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Introduction
Cotinus coggygria Scop. (Rhus Cotinus L). (smoke tree, 

family Anacardiaceae) is a widely distributed shrub. Its area 
extends from, the Mediterranean, Moldova and the Cauca-
sus, to central China and the Himalayas [1]. In recent ethno-
pharmacology, it is used for counteringdiarrhea, paradonto-
sis, and gastric and duodenalulcers [2], healing skin disorders 
[3] or as mouth wash [4]. When testing antibacterial capacity 
of home-made mouthwash from C. coggygria, Ferazzano, et 
al. [5] demonstrated strong antimicrobial activity against se-
lected oral pathogenic bacterial strains such as Streptococcus 
sobrinus or S. mutans. In vitro studies have proven its antibac-
terial capacity against pathogenic bacteria such as Staphylo-
coccus aureus [6].

Total phenols, flavonoids and tannins were determined 
as the main group of biologically active compounds in eth-
yl-acetate and methanol extracts of various parts of the plant 
[7]. There are studies available reporting on the direct geno-
toxic effect of tannins [8]. Although C. coggygria has been 
long used as a medicinal herb, its potential genotoxicity has 
only recently been addressed [9,10]. While in recent decades 
there has been a growing public interest in the use of herbs 
and herbal medicinal products both in developing and devel-
oped countries, the toxicity of several traditional medicinal 
herbs has not been completely and comprehensively evalu-
ated. Sponchiado, et al. [11] for example discuss that some 
plants frequently used in folk medicine have already proven 

potentially genotoxic requiring the evaluation of genotoxici-
ty. As such, the aim of the study was to assess the genotoxic 
potential of C. coggygria aqueous extract using the mussel 
micronucleus test (MNT). This test is based on the forma-
tion of micronuclei which indicates chromosomal DNA dam-
age occurring as a result of either chromosome breakage or 
chromosome mis-segregation during mitosis [12]. The test is 
cost-efficient, easy-to-perform and found sensitive to tannins 
or plant extracts with high tannin content in genotoxicologi-
cal studies [13,14].

Material and Methods
C. coggygria sample was collected in July in the Pécse-

ly-basin, karstic region of the Balaton Highlands, West of Hun-
gary. Leaves were air-dried for 3 days at room temperature 
(20-24 °C). For the preparation of aqueous extracts, 60 grams 
of air-dried leaves were extracted with 1000 ml of deionised 
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Abstract
Introduction: Cotinus coggygria Scop. is widely used in ethnopharmacology such as antiseptic, anti-inflammatory, 
antimicrobial, hepatoprotective, as well as for countering diarrhea, gastric and duodenal ulcers. Total phenols, flavonoids 
and tannins were determined as the main group of biologically active compounds. Tannins, however, have proven 
mutagenic in different studies. Also, methanol extract of C. coggygria induced sex-linked recessive lethal mutations on 
the X-chromosome of Drosophila melanogaster males.

Materials and methods: In our study, genotoxic potential of aqueous extract of C. coggygria leaves was assessed using 
the mussel micronucleus test. The test is based on the formation of micronuclei which indicates chromosomal DNA 
damage occurring as a result of either chromosome breakage or chromosome mis-segregation during mitosis. It is an 
easy-to-perform test which has proven sensitive to tannins or tannin containing extracts.

Results and conclusions: The aqueous extract had high hydrolysable tannin content but did not elucidate significant 
mutagenic effect. Our result might give an indication on the safe use of the plant.
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microscope slide and allowed to dry. Slides were fixed in 80% 
methanol, air dried and stained with 5% Giemsa in distilled 
water for 20  minutes. Photos were taken by a Zeiss Axio 
Scope A1 microscope with an Axio Cam ICC1 camera and Zen 
2011 program at 400 × magnification. 1000 cells/specimen 
were counted, micronuclei (MN) were identified according 
to Bolognesi and Fenech [12]. Robust ANOVA of Welch with 
Tamahane T2 post hoc test was used to compare the mean 
MN numbers between the treatments. The difference in 
mean MN numbers of control and C. coggygria extract was 
determined using Students t-test.

Total tannin concentration was determined from air dried 
plant material [15]. Finely ground plant material (100 mg) 
was extracted with 5 ml of 70% acetone, after 1 hour 0.5 ml 
of supernatant was collected, and 0.5 ml distilled water was 
added. Then 5 ml of Na2CO3 2% w/v (in 0.1 N NaOH), and after 
5 min 0.5 ml Folin-Ciocalteu reagent was added. After 120 
min absorbance was measured at 760 nm.

