Rt F1FRTFIRFEIREF ]
AL~
Institute of Biomedical Engineering
College of Medicine and College of Engineering

National Taiwan University

Master Thesis

Pot AP ER LR 2 O E e B
The development of nanoparticles for Helicobacter pylori

eradication therapy

o e
L A

Chung-Huan Huang

Advisor: Ming-Jium Shieh, M.D., Ph.D.

PERR 10T £ 7 8
July, 2018

doi:10.6342/NTU201803778



B 3L 2 M K258 42 3 3 3T
DREBEEELE
JE A 7> el AT AR PR VG e 2 25 5K 25 49 3% 8% PR 25

The Development Of Nanoparticles For Helicobacter Pylori
Eradication therapy

A XK EE (£33 RO5548038) B L& A S RE 1T 42
BHRRATRZAETEMBX  HNRE 107 F£7 B 17 B AT 5 #£R
ZRAFEEMBR ORKRE by

war: ZHELE)

wk o B A

do0i:10.6342/NTU201803778



5

FRILZ & PE o 45 W Sl BRI G RS L 1 Flap PO
GF A Eofe c Em LY F DR RS o AR IRE Y D E g e
Flos o BORRBE E LA RSN HREE A L Y % £ TFEREA D %
FOLBRER Y R LRSI fol 60 o BEEEAGR 18 A e 1 fRA A 17 5
DR AR AL R B R B Prfe T A k- Lt i o R AR
BT FE Nt pe ko LB os =8 L5k LA

- AR B IR o

doi:10.6342/NTU201803778



EE ¥

PR B G - AR - F 4 i P}é‘ﬂé—lm’%? 1982 # ¢ Warren f
Marshall 4 3R o doF* 4% FE % 238 KT P PRI AR HERFF

hpant
Bl

e G F IR f"‘”fdﬁ.F’“%& ;;c] FOAREFEE G O o PR fa%mfﬂf& %ﬁ:fg%ﬁi
R BEFHEF T gE AR R R R T o R A GV R e
Tefk * A PR ESRY 2 SRR T TR e RAE LY BERE
TF R R IIAUR T SRR AR 0 A RV SR
FEYERNA ARHRRFEES T RPE RFFRE B A RS

(Fes00) g FFr 8 Hhdnd Zenii 4 - B9 87 RpE2 RpF Wy & & 3Rk %
Vi g gk o e R BB Av RER GES LAY
PIFGLPER o P VRSSO 8 AT BT
FEd oo - A Ak O R AR ALY T
fofe 3o R 37 RBpE o Tt g e Y FR Qg

KRR 2 TENBRT N PRz ofF i“%ﬁ? RN s £33
TEFHBERFIES D EF I A0 BRE TRBERLTY
i i“*ﬁf%ﬁi jRo X a v agE g *ﬁ”%ﬁi?'ﬁé%ﬁﬁ FARASRRINS SR g
DR 3 d B IR Atk o

BlaEF PP % B~ BT RPE - R L~ B B E kS

doi:10.6342/NTU201803778



ABSTRACT

Helicobacter pylori (H. pylori) infection is the main cause of gastritis,
gastroduodenal ulcers and gastric cancer. H. pylori eradication has been shown to have
a prophylactic effect against gastric cancer. However, the long treatment time, large
single dose of drug, and side effects of eradication therapy often lead to treatment
failure.

In this study, the magnetic nanoparticles combined with chitosan and polyacrylic
acid (PAA) is used as a drug nanoparticle for H. pylori eradication therapy. The muco-
adhesive property of chitosan allows nanoparticles to adhere on the gastric mucosa. The
location and residence time of nanoparticles could be controlled by the magnetic
nanoparticles via magnetic field change. The addition of PAA could be used to compete
with the drug for chitosan, so that drugs could be quickly released in the gastric mucosa
for H. pylori eradication. Finally, the use of this nanoparticles could prolong the drug
residence time in the stomach, reducing the drug dose and treatment time.

