE S AR N 2R 1) /N R~) HMSNs 14 8 e 24 ik
R4, W5\ MPEG Al PNIPAM S 9K L7 BN 2R T5CRE I, A CeO, S IL R . pH
MR, SEG RS TR pH IR . pH XU N 259038044, R R8d% W25 R 8, Xt iR 4 i
BAM PRI, BXEREAMICE . PR = A gPORR TR YA GSH IR FE3S i
TR, KR A A ORI

Wang [46] % 4H 18 1 & F 7l 260 0 el S 1 2R (3- TR M B I B R RR) R A, FRl B e h S A L=
FALREZRTE, 75 G 3 TP OOUIIC A A8 A MR E HMSNs fCeE, FRRIF T T LA AR SO P A A py o i
EH . FIEE IR RAFT SR HREL pH 5 H202 XU B 254 PPBEM-b-PDM,  FF44% HAZMRAE h 2= /- £L
TR . 145 5 F XN b AL pH 5 HoO2 M N PE HMSNS flsr,  FRE 9T 1 HARAb
BEIBURF RO N I MM . SRR Tl a8 IR FE RS SR SD R BRUBSL Y o J 7 H R 2 10 o LA A
R, BAERRWE RGP EZEN AN E. FIRMEER, ST AMRNE RG], 15 T4
FIF SRR AR . BRI A BUE 2501 pH AT Ho0, BUE HMSNS 7E R4 2 7R H v 25 i 41 i 25 1 e 1)
ZIWIRETI, RERETRTT IR AL TR NG o 1% AT L GR Wk RGBT A TR R, P
PRI BA RSN A, KRGS BAT Z N AT X Eem N A HMSNs 758 PR Al i
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RITHRIL T ERINE 1, ARRA B NIGIR LA o

Zhang [A7]ERBEZH R DD % T — PP B2 O SR PR T A MR, HERTIRE T ML = EA YKL
THAIZ ThREIL R X PR B pH A 38 JE A A i, Beagdd FLIR . Bi/KAE A0 Schiff
TSR S SR 25 50 B3 3 (DOX) o 2GR nT i@ FLIE T I pH . &SR FIFE LLAMNIR) 6 1) 2 5
R RO . ZARIEEL T AT - SRRIBEIRYT, AR LT O MR A R SR, %R A ARE
K BA R B EME, R HIE R RER e NIR e iEe /). SCIngs BRI, ERets
Rk E DOX, EkBE AR Bl ik 41.5% 83.1%. BT shAGHUE M EoR, HiE DOX 144
Kb FRiE/NT 300 nm, EEHTAIMIEIT . 8 NIR BN, G324 1 gl KR 1 e B0 i3 R 35 1)
pH (LRI H IR(GSH)MFE R, RBLH AL R EN 115 . 2 s i, RAGORIA A G
TowE H s, WmEZ ISR BSR40 ERBURTE T —PAESE T DOX 7E Hela 41
H A SRR R AN S AR TR RE 0. BRI, X FET AR B RO 45 YR YT R 2 sk AR A R
BRI

3.2. E¥IRkig

MEAERXT HMSNs BT TR B, HMSNs A M — DI RE R X E D e H 2 2 D) e R B . f
I RESE RE] HMSNs Hrr] DL A By 3F (R8I X i MIERIE) RE /0 K 2 DA R Bk - L1t A HMSNs 7]
A Rt i3 B AL AR AL (A EL), AR AU ST 5 A0 (o ) A s (TR AR (Je ) o el K 9 e G 2
RESE Bl T DA A XS E M RBIREE, B4 T PO REBUE . WS IR AR ) T G Al e a3 ]
TR LRSI WM AR AL e BEAh, R XU RERBE I NS AL — AR A 22 DhRE-T- &5 AR K
NRTRE, (RIS IO A= ) AR AT 250 it o

