Optimization of Infectious Conditions with Helicobacter
pylori in the Infection-highly Resistant Mongolian Gerbils
Supplied in Japan

H AR THAS ST\ % Helicobacter pylors HEEGL M D

AT F A INTBT 2 i 22 G R AT B3 D WP 5E

JNF 5=



E /k ............................. 1
‘é‘ ............................. 2
g{ﬁj( ............................. 5

Optimization of Infectious Conditions with Helicobacter Pylori in

the Infection-highly Resistant Mongolian Gerbils Supplied in

Japan
FHEE « o o o 0 0 0 4 b e e e s s s e e e e e e e e 13
FEHMETE « o o o 0 0 0 0 0 e s s s e e e e e e e e 14

<1>



[ZE]

1983 4|2 Warren & Marshall IZ L > CTHIOH T bDOFHEEEN S 5B S Lz
Helicobacter pylori (H. pylori ) O#i#)FERIZ1%, BALB/lc X— F~ 7 25H 5\ % BALB/c
M~ AR ERHNLNTZZ b H DN, AT RAINE v H. pylori [RGDIREE
B LSBT 5 Z LM BBETIEA TR XINHNLA TN D,

KIRTIE. H pylori WEHERET DA TR AI i b2 < L TV 2 BIEa . (A
#7250 2012 FHEPLEOMEEPIE Loz, B 1 4L (B 1) 73>¢,>ﬁi-faé
NTWDHRAFTHFXILPAFTTERY, LML, B AENSHIE SN THDE AT R AT
WEkD H. pylori DEEFESRMETIRIZ LA LG LW, BIELRETIIA TR A I %
MW= H. pylori OW5E%1T 9 2 & DSREERRTIZH 5,

AWFTETIE, B o ST b H. pylori EEGED A F 32 X NG B 51X
W55 EmE Lic, AFEOBMEIZLLTO®Y) Th 5,

ABFFEICIE, A #E (27 8) KON B th (162 IB) OmEMEARF R XIGE 189 EAH
Wioo B L2 H pylori OB, HE KT EFEEGSENT T8 2 O H B BB AEZ 0 6 5y
Haniz 1 BREO— I ETE NABAMEERE 2~ b3 5 SV BRIR D HEE 5 BRThH D, K
e Clx H pylori OH:FEEIL 5X107 CFU/ml & L. O8N OB FEIRIK D A F F R
IO O Y T E W,

KN EB T D H pylori OEGOFRIL, H. pylori (X3 5 MigHo IgM kO IgG
PUAD LA Ko THE LTz, ZOIMIEIUAD LAY H. pylorr OEGERENLOFRIE L 72 %
ZEiE. B AEOARA TR AI ZHWCRO FIETHER Z1T> 72, H. pylori #:fE 2 #HE% O
AFAAIOFOMEZE R LT H pylori ORRGEDMER SR & R S e o 7e
RO FIZHOWTIIETUR & OBIRE G LTz,  H. pylori OJEGED RN LS \WEETIE
ATALTE & L C pHL.7 OF#KI 0.1ml 2T HEHEE T ER SE L7201 0.1%KEEKFET
cU w7 AIEW, pHO.5 (FEH) 0.3ml ##% 5 L7=-AF A3 (10 JC) ~~ brain heart infusion
(BHI) £33 CiA% U7z H pylori % 1 H 1 [B], 2 HFEEGEHERE L7, th5 . H pylori
AL LIC WRETIL, AR A3 (20 L) ~ famotidine %5 L7-1& ISP AR A
K (EEEEK) TR L H pylori # 1 B 1 BEEFE L, ZNHDOATRAIT,
H. pylori ¥/ 2 WHEZIZHEET ORIMIZ K> TEEIFEIH, iFEF O IgM LY 1gG
k% ELISA THIE L7z, £ & RIS, i L2 B oMk~ L7z PBS, pH7.4 %
MATHEREDFTA AL, £k U~ Mg BHI EREHM THAE L7o, ZORR., milE
T 0.1%HE#E 0.3ml ##5- L7z 10 [EORAFRXID ) bijEHO IgM KO IgG Hilk
NEBEICEALE 9 IEORFTRAILTOENDL H pylori Wiyl sz, —H.
famotidine &5 L7 A TR AXI D5 H. pylori #:F%IZGH O IgM KO IgG Hit
HERHAREICES Lol 18 I L EIEBITEAT 10 ILORXFTFAI DB NLIEAE
< H. pylori 3B SIpinoTz, UL > T H pylori (2 21iEFH D IgM K&

