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The antimicrobial properties of Sechium edule (Jacq) Swartz alcoholic extracts obtained according to the Farmacopea Argentina (6th edn)
were tested against bacteria of clinical relevance as nosocomial pathogens. To evaluate antibacterial activity, the disc diffusion assay was
carried out with several gram-positive bacteria (Enterococcus faecalis , Staphylococcus aureus, coagulase-negative staphylococci,
Streptococcus pyogenes, Streptococcus agalactiae, Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC 29212). This assay
was suitable for the screening of a large number of extracts at one time. All ethanolic extracts showed activity against gram-positive bacteria.
Minimal inhibitory concentration (MIC) values were determined with a microdilution assay. The highest activity was obtained with the 80%
aqueous-ethanolic leaf extract (MIC values of 4.16�/8.32 mg/ml against staphylococci and enterococci) and with the 96% ethanolic seed
extract (MIC values of 8.32�/16.64 mg/ml and�/8.32 mg/ml against staphylococci and enterococci, respectively). The results indicate that
both fluid extract and tincture have very good antimicrobial efficacy against all strains of multiresistant staphylococci and enterococci. In this
study the minimal bactericidal concentration (MBC) values were identical to the MIC values or twofold higher than the corresponding MIC.
This may indicate a bactericidal effect. Stored extracts have similar anti-staphylococcal and anti-enterococcal activity to recently obtained
extracts. The results obtained might be considered sufficient to warrant further studies aimed at isolation and identification of the active
principle. Key words: Sechium edule , antimicrobial activity, papa del aire.

INTRODUCTION

Sechium edule (Jacq.) Swartz (chayote or air potato) has

economic and nutritional significance in Central America,

Brazil and Mexico (1�/9). Data compiled in recent studies

highlight the use of decoctions made from leaves or fruits to

relieve urine retention and burning during urination or to

dissolve kidney stones, and as a complementary treatment

for arteriosclerosis and hypertension (6, 7, 10, 11). The

diuretic properties of the leaves and seeds, and the

cardiovascular and anti-inflammatory properties of the

leaves and fruits, have been confirmed by pharmacological

studies (12�/15). S. edule extracts showed inhibitory effect

against the mutagenicity of 2 amino 3 methyl imido (4,5f)

quinoline in Salmonella typhimurium TA98 and TA100

assays. The antimutagenic activity of aqueous extracts of S.

edule was partly reduced by heating at 1008C (16).

Otherwise a new type I ribosome-inactivating protein

(RIP) sechiumin was purified from the seeds. The recombi-

nant sechiumin was obtained as an insoluble protein, and

the preparation of the active soluble form was achieved by

renaturing the denatured protein. These studies suggest that

the recombinant sechiumin could be used for the prepara-

tion of immunotoxin as a potential cancer chemotherapeu-

tic agent (17).

At the present time, staphylococci and enterococci are

recognized as important nosocomial pathogens. Methicillin-

resistant Staphylococcus aureus (MRSA) infections have

become a critical problem as an important cause of

mortality among hospitalized patients (18�/22). Certain

antimicrobial agents are usually chosen for the treatment

of MRSA infections. However, their use not only produces

unexpected side effects but also reduces susceptibility to the

agents by target site alteration and enzyme modification of

selected resistant strains (23). Unavoidable problems asso-

ciated with antibiotic therapy have led to ongoing investiga-

tions for alternative anti-MRSA agents (24, 25). The

research into biologically active compounds from natural

sources has always been of great interest for scientists

looking for new sources of useful drugs against infectious

diseases.

The purpose of the present study was to investigate the

antimicrobial activity of extracts of leaf, stem and seed from

S. edule (Jacq.) Swartz. It was conducted to find anti-MRS

(methicillin-resistant staphylococci) activity and anti-enter-

ococcal activity in ethanolic extracts of S. edule.
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MATERIALS AND METHODS

Plant material

Phenology: wild populations of S. edule flourish from April

to December and give fruit from September to January. The

plants were collected from September to March in San

Miguel de Tucumán, Tucumán, Argentina.

Voucher specimens were deposited in the Herbarium of

the Institute de Estudios Vegetales (IEV), Facultad de

Bioquı́mica, Quı́mica y Farmacia, UNT (Tucumán, Argen-

tina). The parts used were leaves, stems and seeds.

