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Dehulled adlay is known as a natural Chinese medicine having antiallergic activity, although its
mechanism remains unclear. This study examined the effects of dehulled adlay on antigen-specific
antibody and cytokine production. Mice were immunized three times with ovalbumin (OVA) in alum
adjuvant. It was found that oral administration of dehulled adlay in mice suppressed the production
of IgE against OVA antigen. Serum anti-OVA IgG,, antibody levels were significantly increased in
mice after oral administration of dehulled adlay. Furthermore, the production of IL-2 by OVA-stimulated
splenocytes was augmented in dehulled adlay-fed mice. Although dehulled adlay had no effect on
the serum anti-OVA IgG; antibody levels, it had a great capacity to reduce IL-5 secretion by means
of OVA-stimulated splenocytes. Hydrothermal processes, including steaming and extrusion cooking,
did not change the capacity of dehulled adlay to suppress IgE production. Three fractions of dehulled
alday, including methanolic extract, warm water extract, and residue, were obtained. The methanolic
extract exhibited the greatest capacity to reduce anti-OVA IgE production. These results suggest
that dehulled adlay has a modulating ability to shift the balance from Th2 to Thl dominance in the T
cell mediated immune system and may be beneficial for the treatment of allergic disorders.
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INTRODUCTION IgE levels induced by IL-4 are associated with eosinophil

Allergies are a common problem in developed countries. infiltration into the airway. In addition, IL-5, an eosinophil
Coombs and Gell1) classified hypersensitivity diseases into activating factor, induces eosinophil differentiation and prolongs
four types, including type-+V reactions, on the basis of their their survival. In contrast, the Th1 cell subset mainly secretes
mechanisms of injury to immunological tissue. The prevalence ¢ytokines such as IL-2 and IFN; which inhibit eosinophil
of allergic diseases varies with the types of allergy involved infiltration and IgE and IgG secretion and enhance G
and the populations at risk. Atopic diseases, nasal (allergic SEcretion in vivo§—8). Because evidence suggests that the Thl
rhinitis) and bronchial asthma, are typical type | hypersensitivity @hd Th2 types of reactions are reciprocally regulated in vivo

reactions. Type | reaction is mediated by the IgE antibody in (6. 8, 9), modulation of the Th1/Th2 balance, namely, shifting
humans, so the IgE antibody plays an important role in the balance from Th2 to Th1 dominance, should be a rational

hypersensitivity diseaseg)( strategy for treating allergic diseases involving Th2 cells.

The existence of Th1/Th2 subsets in T-helper lymphocytes Various kinds of Chinese medicine have long been used to
that differ in their cytokine secretion patterns and effector treat allergic disorders in Asian countries, but little is known
functions provides a framework for understanding normal and about their effective mechanisms. Adlay (soft-shelled job’s tears,
pathological immune responsé).(Allergic responses involving  Coix lachryma-jobilL. var. ma-yuenStapf) is an annual crop
IgE-dependent mast cell degranulation and eosinophil ac- belonging to the Gramineae family. The seed of adlay has long
cumulation in sites of inflammation are considered to be due been used in China to treat warts, chapped skin, rheumatism,
to the development and activation of Th2 celfs {This specific and neuralgia and as an anti-inflammatory and antihelmintic
Th2 cell subset produces predominantly IL-4 and IL-5, which agent (0). In addition, adlay has stomachic, diuretic, anti-
both play essential roles in antigen-induced eosinophil infiltra- pholgistic, anodynic, antispasmodic, and antitumor effects,
tion into inflammation sites. IL-4 is the major inducer of class- according to the folklore of China and Japan. Adlay is reported
switching to IgE biosynthesis in B lymphocytes. Elevated serum to have various immunomodulatory activities. Yamada et al.
have purified acidic heteroglycans with an anticomplementary
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(12). Hidaka et al. demonstrated that adlay seeds could increaseraple 1. Composition of the Experimental Diets (Grams per Kilogram

the activities of cytotoxic T-lymphocytes and natural killer cells

(13). Seo and his colleagues reported that the methanolic extract

of adlay seed has anti-inflammatory properties, which may, in
part, involve the inhibition of nitric oxide and superoxide anion
radical production by activated macrophag#4)(Kuo et al.

demonstrated that methanolic extracts of adlay suppressed TPA-

induced superoxide generation on neutrophil-like leukocy8s (
and may have anti-inflammatroy potential. Previous results from
our laboratory showed that oral administration of dehulled adlay
in mice suppressed the production of IgE against OVA antigen
(16).

