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Effects of Chenopodium album Linne on Gastritis and
Gastric Cancer Cell Growth
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Abstract

In our previous study, we investigated Chenopodium album Linne (CAL) ethanol extract and its fractions on anti-gastritic actions
using the HCl/ethanol and indomethacin induced gastric lesion model and Helicobacter pylori (H. pylori). Based on the results,
butanol fraction was most effective among fractions obtained from CAL. This study aims to elucidate the mechanisms of butanol
fraction, and betaine as a constituent of the butanol fraction, on gastritis and anti-gastric cancer cell growth. First, we examined
antioxidant properties using hydrogen peroxide and superoxide radical, and we found that butanol fraction and betaine may be
good antioxidants. Second, cytotoxicity was assessed by measuring cell viability and 4,6-diamidino-2-phenylinodole dihydrochlo-
ride (DAPI) staining of human gastric cancer cells (AGS cells). We also examined the relationship between the cytotoxicity and
intracellular Ca?* signaling mechanism. The butanol fraction demonstrated cell viability 71.49% at the concentration of 100 ug/
ml and increased intracellular Ca?* concentration in a dose dependent manner. Finally, we observed the mucus content as a de-
fensive factor and gastric secretion as an aggressive factor, and found that the mucus content noticeably increased when treated
with butanol fraction and betaine and gastric secretion decreased when treated with betaine in vivo study. From these results, we
suggest that CAL butanol fraction and betaine may have protective effects on gastritis.

Key Words: Chenopodium album Linne, Betaine, Anti-gastritis, Gastric cancer cell growth

INTRODUCTION 1999; Lee et al., 2004; Jeong et al., 2010).
Free radicals could cause tissue injuries, carcinogenesis,

In our previous study, we investigated anti-gastritis and inflammation, and aging (Oh et al., 2010). Recently, free radi-
anti-Helicobacter pylori (H. pylori) effects of Chenopodium al- cals have been getting attention as a common mechanism of
bum Linne (CAL) ethanol extract and its fractions. CAL has related injuries of gastric mucosa.
long been used as a folk remedy due to its effectiveness in Intracellular Ca?* signal appears to be commonly involved
treating various illnesses such as neuralgia, gastralgia, and in the mechanism of cell death (McConkey and Orrenius,
hepatocirrohsis (Kim and Jeong, 2010). We have found that 1996). So, we examined the relationship between the cyto-
butanol fraction was the most effective in inhibiting HCl/etha- toxic action and intracellular Ca?* signaling mechanisms. For
nol and indomethacin induced gastric lesions among fractions this, we measured the change of intracellular Ca%* concentra-
obtained from CAL leaves. The aim of this study is to elucidate tion using Fura-2 fluorescence technique. Gastric ulcers and
the protective mechanisms of butanol fraction and betaine as gastritis seem to be caused by over-secretion of gastric juice.
a constituent (Fig. 1). Betaine is widely distributed in micro- Also mucin has a gastroprotective activity. We observed the
organisms, plants, and animals (Craig, 2004) and also called mucus content as a defensive factor and gastric secretion as
trimethylglycine, glycine betaine, lycin or oxyneurine. In addi- an aggressive factor using the rats.
tion, it can promote insulin release by stimulating the Langer- The aim of this study was to investigate the mechanism of
hans islets in the pancreas and help treat alcoholic fatty liver. anti-gastritis and anti-gastric cancer cell growth of the CAL
According to the other study, they found that betaine reduces butanol fraction and betaine by measuring their anti-oxidant
the concentration of cholesterol in the blood by influencing the activities, cytotoxicity to the gastric cancer cells, intracellular
synthesis of low density lipoprotein cholesterol (LDL). Tradi- Ca? concentration, the mucus content, and gastric secretion.

tionally, betaine has frequently been used as a treatment for
hepatic disorders (Bessieres et al., 1999; Janssens et al.,
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Fig. 1. Chemical structure of betaine.

