Ankara Ecz. Fak. Derg. J. Fac. Pharm, Ankara
35(2) 103 - 109, 2006 35(2) 103 - 109, 2006

EVALUATION OF THE ANTIBACTERIAL ACTIVITY AND TOXICITY OF
ISOLATED ARCTIIN FROM THE SEEDS OF CENTAUREA SCLEROLEPIS

CENTAUREA SCLEROLEPIS TOHUMLARINDAN iZOLE EDILEN ARCTIIN’IN
ANTIBAKTERIYEL AKTIVITESI ILE TOKSISITESININ ARASTIRILMASI

Muhittin ARSLANYOLU" F. Zerrin ERDEMGIL’
' Anadolu University, Faculty of Sciences, Department of Biology, Yunusemre Campus,
26470 Eskisehir, TURKEY.

?Anadolu University, Plant, Drug and Scientific Research Center (AUBIBAM), Yunusemre
Campus — 26470 Eskigsehir TURKEY

ABSTRACT

A well known anti-cancer lignan arctiin has not been studied for its antibacterial activity based on
our literature search. In the present work, the antibacterial and general toxicity of the arctiin from the seeds
of Centaurea sclerolepis is studied. Arctiin did not show any significant antibacterial activity against both
Gram-positive and Gram-negative bacteria when compared with the positive control agent
chloramphenicole. According to results obtained from brine shrimp lethality bioassay, arctiin is non-toxic to
brine shrimp nauplii at the concentrations below/equal to 1000 ug/ml. The results of this study may help

\future studies to promote the development of arctiin as an anticancer drug.
Keywords: Centaurea sclerolepis, Asteraceae, arctiin, brine shrimp lethality bioassay

OZET

Antikanser aktivitesi oldukga iyi bilinen ve bir lignan olan arctiinin yapilan literature taramasinda
antibakteriyel aktivitesini bildiren herhangibir ¢alismaya rastlanmamistir. Bu c¢alismada Centaurea
sclerolepis’in tohumlarindan saf olarak elde edilmis arctiin maddesinin antibakteriyel aktivitesi ve genel
toksisitesi ¢alisilmigtir. Pozitif kontrol kloramfenikol’e gore karsilastirilmast yapildiginda; Gram-negatif ve

Gram porzitif bakterilere karst arctiin’in 6nemli bir antibakteriyel etkiye sahip olmadigi tespit edilmistir.
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Brine shrimp letalite deney sonucglarina gore ise arctiin brine shrimp’e karsi 1000 ug/ml esit veya asagi
degerlerde toksik degildir. Bu ¢alismanin sonuglart arctiin’in antikanser ilag olarak gelistirilmesi yoniinde

vapilacak arastirmalari destekleyebilir.

Anahtar kelimeler: Centaurea sclerolepis, Asteraceae, arctiin, brine shrimp toksisite testi

INTRODUCTION

The genus Centaurea L. (Family: Asteraceae) comprises approximately of 500 species
distributed in Asia, Europe, North Africa and America (1,2). Anatolian peninsula has about 187
Centaurea species, 114 of them being endemic, as aggressively invading weeds (3, 4, 5). Some of
the Centaurea species have been used as Turkish folk medicine for the treatment of peptic ulser,
malaria, common cold, stomach upset, abdominal pain and herpes infections around lips (6). The
constituents of Centaurea are mainly terpenoids, flavonoids, acetylenic compounds and lignans (7,

8).

Centaurea sclerolepis is an endemic species distributed in Eastern Anatolian regions of
Turkey (3). Recently, the isolation, purification and chemical structural analysis of chemical
constituents from C. sclerolepis has yielded one steroidal glucoside and two lignans (arctiin and
matairesinoside) from the seeds of this plant (9). Arctiin has been found in number of Centaurea
species (Centaurea alexandria, C. melitensis, C. sphaerocephala ssp. polyacantha, C. dealbata, C.
nigra, C. schischkinii) as well as Forsythia intermedia, Carduus micropterus, Arctium lappa (10,
11, 12) and it has been shown to influence sex hormone metabolism, protein and steroid
biosynthesis. Arctiin has also cytotoxic activity against mammary, colon and pancreatic tumors as
well as mouse skin tumors. However, arctiin does not have antiproliferative or cytotoxic effects in

prostate cancer PC-3 cells (13, 14, 15).

