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Abstract

Aflatoxin Bi1 is one of the most iportant mycotoxins due to its patotoxic and cainogenic effects on some fishe:
This study was conducted to investigate the defensive role of curcumin and gatiasenl of the biotransformation syste
in the liver of aflatoxicosis inOreochromis niloticusin relation to the thepeutic properties by studying hpatic
histgpathology and cytochromé450-CYP1A gene epression using redlme polymerase chain reaction (RACR).
Although varieties of methods have been used for gepession quantification and are still used today,-tiea¢ RT-PCR
method has achievegrominence in recent years. One hundred and eighty (180) fish were equally divided intopgE) §ro
was the negative contrdish in T2 were injectedntraperitonealy (P) with AFB: at a rate o6 mgkg?! B.W. and fed on a
basal diet. Gyups Tz-Tewere fed with garlic (3& T4) and curcumin (& Te) at10 & 20 g kgt diet, repectively. Groups
T7-Twoinjected P with AFB1 and fedon both garlic andurcumin at thelifferent concentrationslQ & 20 g kg' diet). AFB.
reduced the HSI valsein aflatoxicosis fish. Feeding a low dose of garlic led to significaptovementin the HSI values.
Histologically, heatic lesions were observed in the AFBjected grops; damage was reducadhen fish were fed on garlic
and curcumin diets at a comteation 10g kg’. The highest induction of G A expression was observed in the curcurr
grows followed by AFB. The over egression of CY1A in T2 was alleviated by the garlic. Therefore, it was found tl
garlic enhances the detoxification of AFBrough the sppression of CY1A in the liver.

Keywords Aflatoxin Bz, garlic, curcumingytochrome CY1A, gene epression, Histpathology

regponse, necrotic tpatocytes and other unfavorab
impacts in aflatoxicated fish (Dengt al, 2010;

Introduction

One of the fastest growing worldwide foo FarabiYousefian, & Hajimoradloo, 2006).In
sectors is the aquaculture industry (Naytr al, ~ addition, AFB has been shown to caus
2000; Subasinghe, 20050Dreochromis niloticushas ~ immunosippressive, teratogenic and mutager

become the third most jortant fish in aquaculture  €ffectsin laboratory and farm animalsRCSWHO,

it has been introduced in more than 10(ital and
subtrgical countries, to iprove fishingproductivity
and facilitate the devepment of aquaculture
(Leveque, 2002) Rad growth rate, high resistanc
disease, hatching throughout the year and excel
flavour, make Nile tilpia breeding increasingly
important in the world (Melet al, 2006)

The major difficulty confronting the aquacultur
industry in fsh feeding is the occurrence of Aflatoxi
B:1 (AFB:) due to its hpatotoxic and carcinogenic
properties (Wild & Turner, 2002; Williamst al,
2004). The International Agency for Research
Cancer classified AFBas a Grop | carcinogen
(IARC, 1985) Aflatoxin By is produced by some
fungi, such asAgergillus flavus and Agergillus
parasiticus under ideal teperatures and humiditie:

(Sargeant, Sheridan, O
Aflatoxin B; causes reduction in body weigh
behavioral abnormalities, pessed immune

1998). Aflatoxin B is also able to induce reactiv
oxygen pecies (ROS) (Adedara, Owumi, Uwaifo, «
Farombi, 2010; Matuet al, 2011),perhgs requiring
the activation of cytochromB450. As mentioned by
Santacroe et al (2008), the target organ fo
aflatoxicosis is the liver. In the latter, aflatoxi
metabolites negatively react with various ci
proteins, inducing necrosis and tumor or cell dei
(Joner, 2000).

The toxicology of AFB in aflatoxicosis,
involves its biotransformation to the highly reactiv
AFB;-epoxide by the C¥Y 450 (Guengericltet al,
1998), leading to carcinogenesis and mutagenesi
forming adducts with DNA (Theumer, pez, Masih,
Chulze, & Rubinstein, 2003; Madhusudhane
Kavithalakshmi, Raka, Shanmugasundaram,
Shanmugasundaram, 2004). In the livghase |
biotransformation reactions are pessible for
facilitating  bioactivation  whereas phase |l
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biotransformation reactions are pessible for
detoxification and excretion. Thepathway of
biotransformation is mediated Iphase | anghase |l

(conjugation), or a combination of both (Branda
Ra®, Meijerman, Beijnen, & Schellens, 2003)o

reduce the negative effects of aflatoxicosis in fit
many plants, such as garlic and curcumin whicvé
antioxidantproperties have been evaluated (Carm

2001; Diab, EINagar, AbdEl-Hady, 2002;
Chattgpadhyay, Biswas, Bandpadhyay, & Banerjee,
2004).