Hydrolysed tannin concentration was determined from 
aqueous extracts [16]. 50 ml extract (1 g/l) was mixed with 
1 ml Folin-phenol reagent and 10 ml carbonate- tartrate. 30 
min at 4 °C was allowed for colour development. Absorbance 
was measured at 700 nm. In both measurements tannic acid 
solutions were used as standards.

Results and Discussions
Total tannin and hydrolysable tannin content of the dried 

water by shaking for 24 h at room temperature.

In the micronucleus test, Unio pictorum (painter’s mussel) 
specimens with length of 5-8 cm were used. Mussels were 
collected in Lake Balaton (Hungary) and were acclimatized for 
1 month prior to the test. During acclimatisation, they were 
kept in a flow-through aquarium at the facility of the Balaton 
Limnological Research Centre. In the flow-through aquarium, 
Lake Balaton water was used, therefore continuous food 
supply was also provided.

Treatments were performed in aquaria of 3l volume, in 3 
replicates. Each aquarium contained 10 specimens. Aquaria 
were aerated during the experiment; temperature was set at 
22 °C). In the first experiment, 6 g/l concentration was used, 
but this concentration proved to be lethal. Further on, 1 g/l 
and 0.1 g/l concentrations were applied.

Exposure was 4 days. As in our previous tests plant 
extracts proved to be highly degradable [14], semi-static test 
was conducted: Sample was renewed after 2 days. After the 
pre-set exposure, haemolymph was taken from the posterior 
adductor. 1 ml of haemolymph was mixed with 0.3 ml 10% 
acetic acid in methanol as a fixative and centrifuged at 
1000  rpm for 5  minutes. The supernatant was discarded 
and the rest was fixed in 1 ml 80% ethanol. This ensures 
that the sample can be kept refrigerated for several weeks. 
When processing the samples, refrigerated samples are 
centrifuged again at 1000  rpm for 5  minutes. For assessing 
the micronucleus ratio, the sample was smeared onto a 
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Figure 1: Number of micronuclei per 1000 cells, in different concentration of the aqueous extract of C. coggygria.
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aerial part was 150.03 mg/g and 66.35 mg/g, respectively. 
However, aqueous extract of C. coggygria had no significant 
micronuclei induction, number of micronuclei/1000 cells 
was 2.1 in the control, 1.8 in the 0.1 g/l and 3.3 in the 1 g/l 
extract (Welch-ANOVA: df = 2, F = 1.3424, p = 0.2787, t-test: 
p = 0.8655 between the control and the 0.1 g/l, p  =  0.112 
between the control and the 1 g/l and p = 0.0697 between 
the 0.1 g/l and the 1 g/l concentration) (Figure 1).

It has been reported that methanol extract of C. coggygria 
in a concentration of 5% was clearly genotoxic, inducing 
sex-linked recessive lethal mutations on the X-chromosome 
of Drosophila melanogaster males [9,10]. On the other 
hand, post-treatment with lower concentration (2%) of the 
methanol extract was effective in reducing genotoxicity [10]. 
Drosophila melanogaster has been widely used in a number 
of studies on genotoxicity of various compounds, including 
plant extracts, due to the similarity of metabolic pathways 
between Drosophila and mammals [17].

Similar pattern was experienced by Labieniec, et al. [13], 
using U. tumidus as test organism. It was demonstrated that 
tannin concentrations of 1 and 5 µM significantly decreased 
the amount of lesions induced by H2O2 while higher 
concentrations triggered single strand breaks in the DNA of 
the digestive gland of the mussels. Similar concentration-
dependency was reported in a further study [8]. Azqueta and 
Collins [18] in their review discuss the effect of polyphenols 
and conclude that in general, while low concentrations can 
decrease DNA damage, high concentrations might themselves 
induce DNA damage. It should be noted, however, that all the 
above mentioned studies used methanol extract; therefore 
no data are available on the potential genotoxicity of the 
aqueous extract of C. coggygria.

Conclusion
The World Health Organisation [19] recommends the 

safety monitoring of herbal medicines/traditional medicines. 
In our study aqueous extract was used, somewhat mimicking 
the mode of preparation when C. coggygria is used as a tea or 
infusion. Our result might give an indication on the safe use 
of the plant.
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