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Introduction

Most of organisms exposed to many environmental
pollutant, such as chemicals, radiation, gaseous, and
others, which have high biological effects leads to
harmful lesions [1]. Honey bee Apeis melliferae as

ABSTRACT

This study was conducted in Laboratories of college of science, Tikrit

University, and Faculty of science, Dohok University, Iraq between
2014 and 2016. The aim of study was to evaluate the potential of royal
jelly to ameliorates genotoxic and cytotoxic effects of Fumagillin in
white mice Mus musculus. Fumagillin which produced by Aspergillus
fumigates is a natural antibiotic used in veterinary against Microsporidia
parasites in bees and fish. It also used in human medicine for AIDS
patients and other immune dysfunction. In this current study we evaluate
genotoxicity of Fumagillin by micronucleus test in bone marrow cells,
chromosome aberration in primary spermatocytes and cytotoxicity by
mitotic index in bone marrow cells of white mice, and study the activity
of royal jelly in removing genotoxic and cytotoxic effects of Fumagillin.
The fumagillin was given as repeated oral gavages for 7 successive days
after preparing the doses 10, 15, and 20 mg/kg.b.wt. in 50% of sugar
syrup. The positive control group was given single L.p. dose of 20
mg/kg.b.wt. of methotrexate. 100 mg of royal jelly alone and with each
dose of Fumagillin was given to evaluate the effect of royal jelly in
toxic effect of Fumagillin. The results showed that the two dosages 15
and 20 mg/kg.b.wt of Fumagillin induced significant increase in the
frequency of micronuclei, the means was (24.60 + 2.37, 53.00 + 4.59)
respectively compared with negative control (8.20+1.39), and significant
increase in the means of total chromosome aberration in bone marrow
cells of the mice in the these groups (9.00+0.92,17.20+1.24) respectively
compared with (6.00+0.83) for negative control. In primary
spermatocytes, the dose 20mg/kg.b.wt. of fumagillin induced significant
increase in the mean of chromosome aberration (14.00 + 2.07) compared
with (3.90 £ 0.50) for negative control. The three dosages 10, 15, and 20
mg/kg.b.wt of Fumagillin induced significant decrease in mitotic index
(3.90 + 0.29, 3.60 + 1.80, and 2.90 + 0.50) respectively compared with
(7.10 £ 0.29) for negative control. Royal jelly showed activity to
ameliorates genotoxic and cytotoic effects of Fumagillin. The results of
the current study suggest that the tested dosages of Fumagillin have
genotoxic effect represented as increase in the frequency of micronuclei,
means of chromosome aberration, and cytotoxicity represented as
activity against bone-marrow cell proliferation of white mice. The royal
jelly has the activity to ameliorates genotoxic and cytotoxic effect of
Fumagillin.

many other organisms may exposed to many types of
pollutants and infected with many diseases, some of
which attack larval stages, such as American
foulbrood, and some other which attack adults.
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Adults of honey bee insects infected by bacteria,
fungi, viruses, or protozoa, like amoeba and Nosema.
Many methods used to control these diseases, by
some chemicals and antibiotics such as
Sulphaquinoxalin, Gramicidin, and Fumagillin, by
fumigation or spray or mixing with food [2, 3]. Some
of these antibiotics may increase genetic damage in
mammalian especially human.

The Fumagillin antibiotic which used to control
honey bee infection by the protozoan Nosema apis
considered as one of these pollutants [4]. This disease
cause high cost in honey bee colonies and the best
method for its control is chemical treatment by
Fumagillin, which produced by the fungus
Aspergillus  fumigatus , and has the trade name
fumidil-B. Fumagillin attacks the parasite productive
stages in honey bee intestine, but it not affect spores.
So the disease may take 2-3 year for healing. When
this antibiotic used at the season of honey production,
the honey may be contaminated with fumagillin, and
must not considered for human consume [5].
Fumagillin is stable in honey [6].

The studies of Stanimirovic et al [7] showed that
exposure of humane lymphocytes in vitro to low
concentrations of Fumagillin caused high decrease in
proliferative potential. When the team evaluates
genetic effects in human lymphocyte cultures with
cytogenetic tests, the results showed high frequency
of sister chromatid exchange (SCEs), which
considered as marker for genotoxicity and
cytotoxicity of Fumagillin. This mean that the
fumagillin exerts risk against honey workers and
consumers.