3.2.1. TRIE

HMSNs 45 5B ey, Sl 25¥iis 5 AV AR XTI e, $Emiasr 2ex, BRaaIER], 1F
NRCTRE A, T T 4HANZH 2R S [36] . Shu Wu S5 [48]HF 78 T —Fh BAG HLfir S F Th BB 1 24 4
X F Gt (DDS) REWS SEAAEIA I [A] I SR A L N AL % . S5 SRR W] T CDs-CS/HMSNs@DOX 4K HiAk, #K
2N 56.6%, FEMRMIRIEIAEE T R A LT SO RGBT IZRGHIAF AT, 70 I CDs RENS IR
2, I DOX BRI S MEI, N2k st 1 96 R R I8 -

3.2.2. MRI & {&

Sun [49] 1 R 20 56 38 i B2 A BT HMSNS (HMSN)Z 26 T8I 412 i) 40 14 Th RS AL A e A2 B 6 (AB) 17 2%
TERR T B USICT g8 I 9K R e o it — D 85 & IR TE FesOs 4KRL T, 5t HR AT T it
45 BT 2 A AR R (R b BN AL SRR AR IR ET FesOs @HMSN-AB 4K 4R%H, EILH = AB
frak i, PUs AR A PRI S R B, & TR USICTIMRI Bif% . sEieid b as & 7l
(US). X SE(CT)MEEILIR(MR) =P UG A, FIHIBE R4 B 7> T 1053, &5 TR FesOs @HMSN-
AB GUKEREL, I3 ZU e 7K A 0 S B B B VR IR BT, SRR T, SR S W Ak
Fo B AE ST, T LLE E Fes04 @HMSN-AB 71 AB [ ik &8 13.54 wt%, FKIHHAEA MRI G IR
BHAERR DG T S LRI I 3 7

3.2.3. KEFHK

Wu Yanli Z£[50] S5 it 1 — A gk S L AR AR GdoOs: Eu 5241 HT R 254
ik R GL(DDS), AEA ML . WU DDS AA & IBU 173 (19.4%), JF et A
. HAOCIRERELMIREBOE N, SCBL T 4RI AR M . XAk DDS W T2 idis A A
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3.3. HmICHIRIATT

3.3.1. e

HMSNs (19 AE PR i S B ey R . e e PR B RH 5 AR S50 i, R AR I
s I PRV B R0 B0 5 M I 55 00 A6 T2 I B T e [51] . Xie [S2]ERE AR Fi T kK T — M R A 90
KATRE,  BEMS [F AN R K & R A BR B . SR E B R 3 P ST B ) HMSNs P #%
(RAHMSN) A1 3& B 14 1& 1 1) 45 90 K ¥ 40 2 (AGNR) 41 i . 3 3ok & A B VE ) B 4038 i & & A k)
(RAHMSN@AGNR), 7E& 3 G EEREAFIER, ERASAMEL S, F8 AGNR A RAHMSN
BB, RSO T NAE T AT R . FEER LM RS T, SR = A AN AT K . SRE R Ak
T ENE RBCE AN S, SEEL T R S A e A W KRR . i RERE ARSI 6.5 x 102 CFU-mL "t F|
6.5x 107 CFU-mL A Bk 5, HAE 2W JRIRIEST 5 280 F, KEAERIL 100%. M T HE AR K &
W, SR H R AF I R SRR UK B R . X FRARLE REAL S G TR S KR, R — R R g K
BT, HA SEBR R 7T

33.2. tHATIE

Wei Cui Z5[53]1 4 1 T —Fh 4 A P28 [3#i  BMP-2 #15ek, FEit T —MiE T HEW&ETBC)E A
KIFL HMSNs(HMSN) )5 A SCAER T P28 IR, Horf BMP-2 2 & B B RSB R 1, T/ 72k
WS T B A RS FE R IE S R BRI e RO . W T AR R A BT T RSN IR Y S, AR
7 TBC/HMSN/P28 57 ZEAYAE AR ARS8 A 5 7 A MC3T3-EL 41 B3 5 Al i /- A e EE T, i EL7E
PP SERG AR T S S A UE IR . 1% R I AL TRE AN A S AT AR A T — R Rl
BIVRTT SRS, A NI IR B E E A R T .

