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Abstract
This study focused the line on the effect of aqueous extract of Rosemary officinalis, as well as,
effect of toxic compound CCL4, on micronucleus formation and mitotic index assay in albino
male mice. This work started at September 2017 at Biotechnology Research center \Al-Nahrain
University, by using 20 albino male mice. The result indicated that aqueous extract of rosemary
caused significant increased in mitotic index and decrease micronucleus formation for two doses
tested 50,100 mg/kg in comparison with negative and positive controls, also the results revealed
that CCL4 showed significant mutagenic action on biological system of treated mice by increased
frequency of micronucleus formation and decreased the percentage of mitotic index in bone
marrow cells. Pre-and post –treatment between aqueous extract and CCL4 were also made. The
results of pre and post treatment with rosemary extract were also caused a significant decreased
in micronucleus formation and increase the percentage of mitotic index for two doses 50,100
mg/kg in comparison with its corresponding controls which caused increased in the frequencies
of micronucleus formation and decrease the percentage of mitotic index in bone marrow cells.
Conclusions: Rosemary officinalis enhanced immunity, reduced mutagenic effects against
cytotoxicity of CCL4.
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انًهخص
شةٍٛ انُٕٖ انصغٕٚ ػهٗ حك، CCL4 ش انًشكب انسبوٛ ٔحأث، م انجبمٛ نُببث اكهٙش انًسخخهص انًبئٛسكضث ْزِ انذساست ػهٗ حأث
جبيؼت/ تٛبئٛبث االحُٛ يشكض بحٕد انخمٙ ف2012  سبخًبشٙ بذأ ْزا انؼًم ف.ضبءٛت انبٚ انفئشاٌ انزكٕسٙيؼذل االَمسبو انخهٕ٘ ف
ٙت فُٕٚبدة يؼٚسبب صٚ م انجبمٛ إلكهٙ أشبسث انُخبئج إنٗ أٌ انًسخخهص انًبئ.طٛ ركٕس انفئشاٌ انب20  ٔرنك ببسخخذاو،ٍٚانُٓش
 كغى ببنًمبسَت/غشاوٛيه100 ٔ 00  حى اخخببسًْبٍٙ انخٍٛ انًسخخذيخٛشة نهجشػخٍٛ انُٕٖ انصغٕٚمهم يٍ حكٚٔ ٕ٘يؼذل االَمسبو انخه
ٍ نهفئشاٌ انًؼبنجت ػٕٙنٕجٛش ػهٗ انُظبو انبٛ أظٓش ػًم يطفش كبCCL4 ٌ كًب أظٓشث انُخبئج أ، طشة انسبنبت ٔانًٕجبتٛيغ انس
 كًب اظٓشث َخبئج انًؼبيهّ لبم ٔبؼذ.ب َخبع انؼظبوٚ خالٙشة ٔاَخفبض َسبت االَمسبو انخهٕ٘ فٍٛ انُٕٖ انصغٕٚبدة حكشاس حكٚك صٚطش
100 ، 00 ٍٛت نالَمسبو نهجشػخٕٚبدة انُسبت انًئٚشة ٔصٛ ٍ انُٕٖ انصغٕٚ حكٙ انٗ اَخفبض يؼُٕ٘ فCCL4 ٔ ٍٙ يسخخهص يبئٛب
ٙت نالَمسبو فٕٚم انُسبت انًئٛشة ٔحمهٍٛ انُٕٖ انصغٕٚ حكٙبدة فٚ سببج صٙطشة نكم يًُٓب انخٛ كغ ببنًمبسَت يغ يجًٕػت انس/يغ
ٌٕذ انكبسبٚ كهٕسٙت نًشكب سببػٕٚت انخهًٛم انسٛ ٔحمه،مٕ٘ انًُبػتٚٔ ؼضصٚ م انجبمٛ اٌ َببث اكه: االسخُخبجبث.ب َخبع انؼظبوٚخال
.CCL4
شةٛ انُٕٖ انصغ،ٕ٘ االَمسبو انخه، ٌٕذ انكبسبٚ كهٕسٙ سببػCCL4 ،م انجبمٛ إكه:انكهًبث انذانت

