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ABSTRACT

This study was designed to evaluate the immunomodulatory proprieties and antioxidant effect of
chicken protein by comparing with gluten and casein consumption. 18 Six-week-old female Balb/c
mice were randomly separated into 3 groups. Without acclimation, mice were fed ad libitum for 8
weeks with AIN-93G (without protein) supplemented with casein or gluten or chicken protein (20% of
the total amount) for casein, gluten and meat group respectively. Flow cytometric analysis was used to
measure the cell surface expression of CD11b as macrophage marker, and CD11c+cells in the spleen. In
addition, for distinguishing the phenotype of macrophage, ELISA was performed to measure the
interferon-y and interleukin-10 in the supernatant of splenocytes cultured with 10ug/mL of
concanavalin A. Oxidative stress was evaluated by measuring the total reactive oxygen species
generation in liver. For this purpose, the probe, 2', 7'- dichloro-dihydrofluorescein-diacetate was used,
and the result was expressed as fluorescence intensity per mg of protein in the liver homogenate.
Regarding the results, splenocytes isolated from mice for each group contained high rate of
macrophage, 5.71+0.41%, 5.95+0.47% and 5.24+0.63% for casein, gluten and meat group
respectively. Yet, the level of interferon-y and interleukin-10 in the supernatant of splenocytes cultured
with concanavalin A for 96h showed no significant differences. In addition, the variation intra-group
was a bit high. In fact, interferon -y production was ranged from 30.57 to 162.95 pg/mL, 0 to 122.95
pg/mL and 16.29 to 188.67pg/mL for casein, gluten and meat group respectively. Interleukin-10
production was varied from 7.75 to 185.25pg/mL, 0 to 75.25pg/mL and 0 to 272.75pg/mlL for casein,
gluten and meat group respectively. Concerning reactive oxygen species generation, no significant
difference was also found. However, the trend showed that meat group produced less reactive oxygen
species than the 2 other dietary groups. In fact, it was ranged from 0.4940.03 to 0.96+0.06, 0.68+0.16
to 1.1240.22 and 0.49+0.08 to 0.74+0.11 fluorescence intensity/mg of protein for casein, gluten and
meat group respectively after 40 and 80min of incubation of liver homoginate with DCFDA. Taken
together, despite the high rate of macrophage, it was difficult to draw any conclusion about the
dominant phenotype in each group. Concerning the antioxidant effect, the trend showed that meat

group produces less reactive oxygen species than the other 2 dietary groups.
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1.INTRODUCTION

Food of animal origin including meat is required
to maintain the health of human body [1].
Because, meat is specifically valuable as a
source of many nutrients with high biological
value such as protein, vitamin B (B12), omega-3
fatty acid, highly bioavailable iron [2]. It was
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thought that consumption of meat, par-
ticularly rich in unsaturated fats, is the factor
responsible for the increase in brain size over
the last 4.5 million years [3 - 4]. Apart from
being a good source of potential nutrients,
meat such as chicken meat contains also many
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bioactive compounds which can protect and
maintain the human body healthy. In fact,
chicken meat contains some antioxidant
compounds namely anserine (B-alanyl-N-
methylhistidine) and carnosine (B-alanyl L-
histidine) which are capable of inhibiting lipid
oxidation [5 - 6]. In addition, it was reported
that hydrolyzed chicken extract can inhibit
Angiotensin -l converting enzyme (ACE) which
is an enzyme playing a leading part in the
increase of blood pressure [7]. Moreover,
Chicken extract can reduce pro-inflammatory
cytokine production in KOR-ApoEshl mice
model. Besides, Sim et al. reported that chicken
meat had a hypoglycemic action in type-2
diabetic KKAy mice and GKrats [8].

Unfortunately, despite the presence of a
number of potential and protective bioactive
compounds, too much consumption of meat
was thought to contribute to the progression of
chronic diseases such as cardiovascular
diseases, cancer, type 2 diabetes, hypertension,
and high blood lipid [9, 10].

As discussed above, meat consumption is
necessary for human health and well-being by
consuming moderately. For this purpose, this
study was designed to evaluate the
immunomodulatory proprieties and
antioxidant effect of chicken protein
consumption by comparing with gluten and
caseinconsumptioninmice.

