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We report a novel property of ethanolic extract of Emblica officinalis (amla) fruit pulp in inhibiting the
growth of Helicobacter pylori in-vitro. In this study, three standard laboratory strains, and five clinical
isolates of H. pylori showed sensitivity towards amla extract with minimum inhibitory concentration
values ranging from 0.91 to 1.87 pg/pl. Out of five clinical isolates two were resistant to clarithromycin.
The anti-H. pylori bioactive spot with retention factor (Rf) value 0.16 in toluene: choloroform: acetone
(40:25:35) has been separated using thin layer chromatography followed by contact bioautography. The
bioactive spot appears to be essential oil and/or phenolics. The extract contained 20.55 mg gallic acid
equivalent/gm of dry weight of extract. Total reducing power was estimated to be 75.8 mg ascorbic acid
equivalent per gram of dry weight of extract. Antioxidant activity was checked by 2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulphonic acid (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH) and ferric reducing
antioxidant power (FRAP). Trolox Equivalent Antioxidant Capacity (TEAC) was 175.76 mg/gm of dry
weight of extract when checked by ABTS assay. Thus total phenolics, flavanoids, reducing power and
the antioxidant properties of amla is very well retained in the ethanolic extract and makes it suitable for

a therapeutic use against H. pylori infection and gastric ulcer.
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INTRODUCTION

Helicobacter pylori is a genetically diverse
microaerophilic gastric pathogen with the extraordinary
ability to establish infection in human stomach that can
last for years or decades, despite immune and
inflammatory responses. In developing countries, 70-90%
of the population carries H. pylori and develop persistent

inflammation in their stomach, and overall around half of
all people worldwide are infected with this organism
(Graham, 1997). As virulence markers of H. pylori are not
associated with diseases in all the geographical regions,
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eradication of H. pylori, if infection is detected, provides
the most effective treatment for H. pylori-associated
diseases. Numerous studies in Europe, America and
East Asia have established that H. pylori eradication from
infected ulcer patients generally results in cure of peptic
ulcer disease (Forbes et al., 1994; Hopkins et al., 1996).
Currently, the most preferred H. pylori eradication
therapy (triple-therapy) employ, one proton pump inhibitor
and two antibiotics (Bytzer and O'Morain  2005).
However, such multiple therapy regimens have not been
very successful in clinical practice, since the overuse or
rather misuse of antibacterial agents have resulted in the
emergence of antibiotic-resistant strains which is the
main cause of treatment failure apart from adverse side
effects (Bytzer and O'Morain 2005;Cameron et al., 2004).
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Increasing complications in the conventional triple-
therapies stimulate an urgent need to develop new
nonsynthetic antibacterial agents against H. pylori-
infection that are safe, highly effective and have specific
cellular targets (Colombo and Bosisio 1996; Falcao et al.,
2008). Furthermore, several studies using extracts of
traditional medicinal plants from several parts of the world
have assessed the in vitro susceptibility of H. pylori
indicating the possibility of finding a cure from natural
sources (Bhamarapravati et al., 2003; Castillo-Juarez et
al., 2009; Cwikla et al., 2010; Mahady et al., 2005; Nostro
et al., 2005; Zaidi et al., 2009)

It has also been recognized that plant polyphenols are
an important class of defensive antioxidants (Cai et al.,
2003; Cotelle et al., 1996; Zheng and Wang 2001)
reported to block the generation of  carcinogenic
precursors (Webb and McCullough 2005) and proved to
be an anti-H. pylori and associated gastric
carcinogenesis (Toyoda et al., 2007). Antioxidants are
capable of protecting from DNA damaging free radicals,
which are generated by various factors, including chronic
H. pylori infection and thus anti-H. pylori coupled with
antioxidant activity in turn lowers the risk of gastric cancer
(Akyon, 2002). Amla is highly valued in the Indian
traditional medicine system (Scartezzini et al., 2006). The
dried fruits of amla in Unani and Ayurvedic medicine has
been reported for the treatment of haemorrhage,
diarrhoea and dysentery (Krishnaveni and Mirunalini
2010). Preclinical studies carried out in the past three
decades have validated many traditional uses of amla
having gastroprotective, antiulcerogenic and antibacterial
properties (Khan et al., 2002; Krishnaveni and Mirunalini
2010). In addition, the amla fruit pulp is reported to have
properties like diuretic (Bobbarala et al., 2009)
adaptogenic (Rege et al., 1999), hepatoprotective (Jeena
et al., 1999; Jose and Kuttan 2000), antitumorous (Jose
et al., 2001), and hypocholestrolemic (Kim et al., 2005).
We report here the novel anti-H. pylori activity of
ethanolic extract of amla fruit pulp against three reference
strains and five clinical isolates of H. pylori. In addition,
we also report here the total phenol content, total
flavonoid content, total reducing power and antioxidant
properties of amla fruit pulp extract.

