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Abstract: Mesoporous silica nanoparticles (M SNs) have been widely used as drug carriers in the diagnosis
and treatment of diseases due to their specific characteristics, which include a large surface area, ordered
mesoporous structures, easy surface modification and feasible sustained release action for encapsulated drugs.
With the research development of M SN, the biodegradability and removability of mesoporous silica nanomaterials
have attracted considerable attention in the clinical application of the MSNs-based formulations. This paper
was prepared to emphasize the preparation approaches of biodegradable mesoporous silica hanoparticles through
the metal oxide doping method and the organic compound doping method. We discussed the biodegradable
mechanism and process of such nanoparticles, and finally, provided an insightful and helpful review of the
prospective application of the biodegradable mesoporous silica nanoparticles in medical field.
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Figure 1 Transmission electron microscope (TEM) images of three different types of mesoporous silica nanoparticles: mobile
crystatulline material-41 (MCM-41) (A); hollow mesoporous silica nanoparticles (HMSNs) (B); santa barbara amorphous-15 (SBA-15)
(C). Invitro release profiles of paclitaxel (PTX) (D), arsenic trioxide (ATO) (E) and exenatide (EXT) (F) from MCM-41, HMSNs and

SBA-15, respectively!®®
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Figure2 TEM images of calcium oxide doped hollow mesoporous
silica nanopartilces (Ca-MSNs) (A) and the degradation product
of Ca-MSNs after 3 days (yellow arrows indicated the mesoporous
channels) (B). Degradation behavior of mesoporous silica
nanoparticles (MSNs) (C) and Ca-MSNs (D) in water [
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MSNs at different pH (B). TEM images before and after degradation over time of Ca-MSNs (C-G)®.  DOX: Doxorubicin
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Figure 4 Representation of the possible structure of manganese oxide doped hollow mesoporous silica nanopartilces (Mn-HM SNs)

composed of braunite-1Q (A) and their TEM images (B).

Accumulated releasing profiles of Mn (C) and Si (D) elements in SBF at

different glutathione (GSH) concentrations (5.0 or 10 x10™° mol-L™%) under different pH condition. TEM images showing the structural
evolution of Mn-HMSNSs after the biodegradation at the GSH concentration of 5.0 x10~° mol-L™* (E-G) and 10.0x10°% mol-L™* (H-J)
under pH 5.0. Bio-TEM images of cells after co-incubation with Mn-HM SNs to observe the intracellular biodegradation behavior of

Mn-HMSNs (K—N)BY
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Figure 5 Representation of the possible structure of iron oxide doped mesoporous silica nanopartilces (Fe-MSNs) composed of iron

oxide heterogeneous structure (A, the blue color highlights the lower condensation degree at the interfaces of phases).

Iron release

profile from Fe-MSNs upon various chelating agents (0.1 mol-L ™ aqueous chelating solution of EDTA, desferrioxamine, or deferiprone,
B), along with the scanning electron microscope images before (C) and after degradation for 1 day (D) and 3 days (E), facilitated by

deferiprone chelation.

TEM images of MSNs and Fe-MSNs over time in fetal bovine serum (FBS) solution at 37 ‘C (F)®
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Figure 6 TEM images of the freshly prepared MB doped
mesoporous silica nanopartilces (MB-MSNs) (A) and those after
being immersed in deionized water for 2 days (B). Inductively
coupled plasma optical emission spectrometry (ICP-OES) result
of degraded silica amount in simulated body fluid (C).
ICP-OES anadlysis of Si amount in urinary excretion collected at
4, 12, 24, 36 and 48 h after injection of self-decomposable
MB-MSNs, dense MB-MSNs or saline (% of the injection dose,
%ID) (D)

GSH ¥ it — 2 B & m T IEH ™. ety
5 AR ARG 25 BG4 Ml Y GSH 5 2 PR I
W)z B T 2t S R0 R S 5 3% o it R
25199904 TEOS A1 BTSPD 1 NREYR, FIlFH #1121k
A TS R R A LA HUEEGKRE (hollow
mesoporous organicsilica nanoparticles, HMONS) .
HMONSs H1-Si-C-# ) KK T--Si-O-4, K H-Si-C-
8t REAR T-Si-O-8; -S-S-H# (15 K Lk -Si-C-F1-Si-O-
KA ERA L, NIL-SS R, BAESD
RAEWZ (K 7A). 54, HMONS HEZE Py ) — i 4 ot
I SR A S5 B v R M, B T 2 B 8
N HMONSs B0 1) X 48 28548, 390 7 FLBREE, AT
WK AR (K 7B). i TEM W< SBF o
HMONSs 14584k 1 7 RASMEANER &, 14 KRG 99K
L AR 55 ) B I AR B 43 o ZEAR GSH (5 mmol L 7Y
EE, HMONS £ 7 K P 30 B S8 [ 7E = GSH
(10 mmol-L™) ¥£8irh, 14 K HMONs JLF 4346 %
fig (B 7C). EANAY YT TEERM, KIAF kS
F HMONs A<= 5[ ety FF B il F 'S 25 Lk 2 2
BB 98 HE AR o /0 BRI 9 RN A B 4R 003 S e R AL
T FEA AL, IFH HMONs B A 5w A 2 4t
Maggini 2144 BTSPD 5 TEOS fF MR & LV,
SRJE IR 2 R Stobe k& i T BT BRI A FLAE N
KKL (] 8A). il & 1 ] B/ FLEE AN K KL AE PBS



<722 - 2 2¢ 2% 4% Acta Pharmaceutica Sinica 2018, 53 (5): 716 -726

y {
=C= .‘.‘\li—C—C—C— 5=5=—C=0—C— Sli—C—

l Biodegradation reaction 1
1 1

—(.‘—Sli—(.‘—C—(I—S—:-S—(:—(I—C—SII—(I—
(411 ﬁ,
lg_ﬁlod.egradal fon reaction ﬂ

|
. OH
I

—C=Si+ R+ fs1—c— —)i—(:-[-;éi’-—<>|| —> HO— sli—ml
ol o on Ol

Si
b

| Biodegradation reaction 3. « (lnl
—8i=0—8§i—0=-8i— —> =Si—0-Si—0H —* ||n—s|1—m|
(4] OH

Eig-2-p

[GSH] = 5 mmol-L*

M i L
SSIAAs—s ST

framework

J' Biodegradation lBiudegradntion

A%

e
At ot
O,vA' "
% 3N
‘.‘

hiodegredated framework .}sM»; -,-._M‘“:_
P, 53 5

[GSH] = 10 mmol-

{ 2000m |
| =

Figure 7 Schematic illustration of three biodegradation reactions involved during the biodegradation process and the scheme of
bond-structure change within the framework (A). Nanostructure of hollow mesoporous organic silica nanoparticles (HMONSs) and
corresponding degradation induced by break-up of physiologically active disulfide bond (-S-S-) within the framework (B). Biodegrada-

tion behavior of HMONsin simulated body fluid (C) “©
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