2. MATERIALAND METHODS

2.1.Reagent

Hanks' Balanced Salt Solutions (HBSS), RPMI-
1640 medium, penicillin and streptomycin
were purchased from Life Technologies
(Foster City, CA, USA). Fetal bovine serum
(FBS) was obtained from ICN Biomedicals
(Osaka, Japan). ELISA kit was purchased from
DuoSet (R&D Systems). Chicken protein was
kindly provided by R&D Center, Nippon Meat
Packers Inc. (Tsukuba, Ibaraki, Japan). Casein
and Gluten were purchased from Wako Pure
Chemical industries Ltd. (Osaka, Japan) and
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Nacalai Tesque Inc. (Kyoto, Japan)
respectively. Finally, 2', 7' Dichloro-
dihydrofluorescein diacetate (DCFDA) was
purchasedfromSigmaAldrichJapan.

2.2.Experimental animal and diet
Six-week-old female Balb/c mice (n=18) were
obtained from Charles River (Kanagawa,
Japan). Without acclimation, mice were
randomly divided into 3 groups. The
experiment was carried out according to the
experimental protocol approved by the Animal
Care Committee, Graduate School of Biosphere
Science, Hiroshima University. Mice were
housed in cage with a 12-h light: dark cycle
(light 8:00 am-8:00pm) in an air conditioner
room (24+1°C and 60% humidity). They were
fed ad libitum for 8 weeks with AIN-93G
(without protein) supplemented with casein or
gluten or chicken protein (20% of the total
amount) for casein, gluten and meat group
respectively. The animal food was cleaned up
everyday in order to discard the excreta, and
the drinking water was changed every two days.
The body weight was measured 3 times a week.
At the end of the feeding period, all mice were
sacrificed by performing a cervical dislocation.
Then, blood, tongue and organs such as spleen,
liver and brain were collected, snap-frozen in
nitrogen liquid and stored at — 80°C, except
spleen, for further experiments.

2.3. Murine splenocytes preparation and
stimulation

The preparation of splenocytes was performed
as previously described but slightly modified
(http://www.thelabrat.com/protocols/splenoc
yteprep.shtml) [11].

2.4. Flow cytometric analysis of macrophage
and CD11c+cellsinspleen

Flow cytometry was used to measure the cell
surface expression of CD11b as macrophage
marker in general, and CD11c as dendritic cells
marker but also considered as classically M1
macrophage marker [12].
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2.5. Measurement of cytokine level

The level of interferon (IFN)-y and interleukin
(IL)-10 were measured in the supernatant of
splenocytes cultured with Con A (for 24h and
96h incubation). Sandwich ELISA (DuoSet. R&D
Systems) was used according to the ma-
nufacturer'sinstruction[12-13].

2.6.Total ROS generation assay

First of all, liver homogenate was prepared
according to the method described previously
but slightly modified [13]. Concerning the ROS
generation assay, it was performed as the
method described previously but slightly
modified [14].

2.7. Statistical analysis

Data are presented as mean + SEM, and
analyzed using one-way ANOVA. The statistical
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0.00

significance was set at p<0.05.

3.RESULTS

3.1.Increaseinbodyweight

Each mouse gained weight during the period
feeding. However, it appears that thisincrease
in BW varied slightly among the mice
belonging to each group. It was ranged from
4.58 to 10.47g, 2.56 to 10.06g and 3.29 to
8.45g for casein, gluten and meat group
respectively. No significant difference was
found among any of the 3 groups. Figure 1
shows the increase in body weight during the
feeding period and table 1 presents the gainin
body weight at the end of the feeding period
for each mouse. Appendix 1 presents the
preliminary results (feeding period 4 weeks)
concerningtheincreaseinbodyweight.