MATERIALS AND METHODS
Preparation of plant extracts

Amla fruit was collected from Bharmar village district Kangra in
Himachal Pradesh, India. After removing the seeds, it was washed
with deionized water and dried in oven at 35-40°C for 4-5 days ill
the weight became constant. Plant materials were regularly
examined to check for any fungal growth or rotting. Dried amla pulp
weighing 15 g was pounded and soaked in 50 ml of absolute
ethanol and kept in 250 ml sterile conical flasks at 37°C with
shaking at 120 rpm for 24 h. The content was filtered through
Whatman No. 1 paper and followed by sterilized through 0.22 p

membrane. The filtrates obtained were stored separately in sterile
glass vials at 4°C until use.

Preparation of bacterial inoculum

Three reference strains of H. pylori SS1 (Taxon identifier 102617),
26695 (H. pylori ATCC 700392) , J99 (Taxon identifier 85963) and
five clinical isolates 154(1A), 225(1A), 216(1A), 33 and 39A were
used in this study and their identification was carried out using the
standard biochemical tests (ltoh et al., 1987). H. pylori strains were
grown and maintained as described earlier (Chattopadhyay et al.,
2004).

Anti-H. pylori activity assay of amla extracts

Kirby Bauer method was used for preliminary screening of plant
extracts effective against H. pylori strains (Bauer et al., 1966).
Sterile Whatman paper disks (6 mm in diameter) were soaked with
different amount of plant extracts and placed on the inoculated
plates with 1.2 X10° colony forming unit (CFU) of H. pylori. The
plates were kept under observation for 2 days at 37°C under
microaerophillic conditions (5% 0., 10% CO. and 85% Nj). All
experiments were performed in triplicates. Minimum inhibitory
concentration (MIC) was calculated based on the minimum amount
of plant extract exhibiting hair line growth inhibition around the
antibiotic containing disc. Pure ethanol was used as a negative
control and clarithromycin as positive control against the sensitive
strains.

TLC, contact bioautography and identification of chemical
nature of bioactive component

TLC separation followed by contact-bioautography to determine
bioactivity was performed as established by us previously (Mehrotra
et al., 2010). In brief, precoated TLC sheet (Silica gel 60 F** nm)
was spotted with 50 pl of amla pulp extract. TLC were run in
toluene: chloroform: acetone (40:25:35) and methanol: formic acid
(1:1) for first dimension (1D) and second dimension (2D)
respectively. After drying, for contact bioautography the
chromatogram was placed with face down onto the inoculated agar
plate to enable diffusion. The plate was incubated at 37°C, for 24 h
and the zone of inhibition was measured. Rf value of the bioactive
spot was measured as the ratio of mobility of center of bioactive
spot against the bacteria to the total distance travelled by the
solvent front. Presence of alkaloid, phenolics and essential oils on
TLC was tested as described earlier (Pascual et al., 2002).

Determination of phenolic content, anti-oxidant activity and
reducing properties of the plant extract

Total phenolic and flavonoid contents were determined in terms of
standards gallic acid and rutin respectively as described earlier
(Zou et al., 2004).

RESULTS

Anti -H. pyloric activity of amla extract

The amla pulp extract was found to be very effective
against all the tested strains of H. pylori grown in brain-
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Figure 1. Antibiotic activity of amla pulp extract against H. pylori strains. A, strain 26695; B,
strain J99; C, strain 33A; D, 39A, ; E, contact bioautography of TLC strip against strain 26695; F,
phosphomolybdic acid spray to detect essential oil on TLC plate; G, ferric chloride spray to
detect tanins on TLC plate; F &G- rectangles indicate the spots on TLC having anti-H. pylori
activity. H, MIC against indicated strains. Strains 33A and 39A are two clarithromycin resistant

clinical isolates.

heart-infusion-agar plate (Figure 1 A, B) including the two
strains that were resistant to clarithromycin (Figure 1C,
D). MIC was calculated as the minimum concentration of
amla extract required to produce hair-line growth
inhibition in the disc-diffusion assay. Determination of
MIC was conducted using two strains each from
reference and clinical strains. As shown in figure (Figure
1 C) the MIC of amla extract was 0.91 ug against 225(1A)
strain, 1.87 ug against 26695, 154 (1A) and SS1 strains
of H. pylori.

