Cytotechnology (2014) 66:75-85
DOI 10.1007/s10616-013-9539-5

ORIGINAL RESEARCH

Immunomodulatory activity of Bengkoang (Pachyrhizus
erosus) fiber extract in vitro and in vivo

Ika Dyah Kumalasari + Kosuke Nishi -
Eni Harmayani - Sri Raharjo - Takuya Sugahara

Received: 27 September 2012/ Accepted: 9 January 2013 /Published online: 30 January 2013

© Springer Science+Business Media Dordrecht 2013

Abstract Bengkoang (Pachyrhizus erosus (L.)
Urban) is one of the most popular edible root
vegetables in Indonesia. Bengkoang contains fairly
large amounts of carbohydrates and crude fiber. The
purpose of this research is to evaluate the immuno-
modulatory effect of the bengkoang fiber extract
(BFE) in vitro and in vivo. BFE was prepared by
heating the powder of bengkoang fiber suspended in
distilled water at 121 °C for 20 min. BFE facilitated
IgM production by the human hybridoma cell line
HBA4CS5 cells. In addition, production of IgM, IgG, and
IgA by mouse primary splenocytes was facilitated by
BFE in a dose-dependent manner. BFE also signifi-
cantly facilitated production of both interleukin-5 and
interleukin-10 by splenocytes. Immunoglobulin pro-
duction by lymphocytes from the spleen, Peyer’s
patch, and mesenteric lymph node were significantly
activated by oral administration of BFE to mice for
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14 days. The serum immunoglobulin levels of IgG,
IgM, and IgA were also significantly enhanced.
Furthermore, cytokine production by lymphocytes
from the spleen, Peyer’s patch, and mesenteric lymph
node were also facilitated by oral administration of
BFE. These results suggest that BFE has positive
effects on the immune system in vitro and in vivo.
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Introduction

It is well known that the immune function is vitally
important for prevention and recovery from infectious
diseases. There are many evidences about modulation
and activation of the immune function and immune
response by food intake. Many foodstuffs that can
activate the immune system have been screened out
(Miyazaki et al. 2005; Cherng et al. 2007; Lin et al.
2005; Chen et al. 2012, Thakur et al. 2012). Activation
of the immune response contributes to reduction of the
risks of chronic diseases. The immune response can be
divided into two categories such as the innate immune
response and adaptive immune response. Although the
adaptive immune response takes a long time after
infection, it provides highly specific protection against
pathogens. Lymphocytes play an essential role in the
adaptive immune response. B cells give an important
contribution to the humoral immune response by
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production of immunoglobulins (Igs). On the other
hand, T cells also play an important role in the cell-
mediated immunity. We have focused on the foodstuffs
that activate the immune system for development of
functional foods (Sugahara et al. 2005; Nishi et al.
2011,2012; Morishige etal. 2011; Daifuku etal. 2012).

Bengkoang (Pachyrhizus erosus (L.) Urban) is an
underutilized crop of family Leguminosae, subfamily
Papilionoidea. The underground starchy root of ben-
gkoang is one of the most popular edible root
vegetables that grow in many areas of tropical and
sub-tropical regions, especially in Indonesia. Bengko-
ang tuber is brown-skinned, white-fleshed, crispy, and
juicy with an irregularly globular shape. Both cooked
and uncooked bengkoang can be eaten in many kinds
of dishes. The edible part of bengkoang consists of
82.0 % of water, 14.9 % of carbohydrates, 1.2 % of
proteins, 0.1 % of lipids, and 1.4 % of crude fiber
(Noman et al. 2007). The tuber also contains a large
amount of ascorbic acid. Sweet flavour of bengkoang
comes from the oligofructose inulin. In addition,
flavonoids, thiamine, riboflavin, pyridoxine, adenine,
choline, saponine, niacin, phytoestrogen, and folic acid
are also detected (Noman et al. 2007; Nurrochmad
et al. 2010). Non-digestible carbohydrates have a
beneficial impact on modulation of the immune system
by their fermented products that associate with the gut-
associated lymphoid tissue (GALT). Dietary fiber has
resistant properties in the small intestine of mammals
and is fermentable in the large intestine partially or
completely. Dietary fiber components are usually
grouped into two major types depending on their
solubility in the intestine; soluble fiber such as pectins,
mucilage, loosely bound hemicelluloses, B-glucans,
and non-digestible oligosaccharides including inulin,
and insoluble fiber such as cellulose, lignin, and tightly
bound celluloses (Rodriguez et al. 2006; Alvarez and
Pefia-Valdivia 2009). Dietary fiber has beneficial
effects on the gastrointestinal track, and their digested
products are associated with GALT that can modulate
various properties of the immune system. GALT is
composed of aggregated tissues in the form of Peyer’s
patches (PPs), solitary lymphoid follicles, non-aggre-
gated cells in the lamina propia, and intraepithelial
regions of the intestine as well as mesenteric lymph
nodes (MLNs) (Langkamp-Henken et al. 1992). Ben-
gkoang has a larger amount of crude fiber than potato or
sweet potato. However, the potency of crude fiber from
bengkoang in our body has yet to be reported. An
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evidence of the immunomodulatory activity of ben-
gkoang fiber is important and valuable for improving
the bengkoang fiber as functional foods with the
potency to modulate the immune system. In this study,
we focused on the immunomodulatory effect of the
bengkoang fiber extract (BFE) in vitro and in vivo.

