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Liver-targeted delivery of insulin-loaded nanoparticles via enterohepatic
circulation of bile acids
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ABSTRACT
Liver is the primary acting site of insulin. In this study, we developed innovative nanoparticles for oral
and liver-targeted delivery of insulin by using enterohepatic circulation of bile acids. The nanoparticles
were produced from cholic acid and quaternary ammonium modified chitosan derivative and hydroxy-
propyl methylcellulose phthalate (HPMCP). The nanoparticles had a diameter of 239 nm, an insulin
loading efficiency of 90.9%, and a loading capacity of 18.2%. Cell culture studies revealed that the cho-
lic acid groups effectively enhanced the transport of the nanoparticles through Caco-2 cell monolayer
and greatly increased the absorption of the nanoparticles in HepG-2 cells via bile acid transporter
mechanism. Ex vivo fluorescence images of ileum section, gastrointestinal tract, and liver demonstrated
that the HPMCP increased the mucoadhesion of the nanoparticles in ileum, and the cholic acid groups
facilitated the absorptions of the nanoparticles in both ileum and liver by use of bile acid transporters
via enterohepatic circulation of bile acids. The therapy for diabetic mice displayed that the oral nano-
particle group could maintain hypoglycemic effect for more than 24h and its pharmacological avail-
ability was about 30% compared with the insulin injection group. For the first time, this study
demonstrates that using enterohepatic circulation of bile acids is an effective strategy for oral delivery
of insulin.
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Introduction

Diabetes mellitus is a worldwide chronic disease and an esti-
mated 415 million people had diabetes worldwide as of 2015
(IDF Diabetes Atalas, 2017). Insulin, secreted by pancreas, is
the only hormone in human body that can reduce BGL
(blood glucose level) directly (Saltiel & Kahn, 2001, Edgerton
et al., 2006). As the primary acting site of insulin, liver plays a
major role in carbohydrate metabolism and takes the respon-
sibility for the balance of BGL by means of glycogenogenesis
and glycogenolysis (Pessin & Saltiel, 2000; Arbit, 2004;
Edgerton et al., 2006). After being transported to liver cells,
endogenous insulin stimulates the synthesis of glycogen that
transforms the glucose in the blood into the glycogen in the
liver and inhibits the breakdown of the glycogen (Pessin &
Saltiel, 2000). By now, as the most effective treatment, sub-
cutaneous injection of insulin every day is still the best
choice for both type 1 and 2 diabetics (Li et al., 2018).
However, subcutaneously injected insulin enters into the
general circulation directly, which exposes all tissues to the
same insulin concentration and the liver only receives a small
fraction of the injected dose; thus, muscles and adipocytes
can react to the insulin without hepatic monitoring, and side

effects such as atherosclerosis, hypoglycemia and weight
gain may occur (Arbit, 2004; Geho et al., 2009).

For insulin therapy, oral administration is most acceptable
by diabetics, but the oral bioavailability of insulin is very low
due to the physiological barriers in gastrointestinal (GI) tract,
including chemical, enzymatic, and absorption barriers (Lopes
et al., 2014). The orally administrated insulin undergoes
denaturation due to the acidic environment in the stomach
and is broken down in the GI tract by the proteolytic
enzymes. Furthermore, the absorption of the insulin through
the mucus covered intestinal epithelia is limited due to the
high molecular weight and hydrophilicity of insulin (Mo
et al., 2014). To overcome gastric acid and enzyme damages
as well as facilitate the absorption in GI tract, many micro-
and nano-sized systems have been fabricated for oral deliv-
ery of insulin (Mo et al., 2014). For example, the nanoparticles
fabricated from chitosan and its derivatives are mucoadhe-
sive (Zambito et al., 2013), which can enhance the absorption
of the loaded insulin in GI tract (Sheng et al., 2016).
Hydroxypropyl methylcellulose phthalate (HPMCP), a widely
used enteric coating material in pharmaceutical industry
(Singh et al., 2015), can protect insulin from degradation
and denaturation in the harsh environments of stomach
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(Du et al., 2015). Makhlof et al. (2011) reported that the acid
stability, and the intestinal mucoadhesion and penetration of
insulin-loaded chitosan/HPMCP nanoparticles were signifi-
cantly improved compared with the chitosan/tripolyphos-
phate nanoparticles.

It was reported that the oral delivery systems conjugated
with bile acid can deliver the drugs to the liver directly by
use of enterohepatic circulation mechanism (HO, 1987;
Swaan et al., 1996; Zhang et al., 2016a). Enterocytes in ileum
express apical Naþ-dependent bile acid transporter (ASBT)
and cytosolic ileal bile acid-binding protein (IBABP) (Gong
et al., 1994; Kolhatkar & Polli, 2012; Fan et al., 2018).
Hepatocytes express bile acid transporters such as Naþ-
dependent taurocholate cotransporting polypeptide (NTCP)
and Naþ-independent organic anion transporting polypepti-
des (OATPs) (Schadt et al., 2016). These bile acid transporters
are involved in the enterohepatic circulation of bile acids.
The high capacity of the bile acid transporters and high effi-
cacy of both intestinal and liver absorptions make the
enterohepatic circulation of bile acids be utilized in oral
delivery systems to increase the therapeutic concentration in
the liver and reduce the general toxicity of the drugs (Swaan
et al., 1996; Zhang et al., 2016a). For insulin delivery, it was
evidenced that the bile acid conjugated insulin was taken up
by the ileal bile acid transporters after infusion into the small
intestine (McGinn & Morrison, 2016). Very recently, Fan et al.
(2018) reported deoxycholic acid-modified nanoparticles pro-
duced by self-assembly of insulin, deoxycholic acid-modified
chitosan, and poly (c-glutamic acid). The nanoparticles could
overcome multiple barriers of the intestinal epithelium by
using ASBT-mediated endocytosis and IBABP-guided intracel-
lular trafficking, and facilitated the basolateral release of free
insulin. To the best of our knowledge, no system for oral and
liver-targeted delivery of insulin by using enterohepatic circu-
lation of bile acids was reported by now.