3.33. RITAETT

HMSNSs 7EJSE e 1697 Ak i 7 v 17, Li S [SA1RAETT & T —FP 3T HMSNSs 98K 2% 11 iR Z,
Wik RS, BIEENN SOEME R (1IBD)EAT A HEIR T - 1% RS0 KA HMSN RNl i, JRimid fE R
5] N\ ROS U () B4 fi B 48 (TK) F1 23R 2 B2 (PEG), #Ip 7 HMSN-TK-PEG (HTP)E & 4Kk T, DL
SEILIPIRIE MR A T AR 2P B W iE v s e v, ST R ARl T 5 SR R S R AN A 11
IKBERIRER KB 25 HTP, ifR2Yfehs 2 4nlid B A/ Mg, BHiAG . 8N AREX K, BT ROS /K
PR, TK SESWR, W 2. s 5308 A SR R i, SSOLAIRRRERE
IbAh, T RBERIE SRR AN A = M RE X 3 A EAT T, A B TR 1BD k. R A A
HSEEGFNLE [ 98 /N RIVA YT L5, UESE T IX PR A ik RAHIA BRI 24, I T HAE IBD ¥
IR I R FH AT 5% o IX RIS BRI 2593815 R G0N IBD IR T H2 4t T RIHT %6, A BAERTHT 301
[FIE, PERZPMIRITER . WS 2, %I AUl IR OBt 1) HMSN SR P8k R 40, SEPL T X4
IBD FIEE[AIATT o X RGEAHIR T Z9WIERE € 2ORE XIS HERR I, 1 L a1 15 i 18 B B SR A B
BIT, N 1BD BFIRAE T —FhEE A RO A R T IR

Li Qianru Z5[55]4F 78 H] FH 58 £ ) Wi (PEL 2 M )3 58 HMSNs (THMSN)FE AR EA, $eak 1 /b &
S e6 (Ce6), LASZILG ) 197 2 (PDT) 5 % % ¥6 7 M BE & &L . PEI iz /F FH 38 7+ 7
Ce6@THMSNs 7E4H P IR HR B Ak & GE 77, 38595 7 PDT XHE4UBHIREIR . PDT VG975, THMSNS 4Bl
B g e, (k1 SORGH M 1) AN AP B e T 4 igfb, SR PUMIBE s, SLIR R IR,
Ce6@THMSNS-PDT REA R bk I & 8 - 30K e A RIRE S 1tk S ) B, 7 I8 1. 3iX— THMSNs
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3 PDT SIRMAKIGTT RS, B&RBIRE, 9B I RN AT REHT 42 -
4. BEFRE

HMSNs 1E4— P MR S5 - R D RE R AR AP RE,  FE AW IR 2 U8 R A T2 I R A A5t . HMSNSs
HEWRRLRE. FR S5, mRmHE. arE LR RE B, BE sl 25 =L
Rk, TN TAEIE . AR EYIERR, HF AR A YA R . BE A AT
() ey B ok k=5, HMSNs (14T 3% 35 sk 78 AN b7t .

SR1MT, HMSNs FIR JEASRENIGVE 2 Hhik: 1) BB A AT A P AR A i B P2 0R A, 4oK4
P R, 2) KA HMSNs JEILH T RIFHAEIFZANE, (HIERN IS 240 DU KIS 1
PRI T — DTS, B OR 2505815 RGN A 22 4P & AR e RS FH (W T2 . 3) HMSNSs 7544 Py [ i
R, HHSdRP RS RAERE, HmILoitt. 4) 20%R A B AN B LS RS fl . LA _EPY
AR PR HMSNS £ B9 40Uk A 32 A o

N T 75y K¥E HMSNs FPERE, BB RIS 2 Gk —0 . A% B, HMSNs TR, K/l
FRSEorAi . BERANFIAFLR /R e AR AR 2 FiE MM EER R, W e o FEmEA R
PEUNEER R, kb, BT AEYBEOAEY, AR LA BUR A YINE S AW
=2 S T B2 A, AR, B AT VAN i R T ) HMSNSs ZEAEA . TR B Bl 137 T 1 B ¥ 32
X, EEXH RS E N, BRI R HMSNs FOIAR Ry TEAS . S5fEsR.