Introduction
The relationship of humans and animals with plants obviously originated with the beginning of life on
earth [1] when these plants abounding much of the shelter, oxygen, food and medicine needed by higher
life forms [2]. Remedial plants have long played essential roles in the treatment of diseases all over the
world [3]. Some of these properties are antimicrobial, anti-cancer, anti-diabetic [4], anti-atherosclerosis
[5], immunomodulatory [6], in addition to use as source for a extensive variety of natural antioxidants
[7]. Rosemary (Rosmarinus ofﬁcinalis L.), which belongs to the family Lamiaceae, is an aromatic,
evergreen, high shrub with upright stems, whitish -blue ﬂowers and dark green leaves [8].The
therapeutic nature of rosemary extract is related to its content of important active constituents mainly
diterpenes (e.g. carnosic acid); phenolic acids (e.g. rosmarinic acid) and flavonoids that derived from
two frequent flavones: apigenin and luteolin [9]. Rosemary extracts, chiefly derived from the leaves, are
common herbal products used as ﬂavoring and antioxidant agents in food processing and cosmetics
[10]. As naturally stirring antioxidants, they are ideal to synthetic antioxidants [11]. Moreover, the
biological properties of rosemary have been credited to its phytochemical composition rich in (poly)
phenolic compounds, mainly diterpenoids such as carnosic acid and carnosol [12].Rosemary extracts
and its dried leaf contains an essential oil (0.6–2%) of varying composition [13].Rosemary essential oil
extract is also used as an antibacterial, antifungal [14] and anticancer agent [15].
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Carbon tetrachloride (CCl4) is a manufactures chemical used for many domestic purposes. The toxicity
of CCl4 was studied by several investigators [16]. CCl4 Carbon tetrachloride toxicity has resulted in
many cases of poisoning by inhalation, ingestion or absorption [17]. Prolonged exposure to carbon
tetrachloride induced histopathological features such as inflammatory leucocytes’ infiltration, necrosis ,
fibrosis, cirrhosis and sometimes may lead to tumors [18]. It induced liver fibrosis, enhanced lipid
peroxidation, increases alanine aminotransferase (ALT) and causes collagen deposition in liver tissue
[19]. Poisoning by CCl4 induced toxic injury to both liver and kidney [20].
Materials and Methods
Plant collection and identification
The leaves of plant were collected from the confined markets during September (2016), which had been
identified previously by National Herbarium of Iraq. The leaves were left at room temperature to dry,
and after dryness, they were powdered with a coffee grinder.
Preparation of plant extract
The plant leaves was extracted with distilled water. The air dried leaves powdered using coffee grinder
[21]. Fifty grams of the leaves powder were extracted for three hours in 250 ml of the solvent (distilled
water) using the soxhlet device and the source of heating was a boiling water bath 100°C. The leaf
extract solution was then evaporated at 45°C using a rotary evaporator and the resultant crude extract
was frozen at -20C until use to prepare the required doses [22].
Preparation of carbon tetrachloride (CCL4): carbon tetrachloride solution was used at concentration
of 0.2% CCl4 in olive oil [21].
Laboratory animals
Albino Swiss male mice (Mus musculs) were supplied by the Biotechnology Research Centre (AlNahrain University). Their age was 8-10weeks, and their weight was 23-27 grams. They were divided
into groups, and each group was kept in separate plastic cage (details of the groups are given in the
section of experimental design). The animals were maintained at a temperature of 23-25C, and they had
free access to food (standard pellet) and water.
Experimental design
The experiments were planned to estimate the effect of rosemary officinalis aqueous extract on albino
male mice, as well as, their role in modulating the effect of toxic compound CCL4. Therefore, such as
evolution were carried out through two stages:
First stages
In this stage, the effect of two selected doses (50 and 100 mg\kg) of rosemary aqueous extracted and
CCL4 were investigated. The selection of these doses based on previous investigation by [23] who
found that rosemary aqueous had no toxicity between 50 and 500 mg/kg of body weight. Therefore, the
animals were divided in to four groups, each groups contained (4) animals:
1. Group I: the animals were treated with distilled water (Negative controls).
2. Group II: the animals were treated with first dose of rosemary extract (50 mg/kg).
3. Group III: the animals were treated with second dose of rosemary extract (100mg/kg).
4. Group IV: the animals were treated with CCL4 (0.2% mg/kg) (positive controls).
The tested materials were injected intraperitoneally as a single dose (0.1 ml) per a day and for 7 days.
The mice were sacrificed in day 8.
Second stages
In this stage, an interaction (pre- and post-treatment) between the two doses of rosemary aqueous
extract and CCL4were carried out.
In pre-treatment interaction, the plant extract was given for 6 days (single dose 0.1 ml/days), while
CCL4 was given in day 7, and then animals were sacrificed in day8. The tested materials were
administrated intraperitoneally (0.1 ml).
In post treatment interaction, the animals was given CCL4 on day one, while the plant extract was
given in day 2 till day 7 (single dose 0.1 ml/ day), and then animals were sacrificed in day 8. The
materials were administrated intraperitoneally (0.1ml).
For both treatments, controls groups were paralleled with the two types of interactions.
Investigation Parameters
Metaphase index assay
Metaphase index was determined for cells obtained from bone marrow, following the procedure of
[24]. After mice injected intraperitoneally with 0.25 ml of colchicines for 2 hours, the animals was
sacrificed to obtain femur bone. After that, its cellular contents were collected by using normal
physiological saline 5 ml. The cells were suspended in a test tube and centrifuged 2000 rpm\min for 10
minutes. The cell deposit was s uspended in 5 ml of a warm 37C hypotonic solution (KCL; 0.075M).
Then the tubes were incubated in water path 37C for 30 minutes, and then the tubes were centrifuged at
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2000 rpm for 10 min. Finally, five ml of the fixative solution was added a drop wise to the cell deposit,
the tubes were incubated in the refrigerator 4C for 30 minutes and successive centrifuged steps were
made 2000 rpm\min. The cell suspension was dropped on clean slides at 20 cm height then it was
stained with Giemsa stain for 15 minutes and rinsed with distilled water and at least 1000 cells were
examined under oil emersion lens. The percentage of metaphase cells (metaphase index) was recorded
using the following equation:
Number of metaphase cells
Metaphase index (%) =___________________________×100
Total count