To improve oral bioavailability of insulin, in this study,
we designed and fabricated a novel delivery system. We
used cholic acid and N-(2-hydroxy)-propyl-3-trimethylammo-
nium chloride modified chitosan (HTCC-CA) and HPMCP to
produce insulin-loaded nanoparticles INS/HTCC-CA/HPMCP.
The nanoparticles were expected to prevent the loaded
insulin from denaturation and degradation in GI tract as
well as to improve the intestinal mucoadhesion. The nano-
particles were also expected to facilitate the intestinal and
liver absorptions of the loaded insulin by utilizing the
enterohepatic circulation of bile acids. We performed a ser-
ies of experiments to reveal the absorption mechanism of
the nanoparticles in intestinal and liver, and to prove that
the nanoparticles can greatly improve the oral bioavailability
of insulin.

Materials and methods

Materials

Chitosan (50 kDa, deacetylation degree 85%) was purchased
from Jinan Haidebei Marine Bioengineering Co., Ltd,
Shandong, China. Insulin (INS, 21 IU/mg) was from Dingguo
Biotech Co., Ltd, Shanghai, China. HPMCP (HP-55S) was from

Huzhou Mizuda Hope Bioscience Co., Ltd, Huzhou, China.
Alloxan was from Sigma-Aldrich (Chicago, IL). Fluorescein iso-
thiocyanate (FITC) and Rhodamine B (RhB) were from Tokyo
Chemical Industry Co., Ltd, Tokyo, Japan. Sulfo-Cyanine5
NHS ester (Cy5) was from Lumiprobe, Hunt Valley, MD.
Bicinchoninic acid (BCA) protein assay kit was from Thermo
Fisher Scientific Inc, Waltham, MA. DMEM, fetal bovine serum,
MEM non-essential amino acid solution, L-glutamine, penicil-
lin and streptomycin were from GIBCO BRL Life Technologies
Inc., Carlsbad, CA. 3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxyme-
thoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) was from
Promega Co., Madison, WI. 2-(4-Amidinophenyl)-6-indolecar-
bamidine dihydrochloride (DAPI) was from Beyotime Institute
of Biotechnology, Jiangsu, China. DAPI Fluoromount-GTM was
from Yeasen Biotechnology, Shanghai, China. All other chemi-
cals were of analytical grade and from Sinopharm Chemical
Reagent Co., Ltd, Shanghai, China.

Preparation of nanoparticles

HTCC (N-(2-hydroxy)-propyl-3-trimethylammonium chloride
modified chitosan) and HTCC-CA (cholic acid modified HTCC)
were synthesized, purified, and characterized as reported pre-
viously (Zhang et al., 2016b). The quaternary ammonium
degree was 35.8% and CA (cholic acid) conjugation degree
was 5.7% of the glycosyl units of chitosan. HTCC, HTCC-CA,
and HPMCP stock solutions were prepared by dissolving the
polymers in deionized water respectively and adjusting the
solutions to pH 7.4. Insulin stock solution was prepared by
dissolving insulin in 0.01M HCl solution and adjusting the
solution to pH 7.4.

INS/HTCC-CA nanoparticles were prepared by dropwise
adding 1mL of 1mg/mL insulin solution into 2mL of
1mg/mL HTCC-CA solution with gentle stir. Successively,
3mL of the INS/HTCC-CA nanoparticle solution was added
dropwise into 2mL of 1mg/mL HPMCP solution with gentle
stir to produce INS/HTCC-CA/HPMCP nanoparticles. Similarly,
INS/HTCC/HPMCP nanoparticles were prepared. The final con-
centrations of insulin, HTCC or HTCC-CA, and HPMCP in INS/
HTCC/HPMCP and INS/HTCC-CA/HPMCP nanoparticles were
0.2, 0.4, and 0.4mg/mL, respectively. Both the final concen-
trations of insulin and HTCC-CA in INS/HTCC-CA nanoparticles
were 0.2mg/mL.

Characterization of the nanoparticles

Z-Average hydrodynamic diameter (Dh), polydispersity index
(PDI), and f-potential of the nanoparticles were measured on
a laser light scattering instrument (Zetasizer Nano ZS90,
Malvern Instruments, Malvern, UK) as reported previously
(Zhang et al., 2016b). Transmission electron microscopy (TEM)
images of the nanoparticles were acquired on a transmission
electron microscope (Philips CM120 electron microscope,
Philips, Amsterdam, Netherlands). Free insulin in the nanopar-
ticle solutions was separated using centrifugal filter (cutoff
molecular weight 100 kDa, Millipore, Billerica, MA) and the
insulin concentrations in the filtrates were analyzed using
BCA assay. The insulin loading efficiency (LE) and loading
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capacity (LC) of the nanoparticles were calculated using the
following equations:

LE %;
wt
wt

� �
¼ total insulin� free insulin

total insulin
� 100%

LC %;
wt
wt

� �
¼ total insulin� free insulin

total polymersþ total insulin
� 100%

In vitro release of insulin from the nanoparticles

Insulin releases from the nanoparticles were investigated by
dialysis of 1mL of the nanoparticle solution (cutoff molecular
weight 100 kDa, Spectrum Laboratories Inc., Piscataway
Township, NJ) against 4mL of pH 2.0 HCl solution or pH 7.4
PBS (0.01M phosphate buffer containing 0.15M NaCl) solu-
tion at 37 �C with shaking. At predetermined intervals, 1mL
of the release medium was taken out and the same volume
of fresh medium was added. The insulin concentration in the
release medium was determined using BCA assay.