Ak, B HAR B AW BH AR 3B 2H55 77, HMSNS 18 i £ A0S HE UK 25 4508 A2 73 A il
W, HIEAEMEE S R MRRH S5 2 AN U807 M AWIR AT, ¥ RHEET), BRI KRITA R A
ST

E&InE
TR KR 2 A B AL I 2R TR I H (202310368020) 1S3 £ .

&5k

[1] Tang, F., Li, L. and Chen, D. (2012) Mesoporous Silica Nanoparticles: Synthesis, Biocompatibility and Drug Delivery.
Advanced Materials, 24, 1504-1534. https://doi.org/10.1002/adma.201104763

[2] Zhang, T., Ge, J., Hu, Y., Zhang, Q., Aloni, S. and Yin, Y. (2008) Formation of Hollow Silica Colloids through a Spon-
taneous Dissolution-Regrowth Process. Angewandte Chemie, 120, 5890-5895. https://doi.org/10.1002/ange.200800927

[3] Zzhu, Y., Shi, J., Chen, H., Shen, W. and Dong, X. (2005) A Facile Method to Synthesize Novel Hollow Mesoporous
Silica Spheres and Advanced Storage Property. Microporous and Mesoporous Materials, 84, 218-222.
https://doi.org/10.1016/j.micromeso.2005.05.001

[4] Chen, D., Li, L., Tang, F. and Qi, S. (2009) Facile and Scalable Synthesis of Tailored Silica “Nanorattle” Structures.
Advanced Materials, 21, 3804-3807. https://doi.org/10.1002/adma.200900599

[5] Zhu, Y., Shi, J., Shen, W., Dong, X., Feng, J., Ruan, M., et al. (2005) Stimuli-Responsive Controlled Drug Release from
a Hollow Mesoporous Silica Sphere/Polyelectrolyte Multilayer Core-Shell Structure. Angewandte Chemie International
Edition, 44, 5083-5087. https://doi.org/10.1002/anie.200501500

[6] Li, Y., etal. (2003) Hollow Spheres of Mesoporous Aluminosilicate with a Three-Dimensional Pore Network and Ex-
traordinarily High Hydrothermal Stability. Nano Letters, 3, 609-612. https://doi.org/10.1021/n1034134x

[7] Liu, T, Li, L, Teng, X., Huang, X., Liu, H., Chen, D., et al. (2011) Single and Repeated Dose Toxicity of Mesoporous
Hollow Silica Nanoparticles in Intravenously Exposed Mice. Biomaterials, 32, 1657-1668.
https://doi.org/10.1016/j.biomaterials.2010.10.035

[8] Zhu, Y., Fang, Y. and Kaskel, S. (2010) Folate-Conjugated Fes04@SiO2 Hollow Mesoporous Spheres for Targeted
Anticancer Drug Delivery. The Journal of Physical Chemistry C, 114, 16382-16388.
https://doi.org/10.1021/jp106685q

DOI: 10.12677/hjbm.2025.152048 421 AR


https://doi.org/10.12677/hjbm.2025.152048
https://doi.org/10.1002/adma.201104763
https://doi.org/10.1002/ange.200800927
https://doi.org/10.1016/j.micromeso.2005.05.001
https://doi.org/10.1002/adma.200900599
https://doi.org/10.1002/anie.200501500
https://doi.org/10.1021/nl034134x
https://doi.org/10.1016/j.biomaterials.2010.10.035
https://doi.org/10.1021/jp106685q

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

Liu, J., Qiao, S.Z., Chen, J.S., (David) Lou, X.W., Xing, X. and (Max) Lu, G.Q. (2011) Yolk/Shell Nanoparticles: New
Platforms for Nanoreactors, Drug Delivery and Lithium-lon Batteries. Chemical Communications, 47, 12578-12591.
https://doi.org/10.1039/c1cc13658e

