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Abstracts : Helicobacter pylori (H. pylori)-infection is an important pathogen of stomach cancer after chronic
gastritis and ulceration in the stomach and duodenum. However, the virulences of H. pylori strains have not
been well-defined between clinical isolates. This study was designed to establish water-immersion-restraint stress
(WIRS) model in mongolian gerbil for comparison of pathogenicity of H. pylori strains. To determine an
optimal duration time for WIRS model in gerbil, 5-week-old Mongolian gerbils were divided into different
groups by WIRS duration time. After graded duration of WIRS, the macroscopic ulcer index (UI) was measured
with the stomach and duodenum of sacrificed animal. There were no significant differences between male
and female in same duration group. However, the UI increased significantly in a time-dependent fashion. The
group of 6 hours-WIRS animals showed severe hemorrhage and ulceration in their stomach and duodenum.
On the other hand, the very mild lesions induced in 2 hours-treated animals. Therefore, we determined an
optimal duration time for WIRS model in gerbil as 4 hours. Thereafter, we evaluated whether this WIRS model
in gerbil could be used as an useful tool for in vivo comparison of pathogenicity of H. pylori strains by
enhancement of pathological severity in H. pylori-infected gerbils. Mongolian gerbils were divided into H. pylori-
infected and PBS-inoculated groups. Thereafter, they were divided again into 4 hours-WIRS and no WIRS
subgroups. After treatment, the severity of pathological changes was evaluated in a same manner with previous
duration-determining experiment. When the animals were exposed to WIRS, the UI was significantly higher
in the infected group than in the uninfected group. These results suggested that the established gerbil-WIRS
model in this study enhanced effectively the severity of pathogenic changes in the H. pylori-infected Mongolian
gerbils and could be used as an useful tool for in vivo comparison of pathogenicity of H. pylori strains.
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�� ���� �� ��	� ����, ���� �

�� ��� ������ [5]. ���, Helicobacter

pylori(H. pylori)� Marshall� Warren� ��� ���

1984�� �� �� ��� ��� ������ ��

�� ��� ��
� ��	� �� �����, ��

� ��, ���, ������, ��� ��� �� �

�� ��� ��� �� ��� ���� 
� [6,

7, 8, 12]. ���� �� ����� �� ����

� ����� 60-70%, ������ 64-95%, ��

����� 75-94%, ���������� 79-90%,

������ 40-60%� H. pylori ���� ���


� [11]. ���� �� � ������� H. pylori

���� 60-90%� ��� 
� ��� ��, ��

���� ��� 40-60%� ��� �� ���� �

�� � ��� ��� �� ��� ���� H. pylori

����� ��� ��� � �� ���� [2]. �

�� ����� �� ���� ��� �� ���

���� ���� H. pylori� ��� ��� ���

� 
��, H. pylori� ������ ���� ��

��� ���� ���	� ����, ���� �

� H. pylori ��� ��� �� ����� ���

���� �	� ������ 
� [9]. ���� H.

pylori� �� ����� ��� ��� ��� �


� ���� ���� 
� �	�, � �� ��

���� 
�. ���� H. pylori� ���� ��

�� ���� vacuolating cytotoxin(vacA) gene [4],

cytotoxin associated protein(cagA) gene [17], urease

[3], catalase [14], superoxide dismutase [15] �� �

��� 
	�, �� ��� ���� �� ����

�� ���� ��� ������ 
�. ���, �

�� �� ���� ��� ��� ����� ��

� ���� �� ��� ���	� �� ��� �

� [18]. ��� �� ����� ��� H. pylori �

��� ���� ��� ���� �� ��� ��

�� �� � � 
	�, ��� ��� ���� �

�� �	 � � 
� ���� ��� ������


�.

� ��� H. pylori ���� ��� ��� �

�� � 
� in vivo ���� ����� ���

��. �� ��� Mongolian gerbil��� ���	

����(water-immersion-restraint stress, WIRS) ��

��� ��� �� ��� ����, Mongolian

gerbil� H. pylori ���� �� � WIRS� ��	

� H. pylori ���� ��� ��� ���� ��

� ��� �� ��� �	� � 
�� �����

���.