Preparation of fluorescence-labeled nanoparticles

FITC-labeled insulin (FITC-INS) and Cy5-labeled insulin
(Cy5-INS) were synthesized and purified as described in the
literature (Wang et al., 2016; Zhang et al., 2016b). The fluores-
cence-labeled nanoparticles were prepared as described
above using FITC-INS or Cy5-INS instead of insulin. Similarly,
RhB-labeled HTCC (RhB-HTCC), RhB-labeled HTCC-CA
(RhB-HTCC-CA), and FITC-labeled HPMCP (FITC-HPMCP) were
synthesized and purified, and Cy5-INS/RhB-HTCC-CA, Cy5-INS/
RhB-HTCC/FITC-HPMCP and Cy5-INS/RhB-HTCC-CA/FITC-
HPMCP nanoparticles were produced.

Permeability of the nanoparticles across Caco-2
cell monolayer

Caco-2 cells were seeded in transwell inserts at a density of
5� 103 cells/well and were cultured as reported in the litera-
ture (Sheng et al., 2016) for 14 – 21 d until their trans-epithe-
lial electrical resistance (TEER) values were higher than 900
X�cm2. The cell monolayer was washed with PBS thrice, then
0.2mL DMEM containing insulin or insulin-loaded nanopar-
ticles with insulin concentration of 50 lg/mL, or containing
individual polymer with the concentration of 100 lg/mL, or
containing free CA molecules with the concentration of
100lM was added into the apical side; 0.6mL DMEM without
sample was added into the basolateral side. After 1 h incuba-
tion, the medium was removed. The cell monolayer was
washed with PBS thrice and then was cultured in fresh
DMEM for 9 h. At predetermined intervals, TEER of the Caco-2
cell monolayer was measured using an electrical resistance
system (ERS-2, Millipore, Billerica, MA).

Apparent permeability coefficient (Papp) of insulin was
measured as follows. After washing the Caco-2 cell mono-
layer with PBS, 0.2mL DMEM containing FITC-INS or FITC-INS
loaded nanoparticles with insulin concentration of 50 lg/mL
was added into the apical side; 0.6mL DMEM was added into

the basolateral side. At predetermined intervals, sample was
collected from the basolateral side and the same volume of
fresh DMEM was added. The FITC-INS concentration in the
sample was measured on a fluorescence microplate reader
(Cytation3, BioTek, Winooski, VT). The Papp of insulin was cal-
culated using the following equation:

Papp ¼ Q
Act

where Q is the total amount of insulin permeated (ng), A is
the diffusion area of the cell monolayer (cm2), c is the initial
concentration of insulin in the donor compartment (ng/cm3),
and t is the total time of the experiment (s).

Cellular uptake of insulin by HepG-2 cells

HepG-2 cells were seeded in special Petri dishes at a density
of 1� 105 cells/well and cultured as reported previously
(Zhang et al., 2016b). Subsequently, the cells were incubated
with the culture medium containing FITC-INS or FITC-INS-
loaded nanoparticles at insulin concentration of 50 lg/mL.
After 4 h incubation, the cells were washed with PBS thrice
and the cell nuclei were stained with DAPI for 5min, and
then the cells were observed on a confocal laser scanning
microscope (CLSM, C2þ, Nikon, Tokyo, Japan). The cellular
uptakes of insulin were determined quantitatively using flow
cytometry analysis. After 4 h incubation with the culture
medium containing FITC-INS or FITC-INS loaded nanoparticles
at insulin concentration of 50 lg/mL, the cells were washed
with PBS thrice and then analyzed on a flow cytometer
(FACSCalibur, BD, Franklin Lakes, NJ).

In vivo biocompatibility

Female ICR mice (25 ± 2 g) were from Sino-British SIPPR/BK
Lab Animal Ltd, Shanghai, China. The animal experiments of
this study were performed at Experimental Animal Center of
School of Pharmacy of Fudan University in full compliance
with the guidelines approved by Shanghai Administration of
Experimental Animals.

Healthy mice were separately administrated by gastric
gavage with 0.2mL mixed solution of HTCC-CA (10mg/mL)
and HPMCP (10mg/mL) once daily for 15 and 30 d continu-
ously. After the mice were sacrificed, the organ sections were
prepared as reported previously (Zhang et al., 2016b).
Histological images of the organ sections were acquired on a
microscope (BX53, OLYMPUS, Tokyo, Japan).

Ex vivo fluorescence imaging of ileum section

Healthy mice were fasting for 12 h with freedom to water.
Cy5-INS/RhB-HTCC-CA, Cy5-INS/RhB-HTCC/FITC-HPMCP, and
Cy5-INS/RhB-HTCC-CA/FITC-HPMCP nanoparticles were separ-
ately administrated by gastric gavage at insulin dose of
30 IU/kg. The mice were sacrificed after 4 h of the administra-
tion. The ileum segments were taken out and washed with
PBS thrice. The ileum segments were frozen in cryoembed-
ding medium followed by cryostat section. The section was
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loaded on a microscope slide and fixed with DAPI fluoro-
mount-GTM. The images of the section were acquired on
the CLSM.

Ex vivo fluorescence imaging of organs

Healthy mice were fasting for 12 h with freedom to water.
Cy5-INS/HTCC-CA, Cy5-INS/HTCC/HPMCP, and Cy5-INS/HTCC-
CA/HPMCP nanoparticles were orally administrated at insulin
dose of 30 IU/kg. The mice were sacrificed at 0, 2, 6, 12, and
24 h post-administration. The organs were excised and
washed with PBS thrice. Ex vivo fluorescence images of the
organs were observed on a small animal imaging system (In
Vivo Xtreme, Bruker, Billerica, MA) and the sum fluorescence
intensities of the organs were measured.

