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ABSTRACT

The present study has been done to assess the mutagenic and antimutagenic effects of honey formed by
innovative way (HW) in comparison with two honey formed by different feed sources ; nectar of flowers (HF)
and sugar syrup (HS), against the cytotoxity and genotoxicity induced by cyclophosphamide (CP) in mice bone
marrow cells ,which was evaluated using chromosomal aberration (CA). This search was carried out through
two stages. In the first stage, mice were orally treated daily with phosphate buffer saline (PBS) as negative
control group, and the other three groups were orally treated daily with two doses of the three types of honey
(300 and 600 mg/kg) for 7 and 14 days in order to test the clastogenetic effects of the honey,In the second stage,
interactions between the ideal dose (300 mg/kg) of each type of honey and the CP were used for 7 and 14 days
in order to test the protective effects of honey formed by innovative way as compard to the other types of honey.
The results of the first experiment indicated that the three types of honey has no significant clastogenetic effects
on chromosomal aberrations of the bone marrow cells of treated mice. The results of the second experiment was
showed that (HW) , especially at the ideal dose (300 mg/kg b.w.) exhibited a well protective and high anti-
clastogenic efficiency against the genotoxic actions of the cyclophosphamide (CP) on bone marrow cells, by
reduce CA frequencies.
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INTRODUCTION

Recently,medicines of natural origin had been
received a lot of attention due to the believe
that these products have an efficient
therapeutics as compared to the synthetic
drugs. One of the functional foods is honey
which  has prophylactic and curative
properties.Honey is a natural source of
antioxidant (30) it might reduce the risk of
disease due to the crucial role of
oxidative,through reducing the formation of
free radicals or neutralizing them and that will
produce beneficial effects in human health
(19). It has been also documented that honey
exhibits several medicinal properties like
antitumor, antimutagenic effects (3:10). Honey
contains mainly carbohydrates and water, in
addition to minerals, proteins, free amino
acids, different enzymes, vitamins, organic
acids flavonoids , phenolic acids and other
phytochemicals (11). The composition of
honey might be differant depending on the
plant kinds fed by honeybee and external
provisions (environment, processing, of honey
and storage conditions) (26). Honeybees need
several nutrients, like carbohydrates, proteins,
lipids, vitamins, and minerals for their growth
and development (3). They receive
carbohydrates from nectar and proteins from
pollen (12). The success of beekeeping
depends on the adequate availability of floral
sources (28).These can provide abundant
supplies of pollen and nectar when in bloom,
but limited resources at other times due to a
lack of continuity in the flowering phenology
of crops during rainy season (dearth period)
because of less floral rewards(7) .This is an
important concept to be considered in diet
preparation for feeding bees in winter
(27).During a reliability of nectar and pollen
shortages supplement feeding is necessary for
maintenance of bee population (12).Sugar
syrup is one of the main sources feed to
increase food reserves for overwintering and in
the spring to stimulate brood rearing (8). Sugar
syrup feeding also stimulated honeybees to
increase the natural pollen sheding and
become capable of producing brood (20).sugar
has long been recognized as having a
stimulatory effect, such as an increase pollen-
gathering and egg-laying activity as well as
increased hygienic behavior of honeybee(24).
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Recently, the interest in magnetic water has
been increased water magnetization changes,

water  properties which become more
energized, active, soft and high pH toward
slight alkaline and free of germs

(2,15).Previous studies with magnetic water,
reported that long-term intake of magnetic
water (over 8 weeks) may be beneficial in both
prevention and treatment of complications in
diabetic. Treatment effect of magnetic water
not only decreased the blood glucose and
glycated hemoglobin levels, but also reduced
blood and liver DNA damages in STZ-induced
diabetic rats (15). Ma et al. (18) presented the
possibility that magnetic water can prevent
aging and fatigue by increasing the cell
membrane permeability. Also, Buyukuslu et
al. (5) indicated that activity of superoxide
dismutase was increased in magnetic field.
Another  study  suggested that the
administration of magnetized water to animals
for at least 6 weeks can suppress the
lymphocyte DNA damages induced by DEN
(diethyl nitrosamine) (14). The aim of this
study is to evaluate the mutagenic and
antimutagenic effects of honey formed by
innovative way (HW) in comparison with two
honey formed by different feed sources ;
nectar of flowers (HF) and sugar syrup (HS),
against the cytotoxity and genotoxicity
induced by cyclophosphamide (CP).
MATERIALS AND METHODS
Cyclophosphamide (CP) drug

Forty mg of CP were dissolved in sterilized
distilled water to prepare the required dose and
concentration, which is equivalent to (1mg CP/
animal). Dose injected intraperitoneally
according to method of Premkumar et al. (22).
Feeding colonies (bees)

Eight colonies were selected as a container of
bees belonging local strain of honey bee  Apis
mellifera L. in Irag . The colonies were fed
every three days and from 30 / April to
15/June

1- The first group (three colonies) : colonies
were fed on dissolved sugar in magnetic water
(water magnetic /,CRYLOMAG MW). The
ratio of sugar to water in the groups was (1: 2)
(HW).

