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This study Was conducted to determine the effi

Oxide tngO-SiO;) to reduce the toxic effects of aflatoxin B}
imals were randomly divided into a control and three experi

" eyperimental group received feed contained 200 ppb (0.2
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| -feed—borne IMmunosuppressive  mycotoxins
Introduction Include aflatoxins, fumonisins, ochratoxin and
Funci produce a variety of secondary patulin (Pier et al., 1980; Harvey et al, 1991
szholites which known as mycotoxins. and Cotty and Garcia, 2007).
\feotoxins  at  high concentrations  directly

-

izt specific organs Including liver, kidney,

Aflatoxin has clear negstive effects on 3l
aspects of the immune system of poultry, swine

2 and gastric mucosa, brain, or reproductive and viiranes To Bl Sk o
7L In these cases, the signs of disease often via the egp in‘ nouliry s Foaoi el E o
i; m:;rllt‘- Oa%pparent‘ and_ attributable tct viglet reducing immune function of the
Spamen specific  tissues. At low offspring. Aflatoxin cawses failwre in the
“ncentrations, the effects of mycotoxins may be acquire; I
“te. Thereby they reduce the growth rate of decreasine antibody production Aflatoxin in
**412 animals or interfere with mechanisms of lambs reduced bacteriostatic activity and cellular
i:;tfﬂance and immune function making the immunity (Fmandez et al., 1997 and 2000).
:Iﬂli more susceptible to infections. These Aflatoxin suppressed lymphocyte response to
i € signs of disease are assocnate:d with Mycobacterium bovis-infected

~ . -clion rather than with mycotoxin that specific antigen (Brown et al., 1981).

Predis _ ; _
ﬁﬁ,ap{:"sed the animal to infection.
solated ¥y 400 mycotoxins have been

ad many are immunosuppressive. The

e erful  IRW
Nanotechnology 15 @ POV :
technology for taking apart and reconSIUCHES

85

(%1 CamScanner


https://v3.camscanner.com/user/download

Sara, et al.

— -
.

nature at the atomic and molecular level.

N{ant'echnongy embodies the dream tha
scientists can remake the world from the atom
up, using atomic level manipulation to transform
and construct a wide range of new materials,
devices, living organisms and technological
nanotechnology promises

systems. Broadly,
several applications including  discase
diagnostics therapeutics and environmental

remediation (Michalet et al., 2005). In the food
sector, nano-materials have seen the greatest
expansion on a commercial level. Although the

number of foods that contain nano-materials 1
still small, it appears set to change over the next
few years as the technology develops. Nano-
materials are already used to lower levels of fal
and sugar without altering taste, or to 1mprove
packaging to keep food fresher for longer. They
are also being used to increase the bioavailablity
of nutrients in food supplements (Liu and Zhao,

2007).

Nano-composite MgO-SiO,, in vitro system,
showed an effective adsorbing activity for

aflatoxin Bl in wheat flour, and the amount of

reduction is related to aflatoxin concentration

(Moghaddam et al., 2014). No work has been
reported, in vivo system, on the role of MgO-
Si0, in nano particles form as a binder for
aflatoxins or other mycotoxins to decrease their

toxic effects on animals.

Therefore, this work aims to study the
potential effects of these formulations to relive
the toxic effects of aflatoxin on rats hopping for
its applications industrially and medically to
remove aflatoxin from contaminated rations. In
addition, this work employs to prove that these
nanoparticles have no any negative harmful

effects on animals.

Material and Methods

Materials

Animals: One hundred adult male Sprague
Dawley rats were used in this study. The animals
were kept under observation for a week before
the start of the experiment at suitable laboratory
conditions in the normal day light and fed on
mash ration for broiler and tap water ad libitum.
All animals received humane care in compliance

with the guidelines for the care and use of
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1{1F11-?:-:Tlt1‘|-}* IIIII.IIH'IIH AS approyey |
Ethies Commuttee for Animg] |
Ise,
Mycology  Laboratory,
Research Institute, (
s alr
(Saher et al, 2011). Tt was udtltnm
: s {4
at concentration of 200 pph (() 5
SCILEL{IL‘.‘{I cnnucn.lruliun 1 nearly o l g
maximum permissible leve] fuy m 2
. , 0
animals (FAQO, 1997 :
2004). The ration was analyyeq
adding the selected dose of uﬂuln‘xin Ihmn
the presence ol aflatoxins and .
addition to ensure proper mixing