——Gluten group
—e— Casein group
—— Meat group

Figure 1. Increase in body weight for each dietary group during the feeding period

Table 1. Gain in body weight for each mouse at the end of the feeding period

Casein (g) Gluten (g) Meat (g)
Mouse 1 10.47 3.70 5.97
Mouse 2 8.82 10.06 4.33
Mouse 3 4.58 5.08 8.45
Mouse 4 5.39 2.56 3.29
Mouse 5 4.78 3.47 4.84
Mouse 6 7.64 9.09 5.33

Mean * SE 6.95+0.99 5.66%1.29 5.37+0.72
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3.2.Splenic macrophage and CD11c+cells

During the preliminary study, four types of
immune cells were measured in the spleen,
such as T cells, B cells, dendritic cells, and
macrophage (see appendix 3). The trend
showed that the percentage of splenic
macrophage was a bit high in gluten and meat
group. In order to follow this hypothesis, during
this study, only splenic macrophage, and

CD11c+ cells were taken into account. The rate
of splenic macrophage was high for each group.
However, no significant difference was found.
Figure 2 shows the flow cytometric result, and
table 2 presents the detail about it. Regarding
CD11c+ splenocyte, no significant difference
also was detected among any of the dietary
group. Figure 3 and table 3 show the result
abouttherate of CD11c+splenocytes.

5.58% 6.64% 3.98% 5.44% 5.86%
A
B 3.72% 5.84% 6.30% 6.86% 6.66%
C 7.40% 3.40% 4.16% 5.80% 4.28%
Cd11b

Figure 2. flow cytometric analysis for splenic macrophage by the expression of CD11b

marker, (A) casein group, (B) gluten group and (C) meat group

Table 2. Rate of splenic macrophage for each mouse

Casein (%) Gluten (%) Meat (%)
Mouse 1 5.58 3.72 7.40
Mouse 2 6.64 5.84 3.40
Mouse 3 3.98 6.30 4.16
Mouse 4 5.44 6.86 5.80
Mouse 5 5.86 6.66 4.28
Mouse 6 6.74 6.32 6.42

Mean 5.71+0.41 5.95+0.47 5.24+0.63
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1.28% 1.50% 2.20% 3.26% 2.90% 3.68%
A
5 2.30% 2.00% 2.38% 2.48% 4.20% 3.06%
1.8% 2.06% 1.60% 1.50% 2.28% 2.84%
C
Cdlic
>

Figure 3. Flow cytometric analysis for CD11c + spleen cells, (A) casein group, (B) gluten
group, (C) meat group

Table 3. Rate of CD11c+ splenocyte for each mouse

Casein (%) Gluten (%) Meat (%)
Mouse 1 1.28 2.30 1.80
Mouse 2 1.50 2.00 2.06
Mouse 3 2.20 2.38 1.60
Mouse 4 3.26 2.48 1.50
Mouse 5 2.90 4.20 2.28
Mouse 6 3.68 3.06 2.84

Mean 2.47%+0.40 2.74+0.33 2.01+0.20

It was reported that macrophage consists of at
least two different phenotypes, classically
activated M1 macrophage and alternatively
activated M2 macrophage. M1 macrophage
produces proinflammatory cytokine such as IFN-
y, Tumor necrosis factor (TNF)-a, IL-6, monocyte
chemoattractant protein (MCP)-1, thus
contributing to the induction of chronic diseases
for example insulin resistance [15]. Whereas,
M2 macrophage was involved in the resolution
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of inflammation, by secreting IL-10 and TGF-B, in
repair and in wound remodeling of tissue via
angiogenesis [16]. According to this information,
and in order to define the dominant phenotype
for each dietary group, the level of IFN-y and IL-
10 production were measured.

3.3. Cytokine productivity
Interferon (IFN)-y and IL-10 were not detected
in any of the supernatant of splenocyte
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cultured with Con A for 24h incubation.
Regarding 96h incubation, no significant
differences were found among any of the 3
groups. Besides, the variationintra-group was a
bit high. The production of IFN -y was ranged
from 30.57 t0 162.95 pg/mL,0t0 122.95 pg/mL
and 16.29 to 188.67pg/mL for casein, gluten
and meat group respectively. Regarding IL-10,

the rate of production was varied from 7.75 to
185.25pg/mL, 0 to 75.25pg/mL and 0O to
272.75pg/mLfor casein, glutenand meat group
respectively. It was noticed that IFN-y and IL-10
were not detected in the supernatant of
splenocytes from mice 2 and 4. Table 4 shows
more details about these data. Appendix 3
presentsthe preliminaryresults.