2- The second group (3colonies): The colonies
fed by dissolved sugar in conventional water
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(tap water). The sugar to water ratio in the
groups was (1: 2) (HS).

3- Third group (3 colonies): feeding the bees
naturally on the flowers of sidr trees. They are
prescribed for the treatment of many diseases
(HF).

Animals and treatments:

Fiften mice at 9- 12 weeks age and 25-30g in
weight which were purchased from National
Center for Drug Control and Research /
Ministry of Health/ Baghdad. They were
housed in plastic cages containing hardwood
chips, in animal house laboratory in
Biotechnology Research Center , Al-Nahrain.
The animals were given water and fed with a
suitable quantity of water and complete diet.
Experiment design: The animals were
divided into 14 groups as follows:

1- Group I: Negative control (3 mice) :
Treated with (0.1 ml) phosphate buffer (PBS).
2- Group 2: Positive control (3mice) the
animals were intra peritoneally treated with
0.2ml CP 40mg/kg for 24hr

3- Groups 3, 4 and 5: The animals were
Treated with two doses (300 and 600 mg/kg)
respectively, of each type of honey under
study (9 mice)

4- Pre-drug treatment with CP:

The animals group (3 mice) were orally given
(0.5ml) honey formed by-floral resources
(Group6), sugar with magnetic water (Group7)
and sugar syrup (Group8) respectively, per day
for 7 and 14 days, before injected CP (0.2 ml).
5. Post-drug treatment with CP:

The animals group (3 mice) were orally given
CP (40 mg/kg) for one day , then followed by
honey (300 mg/kg b.w), formed by floral
resources (Group9). Sugar with magnetic
water (Groupl0), and sugar syrup (Groupll)
respectively, per day for 7 and 14 days.

6. Co-drug treatment with CP :

The animals group (3 mice) were orally given
CP (40 mg/kg) with 0.5 ml of honey formed
by floral resources (Groupl2). Sugar with
magnetic water (Group 13) and sugar syrup
(Groupl4) respectively, per day for 7 and 14
days . After 24 hrs from last dose, all the
groups were sacrificed on days 7 and 14 day
and bone marrow samples were taken for
cytogenetic analysis (CA).
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Chromosome preparation:

Colchicines was injected 2 hrs before
sacrificed. Mice were sacrificed by cervical
dislocations and bone marrow cells were
harvested. Colchicine (4mg/kg b.wt.) was
administered intraperitoneally 2 hr before the
harvest of the cells. The slides prepared
essentially using modified method of Preston,
et. al.(23).

Statistical Analysis

The Statistical Analysis System- SAS (24)
program was used to evalute effect of different
factors. Least significant difference —LSD test
was used for significant comparison among
means.

RESULTS AND DISCUSSION
Chromosome aberrations test is one of the
simplest short term test for biomonitoring of
the genotoxicity of chemical carcinogens and
the effect of putative chemopreventive agents
(27). CA in control samples was 0.86 = 0.25 %
. This value increased after CP treatment to
8.35% (Table 1). These significant (P<0.05)
increases shows the clastogenic effect of CP.
The types of aberrations;found  were
chromatid breaks, chromatid gaps, deletions,
fragment chromatid and ring chromosome.
Numerical aberrations included aneoploidy
and polyploidy were observed in Fig.1 .The
results of the frequencies of total CA in the
groups of animals treated with low and high
dose of three types of honey, which formed by
different feed sources (sugar syrup, sugar with
magnetic water and nectar of flowers). The
data obtained suggested that the selected doses
of honey (300 and 600 mg/kg b.w.), showed
no significant differences (P<0.05) of CA in
mice bone marrow cells as compared with the
negative control (Table 1).Whereas, high dose
(600 mg\ kg) of HS, caused increased in CA as
compared with the negative group with no
significant differences in comparison with the
positive  group  .Therefore, the (300
mg/kg.b.w.) as a lowest dose was selected and
produced lowest mean value of total CA as
compared with the negative control.
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Table 1. Chromosomal aberrations of bone
marrow cells in mice treated with different
doses of types Honey ( HF, HS and HW).

