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In order to improve the synergistic effect of unripe apple polyphenols (APP) and chitooligosaccharides (COS), apple
polyphenols-chitooligosaccharides microcapsule (APCM) were prepared by spray-drying method. The effects of
APCM on the release of polyphenols in simulated gastrointestinal digestion model, as well as the anti-inflammatory
effect against LPS-induced RAW264.7 cells were also evaluated. Scanning electron microscope (SEM) and HPLC
analysis of APP and APCM showed that during the spray-drying process, most of the polyphenols are successfully
encapsulated in COS. The simulated gastrointestinal digestion model results showed that about 98% of polyphenols
released from APCM within 60 min. Anti-inflammatory effect of APCM on LPS induced RAW 264.7 cells showed that
although APP showed a strong inhibitory effect on cell viability at 0.6 mg/mL, the effect of APCM on cell viability was
less and could maintain a high level at the same concentration. In addition, APCM significantly inhibited nitric oxide
(NO) and TNF-a production via the elevation of cytokine IL-10 as the concentration increases, respectively. The results
suggest that APCM alleviate the intensity of inflammatory processes by inhibiting the production of pro-inflammatory
cytokines TNF-q, as well as additionally by promoting the production of anti-inflammatory cytokines IL-10. These
findings provide scientific and theoretical support for the claim that traditional medicine treats inflammation-related
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Introduction

Apples and their products are widely recognized as
important components of the human health food menu,
because they contain a variety of nutrients and health
benefit constituents, such as organic acids, dietary fiber,
vitamins and polyphenols. Among them, polyphenols
have been reported to have a variety of biological activi-
ties, such as anti-allergic activity [1], anti-arteriosclerosis
activity [2] and anti-inflammatory activity [3]. Unripe
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apples, are defined as fallen and thinned-out apples in
orchards, which have been reported to contain abundant
amounts of polyphenols. Although the rate of fallen and
thinned-out apples as high as 30% of total apple produc-
tion, only a small part of them were used as raw material
for animal feed or fertilizer [4].

In recent years, agricultural wastes from plant sources
have received increasing attention as potential sources
of pharmaceutical and food raw materials. However, in
many cases research on the use of biological waste for
the development of new products is not carried out sys-
tematically, and therefore extraction and deep processing
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techniques have been often regarded as bottlenecks in
the food R & D [5].

Recently, in order to improve the extraction efficiency
of polyphenols in plants, carbohydrate hydrolases are
often introduced to release complex polyphenols from
cell walls. For instance, used for extraction of polyphe-
nols from apple pomace [6] and unripe apple [4]. In addi-
tion, the production of apple polyphenols (APP) powder
was also developed by adsorption—desorption process
using Amberlite XAD series resins [7].

Chitooligosaccharides (COS), which is obtained
through the decomposition of chitosan, can be dissolved
in water easily to give versatile bioactive functions [8].
In addition, COS have many excellent functional prop-
erties that are not possessable in native chitosan, such
as advancing anti-microbial [9] and anti-inflammatory
activity [10], improving delivery of drug lesion targeting
sites [11], enhancing human absorption rate by synthesis
of nano-carriers with functional compounds [12]. How-
ever, COS has a little limitation, such as narrow range of
application, and less powerful [13], etc. To overcome this
drawbacks, COS was modificated with functional groups
obtained derivatives, such as COS-Nisin conjugate [9],
cinnamol-COS polymer [13], chlorogenic acid-COS con-
jugates [14], tea catechins-COS conjugation [15], salicylic
acid-grafted COS [16], etc. The health benefits functions
through mixing various functional groups with COS
were improved significantly.

The objectives of this study were development of the
unripe apple polyphenols-chitooligosaccharides micro-
capsule (APCM), evaluation of the effect of simulated
gastrointestinal digestion model on polyphenols release
and anti-inflammatory activities, such as cell viability,
nitric oxide (NO), TNF-a and IL-10 have been executed
and studied. This study will provide a clue to elucidate
the APCM, which would contribute to development in
the field of functional food or drugs against inflammatory
diseases.

Materials and methods

Sample material

Unripe apples (Malus pumila cv. Fuji) were collected at
the 85 days after full bloom from the orchard of Kyung-
pook National University in Daegu, Korea in 2016, and
stored in a freezer (— 70 °C) until the experiment.