In this study, to evaluate the ability of dehulled adlay to
modulate the Th1/Th2 balance, we investigated its ex vivo effect
on Th1/Th2 cytokine production by cultured splenocytes derived
from OVA-immunized BALB/c mice. We also examined the
effect of the two hydrothermal processes on the antiallergic
responses of dehulled adlay. Furthermore, we fractioned the
dehulled adlay into three parts, including methanolic extract,
water extract, and residues, to identify which fractions of
dehulled adlay contain the antiallergic effects.

MATERIALS AND METHODS

Source of Adlay. Adlay was purchased from a farmer who
planted Taichung Shuenyu No. 4 (TCS4)Qxdix lachryma-jobL. var.
ma-yuenStapf in Taichung, Taiwan, in March of 1997 and harvested
it in July of the same year. The air-dried adlay seeds were dehulled,

blended into powder, and screened through a 20-mesh sieve (aperture.

of Diet)?
Experiment 1

= 0.94 mm).

Processes and Products of Dehulled Adlaylhe products of two
hydrothermal processes (steaming and extrusion cooking) applied to
dehulled adlay were prepared

Steamed SampleBehulled adlay seeds were soaked in cold water
(1:1.5, wiv) fa 4 h and then steamed at 100 for 1 h in anelectric

rice cooker. After steaming, the steamed samples were freeze-dried in

a freeze-drier (model SFD-25, Chang Juing Co., Kaohsiung, Taiwan),
blended into powder using a mill (Chien Shin Co., Taipei, Taiwan)
with 60 standard mesh, and then stored-20 °C until use.

Extrusion Cooking SampleBowdered dehulled adlay of extrusion
was carried out on a pilot scale twin screw extruder (model BC-45,
Clextral Co.). The extruder was fitted with co-rotating, intermeshing
twin screws, and the barrel was heated using induction heating. The
screw profile has a series of segments, including long feeding screws,
short feeding screws, two high pressure building screws, and mixing

10% 20% 50%
ingredient control adlay adlay adlay
dehulled adlay 100 200 500
cornstarch 650 581 511 304
soybean oil 50 417 334 8.5
casein 200 183 165 113
AIN-76 mineral mix 35 35 35 35
AIN-76 vitamin mix 10 10 10 10
choline 2 2 2 2
cellulose 50 50 50 50
methionine 3 3 3 3
energy (kJ/kg) 16170 16170 16170 16170
Experiment 2
20% steam
ingredient control adlay extrusion ing
dehulled adlay 200 200 200
cornstarch 650 511 511 511
soybean oil 50 334 334 334
casein 200 165 165 165
AIN-76 mineral mix 35 35 35 35
AIN-76 vitamin mix 10 10 10 10
choline 2 2 2 2
cellulose 50 50 50 50
methionine 3 3 3 3
energy (kJ/kg) 16170 16170 16170 16170
Experiment 3
warm 20%
20% methanol ~ water extract
ingredient control adlay extract extract  residue
dehulled adlay 200
dehulled adlay extract 10 10 200
cornstarch 650 511 650 650 502
soybean oil 50 334 50 50 36.3
casein 200 165 200 200 162
AIN-76 mineral mix 35 35 35 35 35
AIN-76 vitamin mix 10 10 10 10 10
choline 2 2 2 2 2
cellulose 50 50 50 50 50
methionine 3 3 3 3 3
energy (kJ/kg) 16170 16170 16170 16170 16170

a Casein, methionine, and choline bitartrate, Sigma Chemical Co. (St. Louis,
MO); soybean oil, President Co. (Tainan, Taiwan); cornstarch, Samyang Genex

screws, which reduced the pressure before the extrudate exited througteo. (Seoul, Korea); cellulose, ARBOCEL, type BE 600/300, J. Rettenmaier and

the die. The extrusion conditions were as follows: screw speed, 120
rpm; temperature profile in the barrel zones toward the die plate, room
temperature, 60, 100, and 140; die diameter, 4 mm; feed rate, 270
g/min; and feed moisture, 15% (wet basis).