Micronucleus formation assay
To carry out the assessment of micronucleus formation, the procedure of [25] was followed with some
modifications, which is outlined in the following steps :
The mouse was sacrificed by cervical dislocation, and then dissected to obtain the femur. After cutting
both ends of the bone, it was wrapped up from the middle with a forceps in a vertical position over the
edge of a test tube, and then the cellular content was collected with a he at inactivated human AB
plasma 2 ml. After that, the test tube was centrifuged 1000 rpm for 10 minutes. The cellular deposit was
gently mixed, and a thin smear was made on a clean slide, and air-dried at room temperature .The smear
was fixed with absolute methanol for 5 minutes, and then air-dried at room temperature, followed by
staining with Giemsa stain for 15 minutes, and rinsed with distilled water. The slides were examined
under oil immersion lens 100X, and at least 1000 polychromatic erythrocytes (PCE) were examined for
the presence of micronucleus formation. The micronucleus index was obtained using the following
equation:

 Number of Micronuclei 
Micronucleus Index (micronucleus/cell) 
 x 100
 Total Count of PCE 
Statical analysis
The values of the investigated parameters were given in terms of mean ± standard errors (SE), and
differences between means were assessed by analysis of variance (ANOVA) followed by least
significant difference (LSD) or Duncan test, using the computer programme SPSS version 13.0. The
difference was considered significant when the probability value was equal or less than 0.05.All
assessments were based on four observations (four mice) [26].
Results
Mitotic index of bone marrow cells:
The results indicated that the mitotic index of bone marrow cells in mice treated with distilled water
(negative control) was (3.00 ± 0.14 %) and such index was decreased to (1.70±0.06 %) when mice was
treated with CCL4 (positive control).Treatment of animals with the two doses of rosemary aqueous
extract, revealed that the percentage increased to (7.34±0.75 and 5.35±0.32 %) for (50 and 100 mg\kg)
respectivelyTable (1).
Table (1): Mitotic index of bone marrow cells (mean ± stranded error) in albino male mice treated with
aqueous extract of rosemary leaves, distilled water (negative control) and CCL4 (positive
control).
Dose
(mg\kg)

mean ± standard error (S .E) %
of mitotic index

Positive controls(CCL4)

0.2

1.70±0.06 D

Negative control (distilled
water)
Rosemary aqueous extract

0.00

3.00±0.14 C

50

7.34±0.75 A

Rosemary aqueous extract

100

5.35±0.32 B

Groups

Different letters in same column: significant difference (P≤0.005) between means .

