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Abstract

Ruta graveolensbelonging to family Rutaceae haslong been traditionally used asa medicinal plant aswell as
aflavoring agent in food. However, very little data are available on thetoxicity of theplant. Thisreport presents
evidenceon thegenotoxicand clastogenic potential of an extract of Ruta graveolensand Ruta 200C, ahomeopathic
prepar ation. Various types of chromosomal aberrationswere noted in bone marrow cells after treatment. The
percentage of aberrated cellsin 4the 00mg/kgb.wt extract administered group was found to be 21% and with
1000mg/kg.b.wt it was 31%. The 23% for the Ruta 200C treated group was also elevated as compared to the
3%for untreated animals. In addition, bone marrow cells had higher incidence of micronuclei induction when
treated with the extract (400mg and 1000mg/kg body weight) and 20pl/animal Ruta 200C for 30 days.
Administration of the extract (1000mg/kg.b.wt) over aperiod of 30 daysalsoresulted in damageto cellular DNA
as evidenced by comet formation where the comet parameters such as percentage DNA in tail, tail length, tail
moment of the bone marrow cellswereincreased several fold over control values. The comet tail moment of the
bone marrow cellsincreased from 4.5+ 2.5t0 50.2 £ 25.2 after the extract treatment. Administration of 20pl/
animal Ruta 200C for 5 consecutive daysincreased thetail moment to 11.7 £ 2.9. Theseresultsindicate that Ruta
graveolens and Ruta 200C may induce genotoxicity in animals.

Key Words. Chromosomal aberration - comet assay - homeopathy - micronuclei - Ruta graveolens - genotoxicity

Asian Pacific J Cancer Prev, 9, 763-769

Introduction

Ruta graveolens (common name- rue), afolklore plant
of family Rutaceae is traditional medicine for various
ailmentsincluding hysteria, gastrointestinal disorders, and
menstrual problems. Ancient Egyptians and early Greeks
used rue to improve eyesight. The juice of fresh rue has
been used to relieve toothaches and earaches. In Chinese
medicine, rueisused to eliminateintestinal worms. It has
been reported to possess antifungal (Oliva et al., 2003),
antibacterial (Ojala et al., 2000), anti-inflammatory
(Raghav et al., 2005), antitumour (Preethi et al., 2006)
and cytotoxic activities (Ivanova et a., 2005). Ruta has
been reported to be useful for the treatment of multiple
sclerosis (Bohuslavizki et al., 1992) and also possess
hypotensive activity (Chiu and Fung, 1997). Rue oil has
aflavor similar to the bitter oil in orange or lemon rinds
which are used in cosmetics and foods. Fresh rue leaves
are sometimes added to mixed salads, used in making
picklesor put in cooked dishesfor abitter taste and flavour.
In Italy, rueis used to flavor grappa, atype of brandy.

Rue was reported to be toxic to goats at high
concentrations (El Agraa et al., 2002). Rutin, which
constitutes about 2% of the extract, is one of the major
componentsin the plant. Rutin and its hydrolysis product

guercetin were reported to be genotoxic and possess
prooxidant activity (Sahu and Gray, 1996; DaSilvaetal.,
2002). Although there are some reports on the toxicity,
no dataisavailable on the genotoxic and clastogenic effect
of this plant extract in animal models.

Alternative system of medicine is gaining more
popularity among common people world wide.
Homeopathic preparation of Rue has been found to be
useful in severa disease conditionsincluding cancer. Ruta
6 has been reported to cure intra cranial cysticercosis
(Banerji and Banerji, 2001) and Pathak et a has reported
the effectiveness of Ruta6 on regression of the growth of
human gliomabrain cancer cellsin patients. It wasfound
that Rutainduces severetelomereerosionin MGRI brain
cancer cells (Pathak et al., 2003). Ruta 200C is a
homeopathic preparation made from Ruta graveolens
which hasbeen potentiated (aprocess of repeated agitation
for diluting a substance) 200 times. In our previous study
Ruta 200C was found to inhibit chemically induced
carcinogenesisin anima model and was also found to be
effective against transplanted tumors (Harikumar et a,
2006; Sunila et al, 2007a). We aso reported that Ruta
200C was capable of producing cytotoxic effect to L929
cellsinvitro andinducing apoptosisin Dalton’slymphoma
ascites tumor cells (Sunilaet al, 2007b).
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In order to elucidate a mechanism of action of this
drug, we have evaluated genotoxic activity of the extract
of Ruta graveolens and Ruta 200C invivo in mice model
by cytogenetic studies on chromosomal aberration and
micronuclei and genomic DNA damage by comet assay.

