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Abstract: The aim of this study was to investigation of in vitro cytotoxic and genotoxic effects of infusion
and decoction aqueous extracts obtained from Rosmarinus officinalis, Lavandula stoechas L. and Tilia
cordata Mill. on human peripheral blood lymphocytes.

For this purpose, lymphocytes taken from 3 females, were treated with aqueous extracts of R. officinalis (1.5
and 3 mg/ml), L. stoechas (0,4 and 1,2 mg/ml) and T. cordata (1 mg/ml and 3 mg/ml) for 48 hours. PBS was
used as negative control and Mitomycin C (MMC) (0,25 pg/ml) was used as positive control in experiments.
Cytotoxic effect of extracts on lymphocytes was determined by calculating mitotic index. Also, chromosome
aberrations micronucleus formations were determined.

All extracts considerably decreased the cell division in lymphocytes depending on the increased concentration
in comparison with control groups (p<0,01). Also cells in metaphase decreased. Thus, no chromosomal
aberration was observed in lymphocytes. However, extract treatments induced the formation of micronucleus
in lymphocytes when compared to control groups (p<0,01). 3 mg/ml decoction extracts of L. stoechas and T.
cordata showed the highest cytotoxic effect on lymphocytes, and the highest genotoxic effect appeared after
48 h treatment with 1.2 mg/ml decoction extract of L. stoechas.

Keywords: Cytotoxic effect, genotoxic effect, human peripheral lymphocytes, Lavandula stoechas,
Rosmarinus officinalis, Tilia cordata

Rosmarinus officinalis L., Lavandula stoechas L. and Tilia co“rdata Mill.
Sulu Ekstrelerinin in vitro Insan Periferal Kan Lenfositleri Uzerindeki
Sitotoksik ve Genotoksik Etkileri

Ozet: Bu calismanin amaci Rosmarinus officinalis, Lavandula stoechas L. ve Tilia cordata Mill'den elde
edilen sulu ekstrelerin (infiizyon ve dekoksiyon), insan periferal kan lenfositleri izerindeki in vitro sitotoksik
ve genotoksik etkisinin arastirilmasidir.

Bu amagla, 3 kadindan alinan lenfositler, R. officinalis (1.5 ve 3 mg / ml), L. stoechas (0,4 ve 1,2 mg/ ml) ve
T. cordata (1 mg / ml ve 3 mg / ml) sulu ekstreleri ile 48 saat siireyle muamele edilmistir. Denemelerde PBS
negatif kontrol olarak, Mitomisin C (MMC) (0,25 pg / ml) ise pozitif kontrol olarak kullanilmistir. Ekstrelerin
lenfositlerdeki sitotoksik etkisi, mitotik indeks hesaplanarak belirlenmistir. Ayrica, lenfositlerideki kromozom
aberasyonlar1 ve mikronukleus olusumlari da belirlenmistir.

Deneyde kullanilan sulu ekstreler, kontrol gruplarina kiyasla konsantrasyon artigina bagl olarak, periferal
lenfosit hiicrelerinde bdliinmeyi énemli dlglide azaltmigtir (p <0,01). Yine, metafazdaki hiicrelerin sayist da
azalmistir. Bu nedenle, periferal lenfositlerde kromozom incelemesi yapilamamistir. Bununla birlikte, sulu
ekstre muameleleri periferal lenfositlerde kontrol gruplarina kiyasla mikronukleus olusumuna neden olmiustur
(p <0,01).
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L. stoechas ve T. cordata’min 3 mg / ml dekoksiyon ekstreleri, 48 saatlik muameleden sonra lenfositler
tizerinde en yiiksek sitotoksik etkiyi gostermistir. En yiiksek genotoksik etki ise 1.2 mg / ml L. stoechas

dekoksiyon ekstresi ile muameleden sonra ortaya ¢ikmustir.

Anahtar Kelimeler: Sitotoksik etki, genotoksik etki, insan periferal kan lenfositleri, Lavandula stoechas,

Rosmarinus officinalis, Tilia cordata

1. INTRODUCTION

Medicinal plants have always played an important
role in the treatment of human diseases all over
the world. Bioactive components of medicinal
plants are important for discovering new drugs
such as chemotherapeutics [1, 2]. According to
ethnomedicinal uses, some plant compounds are
used in therapies for different widespread
diseases, including cancer. However,
unconsciously and excessive usage of medicinal
plants can cause poisoning and death in human
and animals.