<2>



IgG HUiRD E5H-2Y H pylori OREGERNIOHIE %217 5 FlEIC 70 D Z L PR ST, £
Hc, LT OERTIImENEO LR 2R E LT H pylori OREGR%EHE L=,

A RN B #hOAF R R I ~ERAH KD 5\ T BHI K CRifd L 7= A py]orf %
FNENHERE LT A DY % i LR R. A fEo 23 X3 (27 VC) (XA pA A B
BEAKCHE U7 H pylori (&G U723, B thoZi (40 L) TiEeflT Wmﬁ‘ﬁki
L7Zpinot-, 72, BHI i CRSL L7 H. pylori % B H@X‘J‘Z\X‘ ~EERE LT 8
AU, 42% (5/12) (BB HER STz, JEGE S ANE L7 hr o T2 iR & LC, BHI K5Hh

T L7 H pylori OEFET 42% I\ ZEEDPBO N2 L7225 WS H. pylori 137 L
T—BERWLTIRFELT VE=T L ZBLIRRITHRT 52 L THRBHEOFNEZE b
DAETEARERBRERICE 2 D 2 D, HND pH MNEFRT 5 Z LR an-, 2 <,
H. pylor1 % /3 %802, H2-7 02 v 1—T& % famotidine &H A WIIEEZHWTHN
® pH % BT HRILE 2R 2 T2, & DR T TIT o B Y EROFER KR O TITFE o T
W EE 2 DR TR R ITk 0@ Y T o7, (D) BHI 85 (pH7.2) T L7= H. pylori
RHERELIZE 2 A, 42% (5/12) TR bivTe, (2) H. pylorr #:fE 3 WHATIC 10 mg
/ke ({KE) @ famotidine Z &5 L7122, APEREAKT S L7 H pylori ZHRE LTz
L 10% (2/20) (TG FRD HiT-, (3) 0.02%ICRFEAEA L= BHI it (pH7.3)
THB L7z H pylonn 28 L7 2 A, 710% (7/10) TSR I, (4) H pylori
BEFE 10 Z3AIC 0.1% O EH 0.3ml Z#5 L THNO pH & FrEHTiciisg L%, &
HEEKCH L7 H pylori % 1 H 1 BIERLIEEZ A, T0% (7/10) TREGEDFE
b, ZhE 2 ARk B L L X1 80% (8/10) (T 7RD Bz, (5)4) L [A
FRIZ, 0.1%E#H 25 L7141, BHI Tl L7 H pylori % 1 H 1 [ L 7-4E
. 80% (8/10) TR D HIL, Thzw 2 HIFE i L7z & 121X 90% (9/10)
TR D RERE STz,

WAZ, AR DD 22 IR 53 BIERR D G E & Rt 2 7o olc, A AR TR L. A
pylori % B th OELED AT R X4 3 @«%n%m@@w:a A B HDOH 2
BEC 8 PUHF4: 1 VLI B Stz (18.8%) 23, o> 3 R CITEYED RN L7 o
Tro HEESHEZZAFTRAI 10 PEOHKD pH 1T¥H) 1.7 T, ZOEITH 0.1ml Tho
72, pPH1.7 ® 0.08M #if£ 0.1ml |2 0.1%E# 0.83ml &% BHI £5H1 1.0ml Zhix 7= &
O pH X 6.9 ICEF L7, £DZ &b, HILEIZL > THHNO pH ANHPEMIEET
FRLEZ LT, MM EERE H pylort DIEYEER BFE o760 B2 L, O
W IIARHTH DN, B SIT- H pylori DEEIZESET DRI, IOIFXF04
FICHEREDT v E=T ARSI EDICRGRU LT —BE2HWTERNTEDIZ, H
pylori BWEFETHEMO pH ZAEGFAHEZ: pH ICETERIELZZENTERVWI &N
B AR L7z BZ 2 o, £z, RO H pylort BRIRBERDS . RCE
NTZERE Y DT NTEG LS W & B 2 i G b ey, £ 0GR (13.3%) 1%
K<, MR Z TR EK L OMEIZH SN TE R0 o7z,

<3>



PLED L DIz, AU TIR, EIRZ A EEKITRE S 7 Wik 2 23 5 — a7
Hi71E Tl H pylori OGN E DO THEER B tho A F R XINTBWT, H. pylori ©
YR E @D D5 U CHBRANCE NGO pH & AT T 2L EDF I Th
HZ &R LT,

<4>



Optimization of Infectious Conditions with
Helicobacter Pylori in the Infection-highly
Resistant Mongolian Gerbils Supplied in
Japan

Katsuhito Kawato', B.Eng
Tetsurou Seita, PhD?

