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Organic-Inorganic Hybrid Hollow Nanoparticles Suppress Oxidative Stress and
Repair Damaged Tissues for Treatment of Hepatic Fibrosis
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We synthesized multifunctional organic-inorganic hybrid hollow nanoparticles

(HNPs) containing silibinin. The HNPs were mainly composed of siloxanes and disulfides and had
surface thiols. The disulfides were cleaved by intracellular glutathione and reduced to thiols,
leading to the deformation of the HNPs. Silibinin molecules were released through the cracks formed
by HNP deformation. Furthermore, the HNPs suppressed the generation of hydroxyl radicals, a major
cause of liver fibrosis, via sulfenylation reactions of HNP thiols. Retinol-modified HNPs targeted
Kupffer cells and hepatic stellate cells, which are essential for hepatic fibrogenesis. The combined
suppression of hydroxyl radical generation and release of silibinin using the HNPs decreased the
proportion of fibrotic tissues and improved hepatic function. The therapeutic efficacy was greater
than can be achieved by the suppression of hydroxyl radical generation alone and the injection of
silibinin alone.
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(HSCs)
transforming growth factor(TGF)-f3

(3-mercaptopropyl)trimethoxysilane (MPTMS), silibinin (SIL), retinol, 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 4-dithiodipyridine,
N-hydroxysuccinimide  Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan)

3-thiocyanatopropyltriethoxysilane (TPTES) Gelest (Morrisville, PA,
USA) Aqueous ammonia (28%) N,N-dimethylformamide (DMF) Kishida
Chemical Co., Ltd. (Osaka, Japan) Glutathione (GSH) 4%
paraformaldehyde (PFA) Wako Pure Chemical Industries, Ltd. (Osaka, Japan)

MPTMS (25 mM), TPTES (25 mM), and SIL (350 mM) DMF

(12.6 mM) DMF 60 1 22,140
x g 20 SIL-HNPs
SIL-HNPs (2.8 mg/mL)  DMF Retinol (3.9 p M) p-
maleimidophenyl i1socyanate (39 p M) 10
22,140 x g 20 DMF
R-SIL-HNPs

TEM (H-800; Hitachi, Tokyo, Japan)
FT-IR  Raman FT-IR spectrometer (Nexus 470;
Nicolet, Madison, WI, USA) Raman spectrometer (NRS-1000; JASCO, Tokyo, Japan)
DTA-TG (TG 8120; Rigaku, Tokyo,
Japan) SIL-HNPs SIL HPLC (Prominence UFLC; Shimadzu,
Kyoto, Japan) and MS (4500Qtrap; AB SCIEX, Tokyo, Japan)
HSCs Kupffer cells Sciencell Research Laboratories



(Carlsbad, CA, USA) RIKEN Cell Bank (Tsukuba, Japan)
fetal bovine serum (Gibco, Thermo Fisher Scientific, Waltham, MA, USA)

Dulbecco’ s modified Eagle’ s medium (Sigma, St. Louis, MO, USA)

5% CO, 37
HSCs  Kupffer cells (2.5 x 10 cells) R-HNPs HNPs
containing rhodamine B (75 ng/mL) 3 12 24 35 mmp glass-bottom
dishes 4% PFA 4" ,6-diamidino-2-
phenylindole (DAPI) confocal laser scanning microscope
(LSM 710; Carl Zeiss, Oberkochen, Germany)
HSCs  Kupffer cells R-HNPs (6 45 90 p g/mL) 24
R-HNPs

Cell Proliferation Reagent WST-1(Sigma-Aldrich, St. Louis, MO, USA)