Reagents and instruments

Viscozyme L (from Aspergillus aculeatus, 100 fungal
B-glucanase units (FBG)/mL) purchased from Novo-
zymes (Bagsvaerd, Denmark). COS (MV, 3.4 x 10* Da)
were purchased from KITTO LIFE Co. (Pyongtaeg,
Korea). Folin Ciocalteu reagent, caffeic acid, p-coumaric
acid, quercetin-3-glucoside, phloridzin, phloretin, 3-(4,5
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dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), fetal bovine serum (FBS) and Dulbecco’s modi-
fied Eagle’s medium (DMEM) were obtained from Sigma
Co. (St. Louis, MO, USA). XAD-7 resins were purchased
from Rohm & Haas Co. (Chauny, France). The RAW
264.7 cells were purchased from the American Type
Culture Collection (ATCC). The other reagents were
obtained from Duksan Co. (Seoul, Korea). Mini spray-
dryer used Biichi B-191 (Flavil, Switzerland), scanning
electron microscope (SEM) was used S-570 (Hitachi,
Japan), HPLC/UVD was used SPD-10A (Shimadzu,
Japan), and Multilabel counter was used Victor 3 1420
(PerkinElmer, USA).

Preparation of apple polyphenols

Ten kilograms of whole unripe apples were blanched at
85 °C for 15 min for the inhibition of polyphenol oxidase,
crushed, and homogenized with equal volume of water.
After addition of 1.95% Viscozyme L, the homogenized
solution was incubated at 47.1 °C, for 12.5 h, filtered,
and concentrated to apple crude polyphenols with a
rotary evaporator. And then the sample was applied onto
Amberlite XAD-7 column (100 cm x 7 cm), washed out
with deionized water, and eluted with 95% ethanol. The
eluted solution was collected, concentrated, and finally
APP powder was achieved by spray-drying process with
the same method of preparation APCM [4]. As a control,
without Viscozyme L treatment was used with the other
same method of preparation apple polyphenols.

Preparation of APCM

According to our previous study, APP and COS powders
were dissolved in 20 times distilled water, respectively,
and mixed at a ratio of 2.5:1 (w/w), thoroughly stirred
before the spray drying process. Spray-drying was done
using Biichi B-191 spray dryer with the inlet temperature
of 150 °C, pump setting of 40%, air flow rate of 125 m>/h,
aspirator set at 60% and outlet temperature of 65 °C, the
solution flow rate was 250 mL/h. As a contrast, COS was
performed the same spray-drying process.

SEM analysis

COS, APP and APCM were subjected to study SEM
analysis. SEM was carried out at 15 kV. The samples were
sprinkled on to conductive glue on an aluminum SEM
stub and sputter coated with gold.

Analysis of polyphenols content and composition

Determination of total phenolic content (TPC) was
according Folin-Ciocalteu method and expressed as gal-
lic acid equivalents (mg GAE/g). The investigation of
polyphenol composition was performed on an HPLC
equipped with a UV-Visible detector at 290 nm using an
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ODS-HG-5 column (Develosil, 150 x 4.6 mm, i.d.) and a
security guard C18 ODS (4 x 3.0 mm, i.d.). The mobile
phase consisted of 2% (v/v) acetic acid in water (eluent
A) and 0.5% (v/v) acetic acid and 49.5% (v/v) acetoni-
trile in water (eluent B). The gradient was programmed
as follows: 12—-25% B (0—15 min), 25—-35% B (15—25 min),
35-55% B (25-50 min), 55-65% B (50—60 min), and
65—-12% B (60-70 min). The flow rate and injection vol-
ume were 1.0 mL/min and 20 pL, respectively [14].