�� � ��

����

�	��� ���� ������� �������

(specific-pathogen free, SPF)� ��� 	�� ����


� Mongolian gerbil(Meriones unguiculatus)� 4���

	��	 1�� �
 SPF ����� ����� � �

�� �
���. ���� � ��� 23±1oC, ��

50±5%, �
 60 phone ��, ���� 08:00-20:00(1�

12��), �� ��	 10-12�� SPF �
�� ���

�	�, ��� �����
��(���)� 2.0 Mrad�

	��	� ���� ���� ���, 
�� ���

���� �� �����. � ��� �
� ����

� ��� �� ����� 	�� �	��� ���

� ���� 
����(Institutional Animal Care and

Use Committee, IACUC)� ��� ���� �����. 

�� ������ ��

H. pylori(ATCC 43504, American Tissue Culture

Collection, Rockville, MD) ��� 10% calf serum� �

�� �	
� ����� 
� �, 10% CO2, 100% �

�� ���� 37oC 	���� 3�� �����. �

�� H. pylori� ��� PBS(pH 7.2)� �� 
� ��

� �� �, 1 ml 	 2.0×109 colony-forming unit(CFU)

� � �� �
�� ���� ��� �
���.

�� ���� �� �� � �� �� �� ��

1���� ���� � 5��� �
� � .�

Mongolian gerbil� �� 18��, � 36�� ��� �


���. �� WIRS ��� �	�� ��� WIRS 0

��, 30�, 1��, 2��, 4��, 6�� �� 
	� �

�� �, � 
	 � .� �� 3�, � 6�� �
�� 


��� ���. ��� Mongolian gerbil� 18�� 	�

�� �, WIRS �
� stress cage� �� 21±1oC� �

��� ��� ��
�� �� ���� �����.

� 
 
� ��� WIRS ��� �
� �, ��� �

��� ether 
� �� ���� � �� �����

���� Ulcer Index(UI)� ���� � 

 ��� �

�� �, �� WIRS ��� �����, � .�� �


��� �� ��� ��� �	���.

�� ������ �� � ���� ��� �� �� ��

1���� ���� � 5��� �
� ��

Mongolian gerbil 20�� ��� �
���. � 
	 5

�� ���� �
�� H. pylori �� � WIRS �



(I 
), H. pylori �� � WIRS ��

(II 
), PBS
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�� � WIRS �

(III 
), PBS �� � WIRS ��



(IV 
)� 4� 
	� ��� ��� �����. I


� II 
� 5�� Mongolian gerbil� 18�� 	��

� �, 1 ml 	 2.0×109 colony-forming unit(CFU)� �

�� �
�� ��� ��
� �	 0.5 ml � 
��


 ��� �
�� 
�(p.o.)� ���� H. pylori �

�� �����. III 
� IV 
� ���� 18�� 	

� � �� PBS(pH 7.2)� 0.5 ml� 
� �����.

�� � � 
� ���� 12��� 	� � ��� �

����. 	� �
� 
�� �� ��� � 
��

���. H. pylori �� PBS ��� � 
� ���� 1

�� � 18�� 	��� �, I 
� IV 
� ����

4��� WIRS� �
���, II 
� III 
� ����

WIRS� ����� ��, ether 
� �� ���� �

�� ����� ���� UI� ����, WIRS� H.

pylori� ��� gerbil�� ��� ��� ������

�����. 

����	 
���
� ��

� �� 

� WIRS �� � ��� �� �� �

��� �� 	��� �� �� ����
(X 10)�

�
�� ��� ����, UI� �����. UI� �

��� ���� X ����(mm2)� ��	� 	��

��. � ��� UI� �� � � 

� � .�� ��

UI� ����. ��� ����� ��	�	� 	�

�� �� �� ����
(X 10)� �
�� ���

����, ��� 	�	� � 
� � .�� �� UI�

����. 

� �

�� ���� �� �� � �� �� �� ��

WIRS �� ��� �� Mongolian gerbil� � � �

���� �� ��� ��� 
��� ���� ��

� 0�, 30�, 1��, 2��, 4��, 6��� �� ��

����� �
� ��, ����� ��� �� � �

����� UI� ���� � � 
��(Fig. 1). WIRS

� ��� ��� � ��� �� ��� ��� �	

��� ��� �� ��� ��� �	���	�,

WIRS ����� ��� ���	� ������ �

��� ���� �� � � 
��. 6��� WIRS �

�� ��� �� �� ��� ���� ����	�,

� �
 �� ��� 	
���� �
� �����

�
� ��� �����. 2�� ��� WIRS �
�

��� ��� ���� � ��� ���, 4�� ��

� WIRS �
 ���� ���� UI �� ���� �

����(Fig. 1). ����� ��� � ��� ���

�� ���� �� ����	�, � ��� ����

UI� ��� �� � � 
��(Fig. 1). ���� ��

WIRS �� ��� ���� UI� �����. ��

WIRS �� ��� �
� � .� �� UI� �
 ��

� 
��� ��� ��, � .� �� ��� ����

���. ��� ���� ��� 2�� ��� WIRS �

�� ��� ��� �� ���, ��� 6��� ��

� �� �� ��� ��� �� H. pylori ��� �

�� ��� ������ ���� ��	��� ��

�� Mongolian gerbil� WIRS �� ��� 4��	�

����. 

