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ABSTRACT 
 

Aims: The present investigation aimed to evaluate anti-allergic activity of an aqueous extract of 
Moringa oleifera Lam. leaves (AqMOL) in three type I allergy models in mice.   
Study Design: Anti-allergic assay of AqMOL was performed using three type I allergy models in 
mice. 
Place and Duration of Study: Department of Biochemistry, Graduate School of Clinical 
Pharmacy, Kyushu University of Health and Welfare, Nobeoka, Japan, from April 2014 to March 
2015. 
Methodology: AqMOL (300 mg/kg) was orally administered to mice three times daily from two 
days before treatments in compound 48/80 (48/80) stimulation and passive cutaneous anaphylaxis 
(PCA) reaction models, and scratching frequencies and Evans blue levels in the ears, respectively, 
after treatments were measured. In an ovalbumin (OVA) sensitization model, AqMOL was 
continuously ingested ad libitum by mice from day 0 to day 45, and scratching frequencies of OVA-
sensitized mice were measured after an intranasal OVA challenge. Histamine and total and OVA-
specific IgE levels in the sera were also measured. 
Results: AqMOL significantly reduced scratching frequencies in the 48/80 stimulation and OVA 
sensitization models.  In the PCA reaction model, AqMOL reduced Evans blue levels in the ears of 
mice after specific IgE injection, although not statistically significantly. In OVA-sensitized mice, 
AqMOL significantly reduced OVA-specific IgE levels in the serum, but histamine and total IgE 
levels were not significantly affected by AqMOL administration.  
Conclusion: AqMOL was suggested to alleviate allergic symptoms through suppression of mast 
cell activation and/or improving the Th1/Th2 balance to Th1 dominance in allergic mice. The 
elucidation of mode of anti-allergy action of AqMOL may provide new insights into the usage of 
AqMOL as a functional food for the alleviation of type 1 allergy. 
 

 
Keywords: Type I allergy; Moringa oleifera; compound 48/80; passive cutaneous anaphylaxis 

reaction; ovalbumin sensitization; IgE. 
 
1. INTRODUCTION  
 
Moringa oleifera Lam. (M. oleifera), 
Moringaceae, is widely distributed in tropical 
areas.  Its leaves, fruits, flowers, roots, seeds, 
and immature pods are commonly used as a 
nutritious vegetable, spice, cosmetic oil, and 
medicine [1,2]. The extract of M. oleifera leaves 
has been shown to exhibit various biological 
activities, such as antibacterial activity against 
Pseudomonas aeruginosa and Staphylococcus 
aureus [3], reduction of cholesterol level in the 
serum of high fat diet fed rats [4], regulation of 
thyroid hormone status in rats [5], and antiviral 
efficacy against herpes simplex virus type 1 
(HSV-1) in mice [6]. It has been also reported to 
exhibit cytotoxic effects against human multiple 
myeloma cell lines [7], prevent oxidative damage 
to major biomolecules by scavenging free 
radicals [8], and improve lornoxicam-induced 
liver damage in rats [9]. Recently, M. oleifera is 
cultivated in Japan, and an aqueous extract of   
M. oleifera leaves (AqMOL) is commercially 
available as a dietary supplement. Previously, we 
characterized the basis of the biological efficacy 
of AqMOL in the alleviation of herpetic symptoms 
in mice and found that oral administration of 

AqMOL was effective in activating a delayed-type 
hypersensitivity (DTH) reaction, which is a major 
host defense immunity against intradermal 
herpes simplex virus type 1 (HSV-1) infection, 
and in elevating interferon (IFN)-γ production 
from splenocytes of HSV-1-infected mice [10].  
These results suggested important insights into 
the mechanism by which oral administration of 
AqMOL activates cellular immunity through Th1 
immunity. 
 