Rosmarinus officinalis L. belongs to Lamiaceae
(Labiatea) family and commonly referred to as
rosemary. Rosemary has antibacterial [3,4],
effective chemo preventive and antimutagenic
properties [5]. It has also been reported that
extracts of this plant have anti-carcinogenic,
cognition-improving and certain glucose level

lowering properties, hepatoprotective,
antidiabetic, antioxidant, antiproliferative,
antiviral, antimicrobial, antinociceptive and

antidepressant, among others [6,7]. It has been
previously reported that rosemary extracts and
their components show inhibitory effects on the
growth of breast, liver, prostate, lung and
leukemia cancer cells and represses the initiation
and promotion of tumorigenesis of melanoma and
glioma in animal models [8]. Rosemary have also
andioxidant capacity due to the presence of
phenolic subtances such as carnosol, rosmanol,
carnosic acid, methyl carnosate, rosmarinic and
caffeic acids [9].

Tilia cordata Mill. (Lime tree, Linden) is a tall
deciduous tree native throughout Europe as far
north as 65 in latitude, which can grow to heights
approaching to 30 metres. It is found in the wild
and purposely planted in gardens. It is also

cultivated in Europe and North America while the
material of commerce originates mainly from
Balkan countries such as Bulgaria, Romania,
former Yugoslavia, Turkey and in part from China
[10].

The lime flowers have been used as a diaphoretic
to promote perspiration, tranquiliser and to treat
headaches, indigestion and diarrhoea, chills,
bronchitis, fever, inflammations and influenza
infections. Traditionally lime flowers were added
to baths to quell hysteria and steeped as a tea to
relieve  anxiety-related  indigestion,  heart
palpitation and vomiting [11, 12,13].

Lavandula is an important member of Labiatae
(Lamiaceae) family. Lavandula species are
widely distributed in the Mediterranean region
and cultivated in France, Spain and Italy. In
Turkey mainly two species, L. angustifolia and
L. stoechas and their subspecies and hybrid
forms grow wildly or they are cultivated [14,15].
L. stoechas is known as French lavender [16] and
it is used for various diseases of central nervous
system (epilepsy and migraine), treatment of
wounds, reduce to blood sugar, as antispasmodic,
antiseptic, antimicrobial, sedative, diuretic and
analgesic [17-19]. Several essential oils from
Lavandula have been reported to possess
antinociceptive, gastroprotective, anti-
inflammatory, analgesic, antiplatelet,
antithrombotic, and antifeedant effects [20],
neuroprotective, antioxidant, anti-cholinesterase,
anticonvulsant, sedative, antidepressant and
antispasmodic properties [21]. Lavandula
species contain different secondary metabolites,
such as monoterpenes, diterpenes, sesquiterpenes
[20-22] and phenolic compounds such as
flavonoids, phenolic acids, coumarins, tannins
[23].
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Determination of the potential genotoxic effect of
a chemical substance is possible with short-term
genotoxicity tests such as Chromosome
Aberration (CA) [24, 25], mitotic index (MI),
sister chromatid exchange (SCD) [26], and
micronucleus (MN) tests [27,28, 29]. The mitotic
index (MI) is used as a biomarker of cell
proliferation and measures the proportion of cells
in the M-phase of the cell cycle. The decrease or
inhibition of MI is assessed as a delay in cell
death or cell proliferation kinetics [30,31]. High
CA frequency may be an indication of high cancer
risk, regardless of the reason for initiating CA
increase because it has been reported that CA
formation may also result from incorrect repair of
chain fractures in DNA [32-34,35].

R. officinalis, L. stoechas, and T. cordata have
been used to alternative medicine for many years
in Turkey [18]. Their increasing use in recent
years is clear evidence of public interest in having
alternatives to conventional medicine. Although
numerous studies are present about various effects
of these plants, there are very few studies
reporting the cytotoxic and genotoxic effects of
them on human lymphocyte cells. The aim of this
study is to investigate the cytotoxic and genotoxic
effects of aqueous extracts from rosemary
Rosmarinus officinalis L., Lavandula stoechas L.
Tilia cordata Mill. on human peripheral
lymphocytes

2. MATERIAL and METHODS
2.1 Plant Material

In this study, human peripheral blood was used as
a test system and Lavandula stoechas L (French
lavander), Rosmarinus officinalis L (Rosemary),
and Tilia cordata Mill (Lime) were used as a test
substance. Aerial parts of Lavandula stoechas L
(French lavander) were collected from Aydin-
Cine Dam Area (Aydin, Turkey), at the flowering
stage, in April 2006, Rosmarinus officinalis L
(Rosemary) were collected from Adnan Menderes
University, Central Campus Road (Aydin,
Turkey), in March 2007, and Tilia cordata Mill
(Lime) was purchased in August 2007 from a
local market. Plant identification was carried out

by Dr. Ozkan Eren and Dr. Mesut Kirmac1 who
are botanist at Adnan Menderes University,
Faculty of Art and Science, Department of
Biology. Voucher specimens of the plants have
been deposited in Adnan Menderes Herbarium
(AYDN 1209 for Lavandula stoechas L, AYDN
2470 for Rosmarinus officinalis L., AYDN 2471
for Tilia cordata Mill ). The plant aerial parts
were cleaned and air-dried at room temperature in
the shade, and then powdered.

