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The inhibitory effect of several plant extracts on
the production of verotoxin by enterohemorrhagic
Escherichia coli O157 : H7 (EHEC) was investigated.
The extracts from four plant species, Limonium
californicum (Boiss.) A. Heller, Cupressus lustianica
Miller, Salvia urica Epling and Jusiaea peruviana L.,
were effective on the inhibition for verotoxin produc-
tion (31.3–125 µg/ml). The inhibition against verotoxin
production was observed at a concentration lower than
the minimal inhibitory concentration (MIC) of each
extract of test plants (1000 µg/ml), indicating that these
plant extracts would preferentially prevent the pro-
duction of verotoxin rather than bactericidal effect on
EHEC. These findings suggest that the administration
of any appropriate plant extract might prevent the
production of verotoxin on EHEC in the human intes-
tines.
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INTRODUCTION

Enterohemorrhagic Escherichia coli O157 : H7
(EHEC) is a food-borne human pathogen and out-
breaks and sporadic cases due to infection with
EHEC have been frequently reported in various
places around the world.1) In Japan during 1996,
numerous large outbreaks and sporadic cases of
EHEC occurred and over 9000 individuals was af-

fected.2) Signs and symptoms of illness by EHEC
include diarrhea, hemorrhagic colitis, severe abdomi-
nal cramps, and vomiting. A significant number of
cases subsequently develop hemolytic uremic syn-
drome (HUS), which is probably the most common
cause of renal failure in children, and occasionally
resulting in long-term complications or death.3) The
long-term incubation period of food poisoning by
EHEC follows a typical pattern. The incubation pe-
riod for diarrheal illness is usually 1 to 6 days, with
a reported range of 1 to 14 days.4)

Recently, the mass outbreak of food poisoning
caused by EHEC was one of the severe public health
problems in Japan. Therefore, it would be very im-
portant to take countermeasures against outbreak of
EHEC. As the countermeasure to the food-poison-
ing, there are known some prevention method.5) One
of the most effective prevention methods must be
enough heating of foods in cooking or preservation
of the quality or freshness of food products. To pre-
vent food-associated outbreaks, we have assessed
the effect of chemical preservatives on the growth
of EHEC.6) In summer season in which may increase
the number of food-poisoning patients, the inhibi-
tion of the bacterial growth or production of entero-
toxin such as verotoxin by any suitable methods
would be also very important for the prevention
countermeasure of food poisoning. The administra-
tion of some antibiotics would be also one of a suit-
able method for a cure of the infection by EHEC.
Pros and cons on the administration of antibiotics
have still been discussed and there would be some
confusion in the medical field.

Before EHEC produces verotoxin in the human
intestine, an agent inhibiting production of verotoxin
should be administered to prevent food poisoning
as one of effective prevention countermeasures.
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In the previous paper,7) we examined the inhibi-
tory effect of the creosote, a mixture of phenolic
compounds, on the production of verotoxin (VT1
and VT2) by EHEC, and found that it inhibited
verotoxin production. Furthermore, we also reported
the inhibitory effect of clove, a famous crude drug
on verotoxin.8)

As our subsequent study, we investigated the
inhibitory effect of extracts from some North and
Central American plants on the reduction of
verotoxin by EHEC.

MATERIALS AND METHODS

Test Sample —–— Twenty-one of plant samples
growing wild were collected by the authors in Or-
egon of North America and in Mexico, Guatemala,
and Honduras of Central America in summer sea-
sons of both 1997 and 1998. The voucher specimens
of the plant samples are deposited in the Herbarium
of the Botanical Gardens, Faculty of Science, Uni-
versity of Tokyo.

Preparation of the Test Samples —–—  The air-dried
plant samples were first divided into several parts;
i.e., stems, leaves, fruits, underground part, etc. The
samples of secretary species were soaked in acetone,
and the plant residues were extracted twice with
methanol (MeOH) and then 70% aqueous (= aq.)
MeOH at room temperature for 2 weeks. The
samples of non-secretary species were, without
washing in acetone, extracted twice (or three times)
with MeOH and 70% aq. MeOH at room tempera-
ture for 2 weeks. Evaporation of the solvents in
vacuo gave acetone, MeOH, and 70% aq. MeOH
extracts (total 60 extracts). Twenty-two extracts of
the 60 extracts were used as the test samples for the
present bioassay (Table 1).