Preparation of ethanolic S. edule extract

Lixiviation (fluid extract): ground air-dried plant material

was lixiviated in an extractor with 80% ethanol for leaves or

90% ethanol for seeds at room temperature until total

extraction according to the Farmacopea Argentina (26).

Maceration (tincture): ground air-dried plant material

was macerated in ethanol (1 g of dry tissue per 5 ml of 96%

ethanol) for 7 days with shaking (40 cycles/min) at room

temperature.

Alcoholature: fresh plant material was cut into small

pieces and macerated in ethanol (1 g of dry tissue per 1 ml

of 96% ethanol) for 8 days with shaking (40 cycles/min) at

room temperature.

In all cases the preparations were filtered through What-

man no. 4 filter paper.

All reagents used were of analytical grade.

Microbiology

Bacterial strains. Staphylococcus aureus (n�/23), Staphylo-

coccus spp. (n�/4), Enterococcus faecalis (n�/29), Enter-

ococcus faecium (n�/1), Streptococcus agalactiae (n�/1)

and Streptococcus pyogenes (n�/1) strains were obtained

from clinical samples from the Hospital Nicolás Avellaneda,

San Miguel de Tucumán, Tucumán, Argentina. Staphylo-

cocci were defined as MRS based on their resistance to

oxacillin, according to the guidelines of the National

Committee for Clinical Laboratory Standards (27). The

following reference strains were included in the study:

Staph. aureus ATCC 29213 and Ent. faecalis ATCC 29212.

Susceptibility screening test using agar-well diffusion

method. MHA (Laboratorios Britania, Argentina) base

medium (10 ml) was poured into 90-mm diameter sterile

Petri dishes. Sterile 0.2% agar (3 ml) containing 30 m l of

each bacterial suspension (105 bacteria�/ml�1) was poured

on it to form a homogeneous layer. Five wells were made in

each agar dish with a cork borer. Dilutions of known

extract concentrations (1.04�/133.12 mg/ml of phenolic

compounds) were placed in each well. Vancomycin or

oxacillin were used as a positive control and ethanol as

negative solvent controls. The dishes were incubated at 358C
for 16�/20 h.

Bacterial growth inhibition was determined as the

diameter of the inhibition zones around the wells. The

growth inhibition diameter was an average of four different

measurements.

Minimal inhibitory concentration (MIC) and

minimal bactericidal concentration (MBC) determination .

Method A. A serial agar macrodilution method was used.

Briefly, the antibacterial activity was determined based on

the MIC values that were obtained by a twofold serial agar

dilution method as recommended by the NCCLS (27).

Dilutions of each extract to be tested were performed with

ethanol (1 ml final volume), then 9 ml of Mueller-Hinton

agar (MHA) (final concentration range of 1.04�/133.12 mg/

ml of phenolic compounds) were added. The control plate

contained only ethanol, which did not influence bacterial

growth.

These dishes were inoculated with 2 m l of each bacterial

cell suspension (1�/104 cfu) and incubated aerobically for

16�/20 h at 358C. A growth control was included for each

strain tested. Staph. aureus ATCC 29213 and Ent. faecalis

ATCC 29212 were used as quality controls.

The MIC was defined as the lowest concentration of S.

edule extract at which no colony was observed after

incubation. The MIC90 was defined as the extract concen-

tration that produced 90% growth inhibition of the tested

strains. The MIC values were also determined for oxacillin,

methicillin, gentamicin and vancomycin for staphylococcal

strains. The MIC values for gentamicin, streptomycin,

ampicillin and vancomycin were determined for enterocco-

cal isolates. The antimicrobial agents were supplied by

Sigma Chemical Co. (USA) and Laboratorios Britania S.A.

(Argentina).

Method B. A broth microdilution method was used to

determine the MIC and the MBC of the different extracts

against the test organisms according to the NCCLS

recommendations (27). The ethanolic extract was appro-

priately prepared and transferred to each microplate well to

obtain a twofold serial dilution of the original extract

ranging from 1.04 to 133.12 mg/ml. Bacterial suspension (50

m l) was transferred to 10 ml of CAMHB (cation-adjusted

Muller�/Hinton broth) to a final concentration of 5�/105

cfu/ml. Then, 100 m l of the test organism were added to

each of the extract dilutions within 30 min to prevent

overgrowth of the organisms. The dishes were incubated

aerobically at 358C for 16�/20 h. After incubation, bacterial

growth was assayed by measurement of absorbance at 625

nm.