Table 4. INF-y and IL-10 production in the supernatant of splenocytes culture with Con Afor 96h

Casein Gluten Meat

IL-10 IFN-y IL-10 IFN-y IL-10 IFN-y
(pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL)

Mouse 1 47.75 112.48 75.25 89.62 0.00 88.67

Mouse 2 10.25 162.95 0.00 0.00 92.75 33.43

Mouse 3 30.25 30.57 22.75 72.48 272.75 16.29
Mouse 4 7.75 62.00 0.00 0.00 0.00 145.81
Mouse 5 115.25 140.10 0.25 104.86 80.25 130.57
Mouse 6 185.25 109.62 15.25 122.95 0.00 188.67

Mean + SE | 66.08+28.73|102.95+20.03{18.92+11.92|64.984+21.65|74.29+43.33 |100.574+27.36

3.4.ROS generation

No significant difference was found concerning
the generation of ROS after 40min and 80min
incubation of the liver homogenate with DCFDA.
However, the trend shows that meat group
produces less than the other dietary groups. In
fact, it was ranged from 0.49+0.03 to 0.96+0.06,
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0.68+0.16 to 1.12+0.22 and 0.49+0.08 to
0.74+0.11 fluorescence intensity/mg of protein
for casein, gluten and meat group respectively
after 40 and 80min of incubation with DCFDA.
Figures 4 show respectively the ROS detection
for each dietary group after 40min and 80min of
incubation of liver homogenate.
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Figure 4. ROS detection for each dietary group after 40min (A) and 80 (B) incubation of liver
homogenate with DCFDA
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4.DISCUSSION

During the preliminary experiment (feeding
period 4 weeks), the increase in body weight
for meat group was progressive. However,
during this second experiment, it was slowed
down during the second month of
consumption (feeding period 8 weeks). The
reason was not yet clear, but by hypothesis, it
may be related to the duration of feeding
period, because it was reported that long
term consumption, ranging from 2 weeks to
one year ad libitum of high protein diet can
cause a weightloss [17]. In addition, Paddon-
Jones et al. reported that protein tends to be
more satiating than the other macro-
nutrients, both at the level of a single eating
occasionandoverdaysand weeks [18].

Concerning the increase in splenic
macrophage in meat group, the cause was
not yet clear, because even in the other
dietary group, it was high. However, it was
reportedthatthereisarelationshipbetween
food intake and increase in splenic
macrophages [19 - 20]. Concerning the IFN-y
and IL-10 production, the variation intra-
group was so high, forexampleIL-10and IFN-
Yy were not detected in the supernatant of
splenocytes from some mice cultured with
Con A. Consequently, it was difficult to
describe the dominant phenotype of splenic
macrophage for each group. For further
experiment, the proceeding may be
reviewed and considered. In fact,
Petursdottir and Hardardottir reported that
for IL-10 production purpose, Con A
stimulates more T cells to secrete IL-10 (and
TNF-a) by binding to CD3 molecule or
perhaps also via CD2 [20]. Whereas, IL-10
(and TNF-a) measured following stimulation
with lipopolysaccharide (LPS) was most
likely secreted by macrophage as LPS binds
to CD14 expressed on monocyte and
macrophage. Concerning the generation of
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ROS in liver, no significant difference was
found but the trend show thatin meat group
produces less ROS than the other groups. In
fact, it was reported that meat contains
some protein —related bioactive compound
which can prevent oxidative damage. This
action was attributed to neutralization and
reduced release of free radicals by inhibiting
lipid oxidation [5 - 6]. For further
experiment, ROS generation will be taken
again into account, and the proceeding also
willbereviewed.

5.CONCLUSION AND PERSPECTIVE

Taken together, the number of splenic
macrophage in meat group was a bit high.
However, the reason was not yet clear,
because even in the other dietary groups, it
was high. There is no significant difference
amongany of the 3 dietary groups. Concerning
the predominant phenotype of macrophage,
it was a bit difficult to draw any conclusion,
because the variationintra-group on IL-10 and
IFN-y production was so high. Concerning the
antioxidant effect of meat consumption in
liver, no significant difference was also found.
But, the trend showed that meat group
producesless ROSthanthe othergroups.