�� ������ �� � ���� ��� �� ��

Mongolian gerbil� �
�� H. pylori �� � WIRS

�
�� ��� H. pylori� �� in vivo ���� �

��� 
 � 
��� ����� ��� �����.

�� ��� �� �	� Mongolian gerbil��� WIRS

�� ��� ��� �� ��� �����, � �� 4

Fig. 1. Ulcer Index of stomach (A) and duodenum (B) after
water-immersion-restraint-stress (WIRS) for optimal WIRS-
time decision.
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Fig. 2. Ulcer Index of stomach (A) and duodenum (B) after water-immersion- restraint-stress (WIRS) with or without H. Pylori
infection. Group I (H. pylori+WIRS), Group II (H. pylori+No WIRS), Group III (PBS+WIRS), Group IV (PBS+No WIRS).

Fig. 3. Gross findings of the stomach and duodeum. A. Stomach of Group I (H. pylori+WIRS) gerbil. There were
severe hemorrhagic gastric erosions and ulcers on the glandular stomach. B. Stomach of Group III (PBS+WIRS)
gerbil. There were several gastric erosions and ulcers on the glandular stomach. C. Duodenum of Group I (H.
pylori+WIRS) gerbil. There were severe hemorrhagic erosions and ulcers. D. Duodenum of Group III (PBS+WIRS)
gerbil. There was one focal ulcer lesion.
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��� WIRS ����� �����. ��	 1×109

CFU� H. pylori� ���� � 1�� �� 4���

WIRS� �
��� �, ��
� ���� � � ��

��� UI� ��� ��� �����(Fig. 2). H. pylori

� ��� Mongolian gerbil� WIRS� �
��� �,

���� ��� WIRS� �
��� � �� � ��

��� UI� �����(Fig. 3A, Fig. 3B). �����


�� � ��� ��� ���� ��� ��� ��

� ���� �� ��� �����(Fig. 3C, Fig.

3D). ��� ����� WIRS� H. pylori� ���

Mongolian gerbil�� � ���� 
��	� ����

� 

� � � 
��. � ��� ��� ���

Mongolian gerbil� �
� ���	 ��� H. pylori �

��� ��� ��� ��� � 
� in vivo ���	

� �
� � 
� �	� �����. 

� �

H. pylori� ���� ����� 5� ���� 50%

���, 8�� 80%, 20� ����� 90%� ��� �

	� ������ 
� [10]. ��� ���� ���

���� ����� H. pylori� ���� 
	�, �

� 40-45� ��� �� �
, H. pylori� ��� ��

� ���� �� � � 
�. ���� �� �� ��

�� 10��	 �� 57.9� �� 25.1� ���� 
�

[1]. ���� �� ���� �� �� ���� ��

�� �� �� ������, ���� ��� ���

H. pylori� ��� �� �����, ���	� ��

�� ��	� ��� � 
�. �, H. pylori� ���

��� ���	� �
�� ��� ���� 
��

��, ������ �� � ��	� ��� ��� �

� �� ���� ��� 
� �� ���� �� �

��� 
���� �� � � 
�. ��� ����

���� ���� ��� �� ��, ���� 
��

�� �� �� �� ��� �� �� ���� 
�

�, �� ���� ��� H. pylori ���� ��� �

�� ��� ��� �
�� H. pylori� ������

���� �� ��� ���� ���	� ����,

���� �� H. pylori ��� ��� �� ����

� ��� ���� �	� ���� 
� [9]. ���

�� �� ���� 	��� �
� H. pylori� ��

� �� � ��� ��� �� � 
	�, 	�� ��

���� ���, H. pylori� ���� �� ��� �

� � �� ������� �� ���� ���� H.

pylori� �� 
�� ��
 �	� ���� 
	�,

�� �
	� ���� �� ��� �
�	� ��

��, � ��� ��� ���� ���	� ����

	��� ���� �	� �	�� 
� [13]. ���

H. pylori� ��� ��� �	� � 
� ���� �

�� H. pylori� ��� �� ��� ��� ��� 


	�, ��� ����� �
�� ���� �� ��

�� �
� ��� ��� H. pylori ���� ���

� ���� ��� ���� H. pylori ��� ���

�� H. pylori �� ��� ��� � 
� �	� �

�����. 