Materialsand M ethods

Chemicals

High melting point agarose, low melting agarose and
propidium iodide were purchased from SigmaAldrich Inc.
USA. Histidine, biotin, nicotinamide adenine diphosphate
(NADP), colchicine, glucose-6-phosphate and agar were
from Sisco Research Laboratories, nutrient broth from
Himedia L aboratories, Mumbai, andMay Grunwald and
Geimsa from Merck, India. All other reagents and
chemicals used were of analytical reagent grade.

Drug

Ruta graveol enswas purchased from local market and
identified by Dr.SheejaT Tharakan, Botanist, Amala
Cancer Research Centre, Thrissur. A voucher specimen
with number Ru02 was deposited at the herbarium of
Amala Cancer Research Centre, Amala Nagar, Kerala,
India after authentication. Fresh leaves and tender stem
(100gms) of Ruta graveolenswere blended to apasteina
mixer and then extracted first with Im00Oml of 75%
methanol by soaking overnight with occasional stirring.
The supernatant was decanted and the residue was again
extracted with 500ml 75% methanol. The supernatants
were pooled and concentrated in a vacuum evaporator at
42°C (yield was found to be 8.3%). The concentrated
extract was resuspended in water for the study. Ruta200C
was purchased from Willmar Schwabe, Germany.

Animals

Female Swiss abino mice of 4 week old (20-25 gm)
were obtained from Small Animal Breeding Station,
Kerala Agriculture University, Mannuthy, Thrissur,
Kerada, India. They were maintained in well-ventilated
cageswith normal mouse chow (Sai Durgafood and feed,
Bangalore, India) and water ad libitum. All the animal
experiments were done as per the instructions prescribed
by the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA),
Ministry of Environment and Forest, Government of India,
and implemented through the Institutional Animal Ethical
Committee of the Research Centre.

Radiation

Whole body irradiation was given using Cobalt-60
Theratron Phoenix Teletherapy Unit (Atomic Energy Ltd,
Ottawa, Canada). Animals were kept in specially
constructed restraining boxes with a capacity of holding
7 animals at a time and exposed to whole body gamma
raysin afield size of 25x 25 cm2 and at a distance of 80
cm from the source at a dose rate of 1.44 Gy/ minute.

Determination of clastogenic effect of Ruta graveolens
and Ruta 200C.
For induction of chromosomal aberrations by Ruta
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graveolensand Ruta200C Swiss a bino miceweredivided
into 5 groups of 3 animals each, as follows:

Group | : Normal, without any treatment.

Group 11 : Positive control (whole body gamma
irradiated; 3Gy).

Group I11: Treated with Rutagraveolens extract orally
via gavage (400mg/kgb.wt).

Group 1V: Treated with Rutagraveolensextract orally
via gavage (1000mg/kgb.wt).

Group V: Treated with Ruta200C, 20pl/animal (oral).

Groups 111 to V animals were treated with the drug as
one single dose everyday for a period of 1 month. Forty-
eight hoursbefore sacrificethegroup 11 (positive control)
animals received a dose 3Gy gama radiation in a single
whole body exposure. All the animals were injected
intraperitoneally with colchicine (2mg/kgb.wt, i.p) 90
minutes before sacrifice to cause mitotic arrest. The bone
marrow cellswere collected in phosphate buffered saline
(PBS) containing 10% FCS and processed for
chromosomal aberration studies (Josely and K uttan, 1996).
Four dides were prepared from each animal and stained
with Geimsa and observed under oil immersion and
screened for metaphase chromosomes. A minimum of 100
metaphase spreads were scored for aberrations.

Induction of micronuclei by Ruta graveolens and Ruta

200C:

Swiss ahbino mice were divided into 5 groups of 6
animals each. They were grouped as follows:

Group | : Normal without any treatment.

Group 11 : Positive control (whole body gamma
irradiated; 1.5Gy).

Group I11: Treated with Rutagraveolens extract orally
via gavage (400mg/kgb.wt).

Group 1V: Treated with Rutagraveolensextract orally
via gavage (1000mg/kgb.wt).

Group V: Treated with Ruta200C, 20pl/animal (oral).

The animals were treated with the drug as one single

dose everyday for a period of 1 month. The group Il
positive control animalsreceived 1.5 Gy gammaradiation
in a single whole body exposure. The animals were
sacrificed by cervical dislocation and bone marrow
preparations were made (Schmid, 1975; Thresiamma et
al., 1998). Four dlides were prepared from each animal
and stained with May Grunwald Geimsa (MGG). Two
thousand polychromatic and corresponding
normochromatic erythrocyteswere scored for the presence
of micronuclei from each animal.

Determination of effect of Rutagraveolensand Ruta200C

on bone marrow DNA by comet assay.

