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Effect of Artemisia absinthium L. on Genotoxicity on Mice Bone Marrow Cells
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Abstract: Artemisia absinthium L. is a traditional medicinal plant belong to Asteraceae family and is commonly
known as wormwood. Artemisia absinthiumis L. is traditionally used as an anthelmintic, antiseptic,
antispasmodic and for bacillary dysentery, cancers and neurodegenerative diseases. This study aimed to
investigate the genotoxic effect of wormwood leaves extract on mice bone marrow cells Chromosomal
aberrations (CA) and the mitotic index (MI) of bone marrow cells were determined after injecting the mice with
different concentrations of the extract at different time intervals. The obtained results revealed that the extract
increased, not significantly the formation of chromosomal aberrations on mice bone marrow cells, in a dose and
time dependent manner. The mitotic index (MI) results revealed a remarkable decrease in cells division and
almost all concentrations produced a low MI when compared to the control. The results showed that high
doses of Artemisia absinthium L. with long duration caused a week chromosomal aberrations effect, The results
of the presents study documented that Artemisia absinthium L. may contribute to the wide therapeutic
properties claimed by folk medicine and it`s low doses is safety.
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INTRODUCTION synthetic pharmaceutical products is not enough, as they

The global demand for herbal medicinal products has contributor diverts to the plant kingdom in order to
increased immensely in the recent years. It is estimated discover new molecular structures and naturally-based
that world’s population will rise to more than 7.5 billion by compounds [7]. Plants possess a chemical defense
the year 2020 [1]. This increase is mostly in the southern mechanism, with a fascinating ability to produce a high
hemisphere, where about 80% of the population still relies diversity of toxic chemical defense compounds, also
on a traditional system of medicine based on herbal drugs known as secondary metabolites [8]. In many cases, these
for primary healthcare [1]. Jordan, like its neighboring compounds serve as plant defense mechanism against
countries, has been distinguished throughout history by predation by microorganisms, insects and herbivores [9].
a rich inventory of natural medicinal substances. The main The earliest report of the toxicity of herbs originated from
reasons for this are its location; being at a meeting point Galen, a Greek pharmacist and physician, who showed
of three continents and its special climate which is that herbs do not only contain medicinally beneficial
influenced by the Mediterranean, as a moderating factor compounds, but may also be constituted with harmful
and the desert as a drying factor [2]. Around 2500 plant substances [10]. Some of these compounds produced by
species (of which 2.5% species are listed as endemic) were plants end up being harmful to humans, because highly
recorded [3, 4]. Thus, plants in Jordan may play an conserved biological similarities are shared between both
important role in the maintenance of health, were they are taxa, as seen in most pathways involving protein, nucleic
utilized in treating minor ailments as well as chronic acid, carbohydrate and lipid metabolism [11].
diseases [5]. Also known as common wormwood, it's a member of

Natural products play an essential role in drug the Asteraceous family, which is an herbaceous perennial
development programs in the pharmaceutical industry[6]. plant with strong sage odour [12]. The plants normally
To control the major diseases of the world, production of about  1-1.2  m  tall at  maturity  but  can  grow  up  to 2 m.

cannot expand or alter their abilities. Due to this limitation,
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Leaves are 2 - 5 inches lengthy, separated 2-3 times into genetic diseases. There is substantial evidence that
deeply lobed leaflets and are bright to olive green in chromosomal damage is involved in cancer development
Color. Leaves and stems of the plant are enclosed with in experimental animals and humans [25].
small smooth hairs that provide the plant a gray The aim of this study was to Evaluate the genotoxic
manifestation. Stem are also woody at the base of the effect of extracted from Artemisia Absinthium leaves,
plant, flower tails appear into view at each superior leaf using a mice model, to test for the induction of
knob and make many yellow flower tops that are 1/8 inch chromosomal aberrations and its effect on cells mitotic
in width. A. absinthium seed is less than 1/16 inch long, index.
fine, plane and bright gray-brown in color. The leaves and
flowers are vinegary, with a characteristic smell similar to MATERIAL AND METHODS
that of thujone [13].