Antidiabetic efficacy

Healthy mice were intraperitoneally injected with alloxan
solution at a single dose of 200mg/kg to induce type 1 dia-
betes as reported previously (Zhang et al., 2016b). The blood
from caudal vein was sampled and the BGL was measured
using a glucometer (ACCUCHEK Active, Roche). The diabetic
mice with average fasting BGL of 21.7 ± 3.5mM were divided
into five groups with five in each group. The mice were fast-
ing for 10 h with freedom to water prior to administration.
Insulin solution was injected subcutaneously into the mice at
insulin dose of 3 IU/kg. Physiological saline, INS/HTCC-CA,
INS/HTCC/HPMCP, and INS/HTCC-CA/HPMCP nanoparticles
were separately administrated by gastric gavage at an insulin
dose of 30 IU/kg. At predetermined intervals, the BGL was
measured. At 4 h post-administration, about 0.2 g standard
chow was provided for each of the mice. Insulin pharmaco-
logical availability (PA) of the nanoparticle (NP) groups were
calculated according to the area above the relative BGL-time
curve (AAC) using the following equation:

PA %ð Þ ¼ ðAACNP; ig � AACsalineÞ=DoseNP; ig
ðAACINS; sc � AACsalineÞ=DoseINS; sc � 100%

For repeated administrations, diabetic mice with average
fasting BGL of 17.5 ± 7.6mM were divided into four groups
with five in each group. Insulin solution was injected sub-
cutaneously at insulin dose of 2 IU/kg once daily.
Physiological saline, insulin solution, and INS/HTCC-CA/
HPMCP nanoparticles were separately administrated by gas-
tric gavage at insulin dose of 30 IU/kg once daily. Rat chow
was provided at 6 – 12 h post-administration. Water was pro-
vided at all times. During the experiment, two mice in the
insulin injection group and one mouse in the INS/HTCC-CA/
HPMCP oral group were died of hypoglycemia.

Statistical analysis

The data were expressed as mean± SD (standard deviation).
Statistical analysis was performed using independent sam-
ples-t test (OriginPro 8.0 software, SAS Inc., Cary, NC), and a
p value<.05 was considered to be statistically significant.

Results and discussion

Preparation and characterization of insulin-loaded
nanoparticles

INS/HTCC-CA/HPMCP nanoparticles were prepared after mix-
ing insulin with HTCC-CA and then HPMCP in pH 7.4 solution
by means of electrostatic and hydrophobic interactions. For
comparison, INS/HTCC/HPMCP and INS/HTCC-CA nanopar-
ticles were prepared using the same process. In pH 7.4 solu-
tion, INS/HTCC-CA had Dh and f-potential of 168 nm and
19.5mV, respectively, as shown in Table S1 of Supplemental
data. The Dh and f-potential of INS/HTCC-CA/HPMCP were
239 nm and –24.2mV, respectively. The f-potential of INS/
HTCC-CA/HPMCP was less negative than the f-potential of
HPMCP (–29.2 ± 0.12mV) at pH 7.4 condition, indicating that
the surface of INS/HTCC-CA/HPMCP was composed of both
positively charged HTCC-CA and negatively charged HPMCP.
INS/HTCC/HPMCP had similar f-potential to INS/HTCC-CA/
HPMCP, but the Dh of INS/HTCC/HPMCP was about 55 nm
larger than that of INS/HTCC-CA/HPMCP. Possibly, INS/HTCC-
CA/HPMCP had more compact structure than INS/HTCC/
HPMCP due to the hydrophobic interaction introduced by
the CA groups. Figure 1(A) shows TEM images of INS/HTCC-
CA, INS/HTCC/HPMCP, and INS/HTCC-CA/HPMCP. The nano-
particles presented globular morphology, and their sizes
shown in the images were similar to the Dh values. The LE
values of INS/HTCC-CA, INS/HTCC/HPMCP, and INS/HTCC-CA/
HPMCP were 96.7%, 87.8%, and 90.9%, respectively (Table S1
of Supplemental data), indicating that all the three systems
can effectively encapsulate insulin.

In vitro insulin release

Insulin releases from the nanoparticles were investigated
using a dialysis method in pH 2.0 HCl and pH 7.4 PBS media
to mimic the pH environments in stomach and intestine.
Figure 1(B) shows that at pH 2.0 condition, the insulin release
curve of INS/HTCC-CA was similar to the insulin diffusion
curve of individual insulin solution, suggesting that INS/
HTCC-CA dissociated rapidly in pH 2.0 solution. Both insulin
and HTCC-CA were positively charged at pH 2.0, thus the
electrostatic repulsion resulted in the rapid dissociation of
INS/HTCC-CA. INS/HTCC/HPMCP and INS/HTCC-CA/HPMCP
were stable at pH 2.0; only about 20% of the insulin was
released from the nanoparticles in the first 6 h. It was
reported that HPMCP can protect the loaded drugs in acidic
environment by solution–microgel transition as a result of
the protonation of the carboxyl groups (Singh et al., 2015).
At acidic condition, the protonated HPMCP made INS/HTCC/
HPMCP and INS/HTCC-CA/HPMCP more stable that reduced
their insulin release rates. In pH 7.4 PBS solution, INS/HTCC-
CA was also unstable and released most of the insulin after
24 h because the salt in PBS shielded the electrostatic inter-
action between insulin and HTCC-CA. The insulin release
rates of INS/HTCC/HPMCP and INS/HTCC-CA/HPMCP were
slower than the rate of INS/HTCC-CA, demonstrating that
HPMCP increased the stability of the nanoparticles. In add-
ition, the insulin release rates of INS/HTCC-CA/HPMCP were
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slower than the rates of INS/HTCC/HPMCP in both pH 2.0
and 7.4 media, indicating that the hydrophobic interaction
introduced by the CA groups increased the stability of the
nanoparticles.

