Introduction

The use of plant compounds to treat infections is an age-old practice in a large part of the world, especially in developing countries, where there is dependence on traditional medicine for a variety of diseases (1,2). Interest in plants with antimicrobial properties has revived as a result of current problems associated with the use of antibiotics (3,4).

Methicillin-resistantStaphylococcus aureus (MRSA) is now common in many areas of the world. The frequencies of infections and outbreaks due to MRSA have continued to increase. MRSA is often multidrug resistant and therapeutic options are limited (5-8).

In Palestine, antimicrobial resistance has clearly emerged as a serious problem with MRSA (8). In this study, 4 medicinal plants in popular use in Palestine for the treatment of several ailments of microbial and nonmicrobial origins were tested for in vitro MRSA activity.

Materials and Methods

Plant material Four plant samples purchased from Palestinian markets were studied. All the plant materials were further identified in the Department of Biological Sciences, An-Najah National University, Palestine. Table 1 shows the botanical name, local name and plant part used of the plants under study.

Turk J Biol 30 (2006) 195-198 © TÜB‹TAK

Antibacterial Activity of Four Plant Extracts Used in Palestine in Folkloric Medicine against Methicillin-Resistant Staphylococcus aureus

Bassam ABU-SHANAB^1, Ghaleb ADWAN^2, Naser JARRAR^2, Awni ABU-HIJLEH^2, Kamel ADWAN^2 1 Faculty of Veterinary Medicine, An-Najah National University, Nablus, PALESTINE 2 Department of Biological Sciences, An-Najah National University, Nablus, PALESTINE

Received: 01.06.2006

Abstract: Ethanolic and hot water extracts from 4 different plant species used in Palestine in popular medicine for the treatment of several ailments of microbial and non-microbial origin were evaluated for potential antimicrobial activity against methicill inresistant Staphylococcus aureus (MRSA). Both water and ethanol extracts of Mentha longifolia, Melissa officinalis and Rosa damascena were effective on MRSA. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of the ethanolic extract of M. longifoliaand M. officinaliswere in the range of 3.125 to 12.50 mg/ml and 12.50 to 25.00 mg/ml, respectively. The ethanolic extract with the greatest antimicrobial activity was that of R. damascena (MIC 0.395 to 0.780 mg/ml and MBC 1.563 to 3.125 mg/ml). The combination of ethanolic extracts of the plants studied showed synergistic antibacterial activity against MRSA strains.

Key Words: Antibacterial activities, plant extracts, methicillin-resistantStaphylococcus aureus

Table 1. List of medicinal plants used in the antimicrobial assay.

Botanical Name Family Local name Plant part used

Althaea officinalis Malvaceae Marsh mallow Aerial part

Mentha longifolia Lamiaceae Wild mint Aerial part

Melissa officinalis Lamiaceae Lemon balm Aerial part

Rosa damascena Rosaceae Damask rose Flower

Preparation of extracts Dried and milled plant materials were extracted sequentially with hot water and 80% ethanol. Each solvent was replaced 3 times with fresh solvent and was allowed to remain in contact with the plant material for 48 h. After filtration of total extracts, the extracts were evaporated to dryness in vacuo and weighed.

Microorganisms used The MRSA strains used in this study were clinical isolates from patients presenting with symptoms of S. aureus-associated diseases. The isolates were identified as S. aureus according to colonial and microscopic morphology, positive catalase, and coagulase production. All S. aureus isolates were tested for methicillin resistance. The disk diffusion method outlined by the National Committee for Clinical Laboratory Standards (NCCLS) (9) was used with a 1 μg oxacillin disk (Oxoid). Zone sizes were read after incubation at 35 °C for 24 h. Isolates with zone sizes ≤ 10 mm were considered methicillin resistant.

Antibacterial activity The antibacterial activity was determined by the well diffusion method according to NCCLS (9). Three to five identical colonies from each agar plate were lifted with a sterile wire loop and transferred into a tube containing 5 ml of tryptic soy broth (TSB). The turbidity of each bacterial suspension was adjusted to reach an optical comparison to that of a 0.5 McFarland standard, resulting in a suspension containing approximately 1 to 2 x 10^8 CFU/ml. Mueller-Hinton agar plates were inoculated by streaking the swab over the entire sterile agar surface. This procedure was repeated by streaking 2 more times, rotating the plate approximately 60° each time to ensure even distribution of the inoculum. As a final step, the rim of the agar was also swabbed. After allowing the inoculum to dry at room temperature, 6-mm-diameter wells were bored in the agar. Each extract was checked for antibacterial activity by introducing 50 μl of a 100 mg/ml concentration into duplicate wells. The plates were allowed to stand at room temperature for 1 h for extract to diffuse into the agar and then they were incubated at 37 °C for 18 h. Subsequently, the plates were examined for bacterial growth inhibition and the inhibition zone diameter (IZD) measured to the nearest millimeter.