The number of patients diagnosed with type I 
allergic diseases such as hay fever, food allergy, 
allergic rhinitis, and atopic dermatitis has been 
increasing in many countries worldwide.  Various 
kinds of functional foods and dietary 
supplements are expected to be possible 
efficacious alternative treatments to alleviate the 
allergic symptoms prophylactically and 
therapeutically in order to maintain and increase 
the quality of life.  Type I allergic symptoms are 
caused by activation of mucosal mast cells 
and/or basophils [11]. The cross-linking of 
immunoglobulin E (IgE) intermediated by the 
binding of multivalent antigens at the surface of 
mast cells triggers the release of many chemical 
mediators such as histamine, leukotrienes,                   
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and prostaglandins from these cells, and                        
these chemical mediators cause type I                    
allergic symptoms [11-13]. IgE produced by 
plasma cells, which have been differentiated 
from B cells [14], plays a crucial role in type I 
allergic reactions. The production of IgE is 
affected by a skewed T helper type 1 (Th1)/T 
helper type 2 (Th2) cell balance [15-18]. Thus, it 
is possible that AqMOL activates Th1 immunity 
and the modulation of the Th1/Th2 balance 
contributes to the alleviation of type I allergy 
symptoms. 
 
In this study, to clarify the immunomodulatory 
activity of AqMOL in the Th1/Th2 balance, its 
effect on type I allergy was examined using three 
kinds of type I allergy models in mice, a 
compound 48/80 stimulation model, a passive 
cutaneous anaphylaxis (PCA) reaction model, 
and an ovalbumin (OVA) sensitization model.  
We found that oral administration of AqMOL was 
effective in alleviating allergic symptoms in mice 
sensitized by compound 48/80 and OVA. The 
mode of anti-type I allergy action was suggested 
to involve not only adjustment of the Th1/Th2 
balance but also suppression of mast cell 
activation. 
 
2. MATERIALS AND METHODS 
 
2.1 Preparation of AqMOL  
 
Seeds of M. oleifera were purchased from 
Santan International, Tiruchengode, India, and 
grown in Miyazaki, Japan.  The leaves of M. 
oleifera were harvested, dried at 60°C for 8 h, 
roasted at 125°C for 30 min, and cut and 
powdered. A voucher specimen (No. 130213) 
was deposited at Lien Co. Ltd., Miyazaki, Japan.  
The powdered leaves supplied by Lien Co., Ltd. 
were extracted once with distilled water                       
(1:30, w/v) for 24 h at room temperature, and                    
the filtered extract was lyophilized. Finally,                    
about 30% (w/w) of the powdered leaves                    
were incorporated in AqMOL. For the compound 
48/80 stimulation and PCA reaction models,                      
the lyophilized powder was dissolved in                   
distilled water and administered orally in a 
volume of 0.2 ml/mouse to the mice by gavage.  
For OVA sensitization model in mice, the 
powdered leaves (0.12 or 1.2 g) were extracted 
once with 200 ml of distilled water for 24 h at 
room temperature.  The filtered extract (AqMOL) 
was freshly prepared every 2 or 3 days and 
continuously ingested by mice ad libitum for 45 
days. 
 

2.2 Mice 
 
Specific-pathogen-free female BALB/c mice (5- 
or 6-week-old) were obtained from Kyudo Animal 
Laboratory, Kumamoto, Japan.  The mice were 
housed five or seven per cage in specific 
pathogen-free conditions under a 12 h light/dark 
cycle at a room temperature of 23±2°C. They 
were fed a standard pellet diet CE-2 (Clea 
Japan, Inc., Tokyo, Japan) and water ad libitum. 
The mice were acclimated for 5 days before 
starting the experiments. The experimental 
protocols were approved by the animal 
experiment committee of Kyushu University of 
Health and Welfare, Japan, and the animal 
experimentation guidelines of the university were 
followed in the animal studies. 
 
2.3 Compound 48/80 Stimulation Model in 

Mice 
 
Systemic allergy was induced by compound 
48/80 (Sigma, St. Louis, MO, USA) as previously 
described by Kim et al. [19,20]. AqMOL at 300 
mg/kg was administered orally in a volume of 0.2 
ml/mouse to mice by gavage three times daily on 
days 0 and 1 (Fig. 1A). As a control, mice were 
given an equal volume of distilled water. In this 
experiment, we used AqMOL at 300 mg/kg as a 
biologically active dose for mice without toxicity 
based on our previous study [10]. On day 2, 
AqMOL was administered orally 2 h before the 
injection of compound 48/80 as a mast cell 
degranulator, and then 100 µL of compound 
48/80 dissolved in saline at 1 mg/mL was 
subcutaneously injected into the back.  
Immediately after the injection, the number of 
times each mouse scratched itself was counted 
for 40 min. 
 

