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Synthesis of Hollow Manganese Silicate Nanomaterials for Cancer Diagnosis and Therapy
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Abstract: Manganese silicate nanomaterials have attracted attention due to their high specific surface area, large pore volume,
adjustable pore size and good biocompatibility. Manganese silicate nanomaterials with various morphologies such as hollow
nanospheres, solid nanospheres, and core—shell nanospheres are synthesized. Hollow manganese silicate nanomaterials can be applied
in cancer diagnosis, cancer therapy, synergistic cancer therapy, etc.. This review mainly introduced the synthesis and applications of
manganese silicate nanomaterials. Moreover, the future prospects for development of manganese silicate nanomaterials were
discussed.
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AAE FATATBRAR TR A R G PR, AR ER SR T 7K A
(FIReE IR 6 B T S R R VA R B SRR A OB, I
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(d)

K1 BRSNSk (a) SEM BB F, (b) TEM A, MMSSN [I45FI 2 4E: (c) SEM FI(d) TEM f# 23
Fig. 1 Manganese silicate (MS) nanospheres with hollow structure were successfully synthesized, (a) SEM image, (b) STEM
image!'!); Structural characterization of MMSSNis: (c) SEM and (d) TEM images*’)
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MALE AN 0.12 em’/g.
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o Silica nanoparticle

(%) Hollow manganese silicate nanoparticle

K2 (a) AMSNSs [#] TEM HE A, L& AMSNs B 504 7= HEA (), (b)AMSNSs ] TEM HRA Y (o) b9 kb7 i
TEM [/, (d) UHMS KK TEM B, (e) UHMS 4K URLIG £ i L 207
Fig. 2 (a) TEM image of AMSNs, and photograph of the gram-scale production of AMSNs (inset), (b) TEM image of AMSNs**);
TEM images of (c) SiO,, (d) UHMS, (e) Schematic illustration of synthetic procedure for UHMS nanoparticles!'?!

JEE A 2 ) SRR AN SR A P LA Cu’ T
SiO, NEAM, TEREASRmER KA TFER T AAE
AR, 53] 7 B E[(14£2) nm]NE Cu
YK FI9£1) nm] S EERRAR[ (39+2) nm]FE(F 3a).

Jei -5 & B (PEG) et o S REBRER 9K B, 3
RIAE pH BN 5.0 MBI I, Mn® 7 RIRE
B, WE Mn® IR LE 15 min P IREER N,

B 3b 95 i 145K - Chen 25015 FH et 1y A 2 A
BRZVEIAR, LEKIAGEAE R T 43 /Z ) FeMn(SiOs)
TLGIARIR . GIREREH K EGOK AR, KT
kS, BAHSER, HEZN 80 nm, THIESE
2949 5.5 nm. Xu Z5EPTHFE7 AT A ) R AR 0 R e e
1% SRANOKBRAL 78 90 R 1B 2 9K kL, F T =06 Rk
1% 51 T 1AL 250 1197 7 (CDT) A1 Y6 3 7197 ¥2:(PDT)



N]

%50 BE 11 ) EEHE S5 SO EERRERGIKARI ] % S AR REAE 12T H (A

* 3075 -

REGIT . B/ME R =544 YO ES T, Stk
BAEB 2 YO Ce™, UKL L AMDEOR T
SISO b FE AN R 4 R I

%

“SREDS” 4 &
(Mass fraction) . EDS

(Mass fraction)

P "~ Mn: 43
w Mn: 2

Siz57

(a) (b)
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Fig. 3 (a) TEM, HRTEM (inset) imagesof HMS, (b) TEM,

HRTEM (inset) images of HMS isolated from a pH=5

citrate buffer solution at 15 min after the immersion®*

1.2 A

AT 0 R Bl A0 KA DL IR B
AR OVREDR, BEAT P RIETTRE RN, &
AR SRR UL . BTV B RN LRI, R
PERI L TR AR A, (BB

YISV . B R AERE A Rk 50, mid ety
SNV« AR pH R LA ReE X —1E
Li 2T Mn? H Si0s2 7E 2 iR /K b — bk
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Table 1 Comparison of manganese silicate nanomaterials synthesized by different synthesis methods