MATERIALS AND METHODS

Reagents

Dimethyl sulfoxide (DMSO), fura-2AM, 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), trypan blue,
probenecid, dantrolene sodium, sodium bicarbonate, dimeth-
yl sulfoxide, 4,6-diamidino-2-phenylinodole dihydrochloride
(DAPI), cimetidine were obtained from Sigma (Sigma-Aldrich
Inc., MO, USA). Cell culture media and reagents, including
Hank's balanced salt solution, RPMI 1640, fetal bovine se-
rum (FBS), penicillin/streptomycin, and trypsin-EDTA were
obtained from GIBCO (Invitrogen Inc., NY, USA). Other sol-
vents were purchased from Duksan pure Chemical Co. Ltd.
(Kyunggi-do, Korea). All other reagents were of pharmaceuti-
cal or analytical grade.

Laboratory equipments

Equipments included: pH meter (IQ Scientific Instruments,
Inc.), clean Bench (Johnsam Co.), CO, incubator (Forma Sci-
entific), water bath (Vision), inverted microscope (Olympus),
autoclave (Duksan Chem. Co.), micropipette (Gilson Co.),
centrifuge 5810R (Eppendorf), high speed centrifuge (Sorvall
RT-6000), liquid nitrogen Dewars (CHART MVE), fluores-
cence spectrophotometer (HITACHI), UV-spectrophotometer
(Agilent Technologies Inc., CA, USA), UV-spectrophotometric
plate reader (ASYS UVM340), etc.

Animals

Male Sprague-Dawley rats, weighing 190-200 g, were
purchased from Samtako, Kyunggi-do, Korea, and were ac-
climatized to standard laboratory conditions (22 + 2°C, 55 +
5% humidity and 12 h light/dark cycle) for 14 days in the ani-
mal facility in Duksung Women'’s University. The experimental
procedures for rats were conducted in accordance with the
Guidelines of the Care and Use of Laboratory Animals, Duk-
sung Women’s University (2009-03-009). The animals were
allowed free access to food (standard pellet diet) and water ad
libitum. The entire study was conducted in compliance with the
Testing Guidelines for Safety Evaluation of Drugs (Notification
No. 1999-61) and the Good Laboratory Practice Regulations
for Non-clinical Laboratory Studies (Notification No. 2000-63)
issued by the Korea Food and Drug Administration.

Cell culture

AGS gastric cancer cells were obtained from the Korean
Cell Line Bank (KCLB, Seoul, Korea). These cells were cul-
tured with RPMI-1640 containing 10% FBS, penicillin (100
units/ml), and streptomycin (100 Ig/ml) in a 5% CO, humidi-
fied incubator at 37°C. For subculture, AGS cells were rinsed
twice with phosphate buffered saline (PBS, pH 7.4) to remove
all traces of serum (which can inhibit trypsin) and were subdi-
vided using 0.05% trypsin with 0.53 mM EDTA.
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Antioxidant effects

Hydrogen peroxide scavenging: Hydrogen peroxide scav-
enging activity is assessed according to the modified method
of [lhami (2006). CAL butanol fraction and betaine were mixed
with 0.6 ml of hydrogen peroxide solution (40 mM in phos-
phate buffer, pH 7.4). After 10 minutes, the absorbance of the
mixture was measured at 230 nm. The data is presented as
hydrogen peroxide scavenging activity (%) values calculated
using the formula [(A-A,)/ A]x100. A_ and A_ are the mean
absorbance values of the control and the sample respectively.

Superoxide radical scavenging: The superoxide radical
scavenging activity was determined according to the method
of Nishikimi (1972). 0.1 ml of Tris-HCI buffer (pH 8.5) and 0.2
ml of 100 uM phenazine methosulfate (PMS) were added to
0.5 ml of CAL butanol fraction and betaine solution. The ab-
sorbance of the mixture was determined at 560 nm using UV-
spectrophotometry (S). 0.2 ml of 500 uM nitro bluetetrazolium
(NBT) and 0.4 ml of 500 uM (B-nicotinamide adenine dinucleo-
tide) NADH were continuously added to the mixture. The ab-
sorbance of the mixture was determined at 560 nm again (S).
C, and C were obtained from control. The data is assessed as
superoxide radical scavenging activity (%) values calculated
using the formula [{(C-C,)-(S-S)}/(C-C,)]x100.