The  wormwood (A.  absinthium) contains the Plant Material Collection and Preparation: Fresh
monoterpene (thujone) active component and absinthen aboveground biomass of the leaves and stems of
[14, 15], beside azulenes, phenolic compounds and Artemisia Absinthium L. were collected during their
flavonoids, which give antiradical and antioxidative growing season (April, 2012). The plant was identified and
activity [16]. authenticated taxonomically. In order to prevent welting

The major chemical constituents of the essential oil and shriveling, the collected plants were pressed flat on
of A.  Absinthium including the volatile oil consisting of an absorbent surface for several days in a warm, sunny

- and -thujones, thujyl alcohol, cadinene, camphene, position and where air circulation has been maintained.
sabinene, pinene and phellandrene [17, 18]. When completely dried, the leaves were separated from

A. Absinthium had been suggested relieve gastric stems carefully and then grounded using an electric
pain, a cardiac stimulant and a curative of declining mental blinder (IKA-Werke, Germany) until a fine powder was
functions [19]. obtained. The plant material was sealed in labeled dark

Other pharmacological property, A. Absinthium has bottles and then kept in a dark and totally dry cabinet at
been reported to exhibit anti-inflammatory effect [20]. room temperature (20-25°C) for safe preservation until
Additionally, protective property of this extract has been being used for a period of no more than one week.
experimentally proven on hepatic and gastric damage in Each 500g  of  this  powder  was  extracted by
animals [21]. Because of it bitter taste A. Absinthium ethanol-water mixture (70/30 V/V) for 48 hrs. This step was
extract has been  added  to beer, tea, coffee, food as repeated for three times then the filtrate was then refluxed
spices and because this properties the women put it to in  (2L) 70 %  ethanol  at 50°C using a rotary evaporator
their nipples to ablactating  of  children [20]. Thujone of for 36 hours  in continuous extraction (Soxhlet) apparatus
A. Absinthium has a chemical constitution similar to that (S.P. Verma -Popular Science Apparatus Workshops PVT
of delta  tetrahydrocannabinol (an active ingredient of LTD- INDIA). Pooled and concentrated ethanol extract9

marijuana) and induced of a high dose of this substance was filtered and it was re-concentrated under reduced
is work on receptors common in the CNS causing vacuum pressure keeping a constant temperature less
hallucination,  derangement and convulsion in humans than 50°C. The concentrate yield from this process was
[14, 15]. 80g which was kept in room temperature for later use. 

The dried leaves, flowering tops and essential oil of
wormwood have traditionally been used as an antiseptic, Preparation of Doses: The (0.75 g) was dissolved in 5 ml
antispasmodic, carminative, sedative, stimulant, stomachic dimethyl sulphaoxide DMSO (BDH, England) producing
and tonic [22]. a homogenous solution. This was considered as the stock

Genotoxicity is a special area in toxicities and often solution with a concentration of 150 mg/ml, from which all
the most difficult to detect. It may be defined as a the doses to be tested were prepared.
chemically induced mutation or alteration of the structure A series of descending concentrations (1200 mg/kg,
and/or segregation of genetic material [23]. Many tests 900 mg/kg, 600 mg/kg and 300 mg/kg, respectively) were
exist to evaluate the genotoxic effect of herbs: gene prepared based on the LD , which was estimated to be
mutation tests, chromosomal aberration tests and DNA 2000 mg/kg. All dosing solutions administered were at a
damage tests [24]. Chromosomal aberrations and other volume of 0.2 ml. 30 mg was considered safe for injecting
forms of DNA damage are the cause of many human mice of (25-30 g) body weight (b.w), producing a

50
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concentration of 1200 mg/kg, which was the highest centrifuged at 10000 rpm for 10 minutes. The supernatant
concentration used. The lower doses were prepared by was discarded and fixation procedure was repeated twice.
diluting the stock with measured volumes of DMSO. Cells were resuspended in a volume of 2 ml of the fixative
These concentrations were applied in order to investigate to give an appropriate cell density, then stored at 4°C until
the genotoxic effect of extracts on mice bone marrow cells. being used for slides preparation.