2.2. Preparation of extracts

Agqueous extracts of plants were prepared by
infusion  and  decoction  methods. The
concentrations of the extracts used in the
experiments were determined according to the
traditional usage of the plants by Turkish people;
0.4 and 1.2 mg / ml for L. stoechas; 1.5 mg / ml
and 3 mg / ml for R. officinalis; 1 mg / ml and 3
mg / ml for T. cordata.

For infusion extraction, 150 ml boiled distilled
water was added to 15 g plant material for 10 min
and then extracts were filtered. For decoction
extraction, 150 ml distilled water was added to 15
g plant material and boiled for 10 min. Then
extracts were filtered. Filtered extracts were
freezed and lyophilized. After lyophlization, they
were sealed in glass bottles and stored at -20 °C
until they were used.

2.4.  Lymphocyte culture and extract

treatments

The peripheral bloods of three healthy, 20-25
years old, non-smoking female volunteers, that
they are not exposed to radiation or drug, were
taken after free informed consent. A 5 ml blood
sample was aseptically collected in heparinized
sterilized glass tubes from each volunteer. The
volunteers did not present disease symptoms and
reported not having used prescription drugs for at
least 30 days prior to collection.

Peripheral blood cell cultures and preparation of
preparations were made according to Evans
(1984) [36]. In addition, this study was prepared
according to IPCS guidelines. Peripheral blood
samples were transferred to sterile culture tubes
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containing 2.5 ml Chromosome Medium B in 6
drops (0.2 ml) under sterile conditions and blood
samples were left for 24 hours incubation at 37°C
[37]. Experiments were repeated three times.

For two different concentrations of different
plants prepared by dissolving in PBS (1.5 mg / ml
and 3 mg/ml R. officinalis, 0.4 mg/ml and 1.2 mg/
ml for L. stoechas and 1 mg/ml and 3 mg/ml for
T. cordata prepared aqueous extracts were added
to the culture tubes at 24 hours of lymphocyte
cultures and incubation continued for 48 hours. In
addition, lymphocyte cultures that were not
treated with plant extracts as negative control
(PBS) were used in each experiment, Mitomycin-
C (MMC) added to the culture tube as a positive
control with a final concentration of 0.25 pg / ml.

The hypotonic solution was added dropwise to the
cells to prevent clumping and the cell suspension
was homogenized by pipetting. After each tube
was added 5 mL of hypotonic solution (0.075 M
KCl), the sealed tube was incubated at 37 © C for
20 min. At the end of the supernatant the cell
suspension was centrifuged at 800 g for 10 min
and the supernatant discarded. Then cold fixative
(3: 1, methanol: glacial acetic acid) was added, as
with the addition of the hypotonic solution, so that
each tube was 5 ml, with gradual and stirring.

Cells treated with 10 min fixative at room
temperature were centrifuged at 800 g for 10 min.
Centrifuged and the supernatant discarded and the
fixative added. This process has been repeated 3
times. The liquid remaining at the end of the
fixative treatment was completely clear. After the
last centrifugation, the supernatant was discarded
in the form of 0.5-0.7 ml of liquid at the bottom
and the preparation process was started.

Cells remaining in the bottom of the tube are
mixed with pasteur pipet, and the cell suspension
and the spreading of the cells and chromosomes
on the slide are performed by dropping the cell
suspension (3 to 4 drops per each slide) on the per
each slides which have been previously cleaned
and kept in the refrigerator in distilled water.
During the dropping of the cell suspension to the
slides, care was taken that the droplets do not fall

over. Slides were dried for 24 hours at room
temperature.

2.4.3. Staining of slides

Prepared slides were stained with 4% Giemsa
prepared in Sérensen buffer [38].

2.4.4. Microscopic Analysis

The slides were examined with an immersion lens
(10x100 = 1000 MB) on an Olympus BX-50
binocular light microscope.

