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ABSTRACT

Forty-nine young female rabbits were used to evalube ameliorative potentials of an antioxidaritamin E,
against the adverse impacts of fumonisjiifB;) on growth performance and blood profile of animalhe animals
were randomly assigned to control diet without, BBd six diets containing different concentratiafis=B, or with
antioxidant (i.e. 0.25mg RB0.5mg FB, 0.75mg FB 0.25mg FB + 100mg Vitamin E, 0.5mg KB+ 100mg
Vitamin E, and 0.75mg B 100mg Vitamin E) for 8 weeks. The weight charafeke rabbits generally decreased
significantly (P<0.05) with increase in the FBoncentrations. The packed cell volumes obtainedifimals fed
diets containing®5.0 mg FB without vitamin E were significantly (p > 0.05Wer than for those on all other diets.
Similarly, the erythrocyte and serum total protealues of the animals fed diets containiFg0 mg FB without
vitamin E were generally lower, while the leucogcyt@anine aminotransferase, aspartate aminotramsfe and
cholesterol values of the animals fed diets cointagir5.0 mg FB without vitamin E were generally higher than for
those on all other diets. The potentials of theicxidant to ameliorate the impact of the toxin orowth
performance and blood parameters of the animalsadeed with increase in the dietary FBoncentrations.
Vitamin E is recommended as a nutritional strategglleviate the growth-depressing effect of, IBB animal.
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INTRODUCTION

Fungi produce diverse group of toxic secondary bwlites called mycotoxins. Mycotoxins are low malkee
weight secondary metabolites produced by certaainst of filamentous fungi such as Aspergillus, iBidium and
Fusarium, which invade crops in the field and maywgon foods during storage under favourable cdoomt of
temperature and humidity [1]. They are regularlplicated in toxic syndromes in animals and humattsregion

of the world escapes the problem of mycotoxins #mastimated that there are about 300 harmful toygos.
Lawlor and Lynch [2] estimated that about 25% aof thorld crops contain mycotoxins. Mycotoxins haweei
detected in various food commodities from many pat the world and are considered as one of thet mos
contaminants of food and feed [3]. In the tropm®ps with large amounts of mycotoxins often havée diverted
into animal feeds, which pose a serious thredhéchiealth and productivity of the animals, witleattant economic
consequences [4].

Among such mycotoxins of significant health conceribboth man and animals is fumonisin, produceérbgarium
verticillioides, which grows on any nourishing medium. Severalirally occurring fumonisins are known; FBas
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been reported to be the most abundant and most, tewiich represents approximately 70% of the total
concentration in naturally contaminated foods aeeéd§, followed by fumonisins ,B(FB,) and B [5, 6].
Consequently, toxicological studies on the fumarsidiave been concentrated on FB

Adverse effects of fumonisins on animal health prmtluction have been recognized in intensively &dranimals
such as poultry, swine and cattle. Mycotoxins roayse gastrointestinal problems [7], immune suppyas8],
reproductive organ problems [9], blood abnormalifit0 - 12], disturbances in the immune systempgegsion in
sperm production and reproductive performance [A34 delayed sexual maturity [14].

Antioxidants have been reported [15] to reducettixéc effects of mycotoxins in animals. Since twurence of
fumonisin B is harmful to animal and human health, considerabsearch has been directed at finding methods to
prevent the negative impact of the mycotoxin. Mokthe mycotoxins, e.g. aflatoxin,BAFB,), T-2 toxin and
ochratoxin A [16, 17], provoke oxygen free radif@mation. For this reason, the addition of natanadl synthetic
antioxidants has been reported to be potentiafigagfious as they are able to act as superoxidenasgavengers
[18 - 21]. However, there are only few data abbet positive effect of antioxidants on some impdrtagcotoxins,
including fumonisin B.

This study was designed to evaluate the ameli@gtistentials of an antioxidant, vitamin E, agaitiet adverse
impacts of FB on growth performance, haematology and serum biodstry of female pubertal rabbit fed dietary
fumonisin B supplemented with or without vitamin E.