There were enough data about in vivo genotxoicity of
Fumagillin in dose related manner, The Fumagillin
may has interactions with body inside and outside
factors [8,9].

Multiple negative effects of many drugs and
medications lead to using of natural compounds,
which produced by animal and plant organisms in
treatment of diseases such as cancer. Among these
important natural compounds which used against
many types of diseases, are the honey bee products
[4]. Honey bee was considered human friend for
several thousand years. It provides honey, bee wax,
pollen grains, propolis, bee venom and royal jelly.
Royal jelly has high feeding value and many health
benefits, so it described as (Natures Own Supertonic)
and (Nature Miracle Food), due to its wide healing
potential. Royal jelly was wused in cancer
management, and to ameliorate effects of toxins since
it has folic acid, which considered as important factor
in toxic defense [10].

Due to the absence of studies about activity of royal
jelly against genotoxic effects of the antibiotic
Fumagillin, this study was designed to reveal the
potential of locally produced Royal jelly in removing
cytotoxic and genotoxic effects of Fumagillin in
white laboratory mice Mus musculus, using the
following cytogenetic tests and markers:
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1- Micronucleus (mn) test in bone- marrow of male
white mice.

2- Chromosome aberration in bone- marrow cells of
male white mice.

3- Chromosome aberration in white mice primary
spermatocytes.

4- Mitotic index MI in bone- marrow cells of white
mice.

Materials and methods

The current study was conducted between may 22,
2011 and June22, 2012 in the laboratories of the
College of Science — Tikrit University and Faculty of
Science- Duhok University, Iraq the aim of study was
to detect genotxoic and cytotoxic effects by induced
chromosomal changes which resulted from treatment
of white mice with 10,15, and 20 mg/kg.bwt. of
Fumagillin and the ameliorating effect of the
treatment with 100 mg/ kg. bwt. of Royal jelly. Adult
male Swiss albino mice (Musmus culus) BALB/c
with 8-10 weeks age and 26-28 grams in average
weight were grouped into nine groups with five males
for each. Each group of mice was put in a separate
cage and treated for 7 consecutive days. Fumagillin
were orally administrated with doses of 10, 1, and 20
mg/kg.b.wt according to Stanimirovic et al. [7].
Because of weak solubility in water, Fumagillin does
not dissolve readily in water. So it is recommended to
mix fumagillin in small amounts of warm water (not
more than 32-34°C), stirring to make a paste, and
then the water-honey syrup was added gradually with
shaking occasionally, to prepare medicated water-
honey syrup. Negative control was given 50% sugar
solution. Methotrexate (MT) 20 mg/kg.bwt. was
given intraperitoneally and considered positive
control due to its known clastogenicity and
mutagenicity [11]. Experimental doses were obtained
by dissolving in 1:1 sugar-water syrup, as in the
formulation usually wused for application in
beekeeping, and administrated to the mice by oral
gavage. Scince tested doses of fumagillin were 10,
15, and 220 mg/kg.bwt., each mouse received 0.25,
0.375, and 0.5 mg respectively, i.e. 1.75, 2.625, and
3.5 mg/kg.bwt. in a 7 day treatment. Royal jelly 100
mg/kg.bwt. was given alone and in mixing with each
dose of fumagilin. Then the animals were stayed
under stable environment with 12/12 hr of dark and
light, 21° ¢ and free feeding and drinking water. After
7 days the mice were scarified and sampled as
recommended for each experiment. Micronucleus test
was conducted by the method which described by
Scmidt, [12], mitotic chromosome of bone marrow
cells were prepared with the method which described
by Adler, [13] with modifications of Zimonjic et al.,
[14]. The method of Berwen and Preston, [15] was
applied in preparing diakinases chromosome of
primary spermatocytes. Mitotic index was determined
in 1000 bone-marrow cell for each treatment.
Statistical analysis: Statistical package of social
sciences (SPSS) was used for data analysis by t-test.
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Result and discussion

Evaluation of chromosome breakage and
chromosome loose in bone- marrow after mice
treatment with Fumagillin and Royal jelly using
micronucleus (mn) test