TLC separation and determination of chemical nature
of bioactive component

The crude ethanolic extract of amla was resolved by
TLC. Solvents with toluene: chloroform: acetone =
40:25:35 for 1D TLC followed by methanol: formic acid
(1:1) for 2D TLC was found to be best for separation of
compounds without compromising the bioactivity against
H. pylori. Contact bioautography with cut strips of TLC
plates identified only one spot of Rf value 0.16 in 1D
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solvent and 0.46 in 2D that showed bioactivity against all
the strains of H. pylori. A representative contact
bioautography of amla extract after 1D-TLC against H.
pylori strain 26695 is shown in Figure 1D. The chemical
nature of the bioactive spot was identified by developing
the bioactive spot with different chemical sprays in 2D-
TLC plates. When treated with phosphomolybdic acid the
bioactive spot turned blue indicating that the spot contain
essential oils (Figure 1E). However, when the plate was
sprayed with 3% ferric chloride the spot turned dark blue
(Figure 1F) indicating the bioactive spot contained
phenolics. The bioactive spot was negative for alkaloid as
it did not stain after spraying with dragendorff reagent.
Thus the bioactive spot appears to contain either
phenolics and/or essential oil. Further experiments are
required to determine exact nature of the bioactive
components.

Antioxidants and reducing power content of amia
extract

Amla is reported be an excellent source of antioxidants
(Bhattacharya et al., 1999). Combination of antioxidant
activities and anti -H. pylori activity are ideal way of
treating the infection. Thus we measured the antioxidant
contents and the total reducing power of the ethanolic
extract of amla pulp that showed anti-H. pylori activity.
Total phenolic content in the crude extract of amla pulp
was 20.55 mg gallic acid equivalent /gm (y=0.005x, r* =
0.9989) of dry weight of extract. Total flavonoid content
was measured and it was 7.57 mg rutin equivalents per
gram (y= 0.0022 x, r* =0.9996) of dry weight of amla pulp
extract with reference to standard curve and total
reducing power estimated to be 75.8 mg ascorbic acid
equivalents per gram (y= 0.0055 x, r* =0.9975) of dry
weight of amla pulp extract with reference to standard
curve obtained from ascorbic acid. Due to the complex
nature of phytochemicals, it was important to employ
commonly accepted assays to evaluate the antioxidant
activity of plant extract. Numerous antioxidant methods
have been developed to evaluate antioxidant activity. Of
these, total antioxidant activity, reducing power, DPPH
assay are most commonly accepted assays to evaluate
antioxidant activity (Frankel and Meyer 2000; Sanchez
2002). In this study antioxidant activity was determined
by three different assays namely, ABTS, DPPH and
FRAP. All the three assays were calibrated with the water
soluble a-tocopherol analogue, Trolox (Figure S1). It was
observed that ethanolic extract of amla pulp had the
highest Trolox Equivalent Antioxidant Capacity (TEAC) of
175.76 mg/gm of dry weight of extract by ABTS assay
with reference to standard curve (y= 0.0013 x, r*=0.9975)
and of 124.6 mg/gm of dry weight of extract by FRAP
assay with reference to standard curve (y= 0.0019 x, r*
=0.9996) and 58.06 mg/gm of dry weight of extract by

DPPH assay with reference to standard curve (y= 0.001
X, r© =0.9992). The results of these assays are
summarized in Table 1 and standard curves are shown in
supplementary figure (Figure S1).