2.4 PCA Reaction Model in Mice 
 
PCA reaction was carried out in mice as 
described previously [21,22]. AqMOL (300 
mg/kg) or distilled water as a control was orally 
administered by gavage to mice three times daily 
on day 0 and day 1 as described above (Fig. 1B).  
On day 2, AqMOL was administered orally once 
before and twice after an injection of anti-
dinitrophenyl (DNP) IgE (Sigma).  The anti-DNP 
IgE dissolved in saline at 2 mg/mL (10 µL) was 
intradermally injected into an ear under 
anesthesia by intraperitoneal injection of 0.5 mL 
saline including 1.0 mg pentobarbital. On day 3, 
2 h after the oral administration of AqMOL, mice 
were intraperitoneally anesthetized with 0.2 mL 
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Fig. 1. Schemas of three kinds of type I allergy models in mice. (A) 48/80 stimulation, (B) PCA 
reaction, (C) OVA sensitization 

 
saline including 1.6 mg pentobarbital, and then 
24 h after the anti-DNP IgE injection, 1 mL of 
saline containing 0.4% Evans blue (Sigma) and 
0.1% albumin-DNP was injected into the tail vein 
of mice. At 30 min after the intravenous injection, 
the mice were sacrificed, and the ears were 
removed, weighed, and dissolved in 0.5 mL of 1 
mol/L KOH at 37°C for 24 h. Then, 2 mL of a 
mixture of acetone and phosphoric acid (5:13, 
v/v) was added to the KOH solution, and the 
mixed solution was centrifuged at 3000 rpm for 
10 min. The absorbance of the supernatant was 
measured at 620 nm with a spectrophotometer 
(UV-1201, Shimadzu, Kyoto, Japan). 
 

2.5 OVA Sensitization Model in Mice 
 
Mice were immunized and boosted with OVA 
(MP Biomedicals, Santa Ana, CA, USA) in order 
to induce type I allergic rhinitis according to the 
method of Tobita et al. [23]. As shown in Fig. 1C, 
AqMOL at low (0.6 mg/ml) and high (6 mg/ml) 
doses and distilled water as a control were 
continuously ingested ad libitum by mice (10 
mice/each group) as drinking water from day 0 to 
day 45. On days 2 and 9, the mice were 
intraperitoneally immunized and boosted, 
respectively, with 200 µL saline containing 20 µg 

OVA and 2 mg aluminum hydroxide gel.  From 
day 16 to day 37, the OVA-sensitized mice were 
intranasally challenged by instillation of 10 µL 
saline containing 100 µg OVA every 2 or 3 days. 
On days 23, 30, and 37, the incidence of nose 
scratching was counted for 20 min before the 
challenge of OVA instillation, and then 
immediately after the challenge the incidence of 
nose scratching was further counted for 20 min.  
For each mouse, the net scratching number was 
calculated by subtracting the scratching number 
before the OVA challenge from the scratching 
number after the OVA challenge. The body 
weight of each mouse was measured once daily.  
AqMOL at low and high doses and water were 
freshly supplied every 2 or 3 days, and the 
consumption per mouse in each group was 
calculated.  On day 37, after the OVA challenge, 
blood was collected from five mice in each group 
under anesthesia, and the prepared sera were 
stored at -30°C. From day 38 to day 45, no 
challenge of OVA instillation was performed, 
although AqMOL was continuously ingested ad 
libitum by mice as drinking water. On day 45, 
blood was again collected from five mice in each 
group under anesthesia, and the prepared sera 
were stored at -30°C. 

(A) 

(C) 

Intraperitoneal injection of OVA/ Al(OH)
3
 gel 

Intranasal injection of OVA Collection of blood 

5 week old 
BALB/c mice 

0 2 9 16 23 30 37 Days 

Measure of scratching behaviour 

0 2 3 1 Days 

(B) 
6 week old 

BALB/c mice 

Injection of anti-DNP IgE to ears 

Removal of ears Injection of evans blue and  
albumin-DNP to tail vein 

Oral administration of AqMOL  

6 week old 
BALB/c mice 

0 2 1 Days 

Oral 
of AqMOL  

Injection of  
Compound 48/80 

Counting of  
scratching numbers 

45 
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2.6 Measurement of IgE and Histamine 
Levels in Sera of OVA-sensitized Mice 