Table (1) shows dose dependent increased numbers
of polychromatic erythrocytes(PCEs), The Fumagillin
caused dose related significant increase in the mean
of bone - marrow PCEs, (206.6+1.32), (232.4+1.43),
and (345.2 = 0.86) with (10, 1, and 20) mg/kg.bwt.)
of Fumagillin respectively compared with (197.80 +
1.74) in negative control. Also the results showed that
the dosages (15, 20) mg/kg.bwt) of Fumagillin caused
significant increase in the frequency of MNiPCEs
(17.80 £ 1.28), (33.60 + 1.53) respectively compared
with ((10.22+0.60) for negative control. This may
suggest a role of fumagillin in the induction of
micronuclei formation in PCEs, which may due to
genotoxic and / or cytotoxic effect of the used
dosages of fumagillin (Tablel). Previous results
showed that there were dose related increase in PCEs
and MNiPCEs which refer to cytotoxic effect in
addition to genotoxic effect of fumagillin [16].

On the other hand, the results of our current study,
showed that treatment with 100 mg/ kg.bwt. of Royal

jelly (RJ) with the dosages (10, 1, and 20) mg/kg.bwt.
of Fumagillin caused dose related decrease in the
means of PCEs (202.40£1.28), (2018.20 &+ 0.86), and
(243.80+1.31) respectively, compared with (206.60 +
1.32), (232. 40 + 1.43), and (345.20 £ 0.86) (table 1).
For MNiPCEs, the results showed that treatment with
RJ have no significant effect when compared with
negative control, and this revel that royal jelly
ameliorate genotoxic and cytotoxxic effects of
Fumagillin which caused the formation of mn in
PCEs.

e—{a)

4 (+——(b)

Figure (1) PCEs in the bone-marrow of mice treated
with Fumagillin and mn in PCEs. a. one mn., (b) 3 MNi.
100 , May-Grunewald + Gemsa.

Table (1) mn frequency in PCEs of the mice treated with different dosages of Fumagillin and
100mg/kg.bwt. of RJ.

T PCEs MNPCEs MNi
mg/kg.bwt. M=S.E. M=£S.E. M=S.E.
Sugar solution
N}:TIX 19780174 | 16574060 | 8201399
20 530.60 = 1.91%*
Fumagillin 11040£9.03 1 147 00 + 6.80%*
10 206.60 + 1,32
2 +
15 232.40 4 1.43%+ 178§g’i 11'2486** 11.80 £2.35
ok . . 3 4D 37%*
100 165.00 + 1.22%*
+
Fumagillin + R.J. 4.60+0.67 5.80 + 0.86
10 + 100 202.40 £ 1.28
+
15+ 100 218.20 4+ 0.86** lg'ggi?'gj* 9.80 4 1.31
20+ 100 243,80 £ 131%% | 20 E A 16404206
26804 +2.17%*

PCEs: Polychromatic erythrocytes; MNPCEs: Micro nucleated PCEs; MTX: Methotrexat; RJ: Royal Jelly; * Sig.

at p< 0.05; * sig. at p<0.01, t-test for paired samples.

Evaluation of chromosome breakage and
chromosome loose in bone- marrow after mice
treatment with Fumagillin and Royal jelly using
mitotic chromosomes

The results showed significant differences in the
means of total structural chromosome aberrations
{(Cbs), ie. breaks, fragments, deletions,
translocations). The data in (table 2) shows that the
dosage 20mg/kg.bwt. of fumagillin have the largest
effect. The mean value of total Cs reached
(22.6£1.86) when gaps included and (17.2+1.24)
when gaps excluded. Using of Royal jelly 100 mg
/kg.bwt. caused decreased mean value of Cbs which
reached nearly to the value of negative control. The
larger effects are accompanied by the dosages 10, and
15 mg/kg.bwt. The total mean value of Cbs reached

7.8 £ 1.35 with gaps and 5.8 = 1.06 without gaps, for
the dosage 10mg Fum. +100mg RJ., 9.8 £1.01 with
gaps and 7.4 +£1.02 without gaps for 15 mg Fum +
100 mg RJ respectively. While it reached 14.3 £1.15
with gaps and 10.6+1.16 without gaps for the dosage
20mg Fum + 100mg RJ compared to 22.6 + 1.86 with
gaps and 17.2 +1.42 without gaps respectively for the
negative control, which represent the mean value of
total structural chromosome aberration accompanied
by treatment with fumagillin only without royal jelly.
Although the means did not return to its levels of
negative control, there were large decrease, which
may lead to the suggestion that using royal jelly may
limit the clastogenic effects of Fumagillin in white
mice, and the limitation be lager with the lowest
tested dosages, i.e 10, and 15 mg/kg.bwt.
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Besides that, the results showed that treatment with
100 mg of royal jelly did not cause any significant
differences and all values are less or near the values
of structural chromosome aberrations in negative
control group (Table 2).

