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Abstract 
 

Helichrysum Mill., (Asteraceae) species have been used in folk medicine for thousands of 
years in the world. The In vitro cytotoxic effects in human lymphocytes of 6 Helichrysum taxa used 
in Turkey folk medicine were investigated. Blood samples were obtained from healthy donors, non-
smoking volunteers, which were incubated and exposed to increasing concentrations of methanol 
extracts of Helichrysum taxa (0.01, 0.05, 0.1, 0.5 and 1 mg/mL). According to results, other taxa 
outside H. peshmenianum and H. goulandriorum affected MN rates at high concentrations (0.5 and 
1 mg/mL). However mitotic and replication indexes rates of H. pallasii and H. chionophilum did 
not show a cytotoxic effect.  
 
Introduction  
 

Helichrysum Mill., (Asteraceae) species (popularly known as immortal flower) grow 
wild in Anatolia. They are plants widely used as tea. They are used for the treatment of 
kidney stone, uro-genital and stomach pain, jaundice, diarrhea and asthma (Tabata et al., 
1993; Baytop, 1997). H. pallasii (Spreng.) Ledeb., H. chionophilum Boiss. & Balansa, H. 
plicatum DC. subsp. polyphyllum (Ledeb.) P.H.Davis & Kupicha, H. plicatum DC. subsp. 
pseudoplicatum (Nábĕlek) P.H.Davis & Kupicha, H. peshmenianum Erik and H. 
goulandriorum Georgiadou are aromatic plants. H. chionophilum, H. peshmenianum and 
H. goulandriorum are endemic species of the Turkish flora.  

H. pallasii grows on rocky slopes and steppe at 1700-3660 m altitude (Davis & 
Kupicha, 1975). It is alleged to exhibit activities including antibacterial, antiviral, 
antifungal properties (Aslan et al., 2006). H. chionophilum grows on rocky slopes and 
soils at 1300-2900 m altitude (Davis & Kupicha, 1975). It is alleged to exhibit activity 
including antioxidant effect (Tepe at al., 2005). H. plicatum subsp. polyphyllum grows on 
rocky slopes, steppe and Abies cilicica Carr., forest at 1500-3500 m altitude. H. plicatum 
subsp. pseudoplicatum grows on rocky slopes at 1100-2500 m altitude (Davis & Kupicha, 
1975). H. plicatum is alleged to exhibit activities including antibacterial, antioxidant and 
antidiabetic properties (Erdoğrul et al., 2001; Tepe et al., 2005; Aslan et al., 2007a; Aslan 
et al., 2007b). H. peshmenianum grows on alpine steppe at almost 3000 m altitude. H. 
goulandriorum grows on Pinus forest at 600-900 m altitude (Davis & Kupicha, 1988). 
There isn’t any study regarding bioactive properties of H. peshmenianum and H. 
goulandriorum in literature, because they are endemic species of the Turkish flora. 
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The micronucleus (MN), mitotic index (MI) and replication index (RI) analysis 
methods are cytogenetic tests that are used both In vivo and In vitro. Micronuclei are 
formed as a result of chromosomal non-disjunctions after genotoxic damage and are a 
very sensitive index of genetic damage (Selvendiran et al., 2005). The MI assay is used to 
characterize proliferating cells and to identify compounds that inhibit or induce mitotic 
progression. RI measures cell division kinetics by counting the percent of cells containing 
1, 2, 3 or more nuclei per individual (Holland et al., 2002). 

The present study examined the In vitro cytotoxic effects of the six Helichrysum taxa 
viz., H. pallasii, H. chionophilum, H. plicatum subsp. polyphyllum, H. plicatum subsp. 
pseudoplicatum, H. peshmenianum and H. goulandriorum used in alternative medicine. 
 
Materials and Methods 
 
Collection of plant material: Vernacular names and collection information of the six 
plant species which are individually numbered are listed below: 
 
1. H. pallasii (Immortal flower) - Bayburt: between Bayburt and Aşkale, Kop 

mountain, at 2450-2500 m altitude (40o 00.755 N 40o 29.212 E), 18.VII.2006, 
Hamzaoğlu 4322, Aksoy & Budak. 

 
2. H. chionophilum (Immortal flower) - Kayseri: between Arslantaş plateau and 

Tufanbeyli, 2nd km at 2030 m altitude (38o 22.459 N 36o 11.224 E), 14.VIII.2007, 
Budak 2289, Hamzaoğlu & Aksoy. 

