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ABSTRACT

Commiphora gileadensis, a wild aromatic medicinal plant, is part of the
Burseraceae family, which contains 190 species under the genus
Commiphora. It has both ethnobotanical and therapeutic applications.
Currently, the antigenotoxic effects of Commiphora gileadensis essential
oil (CEO) was investigated by assessing chromosomal anomalies in bone
marrow cells, DNA fragmentation in hepatocytes, chromosomal
aberrations in spermatocytes, and sperm head and tail anomalies in mice.
Animals were divided into the following groups: Cyclophosphamide
(CP) treated groups (20 mg /kg b.w.), the control group (received no
treatment), corn oil treated group, group administered CEO for 7 days at
300 mg /kg b.w., three groups administered CEO for 7 days at (100, 200
or 300 mg /kg b.w.) plus cyclophosphamide. In vivo investigations

sperm demonstrated that preliminary treatment with the tested concentrations of
CEO reduced CP-induced injury. Therefore, research has shown that the
CEOQ is a potential factor for protection against the genetic toxicity caused
by CP.

This is an open access article under the CC-BY-SA license.

1. Introduction

Plants offer a diverse array of natural compounds which could serve as the basis of advanced
conventional therapeutic systems, making them a constant source of research for the development of
new drugs [1]. Commiphora gileadensis (L.), also known as Commiphora opobalsamum, Amyris
gileadensis, Amyris opobalsamum, or Balsamodendron opobalsamum, is a therapeutic plant in the
family Burseraceae [2-3]. These plants are found in several places, including Arabia (Yemen and
Oman), Africa (Somalia, Ethiopia), and Sudan, as well as in India [4]. It's referred to as Ood-e-
balsam, Bechan, Bisham, Balm of Mecca, or Balsam, Balessan. Also, the Bible was named "Balm
of Gilead," whereas in Hebrew it is known as "Apharsemon" [5]. Methanolic extract of Commiphora
molmol displayed notable antibacterial activity in Gram-positive and Gram-negative bacteria.
Additionally, the significant effectiveness of its oil extract against resistant S. aureus was
documented [6]. Al-Abdallah et al., [7] noted that the methanolic leaf extract of Commiphora
gileadensis exhibited efficacy in reducing the growth of several bacterial species through the use of
one procedure. Al-Hazmi et al. [8] documented that Pseudomonas aeruginosa was effectively
inhibited by the whole Commiphora gileadensis methanolic extract in vivo. The results indicate that
C. leptophloeos has promising preventive effects against S. aureus resistance and against various
pathogenic microbes [9]. Studies of Salman et al., [10] showed that treatment with leaves extract of
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C. gileadensis significantly reduced chromosomal abnormalities in bone marrow cells, DNA
fragmentation in hepatocytes and sperm shape anomalies induced by CCLA4.

Currently, Cyclophosphamide (CP) is used in treatment of cancer and autoimmune diseases [11-12].
Bioactivation of CP release cytotoxic alkylating phosphoramide mustard and acrolein metabolites
[13]. Therefore, the goal of the current study is to provide new insights into Commiphora gileadensis
essential oil (CEO) ameliorative activities against CP induced genotoxicity.

2. Materials and methods
2.1. Chemicals

Commiphora gileadensis essential oil: Aldousiah farm, Saudi Arabia. Cyclophosphamide: Sigma-
Aldrich (St. Louis, MO).

2.2. Animals and treatment

The animals were male, 9-12 weeks old and weighed 25-27g. The source of this strain was the Animal
House Colony at National Research Center, Egypt. CEO were examined in 3 tested doses (100, 200
and 300 mg /kg b.w diluted in corn oil for 7 days).

Animals were divided into the following groups: CP treated groups: single intraperitoneal injection
of 20 mg /kg b.w. 24h. prior sacrifice; the control group (received no treatment); corn oil treated
group; group administered CEO for 7 days at 300 mg /kg b.w.; three groups administered CEO for 7
days at (100, 200 or 300 mg /kg b.w.) plus cyclophosphamide.

2.3. Chromosomal Aberration for Bone Marrow Cells

To evaluate any abnormalities at the chromosomal level, the bone marrow of mice that were
administered an intraperitoneal injection of colchicine two hours prior to euthanasia was utilized
[14]. Protocols of Yosida and Amano, [15] was utilized with some modifications to prepare
chromosomes from bone marrow cells.

2.4. DNA Fragmentation Assay

The DNA fragmentation procedure was conducted by the methodology detailed by Perandones et al.,
[16].