Takashi Kuribayashi, DVM, PhD?
Yoshiichi Takagi, DVM?

Motoo Matsuda, PhD*

Shizuo Yamamoto, DVM, PhD?

!Laboratory of Immunology, School of Life and Environmental Science,
Azabu University, 1-17-71 Fuchinobe, Chou-ku Sagamihara,
Kanagawa 252-5201, Japan

’Graduate School of Environmental Health Science,
Azabu University, 1-17-71 Fuchinobe, Chou-ku Sagamihara,
Kanagawa 252-5201, Japan

3Graduate School of Veterinary Science, Azabu University,
1-17-71 Fuchinobe, Chou-ku Sagamihara, Kanagawa 252-5201, Japan

‘Emeritus Professor, Azabu University, 1-17-71 Fuchinobe,
Chou-ku Sagamihara, Kanagawa 252-5201, Japan

Optimization of infectious with H. pylori

Address correspondence to: Shizuo Yamamoto,

Graduate School of Environmental Health Sciences,

Azabu University, 1-17-71 Fuchinobe, Chou-ku Sagamihara,
Kangawa 252-5201, Japan

(Fax: +81-42-752-2461, E-mail: yamamoto@azau-u.ac.jp)

KEY WORDS: H. pylori, Mongolian against H. pylori measured by ELISA. H.
gerbils, gastric pH, sodium bicarbonate, pylori were isolated from the stomachs of
Japan Mongolian gerbils with increased IgM and

IgG titers. On the other hand, H. pylori were
ABSTRACT not isolated from the stomachs of Mongo-
Optimization of infectious conditions with lian gerbils with unchanged titers. All of the
Helicobacter pylori (H. pylori) in the infec- Mongolian gerbils obtained from supplier A
tion-highly resistant Mongolian gerbils was were infected with H. pylori suspended in
performed. Mongolian gerbils were inocu- sterilized saline without pre-treatment, while
lated with H. pylori without pre-treatment or none of the Mongolian gerbils obtained
administered with sodium bicarbonate prior from supplier B were infected with H. pylori
to inoculation. Serum titers of IgG and IgM suspended in sterilized saline, while 42%

<5>

Vol. 12, No.3, 2014 « Intern J Appl Res Vet Med.



of the Mongolian gerbils inoculated with

H. pylori suspended in brain heart infusion
medium were infected. Furthermore, infec-
tion with H. pylori in Mongolian gerbils
previously administered with famotidine, an
H2-blocker, was unsuccessful. Low infec-
tion rates were also observed in Mongolian
gerbils administered 10% sodium bicarbon-
ate solution prior to inoculation. However,
infection with H. pylori in these Mongolian
gerbils was successful after administration
0f 0.1% sodium bicarbonate solution prior to
inoculation. The infection rate in Mongolian
gerbils administered 0.1% sodium bicar-
bonate prior to inoculation with H. pylori
suspended in brain heart infusion medium
was 90%, and this rate was higher than with
other pre-treatment methods. H. pylori in-
fection of highly resistant Mongolian gerbils
supplied in Japan is possible by adjusting
gastric pH.

