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Objective To evaluate the possible protective role of honey formed through innovative way by using magnetized water instead of tab water 
in supplementary feeding for bees (HW) and compared with two honey types formed by two different feeding solutions; sugar syrup (HS) 
and nectar of flowers (HF) against cyclophosphamide (CP) genotoxicity in mice bone marrow cells, by using the micronucleus assay (MN). 
Methods Mice were divided into 8 groups from 3 animals each. G1 as control. G2 were exposed to CP (40 mg/kg), G3, G4, and G5 received 
two dose of three types of honey at doses (300, 600 mg/kg) respectively. The other groups G6, G7 and G8 were supplemented with three 
types honey (300 mg/kg) in three different experimental protocols, as pre 2 h, post 2 h, and concomitant treatment for 7 and 14 days.
Results Examination and analysis of MN showed no mutagenic effect of three types honey per se doses, especially in low dose (300 mg/kg). 
Meanwhile, CP induced a significant (P < 0.01) increase in MN frequency. While dual treatment with groups of honey HW caused a 
significant reduction in MN induced by CP in bone marrow cells in a time-dependant manner. Also, the results confirmed the protective 
efficacy of HW group and/or HF group as compared with HS group, against CP-toxicity.
Conclusion Our study suggests using magnetized water in supplementary feeding of bee, that could give the honey protective effect against 
genotoxicity induced by CP, it is also fosters antioxidant activity of honey constituents. Therefore, honey HW can be used as an adjuvant 
with chemotherapeutic agents for minimizing the genotoxic side effects of the anticancer drug CP. 
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Introduction
In the rapidly changing lifestyles of our present times, the use 
of synthetic chemicals, chemotherapeutic agents, and carcino-
genic substances, as well as the widespread environmental pol-
lutants, have negatively impacted human and other living 
organisms at the cellular and genetic levels. Carcinogenic and 
mutagenic agents to which the human is continuously exposed 
leads to accumulation of free radicals in the body, compro-
mising the ability of the biological system to remove toxins 
and repair the damage they cause, hence the oxidative phe-
nomenon, which plays a major role in the development of 
many diseases.1,2 Natural products were known since the most 
ancient ages for their therapeutic values due to their varied 
chemical content, which helps preserve and develop self-
defense mechanisms, represented by the natural cellular resist-
ance, which protects the cells from toxic products and other 
environmental stresses. Many studies have indicated the usa-
bility of naturally occurring chemical substances as effective 
antioxidants that improve human health and protect against 
cancer and heart diseases.3–4 It is noteworthy here that antiox-
idants are both anti-mutagenic, i.e., protect against potential 
nucleic acid damage and anti-carcinogenic, i.e., prevent the 
development of secondary tumors without interfering with 
the therapeutic action of chemotherapeutic agents.5,6 Since 
ancient times, natural honey has been widely used as a con-
ventional medicine, scientific research has proven the thera-
peutic benefits of honey in treating several human diseases. 
Such as anti inflammatory, gastroprotective, antioxidant, anti-
tumor and anticancer effects.7,8 Honey contains about 200 sub-
stances including fructose, glucose, amino acids, vitamins, 

minerals, water and enzymes.9 This protective effect of honey 
may be attributed to the biologically active compounds such as 
vitamins, flavonoids, and antioxidants that work together to 
scavenge free radicals. Composition of natural honey varies, 
depending on many factors such as the geographical areas, 
source of honeybee food, climate, environmental conditions.10 
Sidr honey is a “monofloral honey”, a type of honey, that is 
made from bees who feed only on the nectar of the sidr tree, 
which has been used as a natural medicine for centuries. Sidr 
honey has strong antioxidant properties, and has wide medic-
inal applications and uses.11 Due to the absence of adequate 
natural food to provide winter food supplies, beekeepers use 
supplemental feeding of bees, mainly by sugar syrup, often-
times, general water in supplementary feeding is used for dis-
solve the sugar.12 This present study throws light for the first 
time about used magnetized water instead of general water as 
an supplementary feeding. Water magnetization has been 
used for many years and was found that magnetization of 
water alters the properties of water.13 Several studies have 
demonstrated a lot of microscopic and macroscopic differ-
ences between magnetized water and normal water, which 
include the surface tension, contact angel, viscosity, electrical 
conductivity, pH, etc.14 Raymond-Whish et al.15 reported the 
effect of commercial magnetic water conditioners on the total 
dissolved salts and pH on different solutions.