2.4.5. Calculation of Chromosomal Damages
(Aberration, CA), Mitotic Index (MI) and
Micronucleus (MN)

A total of 100 cells per slides (300 cells from 3
slides) with well-dispersed chromosomes found in
the metaphase from each individual preparation
were examined to determine structural and
numerical chromosomal aberrations (CA) that
would occur in peripheral lymphocytes after
extract  treatments. The  percentage  of
chromosomal aberrations were calculated [39, 40].
The mitotic index (MI) [41] and the number of
micronucleated cells (MN) [42, 43] were
calculated by calculating the number of
metaphases found in 1000 cells per culture as well
as chromosomal aberrations.

2.5. Statistical Analysis

CA, Ml and MN data obtained from control and
treated groups were analyzed by One-Way
ANOVA in SPSS 11.5 package program and the
results were compared with negative control and
positive control group. The significance of the
statistical differences between the control groups
and the treatment groups were determined by
Duncan's Multiple Range Test.

3. RESULTS

The in vitro cytotoxic and genotoxic effects of
aqueous extracts obtained from three different
plants (R. officinalis, L. stoechas, and T.
cordata) on peripheral lymphocytes were
assessed separately for each plant.
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3.1 Rosmarinus officinalis L.

The in vitro cytotoxic and genotoxic effects of R.
officinalis infusion and decoction extracts (1.5
mg/ml and 3 mg/ml) on lymphocytes after 48
hours treatment are summarized in Table 1 and
Figures 1. R. officinalis infusion and decoction

mg/ml = 3.54+4.45%; 3 mg/ml = 0.56 + 0.96%
for infusion extract treatment; 1
mg/ml =4.33+2.51%; 3 mg/ml= 0.67+ 0.58%
for decoction extract treatment). Decrease of Ml
were statistically significant (p <0.01) when
compared with the negative control (PBS;
8.90+0.17%).
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Table 1. Mitotic Index, micronucleus, and chromosomal aberrations in human lymphocyte cultures treated with infusion and
decoction extracts of R. officinalis.

Ciroups Treatment Coacentratons Chromosome Aberrations
tizne (mg'ml) y ) Total Micronuclet (MN) Mitotse index(MI)
(k) Chromosome Acentrc Dicentne Chromosome (%) =SD ("o} =8SD
breakage Fragnsent Chramosome aberratons
(% =SD (*e)=SD (*0)=SD (%) = SD
Contral (PBS) i8h 8902017
Poagtive control 48h 0,25pg/mi 1,10=0,17 1.83=029 2,930 93¢ 7,892 50° 1.67=1 66*
(MMC)
Infuswon 48h 15 022=038 0.22=0 38 0224038 122043 2,112,583 3 53=4 45*
extract
Infasson 8h ] $,06:0,67* 0,56=0,96*
extract
Decoction 8h 1.5 6,110 84 1332 51
extract
Decoction 48h 7,780, 51* 0,67=0,58*
extract |
“p<0,01

The results of MN test are given in Table 1. MN
results showed that 3 mg/mL concentration of R.
officinalis infusion extract (8.00+£0.67  %0)
increased MN compared with the negative control
(PBS= (0.00 %0) and positive control
(MMC = 7.89+ 2.50 %o). Micronuclei formation is
increased in relation with the increase of extract
concentration. These results showed that the R.
officinalis infusion extracts triggered the
formation of micronucleus more than the
decoction extract. This difference between
infusion and decoction extracts were statistically
significant (p <0.01) (Table 1). Consequently, the
data obtained from R. officinalis suggested that
infusion and decoction extracts significantly
reduced the cell division in human peripheral

blood lymphocytes with increasing concentration,
so lead to a cytotoxic effect.

After treatment of the infusion and decoction
extracts obtained for 48 hours, chromosomal
aberrations, (CAs) (chromosomal breakage,
ascentric fragment, dycentric chromosome) in
lymphocytes was observed after treatment of only
1.5 mg/ml infusion extract (1.22 %), 3 mg/ml
infusion and decoction extract did not lead to CAs
at both treatment concentrations. chromosomal
aberrations were found 2.93% in the positive
control, but in negative control CAs were not
found. CAs value in positive control was
statistically significant in comparison with
negative control (p <0.01) (Table 1, Figure 1).
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Figure 1la. Control-metaphase.

Figure 1c. Dicentric chromosome.

Figure 1b. Positive control breakage in
metaphase.
»
Y
. “e 3
ey

Figure 1d. Micronucleus.

Figure 1. Aberrant cells in human peripheral lymphocytes by infusion and decoction extracts of Rosmarinus officinalis L.

(M.B. 100x).