Cytotoxicity assay

MTT assay: Cytotoxicity to AGS cells (gastric cancer cell
lines) was examined using the modified MTT assay. Cells
were seeded at a density of 1x10* cells/well in 96-well culture
plates (Corning Inc., USA), and were cultured for 24 hours at
37°C in a 5% CO, humidified incubator. The samples were
added to the plate in the manner of serial dilution and incu-
bated for 24 hours. MTT agent was added at a final concen-
tration of 0.5 mg/ml and the plates were incubated for 4 hours
at 37°C. After discarding all media from the plates, 0.1 ml of
DMSO was added to all wells. The plates were held for 5 min-
utes at room temperature with shaking in order to completely
dissolve formazan. The absorbance of the MTT formazan was
determined at 540 nm using a UV-spectrophotometric plate
reader (Choi et al., 2004).

DAPI staining: DAPI staining was performed to observe the
change in a cell nucleus. AGS gastric cancer cells were seed-
ed at a density of 2x105 cells/ml onto a 60 mm cell culture dish
24 hours before the drug treatment. Then, cells were cultured
for 24 hours with 300 and 200 pg/ml samples respectively.
After treatment, cells were fixed with 4% p-formaldehyde solu-
tion for 20 minutes, stained with 4 pg/ml DAPI for 10 min at
37°C. The cells were then washed with PBS and examined by
fluorescence microscopy.

Measurement of intracellular Ca?* concentrations: Intracel-
lular Ca?* concentrations were measured using a modified ver-
sion of the method described by Kim et al. (2003). Aliquots of
the AGS cells were washed in PBS. Then, 5 uM Fura-2/AM
was added, and the cells were incubated for 1 hour at 37°C.
Unloaded Fura-2/AM was removed by centrifugation at 2,000
rpm for 3 minutes. Cells were resuspended at a density of
2x10° cells/ml in Krebs-Ringer buffer (KRB) containing 125
mM NaCl, 5 mM KClI, 1.3 mM CaCl,, 1.2 mM KH,PO,, 1.2 mM
MgSO,, 5 mM NaHCO,, 25 mM HEPES, 6 mM glucose and
2.5 mM probenecid (pH 7.4). Fura-2-loaded cells were main-
tained at 4°C for 30 minutes before the fluorescence measure-
ment. For each experiment, 0.5 ml aliquot of Fura-2-loaded
cells was equilibrated to 37°C in a stirred quartz cuvette.



Fluorescence emission (510 nm) was monitored with the ex-
citation wavelength cycling between 340 and 380 nm using
a Hitachi F4500 fluorescence spectrophotometer. In the data
intracellular free Ca?* concentrations are presented through
the 340:380 nm fluorescence ratios.

In vivo experiments

Mucus content by the absolute ethanol induced gastric le-
sion in rats: Using the method of Kitagawa et al.(1986), rats
were fasted for 24 hours with free access to water before ex-
periment. The samples were administered orally to the rats.
30 minutes later, the absolute ethanol (1 ml/100 g) was given
orally for induction of gastric lesions in rats. One hour later,
the animals were killed and the secreted mucus was deter-
mined. The glandula portion separated from the excised stom-
ach was opened along the lesser curvature and everted. The
stomach was soaked in 0.1% alcian blue 8GX dissolved in
0.16 M sucrose buffered with 0.05 M CH,COONa (adjusted to
pH 5.8 with HCI) for 2 hours. The mucus combined with the al-
cian blue was extracted with 20 ml of 70% ethanol containing
30% dioctyl sodium sulfosuccinate. The optical density of the
supernatant was measured at 620 nm in an UV spectropho-
tometer.