The 22 extract samples were not selected at ran-
dom from the 60 extracts, but were selected by con-
sidering the results in preliminary antibacterial tests
of the 60 extracts against some other microorgan-
isms, i.e., Staphylococcus aureus IID 1677(MRSA)
etc.9)

Test Bacteria and Medium —–—  Escherichia coli
ATCC 43889 (EHEC, VT2-producing strain) was

Table 1. The List of Plant Materials Used for the Biological Test

Sample No. Collection No. of Scientific name Family name Parts used Solvents extracted

voucher specimen

No.1 7-21-2-H-A 97002 Eremocarpus setigerus (Hook.) Benth. Euphorbiaceae whole plant acetone

No.2 7-21-6-A-M 97006 Marsilea vestita Hook. et Crev. Marsileaceae aerial part methanol

No.3 7-21-7-H-MW 97007 Phacelia leucophylla Torr. Hydrophyllaceae whole plant 70% aq. methanol

No.4 7-21-8-H-M 97008 Chenopodium botrys L. Chenopodiaceae whole plant methanol

No.5 7-24-1-F-MW 97046 Garrya elliptica Dougl. Garryaceae fruit 70% aq. methanol

No.6 7-24-4-A-M 97057 Spergularia media (L.) Presl. Caryophyllaceae aerial part methanol

No.7 7-24-5-U-MW 97058 Limonium cali f ornicum (Boiss.) Plumbaginaceae underground part 70% aq. methanol

A.Heller

No.8 7-2-2-A-M 97125 Monnina xalapensis HBK. Polygalaceae aerial part methanol

No.9 7-3-1-A-MW 97133 Cupressus lustianica Miller Cupressaceae aerial part 70% aq. methanol

No.10 7-5-4-A-MW 97171 Salvia urica Epling Labiatae aerial part 70% aq. methanol

No.11 7-5-5-A-M 97172 Jussiaea peruviana L. Onagraceae aerial part methanol

No.12 7-5-6-A-MW 97173 Cuphea aequipetala Cav. Lythraceae aerial part 70% aq. methanol

No.13 7-5-11-S-M 97189 Jacquinia aurantiaca Ait. Theofrastaceae stem methanol

No.14 7-5-13-A-M 97191 Leguminosae sp. Leguminosae aerial part methanol

No.15 7-22-1-H-M 97027 Oenothera cheiranthi f olia Hornem. Onagraceae whole plant methanol

No.16 7-22-1-H-MW 97027 Oenothera cheiranthi f olia Hornem. Onagraceae whole plant 70% aq. methanol

No.17 7-23-1-A-MW 97030 Juniperus communis L. var. depressa Cupressaceae aerial part 70% aq. methanol

Pursh

No.18 7-30-2-H-EW 97117 Solanum sarrachoides Sendt. Solanaceae whole plant 70% aq. ethanol

No.19 7-3-2-L-M 97134 Oleopanax xalapensis (HBK.) Araliaceae leaf methanol

Decne. et Planch.

No.20 7-27-1-A-MW 97071 Juniperus occidentalis Hook. Cupressaceae aerial part 70% aq. methanol

No.21 8-29-8-S-M 084 Nissolia f ruticosa Jacq. Leguminosae stem methanol

No.22 8-8-2-A-M 385 Hedyosmus mexicanum Cordemoy Chloranthaceae aerial part methanol
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used in this study. Soybean casein digest (SCD) broth
(Nihon Pharm. Co., Ltd., Osaka, Japan) was used
for the pre-incubation of the test strain and SCD agar
(Nihon Pharm. Co., Ltd., Osaka, Japan) was used
for the counting of the bacterial numbers of EHEC.
Muller-Hinton (MH) Medium (Difco Co., Ltd., De-
troit, U.S.A.) was used to determine minimal inhibi-
tory concentration (MIC), and casamino acid yeast
extract (CAYE) broth was used in the test of inhibi-
tory effect on verotoxin production.
Measurement of MIC of Plant Extracts —–—  The
MICs of the plant extracts against EHEC were de-
termined by the agar dilution method10) using a
microplater (Sakuma Seisakusho Co., Ltd., Tokyo,
Japan). Each sample (about 50 mg weight) was dis-
solved in 10 ml of 50% aq. dimethylsulfoxide
(DMSO) (5000 µg/ml). The resulting solution was
diluted by 2-fold dilution method and then each so-
lution in concentration of 312, 625, 1250 and
2500 µg/ml was prepared.
Measurement of the Amount of Verotoxin Pro-
duced by EHEC —–—  Ten µl of EHEC overnight
culture medium (approximately 1.00 × 109 CFU/ml)
at 37°C was added to test tubes containing 4.5 ml of
CAYE broth and 0.5 ml of each of the plant extracts
(final concentrations of 31.2, 62.5, 125, 250 and
500 µg/ml). Then the test tubes were incubated for
24 hr at 37°C with shaking (110–120 rpm). The cul-
tures were centrifuged at 5°C (2100 × g for 15 min),
and the amount of verotoxin in the supernatant frac-
tion was measured by latex agglutination reaction
using VTEC-RPLA “SEIKEN” (Denka Seiken Co.
Ltd., Tokyo, Japan).11)

The amount of verotoxin production in the pres-
ence of each plant extract was calculated from the
following formula.