2.5. Chromosomal abnormalities in spermatocytes

Preparation of the meiotic chromosomes was done by Evan et al., [17].
2.6.  Sperm shape abnormalities assay

The method of Wyrobek and Bruce [18] was used.

3. Results and Discussion

In somatic cells, the mean percentage of metaphases with chromosomal aberrations after receiving
an i.p. injection of CP was 18.2 % (P<0.01) (Table 1). DNA fragmentation in hepatocytes
significantly increased to 10.0% (P<0.01) (Table 2). In germ cells the mean percentage of abnormal
diakinesis metaphase I cells was 11.8% (P<0.01) 24 hours after receiving a single dose of CP (Table
3). Treatment with CP significantly raised the abnormal sperm's percentage compared to control
untreated group (Table 4). CP were observed to induce the breakage in chromosomes, increasing the
percentage of micronuclei and elevate the percentage of sister chromatid exchange [19-20]. CP were
observed to affect sperm count and absence of spermatogenic cycle [21]. Animals treated with 300
mg/kg b.wt of CEO showed statistically insignificant percentages of aberrant bone marrow cells as
compared to the control group. In addition, hepatocytes DNA fragmentation was observed in the
control normal level. Consecutive administration of 200 or 300 mg/kg of CEO for seven days
significantly (P<0.01) suppressed the proportion of chromosomal abnormalities triggered by CP. The
inhibition percent was 40.65 and 49.45%, respectively (Fig. 1). DNA fragmentation decreased to 7.2
and 5.54% after treatment with the two doses respectively (Table 2).
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Table 1. Number and mean percentage of the different types of chromosomal aberrations in mouse bone
marrow cells after treatment with CEO alone or in combination with CP.

. Chromosomal aberrations
No. of metaphases with

Treatment and doses

(mg/kg b.wt.) Gap aIt;r;%(.)r Deletion Total Excluding gaps Mean Including gaps
break

CP 19 66 6 72 14.4 +£0.5¢ 18.2+07%
Control 2 0 1.2+0.2 1.6+ 0.4
Corn oil 1 1.4+0.2 1.6 +£0.25
CEO (300) 2 0 1.6 £0.22 2.0+0.24
CEO (100) + CP 14 50 4 54 10.8 £ 0.54 13.6+0.7
CEO (200) + CP 10 39 5 44 8.8 £0.56° 10.8 +0.24P
CEO (300) + CP 9 34 3 37 7.4+0.27° 9.2 +0.6>

a: significant at 0.01 level (t test) compared to control (non- treated).
b: significant at 0.01 level (t test) compared to treatment (CP)

Table 2. DNA fragmentation in hepatocytes after treatment with CEO alone or in combination with CP.

Treatment and d .
reatment and coses DNA fragmentation Mean% =+

(mg/kg b.wt.) SE.
CP 10.0+0.44 ¢
Control 32+£03
Corn oil 32+02
CEO (300) 3.3+ 025
CEO (100) + CP 8.54 +0.42
CEO (200) + CP 7.240.24"
CEO (300) + CP 5.54+0.52°
a: significant at 0.01 level (t test) compared to control (non- treated).
b: significant at 0.01 level (t test) compared to treatment (CP)
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Fig. 1. Inhibition percentage of the tested doses of CEO in bone marrow chromosomal aberration and
hepatocytes DNA fragmentation.
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In germ cells the mean percentage of abnormal diakinesis metaphase I cells was 11.8 % (P<0.01) 24
hours after receiving a single dose of CP. Treatment with CP significantly (P<0.01) raised the
abnormal sperm's percentage compared to control untreated group (Table 4).

The antigenotoxic role of CEO was examined in germ cells. Treatment with 200 or 300 mg/kg b.wt.
of CEO significantly (P<0.01) reduced the CP-induced abnormalities in spermatocytes reached 7.2
and 5.4% (P<0.01) respectively (Table 3). The inhibition percentage observed in sperm abnormalities
reached 35.36 and 46.34 % after cotreatment with these doses respectively (Fig.4).

Table 3. Number and mean percentage of the different types of chromosomal aberrations in mouse
spermatocytes after treatment with CEO alone or in combination with CP.

. Total aberrations
No. of metaphases with

Treatment and

doses (mg/kg b.wt.) XY Autosomal XY+ NO.

Univalent univalent Autosomal Mean% + S.E.

