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Immunomodulatory activities of crude β-glucans extracted from oat bran under different conditions, fractions A
(55oC, 5%, pH 6), B (45oC, 15%, pH 6), C (50oC, 20%, pH 7), D (50oC, 0%, pH 7), and E (50oC, 10%, pH 9),
were investigated. All crude β-glucan fractions stimulated macrophages, producing nitric oxide dose-dependently,
and, efficiently promoted nitric oxide production in presence of IFN-γ. Except for fraction C, in vivo test indicated
fractions B, D, and E (100 mg/kg) substantially enhanced carbon-phagocytic indices of blood macrophages by oral
administration of crude β-glucan for 7 days prior to carbon injection. These immunomodulatory effects could be
determined with extraction conditions of crude β-glucan.
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� �

��(Avena sativa. L.)� ��(Gramineae)� ��� ����

� ��� ���� � ��� ���� ����(1) ����

� oatmeal ��� ���� ���� ���, ��� β-glucan
� 1942�� Morris� ��� ���� ������(2) ��

�� �� ���� ��� �	�
� ��� ��� �	�


� ��� ��	 � ��� �	 �����(3) ��� β-
glucan ��	 �� ��� �� ��	 ���� ���. �
� �� ��� β-glucan ��� � β-glucan� 80%� ���

� ��� 54%� ��� �� ��� ��� ��(4).
�� β-glucan� �� ����� ��� ���(5) �� �

�� �� ��� ����� insulin� ��� ��� � ��

� ���� ��� �� ��� �����(6) �
�� ��

�� ��� ��� ��(7). �� �� β-glucan� ���� �
�� ������� IgG, IgG 1, IgG 2, IgM � IgA� ��

�����(8) 	���� ��� ��� ��� ���� �

	� ��� ��� ��(9). Estrada �(10)� ��� macroph-
age� �� β-glucan ��� �� ��� �� ��� ���

� IL-1� ����, IL-2, IFN-γ � IL-4� �� ����� �
��� ���� ����� ����� �
�, Staphylococcus
aureus� ��� 3� �� ���� β-glucan 500 µg� 1� �
� ���� � ���	 ����� �
�. Yun �(9)�
Staphylococcus aureus� Eimeria vermiformis� ��� �� �
� β-glucan(68.2%)� �� �� ����� �� � �� �
� ��� ����� ���	 ����� �
�. �� Eimeria
vermiformis� ��� �� �� �� � mesentric �	��

Peyer’s patch�� ��� �� ����� ����� �
�.
	�� ����� ���� ��� ��� ��� � ��

��	 ���� ��(11), β-glucan	 ���� �
� ���

�� ���� ��� ����� ����� ��(12) � single
helical �� triple helical ��� β-glucan� nitric oxide ���

	 ����� ��(13)��� 		 β-glucan� �	� �� �
�� �� �� ���� ��. �� 
�� ��(1�3), (1�
4)-β-D-glucan� ���� lichenase� �� ����� ���

� ���� DP3/DP4 ��	 �
�(14), �
�� � ���

� ���� ���� ���(15) ��� ��	 ���� �
�(3). ��� 	�� �� β-glucan� �	� ��� �	� �
� ��� �� ��� ��� �� � 	
� ��� �� �
�� ��
 ��� �	��� 	���� ��� ��. ��
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β-glucan� ��� ���� � �
 �� �� ���� ��

�(14-16) ��� ��� ���� ���� ����� �	

��� ��� �� ��� 	���� � �	�.
���, � ����� ��� crude β-glucan� �� ��


� ���� �� ��� �
�� ��� ����� 
� β-
glucan� ����� ���� ���, ����� ���� 	
� crude β-glucan� ���� in vitro ��� ����	��

nitric oxide ��� � in vivo ���� �� macrophage� �
���� ���
�.