INTRODUCTION

Marshall was the first to report a link be-
tween Helicobacter pylori (H. pylori) infec-
tion and gastric cancer (Marshall 1983). H.
pylori reportedly induces acute and chronic
gastritis, gastric ulcer, duodenal ulcer and
gastric cancer (Warren et al., 1983, Mcnulty
et al., 1999, Allen 2001, Eslick 2006), and
Karita et al.(Karita et al., 1991, Eslick 2006)
established an animal model for human A.
pylori infection using BALB/c nude mice,
BALB/c euthymic mice or germ-free mice
(Karita et al., 1991, 1994). A severe H.
pylori infection and inflammation model
was subsequently established in Mongolian
gerbils (Karita et al., 1991, Yan et al., 2004,
Tukamoto et al., 2013). Thus, Mongolian
gerbil models are essential experimental
animals for infection experiments using H.
pylori. Until recently, Mongolian gerbils
supplied in Japan were readily infected

H. pylori and infectious experiments were
conducted without problems. However, this
supplier has discontinued marketing Mon-
golian gerbils, leaving only one supplier of
Mongolian gerbils in Japan. Unfortunately,
Mongolian gerbils from this supplier are
not readily infected with H. pylori using

<6 >

Intern J Appl Res Vet Med * Vol. 12, No. 3, 2014.

standard inoculation methods (Hirayama et
al., 1996), and infection experiments with H.
pylori using Mongolian gerbils are therefore
impossible in Japan at present. Thus, Mon-
golian gerbils purchased from this supplier
require pre-treatment for infection with H.
pylori. The aim of this study was to investi-
gate suitable conditions for H. pylori infec-
tion in infection-highly resistant Mongolian
gerbils supplied in Japan.

MATERIALS and METHODS
Bacterial strains

Six strains of H. pylori isolated from
humans were used in this study. One strain
was donated by Professor Yasuhiro Koga,
Laboratory for Infectious Diseases, Tokai
University School of Medicine and five
strains were donated by Incorporated Foun-
dation Tokyo Kenbikyo-in. H. pylori was
cultured as described by Kabir et al.(Kabir
et al., 1997). Colonies were confirmed using
a commercial H. pylori urease kit (CLO
Test; Sysmex Corporation, Hyogo, Japan).
H. pylori was suspended in sterilized saline
or brain heart infusion culture medium
(Becton, Dickinson and Company, Franklin
Lakes, NJ), at a pH of 7.4. Mongolian ger-
bils were inoculated with H. pylori within 1
hour of extraction from petri dishes.
Animals

Mongolian gerbils (body weight; 20 to 30 g)
were purchased from two different suppli-
ers in Japan. One supplier (supplier A) has
since stopped supplying Mongolian gerbils.
The other supplier (supplier B) is currently
the only supplier of Mongolian gerbils in
Japan. Mongolian gerbils were kept in cages
at a temperature of 23 + 2°C, and a relative
humidity of 55% + 10%, on a 12/12 dark
(18:00-6:00)/light (6:00-18:00) cycle with
the air exchanged 12 times or more per hour.
Mongolian gerbils were fed MF (Oriental
Yeast Co., Ltd., Tokyo, Japan), and were
allowed free access to water. For 18 hours
before inoculation, Mongolian gerbils were
deprived of food, but had free access to
water.

All experiments were approved by the



Institutional Review Board of Azabu Uni-
versity and were conducted in accordance
with the institute’s Animal Experimentation
guidelines (Japanese Association for Labora-
tory Animal Science, JALAS, 1987).
Experimental infection with H. pylori

In the first experiment, Mongolian gerbils
from supplier A were inoculated with a 1-ml
suspension of 5.0 x 107 CFU/ml H. pylori
suspended in sterilized saline without pre-
treatment. Mongolian gerbils from supplier
B were inoculated with a 1-ml suspension
of 5.0 x 107 CFU/ml H. pylori suspended
in sterilized saline or brain heart infusion
medium (Becton, Dickson and Company)
without pre-treatment.

In the second experiment, all Mongolian
gerbils from supplier B were inoculated with
H. pylori after pre-treatment. First, H. pylori
suspended in sterilized saline was given to
Mongolian gerbils administered famotidine
at 10 mg/kg body weight (Astellas Pharma
Inc., Tokyo, Japan) 3 hours before inocu-
lation. Furthermore, H. pylori suspended
in brain heart infusion medium (Becton,
Dickson and Company) including 0.2 mg/
ml urea (Wako Pure Chemical Industries,
Ltd., Osaka, Japan) was given to Mongolian
gerbils.