Univalent

CP 37 14 8 59 11.8+0.21*
Control 0 10 2.0+0.14
Corn oil 8 0 11 22+02
CEO (300) 1 13 2.6+0.12
CEO (100) + CP 32 12 5 49 9.8+0.22
CEO (200) + CP 20 9 7 36 72+02°
CEO (300) + CP 15 5 7 27 5.4+0.2°

a: significant at 0.01 level (t test) compared to control (non- treated).
b: significant at 0.01 level (t test) compared to treatment (CP)

Table 4. Number and percentage of different types of sperm shape abnormalities in male mice after treatment
with CEO alone or in combination with CP.

Abnormal
No. of sperms with sperms
Treatment and Abrrl;nlgal Mean % +
doses Head abnormalities Tail abnormalities Spe o S.E.
(mg/kg b.wt.)
Triangle =~ Amorphous Without Banana Coiled
hook

CP 144 102 81 18 65 410 8.2+033¢

Control 50 31 17 0 12 110 22+0.3
Corn oil 42 36 9 1 12 100 2.0+0.21
CEO (300) 45 28 11 2 19 105 2.1+0.18
CEO (100) + CP 114 94 66 12 79 365 7.3+0.15
CEO (200) + CP 85 69 36 9 66 265 5.3 +0.31%
CEO (300) + CP 72 58 29 9 52 220 4.4+ 0.23%

a: significant at 0.01 level (t test) compared to control (non- treated).
b: significant at 0.01 level (t test) compared to treatment (CP)
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Fig. 2. Inhibition percentage of the tested doses of CEO in spermatocytes and sperm shape abnormalities.

It is vital to mention that the Commiphora genus emerged as a good source of traditional medicine
and was found to contain multiple phytochemicals that exhibit antioxidant properties as evidenced
by several studies. Research conducted by Gowri Shankar et al. [22] implies that bark extract of
Commiphora berryi could be considered a hepatoprotective agent against CCl4-induced oxidative
liver damage in rats. They concluded that this effect may be attributed to its capacity to neutralize
free radicals and antioxidant properties. Ahamed et al. [23] observed that ethanolic extract of
Commiphora myrrh possesses the capacity to mitigate oxidative stress and lipid peroxidation
triggered by D-galactosamine/lipopolysaccharide (D-GaIN/LPS) in liver. Compaoré et al. [24]
reported that Commiphora. africana had a significant in vitro antioxidant and anti-inflammatory
properties due to the presence of bioactive compounds including p-Coumaric acid, ferulic acid,
isoquercitrin, quercitrin, and quercetin. The ethyl acetate extracts of Commifora mukul were
observed to display promising antioxidant properties [25]. Ezenyiet et al. [26] revealed that the
ethanol extract from stem bark of Commiphora kerstingii demonstrated protective effects against
liver damage triggered by carbon tetrachloride, providing some basis for its traditional use in treating
liver diseases. Studies conducted by Farida et al. [27] showed that stem bark of Commiphora
opobalsamum is a potentially effective natural remedy for liver injury, hyperglycemia, oxidative
stress, inflammation, hyperlipidemia, and DNA damage. Moreover, Research conducted by
Alahmari et al. [28] suggested that treatment of rats with 500 mg Commiphora myrrha /kg for one
month significantly reduced ethanol consumption-induced liver toxicity. The results of this study
indicate that Commiphora myrrha extract contains abundant sesquiterpenoids, which possess
antioxidant properties and can neutralize reactive oxygen species.

In the present study the ameliorative activity of CEO against CP induced injury in somatic and germ
cells could be attributed to its antioxidant activity. Antioxidants could act through various
mechanisms: (1) preventing or reducing the formation of free radicals; (2) neutralizing free radicals;
(3) transforming free radicals into less harmful substances; (4) minimizing the production of
secondary toxic active species; (5) preventing the chain propagation reaction; (6) improving the
body's natural antioxidant response by acting in association with other antioxidants; and (7) capturing
metal ions (Losada-Barreiro et al., [29]. ROS are tiny, very reactive molecules that contain oxygen
and have short 74 half-life. Superoxide anions, hydrogen peroxide (H202), and hydroxyl radicals
are the three most significant subtypes of ROS that cause cell damage and even death out of the more
than 20 different forms of ROS [30].

4. Conclusion

The current study demonstrated the ameliorative effects of CEO, which included a considerable
reduction in the defective chromosomes in bone marrow cells, fragmentation of DNA in hepatic
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cells, and sperm shape abnormalities caused by CP. Furthermore, this study showed clear evidence
of the capability of CEO to minimize the strong oxidative damage caused by chemical substances
and cytogenetic abnormalities. Additional studies on CEO are needed to identify the mechanisms
engaged in these antigenotoxic activities.
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