Materials and methods
Preparation of BFE

Bengkoang tubers were peeled, grated, and suspended
in distilled water. The suspension was settled down
overnight to separate fiber from starch. The superna-
tant was collected as the bengkoang crude fiber. The
crude fiber was steamed for 30 min, soaked in 80 %
ethanol at 60 °C for 20 min, filtrated, and squeezed to
collect the concentrate. The fiber concentrate was
oven-dried and ground into powder. A BFE solution
was prepared by suspending the bengkoang fiber
powder in distilled water at 10 g/100 mL. The
suspension was heated at 121 °C for 20 min or left
at 25 °C for 2 h. Both suspensions were centrifuged at
15,600x g for 20 min to remove insoluble materials.
Each supernatant was dialyzed against distilled water
using a dialysis membrane with molecular weight cut
off of 14 kDa (Wako Pure Chemical Industries,
Osaka, Japan) and sterilized by filtration.

Experimental animals

Five-week-old female BALB/c mice were purchased
from Japan SLC (Shizuoka, Japan). The mice were
kept in a specific pathogen-free facility and acclimated
to their housing environment for 1 week prior to
experiment. They were given free access to standard
laboratory rodent chow (Rodent LabDiet EQ 5L37;
Nutrition International, Brentwood, MO, USA) and
water. Animal room was maintained under controlled
conditions of temperature at 25 4+ 1 °C, humidity at
55 £ 5 %, and 12-h light/12-h dark cycle. All animal
experiments described herein were carried out in
accordance with the protocol approved by the Labo-
ratory Animal Care Committee of Ehime University.
Mice were maintained in accordance with the Guide-
lines for the Care and Use of Laboratory Animals of
Ehime University.
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Immunomodulatory effect of BFE on HB4CS5 cells

The Ig production-stimulating activity of BFE was
examined using the human—human hybridoma HB4C5
cells that were a fusion product of a human B
lymphocyte from a lung cancer patient with a human
fusion partner NAT-30 (Murakami et al. 1985).
HBA4CS5 cells were cultured in ERDF medium (Kyokuto
Pharmaceutical, Tokyo, Japan) containing 10 pg/mL
of insulin (Sigma, St. Louis, MO, USA), 20 pg/mL
of transferrin (Sigma), 20 uM ethanolamine (Sigma),
and 25 nM sodium selenite (Sigma) (ITES-ERDF
medium) at 37 °C under humidified 5 % CO,—95 % air
(Murakami et al. 1982). HB4C5 cells were inoculated
at 5.0 x 10* cells/mL in ITES-ERDF medium con-
taining various concentrations of BFE into a 96-well
culture plate. The amount of IgM in culture medium
6 h after inoculation was measured by an in-house-
developed enzyme-linked immunosorbent assay
(ELISA) as described previously (Sugahara et al.
1994). The assays were carried out in triplicate. The
limit of detection (LOD) for human-IgM was 1 ng/mL.