Gastric secretion: After 24 hours of fasting, with free access
to water prior to the experiment, the rats were immediately ad-
ministered with samples intraduodenally (Shay et al., 1945).
4 hours after the pyloric ligation, the animals were killed, and
the contents of the stomach were collected and centrifuged
at 3,000 rpm for 10 minutes. The total volume of gastric juice
and pH were measured, and an acid output (mEg/ml) was de-
termined by titrating the gastric juice with 0.1 N NaOH using
phenol red as an indicator.
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Statistical analysis

All experiments were performed in triplicate. Data was ana-
lyzed using the Student’s t-test. p-values <0.05 were consid-
ered statistically significant.

RESULTS

Antioxidant effects

A reduction in reactive oxygen species (ROS) protects
against gastritis (Wang et al., 2005). For example, ascorbic
acid known as antioxidant plays important roles in preventing
the development of gastritis and gastric cancer (Block, 1991
and Block G et al., 1991). Hydrogen peroxide (H,0,) is not a
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Fig. 2. Hydrogen peroxide scavenging activity of butanol fraction
and betaine. The values are means + S.E.
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Fig. 3. MTT assay, DAPI staining, Intracellular Ca” concentration of Chenopodium album butanol fractions against AGS cells. (A) Cell vi-
ability. The values are means * S.E. *p<0.05 compared to the control group. (B) The change in a cell nucleus. Morphological change: Con-
trol is observed with rounded and bright nuclei. Butanol fraction (300 ung/ml) showed condensed, fragmented nuclei and enriched chromatin.
(C) Intracellular Ca* concentration. Internal Ca®* release mechanism mediates increased intracellular Ca®* concentration. Intracellular Ca**
concentration was assessed by Fura-2 fluorescence technique. The data represent intracellular Ca*changes with time. The arrow shows

the time point for addition of butanol fraction of CAL.
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Table 1. Superoxide radical scavenging activity of butanol fraction and
betaine

Table 2. The effect of butanol fraction and betaine on mucus content
from absolute ethanol induced gastric lesion in rats

. Concentration Scavenging . Dose Mucin Alcian blue
Material . Material
(ng/ml) activity (%) (mg/kg) content (ug/ml)
Butanol fraction 10 22.13 + 3.50 Control - - 292 + 16
20 23.58 + 3.60 Butanol fraction 300 +++ 319+ 26
40 24.73 £4.20 Betaine 100 +++ 382 + 49*
80 24.30 £ 1.80 Sucralfate 375 +++ 192 + 35*
160 27.61+1.89 The values are means + S.E.
320 59.63 + 15.54 *p<0.01 compared to the control group (n=6).
Betaine 1.17 12.82 +13.18
2.34 13.59 + 14.12
4.69 14.47£14.52 Table 3. The effect of butanol fraction and betaine on gastric secretion in
9.37 13.05 + 15.91 pylorus-ligated rats
18.74 14.75 + 18.19 )
37.49 37.58 + 31.17 Dose  Volume Total acid
L-Ascorbic acid 10 24.59 +7.54 (mg/kg) (ml) P output
20 26.03 + 2.61 (mEq/4 hrs)
40 31.36 + 10.06 Control - 42+12 13+0.8 0.38%x0.16
80 3944 +4.77 Butanol fraction 300 3.7+0.7 1.1+£05 043+0.14
160 57.75 + 4.54 Betaine 100 33+0.7 14+0.6 0.32%0.08
320 82.26 + 5.76 Cimetidine 150 1.7+05 35+0.8 0.22+0.13*

The values are means + S.E.

free radical, but H,0, can produce the highly toxic hydroxyl
radical (- OH) by penetrating through the cell membrane and
reacting with metallic ion like a Fe*". H,0, scavenging activ-
ity is assessed by measuring the ability of inhibiting oxidation
through reducing involved peroxidase (Finkel et al., 2000). In
the hydrogen peroxide scavenging activity test, butanol frac-
tion and bataine showed higher scavenging activity than L-
ascorbic acid well-known as antioxidant. Both butanol fraction
and betaine showed scavenging activity in a concentration
dependent manner (Fig. 2).

