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ABSTRACT

Article Type:

Introduction: Many plant-derived products despite wide usage are not scientifically evaluated
for their safety and efﬁcacy. Therefore, in the present study, we aimed to evaluate the cytotoxic
and genotoxic activities of Polygonum aviculare L., Equisetum arvense L., Plantago lanceolata
L. and Artemisia absinthium L. ethanolic extracts in human white blood cells.
Methods: Cell viability was assayed by trypan blue exclusion method, while the genotoxicity
was tested by cytokinesis-block micronucleus (CBMN) assay upon cells stimulation with noncytotoxic concentrations of the plant extracts.
Results: None of the plant extracts showed high cytotoxic activity. At the same time, only
extract of P. lanceolata did not present any mutagenic activity, while E. arvense, P. aviculare and
A. absinthium were clearly genotoxic.
Conclusion: Caution is advice in the case of long-term use of E. arvense, P. aviculare and A.
absinthium herbal medicines by population.
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Implication for health policy/practice/research/medical education:

Equisetum arvense, Polygonum aviculare and Artemisia absinthium extracts exhibited genotoxic effects, and may represent
hazards to human health. Thus, our findings raise concern about their safety, especially during long-term application.
Please cite this paper as: Harutyunyan K, Balayan K, Tadevosyan G, Hayrapetyan M, Musayelyan R, Grigoryan R, et
al.Genotoxic potential of selected medicinal plant extracts in human whole blood cultures. J Herbmed Pharmacol. 2019;8(2):160162. doi: 10.15171/jhp.2019.25.

Introduction
The increasing demand for novel therapeutics as
antimicrobial and anti-inflammatory agents, resurgence
the interest towards medicinal plants. Based on their longterm application, there is general perception that herbal
remedies are safe. Nonetheless, growing data suggest
that medicinal plants can cause severe adverse effects,
including mutagenic and genotoxic activities, thus raising
concerns about their potential hazards to human health
(1). Consequently, studies on plant extracts genotoxic
effects are of primary importance to assess the potential
risks, particularly during long-term usage.
Polygonum aviculare L., Equisetum arvense L., Plantago
lanceolata L., and Artemisia absinthium L. are common
medicinal plants used worldwide to treat infectious
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diseases, chronic inflammatory conditions and externally
for wounds healing (2,3). A. absinthium is very popular
as an anti-helmintic agent, choleretic and appetizer (2).
Despite popularity, data on their safety are scanty. Thus, in
the present study we aimed to evaluate the cytotoxic and
genotoxic activities of the leaf extracts of P. aviculare, E.
arvense, P lanceolata and A. absinthium in human whole
blood cells.
Materials and Methods
Plantago aviculare L., E. arvense L., P. lanceolata L. and
A. absinthium L. were collected throughout NagornoKarabakh, identified using appropriate literature (4)
and voucher specimens were deposited at the Artsakh
Scientific Centre, Nagorno-Karabakh, RA (ASC00013,
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ASC00016, ASC00025, ASC00032, respectively).
The leaves were detached from the collected materials,
washed, dried and finely powdered. Powdered samples
were mixed with ethanol (1:10) and incubated in the
dark with occasional shaking. Afterwards, the filtrates
were evaporated under reduced pressure using the rotary
evaporator and received crude extracts were dissolved
in dimethyl sulfoxide (DMSO, Sigma-Aldrich, USA) at
concentration of 100 mg/mL and kept at -20°C until used
for biological assays.
Venous blood was collected from three healthy volunteers
by venepuncture into sterile heparinized tubes (Vacuette,
Greiner Bio-One). All study participants provided written
informed consent. The study was designed according to
the ethical guidelines of the Helsinki Declaration and
was approved by the ethics committee of the Institute of
Molecular Biology of NAS RA (IRB # IORG0002437).
200 μL of blood was cultivated in 600 μL of Roswell
Park Memorial Institute medium (RPMI) supplemented
with 10% fetal bovine serum (FBS), 2 mm L-glutamine,
100 ED/mL penicillin and 100 mg/mL streptomycin in the
presence of plant extracts at final concentrations ranging
from 100 µg/mL to 2000 µg/mL and incubated at 37oC
and 5% CO2 for 24 hours. Untreated cells and DMSO
(1%) treated cells served as negative and solvent controls,
respectively. After stimulation, contaminating red blood
cells were removed with ammonium chloride lysis buffer,
remaining cells were washed with phosphate buffered
saline (PBS) and stained with 0.4% Trypan blue solution.
The number of live/dead cells was counted under a light
microscope using a hemocytometer. Cell viability was
expressed as a percentage of the negative control. Samples
that gave cell viability above 90% were considered nontoxic
for blood white cells.
For cytokinesis-block micronucleus (CBMN) assay 1 mL
of blood was added to 10 mL of RPMI supplemented 10%
FBS, 2 mm L-glutamine, 100 ED/mL penicillin and 100
mg/mL streptomycin and PHA (10 μg/mL) and cultured
for 44 hours at 37oC and 5% CO2. Afterwards, nontoxic
concentrations of plants extracts were added. Untreated
cells and DMSO-treated samples were used as negative
and solvent control, respectively. Mytomicin (0.1 μg/mL)