Immunomodulatory effect of BFE on mouse
splenocytes in vitro

Following 1 week acclimation, 6-week-old female
BALB/c mice were sacrificed by cervical dislocation,
and splenocytes were prepared as described previously
(Kumalasari et al. 2012). Splenocytes were suspended
in RPMI 1640 medium (Sigma) supplemented with
100 U/mL of penicillin (Sigma), 100 pg/mL of
streptomycin (Sigma), and 5 % of fetal bovine serum
(FBS; SAFC Biosciences, Lenexa, KS, USA). Spleno-
cytes were then inoculated into a 48-well culture plate
at 1.0 x 10° cells/mL in 5% FBS-RPMI 1640
medium containing BFE at various concentrations
and cultured in a CO, incubator at 37 °C for 24 h. The
amounts of IgM, IgA, and IgG secreted into culture
medium were measured by ELISA as described
previously (Nishimoto et al. 2009). The LOD of each
assay was 0.39 ng/mL for mouse-IgM, 1.56 ng/mL for
mouse-IgG, and 0.39 ng/mL for mouse-IgA. To
examine the effect of BFE on cytokine production,
splenocytes were inoculated into a 48-well culture
plate at 2.0 x 10° cells/mL in 5 % FBS-RPMI 1640
medium containing 5 pg/mL of concanavalin A (Con
A; Seikagaku, Tokyo, Japan) and cultured for 48 h.
The amounts of interleukin (IL)-4, IL-5, IL-6, IL-10,

tumor necrosis factor (TNF)-a, and interferon (IFN)-y
in culture medium were measured by commercially
available ELISA kits (eBioscience, San Diego, CA,
USA). The assays were performed in triplicate. The
LOD of each assay was 4 pg/mL for IL-4, 4 pg/mL for
IL-5,4 pg/mL for IL-6, 15 pg/mL for IL-10, 0.75 pg/mL
for TNF-o,, and 15 pg/mL for IFN-y.

Immunomodulatory effect of BFE in vivo

Following 1 week acclimation, 6-week-old female
BALB/c mice were divided into 3 groups (6 mice per
group). They were orally administered with BFE at
6.75 or 27 mg/kg body weight/day for consecutive
14 days or with distilled water for the control group.
One day after the oral administration finished, the
blood was collected and centrifuged at 18,000x g for
30 min at 4 °C to collect the serum (LeBlanc et al.
2004). The spleen, PP, and MLN were collected from
each mouse. Lymphocytes from the PP and MLN were
prepared with the same procedure as for the prepara-
tion of splenocytes and suspended in 5 % FBS-RPMI
1640 medium. For determination of the Ig production-
stimulating activity, lymphocytes were inoculated into
48-well culture plates at 1.0 x 10° cells/mL and
cultured for 24 h. For determination of the cytokine
production-modulating activity, lymphocytes were
inoculated into 48-well culture plates at 2.0 x 10°
cells/mL in 5 % FBS-RPMI 1640 medium containing
5 pg/mL of Con A and cultured for 48 h. The amounts
of IgA, IgG, and IgM secreted into culture medium
were measured by ELISA as described previously
(Nishimoto et al. 2009) and the amounts of IL-4, IL-6,
IL-10, IFN-vy, TNF-a, and transforming growth factor
(TGF)-B secreted into the culture medium were
measured using ELISA kits (eBioscience). The assays
were carried out in triplicate. The LOD of the TGF-3
assay was 60 pg/mL. The cultured cells were also used
for real-time RT-PCR as described below.

Real-time RT-PCR analysis

The cells used for evaluation of the Ig or cytokine
production-modulating activity were also used for
real-time RT-PCR analysis. Total RNA was isolated
from the cells using Sepasol-RNA I Super G (Nacalai
Tesque, Kyoto, Japan) according to the manufacturer’s
instructions. Total RNA was used as a template for
cDNA synthesis performed using MMLV-reverse
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Table 1 Sequences of primers for real-time RT-PCR

Primer Sequence (5'-3')

Mouse 5'-CATCCGTAAAGACCTCTATGCCAAC-3'
B-actin (sense)

5-ATGGAGCCACCGATCCACA-3' (antisense)

Mouse 5-GGGGCACTGGTCACATACTT-3' (sense)

IgM 5'-CAGCTCGTGAGCAACTGAAC-3'
(antisense)

Mouse 5-TATGGACTACTGGGGTCAAG-3' (sense)

IgG1 5-CCTGGGCACAATTTTCTTGT-3'

(antisense)
Mouse IgA  5'-TGCA CAGCTTTCTTCTGCAC-3’ (sence)

5'-TGCCAGCCTCACATGTACTC-3'
(antisense)

transcriptase (Promega, Madison, WI, USA) and oligo-
(dT),g primer. The real-time PCR mixture, with a final
volume of 20 pL, consisted of Fast SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA,
USA), 1 pM of a forward primer, 1 pM of a reverse
primer, and 0.1 pg of a cDNA sample. The thermal
cycling conditions were: 20 s at 95 °C, and 40 cycles of
3 s at 95 °C and 30 s at 60 °C. PCR products were
measured with a StepOnePlus Real-time PCR System
(Applied Biosystems), and the relative gene expression
was calculated based on the comparative CT method
using a StepOne Software v2.1 (Applied Biosystems).
The expression of B-actin was used as an endogenous
control. Specific oligonucleotide sequences for each
gene are listed in Table 1.

