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Abstract

Objective(s)

Anti-Helicobacter pylori effects of saffron (Crocus sativus L., Iridacea) and its major constituents, crocin
and safranal, were evaluated.

Materials and Methods

Macerated aqueous and methanol extracts tested against 45 clinical isolates of Helicobacter pylori, using
paper disc diffusion method (DDM) on modified egg yolk emulsion agar (EYE agar). Four antibiotics also
tested against all isolates as positive control.

Results

Although there were small differences in sensitivity among the isolates tested, but all isolates were
susceptible to methanol and aqueous extracts. The minimum inhibitory concentrations (MIC) of methanol
extract, crocin and safranal measured as 677, 26.5 and 16.6 png/ml, respectively, using agar dilution method.
The results showed that high temperature did not have any effect on the activity of extracts, crocin and
safranal. The effect of pH on the activity of methanol extract indicated no significant difference at pH 5 to 8§,
in comparison with the control.

Conclusion

The results indicated that saffron has a moderate anti-Helicobacter activity.
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Introduction
Helicobacter pylori cause upper
gastrointestinal tract disorders such as chronic
gastritis, peptic ulcer disease and gastric
carcinoma (1). Although there are several drug
treatment regimens for these significant
infections  including colloidal  bismuth
subcitrate (CBS) together with antibiotics such
as amoxycillin and metronidazole (2) but
sometimes eradication failure is seen.
Increased resistance of H. pylori strains may
develop leading to relapse (3). Incomplete cure,
side effects of antibiotics and resistant strains
cause search for new sources of drugs.
Medicinal plants have been used for centuries
to cure stomach disorders and they could be a
useful source of novel antibacterial
compounds or lead compounds for
development of new antibacterial agents.
Crocus sativus L. (Iridacea), commonly
known as saffron and used as a spice and food
colorant has been used in folk medicine for
various purposes such as flatulent colic,
increase of appetite, relieve of abdominal pain
(4), aphrodisiac, antispasmodic and
expectorant (5). Several pharmacological
activities have been demonstrated for the
saffron extracts or its chemical constituents,
including antitumor (6-8), radical scavenger,
hyperlipaemic  (9), anticonvulsant (10),
improve activity on learning and memory (9,
11), cytotoxic and antigenotoxic activity (12).
Several constituents have been isolated from
stigma, leaves, petals and pollen of Crocus
sativus (13), including carotenoids (crocin and

crocetin), monoterpenoids (saffranol and
picrotoxin), flavanoids  (quercetin) and
anthocyanins  (kaempferol). ~Among the

constituents of saffron extract, crocin and
saffranal are mainly responsible for the above
biological activities. A recent study showed
that saffron extract has anti-ulcerogenic
activity (14). The Present study was carried
out to evaluate the anti-Helicobacter pylori
activity of extracts of saffron and its major
constituents, safranal and crocin, also, to find a
rational for its use in traditional medicine.
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Materials and Methods

Chemicals

Crocin and safranal purchased from Fluka
(Buchas, Switzerland). All reagents and
solvents were commercially available and of
analytical grades.

Plant materials

Plants collected from Qaen (located south of
Khorasan province, Iran) in October 2004. The
stigma separated and dried in dark at room
temperature. The Crocus sativus L. identified
at Ferdowsi University, Mashhad, Iran (by Mr.
Joharchi) and voucher samples, preserved for
reference in the Herbarium of School of
Pharmacy, Mashhad, Iran (143-0319-1).

Preparation of Extract

The powder of stigma extracted using
maceration with either water or methanol. The
powdered stigma macerated in water or
methanol for 3 days, and the mixture
subsequently filtered and concentrated under
reduced pressure at 40 °C. The yield was 50%
and 58% (w/w), respectively.

Bacterial isolates

Clinical isolates of H. pylori obtained from the
17 Shahrivar Hospital (Mashhad, Iran). A total
of 45 clinical isolates of biopsy specimens
were used. Primary isolation was performed
on selective Brucella agar (Merck, Germany),
supplemented with horse blood 5-7% (v/v),
starch  (0.1% w/v, Merck, Germany),
vancomycin (5 mg/l), trimethoprim (5 mg/l),
polymyxine B (2500 u/l), and amphotricine B
(10 mg/l). Bacteria incubated for 5-7 days
under microaerophillic condition (10% CO;
and 90-100% humidity) at 37 °C. Following
primary isolation, H. pylori bacterial cells
identified according to colony morphology,
Gram staining, rapid urease’, catalase’,
oxidase”, Indole, H,S  and nalidixic acid
resistant (15,16).