Figure (2) shows structural chromosome aberrations
in bone-marrow cells of mice after treatment with
fumagillin.

Figure (2) structural chromosome aberrations in bone-marrow cells of mice after treatment with
fumagillin

Table (2) Structural and numerical chromosome changes in bone-marrow cells of male whit mice after
treatment with fumagillin and royal jelly.

T Structural aberrations Total aberration numerical aberrations
Mg/kg.bwt. M=S.E. M+ S.E.
g b td ace | Rob | Cen w.g. Wwo.g. ap pp
% % % %. %. | .atten
. %.
S.S.
1:1 6.0+ 0.83
: - - + : + +
MTX 25.0 | 22.5 | 150 | 375 8.0+£1.09 1.0+ 0,31 1.4+0.50
20 26.8 £2.03
Fum. 283 | 19.7 | 128 | 315 | 53 2.1 374 +£2.6%* 4.4+ 0.50%* 6.6 £0.67**
o 244 [ 183 | 185 | 344 | 40 | — | 9sx109 | FAZOR 0] 182037
20 265|203 | 156 | 328 | 4.6 _ 12.8 £1.06** 1,} 2. 1' 475k 1.8 4 0'37 2.6+0.50
R I 238 | 247 | 141 | 292 | 6.1 17 22.6 £1.86** 30+031% 4.6+0.74
100 4.6+ 067
Fum. + R, 258 | 19.3 | 16.1 | 38.7 - _ 6.2+0.86 0.60 £ 0.24 0.80+0.37
104100 | 56| 205 | 179 | 358 | - 7.8+ 135 >-8+1.06 0.60 + 0.24
15+100 - 7.4+1.02 0.60 +0.24
265 | 204 | 163 | 346 | 2.0 9.8+1.01 1.4+0.50
20 + 100 - x| 10.6+1.06%* | 1.0£031 ,
253 | 22.5 14 | 309 | 42 14 143 +1.15 1.80 £ 0.20 2.6+0.40

T: Treatment; S.S:Sugar solution; MTX: Methotrexat; Fum: Fumagillin; td: chromatid deletion; ace: a centric
fragment; Rob: Robertsonian translocation; Cen. Atten: centromeric attenution; w.g.: with gaps; wo.g.: without

gaps; ap: aneuploidy; pp: polyploidy.

The results of the current study showed that the most
effective dose of fumagillin in numerical
chromosome changes (i.e. aneuoploidy and
euoploidy) was 20 mg/kg.bwt. as the mean value of
aneuoploidy was (3.0 £ 0.31) and (4.6 £0.74) for
euoploidy compared with (1.0 £0.31) and 1.4+0.5)
respectively in negative control. More over there
were no significant differences in numerical
chromosome changes between treatment and negative
control groups (Table 2).

The results showed that no concurrent induction of
numerical chromosome changes with 100mg of royal
jelly treatment when compared with negative control.
Table 2 showed that the mean value of total
numerical chromosome changesaneuoploidy
(1.0+£0.20) in mice treated with 20 mg/kg.bwt. of
fumagillin + 100 mg of royal jelly which is very close
to mean vale of the same type of aberration in
negative control group which reached (1.0 = 0.31).

Figure (3) shows banded metaphase chromosomes.
N=40 G. band. Giemsa. 100X.

Figure 3 banded metaphase chromosomes. N=40 G.
band. Giemsa. 100X.

These results showed that the wused doses of
fumagillin in our current study induced structural and
numerical chromosome aberration in bone-marrow
cells of white mice, and this concord with the results
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of (Milan et al [17] which shoed dose related increase
of aberration and that was ascertained by
Stanimorvic, [18].