Statistical analysis

Each result is expressed as the mean =+ standard
deviation (SD). One way ANOVA followed by
Tukey’s test was used to assess the statistical signif-
icance of the difference. Values with *p < 0.05,
**p < 0.01, or ***p < 0.001 were considered to be
statistically significant.

Results and discussion
Effect of BFE on IgM production by HB4C5 cells
At first, two kinds of BFE were obtained from different

extraction methods. One BFE was prepared by heat-
treatment of the bengkoang fiber powder at 121 °C for
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20 min in distilled water. The other BFE was prepared
by stirring the powder at 25 °C for 2 h in distilled
water. Both of the BFE were dialyzed against distil-
lated water with a dialysis membrane that cuts off
molecules under the molecular weight of 14 kDa. The
IgM production-stimulatory activities of both BFE
were compared to determine the suitable extraction
method. The HB4C5 cells were inoculated in ITES-
ERDF medium supplemented with various concentra-
tions of either BFE and cultured for 6 h. As shown in
Fig. 1, the IgM production by HB4C5 cells was
enhanced by both BFE preparations in a dose-depen-
dent manner. The specific activity of heat-extracted
BFE was much higher than that of non-heated BFE,
indicating that a heating process during extraction
from the bengkoang fiber powder would effectively
solubilize the active substance. This finding also
suggests that the active substance in BFE is heat-
stable. Because BFE was dialyzed using a dialysis
membrane with molecular weight cut off of 14 kDa,
the active substance seems to be macromolecules. In
addition, the Ig production-stimulatory effect of the
heat-extracted BFE was completely inactivated on
HBA4CS5 cells by treating with either amylase or trypsin
(data not shown). It is supposed from these findings
that the active substance in BFE may be a complex of
carbohydrates and proteins.

Immunomodulatory effects of BFE on Ig
and cytokine production by splenocytes in vitro

Igs are the major secretory products of the adaptive
immune system and they are expressed and secreted
by activated B lymphocytes. Next, the effects of BFE
on the Ig and cytokine production by primary spleno-
cytes from female BALB/c mice were examined
in vitro. Splenocytes were inoculated in 5 % FBS-
RPMI 1640 medium containing various concentra-
tions of the heat-extracted BFE. The amounts of Igs
and cytokines in culture medium were determined by
ELISA 24 h and 48 h after inoculation, respectively.
As shown in Fig. 2, the production levels of IgM, IgG,
and IgA by splenocytes were significantly enhanced
by the heat-extracted BFE in a dose-dependent
manner. These facts suggested that BFE activates Ig
production not only by a specific cell line like HB4C5
cells but also by primary Ig producers. The Ig
production-stimulatory activity of the heat-extracted
BFE was much higher than that of non-heated BFE
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Fig. 1 Effect of BFE on IgM production by HB4C5 cells.
Bengkoang fiber powder suspended in distilled water was heat-
extracted at 121 °C for 20 min (triangle) or extracted at 25 °C
for 2 h without heating (open circle). Both BFEs were then
dialyzed against distillated water. HB4C5 cells were inoculated
in ITES-ERDF medium with various concentrations of BFE and
cultured for 6 h. Distilled water was supplemented instead of
BFE as control (closed circle). Results are represented as the
mean £ SD of three independent measurements

(data not shown). Therefore, the heat-extracted BFE
was used for further experiments.