There is no study concerning the evaluation of antibacterial activity and general cytotoxicity
of arctiin compound in current literature. In this study, isolated pure arctiin compound from the
seeds of C. sclerolepis (9) assessed for antibacterial activity and general toxicity with brine shrimp

lethality bioassay.

MATERIAL AND METHODS
Plant Material

The seeds of Centaurea screlopis were collected from East Anatolia, Turkey (B8 Mus, Mus-
Bingol, near Solhan, 1390 m, 38° 57° N, 41° 02’ E) in July 2003 by Dr. Sezgin Celik. Voucher
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specimens deposited at the Department of Biology with voucher no.Celik 1984, Canakkale Onsekiz
Mart University, Canakkale, Turkey.

Extraction and Isolation

The seeds (64 g) of the plant were extracted with methanol and then the extract yielded the
known dibenzylbutyrrolactone lignan (-)-arctiin  as compound 1 after repeated column
chromatography on silica gel followed by preparative TLC and semi preparative RP-HPLC.
Arctiin identified by comparison of their spectral data and optical rotation values with the data
reported in the literature. Arctiin was obtained in very high yield in a pure form (1.6%) as
described by Erdemgil et al. (2006). The isolated arctiin was then used in this study for the

bioactivity characterization.
Antibacterial microdilution broth assay

Antimicrobial activity of arctiin was tested using the 96-well micro-plate-based broth
dilution method (15). Tested microorganism strains; Staphylococcus aureus (B-767), Escherichia
coli (B-3704), Bacillus cereus (NRRL B-3711), Micrococcus Iluteus (NRRL B-4375), and
Pseudomonas aeroginosa (NRRL B-23) were obtained from Anadolu University, the Department
of Biology, Microorganism Culture Collection, Eskisehir/Turkey. Bacterial suspensions were
prepared (20 pl) in double strength nutrient broth at the concentration of 5 x 10° CFU/ml. The test
compound was dissolved in DMSO to obtain the stock concentration of 1000 ug/ml. The stock
solution was diluted in serials of %2 (1000 pg/ml-0.48 pg/ml). After the experimental set up is
finished, the plates were incubated at 37°C for 24 hours. Whereas the same amounts of DMSO
dilution serial were used as control, chloramphenicole was used as antimicrobial positive control
drug. After the determination of the minimum inhibitory concentrations (MIC) of the compound, it

was compared with that of chloramphenicole (Table 1). All tests were tripled.
Brine shrimp lethality assay

Bioactive compounds are often toxic to shrimp larvae (Artemia salina); therefore, Brine
Shrimp Lethality Assay is in use to monitor different chemicals’ in vivo lethality to shrimp larvae
(16, 17, 18, 19). It is known that, A. salina toxicity test results have a correlation with rodent and
human acute oral toxicity data. Generally, a good correlation was obtained between A. salina
toxicity test and the rodent data. Likewise, the predictive screening potential of the aquatic
invertebrate tests for acute oral toxicity in human, including A. salina toxicity test, was slightly
better than the rat test for test compounds (20). The method of Meyer et al. (1982) was used to

study of the general toxicity of the arctiin compound. Test compound was dissolved in DMSO to



