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Abstract: Plants used in folkloric medicine of Iranian native people were collected from Southeast regions of
Iran. Methanol extracts were prepared and evaluated m a test against two strains of Escherichia coli. From 180
plant species in 72 families, 17 samples in 11 families showed anti-F. coli activity. At 20 mg ml™ concentration,
the most active plants with diameter of inhibition zones of 12 mm or more on both bacterial strains were
Lawsonia inermis, Cinnamomum zeylanicum and Dianthus caryophyllus. Trigonella foenum-graecum,

Cuminum cyminum, Alhagi maurorum, Apium graveolens, Colchicum luteum, Origanum majorana, Calendula
officinalis, Nepeta racemosa and Coriandrum sativiem were active only against . coli (PTCC No. 1330) and
Camellia sinensis and Anthemis nobilis were active only against E. coli (PTCC No. 1338). The lowest minimum
inhibitery concentration found in Trigonelia foerm-graecum as 0.46 mg ml~". All of the active extracts were
well stable at room temperature in DMSO: methanol (1:1, v/v) solvent and dry state up to 18 months and did
net show any reduction of activity against the sensitive bacterial strains.
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INTRODUCTION
According to the reports of many researchers!"?,
antibacterial resistance 13 a worldwide growing-problem.
Isolation of microbial agents less susceptible to regular
antibiotics and recovery of resistant isolates during
antibacterial therapy is increasing throughout the world.
One of the measures to combat the increasing rate of
resistance in long rurn, 1s to have continuous mvestigation
for new, safe and effective antimicrobials as alternative
agents to substitute with no-effective ones. Natural
resources specially plants and microorganisms are potent
candidates for this aim. Usage of plants in curing illnesses
has deep roots in man's history since plants are sources
of many life-sustaining metabolites. Traditional curative
medicine of most nations 1s based upon the plants.
Ethnobotamical uses of plants prevail among Iraman
native people (INP). They use plants in treating burns,
dermatophytes and infectious diseases. Tn many of these
communmnities, nfectious urinary diseases are cured by
using filtrates of macerated plants orally. The curative
plants vary between these natives in different localities.
In order to determine inhibitory effects of the plants
agamnst the most prevalent urinary tract pathogern,
Escherichia coli, a two year study performed to screen
most of the medicinal plants used by INP against two
straing of this pathogen. According to the information

gathered about the ethnobotanical usages, the plant
organs used in this study are as used by INP. E. coli are
facultative anaerobes in the normal intestinal flora of
human and animals™? however, pathogenic strains of
these bacteria are an mmportant cause of bacterial
infections. In humans, these strains are the foremost
cause of urinary tract infections™, as well as a major cause
of necnatal meningitis'®, nosocomial septicemia and
surgical site infections'”. Infection with Shiga toxin-
producing E. coli may also result in complications
includig thrombocytopenic purpura, severe hemorrhagic
colitis and hemolytic uremic syndrome®™. Recent reports
have proposed that the use of tetracyclines, sulfa drugs,
cephalosporins and penicillins to be a major factor in the
emergence and dissemination of antimicrobial-resistant
E. col®™. This bacterium is also a major pathogen of
worldwide importance in commercially produced poultry,
contributing significantly to economic losses in both
chickens and turkeys"?. Some researchers have expressed
that antimicrobial resistance in E. coli can be transferred
to humans from food or companicn animals'*'™ hence
these animals can serve as important reservoirs of
antimicrobial-resistant E. coli. Not to loose the battle in
the war against antimicrobial-resistant bacteria, one major
way 18 to extend man's knowledge about new antimicrobial
sources. In this regard, many other researchers have also
reported detection of antibacterials from plants.
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McCutcheon et al.!' tested 100 methanol extracts of the
plants, used by British Colombian native people, against
11 bacterial isolates. They found 85% of the plants
were active at least agamst one of the bactena.
Pedersen et L™ examined 27 medicinal plant extracts of
Rubiaceae and found 11 of them with antibacterial
activity. Mansouri et al.*"! evaluated antibacterial activity
of crude extract of Myrtus commmunis against 10 laboratory
strains of bacteria. They noticed that the crude extract
mbubited the growth of all tested bacteria except
Campylobacter jejuni. Yoshikazu et al' evaluated
mhibitory effect of 21 plant samples on production of
Verotoxin by enterchemorrhigic E. coli 0157:H7, a food-
borne human pathogen and found 4 plants well active. In
the present research, inhibitory effects of 180 plant
samples m 72 families were investigated against £. coll.