�� � ��

�� crude β-glucan ��

Crude β-glucan� Jeong �(16)� 	� �
�� ����, �
�� �� � �� pH� �
� ������� 
��
�.
� ��� ��� 5�� crude β-glucan ��� Kang �(17)�
����� 		 in vitro ���� ����	 ���� ��

� ��� �	�
�. 5�� ����� A(55oC, 5%, pH 6),
B(45oC, 15%, pH 6), C(50oC, 20%, pH 7), D(50oC, 0%, pH
7) ��� E(50oC, 10%, pH 9) 	��.

����

�� � crude β-glucan �� �� ��� �	� �� �	

�(FD 600, Kett Electronic Lab., Japan)� ���� �
�
�,
��� ��� Kjeldahl 
��, �� ��� soxhlet 
��, �
�� �� ��
�� �
�
��(18), �� ��� Dawkins
� Nnanna� �
(19)� ��� �
�
�. � ��� ���

3� �� �	�� � ���� ��� crude β-glucan ���

�� ���(%)�� �����.

����

����� 6�	� 25-30 g� �� ICR ���(���	�


�(�), Korea)��� 
��� ��� ���
�. ��� �
���� 
�� �� 23�2oC, ���� 55�10%, 
���

12�/hr, ���� 12��(07 : 00-19 : 00), �� 150-300 lux� �
��
�� ����� �

� ����� 1��� ���

�� ���
�.

�� macrophage� �� � ��

���� 2.5% liquid thioglycollate medium� 2.5 mL/mouse
� ���� ���� ����, 3� � 8 mL� cold saline�
� ��� 
��� 	�� 	��. 	�	 	�� 3� 

�

���� 	��� 

� � 3,000 rpm�� 10�� ����

�� 	�� �����. ���� 1 mL� 144 mM NH4Cl �
�(17 mM Tris buffer, pH 7.2)� ��� � 5� �
 ����

�� ������ ���� 

�
�. 	�	 	�� 10%
fetal bovine serum(FBS) � penicillin-streptomycin(20 µg/mL)	
�
� RPMI 1640 medium� 1 mL ��� 	�� ��� �

��� ��� ���. �	�(50 µL)� 	� �
�� ��

� trypan blue ��� 

� �� haemacytometer� 	���

�� 	��� �	��, 1�106 cells/mL� ��� �� 96-
well plate� 100 µL� ���
�.
	�� 5% CO2 incubator(37oC)�� 2�� �
 
���

macrophage� plate� ����� � ��, crude β-glucan(��

10-1,000 µg/mL)� �	 �� interferon-γ(IFN-γ, 10 U/mL)� �


�� ���
�. ��� �� ����� ���� IFN-γ(10
µg/mL)� lipopolysaccharide(LPS, 10 µg/mL)� �	 �� �


�� ����, 72�� �
 ��� 
��
�(20).

Nitric oxide �� ��

Crude β-glucan	 �� ��	�(���	�)� �����

nitric oxide(NO) ��� �	����� ���� ��� �
well� 
��� ��� Griess reagent(1% sulfanilamide + 0.1%
N-1-naphthylethylenediamine dihydrochloride + 2.5% phosphoric
acid)� �� 10�� ���� ��, 540 nm� �
�� ��

�� �	�
�. Sodium nitrite� ���� ��� �����

��� 
���� nitrite ��� 	��
��� 
�� �


�� �� ���� � ���(20).

������ carbon ������

���� �� 100 mg/kg� crude β-glucan� 7�� ���

���, ���� 4�� � ��� carbon ����� �	�


�. �, carbon suspension(India ink)� 5,000 rpm�� 15��

����� � ���� 1.5% gelatin (in saline)� 2
 �
�

� 30 mg/mL� ��� �
�. �
� carbon �	�� 10 mL/
kg� ���� 	�� ����, 0.5� � 10� �� ��(50
L)� ���
�.

