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Anti-Helicobacter pylori Properties of GutGard™
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ABSTRACT: Presence of Helicobacter pylori is associated with an increased risk of developing upper gastrointestinal tract
diseases. Antibiotic therapy and a combination of two or three drugs have been widely used to eradicate H. pylori
infections. Due to antibiotic resistant drugs, new drug resources are needed such as plants which contain antibacterial
compounds. The aim of this study was to investigate the ability of GutGard™ to inhibit H. pylori growth both in
Mongolian gerbils and C57BL/6 mouse models. Male Mongolian gerbils were infected with the bacteria by intragastric in-
oculation (2x10° CFU/gerbil) 3 times over 5 days and then orally treated once daily 6 times/week for 8 weeks with 15,
30 and 60 mg/kg GutGard™. After the final administration, biopsy samples of the gastric mucosa were assayed for bacte-
rial identification via urease, catalase and ELISA assays as well as immunohistochemistry (IHC). In the Mongolian gerbil
model, THC and ELISA assays revealed that GutGard™ inhibited H. pylori colonization in gastric mucosa in a dose de-
pendent manner. The anti-H. pylori effects of GutGard™ in H. pylori-infected C57BL/6 mice were also examined. We
found that treatment with 25 mg/kg GutGard™ significantly reduced H. pylori colonization in mice gastric mucosa. Our

results suggest that GutGard™ may be useful as an agent to prevent H. pylori infection.
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INTRODUCTION

Helicobacter pylori (H. pylori) is a gram-negative spiral, or
helical, shaped bacteria inhabiting the gastric epithelial
cells (1). Remarkably, about half of the world human
population is reportedly infected by H. pylori. The preva-
lence rates of H. pylori are highly variable in different re-
gions of the industrialized and developing countries
ranging from nearly 70% to greater than 95% (2). H. py-
lori is associated with an increased risk of developing up-
per gastrointestinal tract diseases, namely peptic ulcer
(3,4), gastric carcinoma (5), and gastric MALT lympho-
ma (6). World Health Organization (WHO) classified H.
pylori as a type I carcinogen for gastric carcinoma (7).
Maastricht III Consensus and American College of
Gastroenterology recommend standard triple therapy (a
proton pump inhibitor (PPI), clarithromycin, and amox-
icillin or metronidazole) and bismuth-based quadruple
therapy (bismuth with PPI and two antibiotics) as first
line treatments in subjects infected with H. pylori (8,9).
However, these therapies have not been shown success-

fully and effectively. Despite the large number of stud-
ies, identifying an optimal regimen for H. pylori therapy
still remains a challenging clinical problem. Based on
systematic reviews and meta-analysis reports, the pri-
mary cause of therapeutic failure is H. pylori resistance to
the antibiotics (10,11). Even though antibiotic resist-
ance can be detected using molecular test systems, this
does not provide the basic solution to solve this problem
(12,13). Besides resistance, adverse effects and poor pa-
tient compliance limit the efficacy of these regimens;
hence, alternative remedies are requested constantly.
With the growing popularity for naturally occurring
medicinal plants, herbal preparations have been eval-
uated for the management of H. pylori. One medicinal
plant that holds promise for H. pylori management is lic-
orice (14). Licorice (Glycyrrhiza glabra Linn; Family:
Leguminosae) has been used in traditional ways for sev-
eral centuries. The roots and rhizomes of G. glabra have
been reported to contain antipyretic, antimicrobial, hep-
atoprotective, antioxidant, antiadhesive, anxiolytic, ex-
pectorant, laxative and diuretic effects (15,16). In addi-
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tion, G. glabra also has anti-viral, anti-inflammatory, an-
ti-cancer and anti-ulcer activities (17). G. glabra was re-
ported to exhibit anti-microbial activity against several
gram negative and gram positive bacterial strains includ-
ing H. pylori (18). Besides these properties, licorice also
demonstrated beneficial effects on H. pylori through its
anti-H. pylori property (16). Curative effect of deglycr-
rhizinated licorice (DGL) on ulcer has been reported in
vivo as well as in clinical studies (19,20).