MATERIALS AND METHODS

Plant material and extraction procedure: One hundred
and eighty plant species belonging to 72 families, being
used by INP, were collected from Southeast regions of
Iran and identified by Mrs. P. Raslud Farroklu in the
Herbarium of Plant Systematic Laboratory of the College
of Agricultural Sciences, Bahonar University of Kerman,
Tran. Some of the plants used by TNP but not grown in
Tran or were not found in the collection regions, were
obtained from the mentioned Herbarium. Voucher
specimens of all plants were preserved and kept there with
a voucher specimen No. The fine powder of air dried
specimens were extracted three times with methanol at
70°C for 4 h and the extracts were then concentrated
under reduced pressure to yield a dense residue. Each
sample transferred to glass vials and lyophilized overmight
before use.

Test organisms and agar well diffusion bioassay: From
Persian Type Culture Collection, Tehran, Iran (PTCC), two
registered strains namely, Escherichia coli (PTCC No.
1330) and E. coli (PTCC No. 1338) were obtained. The
bacteria were rejuvenated on Mueller-Hinton-Agar
medium (MH, E. Merk, Germany) and subcultured as
needed. For bioassays, suspension of approximately
1.5x10° cells ml™ in sterile normal saline were prepared as
described by Forbes ef al.™ and about 1.5 ml of it was
uniformly seeded on MH m 12x1.2 cm glass Petr1 dishes,
left aside for 15 min and excess of suspension was then
drained and discarded properly. Wells of 6 mm in diameter
and about 2 cm apart were punctured in the culture media
using sterile cork borers. Concentration of 20 mg ml™ of
each extract was prepared mn dimethy] sulfoxide: methanol
(1:1, v/~) solvent (DM solvent) and administered to
fullness in each well. Culture plates, were incubated at
37°C for 48 h. Biocactivity was determined by measuring
diameter of inhibition zones (DIZ) i mm. Solvent controls
were included, although no antibacterial activity has been
noted 1n the solvent employed. All samples tested in
triplicate and average results recorded.

Determination of minimum inhibitory concentration:
Minimum inhibitory concentrations (MIC) of the most
active methanol extracts were determined using two-fold
serial dilutions of 15 to 0.46 mg ml™" in DM solvent
agamst both strains of E. coli mn Agar well diffusion
method as mentioned earlier.

Determination of shelf life or stability of the crude
extracts: To measure the stability of the bioactive extracts
in solubilized and dry states, 20 mg ml™' of each was
prepared in DM solvent and 20 mg dry samples in small

Table1: Antibacterial activity, indicated by diameter of inhibition zones (DIZ, mm), of plants used in Iranian traditional medicine against two strains of
Escherichia coli. Plants are listed according to their relative activity. Blanks represent no inhibition and are equal to zero
b a tp Common name Plant family Plant species
12 17 LE Henna Lythraceae Lawsonia inermis L. Syn. L albal.
12 14 SB Clinnamon Lauraceae Cinnamomum zeylanicum Bl
12 12 WP Carnation Caryophy llaceae Dianthuts carvophylius L.
10 10 LE Jujuba Rhamnaceae Ziziphus zizyphus (L.) Karst.
Syn. Ziziphus jujube (L.) Karst.
10 9 SE - Apiaceae Trachyspermum ammi (L) Link.
Syn. Ammi copticum;, Carum copticum
10 9 RO Sultan Zamback Liliaceae Lifium candidum West.
18 SE Siclefiuit fenugreek Papilionaceae Trigonella foenum-graecum L.
17 FR Cumin Apiaceae Cuminum cyminum L.
17 SG Camel thorn Papilionaceae Alhagi maurorum Medik.
12 LE Celeriac Apiaceae Apitm graveolens (Miller) Gaudin.
Syn. Apium rapacem
12 WP Yellow autumn crocus Colchicaceae Colchicum luteun Bak.
12 LE Sweet marjoram Labiatae Origanum majorand L. Syn.
Majorana horlensis;, M. majorana
11 FL Marigold Compositae Calendula officinalis L.
1 RO - TLabiatae Nepeta racemosa Lam.
10 SE Coriander Apiaceae Coriandrum sctivam 1.
10 LE Tea plant Theaceae Camellia sinensiy (1..) Kuntze.
10 FL Camomile Compositae Anthemis nobilis (L.) All

Syn. Chameaemelum nobile

tp: tested parts as FL: flower, FR: fruit, LE: leaves, RO: roots, SB: stem bark, SE: seeds, SG: stem gum and WP: whole plant. a : diameter of inhibition
zones (mm) against Escherichia coli (PTCC No. 1330) and b : against E. cofi (PTCC No. 1338)
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Table 2: Minimum inhibitory concentration (MIC) of the most active plant extracts against two strainsg of Escherichia coli. Plants are listed according to
their relative activity. Concentration at which diameter of inhibition zone (DIZ, mm) is indicated in bold represents the MIC. Blanks represent no