The MIC was determined by micro-broth dilution (10) methods. The reconstituted extract was serially diluted 2- fold in Mueller-Hinton broth (Oxoid) medium. Duplicate tubes of each dilution (0.391, 0.780, 1.563, 3.125, 6.25, 12.5, 25.0 and 50.0 mg/ml) were inoculated with 5 x 10^5 cells (cfu) of the test bacterial strain and cultures incubated at 37 °C for 18 h. MIC was taken as the highest dilution (least concentration) of extract or drug showing no detectable growth.

MBC was determined by subculturing the test dilution on to a fresh drug-free solid medium and incubating further for 18-24 h. The highest dilution that yielded no single bacterial colony on a solid medium was taken as MBC.

Results

Among the total crude extracts tested by the disk diffusion method, only 3 of the 4 plants (M. longifolia, M. officinalis and R. damascena ) presented antibacterial activity against the MRSA used. The crude extracts (water and ethanol) of Althaea officinalisdid not show activity against any of the test MRSA strains (Table 2).

The antimicrobial activity of the extracts and their potency were quantitatively assessed by determining the MIC and MBC, respectively, as given in Table 3. Only the alcoholic extract was tested, as alcohol was found to be a better solvent for extraction of antimicrobially active substances compared to water (11,12).

The MIC and MBC values obtained for the ethanolic extracts against the MRSA varied from one plant extract to the other. For instance, MIC and MBC values of M.

Antibacterial Activity of Four Plant Extracts Used in Palestine in Folkloric Medicine against Methicillin-ResistantStaphylococcus aureus

Table 2. Antibacterial activity of the crude plant extracts on MRSA.

MRSA (n = 20) Plants used Water extract Ethanol extract

A. officinalis - - M. longifolia 8 14 M. officinalis 12 15 R. damascena 18 34 Oxacillin (1 μg) - -

Figures indicate average zone of inhibition (in mm), (-) = no inhibition, n = number of MRSA tested.

longifoliaand M. officinaliswere in the range of 3.125 to 12.50 mg/ml and 12.50 to 25.00 mg/ml, respectively. R. damascena extract showed the most potent inhibition for the test MRSA strains (MIC 0.395 to 0.780 mg/ml and MBC 1.563 to 3.125 mg/ml).

The results of screening are discouraging as the combination of ethanol extracts of A. officinalis, M. longifolia, M. officinalisand R. damascena not only led to a loss of their original spectrum antibacterial activity against MRSA, but their antagonistic effects also caused poorer activity up to a range of MIC of 12.50 to 25.00 mg/ml and of MBC from 25.00 to 50.00 mg/ml.

Discussion

The increasing occurrence, particularly in hospitals, of S. aureus resistant not only to methicillin but to a wide range of antimicrobial agents, including all kinds of βlactams, has made therapy more difficult (5-8). Although strategies have been proposed in an attempt to control the spread (13), the search for new ways to treat MRSA infections stimulates the investigation of natural compounds as an alternative treatment of these infections.

In the present study, the analysis of the growth inhibition activity by the disk diffusion method showed that 3 out of 4 medicinal plants ( M. longifolia, M.

officinalis and R. damascena ) commonly used by traditional medical practitioners in Palestine were active against hospital strains of MRSA under test conditions with crude extract concentrations as high as 5 mg/ml. Our results agree with the previous antibacterial studies related to these 3 botanical species (3,14-16). The extract with the greatest antimicrobial activity was that of R. damascena (inhibition zone 8-13 mm, MIC 0.395 to 0.780 mg/ml and MBC 1.563 to 3.125 mg/ml). It is known that Rosaceae is rich in corilagin and tellimagrandin (3) and this class of compounds has remarkable antimicrobial activity.

The MIC and MBC values obtained for the extracts against the MRSA also support the findings of the diffusion method. The area of concern is that MIC values of the active plant extracts obtained in this study were lower than the MBC values, suggesting that the plant extracts were bacteriostatic at lower concentration and bactericidal at higher concentration.

The ethanol extract of the 3 plants exerted greater antibacterial activity than corresponding water extract (Table 3) at the same concentrations. These results confirmed the evidence in previous studies reported that ethanol is a better solvent for more consistent extraction of antimicrobial substances from medical plants compared to other solvents, such as water (11,12).