Next, Mongolian gerbils were inoculated
with H.pylori after administration of sodium
bicarbonate solution (Wako Pure Chemical
Industries, Ltd.) as pre-treatment. H. pylori
suspended in sterilized saline was inoculated
into Mongolian gerbils administered 0.5 ml

of 10% sodium bicarbonate solution (Wako
Pure Chemical Industries, Ltd.) 10 or 30
minutes before inoculation. Subsequently, H.
pylori suspended in sterilized saline or brain
heart infusion medium (Becton, Dickinson
and Company) was inoculated into Mon-
golian gerbils administered 0.3 ml of 0.1%
of sodium bicarbonate solution 10 minutes
before inoculation. H. pylori was inoculated
either once or once a day for two days.
Measurement of antibodies against

H. pylori

Infection was confirmed by elevation of se-
rum titers of IgG and IgM against H. pylori.
Blood was collected by ventricular punc-
ture before inoculation and at 1 week after
inoculation, under anesthesia with pentobar-
bital (Kyoritsu Seiyaku Corporation, Tokyo,
Japan).

Serum titers of IgG and IgM against H.
pylori were measured by enzyme-linked im-
munosorbent assay (ELISA). H. pylori were
disrupted with ultrasonic treatment, and
were dissolved in phosphate buffered saline
for use as somatic antigen. Somatic antigen
was diluted in 0.05 M sodium bicarbonate
buffer (pH 9.6) and was incubated at 100
pl/ml at room temperature for 1 hour. After
blocking with 1% bovine serum albumin
in sodium bicarbonate buffer (pH 9.6), sera
from Mongolian gerbils inoculated with
H. pylori were added at 100 pl/well. Plates
were incubated at room temperature for 1
hour. HRPO conjugated goat anti mouse IgG
(Bethyl Laboratories Inc., Montogomery,

Table 1 Infection rates of Helicobacter pylori in Mongolian gerbils

Suspension with

Inoculation

Breeding supplier H. pylori — n Case ofinfection  Infection rate (%)
A Sterilized saling ¥ a 100
B Sterilized zaline once 8 day 40 i} 0
. . . F F r
5 Brain heart infusion 17 5 2

medium

H. pylori was suspended suspension of 5.0 x 107 CFU/ml.
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Figure 1. Typical cultivation observations of stomachs from
Mongolian gerbils inoculated with Helicobacter pylori. (A)
Stomach from Mongolian gerbil showing increased titers of
1gG and IgM against H. pylori. (B) Stomach from Mongo-
lian gerbil showing no increase in titers of IgG and IgM

against H. pylori.

TX) or HRPO-conjugated goat anti mouse
IgM antibodies (American Qualex, San Cle-
mente, CA) were added at 100 pl/well. After
incubation for 1 hour, peroxidase conjugated
rabbit anti-mouse IgG antibodies were added
at 100 pl/well. Substrate was 2, 2-azino-
di-(3-ethyl-benzthiazoline sulphonic acid-6)
(ABTS), and after incubation for 1 hour
(Zymed Laboratories, South San Francisco,
CA), absorbance at 415 nm was measured.

Cultivation of H. pylori from Mongolian
gerbils

Two groups of Mongolian gerbils were
sacrificed after measurement of antibody
titers against H. pylori in order to assess the
differences in antibodies against H. pylori
and isolated H. pylori from the stomach.
One group was administered 0.1% sodium
bicarbonate prior to inoculation once a

day for two days and the other group was
administered famotidine prior to inoculation.
Stomachs of these groups were removed
and homogenized with sterilized phosphate
buffered saline (PBS, pH 7.4). H. pylori was
then cultured according to the method de-

scribed by Kabir et al. (Kabir
etal., 1991).

Measurement of gastric pH
When Mongolian gerbils
were sacrificed, gastric pH
was measured using a pH
Spear for food testing (Eutech
Instruments Pte, Ltd., Singa-
pore). Furthermore, the pH of
various suspended solutions
containing hydrochloric acid
(Wako Pure Chemical Indus-
tries, Ltd.) to simulate gastric
pH (1.52) was measured.
Statistical analysis

Serum titers of IgG and IgM against H.
pylori between pre-inoculation and post-
inoculation were analyzed using the paired
Student’s t-test. Differences in p values
<0.01 were considered significant.

RESULTS

Infection rates in Mongolian gerbils pur-
chased from supplier A or B without pre-
treatment after inoculation with H. pylori
are shown Table 1. All Mongolian gerbils
purchased from supplier A were infected
with H. pylori. On the other hand, Mongo-
lian gerbils purchased from supplier B were
not infected with H. pylori suspended in
sterilized saline, while 42% of Mongolian
gerbils inoculated with H. pylori suspended
in brain heart infusion medium (Becton,
Dickson and Company)were infected with-
out pre-treatment.