Lin, C,, Liu, X., Wu, S., Liu, K. and Mou, C. (2011) Corking and Uncorking a Catalytic Yolk-Shell Nanoreactor: Stable
Gold Catalyst in Hollow Silica Nanosphere. The Journal of Physical Chemistry Letters, 2, 2984-2988.
https://doi.org/10.1021/jz201336h

Zhang, L., Wang, T., Yang, L., Liu, C., Wang, C., Liu, H., et al. (2012) General Route to Multifunctional Uniform
Yolk/Mesoporous Silica Shell Nanocapsules: A Platform for Simultaneous Cancer-targeted Imaging and Magnetically
Guided Drug Delivery. Chemistry: A European Journal, 18, 12512-12521. https://doi.org/10.1002/chem.201200030

Okada, A., Nagao, D., Ueno, T., Ishii, H. and Konno, M. (2013) Colloidal Polarization of Yolk/Shell Particles by Re-
configuration of Inner Cores Responsive to an External Magnetic Field. Langmuir, 29, 9004-9009.
https://doi.org/10.1021/1a401646t

Purbia, R. and Paria, S. (2015) Yolk/Shell Nanoparticles: Classifications, Synthesis, Properties, and Applications. Na-
noscale, 7, 19789-19873. https://doi.org/10.1039/c5nr04729c¢

Liu, B., Li, C., Ma, P., Chen, Y., Zhang, Y., Hou, Z., et al. (2015) Multifunctional NaYF4:Yb, Er@mSiO-@Fe30s-PEG
Nanoparticles for UCL/MR Bioimaging and Magnetically Targeted Drug Delivery. Nanoscale, 7, 1839-1848.
https://doi.org/10.1039/c4nr05342g

Wu, S., Mou, C. and Lin, H. (2013) Synthesis of Mesoporous Silica Nanoparticles. Chemical Society Reviews, 42, 3862-
3875. https://doi.org/10.1039/c3cs35405a

Fang, X., Zhao, X., Fang, W., Chen, C. and Zheng, N. (2013) Self-Templating Synthesis of Hollow Mesoporous Silica
and Their Applications in Catalysis and Drug Delivery. Nanoscale, 5, 2205-2218. https://doi.org/10.1039/c3nr34006f

Chen, Y., Chen, H. and Shi, J. (2013) Construction of Homogenous/Heterogeneous Hollow Mesoporous Silica
Nanostructures by Silica-Etching Chemistry: Principles, Synthesis, and Applications. Accounts of Chemical Research,
47, 125-137. https://doi.org/10.1021/ar400091e

Li, Y. and Shi, J. (2014) Hollow-Structured Mesoporous Materials: Chemical Synthesis, Functionalization and Applica-
tions. Advanced Materials, 26, 3176-3205. https://doi.org/10.1002/adma.201305319

Wan, Y. and Zhao, (2007) On the Controllable Soft-Templating Approach to Mesoporous Silicates. Chemical Reviews,
107, 2821-2860. https://doi.org/10.1021/cr068020s

Wang, X., Feng, J., Bai, Y., Zhang, Q. and Yin, Y. (2016) Synthesis, Properties, and Applications of Hollow Micro-
/Nanostructures. Chemical Reviews, 116, 10983-11060. https://doi.org/10.1021/acs.chemrev.5b00731

Lou, X.W., Archer, L.A. and Yang, Z. (2008) Hollow Micro-/Nanostructures: Synthesis and Applications. Advanced
Materials, 20, 3987-4019. https://doi.org/10.1002/adma.200800854

Zhang, Q., Wang, W., Goebl, J. and Yin, Y. (2009) Self-Templated Synthesis of Hollow Nanostructures. Nano Today,
4, 494-507. https://doi.org/10.1016/j.nantod.2009.10.008