Release ratio of polyphenols from APCM in simulated
gastrointestinal digestion model

In vitro release ratio of polyphenols from APCM was
detected in simulated gastric fluid (SGF) and simulated
intestinal fluid (SIF) by a modification of the method of
Pasukamonset et al. [17]. Briefly, the sample was treated
with SGF (1.0 g of NaCl, 12 mol/L HCI, 3.5 mL, pH 1.68)
at 37 °C with agitation, for 0-30 min. Then, the pH was
adjusted to SIF (0.2 mol/L NaOH, 0.2 mol/L KH,PO,, pH
6.8), followed by incubation at 37 °C with agitation for
0-30 min. APP as a control was performed. The samples
as a pair, were simultaneously divided into 6 parts, each
of which was prepared for each subsequent experiment,
respectively. And then, the solution was used to deter-
mine TPC and polyphenols content and composition.

Cell viability

For cell viability assays, RAW 264.7 cells were seeded
into a 96-well plate with a density of 5x 10° cells/wells
and incubated with the medium in the presence of sam-
ple at different concentrations. After incubation for 24 h,
media change to FBS free DMEM 100 pL, 5 mg/mL MTT
10 pL was added and continuous incubated for another
1 h. Victor 3 1420 Multilabel counter was then used to
dissolve the nitrogen crystal in dimethyl sulfoxide and
measure the absorbance at 595 nm [18].

Nitric oxide production

Nitric oxide (NO) production was detected according
Griess reaction method [3]. First, RAW 264.7 cells with a
density of 5 x 10° cells/wells were plated in 96-well plates,
incubated for 24 h and pretreated with the sample at dif-
ferent concentrations for 1 h, and then challenged with
LPS (5 pg/mL) for an additional 24 h. After incubation,

Table 1 Phenolics content of APP and APCM
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mixed with the same volume of Griess reagent and incu-
bated for 10 min. After then, the mixture was measured
at 540 nm with a Victor 3 1420 Multilabel counter, and
the absorption coeflicient was calibrated using a sodium
nitrite solution standard.

TNF-a production

TNF-a production induced in RAW 264.7 cells was per-
formed by the method of Pantea et al. [19]. Briefly, cells
with a density of 1 x 10° cells/well in 96-well plates were
treated with 10 pL of different concentrations of sample,
and the treated with 1 ug/mL of LPS and incubated for
24 h. After then, 100 pL of supernatants was moved to
ELISA plate from media, and incubate for 2 h at 20 °C.
And then add 50 pL of TNF-a antibody to each well and
incubate for 2 h at 20 °C. Add 50 pL of streptavidin-HRP
to each well and incubate for 2 h at 20 °C. Finally, deter-
mine the optical density of each well with a Victor 3 1420
Multilabel counter at 450 nm.

IL-10 production

IL-10 production in RAW 264.7 cells was detected using
ELISA method following the manufacturer’s protocol
[19], which is similar to TNF-a assay method.

Statistical analysis

Data were presented as means=standard deviations
(S.D.). Values were evaluated by analysis of variance
(ANOVA). p<0.05 was considered as significantly
difference.

Results and discussions

Polyphenols content and composition of APP and APCM
Polyphenols with various physiological activities are
mainly present in fruits and seeds. However, many poly-
phenols remain in apple pomace during processing [2].
Hence, carbohydrate hydrolyzing enzymes, Viscoz-
yme L assisted method was used to improve the extrac-
tion effect of unripe apple polyphenols in this study.
After enzyme-aided extraction, XAD-7 adsorption was
used the process. The extraction as well as the con-
tent and composition results are shown in Table 1. The
results showed that compared with the control group,
the extraction TPC rate in Viscozyme L aided treatment

Product TPC(mg GAE/g) Polyphenols composition (mg/g)