Fractionation Procedure for Dehulled Adlay. The powder of
dehulled adlay (5 kg) was extracted with 15 L of methanol, continu-
ously, at room temperature for 2 weeks. The plant material was filtered
off, and the methanolic extracts were combined and concentrated to

Sohne (Ellwangen-Holzmiihle, Germany); AIN-76 mineral mixture and AIN-76 vitamin
mixture, ICN Biochemicals, Inc. (Costa Mesa, CA).

Experiment 2Diets were substituted with 20% raw, steamed, or
extruded dehulled adlay on the basis of the AIN-76 formula.

Experiment 3Diets were supplemented with 20% raw material, 1%
methanolic extract, 1% warm water extract, or 20% extraction residue
on the basis of the AIN-76 formula. Different components of the diet

dryness under reduced pressure by a rotatory vaccum evaporator (Eyelayere added and mixed homogeneously. Soybean oil was added last.

Tokyo, Japan). After methanolic extraction, the plant material was
continuously extracted with warm water at 80 for 30 min. The plant
material was filtered off to obtain warm water extract and extraction
residue. These two fractions were dried using a freeze-dryer (model
SFD-25, Chang Juing Co., Kaohsiung, Taiwan). All three fractions of
dehulled adaly were stored at20 °C until use.

Preparation of Animal Diets. Experiment 1Diets were substituted
with 0, 10, 20, or 50% raw dehulled adlay on the basis of the AIN-76
formula (L7). The chemical composition of the dehulled adlay was crude
protein, 17.5%; crude fat, 8.3%,; crude fiber, 2.6%; and non-nitrogen
free extract, 69.3%1@). These percentages were used to calculate the
percentage of substitution of casein, soybean oil, cellulose, and
cornstrarch.

The diets were mixed again, meshed, and then sealed and stored at
—20°C. The compositions of the animal diets are showiTafble 1
Animals and Experimental Design.Male BALB/c mice between
5 and 6 weeks of age were purchased from the Animal Centre of the
College of Medicine at National Taiwan University (Taipei, Taiwan).
The mice were kept in an air-conditioned, pathogen-free room at a
temperature of 23 2 °C on a regulated 12-h light/dark cycle. They
were housed individually in stainless steel wire cages and fed a
nonpurified diet (Lab Rodent Chow 5001, Ralston Purina, St. Louis,
MO) before being fed with the experimental diets. Animal care and
handling conformed to the National Institutes of Healt®side for
the Care and Use of Laboratory AnimgMNational Research Council,
1985). Each mouse was fed an experimental diet starting from 8 weeks
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of age. The mice were given free access to the test diets throughout 2.5

the experiment. The mice were weighed twice per week, and food =1 Control
consumption was measured every®days. Each group included eight 10% dehulled adlay
mice. Mice were immunized three times with ovalbumin (OVA) in 2.0 - 20% dehulied adlay

alum adjuvant every 2 weeks. Briefly, after 6 weeks of consuming the D S07% detnled iy

