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Inhibition of Red Ginseng on 5-Hydroxyeicosatetraenoic Acid
(5-HETE) Biosynthesis from Arachidonic Acid
in Helicobacter Pylori-infected Gastric Cells*

Soojin Park’
Ginseng Research Group, Korea Food Research Institute, Songnam, Gyeonggi-do 463-746, Korea

Helicobacter pylori (H. pylori) infection rapidly stimulated either COX-2 or 5-LOX and released arachidonic acid
metabolites that have been considered as pivotal mediators in H. pylori-induced inflammatory responses. To determine
whether red ginseng extract (RGE) can suppress the biosynthesis of 5(S)-hydroxyeicosatetraenoic acids (HETE),
a precursor metabolite of leukotrienes B4 (LTB.) in H. pylori-provoked inflammatory responses in gastric epithelial
cells, the biosynthesis of monohydroxy fatty acids was measured using radioactive arachidonic acid and validated
by RP-HPLC using non-radioactive AA as substrate in AGS cells cocultured with H. pylori (ATCC 43504) with
or without pretreatment of RGE. Among three known major HETEs, H. pylori infection sPeciﬁcally induced the
biosynthesis of MC—S(S)—HETE rather than the complex of HC-158- /14C—12(S)-HETE from “C-AA, concomitantly
obtained by HPLC (p<0.01). RGE, 1 to 100 pg/ml, selectively suppressed H. pylori-stimulated 14C-S(S)-HETE
production implying the attenuation of 5-lipoxygenase activity, of which was similar to known LOX inhibitor NDGA
(10 uM) (p<0.01). However, the amount of 5(S)-HETE was significantly reduced by higher dose of RGE (100
pg/ml) (p<0.05). These results indicated that LOX pathway might be one of principle pathogenic mechanisms of
H. pylori and red ginseng could be a nutraceutical against H. pylori infection through inhibiting action of LOX

activity.
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INTRODUCTION

H. pylori infection is associated with several pathological
alterations of stomach, including peptic ulcer, chronic
atrophic gastritis, and mucosal-associated lymphoid
tissue lymphoma, even gastric cancer.'™ Mechanistically
and pathologically, all of these gastric lesions after H.
pylori infection were closely associated with the initiation,
perpetuation and chronic persistence of gastric inflammations,
predisposed to diverse molecular changes associated with
either epigenetic or genetic alterations”, leading to crossroads
of inflammation and carcinogenesis.

A dramatic change in gastric mucosal phospholipid
composition and elevation of the metabolites of various
eicosanoids from epithelial membrane phospholipids has
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been shown by the colonization of H. pylori in the gastric
mucosa, which has been related to the development of
several inflammatory host responses in infected gastric
environment™ . This is further proved by the fact that
the eradication of H. pylori reduces eicosanoids synthesis,
resulting in the normalization of gastric mucosal
phospholipid content and its fatty acid composition, which
may consequently render the gastric barrier function to
be normalized’™®. Concomitantly, infection of epithelial
cells with H. pylori leads to rapid generation of
intracellular calcium concentration and initiates calcium
signaling along with the generation of adenosine 3’,
5’-cyclic monophophate and guanosine 3°, 5’-cyclic
monophophateg), of which alterations appear to enhance
either the expressions or the activities of cytosolic
phospholipase A2 (cPLA;) via Gai/Gao proteins or the p38
MAP kinase pathwayg'“). Consequently, prostaglandins
(PGs) and monohydroxy fatty acids are then de novo
synthesized via cyclooxygenase (COX) and lipoxygenase
(LOX) pathway, respectivelylz). Several studies showed
that COX-2 is closely associated with diverse clinical
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manifestations of H. pylori-associated discases and
COX-2 inhibition with NSAID could ameliorate either
gastric inflammation or even H. pylori-induced gastric
carcinogenesis in vitro and in vivo'>'?. However, the
metabolic conversion to hydroxy fatty acids via LOX
pathway after H. pylori infection has not been fully
explored yet.

H. pylori infection rapidly released mediators and
chemokines including IL-8, iNOS, and COX-2.
Particularly, IL-8 could stimulate lipid metabolites through
modulating LOX activities” " and H. pylori-provoked
cytokine mediated-inflammatory responses can be
neutralized by blocking 5-LOX that metabolized
arachidonic acid (AA) into 5(S)-hydroxyeicosatetraenoic
acid (HETE), a precursor metabolite of leukotrienes B,
(LTB.), one of powerful chemotactic factors for
neutrophils. These facts suggested that a molecule, which
can regulate LOX activity, could be the potential way
of either eliminating gastric inflammations or extensively
preventing inflammation-associated carcinogenesis. In
spite of abundant evidences about the COX-2 expressions
and its activities after H. pylori infection, only scant
evidence has been accumulated about LOX and none has
shown that LOX inhibitor could be intervened in preventing
H. pylori-associated inflammatory signaling transduction
of gastric epithelial cells.