3.2 Lavandula stoechas L.

The effects of L. stoechas infusion and decoction
extracts (0.4 mg/ml and 1.2 mg/ml) on
lymphocytes after 48 h are summarized in Table 2
and Figures 2. Results showed that after 48 h of
peripheral lymphocytes culture in the presence of
0.4 and 1.2 mg/ml concentrations of L. stoechas
infusion and decoction extracts, MI decreased (0.4
mg/ml=1.44+0.19 %; 1.2 mg/ml=1.11£0.16 % for
infusion extract treatment; 0.4 mg/mi=0.0%; 1.2

mg/ml= 0.33+0.58% for decoction extract)
compared with the negative control (PBS)
(8.90+0.17 %) and positive control
(MMC =1.67 +1.66%). This decrease was
statistically significant (p <0.01) (Table 2, Figure
2). Significant reduction in cell division observed
in  peripheral lymphocytes suggests that
compounds found in L. stoechas extracts may
caused cytotoxic effect on human peripheral
lymphocytes.
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Table 2. Mitotic Index, micronucleus, and chromosomal aberrations in human lymphocyte cultures treated with infusion and

decoction extracts of L.stoechas.

133

Groups Treatment Concentrations Chromosome Abetrations
tume (h) (mg'ml) Total Chromosome | Micronacles (MN) | Mionc index oMn
Chromosome Acentric Dicentne aberrations (%e) = SD (%) =SD
breakage Fragment Clrcemosome ("e) = SD
(%%) £ SD (®3) = SD (%e) = SD
Comerol (PBS) 48h — —— —_—— — - §950=017
Posstyve control 48 h 0,25ug'ml 1,100,117 1832029 J— 153093 71,8942 S0* 16741 66*
MO
Infission 48h 04 - | - — —_ 9,850 69* 1,44£0,19¢
extract
Infisscon 481 12 — - —— - 12.00=033° 1110, 16*
extract
Decoction {Eh 04 11.44:0.51* 0,00+0 00*
extract
Decoction 48h 12 | e | e | e —— 13 3320 34" 0,33+0 58*
extract
*p<0,01

The results of MN test are given in Table 2.
Despite the absence of MN in the negative
control, the MN ratio in the positive control was
7,89 %o (p <0.01). MN results showed that L.
stoechas infusion extract (0.4 mg/mL= 9.89.00 £
0.69 %o ; 1.2 mg/ml= 12.00 = 0.33 %eo) increased
MN. Increase of MN formation in lymphocytes
after infusion extract treatments was found
statistically significant in comparison with the
negative and positive control groups (p <0.01).
Treatment with decoction extract also resulted in
the formation of MN at high levels in
lymphocytes (respectively; 11.44 %o and 13,33
%o). This increase in decoction extract treatment
groups is statistically significant (p <0,01) when
compared with the negative and positive control
group. These results showed that the L stoechas
decoction extracts triggered the formation of

micronucleus more than the infusion extract
(Table 2, Figure 5). Apoptotic cells were also
found in lymphocytes after treatments 1.2 mg/ml
L. stoechas infusion and decoction extracts of

(Fig. 2).

Chromosomal damages (chromosomal breakage,
ascentric fragment, dysenteric chromosome) in
peripheral lymphocytes were observed only in
the positive control group and total
chromosomal aberration was 2.93% (p <0.01).
In the negative control group and extract
treatment groups, CAs were not found (Table 2,
Fig. 2).
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Figure 2a. Control — metaphase.

Figure 2b. Positive control — micronucleus.

Figure 2c. Apoptotic cells

Figure 2. Aberrant cells in human peripheral lymphocytes by infusion and decoction extracts of L. stoechas L. (M.B. 100x).

3.4 Tilia cordata Mill.

The effects of T. cordata infusion and decoction
extracts (1 mg/ml and 3 mg/ml) for 48 h are
summarized in Table 3 and Figures 3. These
results showed that after 48 h of peripheral blood
culture in the presence of different concentrations
of T. cordata the infusion and decoction extracts,
significantly reduced MI and the mitotic index
value of 8.90+0.17 % in the negative control
group was lower than the positive control
(1.67£1.66 %) in the 1 mg / ml infusion extract
(1.33+2.31% ). In groups treated with 3 mg / ml
infusion extract and 1 to 3 mg / ml decoction
extract, the extract treatment completely inhibited
the cleavage of lymphocytes and reduced the Ml
value. Microscopic  examinations of the
preparations of these groups did not reveal any
metaphase cells (Table 3 and Fig. 3). This
decrease in MI in peripheral lymphocytes as a

result of extract treatment is also statistically
significant (p <0.01). The significant reduction in
cell division in peripheral lymphocytes treated
with T. cordata infusion and decoction extracts of
depending on the concentration suggests that the
compounds contained in the T.cordata extracts
cause cytotoxic effect in peripheral lymphocytes.