The effects of BFE on cytokine production by
primary splenocytes were also evaluated. As summa-
rized in Fig. 3, BFE enhanced the cytokine production
by splenocytes treated with 5 pg/mL of Con A.
Significant differences were observed in the produc-
tion levels of IL-5 and IL-10 against the control.
Production of IL-4, IL-6, TNF-a, and IFN-y was also
stimulated by BFE. BFE activated Ig and cytokine
production by B cells and T cells, respectively. T cells
produce cytokines that induce growth and differenti-
ation of B cells, giving rise to the humoral immune
response. It is supposed from these results that BFE
may stimulate both T-helper 1 and 2 cells. T-helper 1
cells characterized by production of IFN-y and TNF-o
are essential for defense against the intracellular
pathogens such as viruses, bacteria, protozoa, and
fungi (Nishimura et al. 2000; Szabo et al. 2003;
Wills-karp 1999), while T-helper 2 cells characterized
by secretion of IL-4, IL-5, IL-6, and IL-10 are
desirable for antibody production. Both T-helper 1
and 2 cells activate and stimulate proliferation and
differentiation of B lymphocyte to differentiate into
plasma cells that produce antibodies.

IgM IgG IgA
36.0 - 280 100 |-
EE TS *
320 | ek
240 |-

28.0 |- 8.0 |-
,g 24.0 .g 20.0 - .é
= ) > 60
£ 200 £ 160 |- g™
S S S
g 160} ] g g
S S 120} S B
= > - 4.0
= 12,0 | 3o %
Ll L

8.0 |-

8.0 |- a0 b

a0k 40 |-

0‘0 1 1 1 1 1 1 1 1 1 1 1 1

0.1 1 10 100 00 651 1 10 100 0.0 51 1 10 100

Sample conc. (mg/mL)

Fig. 2 Effect of BFE on Ig production by mouse primary
splenocytes in vitro. Splenocytes were inoculated in 5 % FBS-
RPMI 1640 medium containing various concentrations of heat-
extracted BFE and cultured for 24 h. The amounts of IgA, IgG,
and IgM in culture medium were measured by ELISA. Control

Sample conc. (mg/mL)

Sample conc. (mg/mL)

(closed circle) was supplemented with distilled water instead of
BFE. Results are represented as the mean = SD of three
independent measurements. Significant differences against
control are represented as *p <0.05, **p <0.01, or
*#%p < 0.001
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Fig. 3 Effect of BFE on cytokine production by mouse primary
splenocytes in vitro. Mouse splenocytes were inoculated in 5 %
FBS-RPMI 1640 medium containing 5 pg/mL of Con A and
various concentrations of BFE and cultured for 48 h. Control

Effect of oral administration of BFE on Ig levels
in serum

The immunomodulatory activity of BFE was exam-
ined in vivo. Following 1 week acclimation, 6-week-
old female BALB/c mice were divided into 3 groups
(n = 6 in each group). The low- and high-dose groups
were administered with BFE at 6.75 and 27 mg/kg
body weight/day for 14 days, respectively. The con-
trol group was administered with distilled water as
vehicle control. As shown in Fig. 4, the IgA, IgG, and
IgM levels in serum were significantly enhanced by
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Sample conc. (mg/mL)

Sample conc. (mg/mL)

(closed circle) was supplemented with distilled water instead of
BFE. Results are represented as the mean & SD of three
independent measurements. Significant differences against
control are represented as *p < 0.05 or **p < 0.01

oral administration of BFE. Since the serum Ig level
represents the Ig production by plasma cells, it is
conceivable that intake of BFE might affect the
plasma cells to enhance Ig production in vivo.

Ig production-stimulatory activity of BFE in mice

Lymphocytes from the spleen, MLN, and PP were
collected from the BFE-administered mice and cul-
tured for 24 h, and the amounts of IgA, IgG, and IgM
in culture medium were measured by ELISA. As
shown in Fig. 5, intake of BFE significantly enhanced
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Fig. 4 Effect of oral administration of BFE on serum Ig levels.
Six-week-old female BALB/c mice (6 mice per group) were
orally administered with 6.75 (low-dose) or 27 mg/kg body
weight/day (high-dose) of BFE for 14 days. Control group was
administered with distilled water as vehicle control. The

the production of IgM (p < 0.01), IgG (p < 0.01), and
IgA (p < 0.05) by splenocytes in the high-dose group
against the control. Ig production by MLN lympho-
cytes was also enhanced by BFE intake (Fig. 6). In the
high-dose group, IgA and IgG production by MLN
was significantly activated by BFE administration
(» <0.05). IgM production was also stimulated,
although there was no significant difference against
the control. As shown in Fig. 7, BFE significantly
enhanced the Ig production activity of PP lympho-
cytes. Especially, the IgA production activity of PP
lymphocytes was strongly enhanced in both low- and
high-dose groups. IgA is the most important class of
Igs in the intestinal immune response. The main
function of IgA in gut lumen is to prevent the
attachment of intestinal pathogens (Kagnoff 1993).
B cells living in GALT mainly proliferate and
differentiate into IgA-producing plasma cells. The
majority of B cells in the lymphoid tissues of normal
individuals are IgM* or IgM ™ IgD™. The IgM ™ B cells
undergo class switch recombination (CSR) and
differentiate to IgA™" B cells and eventually to IgA-
producing plasma cells, then migrate from the induc-
tive site of PP to the effector site of the gut lamina
propria via blood circulation (Chen and Cerutti 2010;
Lamm and Phillips-Quagliata 2002; Mora and von