The infection rate in Mongolian gerbils
administered famotidine was only 10%,
while it was 70% in Mongolian gerbils
inoculated with H. pylori suspended in brain

Table 2 Infection rate of Helicobacter pylori in the infection highly resistant mongolian ger-

bils with pre-treatment

Suspension with

Pre-treatment method Inoculation frequency n Case of infection Infection rate (%)
H. pylori
H,-blocker (famotidine) 20 2 10
Sterilized saline once a day r v v
Urea 10 7 70

All mongolian gerbils were purchased from supplier B. H. pylori was suspended suspension of 5.0x 10 CFU/ml.
<8>
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Table 3 Infection rates of Helicobacter pylori in the infection-highly resistant mongolian gerbils administered before

sodium bicarbonate solution

Inoculation method

Pre-treatment method

Infection rate (%)

Case of infection

Time after pre-treatment

Suspension with

Administration volume of

Concentration of sodium

Inoculation frequency

(minutes)

H. pylori

sodium bicarbonate (ml)

bicarbonate (%)

0.5 Sterilized saline 30 once a day 20 25

10

40

10

0.5 Sterilized saline 10 twice a day

10

50

10

0.5 Sterilized saline 10 once a day for 2 days

10

70

10

once a day

10

Sterilized saline

0.3

0.1

80

10

once a day for 2 days

10

Sterilized saline

0.3

0.1

80

10

10 once a day

Brain heart infusion
medium

0.3

0.1

90

10

once a day for 2 days

10

Brain heart infusion
medium

0.3

0.1
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All mongolian gerbils were purchased from supplier B. H. pylori was suspended suspension of 5.0x 10" CFU/ml.

heart infusion medium (Becton,
Dickson and Company)including
urea (Table 2).

Infection rates in Mongolian gerbils
purchased from supplier B admin-
istered sodium bicarbonate before
inoculation of H. pylori are shown
in Table 3. The highest infection

rate was 90% in Mongolian gerbils
administered 0.1% sodium bicarbon-
ate before inoculation with H. pylori
suspended in brain heart infusion
medium.

Titers of IgG and IgM against
H. pylori did not increase in 18
Mongolian gerbils prior to inocula-
tion with famotidine. H. pylori were
not isolated from the stomach of ten
randomly selected Mongolian gerbils
from the 18 showing no changes
in titer (Fig. 1). However, titers of
IgG and IgM against H. pylori in
nine Mongolian gerbils increased
after administration of 0.1% sodium
bicarbonate solution once a day for
two days prior to inoculation of H.
pylori suspended in brain heart infu-
sion medium. Furthermore, these
titers showed significant differences
between pre-inoculation and post-
inoculation. Moreover, H. pylori was
isolated from the stomachs of these
Mongolian gerbils (Fig. 1). On the
other hand, H. pylori was not isolated
from the stomach of one Mongolian
gerbil that did not show increased
titers against H. pylori (Fig. 1).
The infection rates for other H.
pylori strains isolated from humans,
donated by Incorporated Foundation
Tokyo Kenbikyo-in, are shown in
Table 4. One of the three Mongolian
gerbils inoculated with two strains
showed increased titers of IgM and
IgG. The other strains did not show
increased titers.

The pH of hydrochloric acid-
containing simulated gastric solu-

tions with various suspended solutions is



Table 4 Infection rates of Helicobacter pylori isolated from human in the infection-highly
resistant mongolian gerbils without pre-treatment

Strain numbgr of n Suspen5|on_W|th Inoculation Case of infection Infection rate (%)
H. pylori H.pylori frequency

1 3 1 33
2 3 0 0
3 3 Sterilized saline once a day 1 33

r r r r
4 3 0 0

r r r
5 3 0 0

All mongolian gerbils were purchased from supplier B. These five strains were donated by Incorporated
Foundation Tokyo Kenbikyo-in. H. pylori was suspended suspension of 5.0x 107 CFU/ml.

shown in Table 5. The pH of the solution
with saline was 2.13. However, the pH of
the H. pylori suspension with bicarbonate
sodium or brain heart infusion was almost
neutral.