 
The OVA-specific IgE level was measured         
using an enzyme-linked immunoassay (ELISA) 
according to the previously reported method [23].  
Briefly, the wells of 96-well microtiter plates were 
coated with 100 µL OVA (100 mg/mL) in 0.1 
mol/L carbonate buffer (pH 9.6) overnight at 4°C 
and washed five times with PBS containing 
0.05% Tween 20 (PBS-T). The wells were further 
coated with 300 µL of 0.1 mol/L carbonate buffer 
(pH 9.6) containing 0.4% bovine serum albumin 
(BSA) (Sigma) for 2 h at 25°C and washed five 
times with PBS-T. The sera were then diluted 
100-fold in PBS-T containing 0.4% BSA and 
added to each well in a volume of 100 µL. The 
plate was incubated for 2 h at 25°C. After 
washing the wells as described above, 100 µL 
horseradish peroxidase-labeled anti-mouse IgE 
(Bethyl Laboratories, Montgomery, TX, USA) 
diluted 10000-fold in PBS-T containing 0.4% 
BSA was added to each well, and the plates 
were incubated for 1 h at 25°C. The wells were 
washed with PBS-T, and then 100 µL of 3,3',5,5'-
tetramethylbenzidine (Wako Pure Chemical 
Industries, Osaka, Japan) was added to detect 
the peroxidase reaction. The plate was then 
incubated for 30 min at 25°C, and the reaction 
was stopped by the addition of 100 µL 4 N 
H2SO4.  The antigen level was read at 450 nm on 
a microplate reader (MTP-300, Corona           
Electric, Ibaraki, Japan).  In addition, total IgE 
levels in sera of OVA-sensitized mice were 
determined using a mouse IgE ELISA kit 
(eBioscience,          San Diego, CA, USA), and 
the histamine concentration in sera was 
determined using a histamine enzyme 
immunoassay kit (SPI-Bio, Montigny-le-
Bretonneux, France) according to the 
manufacturer’s instructions. 
 
2.7 Statistical Analysis 
 
All data are expressed as mean ± standard error 
(SE). The scratching frequencies of mice in the 
compound 48/80 stimulation model and Evans 
blue levels in the PCA reaction model were 
analyzed statistically by Student’s t-test. The 
scratching frequencies in the OVA sensitization 
model were analyzed statistically by the repeated 
measures ANOVA to evaluate the continuous 
differences in repeated measurements with 7-
day intervals after the challenges by OVA.  A P 
value of less than 0.05 was defined as 
statistically significant. 

3. RESULTS 
 
3.1 Anti-allergic Activity of AqMOL in a 

Compound 48/80 Stimulation 
 
Compound 48/80 induces an allergic reaction in 
animals and is known to activate mast cells and 
the release of histamine and cause pruritus in 
mice [19,20,24]. AqMOL was examined for its 
anti-allergic effect on the frequency of scratching 
induced by compound 48/80 injection in mice. As 
shown in Table 1, injection of compound 48/80 
remarkably increased scratching numbers (180.4 
± 21.5 times in the water-administered mice) as 
compared with that (44.2 ± 6.4 times) in the 
water-administered mice without compound 
48/80 injection (P < 0.05 by Student’s t-test). The 
oral administration of AqMOL was significantly 
effective in reducing scratching frequencies in 
the compound 48/80-injected mice compared 
with water administration (P < 0.05 by Student’s 
t-test). AqMOL reduced the scratching 
frequencies to less than 50% and was found to 
possess potent anti-allergic activity. 
 

Table 1. Effects of AqMOL on scratching 
frequency after injection of compound 48/80 

into mice 
 
Treatment Scratching  

number (time) 
Scratching  
frequency (%) 

Watera 44.2 ± 6.4* 24.5 
Waterb 180.4 ± 21.5 100.0 
AqMOL  86.3 ± 19.2* 47.9 

AqMOL at 300 mg/kg or distilled water was orally 
administered three times daily before the injection of 

compound 48/80 as described in text.  The scratching 
frequencies in mice are shown as mean ± SE (n=7) 
and are also expressed as percentages of water-

administered mice (control group).  aWater-
administered mice without compound 48/80 injection.  