DISCUSSION

Eradication of H. pylori is almost impossible even by
administrating ‘triple therapy’, which is a combination of
proton pump inhibitor and antibiotics. Geographical
differences shows variation at the genetic level as well as
in clinical manifestation of the disease which makes the
treatment of the disease more complicated. One of the
major reasons for the H. pylori treatment failure is the
development of drug resistance. In India, approximately
85% of clinical strains of Kolkata are resistant to 8 mg/I
metronidazole (Datta et al., 2005). Similarly, 91 and 96%
of H. pylori strains from Mumbai and Hyderabad
respectively showed resistance to clarithromycin; 73% of
Mumbai and 80% strains of Hyderabad are resistant to
amoxycillin (Abraham et al., 1997; Thyagarajan et al.,
2003). Frequent emergence of antibiotic resistance in
microbial pathogens encourages the use of natural
agents as alternative therapies. Application of antibiotic
coupled with antioxidant treatment may be very useful in
controlling the pathogen growth and associated
inflammation. This study was undertaken to check anti-
H. pylori activity of amla extract and to test the retention
of antioxidant properties in the extract. Antimicrobial
properties of amla have already been evaluated against
various bacterial pathogens like Staphylococcus aureus,
Staphylococcus haemolyticus, Staphylococcus
saprophyticus, Micrococccus varians, Micrococccus lylae,
Micrococccus roseus, Micrococccus halobius,
Micrococccus sedenterius, Bacillus subtilis, Bacillus
megaterium and Candida albicans (Saeed and Tariq
2007). However, at present there is no report about the
effect of amla against H. pylori, even though, the fruit
pulp of amla is known to contain high anti-oxidant
properties. The clinical strains 225 (1A) and 216 (1A)
used in this paper were resistant to furazolidone and
metronidazole and 154 (1A) was sensitive to
furazolidone but resistant to metronidazole and
amoxicillin (Datta et al., 2005). Our results indicate the
anti-H. pylori activity of amla extract against all the tested
clinical and laboratory strains that were differentially
resistant to  furazolidone, metronidazole  and
clarithromycin. The MIC value of amla extract against
these strains varied between 0.91 to 1.87 pg/ ul of dry
extract indicating it to be extremely potential to control the
growth of this deadly pathogen. The variation in
sensitivity observed may be due to the difference in the
genotype of these strains as reported earlier
(Chattopadhyay et al., 2004).

Earlier we had shown that ethanolic extract of amla
pulp contained two bioactive spots in TLC against
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Figure S1. Standard curves for phenolics, flavonoids, antioxidants and reducing power assay. Standard curves
obtained by using the specific substrates as mentioned in X-axis in each graph.

methicllin resistant S. aureus, Pseudomonas aeruginosa,
Vibrio cholera, that moved with Rf values of 0.13 and 0.8
(Mehrotra et al., 2010). In the present study the anti-H.
pylori activity was obtained only at Rf value of 0.16 in
TLC with same solvent system. Thus it can be assumed
that the faster moving band that was shown earlier is not

having anti-H. pylori activity and it is possible that the
slower moving band is the compound having broad-
spectrum antibiotic activity.

In addition to the antibiotic activities, the extract also
retained the antioxidant properties in terms of total
phenolics, flavonoid contents and as well as in terms of
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Table 1. Total phenolic, flavonoid content and antioxidant properties
of ethanolic extract of amla.

Name Content (mg/g) of dry weight of
extract

Phenolics 20.55+1.45

Flavonoid 7.57+£0.12

Total Reducing power 75.8+1.5

FRAP 124.6+5.53

ABTS 175.76+10

DPPH 58.06+6.19

the reducing power. This study provides the clear
indications of the possibilities of exploiting amla extract
as potential source for therapeutic use against gastric
ulcer as well as the possibilities of purifying anti-H. pylori
component from amla fruit pulp.

Conclusion

Ethanolic extract of E. officinalis is highly effective in
controlling growth of H. pylori in vitro with MIC ranging
from 0.91 to 1.87 ug/ pl. The TLC separation followed by
detection spray indicates that the bioactive spot is having
mixed properties of both phenolics and essential oils. The
extract also retained high level of antioxidant properties
that makes it suitable for therapeutic use against gastric
ulcer.

ACKNOWLEDGEMENT

Financial assistance was obtained from the Council for
Scientific and Industrial Research, Government of India
Scheme # 38(1116)/06/EMR-II and authors are grateful
to the Director DIPAS for granting the permission to carry
out the collaborative studies.

REFERENCES

Abraham P, Sandhu N, Naik SR (1997). In vitro sensitivity of
Helicobacter pylori in India. Indian J. Gastroenterol., 16(1): S20-
21.

Akyon Y (2002). Effect of antioxidants on the immune response of
Helicobacter pylori. Clin. Microbiol. Infect., 8: 438-441.

Bauer AW, Kirby WM, Sherris JC, Turck M (1966). Antibiotic
susceptibility testing by a standardized single disk method. Am.
J. Clin. Pathol., 45: 493-496.

Bhamarapravati S, Pendland SL, Mahady GB (2003). Extracts of
spice and food plants from Thai traditional medicine inhibit the
growth of the human carcinogen Helicobacter pylori. In Vivo 17:
541-544.

Bhattacharya A, Chatterjee A, Ghosal S, Bhattacharya SK (1999).
Antioxidant activity of active tannoid principles of Emblica
officinalis (amla). Indian J. Exp. Biol., 37: 676-680.