Experimental Groups Dose CA%
(mg/kg)

Negative control 0 0.86 £0.25a
Positive control (CP) 40 835+041b
Honey formed by 300 1.86£0.07 a
(floral resources (HF) 600 2.08 £0.09 a
Honey formed by 300 3.86+0.11c
(sugar syrup) (HS) 600  4.45+0.25c
Honey formed by 300 1.35+0.21a
(sugar with magnetized 600 220+0.08a
water) (HW)

*Values are means (+ standard deviation)

Interaction between three types of honey
(HF ,HS, HW) and (CP) on bone marrow
cells in mice : The results of the present
investigation confirmed that administration of
CP induced asignificant increases in CA as
compared to those found in negative control
(Tables 2,3,4 and Fig.1.) The development of
CA in bone marrow cells of mice induced by
CP, may be due to inducing free radicals
which have the ability to cause damage to
DNA and RNA and inhibit some enzymes by
reacting with amino acids (1). This results are
consistent with those reported in other studies
(28). On the other hand, it has been revealed
that oxidative or mutagenic damages of CP
could be inhibited by intake of antioxidants
and/or free radical scavengers Therefore, it is
important to find complementary antioxidant
compound that block genotoxicity of CP-
induced (9) . At this context, honey-bee have
been found to have antioxidant and
antimutagenic factors (10). This is a novel
study, as used magnetic water in
supplementary feeding of bee, in addition it is
the first study evaluate the cytogenetic effects
of honey (HW) against genotoxicity induced
by CP  in mouse bone marrow.The present
results showed that the mice group treated

with honey, before CP (G4) had high
significant decreases of total structural
aberrations and numerical  aberrations

(P<0.05), as compared to mice group injected
with CP alone. Post treatment (G6) showed
different protection effect as shown in Table 3.
Furthermore, treatment with a mixture of both
honey (HW, HF). has ability to reduce CA in
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similar to the reduction ability of pre-
treatment. It was clear that post treatment with
honey may activate the suppressing agent or
the promoters of DNA repair mechanism and
it may increase the error free repair fidelity in
the cell (4). The results obtained could reflect
the effects of the both honey on the prevention
of DNA damage by affecting metabolic
pathways being antioxidant or acting on DNA
replication (13). as results observed using
honey HS in three treatments (before, after
and mixture) at two period (7 and 14 day). The
experimental  results showed significant
differences (P<0.05) between treatments in
their effect on all types of CA as well between
the two periods. The present data showed in
pre treatment (G5) (Table 4), a significant
decrease (P<0.005) of CA as compared with
positive controls. Whereas post treatment (G7)
showed no reduction in the frequency of CA in
comparison  with the positive control.
Meanwhile,  simultaneous  administration
(Group10) showed higher effect to reduce the
CA comparing with positive controls. It was
also observed that there was increased in total
CA with increasing treatment period,
recording the highest frequency of CA
especially, after 14 day on post treatment
(Table 3) . Treatment with both honey, before
the drug and as a mixture provided protection
ratios for CAs more than these ratios when
given after drug. So, both honey could be
classified as desmutagen in the first order, and
bio antimutagenic in the second order (21)
.The results showed that HW achieved the
best effectiveness to protection against damage
induced by CP as compared with HS.Similar
results of were found HF, which means that
they have similar mechanism of HF to reduce
genotoxicity of CP. This result is similar to
that observed in the previous study of our
laboratory which suggested that using
magnetic water in supplementary feeding of
bee can firming the protective effect of honey
against CP by reduction frequencies of
micronucleus in mice bone marrow cells (9) .
The mechanism of the effect of HW to
modulate cytogenetic effect of CP are not
clear. it may be due to use magnetized water in
honey bee feeding. Magnetic water has higher
pH and electric conductivity as compared to
general  drinking water (31). Water
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magnetization changes water properties which
becomes more energized, active, the lowes
and highest pH toward slight alkaline and
free of germs (6). Mentioned that, water
solution increases the fluidity. Physics shows
that water change its weight under the
influence of magnetic fields. More hydroxyl
(OH-) ions are created to form alkaline
molecules and reduce acidity.For this reason
cancer cells do not survive well in an alkaline
environment (9). It is possible that magnetized

water activates antioxidant enzymes in the
body and reduces DNA damages (17), due to
its ability to act as a free radical scavenger and
increase the concentrations of endogenous
antioxidants such as glutathione (13). The
mechanism for protection may be attributed to
used magnetic water in formed the honey
could influence effectively on the oxidant
antioxidant balance (16). Magnetic water can
also prevent aging and fatigue by increasing
the cell membrane permeability (18).