Lu, Y., Fan, H., Stump, A., Ward, T.L., Rieker, T. and Brinker, C.J. (1999) Aerosol-Assisted Self-Assembly of
Mesostructured Spherical Nanoparticles. Nature, 398, 223-226. https://doi.org/10.1038/18410

Li, Y., Li, N., Pan, W., Yu, Z,, Yang, L. and Tang, B. (2017) Hollow Mesoporous Silica Nanoparticles with Tunable
Structures for Controlled Drug Delivery. ACS Applied Materials & Interfaces, 9, 2123-2129.
https://doi.org/10.1021/acsami.6b13876

Yu, Z., Zhou, P., Pan, W., Li, N. and Tang, B. (2018) A Biomimetic Nanoreactor for Synergistic Chemiexcited Photo-
dynamic Therapy and Starvation Therapy against Tumor Metastasis. Nature Communications, 9, Article No. 5044.
https://doi.org/10.1038/s41467-018-07197-8

Ezzati, N., Mahjoub, A.R., Abolhosseini Shahrnoy, A. and Syrgiannis, Z. (2019) Amino Acid-Functionalized Hollow
Mesoporous Silica Nanospheres as Efficient Biocompatible Drug Carriers for Anticancer Applications. International
Journal of Pharmaceutics, 572, Article ID: 118709. https://doi.org/10.1016/j.ijpharm.2019.118709

Tang, W., Fan, W., Wang, Z., Zhang, W., Zhou, S., Liu, Y., et al. (2018) Acidity/Reducibility Dual-Responsive Hollow
Mesoporous Organosilica Nanoplatforms for Tumor-Specific Self-Assembly and Synergistic Therapy. ACS Nano, 12,
12269-12283. https://doi.org/10.1021/acsnano.8b06058

Tao, G., He, W., Wang, Y., Yu, F.,, Ge, J. and Yang, W. (2018) Dispersity, Mesoporous Structure and Particle Size
Modulation of Hollow Mesoporous Silica Nanoparticles with Excellent Adsorption Performance. Dalton Transactions,
47, 13345-13352. https://doi.org/10.1039/c8dt01940a

Huang, P., Chen, Y., Lin, H,, Yu, L., Zhang, L., Wang, L., et al. (2017) Molecularly Organic/Inorganic Hybrid Hollow

Mesoporous Organosilica Nanocapsules with Tumor-Specific Biodegradability and Enhanced Chemotherapeutic Func-
tionality. Biomaterials, 125, 23-37. https://doi.org/10.1016/j.biomaterials.2017.02.018

DOI: 10.12677/hjbm.2025.152048 422 AR


https://doi.org/10.12677/hjbm.2025.152048
https://doi.org/10.1039/c1cc13658e
https://doi.org/10.1021/jz201336h
https://doi.org/10.1002/chem.201200030
https://doi.org/10.1021/la401646t
https://doi.org/10.1039/c5nr04729c
https://doi.org/10.1039/c4nr05342g
https://doi.org/10.1039/c3cs35405a
https://doi.org/10.1039/c3nr34006f
https://doi.org/10.1021/ar400091e
https://doi.org/10.1002/adma.201305319
https://doi.org/10.1021/cr068020s
https://doi.org/10.1021/acs.chemrev.5b00731
https://doi.org/10.1002/adma.200800854
https://doi.org/10.1016/j.nantod.2009.10.008
https://doi.org/10.1038/18410
https://doi.org/10.1021/acsami.6b13876
https://doi.org/10.1038/s41467-018-07197-8
https://doi.org/10.1016/j.ijpharm.2019.118709
https://doi.org/10.1021/acsnano.8b06058
https://doi.org/10.1039/c8dt01940a
https://doi.org/10.1016/j.biomaterials.2017.02.018

EEF] F

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]
[42]

[43]
[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]
[53]

Tan, L., Tang, W., Liu, T., Ren, X,, Fu, C., Liu, B, et al. (2016) Biocompatible Hollow Polydopamine Nanoparticles
Loaded lonic Liquid Enhanced Tumor Microwave Thermal Ablation in Vivo. ACS Applied Materials & Interfaces, 8,
11237-11245. https://doi.org/10.1021/acsami.5h12329