Bobbarala V, Katipala PK, Naidu KC, Penurajji S (2009). Antifungal
activity of selected plant extracts against phytopathogenic fungi
Aspergillus niger F2723. Indian J Sci. Technol., 2: 87-90.

Bytzer P, O'Morain C (2005). Treatment of Helicobacter pylori.
Helicobacter., 10(1): 40-46.

Cai Y, Sun M, Corke H (2003). Antioxidant activity of betalains from
plants of the amaranthaceae. J. Agric. Food Chem., 51: 2288-
2294.

Cameron EA, Powell KU, Baldwin L, Jones P, Bell GD, Williams SG
(2004). Helicobacter pylori: antibiotic resistance and eradication
rates in Suffolk, UK, 1991-2001. J. Med. Microbiol, 53: 535-538.

Castillo JI, Gonzalez V, Jaime AH, Martinez G, Linares E, Bye R,
Romero | (2009). Anti-Helicobacter pylori activity of plants used
in Mexican traditional medicine for gastrointestinal disorders. J.
Ethnopharmacol., 122: 402-405.

Chattopadhyay S, Patra R, Ramamurthy T, Chowdhury A, Santra A,
Dhali GK, Bhattacharya SK, Berg DE, Nair GB, Mukhopadhyay
AK (2004). Multiplex PCR assay for rapid detection and
genotyping of Helicobacter pylori directly from biopsy specimens.
J. Clin. Microbiol., 42: 2821-2824.

Colombo ML, Bosisio E (1996). Pharmacological activities of
Chelidonium majus L. (Papaveraceae). Pharmacol. Res., 33:
127-134.

Cotelle N, Bernier JL, Catteau JP, Pommery J, Wallet JC, Gaydou
EM (1996). Antioxidant properties of hydroxy-flavones. Free
Radic. Biol. Med., 20: 35-43.

Cwikla C, Schmidt K, Matthias A, Bone KM, Lehmann R, Tiralongo
E (2010). Investigations into the antibacterial activities of
phytotherapeutics against Helicobacter pylori and Campylobacter
jejuni. Phytother. Res., 24: 649-656.

Datta S, Chattopadhyay S, Patra R, De R, Ramamurthy T,
Hembram J, Chowdhury A, Bhattacharya SK, Berg DE, Nair GB,
Mukhopadhyay AK (2005). Most Helicobacter pylori strains of
Kolkata in India are resistant to metronidazole but susceptible to
other drugs commonly used for eradication and ulcer therapy.
Aliment Pharmacol. Ther., 22: 51-57.

Falcao HS, Mariath IR, Diniz MF, Batista LM, Barbosa FJM (2008).
Plants of the American continent with antiulcer activity.
Phytomed., 15: 132-146.

Forbes GM, Glaser ME, Cullen DJ, Warren JR, Christiansen KJ,
Marshall BJ, Collins BJ (1994). Duodenal ulcer treated with
Helicobacter pylori eradication: seven-year follow-up. Lancet,
343: 258-260.

Frankel EN, Meyer AS (2000). The problems of using one
dimesional methods to evaluate multifunctional food and
biological antioxidants. J. Sci. Food Agric., 80: 1925-1941.

Graham DY (1997). Helicobacter pylori infection in the
pathogenesis of duodenal ulcer and gastric cancer: a model.
Gastroenterol., 113: 1983-1991.

Hopkins RJ, Girardi LS, Turney EA (1996). Relationship between
Helicobacter pylori eradication and reduced duodenal and gastric
ulcer recurrence: a review. Gastroenterol., 110: 1244-1252.

Itoh T, Yanagawa Y, Shingaki M, Takahashi M, Kai A, Ohashi M,
Hamana G (1987). Isolation of Campylobacter pyloridis from
human gastric mucosa and characterization of the isolates.
Microbiol. Immunol., 31: 603-614.

Jeena KJ, Joy KL, Kuttan R (1999). Effect of Emblica officinalis,
Phyllanthus  amarus and  Picrorrhiza kurroa on  N-
nitrosodiethylamine induced hepatocarcinogenesis. Cancer Lett.,
136: 11-16.

Jose JK, Kuttan G, Kuttan R (2001). Antitumour activity of Emblica
officinalis. J. Ethnopharmacol., 75: 65-69.

Jose JK, Kuttan R (2000). Hepatoprotective activity of Emblica
officinalis and Chyavanaprash. J. Ethnopharmacol., 72: 135-140.