Chlorogenic acid Caffeicacid  p-Coumaric acid Quercetin-3-glucoside Phloridzin Phloretin
Control 247424163 108.10£0.87 269+0.13 091+£0.09 0.29+0.01 1748+£089  043£0.11
APP 498.724+2.52 7.294+0.59 36.16£037 10.22£0.21 13314033 8.73+0.22 3.16+0.23
APCM 35527+1.29 5.13+0.16 25331042 736+0.68 9.58+041 637+£0.17  231+0.18
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increased by about 2 times, indicating that the hydroly-
sis reaction was more active under enzyme-aided condi-
tions. In addition, as the main phenolic compounds in
apple fruits, chlorogenic acid, caffeic acid, p-coumaric
acid, quercetin-3-glucoside, phloridzin, and phlore-
tin were detected with and without Viscozyme L aided
treatment, respectively. Table 1 shown chlorogenic acid
(108.10 mg/g) content has the highest, followed by phlo-
ridzin (17.48 mg/g), caffeic acid (2.69 mg/g), p-coumaric
acid (0.91 mg/g), phloretin (0.43 mg/g) and quercetin-
3-glucoside (0.29 mg/g) in without Viscozyme L treated
control group, respectively. However, the polyphenols
composition of APP was significantly different compared
with control, which reflects the decrease of chlorogenic
acid (14.8 times) content associated with the increase of
caffeic acid (13.4 times) content (Table 1). In addition,
compared with the control, p-coumaric acid and querce-
tin-3-glucoside content increased about 11.2 and 45.9
times, respectively. According to previous research indi-
cated that caffeic acid and p-coumaric acid were widely
regarded as important indicators of the decomposition
of plant cell walls during enzymatic hydrolysis [7], which
could be explain the result of increase of caffeic acid
and p-coumaric acid by the carbohydrate-hydrolyzing
enzyme Viscozyme L (Table 1). Genaro-mattos et al. [20]
announced caffeic acid has excellent anti-inflammatory,
anti-mutagenic and anti-cancer effects. In addition, Car-
oline et al. [21] even investigated caffeic acid acting as an
inflammatory inhibitor. Thus, an even more pronounced
anti-inflammatory activity of APCM can be guaranteed,
allowing for further studies. The APCM was obtained
by the mixture ratio of APP and COS 2.5:1 (w/w) before
the spray-drying process. Table 1 alos showed polyphe-
nols content and composition of APCM. As expected, the
content and composition of APCM exhibited about 70%
level of APP, which means during the spray-drying pro-
cess, most of the polyphenols are successfully encapsu-
lated in COS, to minimize the loss of polyphenols during
processing.
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Morphology of APCM

As a drugs and nutrients carrier, COS helps overcome
certain adverse characteristics of drugs and nutrients,
such as insolubility and hydrophobicity [22]. How-
ever, the disadvantage of the narrow scope of COS
limits its application as active functional food [13]. In
recent years, the interactions between COS and green
tea extract [1], strawberry extract [23], and apple peel
extract [24], have been studied respectively. These days,
spray-drying technique has been developed for drug
making associated with COS [25]. Since, drug release
properties may be generated through the inclusion of
drug release modifiers during spray-dried process [26].
In this study, in order to improve bioavailability and
delivery of apple polyphenols to target cells by drug car-
rier COS, APCM was produced by spray-drying tech-
nique. Figure 1 shows the SEM of the APCM, as well
as COS and APP. As can be seen, the COS appeared to
have many wrinkles on the surface and there were gaps
between the wrinkles (Fig. 1a). However, APCM had a
smooth and spherical surface morphology except for
pores in larger microspheres observed at higher mag-
nification, with diameters between 20 um and 50 um.
Additionally, it was found in particle size analysis that
APCM have smaller particles and better redispers-
ibility than APP or COS (data not shown). The simi-
lar observation was recorded by Bruna et al. [26], who
studied chitosan-encapsulated Plinia cauliflora extract,
and confirmed that smaller particles had a larger sur-
face area resulting in a faster degradation. In addi-
tion, according to our previous research inferred that
the vast majority of APCM was obtained by physical
combining, due to hydrogen bonding, electrostatic
and van der Waals interactions between COS and APP
[27]. Thus, APCM were able to maintain APP and COS
their respective excellent health functions. So, it was
expected that APCM can better stabilize health benefit
functions compounds of the release than COS and APP.

Fig. 1 SEM photographs of APCM obtained by spray-drying using COS as an encapsulating agent. a COS, b APP, ¢ APCM

15.0kv x2.0k  20um
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Release ratio of polyphenols from APCM in simulated
gastrointestinal digestion model

To further understand the polyphenols absorption on
human body, the study of polyphenols release effect from
APCM was necessary. The polyphenols relealesed from
APP and COS encapsulated APCM in SGF (pH 1.68)
and SIF (pH 6.8) digestion model were demonstrated in
Fig. 2 and Table 2. The results showed that the release
of polyphenols from APP and APCM occurred within
60 min. As a control treatment, APP showed excellent
TPC and polyphenols release capacity. In addition, TPC
released from APCM ranged from 55.17% to 98.45% dur-
ing the incubation periods, which similar to APP release
ratio of 57.23% to 99.87%. In addition, the release ratio of
polyphenols from APCM showed similar pattern com-
pared with APP. Recently, many researches indicate that
after release in stomach and small-intestine, unreleased
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polyphenols could be further released in large-intestine
for prolonged periods [17]. Since, further studies on the
release and absorb by human body are required.