"Io R

Nano-composite

cles (gl ~ Mg0-sig),
Nanoparticles ol Magnesium Oxide (M )\
'3 3 Dioxide (SiO 20) ing

Silicon Dioxide (Si0;) were purchaseq ¢
Nano-Tech, Dreamland, 6" October (‘r‘”"l
Egypt. They were characterized by ;_m";mi;'i?‘“*
electron microscopy (I'EM) and were mix d 3
. - | . ACU In g

ratio of 40/60 according to (Moghaddam ¢
: : - etal,
2014). Magnesium  oxide  nanoerysallit
(100nm) were synthesized by prccipimlim‘]
method by using polyvinyl pyrrolidone
capping agent via sol gel method as reported by
Mehta et al., (2012). Silica Nanoparticles
(20nm) were prepared as spherical monodisperse
and uniform- size using ultra sonication of
tetracthyl orthosilicate by sol-gel process
Tetraethyl orthosilicate was hydrolyzed in a loy
molar-mass alcohol containing ammonia as

catalyst (Tadanaga et al., 2013).

Chemicals: All chemicals and reagents use
in this study were analytically pure and were
purchased from Sigma-Aldrich Co. (St Louis,
USA), Aldrich (Germany) and El-Nasr Co.

(Cairo, Egypt).

Experimental Desig

Animals were r
control and three experimental g
treated for 8 weeks. The first exp
received feed contained 200 ppb b
second group received feed contan‘wd 200!’5_
AFB1/kg and 0.5 g/kg nano-composite 0! Mgu
Si0,. Rats of the third experimentﬂl Eff’P
received 0.5 g/kg nano-composite o
All groups were daily observed during ®= . -
length of the experiment for apparel
signs and symptoms. Food and

n and Methods:
andomly classified (¢
roups (25 each).
erimental grovp
b AFBI. The
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IO measured dail for two Weoks
ampt® ]“quimﬂlﬁ in cach group received a
Lﬁv:l of the diets ::lt‘ll'lu' next day the
foed  WAS rewelighed l‘hv-{n the
Jmount Was cnlm}late}l by dillerence,
opsum 0:; the sumber of animals per each

i pressed as gm or m) por animal per
and G

l" \ ;]]n':"l

R oy [WO WORKS, ten animals from cach
Z: weighted then blwd‘ samples ﬁutre
fom the InNET CENSUS ol the eye. B lood‘
ased to estimate the acuvity of
ransformation and  to measure

(vity.

ymphocy &> :
un lysozymes ac
N .

Lymphocyte ‘tmu%ﬁ}rlrtatiml owas
formed bY 2 colorimetric method tor }hﬁ"
detemlillﬂli““ of \-'mt?le | ceil :dc:mut}‘
{ymphocytes Can enter mitosis when they are
tivated by a mitogen as phytohemagglutinin
dhat enCOUIAges cells to commence coll division,
Dimeth}'lhiambdiphen}-'l tetraml‘uun‘ bromide
dve (MTT) 1s & yellow dye, which 18 r:educed‘
o purple crystals by the activity of
mitochondrial suecinate dehvdrogenase enzyme
in viable cells reflecting the number of the
viable cells (Rai-Elbalhaa et al., 1983).

Lysozyme activity in the serum was

assaved through hydrolyzing the cell wall of

Micrococcus  lysodetkticus as @ substraio In
agarose gel suspension making a clear zone ring
of lysis. At the end of 18 hours incubation
period, the diameters of the clear zone rings
were measured to the nearest 0.1 mm with an
enlarger-viewer (Kalesttad Laboratories,, Inc.
and Austin, TX). The lysozyme activity in the
sample was determined from a plotted standard
wrve against the corresponding clear zone rng
diameter on the Jinear axis (Schultz, 1987).

The obtained values were calculated as
Means and standard errors (S.E) of the mean.
The standard errors were used to measure the
degree of dispersion of the values around their
\T?;:Cai?mparimns between diff:erent groups

1ed out by one way analysis of variance

ISKN I PR

(ANOVA) followed by Tukey Kramer muliiplo
comparisons test, Graph pad software nstal
(vorsion 2) at P~ 005,

Results
- Clinteal Signs and Symproma:

Rats of the control and Nano-composite
of MgO-Si0» groups did not have olinioal
sighs of disease or abnormal behav 1oL,
whereas APBlireated group were lethargio
with no mortality.