Micronucleus formation in bone marrow
The micronucleus formation observed with incidence of (0.007±0.008 micronucleus \cell) in animals
treated with distilled water (negative control), but when mice treated with CCL4 appreciably
frequency increased (2.280 ± 0.012 micronucleus \cell) Figure (1). Treating the animals with two
doses 50 and 100 mg\kg of aqueous extract associated with significant reduction of micronucleus
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formation as compared to the spontaneous formation negative control (0.010±0.011 and 0.020±0.012
micronucleus\cell respectively as shown in Table (2).

Fig (1): Micronucleous formation in bone marrow cells in mice treated with CCL4
(100X; Giemsa stain)
Table (2): Micronucleus formation in bone marrow cells(mean ±standard error) in albino male mice
treated with aqueous extract of rosemary leaves, distilled water (negative control) and CCL4
(positive controls).

Groups

Dose
(mg\kg)

Positive controls(CCL4)

0.2

mean ± standard error
(S .E.)
micronucleus\cells
2.280±0.012 C

Negative control (distilled
water)
Rosemary aqueous extract

0.00

0.070±0.008 B

50

0.010±0.011 A

Rosemary aqueous extract

100

0.020±0.012 A

Different letters in same column: significant difference (P≤0.005) between means.

Metaphase index of bone marrow cells after pre and post treatment
The Metaphase index of bone marrow cells was significantly increased as a consequence of pretreatment (6.54 ± 0.23, 5.49 ± 0.040 vs. 3.65 ± 0.40%), as well as in post treatment the metaphase
index increased to7.42 ± 0.32, 5.40 ± 00.15vs. 4.80 ± 0.47%) when mice treated with aqueous extract
as compared to the corresponding controls Table (3).
Table (3): Metaphase index of bone marrow cells (mean ±standard error) in albino male mice after
interaction (pre and post treatment) between the two doses (50 mg\kg) and (100 mg\kg) of
aqueous extract of rosemary leaves and CCL4.

Groups

mean ± stranded error
(%)
(Metaphase index)
PrePostTreatment
Treatment

control (distilled water-CCL4)

3.65 ± 0.40 B

4.80 ± 0.47 C

Rosemary aqueous extract
(50mg\kg)

6.54 ± 0.23 A

7.42 ± 0.32A

Rosemary aqueous extract
(100mg\kg)

5.49 ± 0.040 A

5.40 ± 00.15 B

Different letters in same column: significant difference (P≤0.005) between means
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Micronucleus Formation in Bone Marrow Cells After Pre- and Post- Treatment
The distilled water (negative control) showed micronucleus index of (0. 160 ± 0.001and 0.050 ± 0.003
micronucleus \cell), as a consequence of pre and post treatment with CCL4, respectively, the aqueous
extract was able to modulate such effect in both types of treatment, and a reduction was observed as
(0.020 ± 0.001and 0.070 ± 0.002 micronucleus \ cells) for (50 and 100 mg\kg) respectively in a pretreatment and (0.020 ± 0.010 and 0.050 ± 0.001micronucleus \ cell, respectively) for (50 and 100 mg \
kg) in post treatment Table (4).
Table (4): Micronucleus formation in bone marrow cells (mean ± standard error) in albino male mice after
interaction (pre and post treatment) between the two doses (50 mg\kg) of aqueous extract of
rosemary leaves and CCL4.
mean ± stranded error
(%)

Groups

PreTreatment

PostTreatment

control (distilled waterCCL4)
Rosemary aqueous extract
(50mg\kg)

0.160 ± 0.001 A

0.050 ± 0.003 A

0.020 ± 0.001 C

0.020 ± 0.010 B

Rosemary aqueous extract
(100mg\kg)

0.070 ± 0.002 B

0.050 ± 0.001 A

Different letters in same column: significant difference (P≤0.005) between means.