bWater-administered mice with compound 48/80 
injection. *P<0.05 versus water-administered mice with 

compound 48/80 injection by Student’s t-test 
 

3.2 Anti-allergic Activity of AqMOL in a 
PCA Reaction Model in Mice 

 
The PCA reaction model is a passively sensitized 
model.  In this model, the anti-DNP-specific IgE-
dependent mast cell activation followed by the 
release of chemical mediators including 
histamine is evaluated, and the mast cell 
activation also causes an increase of vascular 
permeability [25,26]. The anti-allergic activity of 
AqMOL was examined in a murine PCA reaction 
model.  As shown in Table 2, the anti-DNP IgE 
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injection into the ears remarkably increased the 
Evans blue levels (1.57 ± 0.06 ng/mg per ear) in 
the ears of mice as compared with that (0.48 ± 
0.02 ng/mg per ear) in the water-administered 
mice without anti-DNP IgE injection (P < 0.05 by 
Student’s t-test).  AqMOL reduced Evans blue 
levels in the ears of water-administered mice with 
anti-DNP IgE injection, although it was not 
statistically significant (P = 0.06 by Student’s t-
test). 
 
3.3 Anti-allergic Activity of AqMOL on 

Scratching Frequency in OVA-
sensitized Mice 

 
AqMOL was further examined for its anti-allergic 
activity on an OVA-sensitized allergic rhinitis 
model in mice.  In this study, AqMOL at low and 
high (0.6 and 6 mg/mL, respectively) doses and 
water were ingested ad libitum by mice. The 
consumptions per mouse in the AqMOL-
ingesting group with low and high doses were 4.6 
± 0.1 and 4.8 ± 0.2 mL/day, respectively, and 
there was no significant difference as compared 
with the consumption in the water-ingesting (non-
AqMOL) group (5.0 ± 0.2 mL/day).  The mean 
body weights of mice in the AqMOL-ingesting 
group at low and high doses at 37 days were 
22.2 ± 0.3 and 21.5 ± 0.4 g, respectively, and 
also there was not any significance as compared 
with the body weight of the water-ingesting group 
(22.4 ± 0.3 g).  As shown in Fig. 2, the scratching 
numbers due to the intranasal ova challenge 
increased in OVA-sensitized mice administered 
water in a time-dependent manner for from days 
23 to 37 in the OVA-sensitized mice, AqMOL 
administration at low and high doses significantly 
reduced scratching number from days 23 to 37 
as compared with the water-administered mice (p 
< 0.002 by repeated measures ANOVA).  Thus, 
AqMOL was significantly effective in alleviating 
allergic symptoms in an ova-sensitized allergic 
model in mice. 
 

3.4 Effects of AqMOL on Histamine and 
IgE Levels in Sera of Ova-sensitized 
Mice 

 
To evaluate the mode of anti-allergic action of 
AqMOL, histamine, total IgE, and OVA-specific 
IgE levels in the sera of OVA-sensitized mice on 
days 37 and 45 were compared between water 
administration as a control and AqMOL 
administration at the high dose (6 mg/mL).  As 
shown in Table 3, AqMOL administration 
reduced histamine levels in the sera of OVA-
sensitized mice on days 37 and 45, although 

there were no statistical significances.  The total 
IgE level in the sera on day 45 was also reduced 
by AqMOL administration, but the total IgE level 
on day 37 increased in the sera of OVA-
sensitized mice with AqMOL administration.  
These differences, however, were not statistically 
significant. On the other hand, AqMOL 
administration was significantly effective in 
reducing OVA-specific IgE levels in the sera of 
OVA-sensitized mice on days 37 and 45 (P < 
0.05 by Student’s t-test). 
 

4. DISCUSSION 
 
A functional food is defined as one that 
satisfactorily demonstrates beneficial effects on 
one or more target functions in the body, and is 
expected to improve the physical function and to 
reduce the risk of specific pathologies by 
modulating the immune, secretion, nerve, 
circulating, or digestive system [27]. It is 
consumed to promote human health and reduce 
disease risk, and is among the fastest growing 
sectors of the modern food industry [28].  
Moringa oleifera Lam. is used as a vegetable, 
spice, cosmetic oil, and medicine.  In recent 
decades, extracts of the leaves of M. oleifera 
have been shown to exhibit various bioactivities 
[3-9]. Oral administration of its aqueous extract, 
AqMOL, has been demonstrated to activate DTH 
reactions based on cellular immunity in mice 
intradermally infected with HSV-1 and is 
suggested to have potential as an 
immunomodulator [10].  In this study, to verify the 
immunomodulatory activity of AqMOL, its effects 
on type I allergy were examined using three 
kinds of type I allergy models in mice, a 
compound 48/80 stimulation model, a PCA 
reaction model, and an OVA sensitization model.  
The oral administration of AqMOL was found to 
be significantly effective in alleviating allergic 
symptoms in mice sensitized by compound 48/80 
and OVA (Table 1 and Fig. 2). Even in the PCA 
reaction model, AqMOL reduced the Evans blue 
level in the ears of mice after anti-DNP IgE 
injection, although the reduction was not 
statistically significant (Table 2). Thus, oral 
AqMOL was demonstrated to be significantly 
effective in reducing type 1 allergic symptoms in 
at least two type I allergy models of the three 
murine models. The beneficial effect of AqMOL 
as a dietary supplement might have been 
demonstrated. 
 