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.16 Numerous 
animal studies have proved that electromagnetic fields have 
potential effects on cellular mechanism, development  
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and growth especially in the reproductive system.17 Previously, 
it has been demonstrated that exposure to extremely 
low-frequency electromagnetic field (ELF-EMF) can increase 
height of fallopian tube epithelial cells. Although the exact 
mechanism of increasing epithelial cell height is not clear yet, 
it has been hypothesized that it could be due to increased per-
meability of cellular membrane to small molecules, especially 
Ca2+ current, free radical chemical reactions and increase in 
superoxide dismutase activity in the liver.18 Previous studies 
have investigated the effects of magnetized water on the height 
of endometrial epithelial cells, fallopian tube epithelium and 
the number of corpinstance it could decrease the amounts of 
malondialdehyde (MDA), increase the superoxide dismutase 
activity in the heart, kidney and liver and also decrease the 
amounts of nitric oxide which all result in decreasing oxidative 
stress. Therefore, it could be assumed that this potential reduc-
tion of oxidative stress will result in improving the reproduc-
tive system.15,19 Also, it has been demonstrated that intake of 
magnetized water will result in reduced DNA damage in 
STZ-induced diabetic rats.20 The other study showed that 
administration of magnetized water for at least 6 weeks sup-
pressed the lymphocyte DNA damages in animals with diethyl 
nitrosamine (DEN)-induced cancer.21

Material and Methods

Cyclophosphamide (CP) drug
Cyclophosphamide (CP) was purchased from Sigma chemical 
Company (st. Louis, Mo, USA), 40 mg/kg. b.w. of CP were dis-
solved in sterilized distilled water. Distilled water to prepare 
the required dose and concentration, which is equivalent to  
(1 mg CP/animal). Were used and injected intraperitoneally, 
according to method of Premkumar et al.22

Feeding Colonies (Bees)
Six colonies were selected as a container of bees belonging to 
the local L. Apismellifera L. The colonies were fed every three 
days and from 30/4 to 15/6

·  �The first group (3 colonies): colonies were feeding on 
dissolved sugar in magnetized water (water magnetizer/ 
CRYLOMAG MW) The sugar to water ratio in the 
groups (1:2) HW.

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

·  �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
The present study was carried out using mice at 12–9 weeks’ age 
and 25–30 g, in weight which were purchased from National 
Center for Drug Control and Research/Ministry of Health/
Baghdad. They were housed in plastic cages containing hard-
wood chips, in the 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. 

Experience Design: The animals were divided into  
14 groups

·  �Group 1: Negative control (3 mice) : Treated with 
(0.1 ml) PBS.

·  �Group 2: positive control (3 mice) the animals were 
treated with 0.2 ml CP 40 mg/kg for 24 hr 

·  �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).

·  �Pre-drug treatment with CP: The animals group  
(3 mice) were orally given (0.5 ml) HF (Group 6), HW 
(Group 7) and HS (Group 8) respectively, per day for  
7 and 14 days, before injected CP (0.2 ml). 

·  �Post-drug treatment with CP: The animals group  
(3 mice) were orally given (0.2 ml) CP (40 mg/kg) once 
(1 day), then followed by honeys (300 mg/kg b.w), HF 
(Group 9). HWr (Group 10), and HS (Group 11) 
respectively, per day for 7 and 14 days. 

·  �Co-drug treatment with CP: The animals group (3 
mice) were orally given (0.2 ml) CP (40 mg/kg) with 
(0.5 ml) of honeys (300 mg/kg b.w), HF (Group 12). 
HW (Group 13) and HS (Group 14) respectively, per 
day for 7 and 14 days.

MN Assay
The MN test was performed as previously described.23,24 The 
bone marrow Mn test is a well-known in vivo assay for the 
assessment of genotoxicity in animals such as mice and rats. All 
groups treated with CP had the drug injected intraperitoneally,25 
while three type of honey was administered by Oral Intubation 
(O.I.) via an orogastric tube.26 Each group was treated daily for 7 
and 14 consecutive days.27 24 hours after the last treatment. 
Both femurs were dissected and bone marrow was flushed from 
the femoral cavity with fetal calf serum. The cells were dispersed 
by gentle pipetting and collected by centrifugation at 1500 rpm 
for 10 min the pellet was resuspended in a small volume of fetal 
calf serum and used for smear preparation. After air-drying, the 
smears were stained by Giemsa.28 From each animal, 1000 PCEs 
were examined for Mn-PCEs under 1000 magnification using 
light microscope. In addition, the number of PCEs among 500 
total erythrocytes (PCE + NCE) per animal was recorded to 
evaluate bone marrow toxicity.29,30 