The MIC was defined as the lowest concentration of S.

edule extract that restricted growth to a level B/0.05 at 625

nm (no macroscopically visible growth).

To determine MBC, 10 m l of culture medium were

removed from each well with no visible growth and

transferred to blood agar dishes. After incubation for
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16�/20 h at 358C, MBC was determined. MBC was defined

as the lowest extract concentration at which 99.9% of the

bacteria had been killed.

Phytochemical screening

Identification by chemical tests. Tests for alkaloids, coumar-

ins, flavonoids, terpenes and sterols were carried out

according to the methods of Harbone (28).

Identification by thin-layer chromatography. The compo-

nents of the different extracts (10 mg) were separated by

TLC (Merck Kieselgel 60 F254) with chloroform:methanol

(9:1; v:v) as solvent. Separated components were visualized

under visible and ultraviolet light (254 and 360 nm, Model

UV 5L-58 Mineralight Lamp) and sprayed with 1% ferric

trichloride and aluminium chloride for flavonoids, metha-

nolic potassium hydroxide for coumarins, Dragendorff’s

reagent for alkaloids and anisaldehyde/sulphuric for ster-

oids and terpenes (29).

Bioautography. Developed TLC plates were dried over-

night in a sterile room. Then, 2 ml of soft medium (0.2%

BHI agar) containing 105 cfu of Staph. aureus (F7) were

added, incubated at 358C for 16�/20 h and sprayed with a

2.5 mg/ml MTT solution (3-(4,5 dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium) in PBS (10 mM sodium phosphate

buffer, pH 7, with 0.15 M NaCl). Plates were incubated at

358C for 1 h in the dark for colour development. The areas

of inhibition, coloured yellow, were compared with the Rf

of the related spots on the reference TLC plate.

Phenolic compound determinations

Total phenol content was determined by absorbance at 280

nm in a Beckman DU 600 spectrophotometer with a 10-mm

pathlength by the Folin-Ciocalteau method (30). Results

were expressed as quercetin equivalents.

RESULTS AND DISCUSSION

Three kinds of plant materials (leaf, seed and stem) and

three kinds of crude preparations (tincture, fluid extract and

alcoholature) derived from each of them were investigated

for their antibacterial activity. Fresh and dry material from

the same plants were compared.

Table I shows the results of the extraction using 96%, 90%

and 80% ethanol according to the Farmacopea Argentina

(26). The yield of ethanol-soluble principle extractions from

leaf, seed and stem was different. All extracts were analysed

for total phenolic compounds content. S. edule fluid extract

gave the best yield of ethanol-soluble principles and S. edule

tincture gave the best yield of total phenolic compounds

(expressed as quercetin equivalents) per gram of plant

material.

Antimicrobial activity

The S. edule antibacterial activity was assayed in vitro by

the agar diffusion method against four isolates with the

largest antimicrobial resistance profiles.

Table II summarizes the means of the zones of microbial

growth inhibition by nine crude ethanolic extracts of S.

edule. All tested crude extracts were particularly active

against gram-positive bacteria (Ent. faecalis, Staph. aureus,

Strep. pyogenes, Strep. agalactiae ). The most active of them

were 80% aqueous-ethanolic extracts from S. edule leaves

and 96% ethanolic extracts from S. edule seeds. The highest

inhibition zones were shown by Staph. aureus followed by

Ent. faecalis. Controls did not form an inhibitory zone with

any of the tested micro-organisms.

Susceptibility of Staphylococcus species to S. edule extracts

Plants are important sources of various pharmaceutical

agents and useful pharmacological activities have been

widely exploited as phytochemicals. Catechins isolated

from tea leaves (31), protoanemonin from Ranunculus

bulbosus (32), chalconas (33) and isoflavanones from

Erythrina bidwilli (34) possess anti-staphylococcal activity,

although not as intensive as antibiotics (MIC values from

50 to 500 mg/ml or more).