test diets, the mice were firstimmunized by means of an intraperitoneal
injection of 0.1 mL of PBS solution containing ovalbumin (OVA, 2
#g) with aluminum hydroxide as the adjuvant. Then the mice were
immunized 2 weeks later with 6g of OVA plus the same adjuvant,
and this procedure was repeated 2 weeks |a@r Blood was obtained
on day 35 from the retro-orbital venous plexus and centrifuged at
1200@ for 10 min. Serum was collected and stored-&20 °C for
future assays. 0.5 -
Determination of Serum Anti-ovalbumin Antibody Levels. Serum
anti-OVA IgE, IgG, and IgG,antibody titers were measured by means
of ELISA. Briefly, 96-well flat-bottom microtiter plates (Nunc 442404, 00
535,5; I%zHI?Cgrgﬁzgr’W;:e;g a;\eﬂ(l;/v(;tye% %Tthr?ctuob;/npé) ioa{tligqug Figure 1. !Effects of dif_ferent dosages of dehull_ed adlay on OVA-specific
plates were washed three times with PBS solution and blocked with IgE Ieyels n _serum. M|ce copsume_d the test diets for 6 wegks an_d then
1% BSA—PBS for 2 h atoom temperature. After they had been washed Vere intraperitoneally immunized with OVA plus alum. After immunization
three times with PBST [PBS containing 0.05% (v/v) Tween 20, washing and every day thereafter, the mice were continuously administered the
buffer], 100uL of test sera diluted with BSAPBS buffer was added  test diets. Sera were obtained at day 35 from the retro-orbital venous
to the wells, sera for IgE, IgGand 1gG, were diluted 1:10, 1:1000, plexus after the first immunization. The results are expressed as the mean
and 1:100, respectively, and incubated overnight a€4IgE) or for + SD of eight BALB/c mice per group. Mice that consumed dehulled
2 h at room temperature (Ig@nd IgG,). Plates were then washed  alday-containing diets exhibited significant effects compared with the control
with PBS-Tween 20 three times, and either biotin-conjugated antimouse mjce, as evaluated using Student's t test (¥, p < 0.05).
IgE, IgG,, or IgGa (Pharmingen, Becton Dickinson Co. Fullerton, CA)

diluted in BSA-PBS buffer was added, followed/ i h ofincubation . . . .
at room temperature. After washing, 0.1 mL of avidimorseradish or abnormalities during the feeding period. There was no

peroxidase (ImmunoPure, Pierce, Rockford, IL) for 1g@d 1gGaand S|g_n|f|cant_ d|fference_among any o_f the treatments for body

0.1 mL of avidin-conjugated alkaline phosphatase (Sigma Chemical Weight gain of the mice. The feed intake (grams per day per
Co., St. Louis, MO) for IgE were added to the wells. Afieh (IgG, mouse) was the same in all of the groups tested. The rate of
and 1gGy) or 2 h (IgE) of incubation, the plates were washed five times, growth was also similar in all of the groups tested (data not

and 0.1 mL of ABTS [5.5 mg of 2,2 azinobis(3-ethylbenz)thiazoline- shown).

6-sulfonic acid (Sigma Chemical Co.)] in 10 mL of citrate buffer Effect of Different Dosages of Dehulled Adlay on Serum

containing 0.03% kKD, for IgG; and IgGaand 0.1 mL ofp-nitrophenyl . . . :
phosphate aqueous solution (Sigma Chemical Co.) for IgE were addedAm_l'OvaIbum_lr_] Antibody Le\_/els. To determine Whether
antigen-specific IgE production was suppressed in OVA-

to each well and left in the dark for30 min at room temperature. ¢ h : h . >
Absorbencies were measured at 405 nm for IgE and at 415 nm for iImmunized mice by various doses of diets containing dehulled

lgG, respectively, with an OPTImax tunable microplate reader adlay, we obtained serum from OVA-immunized mice 35 days
(Molecular Devices, Sunnyvale, CA). The results were expressed in after immunization. In OVA-immunized mice, antigen-specific