Lately, we have reported the protective roles of Red
Ginseng Extract (RGE) from H. pylori-associated cytotox-
icity through the inhibitory actions of both MAPK and
redox sensitive transcriptional activity”, but we have an-
other concerns and curiosity about the action of RGEon
LOX pathway. Few documents are available for the action
of ginseng extract on LOX pathway, though some phy-
tochemicals like polyphenols or agentlike nordihydroguaia-
retic acid (NDGA) are known to inhibit LOX activities
specifically. Based on the reports that individual ginseno-
side isolate or Panaxynol isolated from ginseng can in-
hibit the rise of intracellular calcium caused by arach-
idonic acid or calcium ionophore A23187 and shows an-
ti-platelet activity through the inhibition of thromboxane
formation”" ™ and the findings that ginsenoside Rhl also
inhibited COX-2 protein expression in RAW 264.7 cells
with the inactivation of the transcription factor, NF-kB*
and Rg3, a major ginsenoside derived from heat-processed
ginseng inhibited phorbol ester-induced COX-2 expression,
NF-«B activation and tumor promotion™”, we hypothesized
that RGE might influence LOX pathway and could im-
pose the modulation of gastric inflammation in H. pylori
infection.

Here, in order to know the influence of H. pylori

infection on LOX pathway and the efficacy of RGE on
modulating arachidonate-5-LOX-inflammatory link in
gastric epithelium after H. pylori infection,we measured
the LOX activities by both reverse phase-high performance
liquid chromatography (RP-HPLC) and thin layer
chromatography (TLC) after RGE pretreatment.

MATERIALS AND METHODS

1. Chemicals and Reagents

“C-arachidonic acid (14C—AA, 50 mCi/mmol) was
purchased from Perkin Elmer (Boston, MA). Standards
for eicosanoids metabolites, 15(S)-HETE, 12(S)-HETE
and 5(S)-HETE were all purchased from Cayman
Chemical Co. (Ann Arbor, MI). Calcium ionophore,
A23187 and nordihydroguaiaretic acid (NDGA) were
obtained from Sigma (St. Louis, MO).

2. Cells, Bacterial Strains, and Growth Conditions

AGS cells, human gastric adenocarcinoma cells, were
purchased from American Type Culture Collection (ATCC,
Rockville, MD). They were cultured in RPMI 1640 medium
(Gibco BRL, Gaithersburg, MD) supplemented with 25
mM HEPES, 2mM L-glutamine (Life Technologies,
Stockholm, Sweden), and 10% fetal calf serum (FCS,
HyClone, Logan, UT), antibiotics and antimycotics in
humidified environment at 37C in 5 % CO,. H. pylori
(ATCC 43504, cag PAI and vac A positive) was grown
on blood agar plates with 7 % sheep blood under
microaerophilic conditions generated with Anaeropack
Campylo® (Mitsubishi Gas Chemicals Co., Tokyo, Japan)
at 37°C for 5 days. For inoculation of the bacteria, H.
pylori were resuspended in PBS to an A450 of 1.2 units,
which corresponds to a bacterial concentration of 5x10°
CFU/ml and cocultured with AGS cells at the
concentration of 5x10’ CFU/ml.

3. Treatment of Cells

RGE was kindly provided by the Korean Ginseng Corp.
(Seoul, Korea), which was dissolved in phosphate-buffered
saline (PBS, pH 7.4). AGS cells (1x10"/ml) were
pretreated with several concentrations of RGE (1, 10, 100
yg/ml) for 24 h and then followed with inoculation of
H. pylori (5><107 CFU/ml, MOI (multiplicity of infection)
was 5. NDGA was resuspended in DMSO and diluted
in the culture medium to final concentration of 10 uM.

4, Bioassay of Lipoxygenase Activity
The bioassay of arachidonate lipoxygenase activity
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was done using a moderate modification of a previously
described methodzs), besides each LOX incubation
contained “C-AA (0.01 uCi) and 25 pg protein of cell
lysates in a 100 pl reaction mixture which contained 100
mM Tris-HCI buffer, pH 7.4 with 1 mM EDTA and 2
mM reduced-glutathione.