To determine the comparative efficacy of vancomycin

and the two best S. edule extracts against Staphylococcus

spp., each agent was tested against 27 recent clinical isolates

by an agar dilution method with an inoculum of 104 cfu/

spot. All the isolates of gram-positive bacteria recovered

between January 1999 and December 1999 in a hospital in

Tucumán, Argentina were tested. These isolates included

25.92% MRSA, 59.25% MSSA (methicillin-sensitive Staph.

aureus ), 7.40% MRCNS (methicillin-resistant coagulase-

negative staphylococci) and 7.53% MSCNS (methicillin

sensitive coagulase-negative staphylococci). Most of the

MRS clinical isolates were highly resistant not only to

methicillin but also to many other antimicrobial agents,

whereas the MSSA strains were susceptible to many of

them. All MRSA strains were uniformly inhibited by

vancomycin at 5/1 mg/ml.

Table III shows the in vitro activity expressed as minimal

bactericidal activity against 27 fresh clinical isolates of

Staphylococcus.

Aqueous-ethanolic leaf and ethanolic seed preparations

inhibited the growth of both MRSA and MSSA at

concentrations of 4.16�/8.32 mg/ml and 8.32�/16.64 mg/ml,

respectively, and 8.32�/16.64 mg/ml for MSCNS and

MRCNS. The minimum inhibitory concentration of S.

edule preparations were higher than that for vancomycin.

The extract concentrations required to obtain a bacter-

icidal effect against Staphylococcus spp. were the same or

twofold higher than the corresponding MIC value.
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MIC values were re-determined after 6 weeks or 1 year of

storage at 78C because it is desirable for extracts to retain

their activity over time. Stored and recently prepared

extracts had generally similar antibacterial activity.

Susceptibility of enterococcal species to S. edule extracts

To determine the comparative efficacy of vancomycin,

ampicillin, gentamicin, streptomycin and two S. edule

extracts against Enterococcus spp., each agent was tested

Table I

Ethanol-soluble principles and total phenolic compound content in Sechium edule extracts

Extracts Plant

material

Amount extracteda

(mg/g)

Phenolic compoundsb

(mg/g)

Soluble principlesc

(mg/ml)

Phenolic compoundsd

(mg/ml)

Tincture Leaf 56.25 2.06 3.75 0.13

Stem 37.5 2.81 2.5 0.18

Seed 3.56 5 17.8 0.33

Fluid extract Leaf 90.10 0.44 106 0.50

Stem 144 1.41 180 1.66

Seed 46.49 0.56 54.7 0.66

Alcoholature Leaf 40 0.15 40 0.15

Stem 16 0.06 16 0.06

Seed 43 0.13 43 0.13

aSoluble principles per gram of dry material.
bPhenolic compounds per gram of dry material.
cSoluble principles per ml of extract.
dPhenolic compounds per ml of extract.

Table II

Activity of different extracts of Sechium edule against some microbial agents

S. edule preparation Plant parts Gram-positive bacteria

Ent. faecalis Staph. aureus Strep. pyogenes Strep. agalactiae

Tincture Leaf �/ �/ �/�/ �/�/

Stem �/ �/ �/�/ �/�/

Seed �/�/�/ �/�/�/ �/�/�/ �/�/�/

Fluid extract Leaf �/�/�/ �/�/�/ �/�/�/ �/�/�/

Stem �/ �/�/ �/�/ �/�/

Seed �/�/ �/�/ �/�/ �/�/

Alcoholature Leaf 0 �/�/�/ �/�/�/ �/�/�/

Stem 0 �/ �/�/ �/�/�/

Seed �/ �/�/ �/�/�/ �/�/�/

The inhibition is reported as 0, without inhibition; �/, dr B/1.00; �/�/ dr �/1.00 B/1.50; �/�/�/ dr �/1.50, where dr is the diameter of the

inhibition zone (cm) at the same phenolic compound concentrations for all S. edule preparations.