inhibition and are equal to zero

Mg mi™!
0.46 0.93 1.87 3.75 7.5 15
b a b a b a b a b a b a Plant species
10 12 9 14 10 15 Lawsonia inermis L.
8 9 10 12 Cinnamomum zevianicum Bl.
8 8 10 10 Dianithus carvophviius 1.
9 9 Ziziphus zizyphus (L.) Karst.
9 9 Trachyspermum ammi (1.) Link.
8 Lilium candidum West.
9 9 1 13 15 17 Trigonelln foerum-grascum 1.
10 13 16 16 Cuminum cyminum L.
9 1 14 Athagi megrorum Medik.
Apium graveolens (Miller) Gaudin
8 10 Colchicum huteumn Bak.
Origanum majorana L.
9 Calendula officinalis L.
10 Nepeta racemosa Lam.
8 Coriandrum scivum L.
Camellia sinensis (L.) Kuntze.
9 Anthemis nobilis (L. All

a, diameter of inhibition zones (mm) against Escherichia coli (PTCC No. 1330); b, against E. cofi (PTCC No. 1338)

vials. The samples kept at room temperature and tested for
antibacterial activity against the sensitive strain of E. coli
at 14 days intervals up to 18 months.

RESULTS

From 180 plant species m 72 families, only 17 species
i 11 families showed anti-Z. coli activity as presented in
Table 1. At 20 mg ml™" concentration, the most active
plants with DIZ of 12 mm or more on both bacterial strains
were Lawsonia Cinnamorum  zeylanicum
and Dianthus caryophyllus. Trigonella foenmim-graecum,
Cuminum  cvminum,  Alhagi  maurorum, — Apium
graveolens, Colchicum liteum, Origanum majorana,
Calendula officinalis, Nepeta racemosa and Coriandrum
sativium were active only agamst E. coli (PTCC No. 1330)
and Camellia sinensis and Anthemis nobilis, were
active only against E. coli (PTCC No. 1338). Apiaceae
with four active plants had the highest number of actives.
The lowest MIC found in Trigonella foenum-graecum
as0.46 mg ml™ and in L. inermis, C. zevlanicum
and D. caryophylius as 7.5 mg ml™ as indicated in
Table 2. Considering shelf life of the samples, all of
the active extracts were stable at room temperature in both
DM solvent and dry state up to 18 months and did not
show any reduction of activity against the sensitive
strain of E. coli.

Inermis,

DISCUSSION

The emergence and dissemination of antibacterial
resistance 13 well documented as a serious problem
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worldwide Smith et al® express that "The
emergence of bacterial resistance threatens to return us to
the era Dbefore the development of antibiotics".
Fridkin et al” reported antimicrobial resistance
increasing in all health-care-associated pathogens. They
examined changes in resistance dissemination during
1996-1999 m 23 hospitals and noticed significant increase
i prevalence of resistance. The prevalence of
antimicrobial resistance in urinary pathogens has been
well demonstrated by several workers. Gupta et al.*!
studying acute cystitis in women, reported prevalence of
multi-resistant E. coli in more that 20% of 4342 urine
isolates to ampicillin, cephalothin and sulfamethoxazole in
each year of their study. They noticed that the prevalence
of resistance to trimethoprin and trimethoprim-
sulfamethoxazole rose from 9% 1n 1992 to more than 18%
in 1996 among E. coli isolates. In a 4 year period,
Manges et al.®" examined 255 E. coli isolates of three
geographically diverse communities, Califormia, Michigan
and Minnesota and noticed that a single clonal group of
E. coli accounted for nearly half of community-acquired
urinary tract infections in women that were caused by
E. coli strains with resistance to trimethoprim-
sulfamethoxazole. Schroeder et al™ by investigating 752
E. coli isolates found that approximately 40% of human
isolates were resistant to trimethoprim-sulfamethoxazole.
In poultry mdustry, prevalence of resistance m E. coli 1s
uprising too. Blanco et al.' reported that from 468 avian
E. coli strains isolated in Spain, 67% showed resistance
to trimethoprim+sulfamethoxazole and 13 to 24% showed
resistance to fluoroquinolones. The perspective of rapid
emergence of drug resistance among bacterial pathogens
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shows that the potencies of prevalent antibiotics are
decreasing steadily, leading to reduced useful-period of
drugs. This situation implies the need for new and safe
antimicrobials for replacement with invalidated
antimicrobials or use in antibiotic rotation programs™,
Although the nature and number of active antibacterial
principles involved in each extract of the present research
are not clear, but the activity of several plant-extracts
against the E. coli strains, opens new gates for future
studies. [ suggest evaluation of the active plants extracts
presented here against some of the other drug-resistant
problematic  bacteria  like  vancomycin-resistant
enterococci and E. coli strains with resistance to
trimethoprim-sulfamethoxazole, two of the most
problematic bacteria-in terms of their occurrence and
impact on the clinical outcomes of patients™* In
addition, T propose use of these plants in further
evaluation as poulty water or feed-additives for
prevention or reduction of E. coli or some other bacterial
mfections. Sensitivity results of the two E. coli strains
show that they have different sensitivity patterns to the
tested plants. Accordingly, the plants having activity
against both straing are of more interest for further
evaluation.
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