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Abstract: The antimicrobial and cytotoxic activities of n-hexane, methanol, ethanol, ethyl acetate and water extracts of Ceratonia
siliqua L. leaves were evaluated in this study. The antimicrobial activities of the extracts were reported against Escherichia coli ATCC
29998, Escherichia coli ATCC 25922, Escherichia coli ATCC 11230, Staphylococcus aureus ATCC 6538P, Staphylococcus aureus
ATCC6538P, Staphylococcus aureus ATCC 29213, Staphylococcus epidermidis ATCC 12228, Salmonella thyphimurium CCM 5445,
Enterobacter cloacae ATCC 13047, Enterococcus faecalis ATCC 29212, Pseudomonas aeroginosa ATCC 27853 as bacteria and
Candida albicans ATCC 10239 as yeast-like fungi by the disc diffusion method.

The cytotoxic activity of the extracts was evaluated by the brine shrimp lethality bioassay. The ethanol, methanol and water extracts
showed cytotoxic activity against brine shrimp.
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Ceratonia siliqua L. Ekstrelerinin Antimikrobiyal ve Sitotoksik Aktiviteleri

(Ozet: Bu calismada, Cerotonia siliqua L.'nin n-hegzane, metanol, etanol, etil asetat and su ekstrelerinin, antimikrobiyal ve sitotoksik
aktiviteleri degerlendirildi. Ekstrelerin antimikrobiyal aktiviteleri, bakteri olarak Escherichia coli ATCC 29998, Escherichia coli ATCC
25922, Escherichia coli ATCC 11230, Staphylococcus aureus ATCC 6538P, Staphylococcus aureus ATCC6538P, Staphylococcus
aureus ATCC 29213, Staphylococcus epidermidis ATCC 12228, Salmonella thyphimurium CCM 5445, Enterobacter cloacae ATCC
13047, Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27853 ve mantar olarak Candida albicans ATCC
10239'a kars! disk diflizyon metodu ile tayin edildi.

Ekstrelerin sitotoksik aktiviteleri brine shrimp yontemiyle degerlendirildi. Etanol, metanol ve su ekstreleri brine shrimp’e Karsi

sitotoksik aktivite gésterdi.

Anahtar SézcUKler: Ceratonia siliqua L., Leguminosae, sitotoksik aktivite, antimikrobiyal aktivite

Introduction

Ceratonia siliqua L. (Leguminosae), commonly known
as carob, is distrubuted in the Mediterranean region (1).
It is found to contain protein, fat, carbohydrates,
polyphenols and tannins (2).

Its bark and leaves are used in Turkish folk medicine
as an antidiarrheal and diuretic (1,3). The fruits of this
plant are traditionally used as an antitussive and against
warts (4,5). Its hormone-like effects have been reported
(6).

The objective of the present study was to assess the
antimicrobial and cytotoxic properties of C. siliqua

extracts, the activities of which, to the best of our
knowledge, have not been previously evaluated.

Materials and Methods
Plant material

The leaves of Ceratonia siliqua L. were collected from
Cesme-Ardi¢ (izmir) in July 2001. A voucher specimen
was deposited in the herbarium of the Department of
Pharmacognosy, Ege University (1273).

Preparation of plant extracts

Air-dried and powdered leaves of Ceratonia siliqua L.
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(20 g) were extracted with n-hexane, ethanol, methanol,
ethyl acetate and water (infusion) at room temperature;
the extracts were evaporated to dryness in vacuo and
weighed.

Cytotoxic studies

Cytotoxicity was studied by the brine shrimp (Artemia
salina) assay (7). The cytotoxic activity of all extracts was
compared with umbelliferone and colchicine as the active
cytotoxic substances (8,9).

Materials

Brine shrimp was obtained from San Fransisco Bay
Brand Inc. Newark, CA 94560 USA. Sea salt (Sigma-
9883) was used in activity tests. A small tank was
purchased from Otsuka Pharmaceutical Co. Ltd., (Tokyo,
Japan).

Methods

Cytotoxicity was evaluated by the brine shrimp
lethality bioassay (7). Sea salt (3.8 g) was dissolved in
100 ml water and filtered. Brine shrimp (Artemia salina)
eggs were placed into the water and left to incubate for
48 h at 28 °C in a small tank. Each extract was tested at
1000, 100 and 10 ppm. Then 20 mg of plant extract was
dissolved in 2 ml of chloroform (20 mg/2 ml). From this
solution 500, 50 or 5 pl was transferred to vials
corresponding to 1000, 100 or 10 ppm, respectively.
Vials including chloroform and extraction solvents (500
ul) were prepared as controls. After incubation, 10 brine
shrimp larvae (nauplii) were introduced into vials
containing graded concentrations (ranging from 10 to
1000 ppm) of the test extracts. After 24 h, the number
of surviving shrimps at each concentration of the extracts
were counted and data analyzed with the Finney
computer program to determine the LCs, at a 95%
confidence interval.