Animals: Male Swiss albino mice at 10  to 12-weeks of age Chromosomes Spreading, Staining and Slide Analysis:
(25-30 g b.w) were used as the animal model for Chromosome spreading and slide staining were
genotoxicity test. accomplished according to Allen et al. [28]. Fixed cells

Preparation of Mice Bone Marrow Cells: Ninty six Swiss chilled slides (slides were soaked in 70% methanol and
mice, 10 to 12-weeks old were randomly divided into eight kept at 4°C for 24 hours). Slides were passed over Bunsen
groups. Four groups were considered as the controls, burner  3  to 4  times,  heated  in  an   oven   at   40°C  for
while the other four groups were the ones to be treated 20 minutes, stained using 15% Giemsa stain (fluka, USA)
with the drug to be tested. Twelve mice were injected for 15 minutes and then rinsed with distilled water.
intraperitoneally (I.P) with four different concentrations of The slides were analyzed using a light microscope
Artemisia Absinthium (1200 mg/kg, 900 mg/kg, 600 mg/kg (Motic, Uk). The following parameters were the soul of
and 300 mg/kg), while the control groups received an our investigation:
equivalent volume of DMSO, for four different time
intervals (8, 24, 48 and 72 hours). A triplicate for each Chromosomal Aberrations: A range of (2000 to 4000)
dose level was done for each of the time intervals nuclei was examined for structurally aberrant
mentioned previously. chromosomes including: ring chromosomes, chromosomal

Bone marrow  cells  were  isolated  according to breaks, sticky chromosomes and polyploidy
Rossi et al., [26]. The mice were humanely sacrificed by chromosomes, according to Cunha et al. [29].
cervical dislocation, 1-2 hours after injecting them I.P with Chromosomal aberrations were calculated according to
0.025g/kg b.w colchicine (Sigma,USA). Femora were the following formula:
removed, cleaned with 70% ethanol and any excess
muscle and fat tissues were trimmed carefully without Chromosomal aberrations (CA) %= (Total number of
harming the bone’s integrity. chromosomal aberration/ Total number of cells examined).

Mice Bone Marrow Cells Harvesting: Bone marrow cells Mitotic Index: A range of (2000 to 4000) cells were scored
preparation was made according to the method by Luke and the mitotic index was calculated as the number of cells
and Tice [27] with some modifications. An opening into in division expressed as a percentage of the total number
the bone marrow cavity was made by cutting the ends of of cells observed, according to the following formula by
each bone. Next, the bone marrow was flushed using a [30]:
syringe filled with pre-warmed (37° C) sterile phosphate
buffer saline solution (PBS, 0.1 M, pH 7.2), (Bio basic, Mitotic index (MI) = (Number of divided cells/Total
Canada) into a sterile 15 ml conical tube. The cells were number of cells) * 100
then centrifuged at 10000 rpm for 10 minutes. The
supernatant was discarded and the cell pellet was Statistical Analysis: Statistical analysis was carried out
suspended in 8 ml of warm (37 °C) hypotonic solution of using a statistical analysis program (Graphpad Prism,
potassium chloride (0.075M) (Gainland, UK) and version 5 USA). Results were expressed as mean ±
incubated at 37°C for 25 minutes. Next, the swollen cells standard deviation (SD) or standard error of the mean
were centrifuged for 10 minutes at 10000 rpm, the (SEM). One-way analysis of variance (ANOVA) was used
supernatant was carefully aspirated without disturbing to test for significant differences between mean values
the cell button. The cells were fixed in 9 ml of cold, freshly and Bonferroni post-tests. A value of P  0.05 was
prepared carnoy’s fixative (absolute methanol: glacial considered as statistically significant.
acetic acid 3:1 (v\v)) (Gainland, UK) drop by drop with Genotoxicty test, we used student t-test, while for the
gentle vortixing and left for 30 minutes at 4°C, then cytotoxicity test, one-way ANOVA was used.

were resuspended and dropped onto wet, precleaned and
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RESULTS

Chromosomal Aberrations: The ability of different
concentrations of alkaloids extracted from Artemisia
absinthium to induce an adverse cytological effect was
assessed, based on the formation of chromosomal
aberrations in Swiss male mice bone marrow cells.
Different concentrations of Artemisia absinthium extract
(300, 600, 900 and 1000 mg/kg b.w) were interperitonealy
injected,  for  four  different  time  intervals  (8, 24, 48 and
72 hours) following the injection. Then, chromosomal
aberrations were evaluated by scanning 4000 mice bone
marrow cells.