Khan MT, Lampronti I, Martello D, Bianchi N, Jabbar S, Choudhuri
MS, Datta BK, Gambari R (2002). Identification of pyrogallol as
an antiproliferative compound present in extracts from the



medicinal plant Emblica officinalis: effects on in vitro cell growth
of human tumor cell lines. Int. J. Oncol., 21: 187-192.

Kim HJ, Yokozawa T, Kim HY, Tohda C, Rao TP, Juneja LR (2005).
Influence of amla (Emblica officinalis Gaertn.) on
hypercholesterolemia and lipid peroxidation in cholesterol-fed
rats. J. Nutr. Sci. Vitaminol., (Tokyo) 51: 413-418.

Krishnaveni M, Mirunalini S (2010). Therapeutic potential of
Phyllanthus emblica (amla): the ayurvedic wonder. J. Basic Clin.
Physiol. Pharmacol., 21: 93-105.

Mahady GB, Pendland SL, Stoia A, Hamill FA, Fabricant D, Dietz
BM, Chadwick LR (2005). In vitro susceptibility of Helicobacter
pylori to botanical extracts used traditionally for the treatment of
gastrointestinal disorders. Phytother. Res., 19: 988-991.

Mehrotra S, Srivastava AK, Paul NS (2010). Comparative
antimicrobial activities of Neem, Amla, Aloe, Assam Tea and
Clove extracts against Vibrio cholerae, Staphylococcus aureus
and Pseudomonas aeruginosa. J. Med. Plant Res., 4: 2393-
2398.

Nostro A, Cellini L, Di BS, Di CE, Grande R, Cannatelli MA, Marzio
L, Alonzo V (2005). Antibacterial effect of plant extracts against
Helicobacter pylori. Phytother. Res., 19: 198-202.

Pascual ME, Carretero ME, Slowing KV, Villar A (2002). Simplified
screening by TLC of plant drugs. Pharm. Biol., 40: 139-143.

Rege NN, Thatte UM, Dahanukar SA (1999). Adaptogenic
properties of six rasayana herbs used in Ayurvedic medicine.
Phytother. Res., 13: 275-291.

Saeed S, Tarig P (2007). Antibacterial activities of Emblica
officinalis and Coriandrum sativum against Gram negative urinary
pathogens. Pak. J. Pharm. Sci., 20: 32-35.

Sanchez MC (2002). Methods used to evaluate the free radical
scavenging activity in foods and biological systems. Food Sci.
Technol. Int., 8: 121-137.

Mehrotra et al. 2583

Scartezzini P, Antognoni F, Raggi MA, Poli F, Sabbioni C (2006).
Vitamin C content and antioxidant activity of the fruit and of the
Ayurvedic preparation of Emblica officinalis Gaertn. J.
Ethnopharmacol., 104: 113-118.

Thyagarajan SP, Ray P, Das BK, Ayyagari A, Khan AA,
Dharmalingam S, Rao UA, Rajasambandam P, Ramathilagam B,
Bhasin D, Sharma MP, Naik SR, Habibullah CM (2003).
Geographical difference in antimicrobial resistance pattern of
Helicobacter pylori clinical isolates from Indian patients:
Multicentric study. J. Gastroenterol. Hepatol., 18: 1373-1378.

Toyoda T, Tsukamoto T, Mizoshita T, Nishibe S, Deyama T,
Takenaka Y, Hirano N, Tanaka H, Takasu S, Ban H, Kumagai T,
Inada K, Utsunomiya H, Tatematsu M (2007). Inhibitory effect of
nordihydroguaiaretic acid, a plant lignan, on Helicobacter pylori-
associated gastric carcinogenesis in Mongolian gerbils. Cancer
Sci., 98: 1689-1695.

Webb AL, McCullough ML (2005). Dietary lignans: potential role in
cancer prevention. Nutr. Cancer, 51: 117-131.

Zaidi SF, Yamada K, Kadowaki M, Usmanghani K, Sugiyama T
(2009). Bactericidal activity of medicinal plants, employed for the
treatment of gastrointestinal ailments, against Helicobacter pylori.
J. Ethnopharmacol., 121: 286-291.

Zheng W, Wang SY (2001). Antioxidant activity and phenolic
compounds in selected herbs. J. Agric. Food Chem., 49: 5165-
5170.

Zou Y, Lu Y, Wei D (2004). Antioxidant activity of a flavonoid-rich
extract of Hypericum perforatum L. in vitro. J. Agric. Food Chem.,
52: 5032-5039.