ELISA UNIT

ELISA u_nits (EVU): EU= (Asamme—_ Apiani)/ (Apositive — Ablank)- IgE production was significantly increased at the time point
Cytokine Assay_.LeveIs of cytoklnes produced by spleen cells were  axamined after immunization as compared with mice without
measured as previously describ@d)( The spleen cells (5 1 cells/ immunization (anti-OVA IgE levels of OVA-immunized mice

mL) from immunized mice were isolated and suspended in 10% FBS/

X . and mice without immunization were 1.240.81 and 0.05t
RPMI 1640 culture medium and then cultured in the absence or presenceo 02 EU tivelv). Anti ific 1aE ducti d
of OVA (20 ug/mL) for 48 h at 37°C in the CQ incubator. After : , respectively). Antigen-specific IgE production de-

incubation, supernatants were collected and storee&d °C until creased significantly in OVA-immunized mice treated with diets
analyzed. The cytokines were measured by means of sandwich-ELISA. containing 10, 20, and 50% dehulled adlay as compared with
Briefly, 96-well flat-bottom microtiter plates were coated with anti- mice fed with the control dietp( < 0.05) Figure 1).
cytokine antibody diluted in NaHC{buffer, pH 9.6. After overnight Furthermore, the anti-OVA Ig&g antibody levels of the mice
incubation at 4°C, the plates were washed three times and blocked fed diets containing 20 and 50% dehulled adlay seemed to be
with BSA (30 g/L) at 37°C. After three washings with PBS cont?ining higher than that of the mice fed the control digt € 0.05)

0.5 mL of Tween 20/L, 0.1 mL of sample was added2c at 37°C. (Table 2). However, the anti-OVA Ig@antibody levels showed

The plates were then washed with PBS buffer containing 0.5 mL of P . .
Tween 20/L, and biotin-conjugated anti-cytokine antibody diluted in no significant differences among all of the experimental groups

buffer (10 g of BSA/L of PBS) was added and incubated at@7%or (Table 2).

1 h. After washing, streptavidin-conjugated peroxidase was added for Regulatory Effect of Dehulled Adlay on the Balance of

an additional hour. After the wells had been washed, 0.1 mL of enzyme Th1/Th2 Cell Responses in OVA-Immunized Mice.To
substrate (ABTS) was added to each well, and the plate was left in a determine the regulatory effect of dehulled adlay on Th1/Th2
dark room for~30 mir_l._T_he plates were read in amicroplate autor_eader cell responses in OVA-immunized mice, dehulled adlay was
at 415 nm. The sensitivity of sandW|ch-E_LISA used in our experiment orally administered every day from day 42 before immunization.
was 8 pg/mL for IL-4 and IL-5 and 4 units/mL. for IL-2. IL-2 (Thi cytokine) and IL4 and IL-5 production (Th2 cyto-

Statistical Analysis. The results were expressed as mearsD. i . | imulated with ith o
Statistical analysis of the difference between the results of the control ines) in splenocytes stimulated with or without OVA was

and treated experimental groups was carried out using Studedess assayed. The production of IL-2 by OVA-stimulated splenocytes
p values below 0.05 were considered to be significant. increased in all of the dehulled adlay-fed mipe< 0.05) (Table

3). However, feeding dehulled adlay had no different effect on
RESULTS IL-4 levels (Table 3), but it greatly reduced IL-5 secretion by

Whole Body Growth and Feed Intake. Animals on the both medium alone and OVA-stimulated splenocyt€ab(e
adlay diet appeared to be healthy, showing no pathological signs3). These results indicated that the dehulled adlay changed the
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Table 2. Effects of Different Dosages of Dehulled Alday on raffinose suppresses serum immunoglobulin E response through
Antigen-Specific 1gG; and 1gG,, Levels in Serum? suppression of Th2-type immune response against oral antigen
. . in the lymphoid organs located in or near the intesti2@).(
anti-OVA IgGy anti-OVA 19Gz, The flavonoid compound hesperidin is an effective component
group (ELISA uni) (ELISA unif) of Citrus fruit with antiallergic action against the type | reaction
cogtrol 3.95+147 1.75 + 1.56 (28).
;802 ggﬂﬂﬂgﬁj 23:25 jﬁgi})g‘i iﬁgﬁg;ﬁ* Adlay has long been used in Chinese medicine to treat
50% dehulled adlay 5.08 +1.02 3.14 +1.78 inflammatory disease in China and Japan. In our previous
research, adlay was shown to have the potential capacity to
aMice consumed the test diets for 6 weeks and then were intraperitoneally reduce OVA-specific IgE biosynthesid®). The present data
immunized with OVA plus alum. After immunization and every day thereafter, the showed that oral administration of dehulled adlay significantly
mice were continuously administered the test diets. Sera were obtained at day 35 decreased the serum level of antigen-specific IgE in OVA-
from the retro-orbital venous plexus after the first immunization. The results are immunized mice Figure 1) and increased the serum level of
expressed as the mean + SD of eight BALB/c mice per group. Mice that consumed antigen-specific 1g&, although the antigen-specific 1gG