MATERIALSAND METHODS

1.1 Experimental Siteand Animals

The trial was conducted at the Teaching and Relselaacm of the Federal University of Technology, Adku
Nigeria. Forty nine female clinically normal matdrerossed bred female rabbits aged 16 to 18 weeks @btained
from a commercial rabbit farm for the experimenack animal was housed individually in wire-meshedioor
cages for a period of two weeks faysiological adjustment before themmencement of the feeding study. All the
animalswere fed daily, andkepromec Oral (Ilvemectff) manufactured by Keprd.V. of Holland with batch
number 0649900 waadministered through drinking water against pot¢rcto- and endo-parasites for two days at
the recommendedosage by the manufacturer. The animals were niagttaon the diets for eight weeks.

1.2 Fumonisin B; Production and Experimental Diets

Maize grits in 500 g quantities were placed intdoalavable polypropylene bags and soaked with 200fm
distilled water for 2 h, then autoclaved for 1 HatC and 120 kPa. The autoclaved maize grits were ¢chkared
with a toxigenic strain ofF. verticillioides (MRC 286) obtained from the Plant Pathology Labamatof the
International Institute of Tropical Agriculture TIR), Ibadan, Nigeria to produce FBs described previously [22].
Uncultured maize grits and the cultured maize gvitgse used to formulate seven diets - the coniatlwithout FB
and six diets containing different concentratiofglietary FB or with antioxidant (i.e. 0.25mg FB0.5mg FB,
0.75mg FB, 0.25mg FB + 100mg Vitamin E, 0.5mg B+ 100mg Vitamin E, and 0.75mg B 100mg Vitamin
E) per kg constituting Diets A, B, C, D, E, F, aBd respectively. Samples of homogenously mixedsdietre
guantified in replicates for FBand other commorfFusarium mycotoxins as described previously [23]. The
concentrations of all other comméunisariummycotoxins screened were below the detection lahid.2mg/kg for
the toxins. The pelleted diets provided ~20% crnoiaéein, 5% crude fibre and 2.9 kcal of digestiatergy/g.

1.3 Feeding and watering

After two weeks of physiological adjustment peritte rabbits were randomly allocated to each ofdileés (n = 7
rabbits per treatment). The design employed inetkgeriment was Completely Randomized Design (CRDg
animals were fed twice a day and were provided Wébkh clean water and appropriately weighed fegty.dThe
weights of feed portions given and left uneateard?? h were determined. The body weight was déteanveekly
on a weighing scale (Ohaus Corp., Pine Brook, NgA)JJwith a precision of 0.05 g. The body weightrgaf each
rabbit was determined weekly as the weight diffeesim comparison to the weight in the previous week
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1.4 Blood collection

At the end of the experiment, blood sample wasectéld from the ear vein of each animal into labéletiles, one
set of which contained Ethylene diaminetetraacatid (EDTA), an anti-coagulant while the others evaithout
EDTA for serum biochemistry. The blood without acdagulant was centrifuged and the serum sepafated
each blood sample was then decanted.

i. Haematological analysis

Packed Cell Volume (PCV) was determined by spin@hgut 7@l of each blood sample in heparinised capillary
tube in a haematocrit centrifuge for about 5 miawdad read on haematocrit reader while erythro@&C) and
leucocyte (WBC) counts were determined using hagtoateter method. The haemoglobin (Hb) concentraaiach

the blood constants: mean cell haemoglobin (MCHgam corpuscular volume (MCV) and mean corpuscular
haemoglobin concentration (MCHC) were determineidgusyanethaemoglobin method and appropriate faamul
respectively as described by Jain [24], while tHifebntial white blood counts (neutrophils, eogihds, basophils,
lymphocytes and monocytes) were also determinef [25

ii. Serum Biochemical Analysis

The serum total protein was determined by the Biorethod using a commercial kit (Randox Laborasoti&d,

U.K.), while albumin value was obtained by bromaolegreen method [26]. The globulin and albuminigiin

ratio were determined according to the method dé€f27]. The serum creatinine and urea nitrogerevestimated
by deproteinisation and Urease-Berthelot colorinetnethod. Cholesterol was determined by nonaneaetin

and enzymatic colorimetric methods respectivelyngistommercial test kits (Quimica Clinica ApplicadaA.),

while the serum enzymes Alanine aminotransferadel(Aand Aspartate aminotransferase (AST) were abthi
using test kits (Randox Laboratories Ltd, UK.).