2- Body Weight:

Control group and that receivat Qogks
nano-composite  of  MgO.Sih showed
gradual increase in their body weight by the
tme without significant difforence betwoen
them Table (1). Body weight of the group
received  feed contain 200 ppb  AFBI
showed  significant  decrease  when
compared with control group started at the
2™ (veek of the experiment and permistad
among the experimental time.  Body weight
of the group received feed contain AFBI
(200ppb) and 0.5gkg nano-composite @ 3
MgO-Si0;  showed non-  sigmiticant
difference than that of the control and than
that of the AFB1 treated group at the W
and 4™ weeks. On other hand, at the o™ and
™ yweeks, body weight showad nons
signiticant decrease from the control group,

3- Food Consumption:

Food consumption of the control and the
groups treated with AUBL and'ot AT AR @ 8
showed non-significant diftorence during whole
ime of the experiment (Table 2). While the
group that received AUBI (200ppd) showed
significant decrease in dod consumption whan
it compared with those of conwol awd other
experimental groups at the 6" and 8" weeks.

4- Water Consumption:
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Result of the water consumption of the
control and  experimental groups showed
nsignificant difference from each other except
the group that received feed contain AFBI
(200])Pl)) as 1t showed significant decrease at
the 6™ and 8" weeks when it compared with
control and the other groups (Table 3).

5- Post Mortem Finding:

On postmortem examination, the
internal organs of control proup and that
received feed contain 0.5g/kg Nano-composite
of MgO-SiO, showed no abnormal postmortem
change when it compared with AFBI1 group.
There were gastritis and enlarged stomach with
undigested food inside it in most cases of
AFBltreated group. In addition, congested
hepatomegaly and liver tumor with swollen gall
bladder and splenomegaly were found in some
rats, Meanwhile, group that received feed
contain AFB1 and nanocomposite MgO-510;
showed nearly normal appearance  1n
postmortem except in one animal i showed
tumor in its liver.

6- Lymphocyte Transformation Activity:

Table (1): Mean values

feed contain 200ppb AFB1 and/or 0.5 g/kg

——
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lLymphocyte transformation , .. .
the group received AFBI (200ppb) Shtwl
significant decrease than those of COntrolﬁmd
other experimental groups (Table ang ¢
decrease was propagated by time yp
week. Lymphocyte transformation gy
group received AFBI and NaNO0-Copmm <
MgO-S10; showed  inconstant i POsity
decrease than control and the groy
nano-composite MgO-SiO,
significantly, higher than AFB1 treateg erou
addition, it showed no difference
control at the 4" week.

d
¢

- Th
.ll]‘ the l&sst

il

P.In
thﬁ]‘l lhe

7. Serum Lysozyme Activity:

Serum lysozyme activity of copy
and Nano-composite MgO-SiO; graups shoyeg
significant higher activity than the group
received  AFB1  (200ppb)  among ¢
experimental time (table 5). While the group
received AFB1 and 0.5g/kg Nano-compogite
MgO-Si0, showed significant increase (hay

AFB| group during the whole experiment
except at the 2" week. In the meantime

lysozyme activity of this group was insignificant
than control group at the 4" and 6™ weeks

and + S.E of the body weight (gm) in control and experimental groups received

nano-composite of MgO-S10,

Tf\-imc% Control AFBI Mgg_‘;} 9 MgO-Si0;
e 190 + 4.4 159 + 5.5 177 £ 6.5 188 + 3.8
2" week o b Al !
T, 226 + 8.8 192 + 7.4 201 + 8.5 217 + 6.4
4" week n L b 2
i 244.25 + 11 175.5+ 9.2 231.7 £9.2 234.75 + 8.7
6" week . b ; )
262.5 + 13.2 1 11,5 258.8 + 12.1 268 + 12.1
8" week " h N )

+. Values have different scripts at the same row are significantly different at P = 0.05 (n=14)

Table (2): Mean values and + S.E of the food consumption (g/day/animal) in control and experim

ental

groups received feed contain 200ppb AFB1 and/or 0.5 g/kg nano-composite of MgO-Si0>.