GutGard™ is a standardized extract from the deglycr-
rhizinated root of G. glabra and its safety and efficacy
has been evaluated in several studies. In vitro battery of
genotoxicity tests showed no evidence of clastogenic
and mutagenic effects. In an acute oral toxicity study,
GutGard™ was found to be safe up to 5,000 mg/kg rat
body weight (21). A randomized, double-blind, place-
bo-controlled clinical study reported significant de-
crease in symptoms scores of functional dyspepsia with-
out any major related adverse effects (22). Furthermore,
GutGard™ also exhibited anti-ulcer activity in a dose
dependent manner along the 12.5, 25, and 50 mg/kg
dose levels in pylorus ligation, cold-restraint stress, and
indomethacin induced ulcer of albino Wistar rats (23).
Therefore, the aim of the present study is to investigate
the anti-H. pylori properties of GutGard™ using animal
models infected with the bacteria.

MATERIALS AND METHODS

Chemicals

GutGard™ is a flavonoid rich, standardized extract of
Glycyrrhiza glabra developed by Natural Remedies, Pvt.
Ltd, Bangalore. GutGard™ was standardized to the con-
tent of the following bioactive constituents: glabridin
(=3.5% w/w), glabrol (=0.5% w/w), eicosanyl caffei-
nate (=0.1% w/w), docosyl caffeate (=0.1% w/w) and
total flavonoids (=10.5% w/w). GutGard™ was further
standardized using the in vitro 1,1-diphenyl-2-picrylhy-
drazyl (DPPH) radical scavenging assay (ICso<75 pg/mL).
All other chemicals were purchased from Sigma-Aldrich
(St. Louis, MO, USA).

H. pylori strain and culture

The H. pylori strain SS1 (HPKTCC B0890) was obtained
from the H. pylori Korean Type Culture Collection
(HPKTCC, KNMRRC), and cultured on 10% bovine se-
rum Muller-Hinton agar plates supplemented with 6
ug/mL vancomycin, 8 pug/mL amphotericin B, and 10
pg/mL nalidixic acid in an anaerobic chamber with 10%
CO;, 5% O, and 85% N, at 37°C with enough humidity
(Sanyo, Osaka, Japan). The strain was identified on the
basis of colony appearance, gram staining, and positive

reactions in biochemical tests (urease and catalase).

Animals

Specific pathogen-free 6-week-old male Mongolian ger-
bils and male C57BL/6 mice were obtained from Central
Lab Animal Inc. (Seoul, Korea). Animal care and all ex-
perimental procedures were conducted in accordance
with the approval and guidelines of the INHA Institutio-
nal Animal Care and Use Committee (INHA IACUC) at
the Inha University Medical School (approval ID: INHA
120220-130). The animals were fed standard rat chow
and tap water ad libitum, and maintained under a 12 h
dark/light cycle at 21°C. For biosafety, the investigators
were fully protected with sterilized clothes, masks and
gloves based on Standard Operation Procedures (SOP).

H. pylori infection in Mongolian gerbils

Following a pre-feeding period of 1 week, 50 gerbils
were randomly divided into the following 5 groups
(Fig. 1A): uninfected (Group 1), H. pylori infection alone
(Group 2), and H. pylori infection+GutGard™ at 15
mg/kg (Group 3), 30 mg/kg (Group 4), and 60 mg/kg
(Group 5) with 10 gerbils in each group. The infection
was induced as follows: after 24-hour fasting, the ani-
mals were inoculated 3 times by oral gavage with H. pylori
SS1 (2x10° CFU [colony-forming units]/gerbil) suspended
in 500 pL PBS over 5 days. Mongolian gerbils inoculated
with SS1 or PBS were kept separately, with free access to
water and food. Groups 3, 4 and 5 were orally treated
with GutGard™ at the dose levels of 15, 30 and 60
mg/kg, respectively, once daily for 6 times every week
over 8 weeks, while Groups 1 and 2 received intragastric
administration of sterile tap water after the final in-
oculation of H. pylori.