D

C

Figure 1.Cells in metaphase stage taken from mice treated with CP the positive control
(40mg/ kg), showing: Normal chromosome (A), chromosome break (B), ring chromosome
(C), and fragment chromatid (D) (100 x).

1340




Iraqgi Journal of Agricultural Sciences —2019:50(5):1336-1344

Farhan & Chechan

Table 2. Protective effects of Honey formed by (floral resources) against cyclophosphamide
induced structural and numerical chromosomal aberrations in mice bone marrow cells.

Experimental Chromosomal aberrations Chromatid aberrations Total
Groups Dose [ Acentric Ring Dele *Gap Break Fragment
mg/kg | Fragment Poly
Gl 0 0.67 +0.002 0.0+0.00 0.00+£0.00 0.0+0.00 0054 + 012 + 0.97+0.05 1.814 +0.07
0.001 0.003
G2 40 1.17 £ 0.007 180 + 00135 + 0.086+00 0452 + 102 + 386+0.11 8.4015 +0.52
0.0004 0.0002 02 0.07 0.07
7 G3 300 0.677+0.007 0.0+0.00 0.0023 + 0.0+0.00 007 =+ 0023 =+ 116+0.06 19323 +0.06
day 0.00002 0.003 0.0004
G6 0.56 +0.01 0848 + 0005 + 000 =+ 0076 £ 056 =+ 212+0.09 4169 £0.15
0.002 0.00001 0.00 0.0006 0.002
G10 0.85+ 0.008 1022 + 00098 =+ 0050 =+ 025 + 100 + 2051+007 5.2328 +£0.26
0.003 0.00033 0.001 0.004 0.0005
G12 0.78 £ 0.004 056 + 0.00+000 0030 + 018 =+ 069 + 189+ 0.04 413 +0.13
0.002 0.0004 0.002 0.0002
14 G3 300 0.0+0.0 0.0+0.00 0.00+£0.00 0.0+000 08 =+ 005 =+ 0.83+0.05 0.94 +£0.08
0.005 0.002
G6 0.32+0.0002 043 + 0.00+0.00 0.00 + 0015 + 0.23 + 1.85+0.05 2.845+ 0.07
day 0.03 0.00 0.0002 0.0005
G9 0.45 £ 0.001 073 + 00012 + 0013 + 015 + 08 =+ 197+0.03 4.1942+0.11
0.004 0.00004 0.0002 0.0004 0.002
G12 0.55+0.003 0.0+0.00 0.0+0.00 0.0+0.00 00 + 055 + 1.035+007 2135 +0.04
0.00 0.03
LSD value 0.459 * 0.573 * 0.0061 * 0.0369 * 0.366 * 0.593 * 0.731* 2.166 *

* Statistical significance (P< 0.05)
G1: Negative control, G2: Positive control (CP),G3: Honey formed by (floral resources), G6: Pre - CP, G9: Post-
CP, G12: co-treatment(7and 14 days)

Table 3. Protective effects of Honey formed by (sugar with magnetized water) against
cyclophosphamide induced structural and numerical chromosomal aberrations in mice bone
marrow cells