Anti-Helicobacter pylori assay

Growth inhibition was performed by the filter
paper disc diffusion method (DDM) on
modified egg yolk emulsion agar (EYE agar)
at 37 °C under microaerophilic conditions.
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Briefly, each 100 ml of EYE agar contained
3.8 g Mueller-Hinton agar (Pronadisa-Madrid),
7-10% egg yolk emulsion and 4 mg triphenyl
tetrazolium chloride (Merck) (17).

Standard discs (d=6 mm) containing 2 mg of
plant extracts were placed on egg yolk
emulsion agar plate, previously inoculated
with 0.1 ml bacterial suspension in sterile
normal saline. The turbidity of bacterial
suspension was equivalent to McFarland tube
No. 4 (10° CFU/ml). Inhibition growth assay of
antibiotics versus saffron extracts, crocin and
safranal performed using standard commercial
discs of amoxycillin (25 pg/disc), metronidazole
(5 pg/disc), ampicillin @ (10 pg/disc) and
clarithromycine (15 pg/disc). The plates
incubated for 3-4 days, at 37 °C under
microaerophillic conditions (18). The zones of
inhibition measured and reported in millimeters
(average diameter by two repetitions).

The MIC of the methanol extract was
determined using an agar dilution method (19),
by adding various amounts (0-1250 pg/ml) of
saffron methanol extract, crocin or safranal to
solid or liquid media (brain heart infusion
broth + 7% FCS, v/v) for 4 clinical isolates of
H. pylori with highest sensitivity.

Various concentrations of the extracts were
poured in the melted (45 °C) Mueller—Hinton
agar medium, followed by inoculation of the
plates with 0.1 ml of bacterial suspension in
sterile normal saline (10° CFU/ml). All plates
incubated for 4-5 days at 37 °C under
microaerophillic  conditions. The MIC
expressed as the lowest concentration of the
extract that inhibited visible growth. Minimum
bactericidal concentrations (MBC) were
established by the lack of growth upon re-
inoculation from extract-treated plates to
Mueller-Hinton Agar plates.

Temperature and pH stability of saffron
extract and its stability during storage

In order to determine pH stability, 50 mg
methanol extract of saffron mixed with 0.1 M
sterile phosphate buffer solution (PBS) of
various pH values (5, 6, 7 and 8) in separate
tubes and incubated at room temperature for 3

hrs (20). Then, as above for temperature, after
exposure of the extract to different pH
conditions the discs containing 2 mg saffron
extract were prepared and tested.

Results

Mean diameters of H. pylori growth inhibition
by extract of saffron are presented in Table 1.
All isolates exhibited sensitivity to both
methanol and ethanol extracts. Amoxicillin,
ampicillin, metronidazole and clarithromycine
were active against all isolates whereas 11% of
isolates (5 isolates) resisted metronidazole. Both
extracts at concentration of 2 mg/disc showed
less anti-H. pilori activity compared to
amoxicillin, ampicillin, mertonidazole and
clarithromycine. Considering the preliminary
results presented in Table 1, safranal and crocin
as major components of saffron extract tested
against seven isolates that were more sensitive to
either extracts or standard antibiotics. Results
indicated that safranal was more active against
all seven isolates tested than crocin. While, the
MIC was 677, 26.5, 16.6 ng/ml, for methanol
extract, crocin and safranal respectively.

Fifty mg of methanol extract of saffron
dissolved in 5 ml of sterile distilled water and
either was incubated at 80°C for 30 mins or
autoclaved at 121 °C for 20 mins. For the
determination of stability during storage similar
extract also, stored at 4 °C and room temperature
for 4 weeks. After exposure of the extract to
different thermal conditions, the discs containing
2 mg saffron extract were prepared and tested.

The effect of thermal stability on
anti-H. pylori activity was also, studied on 3
isolates sensitive to methanol extract. As shown
in Table 2, the methanol extract of saffron,
preserved its antibacterial activity against three
isolates, after either heating or autoclaving.

In the present study, the effect of pH on
bactericidal activity of saffron methanol extract
investigated. The extract was stable at pH 5, 6, 7
and 8 with no loss of anti H. pylori activity
(Table 3). The effect of pH on the activity of
methanol extract, indicated no significant
difference at pH 5 to 8, in comparison to the
control (Table 3).
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Table 1. Inhibitory effects of methanol extracts of Crocus sativus L. and some antibiotics on H. pylori in 45 clinical isolates.