Anti-inflammatory effect of APCM against LPS-induced
RAW 264.7 cells

As an endotoxin, LPS is the principal component of
the outer membrane of gram-negative bacteria, which
could induce production of inflammatory mediators
such as NO, TNF-q, IL-1, IL-8 [28], etc. Therefore, LPS
induced RAW?264.7 cells have been used to evaluate the
anti-inflammatory effects of various materials. Moreo-
ver, it was agreed that LPS induces pro-inflammatory
cytokine IL-10 production, which can down-regulates
inflammatory response such as NO, TNF-a and IL-1 [3],
etc. Recently research also corroborated that inflamma-
tion is an important chronic trigger [29]. Fortunately,
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Fig. 2 HPLC chromatograms of polyphenols released from APP and COS encapsulated APCM in simulated gastrointestinal digestion model after
60 min. A COS; B APP; C APCM. 1 chlorogenic acid, 2 caffeic acid, 3 p-coumaric acid, 4 quercetin-3-glucoside, 5 phloridzin, 6 phloretin
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Table 2 Polyphenols release rates from APP and APCM in simulated gastrointestinal digestion model

Polyphenols Polyphenols content (release rate, %)
20 min 40 min 60 min
APP APCM APP APCM APP APCM

TPC (mg GAE/q) 285.0542.21 196.01£1.71(55.17) 398.01+1.71 260.0541.95 (73.31) 498.07 £2.13(99.87) 349.76+1.27 (98.45)
(57.23)* (79.91)*

Chlorogenic acid 4244021 (5821)*  28940.14 (5643) 5.84+0.29(80.05)* 3.80+£042(74.12) 7.2840.27(99.81) 5.04+0.12(98.42)

(mg/g)

Caffeic acid (mg/g)  21.0240.83 (58.13)* 14.274+0.53 (56.34)

28.77+£043 (79.57)*

18.81+£0.55(74.26) 36.01£053(99.57) 24.88+0.43 (98.24)

p-Coumaric acid 5814084 (56.87) 4.084062(5546) 8.05+0.34(7875* 543+£048(73.74) 10.154+045 (99.28)* 7.20+£0.48 (97.89)
(mg/q)

Quercetin-3-gluco- 766+£063(5757)% 521+£043(54.39) 10564036 (79.34)* 6.97+042(72.79) 13244047 (9949) 9414037 (98.21)
side (mg/q)

Phloridzin (mg/q) 5024042 (5742)* 347+032(5444) 6844+031(7834)* 4.70+£028(73.74) 871+0.34(99.81)* 6244033 (97.94)

Phloretin (mg/g) 1.80+£0.21(56.88) 1.294+0.21(55.83) 2524026 (79.76)* 1.68£031(72.71) 3.14+036(99.29) 2.28+0.37(98.78)

* APCM group compared with APP group (p <0.05)
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developing scientific evidence suggests that many antiox-
idant compounds such as polyphenols-rich fruits, vegeta-
bles and other plants have a strong potential to regulate
biological pathways to prevent or reduce inflammatory
diseases [19]. In this study, anti-inflammatory effect of
APCM against LPS-induced RAW 264.7 cells were inves-
tigated. APP and COS as control were performed. RAW
264.7 cells were treated with the concentration of 0.1,
0.3 and 0.6 mg/mL, respectively, and then induced NO,
TNF-a and IL-10 productions were determined to evalu-
ate the anti-inflammatory effect.