Keywords: Helicobacter pylori, nanoparticles, megnetic nanoparticle, chitosan,

polyacrylic acid.
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Chapter 1. Introduction

Helicobacter pylori (H. pylori) is a gram-negative microorganism. It has been
proved by Warren and Marshall in 1982. There are more than 50 percent of the world's
population infected by H. pylori . The rate of infection even exceeds 80 percent of
population in developing countries 2 H. pylori is a prevalent human-specific pathogen
which colonizes in stomach. It can penetrate through the gastric mucus layer to reach
the epithelial cells underneath, and secreted urease to breaks down the urea present in
the stomach to carbon dioxide and ammonia, which is used to neutralize gastric acid. H.
pylori binds to gastric epithelial cells via various receptors, such as integrin 1 (CD29)
and fucosylated Lewis blood group antigens (Leb)®*®. Furthermore, via HopQ, a
paralog of the Hop family, binding to the carcinoembryonic antigen-related cell
adhesion molecules (CEACAMSs) on the gastric epithelial cells, H. pylori can enhance
adhesion to host cell and subsequent translocation of cytotoxin-associated gene A
(CagA) for virulence . Above athogenic mechanism will cause duodenal ulcers,
gastric ulcers, and gastric adenocarcinoma in patients. Therefore, H. pylori has been
considered an important factor that contributes to chronic inflammation of
gastroduodenal, and listed in Group 1A carcinogens by International Agency for
Research on Cancer (IARC) .

The triple therapy is a major clinical treatment regimen to eradicate H. pylori which
was combine proton pump inhibitor (PPI) and two kinds of first line antibiotics
including amoxicillin, metronidazole or clarithromycin. However, the triple therapy
can’t eradicate H. pylori completely due to several reasons. First, the activity of
antibiotics will be destroyed by the gastric acid environment. Second, the concentration

of antibiotic is difficult to get minimum inhibitory concentration (MIC) at H. pylori site
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by the blood circulation In addition; the antibiotics may cause patient dizziness, diarrhea
and allergy that led to the patient with low drug compliance. Furthermore, with
antimicrobial resistance strain increasing, the eradicated failure rate with triple therapy
increases.

In order to solve above problems, we design a high-performance nanoparticle for H.
pylori eradiation, where chitosan is physically complexed with poly acrylic acid (PAA)
and amoxicillin and super paramagnetic iron oxide (SPIO) to form nanoparticles
(SPIO/AMO@PAAJ/CHI) with prolong the retention time in the stomach by the external
magnetic field. Chitosan is the polymer of 2-amino-2-deoxy-f-d-glucan by glycosidic
linkages. The primary amino groups of chitosan have special properties and make
chitosan more useful in pharmaceutical applications. Chitosan has excellent
biodegradable, non-toxic and mucoadhesive property. Chitosan has positive charges
present in its chain that allow chitosan attract anionic polymers and drugs to product
many kinds of biomaterial products, including drug delivery system, wound dressing
and antibacterial materials. Poly acrylic acid (PAA) is a synthetic polymers of acrylic
acid. It is an anionic polymer, and has bioadhesion and biocompatibility. The degree of
ionization of carboxyl groups was increase in the alkaline environment. PAA has been
commonly used in the mucoadhesive delivery system. Amoxicillin could be protected in
the designed nanoparticles in gastric acid environment (pH=1.2), and released in the H.
pylori site (pH=7.4) where the environmental pH is higher than the pKa value of
chitosan, the surface charge of chitosan would lost, and particle structure would
disintegrate.

SPIO is a popular metal material, among them, the Fe3;O4 with inverse spinel
structure has high magnetic. The common methods of preparation of FezO, include

grinding, thermal cracking and chemical co-precipitation %, The thermal cracking
2
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methods has advantage of average particle size but it need to use oleic acid as protective
agent and crack iron into Fe3O4 nanoparticles in the high temperature. SPIO has been
applied for the target lesion, drug release systems, contrast media, hypothermia
treatment and Gene transfer 4],

The developed SPIO/AMO@PAA/CHI nanoparticles were characterized using the
Zetasizer and transmission electron microscope (TEM). The loading efficiency of
amoxicillin in SPIO/AMO@PAA/CHI was measured by High-performance liquid
chromatography. And SPIO/AMO@PAA/CHI was cultured with H. pylori to evaluate
whether it could inhibit the growth of H. pylori. Furthermore, the biodistribution of

SPIO/AMO@PAA/CHI and H. pylori eradiation efficiency were determined in vivo

after exposure to magnetic fields.
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Chapter 2. Materials and Methods

2.1 Materials

SPIO were kindly supplied by Gene’e Tech Co., Ltd. (Taiwan). PAA (M.W.
100 kDa, 35 wt%), amoxicillin, and 3-Aminopropyltriethoxysilane (99%) from Sigma-
Aldrich (USA). Chitosan was purchased from Polysciences, Inc (USA). Mucin from
porcine stomach were purchased from Sigma-Aldrich (USA).
2.2 Surface Functionalization of SP1O with APTES