5. Extraction of HETEs From AGS Cells

After appropriate treatment, AGS cell monolayer was
incubated in 2 ml of RPMI 1640 supplemented with 10
% FBS in the presence of 2.0 yM calcium ionophore
A23187 in DMSO (at a final concentration of 0.02%)
at 37 C. The eicosanoids extraction from AGS cells was
performed by the method of Wescott et al’® using a
slight modification. After 1 h of incubation with A23187,
culture media were removed and cells were added 3 ml
of ice-cold methanol. Methanolic pellets were transferred
to the glass tube and then two volumes of ice-cold
chloroform were added. Eicosanoids were extracted by
vigorous vortexing for 1 min, and then centrifuged for
2 min. The chloroform phase was evaporated to dryness
under nitrogen, and the residue was stored at -70 C
pending eicosanoid separation by RP-HPLC.

6. Identification of Lipoxygenase Metabolites in
Human Gastric Epithelial Cells by RP-HPLC
Separation of eicosanoids was accomplished according
to the method previously described™ and cochromatography
with authentic mono-HETE standards for 15(S)-HETE,
12(S)-HETE, and 5(S)-HETE wasused with each sample
to control for any variation in retention time and elution
with methanol and H,O (76:24, vwv) adjusted to pH 3.0
with acetic acid, isocratically at a flow rate of 1.4 ml/min
for 30 min and monitored at 234 nm with a Hewlet Packard
spectrophotometer.

7. Statistical Analysis .

Results were expressed as the means S.D. The data
were analyzed by the one-way analysis of variance
(ANOVA) and statistical significance between groups was
determined by Duncan’s multiple range tests. Statistical
significance was accepted within p<0.05.

RESULTS

1. Effect of H Pylori Exposure on the Biosynthesis
of HETEs from AA in Gastric Cells
H. pylorik generated significant amounts of '“C-5(S)-

HETE rather than the complex of '“C-15S-/"C-12
(S)-HETE from 14C-AA, implying that bacterial infection
might lead to increase 5-LOX enzyme activities, which
was reversed by the pretreatment of a LOX inhibitor NDGA
in coculture system of H. pylori and gastric AGS cell (Fig.
1). Because the data in Fig. 1 was obtained with co-elution
of “C-158- /*C-12(S)-HETE and "“C-5(S)-HETE by TLC
separation, we re-sorted them with RP-HPLC to confirm
and quantify the amounts of 15(S)-HETE and 12(S)-HETE
in the AGS cells (Fig. 2). Without bacterial infection, the
relative ratio of the biosynthesis of 5(S)-HETE:
12(S)-HETE: 15(S)-HETE was 1: 0.45: 0.5 in AGS cells,
but H. pylori infection significantly increased 5(S)-HETE
biosynthesis more than threefold. On the other hand, no
significant changes werefound on the biosynthesis of either
15(S)-HETE or 12(S)-HETE even after H. pylori infection
in gastric cells (Fig. 2). Therefore, H. pylori infection
particularly activated 5(S)-HETE generations in AGS cells
among LOX metabolites.
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Fig. 1. Selective stimulation of 5(S)-HETE generation in AGS cells
after H. pylori infection.

AGS cells were cocultured with H. pylori (ATCC 43504 strain, 5x10" CFU/ml)
for 24 h with or without RGE or LOX inhibitor (NDGA) as described in the
“Materials & Methods” section. H. pylori infection selectively induced the
biosynthesis of "*C-5(S)-HETE metabolite from "“C-AA by more than threefold,
while no significant change of “C-12/15(S)-HETE synthesis was shown. H.
pylori-induced 5-LLOX activity was reversed by pretreatment of LOX inhibitors,
NDGA (10 uM) for 24 h.

2. Suppressions of RGE on the Biosynthesis of
5(S)-HETE in H. Pylori-infected AGS Cell
Since H. pylori triggered the biosynthesis of 5(S)-HETE
(Figs. 1 and 2), whether RGE modulates 5-LOX activity
and production of 5(S)-HETE or not was further examined.
AGS cells pretreated with several doses of RGE (1-100
ug/ml) significantly suppressed the production of
4C-5(S)-HETE from prelabeled-AA (p<0.01, Fig. 3),
implying that RGE could modulate the attenuation of
S-lipoxygenase activity, of which was similar to known
LOX inhibitor NDGA (10 uM) (p < 0.01). RP-HPLC
results showed that the amount of 5(S)-HETE tended to
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Fig. 2. Identification of monchydroxy fatty acid profile of AGS cells
after H. pylori infection.