The effects of T. cordata infusion and decoction
extracts (1 mg/ml and 3 mg/ml) on lymphocytes
after 48 h are summarized in Table 3 and Fig.3.
Results showed that after 48 h of peripheral
lymphocytes culture in the presence of 1 and 3
mg/ml concentrations of T.cordata infusion and
decoction  extracts, MI  decreased (1
mg/ml=1.33£2.31 %; 3 mg/ml=0.00 % for
infusion extract treatment; 1 and 3 mg/ml=0.0 %
for decoction extract treatment) compared with
the negative control (PBS) (8.90+0.17 %) and
positive control (MMC=1.67+1.66%). This
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decrease was statistically significant (p <0.01)
(Table 3, Fig. 3). Significant reduction in cell
division observed in peripheral lymphocytes

suggests that compounds found in T. cordata
extracts may caused cytotoxic effect on human
peripheral lymphocytes.

Table 3. Mitotic Index, micronucleus, and chromosomal aberrations in human lymphocyte cultures treated with infusion and

decoction extracts of T.cordata.

Chromosome Aberrations
Groups Treatment Concentrations Ac = = Total
tume (h) {mg'ml) Ché'flom]?so:): F r;::‘ :“ GE:&E ;:n & Chromosome Micronucle Mitotic mdex
(%)= SD ("%) = SD ")~ SD abermations (MN) (%) £ (M0
' A5 (%) + SD SD (%) = SD
Connrol 48h e — oI — 8,90=0,17
(PBS)
Postive 481 0.25ug'ml 1.10£0,17 183020 | — 293093 7.89=2 50* 1.67+1,66%
control
MMC)
[ Infusson | 48h ' L, || e ||| zessw || e ||| e 1001107 | 13322317
exract
Infuszon 8h | 3 11,3420 38* 0,0020,00*
extract
[ Decoction | 48h I R T ey s OIS 9.67=1,20" 0,000, 00
extract
| Decoction |  48h 3 | == 2225 = = 1200033 0.000,00
extract
. “p<0,0]
MN formation increased after extract treatments These results showed that the T. cordata

depending on increasing extract concentrations
and this increase was found statistically
significant when compared with controls
(p<0.01). Treatment with decoction extract also
resulted in the formation of MN at high levels in
lymphocytes (respectively; 9.67+1.20 %o and
12.00+0.33 %o). This increase in decoction extract
treatment groups are statistically significant (p
<0,01) when compared with the negative and
positive control group.

decoction extracts triggered the formation of
micronucleus more than the infusion extract. This
increase was statistically significant (p <0.01)
(Table 3, Figure 3). As a result of infusion and
decoction extracts treatment, no chromosomal
damage was observed in peripheral lymphocyte
cells (Table 3). However, cells with single MN, as
well as two or more micronucleus and cells with
more than one nucleus were found (Figure 3).
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Figure 3a. Control — metaphase.
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Figure 3c. Three nucleated cell.
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Figure 3b. Positive control-micronucleus

Figure 3d. Cell with two micronuclei.

Figure 3. Aberrant cells in human peripheral lymphocytes by infusion and decoction extracts of T. cordata Mill. (M.B. 100x).

Comparing infusion and decoction extracts
obtained from three different plants, T. cordata
has been the most effective plant on inhibition of
mitotic index. The R. officinalis infusion and
decoction extracts were least effective on MI.
All three plant infusion and decoction extracts
decreased the MI in a dose-dependent manner.
Most micronucleus on peripheral lymphocyte
cells was formed by L. stoechas, T. cordata, and
R. officinalis infusion and decoction extracts,
respectively.

CAs in peripheral lymphocyte cells was
observed only after R. officinalis infusion extract
treatment, other plant extracts not caused CAs in
peripheral lymphocyte cells.

All three plants used in the experiments were
found to have different effects on cell division and
chromosomes in peripheral lymphocyte cells. It
can be concluded that all three plants have both
cytotoxic and genotoxic effects on peripheral
lymphocytes.

DISCUSSION

In this study, in vitro cytotoxic and genotoxic
effects of infusion and decoction extracts of L.
stoechas, R. officinalis, and T. cordata on human
peripheral blood lymphocytes were investigated.
The aqueous extract (infusion and decoction) were
prepared according to traditional usage. Peripheral
lymphocytes have been widely used for detecting
genotoxic effects of various agents in a great
number of studies, since they are considered to be
adequate for detecting general exposure. In
addition, these cells are in a non-proliferative
stage (GO) and have a long half-life (about 3
years) [44-46].