H. pylori infection in C57BL/6 mice

Following a pre-feeding period of 1 week, 30 mice were
randomly divided into the following 3 groups (Fig. 1B):
uninfected (Group 1), H. pylori infection alone (Group 2)
and H. pylori infection+GutGard™ 25 mg/kg (Group 3)
with 10 mice in each group. The infection was induced
as follows: the mice were fasted 4 hours before inocu-
lation. Specific pathogen-free C57BL/6 male mice were
inoculated 3 times by oral gavage with H. pylori SS1
(2x10° CFU/mouse) suspended in 500 uL PBS over 5
days. This procedure followed a well-established mouse
model of H. pylori infection (24). Mice inoculated with
SS1 or PBS was kept separately, with free access to wa-
ter and food. Group 3 mice were orally treated with
GutGard™ (25 mg/kg) once daily for 6 times every
week for 3 weeks, while Groups 1 and 2 received intra-
gastric administration of sterile tap water after the final
inoculation of H. pylori.
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1 AAA Vehicle (D.W) | 10 Fig. 1. Experimental schedule for /n
vivo evaluation of efficacy of
2 A A .| Vehicle (D.W) l 10 GutGard™ on anti-Helicobacter
pylori. (A) Time-points of H. pylori
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in Mongolian gerbils. Gerbils in
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Weeks once daily 6 times/week for 8
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] 0 - ma/kg GutGard™ once daily 6
A H. pylori 2x10°CFU)  APBS (0.5mL, po) []GutGard™ treatment times/week for 3 weeks.

Detection of H. pylori colonization

The presence of H. pylori in gastric mucosa was con-
firmed by direct bacterial culture, as described pre-
viously (25). For culturing, the tissue was rubbed across
the surface of a plate with selective medium containing
10% bovine serum, 6 pg/mL vancomycin, 5 pg/mL tri-
methroprim, 10 pg/mL polymyxin B, 200 pg/mL baci-
tracin, 8 pg/mL amphotericin B and 10 pg/mL nalidixic
acid. Plates were incubated at 37°C under micro-
aerophilic conditions for 5~7 days. Quantitative assess-
ment of H. pylori colonization was performed as pre-
viously described (26). Briefly, one piece of weighed
stomach tissue was homogenized in 200 pL of Brucella
broth by use of a hand homogenizer (Pellet Pestle®
Cordless Motor, Kontes, City, NJ, USA), and the homo-
genate was diluted 10- and 100-fold in Brucella broth.
Fifty microliters of each dilution was plated on selective
medium containing the antibiotics mentioned above.
Plates were incubated at 37°C under microaerophilic
conditions for 5~7 days. H. pylori strain was identified
by gram staining and positive urease and catalase tests.
H. pylori colonies were then counted to determine the
number of CFU of the whole stomach tissue.

Enzyme-linked immunosorbent assay (ELISA)

Blood was collected from the heart immediately before
the Mongolian gerbils were killed. The level of H. pylori
in serum was measured by ELISA kit (MBS702763,
MyBioSource, San Diego, CA, USA). The ELISA plates
were coated with 100 uL of positive control, negative
control or samples per well for 30 min at 37°C. The
wells were washed with wash buffer and incubated for

30 min at 37°C with 100 pL/well HRP-conjugate work-
ing solution. The plates were washed and then further
incubated for 10 min with 90 uL of TMB substrate. The
reaction was stopped by adding 50 pL of stop solution.
The absorbance at 450 nm was measured using a
96-well plate reader within 15 minutes. For calculating
the valence of H. pylori antibody (IgG), the absorbance of
sample well is compared with control: ODsample=2.1X%
ODregaiive Was H. pylori positive, while ODgample <2.1 X
ODregative Was negative.

Histopathological examination

The stomach tissue samples of Mongolian gerbils were
fixed in 10% buffered formaldehyde, embedded in paraf-
fin, and then sectioned. The 4~5 um-thick sections
were stained with hematoxylin and eosin (H&E) for his-
tology observation. For H&E staining, the sections were
stained with hematoxylin for 3 min, washed, and then
stained with 0.5% eosin for 3 min. After washing with
water, the slides were dehydrated in 70%, 96% and
100% ethanol, and then in xylene.