Garlic has shown to possess important

antioxidantproperties through its ability to scaveng
free radcals (Carmia, 2001), inhibitgid peroxidation
and reduce oxidative stress and mutations (Shaar
et al, 2009).Moreover, curcumimplays a vital role in
protecting cells from oxidative stress and the result
damage to DNA (Balu, Sangeetha, Murali,
Panneerselvam, 2006) and, it also inhibits t
production of AFB-epoxide (Firozi, Aboobaker, &
Bhattacharyal996) by significantly reducing
CYP1A1 activity and enhancing glutathione activity
to ameliorate the effects of ARB(Sujatha &
Sashidhar, 2010).

Curcumin has been shown to hapeotective
effects on AFB-induced liver toxicity in Nile tilpia
by reduced exession of CY1A and decreasec
AFB; biotransformation Mahfouz, 2015) The over
expression in CYP1A1 and CY2H1 was also showr
to be alleviatedby the spplementation of curcumin
to the AFB diet, which enhanced the detoxificatic
cgpacity of the organism¥arruet al., 2009.

The chempreventive effect of garlic anc
curcumin onphase Il detoxification enzymes @.
niloticus was studied (El-Barbary, 2016) and
concluded that addition of garlic to the dietpirove
the detoxification of AFBthrough the stimulation of
glutathioneperoxidase (®x) in the liver. Therefore,
the current study was conducted to study the effect
AFB; on the liver of Nle tilapia, O. niloticus and to
evaluate the curative and defensive role of garlic :
curcumin on thephase | biotransformation system t
studying cytochrom@450-CYP1A gene egression.

Materials and Methods

Preparation of Aflatoxin B 1.

Aflatoxin B; was produced byA. parasiticus
(NRRL. 2999) in potato dextrose liquid mediun

according Reddy, Viswanathan, &
Venkitasubramanian (1971).Aflatoxin B; was
quantitatively estimated by thin laye

chromatogrphy, (AOAC, 2000Q. Dimethylsuphoxide
(DMSO 25%) wa used to dissolve the AkBo the
appropriate concentration before injection.

Garlic and Curcumin Antioxidants and Diets

Curcuminpowder waspurchased from EDoha

for food stuff Co., Cairo, Egyt. While natural garlic
Allium sativum was dried and grow to become a
powder The selection of the concentrations
curcumin and garlic was based previous studies
performed by other researchghietwally (2009)fed
fish on diets containing natural garlic (40 g/kg die
Shalabyet al (2006)used differenlevels of Allium
sativum10, 20, 30, and 40 g/kg diet dfile Tilapia
while Sujatha & Sashidhar (201@)sed curcumin at
dose 0.05%, w/w, 5g/kg diet against AREB
Experimental diets wereprepared by individually
mixing garlic and curcumin at two levelsQ(land 20
g/kg diet) in corroil,obtained from spermarket, and
adding this to the commercial fish diet, basal di
(B.D) of 30% protein to result in the final
concentration of (1 and 2%, peEsctively).

Experimental Design

One hundred and eighty. niloticusfingerlings
with an average body weight of 0 NO . 2
acclimated to aquariand fed a control diet for z
weeks. Fish were equally divided into 1(
experimental grops (Ti-Tig) and each grqu
contained eighteen fish which weséockedin three
glas aquaria (70X40X30 cm). All aquaria wel
aerated with air stongthe fishwere fed the test diet:
twice daily at afeeding rate of 3% of body weight
Aflatoxin B; (6 mg/ kg body weight)(1/6 of the
LC50, according to EBarbary (2008) was injectet
intraperitoneally in a single dose in aflatoxicate
grows (T2, T7- Tig). Before injection, fishwere
anesthetized in a clove oil solutiofHamackova,
Kouril, Kozak, & Stipka, 2006). Dietary and
treatment grops areprovide inTable 1

Hepatosomaticlndex (HSI) of O. niloticus

At the end of the eperiment (14 days), thre¢
fish were selected randomly from each grothe
body and liver weight of each fish were recorded
calculate the hmtosomatic index. HSI = liver weigh
(g)/body weight (g) x 100 (White & Etcher, 1985).

Histological Examination

The histological examination of Bouin's fluic
fixed liver (three individuals per grop) was
performed (Bernet, Schmidt, Meier, Brkhardtolm,
& Wahli, 1999) andphotogrghed using a ICC50 HD
camera and a Leica LRAEZ microscpe.