dehulled alday-containing diets exhibited significant effects compared with the control

. : r nses weren nsistently lowerEakle 2). Neverthel
mice, as evaluated using Student's t test (*, p < 0.05). esponses were not consistently lowe € 2). Nevertheless,

IgE is one of the major effectors in allergic response; through
. . cross-linking with allergens it begins the pathophysiological
balance of T_hl/ThZ cell immune responses from Th2-dominant .5scade of the allergy reactiod)( Therefore, the possible
to Thi-dominant in OVA-immunized mice. mechanism of the suppression in IgE production by dehulled

Effect of Hydrothermal Processing Products of Dehulled adlay is worthy of further investigation.
Adlay on Anti-OVA IgE Level. Can hydrothermal processing
procedures reduce the antiallergic activity of dehulled adlay?
In this study, we investigated the effects of two products made
from dehulled adlay using two kinds of hydrothermal processes
(namely, steamed and extruded products) on their antiallergic
capacity. The results showed that extrusion cooking and
steaming of dehulled adlay did not change its capacity to
suppress IgE productioriFigure 2).

Evaluation of the Major Antiallergic Fraction from
Dehulled Adlay. What is the major active fraction of dehulled

Helper T cells are divided into two subtypes, Thl and Th2,
that produce different cytokines and therefore perform distinct
effector functions4). The existence of these effector subtypes
provides a model for understanding the pathogenesis of patho-
physiologic conditions such as allergic diseases and the IgE
response to allergens. Thl and Th2 cells derive from the same
precursors in response to different stimuli and are distinguished
most clearly by the cytokines they produce. Thl secrete
interleukin (IL)-2, interferon (IFN)y, tumor necrosis factor
(TNF)-a, lymphotoxin (LT), and other cytokines that activate

adlay ha\'/ing' anti'allergic activity? We also conducted cru'de macrophages and are responsible for cell-mediated immunity
fractionation in this study. Dehqlled adlay was (_axtracted with against intracellular microbes but antagonize the IgE response
methanol and hot water successively. Three fractions of dehulled(4) In contrast, Th2 cells produce IL-4, IL-5, IL-9, and IL-13

alday, including methanolic extract, warm water extract, and
extraction residues, were obtaindgéigure 3 shows that the
methanolic extract exhibited the greatest capacity to reduce anti-
OVA IgE production. The anti-OVA lg@antibody levels were

not significantly different among the experimental groupstfe

4). Furthermore, the mice fed diets containing 1% of dehulled
adlay methanolic extracts had much higher anti-OVA 4gG
antibody levels§ < 0.05) (Table 4).

which are responsible for the antibody response, including IgE
production, and inhibit several macrophage functions. The
principal effector functions of Th2 cells are IgE production and
IgE-dependent eosinophil and mast cell-mediated immune
reactions 29).