To calculate the protective (anti-mutagenic) rate of each 
honey against CP) mutagenic effect, as reflected by induction 
of micronucleus formation the following equation was 
applied.4,30 

100% (MN) in (CP + honey) groups × �100% (MN) in  
(CP) groups 

Statistical Analysis
The Statistical Analysis System-SAS (2012) program was used 
to effect of difference factors in study parameters. Least signif-
icant difference-LSD test (ANOVA) was used to significant 
compare between means in this study.31

Results and Discussion
This study aimed at evaluating the potential genetic, cellular, 
and preventive impact of treatment with three type of honey 
per se, combined, precedent, simultaneous, and subsequent 
treatment with three types of honey for 7 and 14 consecutive 
days. and CP and treatment with CP per se. Results of the 
micronuclear test showed a highly significant ability of  
CP (positive control) to produce MN, 10.03 ± 1.04 in  
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bone marrow cells of mice, corresponding controls (negative 
control), 1.12 ± 0.07 as shown in Fig. 1, Table 1. This is con-
sistent with results arrived at by many previous researchers, 
who treated bone marrow cells using members of the group of 
alkylating anticancer drugs of which the drug under study CP, 
is also a member.22,32,33 Micronuclei originate from acentric 
chromatid or chromosomal splinters or from whole chromo-
somes that do not join the nucleus proper at the end of the 
final phase of cell division (telophase), due to a failure of 
proper connection to spindle fibers during the anaphase of cell 
division. These chromosomes or chromosomal splinters are 
joined together by means of a nuclear membrane and are small 
in size, compared with the size of the nucleus proper.1 Micro-
nuclei form as a result of treatment with antineoplastic drugs 
that either cause direct damage to the nucleic acid or inhibit 
the cell cycle or damage the spindle fibers of mitotic division.34 
The micronuclear test being the most sensitive and the most 
powerful statistical tool to evaluate DNA breaks, which indi-
cate potential mutations.35 Meanwhile, Results showed that 
three types of honey, which used in this study formed by dif-
ferent feed sources (HS, HW and HF, had no significant effect 
on the induction of micronuclei in bone marrow cells, which 
showed nearly the same values of control as shown in Table 1. 
Significantly (P < 0.01) as compared with negative control, 
especially in the low dose, although, the high dose (600 mg/kg) 
of honey (HS) showed significant differences (P < 0.01) of fre-
quencies micronuclei as compared with negative control, but 
no statistically significant in micronucleus in comparison with 
positive group. 

Micronucleus test is good evidence of cytogenetic toxicity, 
and features a quick and simple test short-term test for this 
evaluation as it is inexpensive.36 It is clear that the emergence of 
micronucleus in the cells (PECs) in mice treated with CP, 
obtained from the current study is strong evidence on the 
impact of toxic cellular genetic property and an indicator of its 
ability mutagens.37 As noted also that treatment with HF com-
bine, precedent, simultaneous, and subsequent, treatment with 
HF and CP, caused a highly significant reduction in the num-
bers of micronuclei in micronucleated polychromatic erythro-
cytes (MN-PCEs) by 2.80 ± 0.08, 4.46 ± 0.15 and 2.35 ± 0.08, 
for 7 day respectively, However, the numbers of micronuclei 
decreased significantly (P < 0.01) by 1.76 ± 0.02, 2.15 ± 0.05 
and 1.68 ± 0.03, for 14 days respectively, as compared with the 
positive control 9.26 ± 0.62 (Table 2). This result is consistent 
with findings of previous studies that suggested the possibility 
of prevention of genotoxic effects resulting from chemotherapy, 
by using HF.37,38 Several explanations have been offered for 
anti-mutagenic activity of honey, the mechanisms of the pro-
tective of honey against CP genotoxicity may be due to one or 
more of the following: antioxidant action39,40  and to stimulate 
the antioxidative enzyme glutathione peroxidas,41 leading to an 
increase in antioxidant capacity of the cells which might fortify 
the efficiency of protective pathways against cytogenetic 
damage in CP exposure,42 therefore, it has been used as a com-
pared group with other types of honey’s used in this investiga-
tion. it is clear that there were high significant differences in 
frequencies of MN between the groups which treated with both 
honey formed by supplementary feeding (HS and/or HW) 
respectively, in three interactions used (before, after, with treat-
ment) (Tables 3 and 4). Furthermore; it has been shown that 
HW achievement best efficacy in a reduction frequencies of 
micronucleus significantly (P < 0.01) by 3.12 ± 0.07, 3.32 ± 0.07 
and 1.63 ± 0.03 for 7 day respectively, the numbers of micronu-
clei decreased significantly (P < 0.01) by 1.42 ± 0.3, 2.02 ± 0.06 
and 0.87 ± 0.02, for 14 days respectively, as compared with the 
corresponding controls 10.08 ± 0.52 (Table 4). Furthermore, 
the data obtained when treatment with HS was 6.47 ± 0.37, 
7.13 ± 0.28 and 5.75 ± 0.22 for 7 days respectively, the numbers 
of micronuclei increased significantly (P < 0.01) by 7.39 ± 0.36, 
8.25 ± 0.51 and 7.15 ± 0.33 for 14 days respectively, as com-
pared with the corresponding controls 10.12 ± 0.72, Table 3. 
The results of honey HW came similar with the results of com-
parison group (honey HF) and was more effective than HS, at 
any treatment or at any time intervals used. And the fact that 
this is the first study in the world, which throws light of cytoge-
netic effect of honey formed by supplementary feeding, there-
fore, no literature available for the purpose of comparing 