The mitotic index (MI), and micronucleus (MN)
analysis methods are cytogenetic tests that are
used both in vivo and in vitro. The MI analysis
used to characterize proliferating cells and
identify compounds that inhibit or induce mitotic
progression [47]. MI is used as indicators of
adequate cell proliferation biomarkers. Ml
measures the proportion of cells in the M-phase of
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the cell cycle and its inhibition could be
considered as cellular death or delay in the cell
proliferation kinetics [30]. Jain and Andsorbhoy
(1988) [48] reported that various chemical
compounds suppress the functions of cell energy
production centers, slow down cell division as a
result of the reduction of ATP synthesis, and
produce cytotoxic effect.

In this study, MI in peripheral lymphocytes
treated with L. stoechas, R. officinalis infusion
and decoction extracts for 48 h were significantly
lower than in the negative control. The decrease in
MI was found to be dose dependent (p <0.01).
This may be attributed to several factors, one of
which could be the fact that many cells, during the
time remained in the circulation (at G0). Another
factor to be considered could be that mitotic delay,
by permitting the repair of genotoxic lesions,
might also modify the frequency of cells that
undergo mitosis at a given time in culture, thus
changing the frequency of cells with two nuclei or
more at harvest [49]. The decreases of the Ml in
the peripheral blood lymphocytes indicate that L.
stoeach, R. officinalis, and, T.cordata infusion
and decoction extracts may suggest as cytotoxic
agents. Conclusions regarding the MI values
obtained in our study suggest that the compounds
contained in the extracts used may have cytotoxic
effect in human peripheral blood lymphocytes.
The results are also in accordance with the
literature. Studies using various plant extracts and
test systems have shown that a large proportion of
plant extracts have cytotoxic effects on different
cell lines [31, 40-51]. The cytotoxic effect
observed with plant extract applications is
evidenced by the decrease in MI values [31]. In
another study, the effects of three different T.
cordata flower extracts on normal and tumor
lymphocyte proliferation were investigated [52].
According to the results of this study, aqueous,
dichloromethane and ethanol extracts all showed
antiproliferative effect on tumor cells. The
dichloromethane extract was proved to be most
active with an EC50; this was 11 and 1000 times
lower than the EC50. Moreover, aqueous and
dichloromethane extracts showed the highest
inhibitory effects expressed as maximum efficacy.
Another study has shown that Lavandula antineae
hydromethanolic extract has a toxic effect against
salty shrimp nauplii. In addition, it was found that
the lethal level was directly proportional to the
concentrate of the extract. The observed lethality
of this plant extract to Brine shrimps showed the
presence of potent cytotoxic and probably

antitumor components [53]. According to Meyer
et al., (1982) [54] a crude plant extract is
considered as toxic (active) if it has an LC50
value of less than 1000 pg/ml. Cheung and Tai.,
(2007) [55] showed that the crude ethanolic
rosemary extract had anti-proliferative effect on
human leukemia and breast carcinoma cells.
Addition of rosemary extract delayed the
oxidation of lipid fraction of minced meatballs
during storage in the freezer. The antioxidative
effect was related to the concentration of the
active compounds present in the extract [56, 57].
Studies showed that there are biologically active
compounds in rosemary essential oil exhibiting
cytotoxic, antioxidant, anti-carcinogenic and
cognition-enhancing properties [6, 58]. Out
findings are in accordance with these studies
mentioned above.

In R.officinalis and T. cordata, compounds such
as caffeic acid, rosmarinic acid, chlorogenic acid
are compounds of phenol group as chemical
structure.  Phenolic compounds and their
derivatives cause both cytotoxic and genotoxic
damage to humans and animals [59-61]. Phenolic
compounds are thought to exhibit this effect by
inhibiting DNA polymerase, which causes an
increase in sister chromatid exchange. Capasso
and Cristinzio (1992) [62] conducted studies on
plants grown in agricultural fields irrigated with
polyphenol-containing wastewater, and found that
polyphenol compounds in waste water can be
separated into prophase granulation,
heterogeneous chromatin distribution, metaphase
accumulation, anaphase bridge formation,
telophase early or late cytokinesis, and
heterozygous solubility in chromosomes.