Transport through Caco-2 cell monolayer

Caco-2 cells express bile acid transporters ASBT and IBABP,
and Caco-2 cell monolayer can be used to mimic the entero-
cytes in studying the transport of the delivery system in
intestinal barrier in vitro (Alam et al., 2014; Fan et al., 2018).
The decrease of TEER value is considered as an open
indication of the tight junctions between Caco-2 cells (Hsu
et al., 2013). All the three polymers as well as individual CA
reduced the TEER values significantly as shown in
Figure 2(A). HTCC-CA had stronger impact on the TEER
change than the others. The TEER changes were reversible
after remove of the samples, suggesting that the cell mono-
layers recovered their integrity gradually. Figure 2(B) shows
that INS/HTCC-CA and INS/HTCC-CA/HPMCP groups had simi-
lar TEER changes, and both INS/HTCC-CA and INS/HTCC-CA/
HPMCP groups reduced the TEER values more than the INS/
HTCC/HPMCP group.

Figure 2(C) shows Papp values of FITC-INS through Caco-2
cell monolayers after incubation with free FITC-INS and FITC-
INS loaded nanoparticles. The permeability of free FITC-INS in
the monolayer was poor as indicated by its Papp value of
2� 10�7 cm/s. All the three FITC-INS-loaded nanoparticles
facilitated the permeation of the FITC-INS through the mono-
layers. The Papp value of the FITC-INS/HTCC-CA/HPMCP group

was 2.8� 10�6 cm/s, which was 2.5-fold higher than that of
the FITC-INS/HTCC/HPMCP group, indicating that FITC-INS/
HTCC-CA/HPMCP transported the loaded FITC-INS through
the Caco-2 cell monolayer via the bile acid transporters,
ASBT-mediated endocytosis and IBABP-guided intracellular
trafficking as reported in the literature (Fan et al., 2018). To
further prove this transport mechanism, the cell monolayers
were pretreated with 100 lM free CA molecules for 30min to
block the bile acid transporters as reported in the literature
(Khatun et al., 2014). Although free CA induced perturbation
in the cell monolayer (Figure 2(A)), in the presence of free
CA, the Papp value of the FITC-INS/HTCC-CA/HPMCP group
was very low, which was almost the same as the value of the
FITC-INS/HTCC/HPMCP group (Figure 2(C)). This result reveals
that most of the FITC-INS/HTCC-CA/HPMCP could not trans-
port the loaded FITC-INS through the Caco-2 cell monolayer
when the bile acid transporters were blocked by free CA mol-
ecules. This result confirms that the CA groups on FITC-INS/
HTCC-CA/HPMCP surface could bind with the bile acid trans-
porters, and by means of the bile acid transporters, FITC-INS/
HTCC-CA/HPMCP greatly enhanced the transport of the FITC-
INS through Caco-2 cell monolayer.

INS/HTCC-CA also had CA groups on the surface, and the
INS/HTCC-CA group had similar TEER change to the INS/
HTCC-CA/HPMCP group. However, the Papp value of the FITC-
INS/HTCC-CA group was only 30% of the Papp value of the
FITC-INS/HTCC-CA/HPMCP group. Pretreating the Caco-2 cell
monolayer with free CA molecules had no great influence on
the Papp of the FITC-INS/HTCC-CA group, suggesting that
most of the FITC-INS/HTCC-CA could not go through the
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Figure 1. (A) TEM images of the nanoparticles. (B) and (C) In vitro accumulative releases of insulin from the nanoparticles in pH 2.0 HCl and pH 7.4 PBS solutions at
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monolayer via the bile acid transporters. This result can be
explained by the facts that INS/HTCC-CA was unstable as
proved in Figure 1(B, C) and the released insulin had very
low Papp value as demonstrated in Figure 2(C).

HepG-2 cellular uptake

Liver is the primary acting site of insulin (Arbit, 2004). HepG-
2 cells express bile acid transporters, such as NTCP and
OATPs (Swaan et al., 1996; Zhang et al., 2016a). Therefore, in
this study, HepG-2 cells were used as an in vitro hepatocyte
model to investigate hepatocyte uptake of the nanoparticles.
Figure 3(A) shows CLSM images of HepG-2 cells after 4 h
incubation with free FITC-INS, FITC-INS/HTCC/HPMCP, and
FITC-INS/HTCC-CA/HPMCP at insulin concentration of 50 lg/
mL. The images show that the FITC-INS/HTCC-CA/HPMCP
group had much stronger FITC-INS fluorescence signal
around the cell nuclei than the other groups. The cellular
uptakes of FITC-INS were quantificationally characterized by
flow cytometry analysis. Figure 3(B) shows that the FITC-INS
fluorescence intensities of FITC-INS/HTCC/HPMCP and FITC-
INS/HTCC-CA/HPMCP groups were 1.4-fold and 8.5-fold
higher than the intensity of the free FITC-INS group, respect-
ively, confirming that the CA groups on FITC-INS/HTCC-CA/
HPMCP surface can facilitate the cellular uptake by means of
the bile acid transporters.

In vivo biocompatibility

Figure S1 of Supplemental data shows hematoxylin� eosin-
stained histological images of heart, liver, spleen, lung, kid-
ney, stomach, and intestine of the mice after oral administra-
tion with HTCC-CA and HPMCP. The daily polymer dose in
biocompatibility study was 30-fold higher than the dose of
INS/HTCC-CA/HPMCP in the hypoglycemic study. Compared
with the control group which was denoted as 0 d in
Figure S1, the polymers did not induce significant morpho-
logical changes in the tissues after 15 and 30 d of continuous
administrations, verifying that HTCC-CA and HPMCP, the car-
riers of insulin in this study, were biocompatible.