Cell viability

In order to determine the effect of APP on cell toxicity,
different concentrations of products were used to test
RAW 264.7 cytotoxicity to establish a suitable APCM
concentration range. The results indicated that as
increase APP concentration, cell viability decreased rap-
idly, and decreased to half when concentration reached
to 0.6 mg/mL (Fig. 3). This result suggest that high con-
centrations of APP produce high toxicity. This result was
supported by Du et al. [30], who reported that cytotoxic
effect was less significant in low concentrations of peel
fruit extract, however significantly affected by relative
high concentration of polyphenols [31]. In case of COS,
cell viability was not affected by concentrations and could
be maintained high level at different concentrations.
On the other hand, APCM displayed a similar inhibi-
tory effect with COS. These results indicate that APCM
enhances the cell viability, which was probably due to the
synergy effect of COS and APP. This result was supported
by Rui et al. [14], who pronounced that chlorogenic
acid-COS conjugates significantly increased cell viability

100 I 1 I I
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40

Cell viability (%)

20

NC 50%
MeOH

COS APP APCM
0.1 mg/mL

COS APP APCM
0.3 mg/mL

COS APP APCM
0.6 mg/mL

Concentration

Fig. 3 Effects of COS, APP and APCM on cell viability against
LPS-induced RAW 264.7 cells. Results were expressed as mean = S.D.
per group. NC untreated control cells, ‘sample group compared with
NC (p <0.05), *APCM group compared with COS group (p < 0.05),
*APCM group compared with APP group (p < 0.05)
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compared with chlorogenic acid. According to the above
results, the cytotoxicity is mainly caused by polyphe-
nols themselves, COS microcapsules have little effect in
apoptosis. In addition, according to Liang et al. [32], who
reported that COS-coated tea polyphenols nanoparticles
increased cell viability, which was in a dose-dependent
manner.

NO production

The anti-inflammatory effects of APP on the NO produc-
tion in LPS-induced RAW 264.7 cells were evaluated. As
shown in Fig. 4, during incubation time of 24 h, RAW
264.7 cells produced 3.51 uM NO in the untreated con-
trol cells. The results indicated that LPS stimulated RAW
264.7 cells promoted production of NO to 28.73 uM. In
the case of the APP treatment showed the highest NO
produced inhibition in a dose dependent manner cor-
responding to 41.83% (14.71 uM), 52.17% (13.74 pM)
and 68.78% (8.97 uM) inhibition at the concentration
of 0.1, 0.3 and 0.6 mg/mL, respectively, compared with
untreated control cells (NC) and APCM. Our results
were supported by Leyva et al. [3], who resulted that
NO production was significantly inhibited by oregano
leaves extract due to high levels of polyphenols. In our
case, APP contained rich polyphenols, about 498.72 mg
GAE/g (Table 1), and this may explain why APP have a
more significant effect on decreasing NO accumula-
tion. Furthermore, according to Rui et al. [14] and Gema
et al. [18], NO may bind to oxygen free radicals to form
potent oxidants involved in oxidative damage to cells and
tissues. Therefore, by enhancing ROS activity, to inhibit
NO production [4, 28]. Notably, in agreement with previ-
ous studies of antioxidant and ROS scavenging activities

30
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MeOH 0.1 mg/mL 0.3 mg/mL 0.6 mg/mL
Concentration

Fig. 4 Effects of COS, APP and APCM on NO production against
LPS-induced RAW 264.7 cells. Results were expressed as mean +S.D.
per group. NC untreated control cells, LPS only LPS (5 ug/mL)
treatment, # sample group compared with LPS (p <0.05), *APCM
group compared with COS group (p < 0.05), *APCM group compared
with APP group (p <0.05)
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(data not shown), APP exhibited excellent antioxidant
and ROS scavenging activities, which indicated that the
decrease of NO level was closely related high levels of
polyphenols and its radical scavenging activities.

In case of COS, at the concentration of 0.1, 0.3, and
0.6 mg/mL showed 6.92% (26.74 pM), 9.95% (25.12 pM)
and 12.56% (20.37 uM) inhibition against NO production,
respectively, whereas APCM showed 33.97% (18.97 uM),
45.55% (15.93 uM) and 64.78% (10.12 pM), respectively.
These results indicate that APCM have better inhibitory
effects of NO production than COS. In addition, with
the increase of APCM concentration, especially when
reaches to 0.6 mg/mL, the NO inhibition effect was
close to the same concentration APP level. Our results
were supported by Eom et al. [33], who reported that
COS showed relatively lower weak NO inhibition activ-
ity (7.5% at 0.4 mg/mL) whereas caffeic acid-COS con-
jugate (88.3% at 0.4 mg/mL) exhibited relatively higher
than COS. According to above mentioned results, we can
infer that NO inhibitory activity of APCM is related to its
structure, due to the substitutions on the aromatic ring
and the structure of the side chain COS perform as chain
breaking NO production effect [27].