Allergen-induced Thl and Th2 cytokine imbalance are
important cause of inflammation in allergic response. The
present results showed that the production of IL-2 by OVA-
stimulated splenocytes was increased in dehulled adlay-fed mice.
Although dehulled adlay had no significant effect on IL-4 levels,

There has been a considerable increase in the incidence oft had a great capacity to reduce IL-5 secretion by OVA-
atopic diseases in industrialized societies during the past 30stimulated splenocytesTéble 3). IL-5, which is a lineage-
years, and it has been estimated that at least 20% of thespecific eosinophil growth factor, increases the formation of
population worldwide is susceptible to atopic dise&B.(The eosinophils from progenitor cells and, in concert with CCR3
number of patients that suffer form type I allergic diseases, suchactive chemokines, increases their trafficking to sites of allergic
as allergic rhinitis and brochial asthma, has been increasing yeainflammation 80—32). In subjects with asthma, allergen-
by year in Taiwan 22, 23). Commercial drugs might work to  driven IL-5 production correlated with bronchial hyperreactivity
alleviate the patient's symptoms but do not affect the patho- (33). The present study showed that dehulled adlay suppressed
genesis. The components of traditional Chinese medicines havethe acceleration of antigen-specific IgE production in OVA-
been intensively studied for treating allergic diseases in recentimmunized mice by restoring of Th cell responses from a Th2-

DISCUSSION

years. dominant to a Thl-dominant pattern. This result suggests that
Chinese herbal medicines, including Bu-zhong-yi-gi-tang dehulled adlay, which shows immunomodulatory activity, may
(24), Perilla frutescensBritton (25), and royal jelly 26), have suppress allergic reactions.

been reported to suppress allergic reactions. These agents In addition, chemical changes during extrusion cooking have
improve the Th cell responses in the host, causing a switch from been reported in several studi€d{36). Little is known about

a Th2-dominant to a Th1l-dominant pattern, and suppress IL-4 the effects of extrusion parameters on phytochemical bioavail-
production by Th2 cells, thereby alleviating allergies. ability and stability 84—36). Therefore, the effects of hydro-

It has been found that dietary ingredients play a role in thermal processes on the antiallergic properties of dehulled adlay
antiallergic and anti-inflammatory effects. Dietary oxidized oil have also been evaluated here. Steaming, a traditional cooking
influences the levels of type 2 T-helper cell-related antibody process, is a high-temperatuil®ng time process. However,
and inflammatory mediators2(). Dietary oligosaccharide  extrusion cooking is a high-temperatutieigh shearing-short
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Table 3. Effects of Dietary Adlay on Cytokine Responses by OVA-Sensitized Mice Splenocytes?

IL-2 (units/108 cells)

IL-4 (pg/10° cells) IL-5 (units/10° cells)

group medium alone OVA medium alone OVA medium alone OVA
control 1.33+0.09 251+0.22 5.37£0.56 5.48 +0.48 68.1+2.8 86.5+18.5
10% adlay 1.41+0.10 4.26 +0.64* 5.66 +0.87 6.53+1.21 53.2 + 13.0* 78.0+19.9
20% adlay 2.44 £ 0.20* 3.52 £0.39* 6.37+0.88 6.41+1.50 53.17 £8.3* 66.0 £ 27.8*
50% adlay 2.39 +0.16* 3.52 + 0.50* 6.76+£0.76 6.25+1.00 42.1+4.5* 55.8 +11.7*

a Effects of different dosages of dehulled adlay on cytokine production from splenocyte culture. Splenocytes, at a concentration of 5 x 106 cells/mL, were cultured with
the medium described earlier in the absence or presence of OVA (20 ug/mL) for 48 h. Cytokine secretions by single-cell suspensions of splenocytes were measured by
means of sandwich-ELISA. The results are expressed as the mean + SD of eight BALB/c mice per group. Mice that consumed dehulled alday-containing diets exhibited
significant effects compared with the control mice, as evaluated using Student’s t test (*, p < 0.05).

1.8
16 [ Control
' Raw meterial
B Steaming
147 B8 Extruding
1.2 4
5 101
< *
%)
= 08~
w
086 4
0.4
0.2 1
0.0

Figure 2. Effects of different processing products of dehulled adlay on
OVA-specific IgE levels in serum. Mice were fed the test diets for 6 weeks
and then were intraperitoneally immunized with OVA plus alum. After
immunization and every day thereafter, the mice were continuously
administered the test diets. Sera were obtained at day 35 from the retro-
orbital venous plexus after immunization. The results are expressed as
the mean + SD of eight BALB/c mice per group. Mice that consumed
dehulled alday-containing diets exhibited significant effects compared with
control mice, as evaluated using Student's t test (*, p < 0.05).