Micronuclei (MN) are small, extranuclear bodies
apart from the main nucleus of a cell. They are
formed when whole chromatids, chromosomes
and acentric fragments are left behind and
eventually excluded from the daughter nuclei at
mitosis [64-67]. In general, micronucleus analysis
is utilized in both genotoxicity testing and
biomonitoring of genotoxic exposure and effect in
humans. MN are particularly considered a useful
biomarker of genotoxic effects in populations
exposed to genotoxicants in occupational settings.
In principle, the micronucleus assay (MN assay)
allows the detection of both aneugenic agents
(inducing numerical chromosome alterations) and
clastogenic  agents  (inducing  chromosome
breakage) and can be applied, in addition to
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peripheral lymphocytes, to cells exfoliated from
buccal, nasal and urothelial mucosa [47, 67-69].

Our study has demonstrated an association
between levels of MN formation and the
genotoxic risk of plant extracts. Increasing MN
rates showed that they could have genotoxic and
carcinogenic effects at high concentrations. L.
stoeach, R. officinalis infusion and decoction
extracts increased rates of MN on peripheral
lymphocytes cells. In the current study, we also
detected that two different extracts of three plants
generally induced MN formation; however, that
increment was statistically significant at the
highest concentration for 48 h treatment. In
addition, a dose-dependent increase in MN
formation was recorded for 48 h treatment (p <
0.01). Extracts from the plants used in the study
led to a statistically significant increase in
micronucleus (MN) in peripheral lymphocytes
(Tables 1, 2 and 3). This data is consistent with
literature data showing that chemical compounds
contained in extracts have significant genotoxic
effects on chromosomes and/or mitotic index of
human peripheral blood lymphocytes [70].

In addition to the MN, apoptotic cells found in
lymphocytes after treatments 1.2 mg/ml L.
stoechas infusion and decoction extracts. Also,
lymphocytes with three or more nuclei were also
found after treatments of T. cordata infusion and
decoction extracts (Fig. 3). These results are
similar to those obtained in our previous study in
which we investigated cytotoxic and genotoxic
effects of L. stoechas aqueous extracts using
Allium Test [71].

Cytogenetic biomarkers such as chromosomal
aberrations (CAs), sister chromatid exchanges
(SCEs), and MN have for many years been used
for surveillance of human genotoxic exposure and
cytogenetically visible early effects [67]. The use
of these biomarkers is based on the fact that most
established human carcinogens are genotoxic in
short-term tests and capable of inducing
chromosome damage [72]. The analysis of
structural CAs in peripheral blood lymphocytes
has been used for more than 30 years as a
biomarker of early effects of genotoxic
carcinogens [73]. The frequency of CAs,
determined by ordinary metaphase analysis, has in
several studies been shown to be associated with a
higher cancer risk [27, 73-79]. Because of these
findings, the traditional CA assay is still much

used in studies of human exposure to chemical
genotoxins and ionizing radiation.

CAs were observed only in lymphocytes treated
with 1.5 mg/ml R. officinalis infusion extract.
When compared to control and solvent control for
48 h treatment, plant extracts did not caused CAs.
R. officinalis infusion extract (1.5 mg/ml) caused
structural CAs which means that R. officinalis
infusion extract as a clastogen can trigger the
formation of CAs by breaking the phosphodiester
backbone of DNA. However, L. stoechas and T.
cordata did not cause structural chromosomal
aberrations.

It is possible that compounds at high
concentrations in plant extracts used as test
materials lead to irreversible DNA damage in
lymphocytes (genotoxic effect) and cell death
(cytogenetic effect) by inhibiting mitotic events.
Previous studies have shown that extracts from
Tilia sp. act on cell proliferation at low
concentrations [80] and antiproliferative [81] at
high  concentrations, while extracts from
Rosmarinus  officinalis  affect  Aspergillus
parasiticus [82] have been shown to be effective.

In this study, in terms of in vitro cytotoxic effect
resulting from the treatments of the extracts
prepared at two different concentrations and
cytotoxic and genotoxic effects to human
peripheral lymphocytes for 48 hours, the highest
in vitro cytotoxic effect was observed by T.
cordata, T. cordata was followed by L. stoechas
and R. officinalis. In terms of genotoxic effect in
vitro, the plants were found to have the order L.
stoechas> T. cordata> R. officinalis in comparison
among themselves.

Especially in recent years, the cytotoxic and
genotoxic effect of herbal extracts, which are
widely used together with modern methods of
medicine, raises the problem of reliability that will
arise if these extracts are used for a long time.
Plants are an important source of biologically
active compounds. Harmfull effects of many of
biologically active compounds, especially on
hereditary material, are still unknown. For this
reason, unconscious usage or misusage of plants
for whatever purpose may lead to serious
problems that can lead to death.
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