TNF-a production

Several studies have suggested that whether products
have anti-inflammatory effects, TNF-a production play a
key mediators [19]. The effect of TNF-a production regu-
lated by COS, APP and APCM were shown in Fig. 5, very
low levels of TNF-a are produced in RAW 264.7 cells
without LPS induction. But, under the LPS induction,
cells secrete high levels of TNF-a. However, pretreatment
with APP significantly reduced the production of TNF-«
in LPS-induced RAW 264.7 cells at the concentration of
0.3 to 0.6 mg/mL from 36.55% to 65.74%. Genaro-mattos
et al. [20] and Zhang et al. [34] obtained similar results,
who investigated that TNF-a levels dramatic decreased
in hawthorn polyphenols and green tea polyphenols
treatment, respectively compared to untreated control.
In case of COS, the inhibition of TNF-a production was
not significantly affected by its concentrations. How-
ever, the production of TNF-a was significantly reduced
when APCM was treated in LPS-stimulated RAW 264.7
cells. At the concentration of 0.6 mg/mL, APCM reduced
TNF-a production about 61.1%, which the inhibition
of TNF-a activity of APCM was approximately 2 times
higher than COS. Ngo et al. [8] suggested COS could act
as immune-stimulating mediator, which could effects
the levels of many inflammation factors such as TNF-a
via the JNK/NF-kB pathways. In addition, Vo et al. [35]
announced that polyphenols had anti-inflammatory
properties by regulate of pro-inflammatory media-
tors, such as inhibition of iNOS expression and further
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NO production, TNF-a mRNA gene expression and
TNF-a production. Accordingly, it was suggested that
APP enhances the anti-inflammatory activities of COS
as well as drug carriers when it was microcapsulated in
COS. Thus, the inhibitory activity of APCM on TNF-a
was significantly higher than that of COS. It was in agree-
ment with the reported by Vo et al. [35], who reported
that gallate grafted-COS enhanced the anti-inflammatory
properties via inhibiting COX-2 expression and TNF-a
generations.

IL-10 production

IL-10 is a typical immunomodulatory and anti-inflam-
matory cytokine. Recently, several researches have
shown the promote effect of IL-10 production by poly-
phenols such as apigenin, kaempferol and resveratrol
treatment in RAW 264.7 cells [36]. According to this
background, this study aimed to investigate whether
the anti-inflammatory effects of APCM were attrib-
uted to upregulation of anti-inflammatory cytokine
IL-10. The effect of IL-10 production regulated by
COS, APP and APCM were shown in Fig. 6. To anti-
inflammatory cytokine, as expected, pretreatment with
APP significantly promoted the production of the IL-10
in LPS-induced RAW 264.7 cells from 6.6% to 49.1%
at the concentration of 0.1-0.6 mg/mL. As important
two key mediators, NO and TNF-a positively regulate
each other in host defense and inflammation process
[19]. In our case, a significant reduction of TNF-a and
NO production associated with a significant increase of
IL-10 production were observed when incubating RAW
264.7 cells with the increase of APP concentration
(Figs. 4, 5, 6). As expected, COS smoothly increased
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IL-10 production, implying that COS can also play its
anti-inflammatory role by positively regulating IL-10
expression. According to Mei et al. [37], COS may
effectively improve the level of IL-10 to regulate the
function of immunocompetent cells. Furthermore,
IL-10 production significant increased in APCM treat-
ment compared with the COS group, which is similar
to previous observations of Nourhan et al. [38], who
reported the alginate-coated chitosan nanoparticles
dramatic enhanced IL-10 level compared with chitosan
alone treatment, which via Th1/Th2 immune pathway.

Abbreviations
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nols-chitooligosaccharides microcapsule.
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