Butanol fraction and betaine had little lower superoxide
radical scavenging activities than positive control (82.26%),
but both butanol fraction and betaine had antioxidant activities
of 59.63% and 37.58 %, respectively, at the dose of 320 pug/mi
and 37.49 ng/ml (Table 1). Terminating chain reaction of free
radicals caused these results.

Cytotoxicity

Cytotoxicity of the butanol fraction was assessed by mea-
suring the cell viability of AGS human gastric cancer cell line.
The butanol fraction demonstrated cell viability 71.49% at the
concentration of 100 ug/ml. The concentration of 100, 500,
and 1,000 pg/ml particularly showed significant cytotoxicity.
We visualized the cytotoxicity through the DAPI staining meth-
od at the concentration of 300 pug/ml. Control is observed with
rounded and bright nuclei, but butanol fraction treated sample
showed condensed and fragmented nuclei or enriched chro-
matin. To elucidate the relationship between cytotoxicity and
concentration of intracellular Ca%*, we treated 200 and 300
ug/ml of butanol fraction in AGS cells. Treating the butanol
fraction had an increased intracellular Ca* concentration in
a dose dependent manner. In these results, we suggest that

http://dx.doi.org/10.4062/biomolther.2011.19.4.487

The values are means = S.E. *p<0.01 compared to the control
group (n=6).

increasing the intracellular Ca?* concentration directly affects
cytotoxicity such as cell death in AGS gastric cancer cells (Fig.
3).

Mucus content and gastric secretion in rats

In our previous study, an experiment observing the HCl/eth-
anol-induced gastric lesion (Mizui and Dodeuchi, 1983) was
performed, and we found that butanol fraction decreased the
lesion index by approximately 47.4% (Kim and Jeong, 2010).
To find the protective mechanism on gastric diseases includ-
ing gastritis or gastric ulcer, the secreted mucus was deter-
mined (Table 2) in this study. After the administration of abso-
lute ethanol, mucus contents of butanol fraction (300 mg/kg)
and betatin (100 mg/kg) were 319 + 26 and 382 + 49 pug/ml,
respectively, compaired with the control (292 + 16 ug/ml). We
observed noticeably increased mucus content as a defensive
factor when treated with butanol fraction and betaine. Sucral-
fat, however, decreases the mucus content. It appears that
sucralfate inhibits gastric injuries by coating activities.

As shown in Table 3, the total acid ouput of butanol frac-
tion (300 mg/kg) and betatin (100 mg/kg) were 0.43 £+ 0.14
and 0.32 + 0.08 mEqg/4 hr, respectively. Butanol fraction did
not reduce volume and total acid output or increase pH level.
But betatin reduced volume and total acid output and elevated
the pH.

DISCUSSION

Antioxidant action plays an important role for the inhibition
of oxidation process, which is involved in the mechanism of



several gastric disorders including ulceration (La Casa et al.,
2000). Free radicals are almost scavenged naturally. When
the free radicals are produced excessively, however, immune-
related factors including lipid, protein, DNA, enzymes, and
T-cell are damaged (Sternas et al., 1999). And it is reported
that free radicals could cause tissue injuries, carcinogenesis,
inflammation, and aging (Oh et al., 2010). Recently, the in-
flammatory reaction and existence of free radicals have been
getting attention as a common mechanism of related injuries
of gastric mucosa.

Gastric secretion is caused by various intrinsic and extrin-
sic factors, along with the free radicals, that affect gastritis or
gastric ulcers directly. Three important factors are acetylcho-
line, gastrin, and histamine. Histamine 2 receptor antagonists,
including cimetidine or ranitidine, particularly inhibit the gas-
tric secretion (Waisberg, 2005). When gastric acid is secreted
from the stomach wall, intracellular roll of cAMP and Ca?" is
important (Dethloff, 1998).