Control Low High

Control Low High

amounts of Igs in serum were measured using ELISA. Each
circle represents the serum Ig level from individual mice. Bars
represent an average value of each group (n = 6). Significant
differences against control group are represented as *p < 0.05,
**p < 0.01, or ¥**p < 0.001

Andrian 2008). Thus, it is possible that BFE stimulates
IgA CSR in PP and that class-switched IgA™ B cells
circulate in the whole body, leading to increases in the
IgA level in serum and in IgA production by lympho-
cytes from the PP, MLN, and spleen especially in the
high-dose group. These results suggest that the intake
of BFE activates the intestinal immune system.

Transcriptional levels of IgM, 1gG,, and IgA were
evaluated in splenocytes and PP lymphocytes. As
indicated in Fig. 8, oral administration of BFE
enhanced gene expression levels of IgM, IgG, and
IgA in both the spleen and PP. Gene expression levels
in PP lymphocytes were obviously stimulated by oral
administration of BFE. These facts suggest that
accelerated Ig production activities result from the
enhanced gene expression levels.

Effect of oral administration of BFE on cytokine
production by mouse lymphocytes

To examine the effect of BFE administration on the
cytokine production activity of lymphocytes from the
spleen, MLN, and PP, these lymphocytes were cultured
in 5 % FBS-RPMI 1640 medium supplemented with
Con A at 37 °C for 48 h. Con A is a mitogen that
selectively promotes T cells (Shih et al. 2009).
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Fig. 5 Effect of oral administration of BFE on Ig production
activity of splenocytes. Splenocytes collected from BFE-
administered mice were inoculated in 5 % FBS-RPMI 1640
medium and cultured for 24 h. The amounts of Igs were
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measured by ELISA. Results are represented as the mean + SD
(n = 6). Significant differences against control group are
represented as *p < 0.05 or **p < 0.01
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Fig. 6 Effect of oral administration of BFE on Ig production
activity of MLN lymphocytes. MLN lymphocytes collected
from BFE-administered mice were inoculated in 5 % FBS-
RPMI 1640 medium and cultured for 24 h. The amounts of Igs

As summarized in Table 2, the production of IL-6, IL-

10, TNF-a, TGF-B, and IFN-y by splenocytes was
significantly stimulated by BFE intake in the high-dose

@ Springer

Control Low High

Control Low High

were measured by ELISA. Results are represented as the
mean = SD (n = 6). Significant differences against control
group are represented as *p < 0.05

group. BFE intake activated IL-4, IL-6, IL-10, TNF-a,
and TGF-f production by MLN lymphocytes. On the
other hand, the effect of oral administration of BFE on
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Fig. 7 Effect of oral administration of BFE on Ig production
activity of PP lymphocytes. PP lymphocytes collected from
BFE-administered mice were inoculated in 5 % FBS-RPMI
1640 medium and cultured for 24 h. The amounts of Igs were
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Fig. 8 Effect of oral administration of BFE on gene expression
levels in lymphocytes. Splenocytes and PP lymphocytes from
BFE-administered mice were inoculated in 5 % FBS-RPMI
1640 medium containing 5 pg/mL of Con A and cultured for
48 h. After cultivation, cells were harvested and cDNAs were

the cytokine production activity of PP lymphocytes
was moderate compared with those of splenocytes or
MLN lymphocytes. In addition, mouse CD4* helper T