Table 1.  Frequency of MN in bone marrow cells of mice treated 
with different doses of types Honey (HF, HS and HW)

Micronuclei (MN)%Dose (mg/kg)Experimental groups

1.12 ± 0.07c0Negative control

10.03 ± 1.04a40Positive control (CP Only)

1.67 ± 0.08c300Honey formed by (floral 
resources) HF

2.15 ± 0.08c600

3.90 ± 0.11bc300Honey formed by - sugar 
syrup (HS)

4.76 ± 0.17b600

1.18 ± 0.04c300Honey formed by - (sugar 
with magnetized water) (HW)

2.32 ± 0.08c600

0.00026**–P-value

Means having with the different letters in same column differed significantly.  
**(P < 0.01). Differences a, b, c and d, are Significant (P ≤ 0.01 ) to Comparison Rows.

Fig. 1  Giemsa-stained 
binucleated in bone marrow 
cells of mice treated with 
cyclophosphamide (CP)  
A: polychromatic erythrocytes 
“normal”; B: polychromatic 
erythrocytes with  
“micronucleus” (X1000).

A B
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Table 2.  Frequency of MN in bone marrow cells of mice treated with honey formed by-nectar of flowers (Sidr), and cyclophosphamide

Groups treatment Dose mg/kg The calculated number of 
polychromatic erythrocytes Total no. of MN% The rate of antimutagens 

effects

Negative control 0.00 1000 1.45 ± 0.07c –

Positive control treated with CP only 40 1000 9.26 ± 0.62a –

7 day
Honey (HF) 300 1000 1.67 ± 0.04c –

Pre-Honey (HF) 1000 2.80 ± 0.08bc 69

Post-Honey (HF) 1000 4.46 ± 0.15b 54

Co-treatment Honey (HF) + CP 1000 2.35 ± 0.08bc 76

P-value – – 0.0001** –

Negative control 0.00 1000 1.45 ± 0.07b –

Positive control treated with CP only 40 1000 9.26 ± 0.62a –

14 day
Honey ( HF) 300 1000 1.32 ± 0.02b –

Pre-Honey (HF) 1000 1.76 ± 0.02b 80

Post-Honey (HF) 1000 2.15 ± 0.05b 78

Co-treatment Honey (HF) + CP 1000 1.68 ± 0.03b 83

P-value – – 0.0001** –

Means having with the different letters in same column differed significantly. **(P < 0.01). Differences a, b, c and d, are Significant (P ≤ 0.01 ) to Comparison Rows.

Table 3.  Frequency of MN in bone marrow cells of mice treated with honey formed by sugar syrup (HS), and cyclophosphamide

Groups treatment Dose mg/kg The calculated number of 
polychromatic erythrocytes Total no. of MN% The rate of  

antimutagens effects

Negative control 0.00 1000 1.64 ± 0.08d –

Positive control treated with CP only 40 1000 10.12 ± 0.72a –

7 day

Honey (HS) 300 1000 3.90 ± 0.13cd –

Pre-Honey (HS) 1000 6.47 ± 0.37b 42

Post-Honey ( HS) 1000 7.13 ± 0.28b 29

Co-treatment Honey (HS) + CP 1000 5.75 ± 0.22bc 45

P-value – – 0.0001** –

Negative control 0.00 1000 1.64 ± 0.08c –

Positive control treated with CP only 40 1000 10.12 ± 0.72a –

14 day
Honey ( HS) 300 1000 3.90 ± 0.13c –

Pre-Honey (HS) 1000 7.39 ± 0.36b 34

Post-Honey (HS) 1000 8.25 ± 0.51ab 18

Co-treatment Honey (HS) + CP 1000 7.15 ± 0.33b 31

P-value – – 0.0001** –

Means having with the different letters in same column differed significantly. **(P < 0.01). Differences a, b, c and d, are Significant (P ≤ 0.01 ) to Comparison Rows.