Distribution of the nanoparticles in histological section
of ileum

Figure 4(A) shows the CLSM images of ileum sections of the
mice after oral administrations with Cy5-INS/RhB-HTCC-CA,
Cy5-INS/RhB-HTCC/FITC-HPMCP, and Cy5-INS/RhB-HTCC-CA/
FITC-HPMCP at insulin dose of 30 IU/kg for 4 h. For the Cy5-
INS/RhB-HTCC-CA group, only RhB-HTCC-CA was detected,
indicating that Cy5-INS/RhB-HTCC-CA dissociated in the GI
tract and the released Cy5-INS could not be absorbed by the
epithelium. For the Cy5-INS/RhB-HTCC/FITC-HPMCP group,
Cy5-INS as well as RhB-HTCC and FITC-HPMCP were mainly
distributed in the mucous layer. This result reveals that
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INS/HTCC/HPMCP was stable in the GI tract and prolonged
the stay in the mucous layer, but could not be absorbed
effectively. For the Cy5-INS/RhB-HTCC-CA/FITC-HPMCP group,
no significant accumulation in the mucous layer, Cy5-INS/
RhB-HTCC-CA/FITC-HPMCP was mainly distributed in the
epithelium, demonstrating that Cy5-INS/RhB-HTCC-CA/FITC-
HPMCP was absorbed effectively by the epithelium via bile
acid transporters.

Distribution of the nanoparticles in GI tract

Figure 4(B) shows fluorescence images of stomachs and
intestines of the mice after oral administrations with Cy5-INS
loaded nanoparticles at insulin dose of 30 IU/kg. At 2 h
post-administration, the total fluorescence intensity of the
Cy5-INS/HTCC-CA/HPMCP group was lower than the inten-
sities of the Cy5-INS/HTCC-CA group and the Cy5-INS/HTCC/
HPMCP group as shown in Figure S2 of Supplemental data.
This result indicates that more Cy5-INS/HTCC-CA/HPMCP was
absorbed in the GI tract, and this conclusion is supported by
the result shown in Figure 4(A). Therefore, at each time inter-
val (2, 6, and 12 h post-administration), relative fluorescence
intensities of the gastrointestinal segments are shown in
Figure 4(C) for the Cy5-INS/HTCC-CA/HPMCP group and in
Figure S3 (Supplemental data) for the other groups to char-
acterize the distributions of the nanoparticles in the GI tracts.
For the Cy5-INS/HTCC-CA/HPMCP group, more than 70% of

the nanoparticles retained in ileum at 2, 6, and 12 h post-
administration, higher than the ileum distributions of Cy5-
INS/HTCC-CA and Cy5-INS/HTCC/HPMCP groups. The increase
of the ileum retention provides higher probability for Cy5-
INS/HTCC-CA/HPMCP to contact with the epithelium and to
bind with the bile acid transporters, and thus higher prob-
ability to go through the intestinal epithelium.

Distribution of the nanoparticles in organs

Figure 4(D) shows fluorescence images of heart, liver, spleen,
lung, and kidney of the mice after oral administrations with
Cy5-INS-loaded nanoparticles at insulin dose of 30 IU/kg. At
each time interval (2, 6, 12, and 24 h post-administration), the
total fluorescence intensity of the Cy5-INS/HTCC-CA/HPMCP
group was higher than the intensities of the other groups
(Figure S4 of Supplemental data), confirming that more Cy5-
INS/HTCC-CA/HPMCP was absorbed in the GI tract, subse-
quently more Cy5-INS/HTCC-CA/HPMCP was accumulated in
the organs. The Cy5-INS/HTCC-CA/HPMCP group had higher
Cy5-INS fluorescence intensity in the liver and retained the
Cy5-INS in the liver for longer time than the other groups as
shown in Figure 4(E). Especially, after oral administration, the
Cy5-INS/HTCC-CA/HPMCP group accumulated more Cy5-INS
in the liver for longer time than the Cy5-INS/HTCC/HPMCP
group, further confirming that the CA groups of Cy5-INS/
HTCC-CA/HPMCP facilitated the liver uptake of the nanopar-
ticles by means of the bile acid transporters.

Hypoglycemic effect of the nanoparticles

Figure 5(A) shows the relative BGL changes of diabetic mice
after administrations with free insulin and the nanoparticles.
The pharmacodynamics parameters are shown in Table 1.
The subcutaneous injection group had good hypoglycemic
effect at insulin dose of 3 IU/kg, but the BGL quickly returned
to the level of the saline group after reaching the minimum
BGL value (BGLmin), 37.2% of the initial level. INS/HTCC-CA,
INS/HTCC/HPMCP, and INS/HTCC-CA/HPMCP were orally
administrated at single insulin dose of 30 IU/kg separately.
Although INS/HTCC-CA was not stable in GI tract and could
not prolong the retention in ileum as demonstrated above,
the INS/HTCC-CA group had some hypoglycemic effect: the
BGLmin was 75.6% and the relative pharmacological availabil-
ity of insulin (PA) was 7.3% compared with the injection
group. The PA of the INS/HTCC-CA/HPMCP group was 26.9%,
much higher than the PA of 11.2% of the INS/HTCC/HPMCP
group, clearly demonstrating that INS/HTCC-CA/HPMCP was
superior to INS/HTCC/HPMCP. Compared with the injection
group, the INS/HTCC-CA/HPMCP group had rapid, mild, and
lasting hypoglycemic effect: the BGL at 2 h post-administra-
tion was 70.0% of the initial level, BGLmin was 54.1%, and the
time period of the BGL lower than 70% (PT-70%) was 20 h.