In the compound 48/80 stimulation model, 
AqMOL was significantly effective in reducing the 
scratching frequency induced by compound 
48/80 injection (Table 1). Compound 48/80 
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induces an allergic reaction in animals and is 
known to directly activate mast cells and the 
release of histamine and cause pruritus in mice 
[19,20,24].  In an in vitro study, it was shown to 
directly promote mast cell degranulation and 

histamine release [29]. Thus, it is probable that 
AqMOL was effective in suppressing the                  
direct activation of mast cells by compound      
48/80 and the subsequent histamine release in 
mice.  

 
Table 2. Effect of AqMOL on PCA reaction in mice 

 
Treatment DNP-IgE Evans blue (ng/mg of ear) Evans blue level (%) 
Water (n=5)a - 0.48 ± 0.02 30.6 
Water (n=7)b + 1.57 ± 0.06c 100.0 
AqMOL (n=7) + 1.49 ± 0.09d 94.9 

AqMOL at 300 mg/kg or distilled water was orally administered three times daily as described in text. PCA 
reaction in anti-DNP IgE-injected ears of mice was detected by tail vein injection of albumin-DNP and Evans blue.  

The levels of Evans blue in ears are shown as mean±standard error (n=5–7) and expressed as percentages of 
water-administered mice with anti-DNP IgE injection.  aWater administered mice without anti-DNP IgE injection.  

bWater-administered mice with anti-DNP IgE injection.  cP<0.05 versus water-administered mice without anti-DNP 
IgE injection by Student’s t-test. dP=0.06 versus water-administered mice with anti-DNP IgE injection by  

Student’s t-test 
 

Table 3. Effect of AqMOL on histamine and IgE levels in the sera of OVA-sensitized mice 
 

Treatment Histamine level (µmol/L) Total IgE level (µg/mL) OVA-specific IgE level 
(A450 nm) 

Day 37    
Water 3939.2 ± 3130.3 55.4 ± 33.5 0.75 ± 0.05 
AqMOL 1348.3 ± 771.8  136.0 ± 78.7 0.66 ± 0.06 a 
Day 45    
Water 3367.9 ± 1360.7 59.4 ± 24.5 0.76 ± 0.04 
AqMOL 1915.1 ± 830.6 46.4 ± 29.5 0.65 ± 0.05 a 

AqMOL at high dose (6 mg/ml) or distilled water as a control was continuously ingested ad libitum to mice as 
drinking water from day 0 to day 45 as described in text.  Sera were prepared from five mice per group on days 

37 and 45 after the first administration of AqMOL or water.  aP<0.05 versus water by Student’s t-test 
 

 
 

Fig. 2. Effects of AqMOL on the scratching frequencies in OVA-sensitized mice  
The mice (n=10) in each group were administered AqMOL at a low dose (○), AqMOL at a high dose (▲), or 

distilled water (●), as described in the text.  Immediately after every fourth intranasal challenge, on days 23, 30, 
and 37, scratching behavior was counted for 20 min.  Bars indicate standard errors.  *P < 0.002, OVA-sensitized 
mice treated with AqMOL at low or high dose versus OVA-sensitized mice treated with distilled water by two-way 

repeated measures ANOVA 
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In the PCA reaction model, AqMOL reduced 
Evans blue levels in the ears of anti-DNP IgE 
injected mice, although the reduction was not 
statistically significant (Table 2). This is a 
passively sensitized model, that can be 
evaluated by the anti-DNP-specific IgE-
dependent mast cell activation, followed by the 
release of chemical mediators including 
histamine. The mast cell activation also causes 
an increase of vascular permeability [25,26].  
Thus, AqMOL might mildly interfere with the 
specific IgE-dependent mast cell activation 
and/or the increase of vascular permeability.  It is 
possible that the mast cell activation through 
specific IgE was initially reduced by AqMOL.     
 