Immunohistochemistry

Immunohistochemical identification of H. pylori was
done with the sections of the Mongolian gerbil’s stom-
ach tissue after deparaffinization. Microwave antigen re-
trieval was performed in citrate buffer (pH 6.0) for 10
min prior to peroxidase quenching with 3% hydrogen
peroxide (H>O,) in PBS for 10 min. The sections were
then washed in water and preblocked with normal goat
or horse serum for 10 min. Next, the tissue sections
were incubated overnight at 4°C in 1 : 100 dilutions of
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anti-H. pylori antibody (Abcam Technologies, Cambridge,
UK). The sections were then incubated with biotinylated
secondary antibodies (1 : 200) for 1 h. After washing
with PBS, streptavidin-HRP was applied. Finally, the
sections were developed with diaminobenzidine tetrahy-
drochloride substrate for 10 min, and counterstained
with hematoxylin. At least three random fields of each
section were examined at a magnification of 200x
and analyzed by Microsystem (Leica SCN400, Leica,
Heidelberg, Germany).

Statistical analysis
Data were expressed as mean=SE. Comparison of groups
of animals was undertaken using SPSS statistic 19 and P

Drug treatment % of H. pylori infection

Non infected 0%

H. pylori infected 60% (6/10)

H. pylori infected+GutGard™ 15 mg/kg 20% (2/10)

H. pylori infected+GutGard ™" 30 mg/kg 10% (1/10)

H. pylori infected+GutGard™ 60 mg/kg 10% (1/10)

Fig. 2. Anti-Helicobacter pylori activity of GutGard™

values were set at level P<0.05. Statistical calculations
were performed using SPSS software for the MS Windows
operating system (Version 19; SPSS, IBM, Chicago, IL,
USA).

RESULTS AND DISCUSSION

Previous reports have suggested that H. pylori erad-
ication at an early stage might increase the success rate
of reducing colonization and be effective for preventing
gastric carcinogenesis (27). Research on anti-adhesive
compounds has shown that extracts from several plants,
including turmeric, parsley, borage, ginseng, worm-

100 -
80
60
40 -

20

% of H.pylori Infection

0 T
H.pylori - + + + +

GutGard™ (mg/kg) - - 15 30 60

in Mongolian gerbils. (A) H. pylori activity was assayed by ELISA in serum.

The serums from gerbils were diluted 1: 10 and then measured by ELISA. (B) Histograph of Panel A. (+), positive; (—), negative.
(C) Representative Immunohistochemistry (IHC) of gerbil stomach tissue. After the final treatment of GutGard™, gerbil stomach
tissues were removed, fixed and gastric mucosa was stained with 4. pylori antibody. (Hp-), H. pylori-uninfected: (Hp+), H. pylori-

infected gerbils with or without GutGard™ treatment.
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wood, and cranberry, can inhibit adhesion of H. pylori to
stomach sections (14,28,29). Recent studies have shown
that the Glycyrrhiza glabra aqueous extract possesses an-
tibacterial effect against H. pylori, which was confirmed
in situ and in vitro (16).

In the present study, we examined anti-H. pylori activ-
ity of GutGard™ with the established models of H. pylori
SS1 infection in Mongolian gerbils (30) and C57BL/6
mice (24).

Anti-H. pylori activity of GutGard™ in Mongolian gerbils

In order to assess the anti-H. pylori activity of GutGard" ™,
we tested the effect of GutGard™" on the H. pylori colo-
nization in Mongolian gerbils. Eight weeks after
GutGard™ treatment (Fig. 1A), gerbils were sacrificed,
and the stomachs were removed and embedded in paraf-
fin for histological observation and immunohisto-
chemical detection of H. pylori. Throughout the experi-
ment, no statistically significant difference in the body
weights was found in both uninfected groups and H. py-
lori-infected groups. The gastric mucosa of Mongolian
gerbils did not present any significant signs of in-
flammation in the entire group. Immunohistochemistry
stains showed no detectable H. pylori in uninfected con-
trol group but numbers of bacteria on the surface of mu-
cosa in H. pylori-infected group (Fig. 2C). In contrast,
eight weeks following GutGard™ treatment, the level of
H. pylori colonization in the stomachs of gerbils was no-
tably decreased.