DISCUSSION

H. pylori are considered to induce various

gastric disorders in humans (Mrshall 1994,
Konturek et al., 2009). Mongolian gerbils

are used as pathologic models for H. pylori
infection (Hirayama et al., 1996). However,
it is now difficult to obtain H. pylori-sensi-
tive Mongolian gerbils in Japan. Thus, suit-

Table 5 The ph of hydrochloric solution
adjusted gastric pH added with various
suspended solution

Added solution pH

Bicarbonate sodium 6.90

Uraa 1.84

Brain heart infusion medium 6.83

Bicarbonate sodium and Brain heart B0z
infusion medium

Saline 213

Bicarbonate medium and saline 6.56

Urea and Brain heart infusion medium 6.86

Intern J Appl Res Vet Med * Vol. 12, No. 3, 2014.
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able conditions for infection with H. pylori
in the infection-highly resistant Mongolian
gerbils need to be elucidated.

Titers of IgG and IgM against in
Mongolian gerbils isolated H. pylori from
stomach increased significantly. A correla-
tion between increases in IgG and IgM titers
against H. pylori and isolation of H. pylori
from stomach was confirmed. These results
suggest that establishment of infection
with H. pylori could be confirmed by de-
tecting increases in these titers.

All Mongolian gerbils purchased from
supplier A, which has since left the market,
were infected with H. pylori without pre-
treatment. On the other hand, Mongolian
gerbils purchased from supplier B, the only
supplier in Japan at present, were not in-
fected with H. pylori without pre-treatment.
The other five H. pylori strains isolated
from humans, donated from Incorporated
Foundation Tokyo Kenbikyo-in, were given
to Mongolian gerbils from supplier B. The
purpose of this experiment was to evaluate
differences in strain sensitivity among the
Mongolian gerbils purchased from supplier
B. One-third of Mongolian gerbils inocu-
lated with two strains were infected. Differ-
ences in infection rates between strains were
assumed to depend on the ease of establish-
ing infection; however, it was not possible
to stably infect Mongolian gerbils purchased
from supplier B. Differences in strain were



Figure 2. Titers of IgG and IgM against H. pylori pre- and post-inoculation. (A) H. pylori was
isolated from the stomach (B) H. pylori was not isolated from stomach : significant difference

between pre- and post-inoculation (p<0.01).
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not considered to be a principal factor. H.
pylori survives in the gastric environment
by secreting urease to decompose ammonia
and carbon dioxide from urea (Ha et al.,
2001, Amin et al.,2010, Fahy et al., 2013).
Mongolian gerbils administered antibodies
against fragments of H. pylori urease could
be infected with H. pylori (Mahdieh et al.,
2012). Moreover, the survival of H. pylori
incubated for 1 hour at pH 7.4 was higher
than at pH 3.0 (Marcus et al., 2013). The
pH of gastric juice was 1.52 in Mongolian
gerbils in this study. Gastric pH was thus
considered to be an important factor in H.
pylori infection of highly resistance Mongo-
lian gerbils.

Administration of 0.1% sodium bicar-
bonate solution to Mongolian gerbils inocu-
lated with H. pylori suspended in brain heart
infusion medium once daily for two days
showed the highest infection rate. Infec-
tion rates increased with administration of
sodium bicarbonate solution or urea prior to
inoculation. In vitro, the pH of hydrochloric
acid solution-containing simulated gastric
solution increased by adding sodium bicar-
bonate, brain heart infusion medium or urea.
Thus, it is possible to infect highly resis-
tance Mongolian gerbils by elevating gastric
pH prior to inoculation. The famotidine
is an efficacious H2-blocker that elevates
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gastric pH by inhibiting gastric acid (Ozer
et al., 2012, Okabe et al., 2001). However,
infection rates were lower with famotidine
than with other pre-treatment methods. This
may be because famotidine did not suffi-
ciently adjust gastric pH for infection with
H. pylori.

Mongolian gerbils are essential experi-
mental animals for infection studies with
H. pylori. However, it is now difficult to
obtain Mongolian gerbils that can be stably
infected with H. pylori in Japan. In the pres-
ent study, infection-highly resistant Mongo-
lian gerbils could be infected with H. pylori
by elevating gastric pH with pre-treatment.
Thus, gastric pH is an important factor in H.
pylori infection of highly-resistant Mongo-
lian gerbils.
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