results. May be attributed that the magnetized water could 
influence effectively on the oxidant-antioxidant balance, for 
instance, it could decrease the amounts of malondialdehyde 
(MDA), increase the superoxide dismutase activity in the heart, 
kidney and liver and also decrease the amounts of nitric oxide 
which all result in decreasing oxidative stress.18,19 Can amelio-
rate the deleterious effect of free radicals by decreasing the 
chemical reactions that caused damage to DNA, proteins and 
lipids. Water magnetization changes water properties which 
becomes more energized, active, soft and high pH toward slight 
alkaline and free of germs,43 also Al-Mufarrej et al.44 mentioned 
that, water solution increases the fluidity, dissolving capability 
for various constituents like minerals and vitamins and conse-
quently improves the biological activity of solutions, affecting 

positively the performance of animals and plants. Physics 
shows that water changes 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.45 Some 
animal studies have concluded that the magnetization of water 
increased the permeability through cell membranes,46 and that 
the magnetic field directly affected intracellular fluid and intra-
cellular substances to activate enzymes inside the cells and to 
accelerate biochemical reactions in the body.47 Previous studies 
with magnetized water, reported that the long-term intake of 
magnetized water (over 8 weeks) may be beneficial in both pre-
vention and treatment of complications in diabetic, treatment 
effect of magnetized water not only decreased the blood 
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Table 4.  Frequency of MN in bone marrow cells of mice treated with honey formed by sugar with magnetized water (HW), and 
cyclophosphamide

Groups treatment Dose mg/kg The calculated number of 
polychromatic erythrocytes Total no. of MN % The rate of antimutagens 

effects

Negative control 0.00 1000 0.78 ± 0.06c –

Positive control treated with CP only 40 1000 10.08 ± 0.52a –

Honey (HW) 300 1000 1.18 ± 0.03c –

7 day
Pre-Honey (HW) 1000 3.12 ± 0.07b 69

Post-Honey (HW) 1000 3.32 ± 0.07b 67

Co-treatment Honey (HW) + CP 1000 1.63 ± 0.03c 85

P-value – – 0.0001 –

Negative control 0.00 1000 0.78 ± 0.06c –

Positive control treated with CP only 40 1000 10.08 ± 0.52a –

14 day

Honey (HW) 300 1000 1.18 ± 0.03bc -

Pre-Honey (HW) 1000 1.42 ± 0.3bc 85

Post-Honey (HW) 1000 2.02 ± 0.06b 80

Co-treatment Honey (HW) + CP 1000 0.87 ± 0.02c 92

P-value – – 0.0001** –

Means having with the different letters in same column differed significantly. **(P < 0.01). Differences a, b, c and d, are Significant (P ≤ 0.01 ) to Comparison Rows.

glucose and glycated hemoglobin levels but also reduced blood 
and liver DNA damages in STZ-induced diabetic rats.20 Ma  
et al.48 presented the possibility that magnetic water can pre-
vent aging and fatigue by increasing the cell membrane perme-
ability. Also, the other study showed that administration of 
magnetized water for at least 6 weeks suppressed the lympho-
cyte DNA damages in animals with DEN)-induced cancer.21

Conclusion 
In conclusion, the present study demonstrated dangerous 
effect of anticancer drug CP could be avoided by using the 
treatment of honey formed by the innovative way (sugar 
with magnetized water). Additionally, our results indicate 
the use magnetized water in honey formation may be 

beneficial to increase efficacy honey for modulating the 
genotoxicity induced by CP in mice, diminishing the dele-
terious side effects of anticancer drug with preservation of 
its chemotherapeutic efficacy. This is the first study in the 
world, No literature available for using the magnetic water 
to attract honey bees for the purpose of honey formation. 
Therefore, further studies are required to confirm these 
results, especially about using the magnetized water in the 
formation of honey and to investigate the possible mecha-
nism from honey (HW) responsible for such effect. The 
present study, therefore, recommends further studies that 
show the relationship between used magnetized water on 
supplementary feeding and the stimulation of these antiox-
idants in the body and its ability to reduce the toxic effects 
of cancer drugs. n
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