H. pylori ��� ���� �� ���� ����

Mongolian gerbil� ���� �
�� 
	�, �� �

�� ��� ��� ���� ��� ��� H. pylori

����� ��� �	� ���� 
� [8]. Mongolian

gerbil� H. pylori� ��� ����� ���� ��

	� ���� ��, ���� ��� ���� �	�

��� 
� [8]. ��� Mongolian gerbil�� H. pylori

� ��� �� ����� ��� ��� ��� ��

� ��� ���� �	� ��� 
� Mongolian gerbil

� �
�� H. pylori ���� ��� ��� �	�

�� �� ���� �� ��� ������ ���

� 
� 
� [5]. ��, ���� �
� �� � ��

� ��� ��� ��� �
� WIRS �� [16]� �

��� �� � ��� ���� in vivo �
 ��� �

�� �� �
�� 
�. ��� Mongolian gerbil��

WIRS� �� �� � ��� �� ��� �� �
�

���� �� �� ����. � ���� gerbil�

� .�� �
 �� �� WIRS� ����� �, ��

��� ���	� � � ���� �� ��� ���

���� �� � � 
��. ��� 
��� �
�

WIRS� �� �� ���� ���� ��� �
��

�� 
	�, � ��� ��� gerbil� 
�� ���

�� �� ��, WIRS� ����� � � ��� �

�� ��� �����. ��� �� ���� gerbil�

�
� WIRS ��� �� ��� �	� � 
� �	

� �����. � ��� ��� H. pylori ATCC 43504

��� ��� ���� WIRS� ��� ��� ���

���� �� ���� �� �� �� ������,

�� � ���� ��� ��� �
�� �� �� �

���� ��� ��� ���� ���� ����

�
� � � 
� �	� ����. ��, � ��� �

�� H. pylori �� ����� ����� ��� 


�� ������ ��� ��� ��� � 
�� �

� ���� ���� � � 
�. �� H. pylori ��

����� ��� ��� ��� ��� ���� �

	� ��� ��� ��� �� ��
 
� �	��

�� 
�� [9], � ��� ����� �� ����
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� H. pylori ���� ���� �� ��� �� ��

��� � �	� �����. 

� ��� �� 5��� Mongolian gerbil� 6���

WIRS� ����� 
�� �
 ��� �	�� ��

�� � � ����� ��� ��� � � 
��. �

	�	� �
� WIRS �� �� ��� ��	� 4�

�� WIRS �
 ��� ��� � 
��. ��, WIRS

� �� H. pylori� ��� ��� ���� ��� �

��� � 
��� �	��� ��� ��� ��, H.

pylori� ��� Mongolian gerbil� 4��� WIRS� �


��� �, � � ����� UI�� ��
� ��

�� ��� 
� ��� ��� �� � � 
��. �

�� ���� ��	� Mongolian gerbil� H. pylori

���� ���� �, WIRS� �
	� ��� ��

�� ���� H. pylori ���� ��� ��� � �


� in vivo ���	� �
� � 
� �	� ���

��. ��, � ��� ��� ��� Mongolian gerbil

� �
� ���	 ��� �
�� �� H. pylori �

� �� ���� ��� ��� ����, � �� �

�� ���� ��� ���� ���� ������

��� ��� ����.

� �

Mongolian gerbil� �
�� H. pylori �� � WIRS

�
�� ��� H. pylori� �� in vivo ���� �

���
 � 
��� ����� ��� �����.

�� ��� �� �	� Mongolian gerbil��� WIRS

�� ��� ��� �� ��� �����, � �� 4

��� WIRS ����� �����. ��	 1×109

CFU� H. pylori� ���� � 1�� �� 4���

WIRS� �
��� �, ��
� ���� � � ��

��� UI� ��� ��� ��� 

� � � 
�

�. ��� ����� WIRS� H. pylori� ���

Mongolian gerbil�� � ���� 
��	� ����

� 

� � � 
��. � ��� ��� ���

Mongolian gerbil� �
� ���	 ��� H. pylori �

��� ��� ��� ��� � 
� in vivo ���	

� �
� � 
� �	� �����. 

����
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