- - _.-_’_‘_'____..r""'
. Groups
\ Contrhl AFB1 AFBl MgO-S!OI
e I\'Igo-5101 g
Timeﬂ , P ~_ : - : 1
nd 3J5.84 3.6 30+£3.3 35.8+ 3.2 35. :
2" week . 5 : ‘%/58/
41 | ; = 4575
4" week 41.9 £ 4.5 32.7+£ 3.8 40.6 + 4 f—_—;/
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@, b a = e
— 50 = 6.2 25.5+2.3 458+ 6.5 T 539455
611! week i b* a R e
3 55.2 = 4.8 20+ 2.5 50.9 5.9 55.5+ 5.5
Sﬂi “-e{:‘k a S b a g a
%. Values have different scripis at the same row are significantly different at P < 0.05 (n=14).

Table (3)- Mean valu

groups receive

as and + S.E of the water consumption (ml/day/animal) in control and experimental

d feed contain 200 ppb AFB1 and/or 0.5 g/kg nano-composite of MgO-Si0;

=

= roups AFBI1 |
» Groups | Control AFBI MgO-SiO; MgO-Si0, ]
— 16.8+ 1.6 16.1+1.3 17.8 + 2.2 17.2 + 1.1
B 9" week q%* a ¥ a 4 ¥y}
5 18.9+ 1.5 147+ 1.8 18.6 + 2.04 19.7 = 1.8
g - a a a 2
< 19.1 + 1.2 145+ 1.3 19.8 + 1.5 19.9+ 1.5
6" week a b* a a
& ek 192+1.8 13+1.5 19.9 +2.9 19.5+ 1.5 |
~a : b a a n

+-\/alues have different scripts al the same row are significantly

Table (4); Mean values and = S.E of the lymphocyte

groups received feed contain 200ppb AFB1 and/or 0.5 g/kg nano-compo

different at P < 0.05 (n=14).

transformation (expressed as OD) in control and experimental
site of MgO-S10;

: Groups Contro) AFB1 M;(I)T-l;i 0, MgO-SiOz.
e ;eek 1.22 0.1 0.46 + 0.04 0.90 + 0.05 1.1 +0.05
= * a* b* C _a -
4w oek 1.49 = 0.13 0.33 = 0.02 1.01+ 0.13 1.47 + 0.18 |
a b a a
6 ook 1.76 + 0.17 0.20 = 0.01 1.06 = 0.18 1.65+ 0.17
a ’ : b L ¢ ~a
gt ok 1 2.12 +£0.17 0.18 = 0.01 1.12 £ 0.17 1.87 + 0.17
J a _Fb - | C : a ! .

*. Values have different scripts at the same row arc significantly

Table (5): Mean values and + S.E of serum lysozyme
feed contain 200ppb AFB1 and/or

different at P < 0.05 (n = 10).

activity (u/ml) in control and experimental groups received
0.5 g/kg nano-composite MgO-S10;,

89

- i ~ AFBI Fa
Control AFBI1 N MoO-SiO5 NligO-Sl(-}i
204.5+7.6 126.6 = 10.4 | 197.2 £+ 6.97 200.0 + 6.97
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’ B = A B S — - e . - . Vs .
r e 10 9 224,24 13,7 BT
£ week | 2485+ 5.8 107.3+5 : 2419 4 g5
Y - - —ree
- s T3 228.7 + 8.1 YTy e
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*: Values have different scripts at the same row are SIg

Discussion

Based on the present results, MgO-Si0; in
nano particles form offered significant benefit to

combat AFBI1. It prevented the absorption of
AFBI from the gastrointestinal tract and hence \
increased the performance parameters as recorded
in weight gain and food and water consumption.
In addition, it lowered the toxic effect on the
liver, spleen, and gastrointestinal tract as showed
on postmortem inspection. The adverse effect of
AFB1 on growth performance could be related to
the recorded gastritis and associated decrease In
the food consumption. Poor growth has been
reported to the decrease protein and energy
utilization probably because of deterioration of
the digestive and metabolic efficiency. Body
weight gain may be decreased in association with
prolonged poor nutrition, decreased hepatic
synthesis  or increased loss from  the
gastrointestinal or urinary SyS{€ms (Verma ct al.,

2002).