Kupffer cells : Kupffer cells (5000-6000
cells/well) 1 p g/mL lipopolysaccharide LPS 24
45 90 p g/mL R-HNPs R-HNPs Kupffer cells 24
aminophenyl fluorescein APF
LPS HNPs
confocal microscope fluorescence microplate
reader (FP-8600; JASCO)
C57BL/6NCrSIc (female, 6 weeks of age)
Japan SLC (Shizuoka, Japan) Center for
Animal Research and Education SPF Animal
Care Committee
C57BL/6NCrSIc cCl, (CClL,:
mineral oil = 1:1 v/v) 2 (dose: 1 mL/kg)8
HSCs Kupffer Cells : FITC SIL-R-HNPs
24 4% PFA 48 Kupffer
cells HSCs Cy5-binding F4/80 antibodies tetramethylrhodamine
(TRITC)-binding anti-desmin antibodies DAPI
confocal microscope
SIL-R-HNPs SIL-HNPs SIL 1 2
2 1 1 2
4% PFA 48
hematoxylin-eosin HE Sirius Red-Fast Green
ImageJ (NIH, Bethesda, MD, USA) Automated biochemical analyzer
(Hitachi 7180) aspartate aminotransferase (AST) alanine

aminotransferase (ALT) alkaline phosphatase (ALP)

4.1. HNPs SIL-HNPs  TEM HNPs
144 + 13 nm 35+ 2 nm



HNPs MPTMS TPTES
2565 cm* 2147 cm*
510 cm* FTIR MPTMS  TPTES
812 cm* 793 cm*
1033 cm™ HNPs
Uv-vis HNPs SIL-HNPs 260—
270  280-300 nm SIL
HNPs  SIL
HPLC-MS SIL-HNPs 100 mmol/g  SIL 100%
TG SIL 250 480 SIL-HNPs  SIL
SIL-HNPs HNPs
SIL-HNPs  SIL HNPs  38%
4.2. HSCs SIL-HNPs
Ellman 6.6 mol/g
SIL-HNPs SIL-
HNPs p-maleimidophenyl isocyanate retinol
Ellman 3.1 mol/g
SIL-R-HNPs 3.5 mol/g retinol
4_3. GSH- SIL SIL-R-HNPs  GSH 80 24
TEM GSH 80 HNP
24 HNPs
HNPs  GSH
HNPs SIL 80 GSH
63% SIL GSH HNPs
SIL
4.4, Fenton HNPs
APF HNPs
0.9 mM HNPs
0.09 mM HNPs 1.2
mol/g
SOH 715 cm* HNPs
sulfenylation
4.5. In Vitro HNPs  HSCs Kupffer cells
R-HNPs  rhodamine B HSCs HSCs Kupffer
cells R-HNPs  HSCs HNPs
R-HNPs  85% HSCs HNPs R-
HNPs  95% Kupffer cells R-HNPs  HSCs



Kupffer cells
R-HNPs  Kupffer cells
salt (WST)-1 assay

HSCs
90 p g/mL

water-soluble tetrazolium

R-HNPs  Kupffer cells
APF Kupffer cells LPS
Kupffer cells LPS
R-HNPs
R-HNPs 90 p g/mL
R-HNPs
Kupffer cells
4.6. In Vivo SIL R-HNPs SIL-R-HNPs
SIL-R-HNPs  Kupffer cells HSCs
SIL-R-HNPs  FITC
SIL-HNPs Kupffer cells HSCs
Cy5-conjugated F4/80 antibodies  TRITC-conjugated anti-desmin antibodies
SIL-R-HNPs  Kupffer cells HSCs
HNPs  Kupffer cells HSCs
SIL-R-HNPs
Kupffer cells HSCs
retinol HSCs Kupffer cells
Sirius Red nonfibrous tissues Fast Green
0.9%
13% R-HNPs (R-HNPs-1)
(R-HNPs-2) 4.4% 2.7% SIL
(SIL-1) (SIL-2) 6.5% 2.8%
SIL  R-HNPs
SIL-R-HNPs (SIL-R-HNPs-1) (SIL-
R-HNPs-2) 2.8% 1.8% SIL-R-HNPs  SIL
R-HNPs
AST ALT ALP SIL R-HNPs SIL-R-HNPs
AST ALT ALP SIL-R-HNPs
AST ALT ALP
SIL-R-HNPs

SIL-R-HNPs
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