Continuous hypoglycemic effects were evaluated by oral
administrations with INS/HTCC-CA/HPMCP and free insulin
once daily at insulin dose of 30 IU/kg for 5 d continually.
Subcutaneous injection of free insulin solution once daily
at insulin dose of 2 IU/kg was performed as the control.
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The oral insulin group had no significant hypoglycemic effect
compared with the saline group (Figure 5(B)), which is the
same as reported in the literature (Chuang et al., 2015). The
injection group had rapid and short-acting effect after each
administration of free insulin, the BGL reduced to about 40%
of the initial level and recovered within 6 h. The oral INS/
HTCC-CA/HPMCP group had stable hypoglycemic effect, the
BGL was kept at a steadily low level during the treatment,
and the BGL value was lower than 50% of the initial level at
each 24 h post-administration. The PA of the oral INS/HTCC-
CA/HPMCP group was 36.7% compared with the injection
group. The result in Figure 5(B) further confirms that INS/
HTCC-CA/HPMCP had prolonged and effective hypoglycemic
effect after oral administration.

Oral delivery of insulin has been studied for many years,
but the onset time, BGL control and PA of oral insulin were
not satisfied yet, and no delivery system was applicable (Mo
et al., 2014). As a hydrophilic polypeptide, the orally adminis-
trated insulin undergoes multiple biological barriers (Lopes
et al., 2014). Stable nanoparticles can protect the insulin from
denaturation and degradation in GI tract (Lopes et al., 2014;
Fan et al., 2018). In this study, INS/HTCC-CA/HPMCP was
more stable than INS/HTCC-CA and INS/HTCC/HPMCP as
shown in Figure 1(B, C). Therefore, INS/HTCC-CA/HPMCP pro-
tected the loaded insulin in GI tract better than the others.
The results in Figure 4 demonstrate that the INS/HTCC-CA/
HPMCP group had higher ileum distribution than the other
groups that increased the interaction of INS/HTCC-CA/HPMCP
with the epithelium. Most importantly, the enterohepatic cir-
culation of bile acids was utilized in this study to deliver the

loaded insulin to liver. As demonstrated by the results shown
in Figures 2–4, INS/HTCC-CA/HPMCP utilized ASBT-mediated
endocytosis, IBABP-guided intracellular trafficking and NTCP/
OATPs-mediated endocytosis to go through the epithelium,
reach the liver, and be internalized by the hepatocytes. As
mentioned above, liver is the primary acting site of insulin.
INS/HTCC-CA/HPMCP increased accumulation and prolonged
retention time of the insulin in the liver; therefore, INS/HTCC-
CA/HPMCP had much better hypoglycemic effect than the
other nanoparticles as shown in Figure 5 and Table 1. For
the first time, this study demonstrates that using entero-
hepatic circulation of bile acids can effectively deliver the
loaded insulin to liver.

Conclusions

In this study, we developed innovative INS/HTCC-CA/HPMCP
nanoparticles for oral and liver-targeted delivery of insulin.
This is the first study of using enterohepatic circulation of
bile acids to deliver the loaded insulin to liver after oral
administration. This study demonstrates that INS/HTCC-CA/
HPMCP protected the loaded insulin from denaturation and
degradation in GI tract, the HPMCP increased the mucoadhe-
sion of INS/HTCC-CA/HPMCP in ileum, and the CA groups
greatly enhanced the absorptions of INS/HTCC-CA/HPMCP in
both ileum and liver. INS/HTCC-CA/HPMCP increased oral PA
of the loaded insulin to about 30% and could maintain hypo-
glycemic effect for more than 24 h. This study demonstrates
that using enterohepatic circulation of bile acids to deliver
the loaded insulin to liver is an effective strategy for oral
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Figure 5. (A) Relative BGL changes of diabetic mice after single subcutaneous injection of free insulin solution at insulin dose of 3 IU/kg and gastric gavage with
saline and the nanoparticles at insulin dose of 30 IU/kg (n¼ 5); �p< .05 and ��p< .01 between INS/HTCC/HPMCP and INS/HTCC-CA/HPMCP groups. (B) Relative
BGL changes of diabetic mice after subcutaneous injection of insulin at a dose of 2 IU/kg and oral administrations with saline, insulin, and INS/HTCC-CA/HPMCP at
insulin dose of 30 IU/kg once daily for 5 d continually (n¼ 3 – 5).

Table 1. Pharmacodynamics parameters after single subcutaneous injection of free insulin solution and gastric gavage with
saline and the nanoparticles (n¼ 5).

Group INS dose (IU/kg) Method BGLmin (%) PT-70% (h) AAC0-24
a PA (%)

Insulin 3 s.c. 37.2 2.7 304.0 100
INS/HTCC-CA 30 i.g. 75.6 – 220.9 7.3
INS/HTCC/HPMCP 30 i.g. 71.9 – 341.2 11.2
INS/HTCC-CA/HPMCP 30 i.g. 54.1 20.0 817.9 26.9
aThe area above the curve shown in Figure 5(A) during 0–24 h.
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insulin delivery, and HTCC-CA/HPMCP is a suitable carrier for
oral insulin delivery.

Disclosure statement

The authors report no declarations of interest.

Funding

This study was financially supported by National Natural Science
Foundation of China [No. 21474018].

References

Alam F, Al-Hilal TA, Chung SW, et al. (2014). Oral delivery of a potent
anti-angiogenic heparin conjugate by chemical conjugation and phys-
ical complexation using deoxycholic acid. Biomaterials 35:6543–52.

Arbit E. (2004). The physiological rationale for oral insulin administration.
Diabetes Technol 6:510–7.

Chuang EY, Lin KJ, Lin PY, et al. (2015). Self-assembling bubble carriers
for oral protein delivery. Biomaterials 64:115–24.

Du H, Liu M, Yang X, Zhai G. (2015). The design of pH-sensitive chitosan-
based formulations for gastrointestinal delivery. Drug Discov Today
20:1004–11.