AqMOL at 300 mg/kg was orally administered by 
gavage to mice three times daily in the 
compound 48/80 stimulation and PCA reaction 
models.  Based on our previous study [10], we 
used 300 mg/kg of AqMOL as a biologically 
active dose for mice without toxicity. Thus, in 
these models, the dosage of AqMOL was 900 
mg/kg/day.  However, in the OVA sensitization 
model, AqMOL at 0.6 or 6 mg/ml was 
continuously ingested ad libitum by mice. The 
consumption of AqMOL per mouse was similar to 
the amount of distilled water (5.0 ml/day). Thus, 
the daily consumption of AqMOL at 0.6 or 6 
mg/ml per 20 g mouse may be deduced to be 
150 or 1500 mg/kg/day, respectively, in the OVA 
sensitization model.  The dosages were not very 
different from that of the 900 mg/kg used in the 
compound 48/80 stimulation and PCA reaction 
models and were significantly effective in 
reducing scratching numbers in the OVA 
sensitization model (Fig. 2).  Therefore, the daily 
ad libitum ingestion of AqMOL at 0.6 or 6 mg/ml 
might correspond to the range of biologically 
active dosages. 
 
The OVA sensitization model mimics naturally 
occurring allergy and involves a process from IgE 
production to IgE-mediated mast cell activation, 
followed by increased vascular permeability 
caused by mast cell mediators.  In contrast to the 
two previous models, the OVA sensitization 
model involves OVA-specific IgE production in 
vivo. In our OVA sensitization model, oral 
administration of AqMOL was significantly 
effective in suppressing scratching numbers (Fig. 
2).  Thus, AqMOL was suggested to be effective 
in interfering with not only the process of mast 
cell activation but also IgE production. OVA-
sensitized mice are often used for evaluation of 
anti-allergic activity, and some oral materials 
were previously shown to ameliorate the allergic 

symptoms and suppress total and/or OVA-
specific IgE levels in the sera of OVA-sensitized 
mice [30-32]. In our model, repeated intranasal 
challenges of the immunized mice with OVA as 
an antigen significantly suppressed the 
production of OVA-specific IgE in the sera of 
OVA-sensitized mice but that of total IgE was not 
significantly suppressed (Table 3). AqMOL might 
not affect the overall humoral immunity in the 
OVA-sensitized mice.  The release of histamine 
was also suppressed by AqMOL, although the 
suppression was not statistically significant 
(Table 3). It is possible that the reduction of 
histamine release resulted mainly from the 
reduction of OVA-specific IgE levels due to the 
administration of AqMOL. In the two other allergy 
models, AqMOL was suggested to be effective in 
reducing mast cell activation. Thus, AqMOL 
might be effective in reducing the activation of 
mast cells by the lower binding of OVA-specific 
IgE to mast cells.  Alleviation of type I allergy 
symptoms by some bacterial products has been 
demonstrated to result in reduction of the IgE 
level in the serum due to a shift in the Th1/Th2 
balance from a Th2- to a Th1-dominant state 
[32,33]. In our OVA sensitization model, AqMOL 
was significantly effective in reducing OVA-
specific IgE production in the sera. AqMOL 
possibly reduced Th2 immune responses.            
Thus, AqMOL might be able to shift the              
Th1/Th2 balance toward Th1 dominance, 
resulting in a failure to reduce scratching 
frequency and OVA-specific IgE production. The 
elucidation of mode of anti-allergy action of 
AqMOL as a functional food is interesting                  
and may contribute to the improvement of 
physical function and the alleviation of type 1 
allergy. 
 
5. CONCLUSION 
 
Oral administration of AqMOL was shown to 
alleviate type I allergy symptoms in three kinds of 
allergy models (compound 48/80 stimulation, 
PCA reaction, and OVA sensitization models) in 
mice. AqMOL was suggested to alter the 
Th1/Th2 balance toward Th1 dominance in these 
allergy models in mice, resulting in the 
suppression of mast cell activation, followed by 
histamine release. AqMOL may be a useful 
functional food ingredient to alleviate type I 
allergies and expected to develop anti-allergic 
compounds included in AqMOL. 
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