Eicosanoids extracted from H. pylori-infected AGS cells were identified by
RP-HPLC analysis using the co-chromatography with authentic mono-HETE
standards for 15(S)-HETE, 12(S)-HETE, and 5(S)-HETE. Major eicosanoid was
5(S)-HETE followed by 12(S)-HETE and 15(S)-HETE (1:0.45:0.5) in unstimulated
AGS cells. H. pylori infection triggered dramatic production of 5(S)-HETE by
threefold compare to non-infected cells, which was blocked by pretreatment of
selective 5-LOX inhibitor, NDGA (10 uM) for 24 h. However, no significant
changes of 12(S)-HETE and 15(S)-HETE were noted even after bacterial infection
or LOX inhibitor administration

- 250( a p<0.01
£
1S L
8 200
g |
Y3
,Lé 150 b b
@“a r b b b b
it
100
vOLD " I '
N
£
jo} L
L 50-Z - + + o+ + + H.pylori
- 100 - 1 i0 100 — RGE (¢ g/ml)

+ NDGA (10 uM,

Fig. 3. RGE reversed selective biosynthesis of 5(S)-HETE in H.
pylori infected AGS cells.

RGE (1, 10, 100 pg/ml, respectively) pretreatment for 24 h strongly suppressed
H. pylori-stimulaied "“C-5(S)-HETE biosynthesis from "“C-AA to the basal level
of 5(S)-HETE as similarly as LOX inhibitor (NDGA). Results are represented the
means=S.D. of three independe

be reduced by RGE in a dose dependent manner and
significant reduction was observed by higher dose of RGE
(100 ugfml) (p<0.05). NDGA didnot effectively reduce the
5(S)-HETE production from arachidonic acids (Fig. 4).

DISCUSSION

Current study explored for the first time that H. pylori
induced the shunting of 5(S)-HETE biosynthesis among
LOX metabolites from AA in gastric epithelia. Also RGE
suppressed H. pylori-induced pro-inflammatory 5(S)-
HETE production in gastric epithelia paralleled its effect
as inhibitor of AA metabolism in vitro. We elicited
previously that the overall actions of RGE couldbe
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Fig. 4. Effect of RGE pretreatment on monohydroxy fatty acid profile
in H. pylori-infected AGS cells
Eicosanoids extracted from H. pylori-infected AGS cells were identified by
RP-HPLC analysis using the co-chromatography with authentic mono-HETE
standards for 15(S)-HETE, 12(S)-HETE, and 5(S)-HETE as described in the
"Materials & Methods” section. Dose dependent inhibition of H. pylori-stimulated
5(S)-HETE synthesis by pretreatment of RGE (1, 10 and100 pg/ml) for 24 h
was observed, of which effects were better than selective LOX inhibitor, NDGA

summarized as significant protection of gastric epithelial
cells by reducing proinflammatory mediators such as IL-8
and 5(S)-HETE via transcriptional and transactivational
modification and could extensively contribute to the
prevention of atrophic gastritis and gastric carcinoma®”.
Hence several studies showed that NSAID played
significant chemopreventive effects against H. pylori-
induced gastric carcinogenesis through attenuating COX
activities®™ and our study stressed that LOX activity could
influence the inflammatory or carcinogenic activities
related to H. pylori infection, we inferred that modulation
of both activities will be required to avoid from deleterious
outcomes of H. pylori infection. Besides of inhibitory
effects of RGEon 5-LOX expressions and activities,
non-saponin fraction of Red Ginseng is generally reported
to reduce calcium ionophore stimulated- calcium release
in polymorphonuclear leukocyte®, polyphenol or
protopanaxatriol (PT) from Panax ginseng C.A. Mayer
have been documented to inhibit PLA, by 49% at the
concentration of 60 pg/ml and directly inhibit LTB,
synthesis (ICso 3.22 M) in vitro™. Therefore, it is possible
that RGE may modulate H. pylori-stimulated AA
metabolism at the level of intracellular calcium concentration
or calcium signaling and consequent cascades.
Specifically, H. pylori provoked-5-LOX-derived
leukotrienes production of human gastric epithelial cells®”
contributed to active gastric inflammation with infiltration
of neutrophilssz) and even relating gastric carcinogenesis
through DNA damage to the adjacent cells through several
arachidonate metabolites controlled by extracellular signal
regulated kinases, ERK-1 and —233), or c-Jun N-terminal
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kinase, INK™¥. Our observations could be supplemented
with the findings of Kimura et al.”” that there is a positive
correlation between LT levels and neutrophil infiltration
in H. pylori-infected gastric mucosa and the LOX
inhibitor, AA-861, exerts beneficial effect in response to
H. pylori infection both in vitro and in vivo.