Antimicrobial studies

The disc diffusion method, known as the Kirby-Bauer
method, was used to determine the antimicrobial
activities (10-12).

Overnight cultures containing 10® cfu/ml of
microorganisms were used and diluted with sterile
distilled water to obtain turbidity equivalent to a
McFarland 0.5 turbidity standard. Overnight cultures of
yeast were prepared in Sabouraud Dextrose Broth to
obtain 107 cfu/ml.
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Then 40 pl of reconstituted crude extracts were
absorbed onto sterile 6 mm discs (Oxoid Antibacterial
Suspectibility Blank Test Discs) under aseptic conditions
to obtain 30 pg extract/disc and dried at 50 °C. Dried
discs were transferred onto plates containing test
organisms with sterile forceps. The control disc contained
40 ml of sterile 10% aqueous DMSO. Agar plates
containing bacteria were incubated at 37 °C for 24 h and
those containing yeast at 27 °C for 48 h. The standard
antibacterial agent Ceftazidime (30 pg/disc) was used as
a positive control for bacteria and the standard
antifungal agent Nystatin (25 upg/disc) was used as the
positive control for yeast. The antimicrobial activity of
each extraction solvent was also tested.

All experiments were done in triplicate.
Test Microorganisms

Escherichia coli ATCC 29998, Escherichia coli ATCC
25922, Escherichia coli ATCC11230, Salmonella
thyphimurium CCM 5445, Enterobacter cloacae ATCC
13047, Enterococcus  faecalis ATCC 29212,
Pseudomonas aeruginosa ATCC 27853, Staphylococcus
aureus ATCC 6538P, Staphylococcus aureus ATCC
29213 and Staphylococcus epidermidis ATCC 12228
were used as bacteria and Candida albicans ATCC 10239
as yeast-like fungi for testing antimicrobial activity.

Lyophilized bacteria and yeast were obtained from the
Standard ATCC bacteria strain and Standard ATCC fungus
strain collection of the Science Faculty of Ege University,
Department of Basic and Industrial Microbiology, Faculty
of Science, Ege University.

Media

The solid growth medium used for bacteria was
Mueller Hinton Agar (Oxoid) and for yeast-like fungi was
Sabouraud Dextrose Agar (Difco).

Results and Discussion

The cytotoxic activity of n-hexane, ethanol, methanol,
ethyl acetate and water extracts of leaves of Ceratonia
siliqua L. was investigated in vitro against the brine
shrimp (Artemia salina). The results are given in Table 1.

The ethanol, methanol, n-hexane and water extracts
showed cytotoxic activity against the brine shrimp. These
extracts were toxic (LCs, < 1000) in the brine shrimp
bioassay. Ethyl acetate extract showed no cytotoxic
activity.



Table 1. Cytoxicity assay of Ceratonia siliqua extracts against
Artemia salina
Extracts Concentration LCso
(ppm) (ppm)

Methanol 1000:100:10 25.7920
n-Hexane 1000:100:10 356.4297
Ethanol 1000:100:10 269.6858
Ethyl acetate 1000:100:10 >1000
Water 1000:100:10 25.7920
Colchicine (Standard) 500:50:5 0.0009
Umbelliferone (Standard) 500:50:5 377.0223

These extracts were even more active than a cytotoxic
substance umbelliferon (8); but all of the tested extracts
were less active than colchicine (9).

Results from the antimicrobial screening tests are
shown in Table 2. The ethanol extract of C. siliqua
inhibited the growth of five of the 10 microorganisms but
had no effect on the growth of Escherichia coli ATCC
29998, Escherichia coli ATCC 25922 Staphylococcus
aureus ATCC 6538P, Enterococcus faecalis ATCC 29212
or Pseudomonas aeruginosa ATCC 27853. Ethyl acetate
and n-hexane extracts of C. siligua were more active
against Enterococcus faecalis ATCC 29212 than

Table 2. Antimicrobial activity of Cerotonia siliqua extracts

B. KIVCAK, T. MERT, H. T. OZTURK

Ceftazidime. However, ethanol, methanol and water
extracts had no effect on the growth of Enterococcus
faecalis ATCC 29212. All the extracts (except for ethanol
extract) inhibited Escherichia coli ATCC 25922.
Furthermore, the antibacterial activity of n-hexane
extract against Escherichia coli ATCC 25922 was similar
to that of Ceftazidime. On the other hand, the growth of
Escherichia coli ATCC 11230 was inhibited by the whole
extracts used in this study. The growth of Escherichia coli
ATCC 29998 was only inhibited by methanol extract.
The growth of Staphylococcus aureus ATCC 29213 and
Staphylococcus epidermidis ATCC 12228 were inhibited
by ethanol, methanol and water extracts. Furthermore,
ethanol, methanol and water extracts inhibited the
growth of C. albicans but n-hexane and ethyl acetate
extracts had no effect on the growth of C. albicans None
the tested extracts showed activity against Pseudomonas
aeroginosa ATCC 27853.