Crude β-glucan	 ��� ��	�� ����� carbon par-
ticles ���� �	����� ���� ��� ��� �	

�(30 µL)� ��� 1 mL� 0.1% Na2CO3 ��� ���� �
��� �� 600 nm�� ���� �	�
�. Na2CO3 ���

�� ��� carbon suspension� ��� ��� ������

�� ��� carbon ��� 	�� ��, phagocytic index(K) =
1/(t10 − t0.5)�ln(C0.5/C10)��� ����� ���
�(21).

����

�� ��� �������� ������, Student’s t-test
� ��� p < 0.05� ���� 
��� �	�
�.

�� � ��

�� crude β-glucan� ��

Crude β-glucan� ��� �
� ��� Table 1� 	�. β-
glucan ��� 22.8-38.3% 	�� B��	 �
 ��, C��	

�
 �� ��� �
�, ��� ��� 23.2-27.8% 	�� C
��	 �
 �� A��	 �
 ���. ����� 13.2-35.4%
	�� C���� �
 �� B���� �
 ����, ��

� 8.3-11.2% 	�
�, ��� 5.9-7.9% 	�
�. Crude β-
glucan ��� β-glucan, ��� �� ��	 ����� 	�

�� ���, β-glucan ��	 �� ����� ��� ���


��� ���� �� ��� ��� �� ���, � ��

��� ��� crude β-glucan�� ��� β-glucan� ��� �
���� ��� � ��� � � ���. ����� ��

crude β-glucan� ����� ��(16)� ��� ����� �
� ��� ��� ���� �� ��� ����, ��� �
� � β-glucan ��� ���
�, pH� ����� 
���

��� ��� ��� ����. ��, � ���� � �� �
β-glucan� �	��� �� ��� 	���� ����, ��

��� ����� ���� β-(1�4) �
 block	 ����,
���� β-(1�3)�
�� ����(14), ����� ammonium



�� ���� ���� 105

sulfate ��� 30-50% 	��� ���� β-(1�3)�
� β-(1
�4) �
�� ����, ���	 ��	�� ��(15)�� �
�� �� 		, � ����� ��� ���� � �	� �
�� �	� �	� crude β-glucan ��	 	�	 ��� �
���.

In vitro ��� crude β-glucan� ��� �� macrophage
� nitric oxide(NO) ��� ��� ��

��� crude β-glucan	 ��� �� macrophage� ���

�� �������� ���� ��� 5�� crude β-glucan
��� 10-1,000 µg/mL �� 	��� �	�� �� interferon-
(IFN-γ)� �
��� ��� � nitric oxide(NO)� ����

	�� ��� Table 2� 	�.
Liquid thioglycollate medium� ���� 	� �� macroph-

age� RPMI 160 medium�� 72�� �
 
��� �� NO
��� �� 10.65-10.70 µM� 	�
��, 	 �� ����

� �
�. A��� 10-1,000 µg/mL� �	 ��� �� ��

�� ��� 100 µg/mL ��� 118.8%� ���
�, 320 �
1,000 µg/mL�� �� 152.0 � 184.5%� ���
�. ��,

IFN-γ(10 µg/mL)�� ���� �� ���� 135.3%� ���


��, IFN-γ� �
 ��� �� crude β-glucan A���

1,000 µg/mL�� IFN-γ� 131.2%� ���� � 	� � 	�

� ����� ��� ����� ���� ��
�. ��,
macrophages� resting macrophages(���)�� IFN ��� �
	 primed macrophages� 
� ����� � ��� LPS �
�� �	 activated macrophages� ������ IFN� LPS�
������� ���
� �, LPS(10 µg/mL)� �	�� �
��� �� ���� 410.8%�, IFN-γ� �
���� ��

554.7%(IFN-γ� 409.7%)� ���
�.
B��� �	 ��� �� 320 � 1,000 µg/mL�� �� �

��� 130.0 � 228.2%� 	�� ��� 
����, IFN-γ�
�
 ��� ���� 320 � 1,000 g/mL�� �� IFN-γ�
145.5 � 218.1%� ���
�. C ��� A ��� 
��


� �� ���
�
, 1,000 µg/mL� �	 ��� ��� �
��� 158.7%� 
���� ���
� �, IFN-γ� �
 �
�� ��� 
� ����� ���� ��
�. D �� �
� A ��� 
�� ���� �� �� ��� ���
�
,
100, 320 � 1,000 µg/mL� �	 ��� ��� �� ����

122.2, 133.2 � 195.2%� ��	��, IFN-γ� �
 ��� �
��� 1,000 µg/mL��� IFN-γ� 159.5%� 
��� ���

�� �����.
	� �� E ��� �	��� ����� 	�� ���

���� �� IFN-γ� �� �� ����� �����. �,
320 � 1,000 µg/mL� �	 ��� �� �� ���� 118.2
� 258.0%� ��	��, IFN-γ� �
 ��� ���� 100,
320 � 1,000 g/mL�� �� IFN-γ� 135.9, 169.6 � 200.3%
� �� ����� ���
�.
�, crude β-glucan ��� ��� �� macrophage� ��

NO ���� �	 ��� � IFN-γ �� ��� �� �� �
��� �� ����� ���� ��� �
��, �	 ��

� ���	 
�� IFN-γ �� ���� ���� ��� �

Table 1. The chemical compositions of crude β-glucans from oat
bran                                                                                 (%, dry basis)

Fraction1) β-Glucan Protein Starch Lipid Ash

A 22.9 23.2 34.2 8.4 5.9
B 38.3 25.6 13.2 10.9 7.9
C 35.3 27.8 13.2 11.2 5.9
D 22.8 23.6 35.4 8.8 6.7
E 28.2 21.4 25.1 8.3 7.2

1)A fraction (55oC, 5%, pH 6), B fraction (45oC, 15%, pH 6), C
fraction (50oC, 20%, pH 7), D fraction (50oC, 0%, pH 7), E fraction
(50oC, 10%, pH 9).

Table 2. Effect of crude β-glucans from oat bran alone or in combination with interferon-γ (IFN-γ), on the nitric oxide (NO) production
by peritoneal macrophages

Treatment Dose (µg/mL)
NO concentration (µM)

A1) B C D E

Medium - 10.65�1.90 10.70�2.33 10.65�1.90 10.70�2.33 10.65�1.90
IFN-γ 10 1.42�1.69* 14.89�1.72* 14.42�1.69* 14.89�1.72* 14.42�1.69*
LPS 10 43.75�21.06* 45.47�25.45* 43.75�21.06* 45.47�25.45* 43.75�21.06*
IFN-γ+LPS 10 59.08�19.30# 65.33�18.01# 59.08�19.30# 65.33�18.01# 59.08�19.30#
Crude β-glucan 10 10.79�1.63 7.58�0.42 8.10�0.39 9.92�1.17 8.58�3.11

32 11.54�1.05 9.31�1.65 8.50�0.87 10.25�1.15 9.42�2.80
100 12.65�1.23 10.72�2.52 10.96�0.66 13.08�1.64 11.15�1.97
320 16.19�3.88* 13.91�1.88 13.77�1.31 14.25�3.03 12.59�1.87

1,000 19.67�5.29* 24.42�3.81* 16.90�2.12* 20.89�2.90* 27.48�16.01*
IFN-γ+crude β-glucan 10 14.96�5.69 13.39�3.84 11.42�3.13 12.89�3.31 14.56�3.67

32 14.67�5.42 17.06�6.24 13.42�4.48 13.22�3.68 15.52�2.60
100 16.02�6.63 19.08�7.95 14.25�4.63 15.39�3.67 19.59�11.41#
320 16.50�6.42 21.67�9.10# 13.90�2.66 16.94�3.67 24.46�20.38#

1,000 18.92�3.03# 32.47�7.78# 16.06�2.85 23.75�1.23# 28.88�13.70#

*: Significantly different from medium control (p<0.05).
#: Significantly different from IFN-γ control (p<0.05).
1)A fraction (55oC, 5%, pH 6), B fraction (45oC, 15%, pH 6), C fraction (50oC, 20%, pH 7), D fraction (50oC, 0%, pH 7), E fraction (50oC, 10%,
pH 9).