Fig (2): Bone marrow cell of normal mouse at metaphase (100X; Giemsa stain).

Discussion
Medicinal plants have long played crucial roles in the treatment of diseases all over the world [27]. In
recent times, the beneficial effects of antioxidants, particularly natural antioxidants, used in the
treatment and prevention of diseases, there has been a substantial interest in finding natural antioxidants
from plant sources [28]. Rosemary officinalis possess a number of phytochemicals, including
rosmarinic acid, camphor, caffeic acid, ursolic acid, betulinic acid, carnosic acid and carnosol which
responsible for their roles [29] Several studies found that rosmarinic acid possessed anti-oxidant
activity and was free radical scavengers [30]. Such effects can be achieved by diffrent metabolic
pathways; for instances, inhibit the formation of free radicals, suppress chain initiation and/or breaking
chain propagation reaction, increasing the activity of detoxifying enzymes such as glutathione
transferase (GST) and superoxide dismutase (SOD) and de novo anti-oxidant and adaptation where the
signal for the production and reaction of free radicals formation and transport of the anti-oxidant to the
right site [31]. In addition to their immune modulatory effect, the flavonoid compounds serve other biofunctions, with special reference to antimutagenic activity. It has been demonstrated that the flavonoid
compounds, 3-kameferolcoumate and luteolin, which were extracted from some plants of the family
Lamiaceae (R. Officinalis, S. officinalis, Thymus vulgaris and Mentha piperita) inhibited the mutagenic
activity of Trp-p-2, and the suggestion was that these compounds activate the metabolic inactivation by
modifying the action of the enzyme cytochrome p450 enzyme [32]. Such consequence can lead to a
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decrease in DNA strand breaks, lipid peroxidation and cellular oxidation [33]. Another function of
flavonoid compounds, in addition to antioxidant activity, it serves other bio-functions like antimutagenic and anti-tumor activities [34]. Antioxidant systems are frequently inadequate, and damage
from reactive oxygen species is proposed to be involved in carcinogenesis [35]. Reactive oxygen
species can damage DNA and division of cells with unrepaired or misrepaired damage can lead to
mutations. If these changes appear in critical genes, such as oncogenes or tumor suppressor genes,
initiation or progression may result. Reactive oxygen species can interfere directly with cell signaling
and growth. The cellular damage caused by reactive oxygen species increases the risk of DNA damage
and this will lead to mutations, and can increase the exposure of DNA to mutagens [36]. Flavonoids
have also shown to inhibit nitric oxide in a dose dependently manner and also it has been reported that
flavonoids have the most potent inhibitor of xanthine oxidase. Another possible mechanism by which
flavonoids act on reactive oxygen species is through interaction with various enzyme systems, and
some effects may be a result of a combination of radical scavenging an d an interaction with enzyme
functions [37]. The flavonoids content which possess anti-mutagenic and anti-tumor activities, play
important role in the detoxification of mutagenic compounds [38]. These findings have also been
further augmented to be involved in increasing the mitotic index of bone marrow which was observed
in the present study. All these effects could be attributed to the chemical constituents of the plant with
regard to the forthcoming repair mechanisms. It has been found that flavonoids en hances the postreplication repair and stimulates the mechanism of error-free repair [39].In addition to anti-oxidants and
electrophile scavengers activity of flavonoids, another biological functions can be achieved; a
stimulation of the immune system, inhibition of DNA adducts with carcinogens, inhibition of hormonal
actions and metabolic pathway associated with the development of cancer, and inducing phase I or II
detoxification enzymes [40].Significant reduced frequency of MN formation can be consequenced in
the light of these functions and the results of this study suggest that the administration of R.officinalis is
safe and with beneficial anti-mutagenic potential and has a protective effect on the DNA within the
bone marrow cells of treated animals, as suggested by the reduced frequency of MN-induction [41].
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