In this study, we chose CAL, as it known for its protective
function of stomach and liver as a folk remedy. In the hydrogen
peroxide scavenging activity test, both butanol fraction and
betaine showed higher scavenging activities than L-ascorbic
acid, which well-known as an antioxidant. In the superoxide
radical scavenging activities, also, both butanol fraction and
betaine had antioxidant activities. From results, we found that
butanol fraction and betaine may be good materials for anti-
oxidants though two experiments measuring the antioxidant
activities.

And then, we investigated cytotoxicity on butanol fraction
in gastric cancer cells. First, we performed the MTT assay us-
ing AGS human gastric cancer cells, and visualized it through
the DAPI staining method. And to elucidate the relationship
between cytotoxicity and concentration of intracellular Ca?,
we measured the intracellular Ca?* influx. With this result, we
suggest that increasing the intracellular Ca?* concentration di-
rectly affects cytotoxicity such as cell death or modification of
cell shape in gastric cancer cells.

Also, to study the mechanism on gastric diseases in con-
nection with the previous study, the mucus content and gastric
secretion were determined in vivo study. Gastric ulcer seems
to be caused from over-secretion and an imbalance of defen-
sive and aggressive factor (McQuaid and Isenberg, 1992).
Butanol fraction showed the augmentation of mucus content
as a defensive factor and antioxidant activity. Betaine reduced
aggressive factors (gastric volume and total acid output), el-
evated pH, increased mucus content and showed antioxidant
activity.

The findings of this study support the conclusion that CAL
butanol fraction protect against gastric disease through anti-
oxidant activities, inhibition of gastric cancer cell growth, and
increase of mucus content. Betaine protect against gastric
disease through antioxidant activities, increase of mucus con-
tent and reduction total acidity. Therefore, CAL butanol frac-
tion and betaine are expected to have protective effect against
gastric disease.

ACKNOWLEDGMENTS

This research was supported by Duksung Women'’s Univer-
sity Research Grants 2010.

Kim etal. Effects of Chenopodium album Linne on Gastritis

REFERENCES

Bessieres, M. A., Gibon, A. Y., Lefeuvre, J. C. and Larher, F. A. (1999)
Single-step purification for glycine betaine determination in plant
extracts by isocratic HPLC. J. Agric. Food Chem. 47, 3718-3722.

Block, G. (1991) Vitamin C and cancer prevention: the epidemiologic
evidence. Am. J. Clin. Nutr. 53, 270S-282S.

Block, G., Henson, D. and Levine, M. (1991) Vitamin C: a new look.
Ann. Intern. Med. 114, 909-910.

Choi, C. H., Cha, Y. J., An, C. S., Kim, K. J., Kim, K. C., Moon, S. P,
Lee, Z. H. and Min, Y. D. (2004) Molecular mechanisms of hep-
taplatin effective against cisplatin-resistant cancer cell lines: less
involvement of metallothionein. Cancer Cell Int. 4, 6-17.

Craig, S. A. (2004) Betaine in human nutrition. Am. J. Clin. Nutr. 80,
539-549.

Dethloff, L. A., Patmore, S. J., Tierney, B. M., Bestervelt, L. L. and
Zandee, J. C. (1998) Gastric effects of the CCK-B/gastrin receptor
ligand CI-988 in cynomolgus monkeys. Food and Chemical Toxi-
cology 36, 61-71.

ilhami, G., Riad, E., Akgahan, G. and Laurent, B. (2006) Antioxidant
activity of lignans from fringe tree (Chionanthus virginicus L.). Eu-
ropean Food Research and Technology 223, 759-767.

Janssens, G. P. J., De Rycke, H. D., Hesta, M. and De Wild., R. O. M.
(1999) Analysis of carnitine, betaine, y-butyrobetaine, and sepa-
rate short-chain acylcarnitines in pigeon plasma, crop milk and tis-
sues by HPLC coupled with UV-detection. Biotechnol. Techniq. 12,
231-234.