106 �������� 
 37 	 
 1 	 (2005)

�� �
�. 	�� ��� �� β-glucan� ��� ����

� �
� IL-2, IFN-γ � IL-4 �� cytokine ��� �� �
� � ��� ����� ����� ��(10)� 
��
�.
� ����� NO ���� crude β-glucan �	 ����

A ��� 
	� �	� 4�� ��	 1,000 µg/mL� ���

�� 
��� ��� �� ��, A ��� � �� ���

320 µg/mL��� 
��� ����� ��(152.0%), ����

� ���� ���	��� �
 ��� ���� ����.
��, 1,000 µg/mL �� �	 ��� NO ���� E(258),
B(228.2), D(195.2), A(184.5) � C(158.7%) �� ��� ��

��� E ��	 ��� ���� �
 ���	�� � �
���
, � ��� NO ���	 �
 ��� C ��� �
1.6
� ��
�.
��, IFN-γ� �
 ��� ���� C ��� 
	� ��

��� ���(1,000 µg/mL) ���� 
��� ��
� �


��, IFN-γ ���� �� ���� B(218.1), E(200.3),
D(159.5) � A(131.2%) ��� �� ����. �� B ���

320 µg/mL��� IFN-γ ���� ��� 145.5% ���
�,
E ��� 100 � 320 µg/mL��� �� 135.9 � 169.6%� 	
�� ����� ��	�.
	� 		, �� crude β-glucan� ��� �� macrophage�

�� ���	��� β-glucan� ����� �� ���� �
� ���. �� �	��� ��� �	 ��� NO ��	

���� ��� �� �� macrophage� �� ���� ��

	�, T-cell 	 ���� ������� IFN-γ ����� �
�� ����� NO��� �	�� ��� �� �����

�� �� ���� ��� �� ���� �� ��� � �
��. NO� ���, ���, ��	�	� � ������ �
� �� �� ����� ���� ���(22), nitric oxide 

���(NOS)� ��� L-arginine���� 
����(23), crude
β-glucan� macrophage � �� NO �� ��� NOS �� �
	�� �
	 �� ��� ����. ���, �� β-glucan�
���� ��� ���� T � NK 	��
 cytokine� IL-
2, IFN-γ � IL-4� ��, macrophage ���� �� IL-1
cytokine� �� �	 ��� � ���, β-glucan� ��� �
�	��� ���� ��� � ��	 �� ��� ��� �
�� ��(10).

In vivo ��� �� crude β-glucan� ������ carbon
����� ��� ��

�� crude β-glucan	 �� ��	�� ���� �� ��

� carbon ����� ������� ���� ��� 7��

crude β-glucan(100 mg/kg)� ����� � 4�� �� phago-
cytic index� �	� ��� Table 3� 	�.

7� �
 vehicle� ��� 	� ���� carbon suspension
� ���� 0.5�� 10� � �� � carbon� ��� �	�

� 	� 9.5� �
� clearance, � phagocytic index� ��

0.0162� ���� 	� ����� �
�. 	� �� 100 mg/
kg� A ��� ��� ���� 0.0167� � ��� ����

��
��, B ��� 0.0249� ���� 153.7%, C ���

0.0198� 122.2%, D ��� 0.0256�� 158.0%, ��� E��

� 0.0276�� 170.4%� �
 �� phagocytic index� ���


��
�. ��, B, D � E ��� ���� ��� ���

�	 
���� ��� ��� ����(p < 0.05). 	�� �
��, IFN-γ ��� �� macrophage� ��� NO ���	

�� ���� �� 3�� ��� B, D � E ��� ���


�. ���, NO ���� ���� ������ B, D � E
��� �� �	��� ��� ��� �����, 	���

���	��� ��� crude β-glucan� �� ����� �
�� � ���.
�� � ���� ���	 ��� β-glucan ����� �

�� ��� ��� � ���
, 	�� ���	 ��� �
�� �� �	 	� Hashimoto �(13)	 triple helical ���

single helical β-glucan�� NO ���	 ���, NOS ��	

single helical β-glucan�� ����� ��� �� 		 β-
glucan� �	� ���� �	�, �� ���� ����	

��(12)� �� 		 β-glucan 		� �� ���� �	��

� Malkki �(24)� β-glucan ��	 �� ���� ��� 

������ �� ��� �� ���� ����� ���

�� ���� ����� 		 
���� ���� �� 	
� �� ��� ��� � �� �	�. ��, ��� macroph-
age� 1�3 �
� �	 β-glucan� ��� �	�� �	

receptor �	 �� ��� ��(25)� � ���� ���� 1
�3 �
�� ��� �
	 �� ��� ����.
	�� �����, crude β-glucan	 �� macrophage�

nitric oxide ���� �	���, ����� �	��� ��

� ��� ���	��� ���� �� ��� � ����

����� �� ��� �� �	� �� �� � � ���

�, � �� �� � ���� ��� ��� ���� ��


�. ��� crude β-glucan���� ��� ������� �
� � ��� ���� ��� �� � 	
 � ����� �
� �� �� � β-glucan� �� �
� �� ��� ���

��� 	���� � �	�.

Table 3. Effect of 7-day oral treatment with crude β-glucans from oat bran on the carbon clearance of mice

Treatment Dose (mg/kg) Phagocytic index (K) % of control

Vehicle - 0.0162�0.0035 100.0
1)A1) 100 0.0167�0.0041 103.1

B 100 *0.0249�0.0065* 153.7
C 100 0.0198�0.0039 122.2
D 100 *0.0256�0.0071* 158.0
E 100 *0.0276�0.0036* 170.4

*Significantly different from vehicle control (p<0.05).
1)A fraction (55oC, 5%, pH 6), B fraction (45oC, 15%, pH 6), C fraction (50oC, 20%, pH 7), D fraction (50oC, 0%, pH 7), E fraction (50oC, 10%,
pH 9).
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����� �	 ��� crude β-glucan� �� ���	�

�� ���� �� ����, ��� �� � pH� ����

� 	� β-glucan �� � in vitro ���� ���	 ���

� ��� 5� ��� A��(55oC, 5%, pH 6), B��(45oC,
15%, pH 6), C��(50oC, 20%, pH 7), D��(50oC, 0%, pH
7) � E ��(50oC, 10%, pH 9)� ���� �� � ��	�

� nitric oxide ���� ���� � ���� carbon ���

�� ���
�. In vitro ���� β-glucan� 10-1,000 µg/mL
	��� �	�� �� IFN-γ� �
 ���� � �� ��

	�� nitric oxide ���� �� ��� ���� ���


�. �	 ����� ���� �(1,000 µg/mL) �� ����

nitric oxide ���	 
���� ���
�. IFN-γ� �
 �
���� C��� 
	� �� ��� ��� ����� 

���� ���
�
, �� E��� 100 µg/mL� �� ��

��� ���� ��� �
�. In vivo ���� 100 mg/kg�
β-glucan ��� 7�� ����� � carbon ����� ��

� �� B, D � E ���� 
��� ��� �����. 	
�� ��� �
�� �, β-glucan� ���� � �����

�� IFN-γ ����� ������ �� � ��	�� �
���� � ���, ����� ����� ����� �	

��� ��� ����, � ��� crude β-glucan� ����

� �� ���� �� � � ���.

��� �

� ��� ������ ����� (02-PJ1-PG4-PT04-0003)
� �� �
�� 	� ������.
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