The most important conclusion drawn from our study is the antibacterial diminution (antagonistic effect) of the combination of ethanol extracts of A. officinalis, M. longifolia, M. officinalisand R. damascena as detected in this study. This finding may disagree with the traditional therapeutic indications claimed on the use of these combinations of traditional plant medicines in Palestine against a number of infections for generations.

Corresponding author: Kamel ADWAN Department of Biological Sciences, An-Najah National University, P.O. Box (7)-Nablus - PALESTINE E-mail adwank@yahoo.com

B. ABU-SHANAB, G. ADWAN, N. JARRAR, A. ABU-HIJLEH, K. ADWAN

Table 3. Antibacterial activity (MIC and MBC in mg/ml) of the ethanol extracts and their combinations on MRSA.

Ethanol extract Plant tested MIC MBC

A. officinalis na na M. longifolia 3.125 to 12.50 12.50 to 25.00 M. officinalis 3.125 to 12.50 12.50 to 25.00 R. damascena 0.3951 to 0.780 0.780 to 1.563 A. officinalis/ M. longifolia/ 12.50 to 25.00 25.00 to 50.00 M. officinalisand R. damascena

a: MIC, Minimum inhibitory concentration; MBC, minimum bactericidal concentration;

b: Not active at concentration range from 0.195 to 50.00 mg/ml

Antibacterial Activity of Four Plant Extracts Used in Palestine in Folkloric Medicine against Methicillin-ResistantStaphylococcus aureus

References

1. Gangoue-Pieboji J, Pegnyemb DE, Niyitegeka D et al. The in-vitro

antimicrobial activities of some medicinal plants from Cameroon. Ann Trop Med Parasitol 100: 237-243, 2006.

2. Shiba H, Kondo K, Katsuyama R et al. Alkyl Gallates, Intensifiers

of β-Lactam Susceptibility in Methicillin-ResistantStaphylococcus aureus. Antimicrob Agents Chemother 49: 549-555, 2005.

3. Shiota S, Shimizu M, Sugiyama J et al. Mechanisms of action of

corilagin and tellimagrandin I that remarkably potentiate the activity of beta-lactams against methicillin-resistant Staphylococcus aureus. Microbiol Immunol 48: 67-73, 2004.

4. Abu-Shanab B, Adwan G, Abu-Safiya D et al. Antibacterial

activities of some plant extracts utilized in Palestine in popular medicine. Turk J Biol 28: 99-102, 2004.

5. Schito GC. The importance of the development of antibiotic

resistance in Staphylococcus aureus. Clin Microbiol Infect 1: 3-8, 2006.

6. Fridkin SK, Hageman JC, Morrison et al. Active Bacterial Core

Surveillance Program of the Emerging Infections Program Network. Methicillin-resistant Staphylococcus aureus disease in three communities. N Engl J Med 352: 1436-1444, 2005.

7. Fluit AC, Wielders CLC, Verhoef J et al. Epidemiology and

susceptibility of 3,051 Staphylococcus aureus isolates from 25 university hospitals participating in the European SENTRY Study. J Clin Microbiol 39: 3727-3732, 2001.

8. Adwan K, Abu-Hasan N, Adwan G et al. Nosocomial infection

caused by methicillin-resistantStaphylococcus aureusin Palestine. Journal of Microbial Drug Resistance 11: 75-77, 2005.

9. NCCLS, Performance Standards for Antimicrobial Disc Suspectibility Tests. Approved Standard NCCLS Publication M2- A5, Villanova, PA, USA, 1993.

10. NCCLS. Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically; Approved Standard Fifth Edition. NCCLS document M7-A5. NCCLS: Wayne, PA, USA, 2000.

11. Ahmad I, Mehmood Z, Mohammad F. Screening of some Indian medicinal plants for their antimicrobial properties. Journal of Ethnopharmacology 62: 183-193, 1998.

12. Cowan MM. Plant products as antimicrobial agents. Clinic Microbiol Rev 12: 564-582, 1999.

13. Blatnik J, Lesnicar G. Propagation of methicillin-resistant Staphylococcus aureus due to the overloading of medical nurses in intensive care units. J Hosp Infect 63: 162-166, 2006.

14. Mimica-Dukic N, Bozin B, Sokovic M et al. Antimicrobial and antioxidant activities of three Mentha species essential oils. Planta Med 69: 413-419, 2003.

15. Mimica-Dukic N, Bozin B, Sokovic M et al. Antimicrobial and antioxidant activities of Melissa officinalis L. (Lamiaceae) essential oil. J Agric Food Chem 52: 2485-2489, 2004.

16. Aridogan BC, Baydar H, Kaya S et al. Antimicrobial activity and chemical composition of some essential oils. Arch Pharm Res 25: 860-864, 2002.