Inhibition zone (mm)”

llliolrgzi Metronidazole Amoxyecillin Ampicillin Clarithromycin Aqueous extract Methanol extract
(5 pg/disc) (25 pg/disc) (10 pg/disc) (15 pg/disc) (2 mg/disc) (2 mg/disc)
1 12 25 10 46 15 16
2 9 28.5 12 45 18.5 18
3 9 24 35 44 19 20
4 I 28.5 20 - 15 16
5 28 25 21 - 18 23
6 - 40 22.5 - 21 19
7 10 33 13.5 54 13 15.5
8 - 24 19.5 - 13.5 15
9 6 20 16 47.5 14 14.5
10 41.5 13 8 375 15 18
11 - 25 17.5 - 17.5 20
12 11 36 15 35 13.5 14
13 50 20 42 47 14.5 13.5
14 51 32 37.5 46 13 17.5
15 6 50 51 56 10 15
16 16.5 38 28 23 13 10
17 6 35 35 30.5 12.5 19
18 6 30 24 36 11 13.5
19 9.5 54 44 60 18 22
20 55 40 53.5 51.5 17.5 22
21 9.5 35 50 48 16.5 23.5
22 10 30 40.5 50.5 18 22
23 29.5 40 32 33 12 15
24 50.5 50 37 59 10.5 17
25 - 345 41 - 11 13
26 46 42 44 41 11 12
27 52 36 315 51 14 18.5
28 10.5 45 39.5 49 16 19
29 6 44.5 60.5 58 17.5 18
30 28 50 47 50.5 16 22.5
31 19 38 30 39 12.5 15
32 47.5 60.5 51.5 52 12 12.5
33 10 20 16 38 12 14
34 9.5 37 325 - 15 18
35 10 46 40 49.5 18 16.5
36 - 48.5 31 - 12.5 17
37 9 44 39.5 41 10.5 16
38 50.5 49 355 59 14 17
39 13 22 12.5 455 15 15
40 11 28 22.5 - 15 16
41 51 35 30.5 50.5 14 18.5
42 48 40.5 38 45 12.5 17.5
43 9 36.5 41 35 15.5 21
44 10.5 28 24 34 13.5 14.5
45 46 37 36 38 12 18

" Diameter of each disc was 6 mm and values are mean of duplicate discs
Y-, Not determined
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Table 2. Effect of temperature treatment on the anti-H. pylori activity of saffron extract.

Isolate number

Inhibition zone (mm)

Control 80 °C 121°C
Saffron (2 mg/disc)
Strain 10 17 17.5 18.5
Strain 42 12.5 12 12
Strain 43 18 17.5 18

Table 3. Effect of pH on the anti-H. pylori activity of methanol extract of saffron.

Isolate number

Inhibition zone (mm)

pH=5 pH=6 pH=7 pH=8
Strain 10 17 17.5 18 15
Strain 42 17.5 17 17.5 13
Strain 43 15 14 14.5 11
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Discussion

Considering the increased development of
resistance of H. pylori to antibiotics, searching
for new antibiotics with natural origin is
valuable especially in the third world countries
where most people get their medication from
local market based on traditional medicine. It
has been reported that saffron is used in
stomach disorders in traditional medicine and
the rational for using saffron in gastro-
intestinal disorders could be due to its
anti-H. pylori activity. Analysis of the
chemical composition of saffron revealed
more than 150 volatile and several non-volatile
compounds of which 40-50 constituents have
been already identified (21). Although several
studies on the anti-Helicobacter activity of
plant extracts have been reported (17, 22-25)
but surprisingly, no antimicrobial activity has
been demonstrated for either saffron extract or
its constituents.

In this research, it was shown that the extract
of saffron and its major constituents, crocin
and safranal, had anti-H. pylori activity.
Results indicated that both safranal and crocin
were more potent than the methanol extract
indicating that the anti-H. pylori activity of
saffron could mainly attributed to these
constituents. The MIC values reported for
other plant extracts in the literature showed
that saffron extract, safranal and crocin
exhibited lower MIC values, ranging from
16.6 to 677 pg/ml, indicating that all have high
anti-H. pylori activity. Different degrees of
anti-H. pylori activities have been reported for
plant extracts in the literature. MICs for the
aqueous garlic extract against nineteen strains
of H. pylori ranged from 2 to 5 mg/ml (26).
The extracts of Pteleopsis suberosa have
shown anti-H. pylori activity against the
standard and clinical strains, with MIC ranging
from 0.0625 to 0.5 mg/ml (27).
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Screening of Turkish anti-ulcerogenic folk
remedies for anti-H. pylori activity showed
active plant extracts with MIC in the range of
1.95-250 pg/ml (28). Seven Greek herbal
medicine extracts were active against the
standard and clinical strains of H. pylori with
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the active components of saffron were
thermally stable and it appeared that the
volatile components had no responsibility for
the observed activity.
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antibiotics is pH dependent. For example,
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and tetracycline presents greater activity at low
pH (30). The results obtained in present
research indicated that the active constituents
of saffron were not affected by the pH of
environment.

Conclusion

Saffron and its major constituents had a strong
activity against most of the H. pylori strains
tested. Further microbiological and clinical
trials are needed to validate the anti-H. pylori
activity of saffron in vivo.
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