In a glass container under ambient conditions, 1 ul of 3-aminopropyltriethoxysilane
solution was added to a dispersion of hydrophobic SP1O nanoparticles in hexane (2 mg
in 30 mL) containing 0.01% (v/v) acetic acid. The mixture was shaken violently for 72
h, during which the particles precipitated and attached on the bottle wall. The particles
were washed three times with hexane to remove all excess silanes and dried at the room
temperature.
2.3 Characterization of the SPIO@APTES Nanoparticles

The chemical compositions of SPIO and SPIO@APTES were characterized with an
ATR-FTIR spectrometer (Thermo Scientific Nicolet 6700; MA, USA) to determine the
characteristics of the SPIO and SPIO@APTES nanoparticles. Superconducting
Quantum Interference Device Magnetometer (SQUID, MPMS3; USA) was used to
determine the magnetic characteristics of the prepared SPIO@APTES nanoparticles.
Magnetization curves as a function of magnetic field were measured at 300 K for
magnetic fields up to 3.0 Tesla.
2.4 Preparation of SPIO@PAA/CHI and SPIO/AMO@PAA/CHI Nanoparticles

The preparation of nano-particles loaded with amoxicillin and SPIO was based on

the ionic gelation interaction ™. lonized amoxicillin and SPIO with negative and
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positive charge, respectively, also partially contributed to the gelation interactions in
this study. The preparation process is briefly described as follows: 0.05% chitosan
solution was prepared by dissolving 0.5 mg chitosan powder in 1 ml 0.01 M acetic acid.
Then 1 mg of SPIO powder was dissolved in 5 ml of 0.05% chitosan solution at pH 4.0.
0.15% amoxicillin solution was prepared by dissolving 1.5 mg 5-ALA powder in 1 ml
0.015% or 0.02 % PAA solution, where PAA were dissolved in 0.01 M NaOH solution
beforehand. Two milliliter of PAA solution or 2 ml of amoxicillin solution with pH
value of 7.4 were added to 5 ml of chitosan/SPIO solution with a peristaltic pump at a
flow rate of 0.5 ml/min to prepare the SPIO@PAA/CHI and SPIO/AMO@PAA/CHI
nanoparticles. The prepared SPIO@PAA/CHI and SPIO/AMO@PAA/CHI suspended
in the solution were later used directly without further treatment.

2.5 Characterizations of SPIO@PAA/CHI and SPIO/AMO@PAA/CHI
Nanoparticles

The particle size and zeta-potential of the prepared nanoparticles were determined
by using a Zetasizer Nano-ZS90 (Malvern Instruments, Worcestershire, UK) based on
dynamic light scattering measurements and laser Doppler electrophoresis, respectively.
Particle size was measured at 25 °C with a 90° scattering angle based on the Zetasizer
Nano-ZS90 internal setting. The cumulative curve was used to present the mean
hydrodynamic diameter. Measurements of zeta-potentials were made using the aqueous
flow cell in the automatic mode at 25 °C.

In order to determine the morphology of the SPIO/AMO@PAA/CHI nanoparticles
at different pHs, carbon-coated 200-mesh copper grids were immersed in
SPIO/AMO@PAA/CHI solutions at pH 2.5, 4.0. 5.0, 6.5, and 7.4. Grids were placed on
delicate-task-wipes to absorb excess liquid and then dried in a desiccator overnight. The

dried copper grids with SPIO/AMO@PAA/CHI were examined under a transmission
5
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electron microscopy (TEM, Hitachi H-7500, Tokyo, Japan).

The loading efficiency of amoxicillin in the prepared nanoparticle was determined
by using the high-performance liquid chromatography (HPLC, Waters e2696). Briefly,
after preparation of SPIO/AMO@PAA/CHI nanoparticles and centrifugation at 16,000
g for 10 min, the supernatant was passed through a 0.22-um filter, and 10 uL of the
filtered supernatant was injected into the HPLC system. Separation was achieved on a
Waters Symmetry-C18 reversed-phase column (XBridge™). The mobile phase
consisted of 5% acetonitrile at a flow rate of 1 mL/min. The unloaded amoxicillin was
detected by UV detector at a wavelength of 229 nm. The drug loading efficiency (L.E.)
was calculated by using the following equation:

Loading efficiency (%) = (Weight of the feeding amoxicillin — Weight of the unloaded
amoxicillin)/ Weight of the feeding amoxicillin x 100%
2.6 In vitro Drug Release

The drug-release profiles of amoxicillin  from SPIO/AMO@PAA/CHI
nanoparticles were analyzed by using the dialysis-bag diffusion method %, Briefly, a
total of 10 ml of the prepared nanoparticle solution were concentrated using Amicon
Ultra centrifugal filter devices (Millipore, Billerica, MA, USA) to remove the unloaded
amoxicillin, then loaded in a CelluSep dialysis membrane (Membrane Filtration
Products, Seguin, TX, USA), which had a molecular weight cut-off of 3.5 kD. The
dialysis membrane was soaked in 45 ml of buffer at pH 2.5 for 2 h, pH 6.5 for 2 h, and
then pH 7.4 for 48h at 37 °C to simulate the pH value in the stomach environments,
respectively. After shaking at 100 rpm for a period of time, 1 ml of the buffer was
removed, and the optical density (OD) of amoxicillin was recorded by HPLC.

2.7 In vitro Bacterial Growth Inhibition

Seven H. pylori strains with different MIC were culture on the blood agar plates at
6
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37°C for 3 days under a microaerophilic condition (5% O, 10% CO; and 85% N,),

respectively. Then H. pylori were harvested from plates and re-suspended in brucella
broth (Sigma-Aldrich, USA) with 10% fetal bovine serum and culture with free
amoxicillin, SPIO@PAA/CHI and SPIO/AMO@PAA/CHI nanoparticles without
amoxicillin and nanoparticles for 48 hours. Finally, the OD of brucella broths
containing H. pylori were determined by ultraviolet-visible (UV-Vis)
spectrophotometer (Cary 50 Conc; Varian, Palo Alto, CA, USA) at 600nm
2.8 In vitro Mucoadhesive and Penetration

The mucoadhesive test was determent by zeta potential. ™" The various volume
mucin with 1mg/ml concentration and mix PAA or chitosan with concentration
0.5mg/ml at pH 4.5.
The FITC-chitosan was used to penetration test. The 300ul mucin in 48 well and
SPIO@PAAJ/CHI particles were loaded onto mucin slowly. All sample were shake
80rpm, 15min with magnetic field or nonmagnetic field. Then the sample was freeze at -

80° C and embed with optimal cutting temperature compound (OCT). Slice sample by

frozen section and observed by fluorophores.
2.9 Development of Animal Model with H. pylori Infection

The pathogen-free BALB/c mice with 4 weeks age were purchased from the
National Laboratory Animal Center (Taipei, Taiwan). The in vivo experimental
protocols were approved by the National Taiwan University College of Medicine and
College of Public Health Institutional Animal Care and Use Committee. ™. To induce
H. pylori infection, each BALB/c mouse was fed with 0.2 ml of 2x10® CFU/mI H.
pylori in the BHI broth twice a day for two consecutive days, and then the infection was

allowed to develop for two weeks.
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2.10 In vivo Anti-H. pylori Efficacy of SPIO/AMO@PAA/CHI Nanoparticles

All infected mouse were randomly divided 4 group (n=6) and orally administrated
with PBS, free amoxicillin solution, SPIO/AMO@PAA/CHI nanoparticles and
SPIO/AMO@PAA/CHI nanoparticles with magnetic field treatment for 1 hour.
Administration was performed once a day for five consecutive days. Twenty-four hours
after last administration, mice were sacrificed and stomachs were collected. The half
stomach tissue were rinsed with PBS. Then sample with few BHI broth was grinded by
the mortar and pestle to the broth. Then the sample broth was added on the select agar
plates and cultured at 37°C under a microaerophilic condition for 2 days. Then bacterial
colonies were harvested by a sterile cotton swab and resuspended in PBS. In order to
confirm H. pylori status, the bacterial resuspended solutions were adapted by
polymerase chain reaction (PCR) to determine the CagA-gene expression %% The
other half of stomach was fixed in 10% formalin and embedded in paraffin wax for

histological assessment.
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Chapter 3. Result