In all treatments, the most frequent chromosomal
aberrations observed were sticky chromosomes, followed
by polyploidy  cells,   break   and   ring  chromosomes
(Fig.  1). However, cells with more than one chromosomal
aberration were not observed.

Statistical analysis of the data revealed that, after 8 h,
24 h and 48 h (Figure 1) of treating the mice with different
oncentrations, none of the doses showed a significant
difference with respect to the control group (ANOVA,
P>0.05), even though there has been a time and dose
dependent increase in the values. After 72 hours of
treatment with alkaloidal fractions, a significant increase
in chromosomal aberrations was noticed with the
concentration of (900 and 1200 mg/kg b.w) (P<0.05).

Table 1: Chromosomal aberrations of mice bone marrow cells induced by
Artemisia absinthium extract (300 mg/kg), (600 mg/kg), (900
mg/kg) and (1200 mg/kg) for 8h, 24h, 48h and 72 h

Chromosomal aberration (%)
-----------------------------------------------------------------

Dose (mg/kg) 8 hours 24 hours 48 hours 72 hours
DMSO 0.7 0.71 1.1 1.35
300 0.72 0.74 1.42 2.12
600 0.98 1.11 1.63 2.32
900 1.3 1.31 2.1 3.03
1200 1.65 1.68 2.38 3.63
(P> 0.05) compare to control. (After 72 h; P  0.05)

Table 2: Effect of different concentrations (300, 600, 900 and 1200 mg/kg)
of Artemisia absinthium extract on the cell division of mice bone
marrow cells, after 8h, 24h, 48h and 72h.

Number of dividing cell
----------------------------------------------------------------

Dose (mg/kg) 8 hours 24 hours 48 hours 72 hours
DMSO 53.17 52.54 52.06 51.86
300 48.82 47.14 45.38 41.36
600 44.73 42.18 40.42 38.04
900 42.91 40.27 38.14 26.66
1200 39.14 34.81 32.93 19.86
(P> 0.05) compare to control. (After 72 h; P  0.05)

Fig. 1: Types of Chromosomal Aberrations observed
after treating mice with Artemisia absinthium
extract. The bar measures 5 µm in diameter

DISCUSSION

Cancer is considered one of the major human
diseases, causing considerable suffering and economic
loss all over the globe. Cancer can occur in all living cells
in the body, that may be induced by inherited and
acquired susceptibility factors, on exposure to initiation
factors (exogenous and endogenous carcinogens) and on
promotion and progression factors [31].

One of the major limitations is cancer
chemoprevention, which targets normal and high risk
populations. It involves the use of drugs or other
chemical agents to inhibit, delay, or reverse cancer
development [32]. At present, the focus of
chemoprevention of cancer research includes the
identification, characterization and development of a new
and safe cancer chemopreventive agent [33].

Chromosomal  aberration assays  are considered to
be very sensitive end points recognizing the genotoxic
induced by chemicals [34]. With the objective of
investigating the possible induction of chromosomal
aberrations by different concentrations of Artemisia
absinthium extract for various periods of time (8, 24, 48
and 72 hrs), a cytological analysis was conducted using
albino Swiss mice bone marrow cells. Several cytological
parameters were observed during the analysis, while the
most prominent were sticky chromosomes; polyploidy,
ring and chromosomal breaks were less frequent.

Total percentage of abnormalities was high following
treatment with different concentrations of Artemisia
Absinthium  as  compared by their relative control and
was   concentration   and   time   exposure  dependent.
The maximum proportion was 5.88% after 72 h exposure to
1200 mg/kg Artemisia absinthium extract, while the
minimum percentage was 1% after 8 h exposure to the
same dose. All data were statistically high significant.