 
3. H. plicatum subsp. polyphyllum (Immortal flower, Gold flower, Plateau flower, Bee 

flower, Fadeless flower) - Adana: between Tufanbeyli and Bakırdağ, Gebzeli 
passage at 1950 m altitude (38o 12.125 N 35o 59.891 E), 07.VII.2007, Hamzaoğlu 
4769, Aksoy & Budak. 

 
4. H. plicatum subsp. pseudoplicatum (Immortal flower, Gold flower, Plateau flower, 

Bee flower, Fadeless flower) - Bitlis: exit of Bitlis to Tatvan at 1180 m altitude (38o 

26.323 N 42o 08.114 E), 31.VII.2007, Budak 2223, Hamzaoğlu & Aksoy. 
 
5. H. peshmenianum (Immortal flower, Yellow flower) - Niğde: Ulukışla, Yazıgöl 

plateau at 2700 m altitude (37o 22.685 N 34o 27.323 E), 17.VII.2007, Budak 2177, 
Hamzaoğlu & Aksoy. 

 
6. H. goulandriorum (Immortal flower, Yellow flower) - Kahramanmaraş: Kazıma 

bağları at 915 m altitude (37o 37.340 N 36o 50.304 E), 07.VII.2007, Hamzaoğlu 
4761, Aksoy & Budak. 
 
Ergin Hamzaoğlu, Ahmet Aksoy and Ümit Budak authenticated the plant material. 

Voucher specimens have been deposited at the Herbarium of the Department of Biology, 
Bozok University, Yozgat, Turkey. 
 
Preparation methanol extracts: Dried plants at room temperature were ground to 
powder with a grinder. Then the powdered plant materials (10 g) were extracted in a 
Soxhlet extractor with 100 mL methanol (MeOH) at 60ºC for 6 h. The extracts were 
filtered and concentrated to dryness under reduced pressure at 40ºC with a rotary 
evaporator. Finally, the extracts were kept at +4ºC until tested.  
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Chemicals: Peripheral blood (PB) karyotyping medium (Biological Industries), colcemid 
(Sigma) and giemsa stain (Merck) were used in peripheral blood culture. PB karyotyping 
Medium is based on RPMI-1640 basal medium supplemented with L-glutamine, foetal 
bovine serum, antibiotics (gentamycin) and phytohemagglutinin (PHA-M).  
 
Human lymphocyte cultures and cell harvesting: After obtaining approval from Local 
Ethic Committee, heparinized blood samples (0.4 mL), obtained from six healthy donors, 
were placed in sterile culture tubes containing 5 mL of PB karyotyping medium. Then, 
methanol extracts were added to obtain the five final concentrations (0.01, 0.05, 0.1, 0.5 
and 1 mg/mL). After mixing the contents of each culture tube by gently inverting them a 
few times, the culture tubes were incubated at a slanted position at 37°C for 72 h. After a 
culture period of 70 h, 0.1 mL colcemid solution (10 µg/mL) was added to each culture 
tube and mixed by shaking gently. After incubation of 72 h, cells were harvested by 
centrifugation, given hypotonic treatment (0.075 M KCl) and fixed in fresh fixative 
solution (methanol:acetic acid, 3:1). This fixation step was repeated three times. Slides 
were air-dried and stained with giemsa (Ozkul et al., 2005). 
 
Staining and examination of micronucleus: The method used by Ozkul et al., (2005) 
for staining of MN was followed. The slides were randomized and scored by a single 
observer. From each slide, about 500 cells were examined under 600 magnification, and 
when MN cells were located they were examined under 1000 magnification. The criteria 
suggested by Scarpato & Migliore (1996) for recognizing micronuclei were followed. 
Dead or degenerating cells were excluded from evaluation. Nuclear blobbing (MN-like 
structure connected with the main nucleus with a bridge) were not considered. Only 
micronuclei equal to or smaller than one-fifth of the main nucleus were assumed to have 
resulted from chromosome breakage and were considered. Multimicronucleated cells 
were also scored but not included in the evaluation of MN frequency. 
 
Examination of mitotic index: MI was calculated as the proportion of metaphase for 
2000 cells in each donor and concentration.  
 
Examination of replication index: A total of 500 cells were scored for the 
determination of the RI. RI was calculated by use of the following formula: RI = (1xM1 
+ 2xM2 + 3xM3)/500, where M1, M2 and M3 are the cells containing 1, 2, 3 or more 
nuclei (Eke & Çelik, 2008). 
 
Statistical analysis: The computer software program SPSS 10.0 was used to analyze the 
data. The statistical significance of the effects of Helichrysum taxa on MN, MI and RI 
was tested by repeated measures of analysis of variance (ANOVA) and differences 
between groups were determined by the least significant differences (LSD) test with 
p<0.05 and p<0.01 considered significant. 
 