Edgerton DS, Lautz M, Scott M, et al. (2006). Insulin's direct effects on
the liver dominate the control of hepatic glucose production. J Clin
Invest 116:521–7.

Fan W, Xia D, Zhu Q, et al. (2018). Functional nanoparticles exploit the
bile acid pathway to overcome multiple barriers of the intestinal epi-
thelium for oral insulin delivery. Biomaterials 151:13–23.

Geho WB, Geho HC, Lau JR, Gana TJ. (2009). Hepatic-directed vesicle
insulin: a review of formulation development and preclinical evalu-
ation. J Diabetes Sci Technol 3:1451–9.

Gong YZ, Everett ET, Schwartz DA, et al. (1994). Molecular cloning, tissue
distribution, and expression of a 14-kDa bile acid-binding protein
from rat ileal cytosol. Proc Natl Acad Sci 91:4741–5.

Ho NFH. (1987). Utilizing bile acid carrier mechanisms to enhance liver
and small intestine absorption. Ann N Y Acad Sci 507:315–29.

Hsu LW, Ho YC, Chuang EY, et al. (2013). Effects of pH on molecular
mechanisms of chitosan-integrin interactions and resulting tight-junc-
tion disruptions. Biomaterials 34:784–93.

IDF Diabetes Atalas. (2017). International Diabetes Federation, Available
at: http://www.idf.org/diabetesatlas.

Khatun Z, Nurunnabi, Cho KJ, et al. (2014). Oral absorption mechanism
and anti-angiogenesis effect of taurocholic acid-linked heparin-doce-
taxel conjugates. J Control Release 177:64–73.

Kolhatkar V, Polli JE. (2012). Structural requirements of bile acid trans-
porters: C-3 and C-7 modifications of steroidal hydroxyl groups. Eur J
Pharm Sci 46:86–99.

Li Z, Hu X, Jiang J, et al. (2018). Recent advances in closed-loop and
smart insulin delivery systems. Chin J Org Chem 38:29–39.

Lopes MA, Abrahim BA, Seiça R, et al. (2014). Intestinal uptake of insulin
nanoparticles: facts or myths? Curr Pharm Biotechnol 15:629–38.

Makhlof A, Tozuka Y, Takeuchi H. (2011). Design and evaluation of novel
pH-sensitive chitosan nanoparticles for oral insulin delivery. Eur J
Pharm Sci 42:445–51.

Mcginn BJ, Morrison JD. (2016). Investigations into the absorption of
insulin and insulin derivatives from the small intestine of the anaes-
thetised rat. J Control Release 232:120–30.

Mo R, Jiang T, Di J, et al. (2014). Emerging micro- and nanotechnology
based synthetic approaches for insulin delivery. Chem Soc Rev
43:3595–629.

Pessin JE, Saltiel AR. (2000). Signaling pathways in insulin action: molecu-
lar targets of insulin resistance. J Clin Invest 106:165–9.

Saltiel AR, Kahn CR. (2001). Insulin signalling and the regulation of glu-
cose and lipid metabolism. Nature 414:799–806.

Schadt HS, Wolf A, Pognan F, et al. (2016). Bile acids in drug induced
liver injury: key players and surrogate markers. Clin Res Hepatol
Gastroenterol 40:257–66.

Sheng J, He H, Han L, et al. (2016). Enhancing insulin oral absorption by
using mucoadhesive nanoparticles loaded with LMWP-linked insulin
conjugates. J Control Release 233:181–90.

Singh B, Maharjan S, Jiang T, et al. (2015). Attuning hydroxypropyl meth-
ylcellulose phthalate to oral delivery vehicle for effective and selective
delivery of protein vaccine in ileum. Biomaterials 59:144–59.

Swaan PW, Szoka FC, Øie S. (1996). Use of the intestinal and hepatic bile
acid transporters for drug delivery. Adv Drug Deliv Rev 20:59–82.

Wang X, Shi C, Zhang L, et al. (2016). Affinity-controlled protein encapsu-
lation into sub-30 nm telodendrimer nanocarriers by multivalent and
synergistic interactions. Biomaterials 101:258–71.

Zambito Y, Felice F, Fabiano A, et al. (2013). Mucoadhesive nanoparticles
made of thiolated quaternary chitosan crosslinked with hyaluronan.
Carbohydr Polym 92:33–9.

Zhang D, Li D, Shang L, et al. (2016a). Transporter-targeted cholic acid-
cytarabine conjugates for improved oral absorption. Int J Pharm
511:161–9.

Zhang Z, Cai H, Liu Z, Yao P. (2016b). Effective enhancement of hypogly-
cemic effect of insulin by liver-targeted nanoparticles containing cho-
lic acid-modified chitosan derivative. Mol Pharm 13:2433–42.

DRUG DELIVERY 1233

http://www.idf.org/diabetesatlas

	Abstract
	Introduction
	Materials and methods
	Materials
	Preparation of nanoparticles
	Characterization of the nanoparticles

	In vitro release of insulin from the nanoparticles
	Preparation of fluorescence-labeled nanoparticles
	Permeability of the nanoparticles across Caco-2 cell monolayer
	Cellular uptake of insulin by HepG-2 cells

	In vivo biocompatibility
	Ex vivo fluorescence imaging of ileum section
	Ex vivo fluorescence imaging of organs
	Antidiabetic efficacy
	Statistical analysis

	Results and discussion
	Preparation and characterization of insulin-loaded nanoparticles

	In vitro insulin release
	Transport through Caco-2 cell monolayer
	HepG-2 cellular uptake

	In vivo biocompatibility
	Distribution of the nanoparticles in histological section of ileum
	Distribution of the nanoparticles in GI tract
	Distribution of the nanoparticles in organs
	Hypoglycemic effect of the nanoparticles

	Conclusions
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages false
	/AutoRotatePages /All
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