1.0
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06 - 1% Methanolic extract
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Figure 3. Effects of the subfracitons of dehulled adlay on OVA-specific
IgE levels in serum. Mice were fed the test diets for 6 weeks and then
were intraperitoneally immunized with OVA plus alum. After immunization
and every day thereafter, the mice were continuously administered the
test diets. Sera were obtained at day 35 from the retro-orbital venous
plexus after immunization. The results are expressed as the mean + SD
of eight BALB/c mice per group. Mice that consumed dehulled alday-
containing diets exhibited significant effects compared with the control
mice, as evaluated using Student's t test (*, p < 0.05).

time process. The results show that the antiallergic activity of Table 4. Effects of the Subfractions of Dehulled Alday on

adlay was preserved in the steamed or extruded prodtigisré

2). We have shown that the components having antiallergic
activities in dehulled alday remained stable during hydrothermal
processing, indicating that the cooking process has no effect group

on the functional components of the dehulled adlay.

There are many biologically active phytochemicals in adlay,

and some of them have been isolated and identifiet] 37—

41). Otsuka et al. found that benzoxazinoid compounds, such

Antigen-Specific 1gG; and 19G,a Levels in Serum@

anti-OVA IgG; anti-OVA 19Gza
(ELISA unit) (ELISA unit)
control 1.19+0.24 0.41+0.17
raw material 1.04 £0.30 0.59 + 0.49*
methanolic extract 1.13+£0.18 1.08 £ 0.81*
hot water extract 0.98 £0.39 0.55+0.34
residue 1.39+0.26 0.36 £0.22

as coixol, exist in the root of adlay and show considerable
inhibitory activity toward histamine release from rat mast cells  2Mice were fed the test diets for 6 weeks and then were intraperitoneally
(12). There are other biologically active substances, such asimmunized with OVA plus alum. After immunization and every day thereafter, the
coixenolide, coixinic acid, coniferyl alcohol, syringic acid, mice were continuously administered the test diets. Sera were obtained at day 35
ferulic acid, syringaresinol, 4-ketopinoresinol, mayuenolide, and from the retro-orbital venous plexus af_ter immunization.. The results are expressed
others in adlay 12, 37-41). The phenolic compounds in as the mearj i SQ of elghlt BALB{C rmce per group. Mice that ponsumed dehu!led
methanolic extracts of adlay hull89), such as coniferyl alcohol, alday—conta|n|ng.d|ets exh|b|yted significant effects compared with the control mice,

. . . . . . : . as evaluated using Student's t test (*, p < 0.05).
p-coumaric acid, syringic acid, ferulic acid, syringaresinol,
4-ketopinoresinol, and mayuenolide, have been shown to beor sterolic constituents. Whether some of these compounds can
antioxidants and anti-inflammatory agentd37,(42—48). In suppress allergic pathology development remains to be inves-
addition, we found that dehulled adlay contains various types tigated.
of sterolic components (data not shown). Plant sterols and This study demonstrated that oral treatment with dehulled
sterolins have been shown to exhibit anti-inflammatory, anti- adlay modulated the pattern of Th1/Th2 cytokine production,
neoplastic, and immune-modulating activig952). In this thus suppressing IgE biosynthesis in OVA-sensitized BALB/c
study we found that the methanolic extract of dehulled adlay is mice. Our study suggested that the antiallergic properties of
the major active fraction suppressing OVA-specific IgE and dehulled adlay may be beneficial in alleviating allergic symp-
elevating 19G, biosynthesis. Antiallergic constituents in the toms. The antiallergic components of dehulled adlay are valuable
mechanolic fraction of dehulled adlay may be related to phenolic and merit further investigation.
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