Liver sampling, RNA isolation and cDNA
synthesis

At the end of the geriment, three sapfes of
liver from each grop were isolated surgically ant
frozen instantly in liquid nitrogen-§C°C) until gene
expression analysis. Total RNAvas isolated from
homogenized liver (Chomczynski, & Sacchi, 19€
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Table 1 Experimental design

Growp Aflatoxin B1 (AFB1) Diet

Ta DMSO (25%) Basal Diet

T2 AFB1+ DMSO (25%) BasalDiet

Ts DMSO (25%) Basal Diet + garlic 10 g/kg

Ta DMSO (25%) Basal Diet + garlic 20 g/kg

Ts DMSO (25%) Basal Diet + curcumin 10 g/kg

Te DMOS (25%) Basal Diet + curcumin 20 g/kg

T7 AFB1 + DMSO (25%) Basal Diet + garlic 10 g/kg

Ts AFB1 + DMSO (25%) Basal Diet + garlic 20 g/kg

To AFB1 + DMSO (25%) Basal Diet + curcumin 10 g/kg

T1o AFB1 + DMSO (25%) Basal Diet + curcumin 20 g/kg
Boom et al , 1990) usi ng t niloticusinjected with AFB( Groy T2) demonstrated

Purification Kit. For real timePCR reactions, total
cDNA was generated using Revert Aid First Stra
cDNA Synthesis Kit as (Wiame, Remy, Swennen,
Sagi, 2000).

Primer Design and Quantitative Real TimePCR

The level of CYP1A expression was assessed
growps Ty, To, T3, Ts, Trand To, using RF PCR. All
PCR reactions weree r f or med i nWall
Thermal Cycler (Aplied Biosystemem Catalog
Number 4479071). These wege r f or me d
of Maxima SYBR Green/ROX RCR Master Mix
(2x) (Thermo Scientific #K0223)The PCR reaction
mi x was denatured at 95
PCR cycle. The thermal cyclgrofile steps were
denaturationannealing, extension and #CR cycles
were used for apiification of the samles. The
primer sequences of the houseieen g g-ecti®
were used as an internal control for normalization ¢
CYP1A geneand their accession numbers are sho
in Table 2.For each grop, the exressions of CP1A
target gene wer analyzed using Mx30@0reattime
PCR system (Stratagene, La Jolla, CA, USA).

Statistical Analysis

Oneway analysis of variance was used
conpare the means of different graiusing the SAS
stdistical softwargpackage $AS, 1996)When the F
test was positive, the least significant differenc
(Duncan, 1955) was calculated for the cparisons
among means. The analysis of the ger@ession of
CYP1A was performed using Coparative q

Method, ale r ef err ed TMethoch She
experimental valuegresented are taken from Ust

Bulletin #2, Relative Quantitation of Gene fE&ssion
page 14.
Results

Hepatosomatic Index

Data presented inTable 3 shows that theO.

a significant decrease in the HSI values wh
conpared to control grqu Ti. Fish in grop Ta

exhibited a lower value of HSI than the value of thc
with supplemented treatments £s). However,the

results showed that the additiof lboth garlic and
curcumin did not increase the HSI levels in

aflatoxicatedO. niloticusin conparison to B,.with

the excetion of the low level of garlic in (7) that

reflected the highest significant provement in the
HSI value when copared to the antrol grouws.

However, the two levels of curcumin with AlFBd

to the lowest HSI values among all gpsuGenerally,
garlic and curcumin did not ipnove the negative
effects of AFB on HSI.

Histopathology

No significant alterations were recorded in tl
hepatic histology ofO. niloticuscontrol (Figure 1a).
However, livers ofO. niloticusthat were treated witr
AFB;1 (T2) showed severe lesions in the form
central veins surrounded by inflammatory cells, for
areas of necrosis between thepdtecytes, svere
hemolysis between clearly necroticpagocytes and
some of the heatocytes even showegbycnosis
(Figure 1b). However, fish fed on garlic alors the
two levels10 and 20 g /kg diet €T, T4 groups, Figure
1c and 1d rg®ectively) showed some changesthe
liver structure such as dilation in blood sinusoids (
Figure 1c) and severe hemolysis in blood vessels i
vacuolar degeneration in the gagocytes T (Figure
1d). Grop Ts (10 g/kg curcumin) showed sligh
hemorrhage between petocytes with vaaonlar
degeneration and dilation in the sinusoidsg(re
le,). These changes were moppaent in Bwith the
higher dose of (20g/kg) curcumin as hemoside
could be observed accumulated around blood ves
with vacuolar degeneration in fregtocytes Figure 1f).
Fish in grop T showed hpatocytes withprominent
vacuolization and lackingormal polygonal structure
with vacuolar degeneratioffrigure 2a). While fish in
groy Ts showed severe hemolysis diffusbdtween
clearly necrotic hgatocytes, some of vith showed
pycnosis Figure2b). The effect of curcumin (grps
Ty and Tg showed accumulation of hemosider
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Table 2 Realtime PCR primers ofO. niloticusCYP1 A a hadtin denes