In this study, a pronounced hepatomegaly

and splenomegaly with hepatic tumors were
observed in rats treated with AFB1. These
changes in the livers are comparable to those
reported in the literature on avian aflatoxicosis
(Denli et al., 2005). Liver I considered the target
organ for AFBI where mosl aflatoxins are
bioactivated to the reactive 8,9-cpoxide form,
which is known to bind DNA and proteins,
damaging the liver structures, inducing cancers
and increasing liver weight (Miazzo et al., 2005
and Pasha et al., 2007). Significant increases in
the relative spleen weight of broilers exposed to
aﬂawf;—;m;anﬁnated diets have also been
reported by Bailey et al. (2006) and Shi ct al.
2006), y Bailey et al. (2006) and Shi et al

nificantly different at P < 0.05 (n=10),

[n a series of experiments, MgO or Sio
found to have an ellfective adsorbing ugen:‘*ﬁ‘rc
aflatoxin by apparently dissolving AFB] j, 4 for
pores due 1o their large surface area SilimIr
dioxide nanoparticles are the basis for 5 :{]n
deal of biomedical research due to their stﬂb%licat
low toxicity and ability to be functionalized WI?;]
a range of molecules and polymers. S,
nanoparticles have attracted significant intereg
because of their unique properties amenable for
in vivo applications such as hydrophilic surface,

excellent biocompatibility, ease of large-scale
synthesis, and low cosl of 1S nanoparticles
production (Yiming et al.,, 2011; Li and
Jianjun, 2013 and Hui et al., 2015).

In the current study, cellular immune
response  as estimated by the activity of
lymphocyte transformation and lysozyme of the
group received AFBI were severely decreased
when it compared with the group supplemented
with nano-composite MgO-SiO,. This finding
suggested that nanoparticles of MgO-Si0;
indirectly  alleviated  these decreases by
preventing AFBI1 to induce its effect on immune

system.

Many studies conducted in poultry, pigs, a:?d

that, exposure 10O aflatoxin 10

rats showed
on of the

contaminated food results in suppressi |
cell-mediated immune responses, thymic aplasia,

reduce the function and number of T-lymphocyte,
suppress  phagooytic activity ~and reduce
complement activity. Impairment of cellul.nr
function by aflatoxin seems (0 be due to ItS
effects on the production of lymphoKines and

antigen processing by macrophages, as well as &

decrease in or lack of the heat-stable s° m:;:
factors involved in phagocytosis (Ralsuddn; 2
inge

al., 1993; Cusumano et al, 1996:
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¢ al., 2002 and Theumer et

ymphocytes are a type of" u.fhilf:-: h!ofagl c:,ell
L ible for a varety of actions for mitiating
L“ﬂ;,' qne response when a foreign invader
”w” ' e body. These cells are primarily m the
& o nodes and circulate in the blood. The rate
e ransformation, 1n terms of proliferation and
ﬂa measures the viability of cells and
ni protein synthesis. Lysozyme 1S an
nzvme that hydrolyses ‘the cell wall of some
aroorganisms by cleaving the sugar bagkhonc
¢ he peptidoglycan component thereby Kills the
S apism. 1t is found In monocytes and
[w neutrophils and glandular cells.
amparison  of  lysozyme activity reveals
,U:" pary aspects of the Immune System
Schultz, 1987 and Hinton, 2000). Magnesium
‘u_. originally was used as an anti-bacterial
‘st commonly found bacteria spores

agent 1gal
=4 viruses, scavenge fluoride from drinking

'_-:'anchanthllﬂk and Thapol, 2011;

e
b= N
_ riu! A

._'-_ [ -'a'_-q.l "
1'1"11[1.#“,._” I
LR bt

_r_1=||_ 2012 and Pal'tll et Rl., 2014)

In conclusion, aflatoxin Bl induced
foxic changes in rats; MgO-510 nanoparticles
was able to adsorb AFBI thereby avoid these
changes. Results of this study could prove the
efficacy of MgO-SiO, nanoparticles n
preventing aflatoxicosis in animals. In addition,
it can provide an effective, saie cheap and
accessible source of animal feed additive In
Egypt to  conventional prevention  of
mycotoxicosis in animal feed. Further research

E

into the mechanism of action and testing in other
animal models is required to determine how the
industrial utility of this agent as an anti-
mycotoxin can be developed.
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