Failure of properly segregated chromosomes at
metaphase to anaphase transition may be a consequence
of defeats in its regulatory mechanisms resulting in
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abnormalities [35]. The induction of mitotic abnormalities Other types of chromosomal aberrations were
was a common feature following the treatment with a observed as well but in low frequencies, including
variety of compounds as previously recorded [36, 37, 38]. chromosomal breaks, which result from the action on the

Artemisia Absinthium and its constituents have been DNA synthesis. It is a dangerous kind of DNA lesion that
extensively studied against cancer during the last decade. can interrupt the coding sequence of a gene, disrupt the
Steiner et al. found that 10 µM of carsonic acid prevented linkage between coding and regulatory sequences, alter
cell  proliferation  in HL60 cells  and caused transient chromosome organization and perturb the systems that
G /G  phase cell cycle arrest. In another study, the effect ensure correct DNA replication, chromosome packaging0 1

of carsonic acid and carnosol on growth of Caco-2 and chromosome segregation [45]. This suggests that
(colonic adenocarcinoma cell lines) was determined and alkaloidal  fraction  may  contain  alkylating compounds
found  that  [ H] thymidine  incorporation  is inhibited in (S-dependent agents) that produce aberrations via3

a concentration-dependent way [39]. This study misreplication (DNA damage happened when a DNA
demonstrated that carnosic acid reduced the level of molecule with lesions undergoes DNA replication) [46].
cyclin A that would decrease  the activity of CDK2 Ring chromosomes are also types of CA, which results
(cyclin-dependent kinase 2) and cdc2 (cell division cycle from stickiness and double strand breakage (lesions) and
2) kinases, thus, inducing cell cycle arrest at G /M phase due to an exchange type of interaction, which takes place2

before prometaphase or late S phase and preventing the between the two lesions after formation of a looped
cells from exiting mitosis. structure [47].

None of the previous studies has studied the Polyploidy is the phenomenon of an increase in the
genotoxic effect of extracted from Artemisia Absinthium, chromosome number, which usually arises because of the
yet, several studies confirmed their presence in the failure of spindle formation. Complete suppression of
aqueous extract of the leaves [40]. spindle is common in cells where chromosome synthesis

Gaiani et al. [41]investigated the genotoxic potential is extremely rapid. Comparison of the frequency of cells in
of  hydro-alcoholic  extract of R. Officinalis in vivo in various stages of mitosis in normal and tumor tissues has
bone marrow cells of Wistar rats by chromosome shown that chromosome synthesis proceeds at a higher
aberration assay and concluded that at 6.43, 100 and 200 rate in tumor cells than in normal cells [45].
mg/kg body weight doses, this extract was not mutagenic.
Maistro et al. [42] used higher doses of rosemary oil; the Mitotic Index Analysis: The mitotic index (MI) was
smallest dose tested was (300 mg/kg), while the highest calculated as the ratio between the number of mitotic cells
dose was (2000 mg/kg). At the highest dose, rosemary oil and the total number of cells scored and expressed as a
significantly  increased  the number of micronucleated percentage.
cells and chromosomal aberrations in bone marrow cells, The mitotic  index  is another parameter contributes
based on the micronucleus and chromosome aberration in recognizing the genotoxic effects which quantify
assays. differences in cell division when an environmental