Jeong, H. O, Suh, Y. S. and Chung, Y. J. (2010) Choline and beta-
ine concentrations in breast milk of korean lactating women and
the choline and betaine intakes of their infants. Korean J. Nutr. 43,
588-596.

Kim, J. A., Kang, Y. S. and Lee, Y. S. (2003) Role of Ca?"-activated ClI
channels in the mechanism of apoptosis induced by cyclosporin A
in a human hepatoma cell line. Biochemical and Biophysical Re-
search Communications 309, 291-297.

Kim, P. N. and Jeong, C. S. (2010) Anti-gastritis and anti-oxidant ef-
fects of Chenopodium album Linne fractions and betaine. Biomol-
ecules and Therapeutics 18, 433-441.

Kitagawa, H., Takeda, F. and Kohe, H. A. (1986) Simple method for
estimation of gastric mucus and effects of antiulcerogenic agents
on the decrease in mucus during water-immersion stress in rats.
Arzneimittelforschung 36, 1240-1244.

La Casa, C., Villegas, I., Alarcon de la Lastra, C., Motilva, V. and Mar-
tin Calero, M. J. (2000) Evidence for protective and antioxidant
properties of rutin, a natural flavone, against ethanol induced gas-
tric lesions. J. Ethnopharmacol. 71, 45-53.

Lee, C. H,, Kim, I. H., Kim, Y. E., Oh, S. W. and Lee, H. J. (2004) De-
termination of betaine from Saliconia herbacea L. J. Korean Soc.
Food Sci. Nutr. 33, 1584-1587.

McConkey, D. J. and Orrenius, S. (1996) The role of calcium in the
regulation of apoptosis. J. Leukoc. Biol. 59, 775-783.

McQuaid, K. R. and Isenberg, J. |. (1992) Medical therapy of peptic
ulcer disease. Surg. Clin. North Am. 72, 285-316.

Mizui, T. and Dodeuchi, M. (1983) Effect of polyamines on acidified
ethanol induced gastric lesion in rats. Jpn. J. Pharmacol. 33, 939-
945.

Nishimiki, M., Rao, N. A., Appaji, N. and Yagi, K. (1972) The occur-
rence of superoxide anion in the reaction of reduced henazine
methosulfate and molecular oxygen. Biochemical and Biophysical
Research Communications. 46, 849-854.

Oh, S. K., Kim, D. J., Chun, A. R,, Yoon, M. R., Kim, K. J., Lee, J. S,,
Hong, H. C. and Kim, Y. K. (2010) Antioxidant compounds and anti-
oxidant activities of ethanol extracts from milling by-products of rice
cultivars. J. Korean Soc. Food Sci. Nutr. 39, 624-630.

Oyaizu, M. (1986) Studied on products of browning reaction. Antioxi-
dative activities of products of browning reaction prepared from
glucosamine. Jpn. J. Nutr. 44, 307-315.

Shay, H., Komarov, S. A,, Fels, S. S. and Meranze, D. (1945) A simple
method for the uniform production of gastric ulceration in the rat.
Gastroenterol. 4, 43-61.

Sternas, L. A., Weeks, S. W. and Kwak, L. W. (1999) Mechanisms
of resistance against B-cell malignancies induced by vaccination

www.biomolther.org



Biomol Ther 19(4), 487-492 (2011)

against the immunoglobulin receptor: the case for T-cell immunity.
Cancer Treat Res. 99, 267-273.

Waisberg, M., Black, W. D., Chan, D. Y. and Hale, B. A. (2005) The
effect of pharmacologically altered gastric pH on cadmium absorp-
tion from the diet and its accumulation in murine tissues. Food and

http://dx.doi.org/10.4062/biomolther.2011.19.4.487

492

Chemical Toxicology 43, 775-782.

Wang, K. J., Zhang, Y. J. and Yang, C.R. (2005) Antioxidant phenolic
compounds from rhizomes of Polygonum paleaceum. J. Ethno-
pharmacol. 96, 483-487.