Specific surface Pore volume/

Silica size/nm Precursor Manganese silicate Morphology Particle size/nm areal( ng) (emg™)
10 KMnO, HMnOSil"! Hollow nanospheres 15
18 UHMS! 6-8 480.14 0.12
14.6 AMSNs®! Nanobubbles 6.2 539.48 123.95
80 MSNAs-TPPI#! Hollow nanospheres 100 416.70
200 HMCNs!# 200 267.00 0.56
80-90 Mn(CH;COO), MS HNSs?” Hollow nanospheres 100 448.60
130 MMSSN!! Core—shell nanospheres 150 221.00 0.39
270 HMSE! Nanobubbles 7-9 316.10 52.10
50 MnCl, LDNPs@CMSNs!"! Core—shell nanospheres 50 152.69 1.18
84 Mn-DTPA-MSNSS?! Mn(1I) chelated 845
microporous silica
86 UCNPs@MnSiO;!*"! Hollow nanospheres 86 537.00
100 ms?! 100 633.00
120 MSNs!# 120
HMSP4 Core—shell structure 39+2
nanospheres
FeMn(Si04)>" Hollow nanospheres 80 221.69 0.69
MnSNs!'?! Nanoclusters 20
105 MnSO, Au@HMnMSNs!* Hollow mesoporous 120 266.63 2.80

nanospheres




+ 3076 - QEIEN=Ei )

J Chin Ceram Soc, 2022, 50(11): 3071-3080

2022 4

2 EEERGE RCE A S AR E BT A
TR Y Hy R

2.1 EAERIISHR

Fld LR B A% (MRT) A2 H 8 11 12 W e i B
MR R Z —. E MRI 38 R 75 (CAs) AT LA
RO TSR SRR TR RS B g, T
Mn(1T) H 5 55 3k 1) B 1 &5 A4 R K 1) H 1 5t T2 B
6], BT LAIE T Mn(IDIGEKA RN & A T ig
f¥) T)-MRI 70, B CIRE T RERRAE 98Kk T
A UAE RREIEIR SG & R, i BAE R RUR R .
HAERMLEA 2 B 1) EMEMBRHIASES, K
pH M35 S SRR B AR M RL A5 HI IR, 51 R
I Mn(IDBEG 2) 0B GSH MEi & R AZA
W% SRR Mn(TIT), Mn(IV)3] Mn(ID)]", 53
B2 Mn(IDIRET. X Fh pH/GSH W RiHLE], Hf2
HE MR H 0 5 7K 43 2 18] 1) 4fm, - A3 n
i, MR T -MRI CAs 7E g A6 o g v g2

Zhang 2T % T BA & r AE ) UHMS 40K 550
KifE2N pH/GSH Wi B4 T,-MRI i 71 . UHMS 44
K BAFEE HIF5) 4040 8 Ma(IDGikEH O,
AN S O EE R R R R B R T RUAR 45 4, it 7oK
515 Mn(IDGREH O BEEMEEAER. R,
UHMS 49K 0ki %) pH/GSH iR i s S AL A2 38 1
Mn™ (R, B A A s R R, 1
pH/GSH Wi J3% (17 2 i) 5t R B 10 (T ) ARG 3L 4R BB
R B . N T HR 1 UHMS 99KR 1 AR 2
PER S BOMERR B I, HEAT T PEG &1, W T %494
Kb FAES BAE GSH I LA ASF pH
NIRRT % . 78 pH=7.4 I}, UHMS@PEG
2P K R LE 22 RO ) 1 (BN 1.99 mmol- L7 s 7'
4 pH=5.4 IFf, 7 EEZEHINE] 10.131 mmol-L™s ™.
M pH fH=54, FEIIANBBEH S, » {HikH
13.476 mmol-L™"-s™'o ANFIZM: T MRI 155 H 3t
HESET T-MRI [0 B BE RN, o X FPTEAR pH B FH &1
GSH # M FRBEME ZRR T LLARFET
UHMS@PEG 4N KR (1) A4 N S8 A0 JiR ik 72 5 ] ke
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AR MR AT 0 A0 S 2 S 22T 5T, AE AT
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RIE Y MMSSN B A & ) #5%, & —Fh pH/GSH
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Fig. 4 Schematic illustration of the synthetic procedure for
MnSNs application  as
pH/GSH-responsive T;-MRI CAs for tumor imaging!"”’
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8.8 mmol-L '-s™', LR FIRE T 1.1 1%, JL
PR GAAIKEHIM 2 5. Chen 2 NRHE T
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JetE, YR T REER AR MRS, A R E AR/ AL
TAAALEERAE N T-MRI R PERE CAs 7EAR A FIA
RS E IR SRl

ARG BT 1 TR AR R R I TR 30 5 RT
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Table 2 Comparison of longitudinal relaxation rate (r;)
values of different manganese silicate materials

Material pH=7.4 pH=5.4 References
Mn-MSNs 0.450 2.280 [10]
MMSSN 0.910 4.340 [11]
UHMS 1.991 10.131 [12]
MnSNs 1.140 [19]
HMCNs 0.790 8.810 [22]
FeMn(SiOs) 0.600 1.920 [36]
AMSNs 0.160 4.590 [28]
Mn-DTPA-MSNSS 7.180 [20]
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