Swiss albino mice were divided into 3 groups asfollows:
Group | : Normal without any treatment. (n=2)
Group Il : Treated with Ruta graveolens extract

orally via gavage (1000mg/kgb.wt (single dose/animal/

day)). (n=8).
Group I11: Treated with Ruta 200C, 20pl/animal/
day (oraly) (n=4).
Two animals each were sacrificed on 5th, 10th, 20th
and 30th day of extract treatment. On 5th and 30th day
two animal swere sacrificed from Ruta 200C treated group.
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Table 1. Effect of Ruta graveolens and Ruta 200C on
Chromosomes of Mouse Bone Marrow Cells

Group Chromatid Chromosome % aberration
Gap Break Gap Break Others

Normal 0O O 00 20 10 30%x10
Radiation 2 3 50 113 233 44725
Ruta graveolens

400mg/kgbwt 0 O 00 13 203 21.0+4.6*
Ruta graveolens

1000mg/kgbwt 0 0 27 147 140 31.0+36*
Ruta 200C

20pl/animal 0 0 67 113 53 233+06*
*p<0.001

The bone amrrow was collected and the comet assay was
carried out by the method described earlier (Singh, 2000)
with some modification (Mauryaet al., 2005). The stained
images were visualized in a fluorescent microscope and
were captured using a high performance camera. The
images were analyzed using CASP software (Konca et
al., 2003) to get percentage DNA intail, tail moment, tail
length etc. and were compared with that of normal.

Satistical analysis

All datawere expressed as mean * standard deviation
(SD). Significance levels of comparison of differences
were determined by one-way ANOVA followed by post-
hoc Dunnett’s test using Graphpad In stat 3 software.

Results

Effect of Ruta graveolens and Ruta 200C on induction of
chromosomal aberration

Treatment of micewith an extract of Rutagraveolens
wasfound toinduce chromosomal aberrationin therapidly
dividing mouse bone marrow cells. Normal value of 3%
aberration werefound to beincreased to 21.0%in animals
treated with 400mg/kg b.wt extract for one month and in
1000mg/kg b.wt extract treated group the percentage again
increased to 31% (p<0.001) (Table 1). The predominant
type of aberration in the extract treated group, was the
formation of accentric fragments. Whole body exposure
of animalsto 3Gy gammaradiation resulted in anincrease
of chromosomal aberration to 44%.

Effect of Ruta graveolens on formation of micronuclei
There was significant increase in the number of

micronucleated erythrocytes in the bone marrow cells of

animalsafter treatment with 1000mg/kg b.wt of the extract

(Table 2). The percentage of micro nucleated
polychromatic erythrocytes (MNPCE) were 0.22 + 0.10
and 2.03 + 0.26 (p<0.001) for 400 and 1000mg/kg b.wt
extract treated group of animals while in normals it was
0.13 + 0.04. In the gamma-irradiated (1.5Gy) positive
controls, the percentage of MNPCE was 2.5 £ 0.15. The
percentage of micro nucleated normochromatic
erythrocytes (MNNCE) was found to be 0.15 + 0.06 and
0.47 + 0.06 (p<0.001) for 400 and 1000mg/kg b.wt extract
treated group of animals while it was 0.08 £ 0.03 for
normal animals. The percentage of MNNCE in whole
body gamma-irradiated positive controlswas 0.33 £ 0.02.
The P/N ratio was significantly decreased from normal
level of 0.55 * 0.02 to 0.37 = 0.01 in 1000mg/kg b.wt
extract treated group of animals.

Therewas also asignificant increasein the number of
micronucleated erythrocytes in the bone marrow cells of
animals after treatment with Ruta 200C (Table 2). The
percentage of MNPCE was 0.8 + 0.18 (p<0.001) and
MNNCE wasfound to be 0.36 + 0.08 (p<0.001). The P/N
ratio was significantly decreased to 0.43+0.04 in Ruta
200C treated group of animals which indicates it effect
on DNA.

Effect of Ruta graveolens on bone marrow DNA evaluated
through comet assay

Comet assay involving single cell gel electrophoresis,
allowsdetection of DNA fragmentsresulting from awide
variety of DNA damage. It was found that the extract
treatment did not induce any detectable comet formation
in the bone marrow cells of mice on 5th, 10th and 20th
day. But there was significant increase in all the comet
parameters such as percentage DNA in tail, tail moment,
tail length etc. when compared with that of the normal
cells on 30th day of drug treatment indicating significant
induction of DNA damage by the extract (Fig. 1 and Table
3).

In animal streated with Ruta 200C therewas significant
increase in all the comet parameters on day 5th itself
indicating the induction of DNA damage by the Ruta
200C. There was massive degradation of DNA was seen
after electrophoresis on 30th day (Table 3).