For further experiments, the dominant
phenotype of macrophage and ROS
generation will be againtakenintoaccount. In
fact, there was atrend, but the difference was
not statistically significant. In addition, each
data from each mouse is not uniform. For this
purpose, the proceeding will be reviewed.
Concerning macrophage phenotype
particularly, it is difficult to draw any
conclusion. Soifitis necessary, the indicators
used, fromwhich we canconclude concerning
the dominant phenotype, will be considered.
On the other hand, the effect of meat
consumption on taste and olfactory acuity
will be evaluated.
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So sanh cac dac tinh diéu hoa mién dich va tac dung
oxy héa cua viéc hap thu protein, casein va gluten &

chuot
Tran Van Hung, Pham Khanh Dung va Takuya Suzuki

TOM TAT

Nghién ciru ndy duoc thiét ké dé ddnh gid cdc ddc tinh diéu hda mién dich va tdc dung chéng oxy
hda cia protein ga bdng cdch so sdnh véi mire tiéu thu gluten va casein. 18 chudt Balb/c cdi 6
tué@n tudi duwoc chia ngdu nhién thanh 3 nhém. Nhitng con chubt durgc cho dn tw do trong 8 tudn
vdi AIN-93G (khéng c6 protein) dwoc bé sung casein hodc gluten hodc protein ga (20% téng
lwong) chonhém casein, glutenva thit twong tng. Phdn tich té bao dwocsirdung dé do biéu hién
bé mdt té bao cliia CD11b dudidang chdt ddnh déu dai thuc bdo va cdc té bao CD11c+ trong ld
Idch. Ngoadira, déphdn biét kiéu hinh clia daithucbdo, ELISA dd duwoc thuchién dédo IFN-yva IL-
10trong djch ndi cta cdc té bao Idch dwoc nudi cdy vdi 10ug/ml concanavalin A. Sw céing thdng
oxy héa dwoc ddnh gid bang cdch do téng sé logi oxy phdn trng duoc tao ra trong gan. Vi muc
dich ndy, mgu do, 2', 7'- DCFDA dd dwoc sir dung, va két qué dwoc biéu thj bdng cudng dé huynh
quang trén mbimg protein trong dich gan déng nhdt. Cdc tébao ldch duocphdn ldp tirchudt cho
mdinhdm chira ty 1é dai thuwe bao cao, 1én lwotla 5,71 +0,41%, 5,95 +0,47% va 5,24 + 0,63% d6i
v&i nhém casein, gluten va thijt. Tuy nhién, murc d6 IFN-y va IL-10 trong dich néi ctia té bao ldch
dwocnubi cdy bang concanavalin A trong 96 gid cho thdy khéng cd sw khdc biét ddng ké. Ngoadi
ra, sw khdc biét trong nhém la cé thay déi. Trén thuc té, sén xudt IFN-y dao déng tir 30,57 dén
162,95 pg/ml, 0 dén 122,95 pg/mlL va 16,29 dén 188,67 pg/mL d6i véi nhém casein, gluten va
thit twong tng. San xudt IL-10 thay déi tir 7,75 dén 185,25pg/mL, 0 dén 75,25pg/mL va 0 dén
272,75pg/mL déi vdi casein, gluten va nhém thjt twong trng. Lién quan dén viéc tao ra cdc loagi
oxy phdn trng, ciing khéng cé sw khdc biét ddng ké nao duoc tim thdy. Tuy nhién, xu hudng cho
thdy nhom thijt tao ra it oxy phdn trng hon so véi 2 nhém dn kiéng khdc. Trén thuc té, né nam
trong khodng tir 0,49 + 0,03 dén 0,96 + 0,06, 0,68+0,16 dén 1,12+0,22va 0,49+ 0,08dén 0,74 +
0,11 cworng d6 huynh quang/mg protein d6ivdinhém casein, gluten va thijt tvong tng sau 40va
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80 phutucuagan homoginate vdi DCFDA. Téng ho'p lai, mdc du ty 1é daithuc bdo cao, ridt khé dé
dwa ra bat ky két lugn nao vé kiéu hinh chiém wu thé trong mbi nhém. Lién quan dén tdc dung
chéng oxy héa, xu hudng cho thdy nhém thit tao ra cdc logi oxy phdn t*ng it hon so véi 2 nhém én
kiéng conlai.

Tirkhéa: Protein, diéu hoa mién dich, dai thuc bdo, stress oxy hoa, chudt
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