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Abstract: Rosemary (Rosmarinus officinalis) is widely accepted as one of the medicinal herb with the highest
antioxidant activity. The present study amned to examine the radioprotective potentiality and efficacy of
Rosemary against damage induced by whole body v-irradiattion. This study was performed on four groups of
female rats, 1.e. control group, Rosemary group, y-uradiated group and Rosemary and v-irradiated group. In
each group, cytogenetical studies,clromosome aberrations and micronucleus test, have been done using bone
marrow cells. DAN fragmentation assay have been done using liver cells. Results reveled that the chromosome
aberration assay in bone marrow cells and micronuclei cells pointed out a significant difference between rats
received Rosemary post irradiation and y-irradiated rats. Also, there was a significant increase in DNA
fragmentation mn y-irradiated group. When Rosemary was used after iradiation the percentage of DNA
fragmentation was significantly decreased. Tt was concluded that Rosemary (Rosmarinus officinalis) extract
was effective in the protection against clastogenic effects of radiation due to their higher content of different

antioxidant constitutes and its ability to scavenge free radicals generated by radiation.
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INTRODUCTION

Tonizing radiation 1s known to affect somatic and
germ cells, leading to mutation, cell death, malformation
and cancer. Interactions of ionizing radiation with living
cells cause a variety of changes, whose damage mtensity
depend, fundamentally on the absorbed dose, type of
radiation, conditions of
radiosensitivity of cell [1].

A considerable number of researches have been
carried out i the field of chemical radioprotection
during the last few decades; however, no safe and

irradiations and intrinsic

ideal synthetic radioprotectors are available to date.
Recently, interest has generated in developing the
potential drugs
radiation effects. Plants and their products are well
known to have an advantage over the synthetic
compounds in terms of their potential low/mo toxicity
at the effective dose with minimum or no side effects
[2-6]. However, the wuse of medicinal plants 1s
characterized by lack of robust scientific evidence to

botamecal for the amelicration of

support their use. Therefore, studies supporting or
rejecting their role in the treatment of various health
disorders are of great need [2].

Rosemary (Rosmarinus officinalis), belonging to the
family Lamiaceae, 13 a common medicinal and aromatic
plant, grown in many parts of the world. Tt is indigenous
to Southern Europe, particularly on the dry rocky hills of
the Mediterranean region. Rosemary 1s used as a culinary
herb, a beverage drink, as well as in cosmetics. In folk
medicine, it is used as analgesic, antirheumatic,
carminative, diuretic, expectorant, anti-epileptic, anti-
spasmodic 1n renal colic, dysmenorrhoea, for relief of
respiratory disorders, improve human fertility and
stimulate hair growth [7]. Rosemary has been shown to be
safe in toxicity studies in animal models when added as an
antioxidant to food [8].

Since time mnmemorial, the plant has been used
traditionally by people for curing various health disorders
around the world. Caribs of Guatemala use Rosemary to
cure various human diseases [9]. Rosemary (Rosmarinus
officinalis) which 15 used in traditional Turkish folk
medicine for the treatment of hyperglycaemia, is widely
accepted as one of the medicinal herb with the highest
antioxidant activity [10]. Thus, wide acceptability and
diverse pharmacological and anti-oxidative properties of
the plant stimulated us to evaluate the radio modulatory
effect of Rosmarinus officinalis in female rats exposed to
dose of 5 gray gamma radiation.
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MATERIALS AND METHODS

Taxonomic Description of the Plant: Rosmarinus
officinalis 13 an ever green shrub growmg to 1.5 m at a
medium rate. The leaves of Rosemary are about 1 inch
long, lmear, revolute, dark green above and paler and
glandular beneath, with camphoraceous aromatic odour.
The scented hermaphrodite flowers are small and pale
blue. Much of the active volatile principle resides in
their calyces. There are various other varieties of the
plant, but the green-leaved variety 1s the kind which 1s
used medicinally [11] .

Preparation of Plant Extract: The plant Rosmarinus
officinalis (family: Tamiaceae) dried leafs were obtained
from a trusted traditional herbal market, Cairo, Egypt.
The plant material was prepared by extracting 20 g of
leaf with double boiled distilled water by rinsing for 36 hrs
at room temperature. Filtered solution of the extract was
obtained by filtration through a simple mesh. An
approximate yield of 22 % extract (w/w) was obtained.

The required dose for treatment was injected
mtraperitoneally (at a dose of 0.5ml /kg body wt.).
Optimum dose 1000 mg/kg body wt. [12].

Irradiation: The cobalt teletherapy umt (Co-60) at the
Trradiation Tecnology Center, Dokki Giza, was used for
uradiation. Unanaesthetized ammals were restramned in
well-ventilated perspex boxes and exposed to gamma
radiation (1.e. 5 Gy) at a distance (SSD) of 80 cm from the
source at a dose rate of 0.85 Gy/min.