Zhou, Y., Quan, G., Wu, Q., Zhang, X., Niu, B., Wu, B., et al. (2018) Mesoporous Silica Nanoparticles for Drug and
Gene Delivery. Acta Pharmaceutica Sinica B, 8, 165-177. https://doi.org/10.1016/j.apsb.2018.01.007

Vallet-Regi, M., Colilla, M., Izquierdo-Barba, 1. and Manzano, M. (2017) Mesoporous Silica Nanoparticles for Drug
Delivery: Current Insights. Molecules, 23, Article No. 47. https://doi.org/10.3390/molecules23010047

Tan, L., Liu, T., Li, L., Liu, H., Wu, X,, Gao, F., et al. (2013) Uniform Double-Shelled Silica Hollow Spheres: Acid/Base
Selective-Etching Synthesis and Their Drug Delivery Application. RSC Advances, 3, 5649-5655.
https://doi.org/10.1039/c3ra40733k

Guo, L., Ping, J., Qin, J., Yang, M., Wu, X,, You, M., et al. (2021) A Comprehensive Study of Drug Loading in Hollow
Mesoporous Silica Nanoparticles: Impacting Factors and Loading Efficiency. Nanomaterials, 11, Article No. 1293.
https://doi.org/10.3390/nan011051293

Chen, Y., Chen, H., Ma, M., Chen, F., Guo, L., Zhang, L., et al. (2011) Double Mesoporous Silica Shelled Spherical/El-
lipsoidal Nanostructures: Synthesis and Hydrophilic/hydrophobic Anticancer Drug Delivery. Journal of Materials
Chemistry, 21, 5290-5298. https://doi.org/10.1039/c0jm04024j

GEMGME, bR, RV, SF P A AL SR TE AR R A A 1 B P RIE U R (9], YLV Y K A AR (H
IREBEAR), 2021, 45(1): 86-93.

R BN FL RS GORRL T T 3G SR AR A6 2 3 T IR TT FIRE AL D]: [t 2208 5] Ml Wi
TR %, 2023.

il R¥%E. MXene/ BEMANKE EMEL 1 e R 2 REEWTFE[D]: [t 2% 0000 3], Pa/RIE: MG RIE TR K2,
2024.

T, BT RAWPCRIRLI 7 A AR e i g M S F e B [D]: [ 2E 060 5] dbst: HrEREEEAR
K, 2024,

AEHRAS. &R TAR A FL S AR 2502 R G 2 UM RN [D]: [ 2 hrie 50]. Kevb: gk, 2022,
Tk, gk, HEE, F. SBYUKRARI R BT 25 (0 K AL SO R D], R ER SR, 1-9.

TRERAE, I, TRIEA, & OHLEBYURARE RV BUE AR TT R IEF R [I]. R E R (A, 2024,
54(2): 160-181.

BREZF, Johbfm. BRIEGIRE A PPRME o e A 700 (0 S 7 R SR A A5 R BS iF FT HE R [0]. B & Rk, 1-14.
ToCE, BE®, BIL4E, & T ERAFUENUEERET R 8 R AR T PR D). oAU RLER,
2022, 37(11): 1192-1202.

JeR TEBH. BT 7 A L S Tk SO R e 85 e 2 P A (R R SR I R AL [D]: [ L =i 3], TRBH: i
K, 2022,

FAC. B R B SR A IS 2 A FL S AR B i 4 S5 Ak B L [D]: [ 2= A0 5], B WiLEE T
K2, 2021.