treated cells served as positive control. Cytochalasin B
(6 µg/mL, Sigma– Aldrich Co., USA) was added to the
cultures 4 hours after the treatment substance was added
and cultures were incubated for another 22 hours. At 72
hours, the cells were harvested and subjected to a mild
hypotonic treatment with potassium chloride solution,
fixed twice with methanol:acetic acid (3:1), smeared on
a precleaned microscope slides and air-dried. Staining
was performed with Giemsa (10%), and each slide was
coded to allow for a blinded evaluation. A total of 1000
binucleated cells (BN) were scored and the frequency of
binucleated cells with micronuclei (MN) was determined,
as previously described (5).
Data analysis was performed with GraphPad Prism
5.01 (GraphPad Software, USA). All experiments were
conducted in triplicates. Values were expressed as means ±
SE. Data were analyzed by repeated measures ANOVA and
differences between groups were determined by Dunn’s
post hoc test. P < 0.05 was considered as the statistically
significant value.
Results
As evident from Figure 1A extracts of P. aviculare and P.
lanceolata did not affect cell viability at any concentration
tested. In contrast, treatment with extracts of A.
absinthium and E. arvense resulted in dose-dependent
reduction in cell viability (Figure 1B), though only at 2000
μg/mL concertation a decrease in cell viability by <50%
was observed.
The results of CBMN assay are presented in Table 1.
Among tested extracts, only P. lanceolata did not exhibit
any genotoxic damage, while extracts of P. aviculare
and A. absinthium produced strong mutagenic effects,
significantly increasing the micronucleus frequency MN
as compared to the negative control (P < 0.01). Similarly,
4-fold increase in incidence of MN was found upon
treatment of cells with E. arvense extracts, though it did
not reach statistical significance.
Discussion
Plant extracts represents the complex mixture of various
constituents and many of them are potentially toxic (6).

Figure 1. Percentage of viable cells after 24 h exposure of whole blood cells to various concentrations (μg/mL) of P. aviculare, P. lanceolata (A), E. arvense
and A. absinthium (B) extracts assessed by Trypan blue exclusion method. Results are presented as mean ± standard error (SE). *P<0.05 vs untreated
samples.

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 8, Number 2, April 2019

161

Harutyunyan et al
Table 1. Micronucleus frequency (MN) in peripheral blood cells exposed
to nontoxic concentrations of ethanolic extracts of Plantago lanceolata,
Equisetum arvense, Polygonum aviculare and Artemisia absinthium

Frequency of
MN/1000BN
N
Negative control
3± 0.6
DMSO
5± 0.6
Positive control (mytomicin)
0.1
39 ± 3.04***
P. lanceolata
500
4.2 ± 0.8 ##
E. arvense
100
12.7± 1. 0.9
P. aviculare
500
20.2± 1.8**
A. absinthium
100
17 ± 0.9*
Results are presented as mean ± SE. *P < 0.05, **P < 0.01, ***P < 0.01
vs negative control; ## P < 0.01 vs positive control.
Substance

Concentration
(μg/mL)

Therefore, the development of herbal medicinal products
requires toxicological evaluation. In the present study,
under our experimental conditions, none of the extracts
showed high levels of cytotoxic activity. At the same
time, only P. lanceolata did not exhibit any genotoxic
effect towards human white blood cells. In line with our
results, no mutagenic effects were observed for ethanolic
extracts of P. lanceolata by means of induction of somatic
segregation in Aspergillus nidulans and the Ames-test
(1,7). The genotoxic assessment of E. arvense showed
contrasting results. Kour et al (8) have reported no
mutagenic effect in mice bone marrow cells treated with E.
arvense ethanolic extract, while increase in MN frequency
has been reported in human lymphocytes (9,10). We
found even higher incidence of MN in response to
treatment with E. arvense as compared to previous studies,
which may be attributed to the differences in the extract
preparations or to secondary metabolites composition
impacted by environment (11). Despite promising nature
of P. aviculare and A. absinthium as anti-inflammatory,
antioxidative and antibacterial agents (12-14), there is lack
of toxicological assessment of these plants. Our results
suggested that both plant extracts were highly genotoxic,
which rise concerns about the potential biosafety of these
medicinal herbs.
In conclusion, our results indicate that P. lanceolata
ethanolic extract can be freely used in alternative
medicine. However, caution is needed in case of E. arvense,
P. aviculare and A. absinthium preparations, due to their
genotoxic potential. Although these medicinal plants are
promising, further studies are necessary to establish safe
doses of their use.
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