Animals: Forty female rats (100-120g) were obtammed from
the house of the experimental animals, the National
Research Center, Cawo, Egypt. The amimals were kept
under normal healthy laboratory conditions inbred colony
were used in the present study. Animals were provided
with standard rat feed (procured from Armimal Nutrient Co.,
Cairo) and water ad libitum and were maintained under
controlled conditions of temperature and light (Light:
dark, 10 hrs: 14 hrs.). 5 animals were housed in a
polypropylene cage with locally procured paddy husk
(Oryza sativa) as bedding throughout the experiment.
Tetracycline-containing water (0.13 mg/ml) was provided
once a fortmght and was given as a preventive measure
against infections. Animal care and handling were
performed according to the guidelines set by the World
Health Organization (WHO), Geneva, Switzerland and the
ETC (Ethical Committee National Reaserch Center), Cairo,

Beypt.
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Experimental Design: Rats were divided into four groups
to carry out the experimental study. These groups were as
follows:

Group-I: control

Group-II: was given Rosmarinus officinalis extract
intraperitoneally (1000 mg/kg body wt) daily for 2 weeks

Group-IIT: was exposed to 5 Gy gamma rays.

Group-IV: was given Rosmarinus officinalis extract
intraperitoneally (1000 mg/g body wt) 24 hour after
wrradiation for 2 weeks. All these groups were observed
daily up for two weeks for any sign of sickness,
behavioral toxicity and mortality. Rats were autopsied
after two weeks post y-iradiation exposure with and
without Rosemary treatment.

Bone marrow was collected for cytogenetic analysis
(Chromosome preparation and micronucleus test) and the
tissue samples from lLvers were collected for DNA
fragmentation.

Chromosome Preparation: The animals were sacrificed
and bone marrow was collected. Chromosome preparation
from bone marrow cells of female rat was prepared
according to the procedure of Yosida and Amano [13].

The micronucleus test: from control and all the
treated groups were extracted, smear preparations were
made by using fetal calf serum according to the method of
Salamone et al. [14].

DNA Fragmentation Assay: The method of DNA
fragmentation was carried out according to Burton and
Perandones et al. [15,16].

Statistical Analysis: The obtained data were subjected to
analysis of PRIMER Ver 5.0 according to Bary-curtis
Similarity Tnedex [17].

RESULTS

Chromosomal Aberrations: The current study revealed
that exposure to radiation resulted in highly increased
frequency of aberrations i bone mamrow cells as
compared with the control group or those treated with
Rosmarinus officinalis extract alone or in combination
with radiation (Table 1). These aberrations included
chromosomal gaps, breaks, rings, deletions, centromeric
attenuation and endomitosis.The frequency of aberrant
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Table 1: Effect of vy-iradiation with and without rosemary on chromosome aberrations and aberrant cells in bone mamrow cells of female rat after two
weeks (Mean)

Chromosomal aberrations

Structural Numerical
Total
Groups Gap Break Ring Deletion Centromeric attenuation Endomitosis chromosomal aberrations
Control 0.5 1 28 e 2.6 6.8
Rosemary 1 1.6 1 3 2 6 14.4
Radiation 0.6 0.2 0.8 14 5 7 27.8
radiation+ - 1 1.2 5 2 5 14.2
Rosemary
Table 2: Effect of y-imradiation with and without rosemary on micronuclei (MIN) in bone marrow cells of female rat after two weeks
Groups MN frequency Mean
Control 11,12,10,12,14 13.8
Rosemary 12,16,15,13.16 14.4
Radiation 70,64,58, 55, 57 61.0
Radiation + Rosemary 39,32,31,35, 36 34.6
Table 3: Effect of y-irradiation with and without rosemary on DNA fragmentation in liver cells of female rat after two weeks
Groups DNA fragmentation % %Change
Control 12.2 -
Rosemary 20.0 +78
Radiation 53.0 +40.8
Radiation + Rosemary 46.2 +34.0
Table 4: Similarity between different groups of female rat after two weeks
Groups control Rosemary Radiation Radiation + Rosemary
control 0 0 0 -
Rosemary 76.1347 0 0 0
Radiation 36.11529 52.32085 0 0
Radiation + Rosemary 56.42458 75.21388 69.61967 0
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Fig. 1. Effect of y-irradiation with and without rosemary on chromosome aberrations in bone marrow cells of female rat
after two weeks
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Fig. 4: Dendrogram represent similarity between deferent
groups of female rat after two weeks

cells in the group of animal treated with Rosmarinus
officinalis only slhghtly increased when compared to
control. The
officinalis extract and radiation resulted a decrease in the

combined treatment of Rosmarinus

number of total chromosomal aberrations i bone marrow
cells resulted from radiation (Table 1, Fig.1).
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Micronucleus Test: On analyzing the frequency of
micronucleated cells in bone marrow cells (Table 2), it was
found that radiation mduced highly mcrease in the
frequency of micronucleated cells. When Rosemary
administrated after radiation, it decreased the formation of
micronucleated cells.