Discussion

In present study we report the potential genotoxic
effect of Rutagraveolens, whichisbeing used asflavoring
agent aswell asin medicinein many European countries.
Thisdrug isreported to possess several pharmacological

Table 2. Effects of Ruta graveolens and Ruta 200C on Micronuclei Formation in Mice Bone Marrow Cells

Group % MNPCE %MNNCE  %(MNPCE +MNNCE) %PCE P/N ratio

Normal 0.13+0.04 0.08+0.03 0.21+0.06 355+0.82 0.55+0.02

Control (Radiation alone) 250+ 0.15* 0.33+0.02* 2.85+0.14* 23.0+0.70* 0.30+ 0.01*

Ruta graveolens 0.22+£0.10 0.15+0.06 0.40 £ 0.09* 33.8+£250 0.51+0.06
(400 mg/kg b.wt)

Ruta graveolens 2.03+0.26* 0.47 + 0.06* 250 £ 0.24* 26.9 £ 2.18* 0.37 £ 0.04*
(1000 mg/kg b.wt)

Ruta 200C 20pl/animal 0.8+ 0.18*** 0.36 + 0.08* 1.16 + 0.24* 30.2 £ 1.90* 0.43+ 0.04***

*p<0.001; MNPCE: Micronucleated polychromatic erythrocytes; MNNCE: Micronucleated normochromatic erythrocytes; PCE : Polychromatic

erythrocytes
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Figurel. Effectsof Rutagraveolenson Mouse BoneMarrow DNA as Detected by Comet Assay. a) Normal untreated
cell; b) Treated with Ruta graveol ens 1000mg/kg.b.wt showing comet; ¢) Treated with Ruta 200C (20pl/animal) showing comet

Table 3. Effect of Ruta graveolens and Ruta 200C on
Mouse Bone Marrow Cells Detected by Comet Assay

Group % DNA intaill Tail length  Tail moment
Normal 22.0+7.4 19.0¢64  4.5+25
Ruta graveolens (1000 mg/kg b.wt)

on 30th day 73.1+16.6** 58.9+19.8** 50.2+25.2**
Ruta 200C 20pl/animal

on 5th day 39.3+7.2* 20.1+2.9** 11.7+ 2.9**

*p<0.01; **p<0.001

activities. The homeopathic preparation from this plant,
Ruta 200C was also found to possess genotoxicity.

We have demonstrated the induction of DNA damage
in bone marrow cells of animals treated with the extract
at 19/ kg.b.wt by comet assay. However 30 days of
treatment was needed for comet formation indicating that
long time exposure to the extract is needed to cause DNA
damage. The chromosomal aberrations occur because of
lesionsinthe DNA that lead to discontinuitiesinthe DNA
double helix. It was found that the feeding of the Ruta
graveolens extract on long term lead to chromosomal
aberration in the rapidly multiplying bone marrow cells
and the most prominent type of aberration to be the
formation of accentric fragments. The micronucleus,
whichissmall nuclei in interphasein cells, formed from
accentric fragments again confirmed its action on DNA
and is consistent with the data obtained in chromosomal
aberration assay.

Thereisonereport on the toxicity of Ruta graveolens
ingoats (El Agraaet a., 2002). The mgjor activeprinciple
is a flavonoid- rutin, which comprises 2% in the plant.
The other active components present in the plant include
alkaloidslike coquisagenine, skimmianineand graveoline;
furocoumarins (psoralens) like bergaptene, xantotoxine;
essential oils include methyl-nonyl-ketone, methyl-n-
octyl-ketone and methyl-heptyl-ketone. The other
compounds present are limonins, dictamine,
gammafagarine etc. The psoralenspresent inthe plant are
reported to be photo toxic (Wessener et a., 1999) and
mutagenic (Paulini et al., 1987). They are a so capable of
binding to DNA to induce apoptosis (Furniss and Adam,
2007).

The flavonoid rutin and its hydrolysis product
quercetin were reported to be genotoxic and possess
prooxidant activity (Sahu and Gray, 1996; DaSilvaet al.,
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2002). This prooxidant activity has been attributed to the
apoptoticinducing property of theseflavonoids and hence
implicated in cancer chemoprevention (Chang et a ., 2006;
Colic and Pavelic, 2000). Rutin was also reported to
possess protective effect on carcinogen induced DNA
damage (Webster et al., 1996). In our study Ruta
graveolens and Ruta 200C are found to produce ROS as
well as to induce apoptosis in DLA cells (Unpublished
data). It was also found that both the extract and Ruta
200C possess antitumor activity and could inhibit the
chemically induced carcinogenesis in animal model
(Preethi et al, 2006; Harikumar et al, 2007).

The free oxygen radicals generated through Fenton
reaction induced by the extract may be causing DNA
strand break. Many of the known anticancer agents exert
their effect through their action on DNA to induce
cytotoxicity (Mizutani et al., 2005; Alexandre et al.,
2007).The present study indicatethat Rutagraveolensand
Ruta 200C produce genotoxic effect and apoptosis in
tumor cells by generation of reactive oxygen species.
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