It has long been known that normal gastric epithelium
produces considerable levels of certain PGs, but is very
limited in the ability to produce LTs, of which productions
arelimited to certain inflammatory cells. According to
Shimakura and Boland”), under basal condition, gastric
adenocarcinoma cell line AGS, the same cell line used
in the current experiment, produced LTDy as its principal
eicosanoid metabolite followed by 6-keto-PGE,, LTC,,
LTB., 12-HETE, TXB,, PGF,, PGE,, 12-HHT, 15-HETE,
and PGD?2, but after stimulation with calcium ionophore,
the principal eicosanoid metabolites became 12-HETE,
followed by LTB4, LTC4, PGF2, PGE2, 6-keto PGF1,
TXB2, LTD4, 15-HETE and PGD2, suggesting that
5-LOX might be more active than COX in gastric
epithelial cells. Their ability to metabolize AA differed
according to cell context and each celltype may have
a unique ability to produce PGs, HETEs, LTs, and other
related eicosanoids. In non-cancerous gastric epithelial
cell, RGM cell, we found that 12(S)-HETE and 15(S)-
HETE were main metabolites from AA in unstimulated
condition, but was shunting to 5(S)-HETE when H. pylori
infection was added. On the other hand, certain gastric
cancerous epithelial cells, SNU 16 and AGS cell line,
generally produce 5(S)-HETE under the basal condition
among known LOX metabolites and 5(S)-HETE generation
is more highly stimulated by H. pylori infection. All of
these facts signify that H. pylori infection might activate
AA metabolism to 5-LOX pathway rather than COX
pathway in both non-cancerous and cancerous gastric
cells, but the modulation of LOX activity after H.
pyloriinfection might be more critical in either modulation
of ensuing inflammation or gastric carcinogenesis than
COX pathway in some aspects.

Since both H. pylori and 5-LOX are responsible for
carcinogenesis, modulation of 5-LOX activity could be
defined as chemoprevention in more extensive meaning.
Longstanding, uncontrolled persistence of inflammation
imposes the critical steps to carcinogenesis in several
clinical diseases including H. pylori-associated gastric
carcinogenesis, Barrett’s esophagus-associated esophageal
cancer, colitic cancer, and cholangiocarcinoma, for which
oxidative stress, gene mutation, and overwhelming
inflammatory cascade might be quite responsible. AA

metabolism results in the formation of reactive oxygen
species and other free radicals, which can be modulated
by certain exogenous antioxidants. In fact, dietary
modifications by selected nutritional and botanical agents,
for instance, NDGA, epigallocatechin-3-gallate (EGCG),
curcumin, quercetin, and omega-3 fatty acids, favorably
influence eicosanoid production and effectively strengthen
the enzymatic line of defense against oxidative molecules
through retaining NF-kB in the cytoplasm by an inhibitor
of NF-«B, IkB aprotein.***”. Based on the several studies
reported on the anti-oxidative effect of ginseng against
lipid peroxidation®”, this is one critical point of mechanisms
of RGE upon AA metabolism through 5-LOX inhibition.

Pananx Ginseng has been demonstrated to have anti-mi-
crobial, anti-adhesive activity against H. pylori 4142,
Ginsenoside Rbl isolated from Red Ginseng sig-
nificantly decreased histamine and leukotriene pro-
duction in a dose-dependent manner during mast cell activa-
tion”” as well as LPS-induced proinflammatory cytokine
production43) . Recently, dietary pigment, curcumin appears
to block H. pylori-induced NF-kB activation, IL-8 gene
expression, the cell scattering response 36), and modulate
AA metabolism including PLA2, COX, and 5-LOX*. We
found that RGE can regulate H. pylori- induced NF-xB
activation and subsequent expression of IL-8 in gastric
AGS cells.

In summary, RGEelicited the down-regulation of
proinflammatory intermediate 5(S)-HETE synthesis, which
was stimulated by H. pylori infection in gastric epithelia.
Although further detailed clinicaltrials or the studies
documenting what component of RGE is attributable to
theses efficacy should be followed, RGEcould be a potent
functional dietary source against pathogenic inflammatory
processes initiated by H. pylori infection.
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