Zhang, S., Li, J., Xu, F., Tian, X., Chen, Y. and Luo, Y. (2021) Hollow Polypyrrole Coated with Mesoporous Silica
Nanoparticles Graft Copolymer Multifunctional Nanocomposites for Intracellular Cancer Therapy. Microporous and
Mesoporous Materials, 328, Article ID: 111431. https://doi.org/10.1016/j.micromes0.2021.111431

Wu, S., Teng, Y., Qu, Z., Bai, L., Yang, W., Wu, Q., et al. (2024) Multilayer Ph-Responsive Hollow Mesoporous Silica
Nanoparticles with Charge Reversal for Drug Delivery and Real-Time Monitoring by Fluorescence. Colloids and Sur-
faces A: Physicochemical and Engineering Aspects, 690, Article ID: 133831.
https://doi.org/10.1016/j.colsurfa.2024.133831

PNEFE. HET N AL A 2 R R B YUK IR BT FU[D]: [l 224013, bl R, 2022,

Wu, Y., Guan, X., Xu, X., Yang, R., Kong, F., Chen, X, et al. (2024) Rod-Shaped Hollow Mesoporous Silica Drug
Delivery System: Synthetic Design, Ibuprofen Delivery, and Optical Imaging. Chemical Papers, 78, 3997-4005.
https://doi.org/10.1007/s11696-024-03370-0

XURE, ZEom, Tkl WRERAS, XU, HEMk. MCM-41 B4 L = AN K BRI 4% S AE DNA AR W% &
PRI ).ttt R, 2021(11): 2085-2102.

YHECMG. A FL AU GOV R AT R I o 1) 2 A [D]: [ L2071 3], ot TLR K%, 2021.
Cui, W, Liu, Q., Yang, L., Wang, K., Sun, T., Ji, Y., et al. (2023) Correction to “Sustained Delivery of BMP-2-Related

DOI: 10.12677/hjbm.2025.152048 423 e A

22,


https://doi.org/10.12677/hjbm.2025.152048
https://doi.org/10.1021/acsami.5b12329
https://doi.org/10.1016/j.apsb.2018.01.007
https://doi.org/10.3390/molecules23010047
https://doi.org/10.1039/c3ra40733k
https://doi.org/10.3390/nano11051293
https://doi.org/10.1039/c0jm04024j
https://doi.org/10.1016/j.micromeso.2021.111431
https://doi.org/10.1016/j.colsurfa.2024.133831
https://doi.org/10.1007/s11696-024-03370-0

Peptide from the True Bone Ceramics/Hollow Mesoporous Silica Nanoparticles Scaffold for Bone Tissue Regeneration”.
ACS Biomaterials Science & Engineering, 9, 3724-3724. https://doi.org/10.1021/acsbiomaterials.3c00623

[54] ZEI. —FhThReb ) o A AL AU E IR T RAEYE NG 251850 RA[D]: [AL 2 A0 5], REE: REET
K, 2024,

[55] Li, Q. Liu, Q., Li, H., Dong, L., Zhou, Y., Zhu, J., et al. (2022) Modified Hollow Mesoporous Silica Nanoparticles as

Immune Adjuvant-Nanocarriers for Photodynamically Enhanced Cancer Immunotherapy. Frontiers in Bioengineering
and Biotechnology, 10, Article 1D: 1039154. https://doi.org/10.3389/fbioe.2022.1039154

DOI: 10.12677/hjbm.2025.152048 424 e A


https://doi.org/10.12677/hjbm.2025.152048
https://doi.org/10.1021/acsbiomaterials.3c00623
https://doi.org/10.3389/fbioe.2022.1039154

	中空介孔二氧化硅纳米粒子的制备及生物应用
	摘  要
	关键词
	Preparation and Biological Application of Hollow Mesoporous Silica Nanoparticles
	Abstract
	Keywords
	1. 研究背景
	2. 中空介孔二氧化硅纳米粒子的制备方法
	3. 中空介孔二氧化硅纳米粒子的生物应用
	3.1. 药物递送
	3.2. 生物成像
	3.2.1. 荧光成像
	3.2.2. MRI成像
	3.2.3. 光学成像

	3.3. 疾病诊断及治疗
	3.3.1. 生物检测
	3.3.2. 组织工程
	3.3.3. 免疫治疗


	4. 总结和展望
	基金项目
	参考文献