106 Muhittin ARSLANYOLU, F. Zerrin ERDEMGIL

obtain the stock concentration of 1000 pg/ml. The stock solution was diluted in serials of /2 (1000
ng/ml-0.48 ug/ml) (19). Choudhary er al.(2001) suggested that the compound should be prepared
by dissolving in DMSO in the suggested maximum volume range of 2 % to prevent possible false
effects originated from DMSQ’s toxicity to the experimental results. Pure DMSO was used as a
positive control for the toxicity assay (data not shown). Fresh eggs of brine shrimp (Artemia salina)
purchased from the local pet shop, Eskisehir/Turkey. The eggs hatched in a conical flask containing
300 ml artificial seawater made by dissolving a commercial marine salt in deionised water. The
flasks were well aerated with the aid of an air pump, and kept in a water bath at 29-30°C. The
nauplii hatched within 48 h. Ten nauplii were transferred with pipetter into each vial containing test
compound and artificial sea water. A check count performed after 24 h of exposure at room
temperature and the number of alive nauplii was noted. The each concentration of arctiin was tested
in  three-repeated  experiments. Results were  analyzed with LCsy  program
(http://www.cee.odu.edu/model/lc50.php) to determine LCs, values with 95% confidence interval

(Table 2) (20, 23).

RESULTS AND DISCUSSION

In the present work, the antibacterial and general toxicity with brine shrimp lethality
bioassay of the arctiin from the seeds of C. sclerolepis has been studied. Although arctiin has a
well-known anti-cancer activity, there is no known literature report concerning its antibacterial
activity but only one report available about its general toxicity (14). According to the obtained MIC
values, it is clear that arctiin’s antibacterial activity against bacteria is lower than the positive
control chloramphenicole. Whereas arctiin has activity between the ranges of 62,5 — 250 ug/ml
against both Gram-positive (S. aureus, M. luteus, B. cereus) and Gram-negative (E. coli, P.
aeroginosa) bacteria, the positive control chloramphenicole was more effective within the ranges
of 31,25 — 125 pg/ml (Table 1). Bacterial growth was inhibited by arctiin in the safe toxicity
ranges. Arctiin is reported to be transformed by human and rat intestinal bacteria to different
metabolites such as (-)-arctigenin, (-)-enterolactone and butyrolactone derivatives (21). It is
possible to assume that studied bacteria may transform the arctiin into compounds with no
antibacterial activity. However, the low antibacterial activity against five bacteria, which were used
in our experiment, needs to be studied further to investigate whether or not biotransformation of

arctiin is the real mechanism underlying for antibacterial activity observed.
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Table 1. Results of antibacterial activity* (MIC values) of arctiin derived from Centaurea sclerolepis

E. coli |P. eroginosa |M. luteus |B. cereus |S. aureus

Arctiin (ng/ml) 125 250 62,5 125 250
Chloramphenicole (ug/ml) |62,5 125 31,25 31,25 125
DMSO - - - - -

*MIC values are the average of results from three repeated experiments.

Table 2. Results of brine shrimp lethality bioassay on arctiin derived from Centaurea sclerolepis . Each

dose was tripled. Pure DMSO was used as a positive control for the toxicity assay and the positive control

assay resulted with 100 % mortality (data not shown).

Arctiin 2%
1000 | 500 250 | 125 62,5 | 31,25 | 15,62 | 7,81 | 3,9 | 1,95 | 0,97 | 0,48
(pg/ml) DMSO
Mortality | 3 2 1 1 0 0 0 0 0 |0 0 0 0
Non-
Toxicity | Non-toxic )
toxic

In our experiment, different concentrations (1000 pg/ml - 0,48 pg/ml) of arctiin did not show
any toxic effect against shrimp larvae (LCsy> 1000 pg/ml) (Table 2). The result of this study seems
to be in good agreement with that of Centaurea schischkinii (14). Its well known fact that
anticancer drug’s therapeutic doses may produce toxic side effects due to their cytotoxicity and
poor selectivity between target and normal cells. Even though arctiin does not have any cytotoxic
effect especially to prostate cancer PC-3 human cell line, arctiin was shown to have strong anti-
tumor activity (13, 22). It is an interesting point to be noted that a well-known anticancer agent

arctiin is also found to be non-toxic as well.

In conclusion, this study underlines that arctiin have slight antibacterial activity as well as
general toxicity. Additionally, the lack of general toxicity based on the brine shrimp assay may

further support the anticancer therapeutic potential of arctiin (22).
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