Results 
 
Micronucleus (MN) test: The results of MN test are given in Table 1. When MN 
formation was analyzed after treatment with different concentrations of methanol extracts 
of H. pallasii, H. chionophilum, H. plicatum subsp. polyphyllum, H. plicatum subsp. 
pseudoplicatum, significant changes in the percentage of MN were detected (0.5 mg/mL; 
p<0.05 and p<0.01). H. peshmenianum and H. goulandriorum did not induce any change 
in MN frequencies (p>0.05 and p>0.01). 
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Mitotic index (MI): When the potential cytotoxicity of the extracts on lymphocyte 
cultures was analyzed through MI evaluation, a significant decrease was found for H. 
plicatum subsp. polyphyllum, H. plicatum subsp. pseudoplicatum, H. goulandriorum (0.5 
mg/mL; p<0.05 and p<0.01) and a significant increase was found for H. peshmenianum 
(0.05 mg/mL; p<0.05 and p<0.01). A cytotoxic effect was not observed for H. pallasii, H. 
chionophilum (p>0.05 and p>0.01) (Table 2). 
 
3.3. Replication index (RI): When RI was studied, no modifications could be detected 
for H. chionophilum (p>0.05 and p>0.01). As shown in Table 3, changes in RI reflecting 
cytotoxic effects were observed for H. pallasii, H. plicatum subsp. polyphyllum (0.5 
mg/mL; p<0.05 and p<0.01), H. plicatum subsp. pseudoplicatum, H. goulandriorum (0.5 
mg/mL; p<0.05) and H. peshmenianum (0.05 mg/mL; p<0.05 and p<0.01). 
 
Discussion 
 

Helichrysum species have been used in folk medicine for thousands of years in the 
world (especially H. plicatum in Turkey). There are few reports in literature about the 
genotoxic, cytotoxic and mutagenic effects of Helichrysum species. There is not any 
report about cytotoxic effects of Helichrysum taxa used this study. For this reason, it is 
important to determine cytotoxic effects of these taxa. 

There are many factors affecting the MN frequency in lymphocytes: age, gender, 
smoking and alcohol consumption, viral infection, X and gamma ray exposures (Müller, 
1996). In this study, donors neither smoking nor drinking alcohol were included. They 
were not exposed to X and gamma ray and had no viral infection. An increase in MN 
may result from interactions of a great variety of cytotoxic and genotoxic agents with 
DNA. MN is an extremely valuable and highly relevant endpoint for the detection of 
potential carcinogens. Our results show an increase in the percentage of MN (Table 1), 
suggesting a strong interaction between extracts of H. pallasii, H. chionophilum, H. 
plicatum subsp. polyphyllum, H. plicatum subsp. pseudoplicatum and DNA, which could 
be responsible for the observed cytotoxicity. There are no significant effects on MN 
frequency of H. peshmenianum and H. goulandriorum. 

MI and RI are used as indicators of adequate cell proliferation biomarkers. MI 
measures the proportion of cells in the M-phase of the cell cycle and its inhibition could be 
considered as cellular death or delay in the cell proliferation kinetics (Rojas et al., 1993). 
MI frequencies and RI values decreased with increasing extracts of H. pallasii, H. plicatum 
subsp. polyphyllum, H. plicatum subsp. pseudoplicatum, H. goulandriorum. This state can 
explain with two different mechanisms: cellular death and decreasing of cell divisions. The 
results point to cytotoxic as well as antiproliferative effects and suggest that extracts of 
these species exhibit cytotoxic as well as antimitotic and possibly anticarcinogenic 
properties. A negative correlation was observed between MN induction and cell 
proliferation; the higher the MN frequency detected in exposed individuals, the lower the 
values of nuclear division progression expressed as RI. This may mean that cells with 
greater chromosomal damage may die before cell division or may be less capable to enter 
this phase (Santos-Mello et al., 1974). Multiple MN as the result of the loss of large part of 
the genome impairs or even prevents cell division (Nath & Ong, 1990). 
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In the present study, we found that H. plicatum subsp. polyphyllum and H. plicatum 
subsp. pseudoplicatum using in alternative medicine induced MN, decreased MI and RI 
in human lymphocytes. In our opinion, they should not be used in high quantities in the 
general population because of their genotoxic and cytotoxic properties. They cause 
indeed chromosomal damage (an increase in MN) and cell death (decrease in MI and RI). 
The decrease in cell proliferation may indicate that these taxa may also act as an 
antimitotic and anticarcinogenic agent. Further studies are needed to determine the effects 
of main bioactive components isolated from these six taxa on MN, MI and RI. 
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