Table III

Antimicrobial activity of leaf fluid extract and seed tincture against several methicillin-resistant Staph. aureus strains and other strains of

Staphylococcus species

Staphylococcus species Leaf fluid extract Seed tincture

MIC (mg/ml) MBC (mg/ml) MIC (mg/ml) MBC (mg/ml)

MRSA (n�/ 7) 4.16�/8.32 8.32�/16.64 8.32�/16.64 33.28�/66.46

MSSA (n�/16) 4.16�/8.32 8.32�/16.64 8.32�/16.64 33.28�/66.46

MSCNS (n�/ 2) 8.32�/16.64 8.32�/16.64 8.32�/16.64 33.28�/66.46

MRCNS (n�/2) 8.32�/16.64 8.32�/16.64 8.32�/16.64 33.28�/66.46

Staph. aureus ATCC 29213 6.3 8.32 11.2 24.3

MRSA, methicillin-resistant Staph. aureus ; MSSA, methicillin-sensitive Staph. aureus ; MSCNS, methicillin-sensitive coagulase-negative

Staph. aureus ; MRCNS, methicillin-resistant coagulase-negative Staph. aureus.
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against 29 recent clinical isolates by an agar dilution

method. All the enterococcal isolates were recovered

between January 1999 and December 1999 in a hospital in

Tucumán, Argentina. Among them, 96.7% were Ent.

faecalis and 3.3% were Ent. faecium . All Ent. faecalis

isolates were susceptible to vancomycin and 99% of them

were also susceptible to ampicillin, 46.6% and 40% were

resistant to a high level of gentamicin and streptomycin,

respectively. There were no b-lactamase producers.

Table IV shows the in vitro activity of leaf and seed

extracts expressed as MIC and MBC against fresh isolates

of 30 different strains of Enterococcus spp. Leaf fluid

extracts inhibited the growth of ampicillin-susceptible and

ampicillin-resistant enterococci at a concentration of 4.16�/

8.32 mg/ml and seed extract at a concentration of �/8.32

mg/ml.

The cumulative percentage of irreversibly killed bacterial

strains was determined using five different dilutions of

extracts: 100% of the bacterial inoculum was killed in the

Table IV

Antimicrobial activity of leaf fluid extract and seed tincture against several Enterococcus strains

Enterococcus species Leaf fluid extract Seed tincture

MIC (mg/ml) MBC (mg/ml) MIC (mg/ml) MBC (mg/ml)

Ampicillin-susceptible (n�/ 27) 4.16�/8.32 4.16�/8.32 �/8.32 �/8.32

Ampicillin-resistant (n�/2) 4.16�/8.32 4.16�/8.32 �/8.32 �/8.32

Ent. faecalis ATCC 29212 �/8.32 8.32 �/8.32 �/8.32

Fig. 1. Comparative bioautography of S. edule leaf extracts. Lane

A, fluid extract; B, tincture; C, alcoholature (10 mg of phenolic

compounds of each extract/plate) was separated by TLC (Merck

Kieselgel 60 F254) using chloroform:methanol (9:1) as eluant. Then

2 ml of soft medium (0.2% BHI agar) containing 105 cfu/ml of

Staph. aureus (F7) were added and incubated at 358C for 24 h. The

plates were then developed.

Fig. 2. Comparative bioautography of S. edule seed extracts. Lane

A, fluid extract; B, tincture; C, alcoholature (10 mg of phenolic

compounds of each extract/plate) was separated by TLC (Merck

Kieselgel 60 F254) using chloroform:methanol (9:1) as eluant. Then

2 ml of soft medium (0.2% BHI agar) containing 105 cfu/ml of

Staph. aureus (F7) were added and incubated at 378C for 24 h. The

plates were then developed.
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range 4.16�/8.32 mg/ml and �/8.32 mg/ml for leaf fluid

extract and seed maceration, respectively (Table IV).

Bioautographic assays

Chemical tests and TLC analysis showed the presence of

flavonoids in all the extracts. The bioautography revealed

clear zones of bacterial growth inhibition. Leaf alcoholic

extracts showed three major antibiotic components (Rf 0.5,

0.82 and 0.98) with fresh and dry material (Fig. 1) and two

inhibition zones (Rf 0.8 and 0.98) for dry seed extracts (Fig.

2) in correspondence with those of flavonoids. On the other

hand, bioautography of fresh seed extracts did not show

inhibition zones.

This is the first communication showing the antimicrobial

activities of S. edule extracts. The results show that such

extracts could have a potential clinical use and could be a

natural source of new powerful antimicrobial compounds.

Further studies, including the isolation, structure-func-

tion relationships of the antimicrobial natural products and

toxicity of these extracts are now in progress.
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