However, the standard antibacterial agent,
Ceftazidime, inhibited the growth of all of tested
microoorganisms but had no effect on the growth of
Candida albicans. On the other hand, the standard
antifungal agent, nystatine, inhibited the growth of
Candida albicans but had no effect on the growth
bacteria. DMSO also did not affect the growth of any
tested microorganisms.

Inhibition Zone (mm)*

Microorganisms A B C D E F G H
Escherichia coli ATCC 29998 7 - 15

Escherichia coli ATCC 25922 13 11 8 7 14

Escherichia coli ATCC 11230 8 7 7 7 7 18

Salmonella typhimirium CCM 5445 7 - - 14
Enterobacter cloacae ATCC 13047 7 - 7 13
Enterococcus faecalis ATCC 29212 13 12 - - 11
Pseudomonas aeruginosa ATCC 27853 - - 22
Staphylococus aureus ATCC 6538P - - 12
Staphylococcus aureus ATCC 29213 7 7 7 13
Staphylococcus epidermidis ATCC 12228 8 7 7 12

Candida albicans ATCC 10239 8 8 8 18

A: Ethanol extract; B: n- Hexane extract; C: Ethyl acetate extract; D: Methanol extract; E: Water extract;

F: Ceftazidime; G: Nystatine; H: Control (DMSO )
*  Includes diameter of disc (6 mm ).
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and

In conclusion, whole extracts, especially n-hexane
ethyl acetate extracts, can be used for protection

against bacteria and fungus in some cases. On the other
hand, the cytotoxic and antimicrobial activity observed on

References

1.

200

Polunin, O., Huxley, A. Flowers of the Mediterranean, Publications
of Chatto and Windos Ltd., London, 1972.

Avallone, R., Plessi, M., Baraldi, M., Monzani, A. Determination of
chemical composition of carob (Ceratonia siliqua): Protein, fat,
carbohydrates, and tannins. Journal of Food Composition and
Analysis, 10, 166-172, 1997.

Baytop, T. Therapy with Medicinal Plants in Turkey (Past and
Present), Publications of the Istanbul University, No:3255,
Istanbul, 1984.

Merzouki, A., Ed-Derfoufi, El-Aallau, A., Molero-mesa, J. Wild
medicinal plants used by local Bouhmed population (Morocco),
Fitoterapia, 68, 444-460, 1997.

Amico, F.P., Sorce, E.G. Medical
in Mussomeli
143-159, 1997.

plants  and phytotherapy
area (Caltanisseta, Sicily, Italy). Fitoterapia, 68,

Dragan, V., Branka, S. Hormone-like effects of sucrose in plant in
vitro cultures. Phyton-Horn., 39, 57-60, 1999.

the tested extracts may provide useful data for the
utilization of cytotoxic and antimicrobial principles of
these extracts.

Maclaughlin, J.L., Chang, C.J., Smith, D.L. in "Studies in Natural
Products Chemistry”, Attaur-Rahman (Ed.), Elsevier Science
Publishers B.V., Amsterdam, Vol. 9, 383-409, 1991.

Jimenez, O.F.A., Molina, G.J.A., Mendoza, P.N., Leon, C.F., Flores
P.B., Santos S.E., Mandoki I.J. Cytostatic activity of coumarin
metabolites and derivatives in the B-16-F-10 murine melanoma
cell line, Melanoma Research, 9, 243-247, 1999.

Lee, K.H. Novel antitumor agents from higher plants. Medicinal
Research Reviews, 19, 569-596, 1999.

Collins, C.M., Lyne, P.M. Microbiological Methods, Butterworths
Co. (Publishers) Ltd. London, 1987.

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

Gur, D. Antibiyotik Duyarlilik Testleri: Antibiyotiklere Direng
Mekanizmalari ve Antibiyotik Duyarlilk Testleri, in E.H. Akalin
(ed), Pfizer llaglan A.S. Kitaplar Serisi, 45-67, istanbul, 1992.



	Antimicrobial and Cytotoxic Activities of Ceratonia siliqua L. Extracts
	Recommended Citation

	Biy.0111-4