BNt: Bacterial numbers of EHEC in each of the test
tubes (CFU/ml)

Bacterial numbers were measured by the agar
plate mixture method12) using SCD agar (Nihon
Pharm. Co., Ltd., Osaka, Japan).

RESULTS AND DISCUSSION

Effect of the Plant Extracts on the Growth of
EHEC

To make sure the effect of the plant extracts on
the growth of EHEC, the MIC values of the extracts
were determined by the agar dilution method. The
MICs of the samples were same as 1000 µg/ml (fi-
nal concentration), which indicating that plant ex-
tracts showed the antibacterial activity (data not
shown).

When EHEC (approximately 8.75 × 108 CFU/
ml) was incubated with the plant extracts at the con-
centrations less than MIC, no decrease of bacterial
numbers was observed as shown in Table 2. There-
fore, we carried out the following experiments us-
ing less then 500 µg/ml of the plant extracts.

The Inhibitory Effects of the Plant Extracts on
the Production of Verotoxin of EHEC

We then examined the inhibitory effect of the
plant extracts on the production of verotoxin (VT2)
by EHEC (Table 3). When the amount of the pro-
duction of verotoxin in the test group was 4 times
smaller than that of control, we judged the inhibi-
tory effect of each of plant extracts as effective.

Among the plant extracts tested, samples of
No. 7, 9, 10 and 11 prevented the production of
verotoxin, and their minimal inhibition doses of
verotoxin production were 125, 62.5, 125 and
31.3 µg/ml, respectively. Sample No. 11 showed the
most potent inhibition for verotoxin production.

The dose required for the inhibition of verotoxin
production was remarkably lower than that of MIC,
and no decrease of bacterial numbers was observed

Table 2. Effect of the Plant Extracts on Growth of Escherihia coli ATCC 43889

Bacterial numbers in the test tube (CFU/ml)

Samples Concentration of plant extract (µg/ml)

Control 31.3 62.5 125 250 500

No.7 8.75×108 1.09×109 1.07×109 1.09×109 1.05×109 1.03×109

No.9 8.75×108 1.08×109 1.05×109 1.22×109 1.19×109 9.75×108

No.10 8.75×108 1.01×109 1.02×109 1.00×109 8.45×108 2.31×109

No.11 8.75×108 1.91×109 1.90×109 1.89×109 1.58×109 1.33×109

Amount of the production of verotoxin (ng/ml)

= DDV× BNo
BNt

DDV: Detection dose of verotoxin (ng/ml)
BNo: Bacterial numbers of EHEC in control

(CFU/ml)
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in accordance with the increase of addition dose of
the plant extracts.

Verotoxins or Shiga-like toxins are holotoxins
composed of a single enzymatic A subunit of ap-
proximately 32 kDa in association with a pentamer
of receptor-binding B subunit of 7.7 kDa.13,14) The
expression of the A- and B-subunit genes is differ-
ently regulated: production of verotoxins is nega-
tively regulated at the transcriptional level by an iron-
Fur protein corepressor complex.15) Many factors
such as growth conditions including composition of
medium, antibiotics, and aeration are affected on the
production level of the toxins or release of the tox-
ins into the outside of the cells.16–18)

In our present study, it is deduced that 4 kinds
of test plant extracts would inhibit the production
process of verotoxin of EHEC specifically without
any effects on the cell growth. The fine mechanism
of the production of the verotoxins has been unre-
solved so far; plant extract would act directly or in-
directly interfere the transcriptional and/or transla-
tional steps and reduce the production of the toxins.
The findings described here suggest that adminis-
tration of the plant extracts will prevent the produc-
tion of verotoxin on EHEC in the human intestines.

The four plant species, the extracts of which gave
the inhibitory effect, are all endemic to the Central
America. They are also known as folk medicines and
are as follows: Limonium californicum (Boiss.) A.
Heller has a narrow distribution range along the coast
of California, U.S.A., and has been used by native
American people as blood medicine, a remedy for
urinary and venereal disease, etc.19) Some other
Limonium species are also used as popular folk medi-
cines in China and Taiwan. Cupressus lustianica
Miller is distributed in Central America from Mexico
to Guatemala. This woody plant is very prized as
timbers and also for making musical instrument so
that it is widely planted. Essential oils are obtained
from some species in this genus. Salvia urica Epling
is distributed in Mexico, Guatemala and Honduras.
Many species in genus Salvia are used as foods and

medicines. Jusiaea peruviana L. is distributed
widely in Central America and adjacent South
America and Florida. It is locally used as foods and
folk medicines.20)

From the plant extracts giving the inhibition of
verotoxin production on EHEC, the investigation and
isolation of the active components should be under-
taken as our subsequent study in the future. Attempts
to clarify the mechanism responsible for the inhibi-
tory effect of verotoxin production of EHEC by these
plant extracts are now under study.
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