Experimental Chromosomal aberrations Chromatid aberrations Total
Groups Dose Acentric Ring Poly Dele Gap Break Fragment
mg/kg Fragment
Gl 0 0.20 +0.008 0.043 £ 000 + 000 <+ 002 + 023 + 0.56+0.03 1.053 +0.06
0.002 0.00 0.00 0.005 0.02
G2 40 1.17+£0.005 180 <+ 00135 + 008 <+ 0.67 + 1.02 + 3.86+0.07 8.6195 + 0.46
0.05 0.00094 0.0004 0.02 0.06
G4 300 0.012+0.007 0051 £ 000 + 000 =+ 0052 =+ 062 + 0.87+0.03 1.605 +0.09
0.001 0.00 0.00 0.007 0.02
7 day G7 0.73 +0.004 065 + 000 + 0021 <+ 024 + 088 + 0.90+0.05 3.421+0.15
0.05 0.00 0.0007 0.03 0.04
G10 0.87 +0.02 127 + 0.001 <+ 0.00+ 0452 + 0.96 + 1.15+0.08 4703 £0.15
0.02 0.0004 0.00 0.03 0.07
G13 0.34+0.02 054 + 000 + 000 <+ 015 + 133 + 1.03+0.06 3.69 +0.09
0.003 0.00 0.00 0.004 0.05
‘14 G4 300 0.010 + 0026 + 0.00 + 0.00 + 003 =+ 0.20 + 0.62+0.02 0.891 +0.07
day 0.0004 0.0009 0.00 0.00 0.0006 0.006
0.42 +0.005 0. 00 £ 000 + 000 + 000 £ 055 + 0.98+0.05 1.95 £0.08
G7 0.00 0.00 0.00 0.00 0.009
G10 0.68 +0.02 072 + 000 + 000 <+ 026 =+ 0.95 + 1.00+0.06 3.61 £0.11
0.03 0.00 0.00 0.005 0.023
G13 0.25+0.07 000 + 000 + 000 <+ 000 =+ 062 + 0.87+0.04 1.74 £0.04
0.00 0.00 0.00 0.00 0.08
LSD 0.287 * 0475 * 0.0135 0.0359 * 0.296 * 0.573* 0.577* '0.892 *
value NS

* Statistical significance (P< 0.05),
G1: Negative control, G2: Positive control (CP),G4: Honey formed by (sugar with magnetized water), G7: Pre -
CP, G10: Post-CP, G13: co-treatment(7and 14 days)
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Table 4 . Protective effects of Honey formed by (sugar syrup ) against cyclophosphamide
induced structural and numerical chromosomal aberrations in mice bone marrow cells

Experimental Total
Groups Chromatid aberrations Chromosomal aberrations
Dose
mg/kg Fragment Break Gap Deletions Ring Acentric
Fragment
0.00 157 =+
0.66 0.76 =+ 0.00 + 0.15 +
Gl 0.00+0.00 0.04 0.05 0.00 +£0.00 0.00 0.008 0.005
40 386 00 = 215 332 % 185 + 1.32 + 1355 +
G2 0.08 0.08 0.06 105+001 0.04 0.003 0.72
300 1.15 00 £ 0.62 155 =+ 0.87 + 0.012 + 4202 =
G5 0.006 0.03 0.02 0.00:+0.00 0.04 0.0006 0.31
0.00 00 + 0.87 2.645 + 140 = 0.56 + 6315 =
7 c8 0.00 0.08 0.08 0.09+0.005 0.04 0.008 0.37
2.89 00 + 1.534 226 =+ 0.845+ 9429 =+
day G11 0.06 0.08 0.06 0.75 +0.002 0.06 1.15+0.02 0.61
281 00 =+ 1.38 244 + 0.00 £+ 0.15 + 753 %
G4 0.07 0.04 0.09 0.75+0.008 0.00 0.006 0.35
213 00 + 0. 65 1.90 =+ 086 + 0.58 + 613 =
14 G5 0.04 0.03 0.03 0.010.002 0.02 0.009 0.25
122 00 £ 2.03 215 + 110 + 0.9 + 828 =
day  G8 200 0.02 0.07 005 084=0009 44 0.04 0.52
1.89 276 106 =+ 10.75¢
G11 3.25+0.07 0.04 0.06 0.84+0.02 0.03 0.95+0.02 0.78
113 254 =+ 0.00 =+ 598 =+
G14 2.16 +0.06 0.06 0.04 0.00+0.00 0.00 0.15+0.02 0.022
LSD value 0.863 * 0.749 * 0.827* 0.562* 0.783*  0.533* 2.317*

* Statistical significance (P< 0.05)

*G1: Negative control, G2: Positive control (CP),G5: Honey formed by (sugar syrup), G8: Pre - CP, G11: Post-

CP, G14: co-treatment(7and 14 days)

This study was amied to evaluate the
importance of using magnetic water in
supplementary feeding for the purpose of
forming honey. It was found that using of
magnetic water instead of general water as an
supplementary feeding for bees improved the
honey quality which consequently improves
antioxidant status, and limit dangerous effect
of anticancer drug CP. This strategy is
necessary for diminishing the deleterious side
effects of anticancer drug with preservation of
its chemotherapeutic efficacy. However,
further studies in this field are required to
confirm these results.
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