Amongst the changes, which affect chromosome parameter is changed. In this study we focused on
structure in abnormal cells, the most common is stickiness Artemisia Absinthium effects on division rate of mice
of the chromosomes, which can be easily noticed during bone marrow cells which showed a marked decrease in the
anaphase. This type of abnormality happens when mitotic index was observed at all exposure times and with
chromosomes stick together at the end and lag behind the almost all concentrations compared with corresponding
normally segregating chromosomes. Sticky chromosomes control, this means as a dose and exposure time increase
form bridges stretching between the poles of the cell, thus there will be a significant alteration in the mitotic index.
preventing the separation of the telophase chromosome This was similar to the results obtained by Maistro et al.,
groups. Cell division very often remains incomplete and who found that R. Officinalis extract caused a mitotic
a loss of chromosome material in these cells occurs very depression in bone marrow cells of mice [42]. 
frequently [43]. As mentioned previously, this type of CA Decreasing of mitotic index can be explained by the
was observed most abundantly during the analysis, which arrest of the division of  the interphasic nucleus, as well
comes in agreement  with the findings of Tawab et al., as  by  death  of  interfacesnucleus, hindering  the onset
who reported that spindle disturbance was the most of prophase and thus the division of the cells [48].
common abnormality that occurred as a result of treatment Strachan and Read reported that disrupting the mitotic
with R. Officinalis water extract at various levels [44]. cycle occurs in three ways (1) by inhibiting the process of
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cell division, (2) by distrubting the normal functioning of 4. Alzweiri M., A. Al Sarhan, K. Mansi, M. Hudaib and
the mitotic spindle and (3) by producing chromosomal T. Aburjai, 2011. Ethnopharmacological survey of
abnormalities [49]. Thus, the decrease in mitotic index in medicinal herbs in Jordan, the Northern Badia region.
higher concentrations might be due to the action of J. Ethnopharmacol., 137: 27-35.
alkaloidal compounds on the onset of mitosis, which differ 5. Oran, S., 1994. Proceedings of the national seminar on
from the action of cholchicine in its action. This led us to plant genetic resources of Jordan. Regional Office,
conclude that alkaloids caused a partial effect on spindle West Asia and North Africa, Aleppo, Syria.
formation. In this respect, it is similar to Kabarity and 6. Baker, J.T., R.P. Borris and B. Carte, 1995. Natural
Malallah [50]. product drug discovery and development: New

Furthermore; it has been shown that Artemisia perspective on international collaboration. J. Nat.
Absinthium  is  a  strong  mitotic  inhibitor  and  could Prod., 58: 1325-1357.
give rise to mitotic abnormalities with increase in 7. Rahman,   K.,     I.  Mohammadzai,   A. Hussain   and
concentration. Their accumulation in cells may be S. Ullah, 2013.  Evaluation  of   Antioxidant Activity
inhibitory to cell growth it has further revealed that in  Different  Branded and  Unbranded Honey.
Artemisia absinthium can likely be used in mutagenic Middle-East   Journal    of    Scientific   Research,
studies due to their tendency to interfere with DNA 14(4): 554-558.
biosynthesis. 8. Nasrabadi, M., M. Halimi and M. Nadaf, 2013.

CONCLUSIONS of Extract of Muscari neglectum. Middle-East Journal

One major conclusion of the present study is that 9. Guenaoui, C., M. Gorai,   S. Smiti  and M. Neffati,
Artemisia Absinthium are genotoxic and may cause cell 2008. Biochemical and  Physiological Changes in
death if used at high concentrations. Induced the Artemisia herba-alba Plants under Water Stress
formation  of  a  variety  of  chromosomal  aberrations Conditions Middle-East Journal of Scientific
(ring chromosomes, sticky chromosomes and broken Research, 3(3): 156-163.
chromosomes) at high percentages in all treatments. 10. Bashir, A. and A. Javid, 2013. Evaluation of Larvicidal
These results are of practical interest, because Artemisia Activity of Hippophae rhamnoides L. Leaves Extracts
Absinthium is used as a medicinal plant. Therefore, it is on Aedes aegypti and Anopheles stephensi
important to limit the use of this plant in folk medicine. (Diptera: Culicidae). Middle East Journal of Scientific

These results indicate that it is important to do Research, 13(5): 703.
further studies to identify the active alkaloidal compound 11. Kawashima,  K.,  H. Misawa,   Y. Moriwaki, Y. Fujii,
(s)  responsible  in its mutagenicity and to test the effect T. Fujii, Y. Horiuchi et al., 2007. “Ubiquitous
of higher concentrations on mitotic index and cell growth, expression of acetylcholine and its biological
as well as using other cytogenetic methods such as functions in life forms without nervous systems”.
flouorescence in situ hybridization, comet as say and the Life Sci., 80: 2206-2209.
micronucleus assay. 12. Nezhadali, A. and M. Parsa, 2010. Study of the
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