3.1 Characterization of the SPIO@APTES Nanoparticles

The SPIO nanoparticles fabricated via thermal decomposition method were
supplied by Gene’e Tech Co., Ltd. The SPIO nanoparticles were surface functionalized
with APTES to possess amino groups on the particle surface (Figure 1). As shown in
Table 1, When the SPIO nanoparticles were modified with APTES, the particle size and
zeta potential increased form 16.9 nm to 40.0 nm and 32.1 mV to 52 mV, respectively.
The higher the zeta potential, the more positive charges of amino groups are present on
the nanoparticles’ surface. Along with increase the amount of APTES added, the
particle size of SPIO@APTES increased, but zeta potential hadn’t significant change.
Thus, we chose 1 pl of APTES as a best SPIO modification condition for subsequent
experiments.
The FT-IR spectra of the SPIO and SPIO@APTES were shown in Figure 2.
Characteristic FT-IR absorption peaks at 2850 and 2920 cm™ observed in the spectrum
of SPIO were assigned to the asymmetric and symmetric —CH, stretching bands 2]
which were presented in the structure of oleic acid as capping molecules. The
absorption bands at 1720 cm™ was attributed to the asymmetric stretching vibrations of
the COO— groups of oleic acid . When the capping molecules, oleic acid, on SP1O
nanoparticles were ligand-exchanged with APTES, two new absorption peaks at 1100
cm™ (symmetric stretching Si-O-Si bonds) and 1529 cm™ (N-H bending of primary
amines) appeared in the FT-IR spectrum of SPIO@APTES !,
3.2 Characterization of the SPIO/AMO@PAA/CHI Nanoparticles

The particle size and zeta potential of chi/PAA nanoparticles was show in Table 2.

We try several concentrations of PAA 0.1, 0.15, 0.2 and 0.25 mg/ml to synthesis
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nanoparticles. Because PAA has anion charge, the drug loading efficiency was better in
high PAA concentration but the particle size with rise. The 0.15 and 0.2 concentration
of PAA was choosing to subsequent experiment.
The effect of pH variation on chi/PAA nanoparticle size, zeta-potential and shape was
show in figure 3. Chi/PAA nanoparticle can maintain shape and size at pH value below
6.5. Chitosan was Electrical neutral at pH 7.4, the particle was collapse and aggregation.
3.3 In vitro Amoxicillin Release Profile

As show in figure 5, amoxicillin was keeping in the particles at pH 2.5 and pH6.5.
When the particle collapsed, amoxicillin was release fast at pH 7.4. At 48 hours, the
release rate of amoxicillin from 0.2PAA nanoparticle was higher than that from
0.15PAA nanoparticle, indicating that more PAA incorporation could reduce the
intensity of the interaction between chitosan and amoxicillin by competing for cationic
residues, thereby allowing release of amoxicillin under these conditions.
3.4 In vitro Bacterial Growth Inhibition

Figure 6 show the bacterial growth inhibition. We choose several H. pylori strains
which minimum inhibitory concentration (MIC) of amoxicillin is between 0.5ug/ml to
0.016ug/ml. The antibacterial ability of chitosan has been proved thus the treatment
approach with nanoparticle without amoxicillin has slightly inhibited. Our nanoparticle
shows the same bacterial growth inhibition ability as amoxicillin solution that indicated
amoxicillin of nanoparticle was release completely.
3.5 In vitro Mucoadhesive and Penetration

The mucoadhesive was show in the figure 7. Chitosan has been known that has
mucoadhesive ability. In the figure 7(B), the zeta potential of chitosan and mucin was
increased as concentration increased. Zeta potential was approach pure chitosan at high

concentration. In the figure 7(C), SIPO@APTES hasn’t mucoadhesive property which
10
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zeta potential hasn’t significant change. In the figure 7(A), SPIO@PAA/CHI and
SPIO/AMO@PAA/CHI nanoparticle show the similar variety with figure 7(B). It
proved that our nanoparticle has mucoadhesive property.

Figure 8 show the mucopenetration of SPIO/AMO@PAA/CHI nanoparticle. The
nanoparticle with magnetic fields has significant signal at bottom of mucin. It is show
that SIPO with magnetic fields can assist nanoparticle penetrate mucin get to H. pylori
site.

3.6 In vivo Anti-H. pylori Efficacy of SPIO/AMO@PAA/CHI Nanoparticles

Table 3 show the in vivo eradication rate of H. pylori. In the in vivo study, the
eradication rate of PBS group is 0%. Because without PPI, only a mice has been heal in
the amoxicillin solution group. Compare SPIO/AMO@PAA/CHI nanoparticle with
magnetic fields and without magnetic fields. The SPIO/AMO@PAA/CHI nanoparticle
without magnetic fields shows the better eradication rate than SPIO/AMO@PAA/CHI
nanoparticle with magnetic fields. It probably because we used magnetic fields is single
direction which cause lots of nanoparticle focus on one side. The nanoparticle can’t

distribute to whole stomach led to the eradication rate decreased.