Besides that, our results showed that the royal jelly
have the potency to decrease the mean value of
structural and numerical chromosome aberrations,
although these mean value did not return to the mean
values of structural and numerical chromosome
aberration in negative control (Table 2). This ability
may relate to the content of proteins, vitamins, and
amino acids, in royal jelly, especially folic acid
which resist toxins [10].

Chromosome aberrations in primary spermatocytes
of male white mice treated with fumagillin and royal

jelly.

4= 5. bi. val.

B W P9
¥ % *"":1 r -
.:._- a s
N
L - S e— A bhval.

The results of our current study showed significant
increase in the mean value of chromosome aberration
in primary spermatocytes of the treated group with 20
mg/kg.bwt. of fumagillin (14.0 £2.07) compared with
(3.4 £0.) in negative control (Table 3).

One other hand these results showed no significant
differences between negative control and treatment
with 100 mg of royal jelly (Table 3).

Figure 4. showed chromosomes of primary
spermatocytes in Diakinesis from female mice treated
with 20mg/kg.bwt. of fumagillin, we can see the
autosomal bivalents, sexual X-Y bivalents,
autosomal univalentes (A. uni. val).

a ¢

g &

L?)
A.uni.val /:/'

Figure 4. Primary spermatocytes Chromosomes in diakinesis. Notice the A. uni. Val.

Table (3) Chromosomal changes in primary spermatocyytes of male white mice treated with fumagillin
and royal jelly

T ace A.uval | S.uval | Chain-4 | Total aberration
Mg/kg.bwt. %. %. % %. M+ S.E.
Sugar solution
1:1 3.40 + 0.50
MTX - 11.70 | 64.70 | 23.50
20 1360 | 200 | 400 | 2630 | 19:60%1.48%
Fumagillin
}g 1360 | 13.60 | 4545 | 2720 | #40%081
0 1620 | 18.60 | 3720 | 27.90 1.46 +8.60
1420 | 2140 | 3570 | 2850 | 14.00+2.07**
Royal Jelly.
100
+
Fumagillin + R J. 830 | 170 | 50.0 25.0 2.40 +0.74
}(5) : {gg 8.30 - 15830 | 3330 | 240050
20+ 100 13.60 | 9.0 | 4540 | 31.80 4.40 +0.92
12.80 | 17.90 | 3840 | 30.70 7.8 & 1.39%*

T: treatment; ace: a centric fragment; A.uval: autosomal univalent; S.uval: seual univalent. M: mean; S.E.:

standard error mean.

The results in Table (3) also showed that treatment
with 10 and 15 mg/kg.bwt. of fumagillin with 100mg
of royal jelly have no significant differences when
compared with negative control. The mean value of
total aberration were largely less than that of
treatment with fumagillin only. Besides that, the
mean value of total chromosome aberration coincides
with the dosage 20mg/kg.bwt. of fumagillin and
100mg of royal jelly (7.8 + 1.39) showed significant
decrease when compared with treatment with
fumagillin only (14.0 = 2.07), although its value did
not return to the level of negative control (7.8 + 1.39)
Table (3).

Mitotic Index (MI) of bone-marrow cells in male
white mice after treatment with fumagillin and
royal jelly

Table 4. shows that treatment with 10, 15, and 20
mg/kg.bwt. of fumagillin caused dose related
significant decrease in the value of mitotic index, the
mean values were (3.9 + 0.29), (3.6 £ 1.8), and (2.9 +
2.9) respectively compared with (7.1+0.29) for
negative control.

45



Proceeding of First International and the Third Scientific Conference , College of Science - University of Tikrit

17 - 18 Dec. 2018 / (P4)

Table 4 Mitotic index of bone-marrow cells in male
white mice after treatment with fumagillin and royal

jellyMI
T M=£S.E.
Mg/kg.bwt.
Sugar solution
1:1
: +
MTX 7.10£0.29
20
.80 £0.25%*
Fumagillin 480025
" 3.90 + 0.20%*
20 3.60 £ 0.18%*
+ sksk
Royal Jelly. 2.90+0.18
100
90x0.
Fumagillin + RJ. 6:90+024
10 + 100
15+ 100 4.70 £ 0.20**
20+ 100 420+ 0.12%*
3.80 + 0.20**

Number of scored cell for each animal= 1000

Fumagillin interact with the binding of His-231 and
Metap-2 and inhibit the enzyme activity of Metap-2
and removing of the N- terminal methionin from most
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