Gene Accession number Gene Sequence<{8) Location Product size p
CYP1A FJ389918.2 F- GCAAATGGCTGCTGCTTGTCA 19121932 546
Hal ( 2013) R-GTGTATCAAGGGTTCATGCCCT 24792458
b act EU887951.1 F- GGGTCAGAAAGACAGCTACGGTT 4271 63 143
R- CTCAGCTCGTTGTAGAAGGTGT 164- 185

Table 3. Effects of AFB on hegatosomatic index (BI) of fish injected with AFB with or withoutfeeding on garliand
curcumin dietaries (M NSE)

Treatments Liver weight (g) Body weight (g) HSI

T 0.47°RD.01 39.8N0.6 1.18M0.01
T2 0.3410.00 38.5N0.5 0.88K0.03
Ts 0.40% ND.01 38.3N0.9 1.0470.01
Ta 0.39 R0.02 38.3N0.8 1.00° ND.06
Ts 0.48°N0.07 39.0N1.8 1.230R0.1
Te 0.45°N0.07 40.00R2.3 1.102°RD.1
Tz 0.55N0.06 41.2N1.5 1.33N0.1
Ts 0.38 ND.02 4035 0.94N0.04
To 0.29 N0.02 43.2M1.9 0.67N0.03
T1o 0.34N0.03 40.4N1.6 0.84 ND.07

Within each column, meansprscrpt with different letters (a, b, c) are significantly differenPat0 . 0 5 .
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Figure 1. Histopathological changes in the liver 6f niloticusgroups (Ti-Te) Stained with H&E.; (a) Tnormal structure
(x300). (b) & (AFB1 control) central veins surrounded ligflammatory cells, focal areas of necrosis between
hepatocytes, verysevere hemgtic diffusion between clearly necrotic patocytes, some of the petocytes showing
pycnosis (x300). (c) Fdilation in blood sinusoids (x200). (dy Tntravascular hemolysis in blood vessels and vacu
degeneration of lmatocytes (x10p (e) Ts slight hemorrhage between etocytes with dilation in sinusoids and vacuo
degeneration in hpatocytes (x250). (f) @ hemosiderin accumulation around blood vessels with vacuolar degenerat

hepatocytes (x200). Cv= central veins, N=necroBis: pycnosis He= hemolysis, S= sinusoids, D= vacuolar degeneral
Hr= hemorrhage, Hs= hemosiderin
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Figure 2. Histopathological changes in the liver @ niloticus groups (Tr-T10) fed on either garlic or curcumr
supplemented diet with AFBinjection stained with H&E. (a) Thepatocytes have lost normpblygonal structure anc
show prominent vacuolization (x300)b) Ts severe hemolysis between clearly necrotipabecytes, some of whicl
pycnotic (x200). (c) §hemosiderin accumulation around hdogesselsand pancreaticacini (x20Q. T1o (d) central vein
surrounding bynecrosis hpatocytes with hemolysis besides increased vacuolationpatdeytes and dilation in bloor
sinusoids (x200). 1 (e) pycnotic nuclei in the necrotic patocytes and acuolar degeneration (x300j0T (f)

disgppearance of hmmtocyte wall karyolitic necrosiswith fibrosis and hemosiderin accumulation (x300). ). Cv= cer
veins, N=necrosis,Py= pycnosis, He= hemolysis, S= sinusoids, D= vacuolar degeneration, V= \@muolbs=

hemosiderin, Kr= karyolitic necrosis

around blood vessels angancreatic acini with
vacuolar degeneration in pegtocytes Figure2c).
Growp Tio (Figure 2df) with the highest
concentation of curcumin showed central vei
surrounded by necrotic patocytes with severe
hemolysis It also revealed increased vacuolation
hepatocytes and congestion and dilation in blo
sinusoids with a sever hemolysis between necr
hepatocytes [Figure 2d). In addition, fish in grop T1o
exhibited pycnotic nuclei and vacuolar degeneratic
in the hgatocytes Figure 2e) with the disppearance
of the heatocyte wall with karyolitic necrosis an
fibrosis (Figure 2f). In general, fish in the garlic
treament (grops T~ Ts) showed a reduction in th
damage compared to that of the fish in the curcumi

diet grops (Te- Tig) and the low concentrations ¢
garlic and curcumin (grgs T;, Tg ) showed a
reduction in the damage better than the hi
dOSGS(Tg, Tlo).

CYP1A Gene Eypression

The results of the histological study ar
measurements of the HSI indicated that I
concentrations of garlic and curcumin were bet
than the high ones. Therefore, BAL gene
expression was measured in liver gdes of six
groys (Ti, T2, T3, Ts, T7 and Tg) which were only fed
on low concentrations of either garlic or curcumi
the groys also contained thpositive and negative