11
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Chapter 4. conclusion

In this study, we combined chitosan, PAA, SPIO and amoxicillin successfully by
ionic gelation method. The particles size of SPIO/AMO@PAA (0.2) /CHI was
167.3£4.57 nm and drug loading efficiency reach up to 77.8+0.63 %. Morphology of
the SPIO/AMO@PAA/CHI nanoparticles at different pH value shows that our
nanoparticle has pH-sensitive property. It can maintain shape and protect amoxicillin at
acid environment and collapse at pH 7.4. The Release profile test proved that
SPIO/AMO@PAA/CHI nanoparticles can keep amoxicillin inside until Neutral
environment. The release of amoxicillin was higher than 90% at 48 hours. In vitro
bacterial growth inhibit show that the antibacterial ability of SPIO/AMO@PAA/CHI
nanoparticles as same as free amoxicillin solution. In mucoadhesive and
mucopenetration study show that the SPIO/AMO@PAA/CHI nanoparticles has ability
to adhere and penetrate mucous. In the in vivo study, our nanoparticles has 50%
eradication rate without PPI. Single direction magnetic fields led to eradication rate

decrease. Switch to ring magnetic fields may improve the distribution of nanoparticle.

12
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SCHEME

(A)

Amoxicillin
chitosan

PAA

SPIO

- . }gastric acid

(C)

. . “ . “ . .- - }gastric acid
-
. . T -
. Ba Be Bmg o - —fer .l

} Mucus layer

(A) SPIO/AMO@PAA/CHI nanoparticles, (B) nanoparticles were stable in gastric acid,
(C) nanoparticles adhere and infiltrate into the mucus layer of gastric tract, (D) the
infiltrate nanoparticles contract with H. pylori of gastric epithelium or tight junction,
then its becoming unstable may release drug at the site of H. pylori
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TABLE

Table 1. APTES modify of SPIO

APTES SIZE PDI Zeta Potential
content (ml)  (nm) (mV)
Fe304 16.92 0.141 32.1+0.92
Fe304@APTES 1 410+ 0.276 52.0 + 0.62
1.40
Fe304@APTES 2 472 £ 0.263 51.4+0.72
2.69
Fe304@APTES 4 46.5 £ 0.272 49.0 £ 0.63
2.39
Fe304@APTES 6 495 + 0.235 50.1+0.13
4.64
Table 2. Characterizations of nanoparticles
Average PDI Zeta potential Loading
size (nm) (mV) efficiency (%)
SPIO@PAA(0.1)/CHI 126.8+7.29 0.507 46.7£1.72 —
SPIO/AMO@PAA(0.1) CHI  139.5+250 0.488 45.0+0.96 72.7£0.10
SPIO@PAA(0.15)/CHI 142.4+2.33 0.386 48.0+0.99 —
SPIO/AMO@PAA(0.15)/CHI  151.9+7.92 0.375 45.9+1.22 75.5£0.44
SPIO@PAA(0.2)/CHI 150.4£1.64 0.338 48.2+1.45 —
SPIO/AMO@PAA(0.2)/CHI  167.3+457 0.303 46.5+£1.05 77.8+£0.63
SPIO@PAA(0.25)/CHI 177.6£554 0300 485%1.71 —
SPIO/AMO@PAA(0.25)/CHI 189.0+1.83 0.320 46.3+0.65 78.8£1.61
SPIO@PAA(0.3)/CHI 187.7£7.36 0.320 48.1+1.18 —
SPIO/AMO@PAA(0.3)/CHI  201.8+7.57 0.337 47.5+0.68 79.1+£0.09
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Table 3. In vivo anti-H. pylori efficacy

GRUOP 1 2 6 Eradication rate
PBS solution + o+ + 0
Amoxicillin solution + o+ + 16.67%
SPIO/AMO@PAA/CHI N ) 50%
nanoparticle
SPIO/AMO@PAA/CHI
nanoparticle + o+ + 16.67%

+ magnetic fields (1 hour)
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Figure 2. FTIR test of SPIO with APTES modify
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Figure 8. the mucopenetration of SPIO/AMO@PAA/CHI nanoparticle
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Figure 9. PCR amplifications of H. pylori cagA gene
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