DNA Fragmentation: The mean of DNA fragmentation
showed slightly increase after treatment with Rosmarinus
officinalis as compared to the control group. However,
the mean of DNA fragmentation induced by radiation was
highly
officinalis decreased DNA fragmentation induced by
radiation (Table 3 and Fig 3).

mncreased.  Administration of Rosmarinus

DISCUSSION

The development of agents that protect tissues
against radiation damage (1.e., radioprotective agents) 1s
currently the subject of intense research on at least two
broad accounts. First, radiotherapy remains one of the
most widely used treatments for cancer. Irradiation-
induced DNA damage can halt tumor cell proliferation, but
collateral radiation damage to surrounding tissues 1s
always a concern. Accordingly, there is a need to develop
drugs that will protect healthy cells while leaving
malignant cells susceptible and ideally, even sensitized to
radiation therapy. An additional impetus for research is
the need to counteract occupational risks and terrorist
threats of radiation exposure.

In the present study, irradiation showed a significant
increase in frequency of chromosomal aberrations,
micronuelei cells and DNA fragmentation. Similar to these
observations, it was reported that lomsing-radiation
induces a wide range of molecular lesions in mammalian
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cells that can lead to diverse cellular responses such as
cell m activation, chromosomal rearrangements and
mutations, eventually resulting in cancer and hereditary
diseases [18]. In addition, Vyayalaxmi ef af. [19] found that
cells exposed to y-irradiation exhibited a pronounced
mcrease 1 chromosome damage. DNA damage occurs
either by direct 1omisation or ndirectly through generation
of free radicals that attack DNA, resulting in single-strand
breaks and oxidative damage to sugar and base residues
[20], which may later be converted into DNA double
strand breaks. Tt is understood that the un-repaired
double strand breaks will contribute to chromosomal
aberrations [18,21]. Genotoxic effects of iomzing radiation
are also mediated through formation of free radicals
and reactive oxygen species that additionally harm DNA
[22, 23].

Radiation induced damage to normal tissues can be
partially
reduce the damaging effects of radiation, mecluding
radiation-induced lethality [24-26]. Various worleers have
investigated the potential application of radioprotective
chemicals in the event of planned and unplanned
exposure (i.e., clinical oncology, radiation site cleanup,
military scenarios, radiological terrorism, radiation
accidents, etc.) [ 27-29].

Taking into account the limited successes of these

reduced by the use of radioprotectors that

chemical compounds, the need to identify naturals,
effective and nontoxic substances of easy disponibility
and with radioprotector abilities 15 justified. Tlis makes
possible to foresee promising strategies for protecting
accidentally, occupationally or even therapeutically
exposed individuals a%?inst ionizing radiation damage.

More important, Rosmarinus officinalis extract was
not toxic and slightly increase in chromosomal aberration,
micronuclel cells and DNA fragmentation. In tlus regards,
Schuler [7] observed that the extract of Rosmarinus
officinalis has been shown to be safe mn toxicity studies
in ammal models when added as an antioxidant to food.
Rosmarinus officinalis extract did not induce statistically
significant increase i the average numbers of
micronucleus or chromosome aberrations in bone marrow
cells of Wistar rats [30, 31].

The present data revealed that Rosemary
{Rosmarinus officinalis) extract showed protective effect
against y-radiation induced chromosomal aberration,
micronuclei cells and DNA fragmentation. Furtado efal.
[32] showed treatment with different concentrations of
rosmarinic acid combined with doxorubicin DXR revealed
a significant reduction in the frequency of micronuclelr
compared to ammals treated with doxorubicn (DXR) only.
Minnunmi ef al. [33] demonstrated that rosemary extract
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was antimutagenic in the Ames tester strain TA102.
Singletary ef al. [34] reported that the addition of
Rosemary extracts to the diet as a 1% supplement by
weight decrease the frequency of carcinogen-DNA
adduct formation m rats. Andrade et al. [35] The V79 cells
cultures were treated with different concentrations of
rosmarinic acid in combmation with doxorubicin (DXR).
The results showed that rosmarinic acid (RA) exerted
significantly reduced the frequency of micronuclei and the
extent of DNA damage induced by DXR at the three
concentrations tested.

Rosemary has been found to contain certain
antioxidative and free radical scavenging activity [36].
Antioxidant properties of Rosemary are attributed not
only to a smgle compound, but also to a synergistic
action of several components. Clinical studies also
support that Rosemary 1s an excellent antioxidant, having
antimicrobial, anti-mutagemc, radioprotective
chemopreventive properties [7,12,37,38-41].

In conclusion, radiation was
clastogenic effects in rat through the induction of
oxidative stress and DNA modification. It increased the
frequencies of chromosomal aberrations in bone marrow
cells. Rosemary (Rosmarinus officinalis) extract was
effective in the protection against these clastogenic

and

found to mduce

effects of radiation due to their higher content of different
antioxidant constitutes and its ability to scavenge free
radicals generated by radiation.
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