We next measured the serum level of anti-H. pylori 1gG
antibody by ELISA. As shown in Fig. 2A and 2B, the se-
rum from uninfected control group did not show any
signs of H. pylori and 60% (6/10) of gerbils of infected
group showed a positive level of H. pylori reaction. On
the other hand, the gerbils orally treated with 15, 30 and
60 mg/kg GutGard™ displayed its positive reaction in
20% (2/10), 10% (1/10) and 10% (1/10), respectively.
Treatment with GutGard™ for 8 weeks inhibited H. pylo-
ri infection in a dose-dependent manner, reaching 67%
at 15 mg/kg and 83% at 30 and 60 mg/kg. Such anti-H.
pylori activities of GutGard™ seem to be higher than the
effect of green tea extract that exhibited 72% anti-H. py-
lori activity at 2,000 ppm in a gerbil model (31). Based
on these results, it shows that oral treatment of
GutGard™ can reduce the infection of H. pylori SS1 gas-
tric mucosa.

Effects of the GutGard™ against H. pylori colonization in
C57BL/6 mice

In a previous study, Raghavan et al. (32) reported that
the colonization of C57BL/6 mice with H. pylori SS1 was
stable after the first week and the minimum time need-
ed for optimal colonization was 2 weeks. In addition,
they observed that a marked difference in bacterial colo-

nization between male and female mice, in which the
male mice consistently exhibited greater colonization
(two- to three-fold). This encouraged us to test the ear-
ly-stage of GutGard™ efficacy for suppressing H. pylori
colonization in C57BL/6 male mice.

The animals were sacrificed 3 weeks after H. pylori in-
fection and treatment with GutGard™ (Fig. 1B). Sto-
machs were removed and analyzed by direct and quanti-
tative culture of H. pylori. The colonies grown from the
selective medium were identified as H. pylori by gram
staining, urease and catalase activities. In the infected
(G2) group, all animals were successfully colonized by
H. pylori, but no H. pylori colonies were detected in unin-
fected control (G1) group. In contrast, as shown in
Fig. 3, the ability of H. pylori strain SS1 to colonize the
gastric mucosa was significantly decreased in 25 mg/kg
GutGard™-treated (G3) mice as compared to mice from
the infected non-treated (G2) group (5.458+0.065 Log
CFU vs 6.042+0.097 Log CFU, P<0.05). Also, no toxic
effects or changes in body weight were observed due to
the GutGard™ treatment.

A recent study by Iimuro et al. (33) suggests that gar-
lic extract may suppress the early stage of H. pylori-in-
duced gastritis. However, the average number of viable
bacteria (log (CFU/stomach)) from all animals of the H.
pylori-infected control and garlic extract groups showed
no significant differences. From our present observa-
tions, the oral treatment of GutGard™ for 3 weeks just
after the final H. pylori infection could reduce H. pylori
SSlgastric colonization in a significant proportion of
mice (P<0.05).

In conclusion, GutGard"™" may possess significant anti-
H. pylori properties against H. pylori SS1 both in Mongo-
lian gerbils and C57BL/6 mice. On the other hand, de-
glycrrhizinated root extract of Glycyrrhiza glabra may

6.5
6.3
6.1 T
5.9
5.7
5.5

Log CFU/stomach

5.3
5.1

4.9 T ™ 1
Control GutGard ~ 25 mg/kg

H.pylori (+)

Fig. 3. Effects of GutGard™ against A pylori colonization in
C57BL/6 mice. GutGard™ was given at 25 mg/kg/dose, once daily
6 times/week for 3 weeks. The results are expressed as mean+
SE (n=10). £<0.05 shows statistical difference. *Compared with
vehicle control.
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have potential as a very safe resource to control H. pylori-
associated gastric disease.
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