Spleen PP

Spleen PP

synthesized using total RNAs from the cells. Each gene
expression level was normalized by [-actin as an internal
control. Results are represented as the mean + SD (n = 6).
Significant differences against vehicle control group are
represented as *p < 0.05, **p < 0.01, or ***p < 0.001

cell clones can indeed be divided into subsets that
secrete either some cytokines such as IL-2 and INF-y
stimulating the cell-mediated immunity or others such
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as IL-4, IL-5, IL-6, and IL-10 which are particularly
efficient helpers for antibody production. Especially
IL-4 and IL-10 relate to increase in IgA production by
promoting expansion of IgA class-switched B cells and
their differentiation into IgA-secreting plasma cells
(Abbas et al. 1991; Chen and Cerutti 2010; Lamm and
Phillips-Quagliata 2002; Mora and von Andrian 2008).
Cytokines also have profound inhibitory effects that
serve to regulate the immune responses. IgG produc-
tion by splenocytes from the mice administered with
low-dose of BFE was significantly suppressed (Fig. 5).
In addition, production of both IgM and IgA was also
decreased, although there was no significant differ-
ence. However, the gene expression level of IgG; was
significantly increased (Fig. 8). These might be caused
by increased production of TGF-J by splenocytes from
the mice administered with low-dose of BFE compared
with the control (Table 2), because TGF-f is known as
apotentimmunosuppressive factor (Abbasetal. 1991).
In mice, IgG isotype is divided into IgG, IgG,,, IgGay,
and IgGs. IL-4 induces IgG; production and reduces
IgG,, production. Production of IgG,, in mice is
enhanced by IFN-vy that is also secreted by T cells
(Abbas et al. 1991). Production of IL-4 by splenocytes
from the mice administered with low-dose of BFE was
higher than in the control and high-dose group. IFN-y
was lower in the low-dose group than in the control,
although there was no significant difference. This
might be the reason why the IgG; gene expression was
facilitated, although IgG production was suppressed by
splenocytes from the low-dose group. Production of
IgGy,, 1gGoy, and IgG; might be suppressed despite
increased production of IgG;. Overall results sug-
gested that BFE intake stimulates the cytokine pro-
duction activity of lymphocytes and that Ig production
was significantly accelerated by intake of high-dose of
BFE.

In conclusion, BFE stimulated the Ig production
by HB4CS5 cells and mouse primary splenocyte
in vitro. Oral administration of BFE also enhanced
the serum Ig levels and activated production of Igs
and cytokines (IL-6, IL-10, TNF-oa, TGF-B, and
IFN-vy) by lymphocytes from the spleen, MLN, and
PP in mice. BFE may activate the adaptive immune
responses by enhancing the production of Igs and
cytokines in vivo. Hence, it would be possible to
consider that bengkoang has a potentially beneficial
effect on human health and on prevention of the
immune system-related diseases.

10.4 £+ 0.0*
139 £22
304 £ 227
122 £ 23
686 + 256
815 £ 153*

High

7.8 £0.6
115 £ 28
247 £ 25
89+ 0.9
528 £ 71
569 + 180
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8.1+£0.6
11.8 £ 2.9
140 + 31
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628 + 54

PP
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37.7 £ 3.8%%*
36.5 £ 6.1%%*
337 £ 53*
43.7 £ 5.0%%*
858 £ 201*
504 £ 45

High

16.3 £+ 5.2%
16.4 £ 3.8*%
301 £ 55
17.5 £ 6.6
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602 £+ 58
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103 £ 2.5
123 £ 0.7
283 £+ 27
16.1 £ 6.5
423 + 27
632 +£ 77

MLN
Control

277 £ 4.6
12.0 £+ 3.7*
305 £ 101*
30.8 + 16.0*
696 £+ 71*
82.7 £ 10.1%*

High

314 £ 105
9.7 £35
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7.5 £5.1
700 + 69*

55.1 £ 6.0

Low

234+ 49
77+ 13
122 £+ 43
11.8 £28
602 £+ 42

67.8 £ 4.2

Spleen
Control

Six-week-old female BALB/c mice in three groups (6 mice per group) were orally administered with BFE at 6.75 (low-dose) or 27 mg/kg body weight/day (high-dose) or with
distilled water as vehicle control for 14 days. Lymphocytes from the spleen, MLN, and PP were cultured in 5 % FBS-RPMI 1640 medium containing Con A for 48 h. The
amounts of cytokines were measured using ELISA. Each result is represented as the mean £+ SD (n = 6). Significant differences against the vehicle control group are represented

Table 2 Effect of oral administration of BFE on cytokine production activity of lymphocytes from the spleen, MLN, and PP
as *p < 0.05, **p < 0.01, or ***p < 0.001

Cytokine (pg/mL)

IL-4
IL-6
IL-10
TNF-q
TGE-B
IFN-y
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