1.5 Statistical analysis

The design used for the experiment is Completelyd@mised Design (CRD). All the data obtained wengexted
to statistical analysis using analysis of varia@8sOVA) procedure of SAS [28]. The significant ttegent means
were compared using the New Duncan Multiple Raegedption of the same software.

RESULTS

Haematological and serum biochemical parameters of the experimental animals

The results of haematological parameters of femmalebits examined are presented in Table 1. There we
significant differences (p < 0.05) in the valuegaited for Hb, RBC, PCV and all the blood constaxamined
except MCHC. Apart from eosinophils, there was adggnificant difference (p < 0.05) among the leukec
differentials examined such as lymphocyte, neutits@nd monocytes.

The values of the packed cell volume obtained fmals fed diets containirigh.0 mg FB without vitamin E were
significantly (p < 0.05) lower than for those on ather diets. Similarly, the erythrocyte and sertatal protein
values of the animals fed diets containifttg0 mg FB without vitamin E were generally lower, while tleeicocyte,
alanine aminotransferase, aspartate aminotransferas cholesterol values of the animals fed dietsaining>5.0

mg FB, without vitamin E were generally higher than foeose on all other diets.

The serum biochemical response of rabbits to tiperxental diets is shown in Table 2. The serungimovalues
examined were not significantly (p > 0.05) affectey the dietary treatment. The albumin, globulithuanin-
globulin ratio of rabbits fed with FBsupplemented with vitamin E were significantlyfeient from those fed the
control diet.

Feed intake and growth performance of the experimental animals

Table 3 shows the feed intake, weights and feeslarsion ratios of rabbits fed varied concentratiohdietary FB
supplemented with or without vitamin E. Rabbits@iet G had significantly (p < 0.05) higher feedaké¢ than all
those fed the other diets. However, the feed camwerefficiencies of rabbits fed Diets A, E, anaddntaining no
FB, and 2.5 and 5.0 mg EBlus vitamin E, respectively were significantly €00.05) higher than those fed other
diets containing higher concentrations of,EBd FB plus vitamin E (i.e., Diets B, C, D, and G). Rablin Diets
A, E, and F had higher daily weight gains than ¢hos other diets. Animals fed Diet D containing m§ FB
without vitamin E had the lowest daily weight gaimmpared with those on the other diets.
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Table 1. Haematological parametersof female rabbit fed with fumonisin B, supplemented with vitamin E

Diet A Diet B Diet C Diet D Diet E Diet E Diet F
Control 2.5mg FB 5.0 mg FB 7.5mg FB 2.5mg FB 5.0mg FB 7.5mg FB
+ Vitamin E + Vitamin E + Vitamin E

Packed cell volume (%) 36.25+ 0.80 35.45+2.2% 3292+271 27.97+1.93 36.70+0.70 33.70+2.5%8 37.67+1.02
Haemoglobin (g/dl) 12.80+ 0.2 11.82+0.74 11.97+0.97 9.32+0.64 12.33+0.23 11.23+0.85 12.56+0.3%
Red blood cell (x1°) 5.69+ 0.0¢ 553+0.07 514 + 0.3%° 512 +0.0€ 568+0.12F 5.62+0.0™ 5.43+0.18
White blood cell(x1®) 584 +596  6.03 + 0.63 6.31.+0.32 6.87+0.57 599+0.07 6.10+0.57 6.16+ 0.18
Neutrophils (%) 2413+ 1.4 21.15+1.0Y 23.47+158 30.15+0.86 28.77+1.19 2597+0.8% 23.75+4.4%
Lymphocyte (% 57.9 + 1.5 6893+34F 64.2:+3.06% 66.50+0.66 6556+0.4% 6560+1.47F  63.9:+3.47
Monocyte (%) 248 + 018 252 + 002 2.28+0.02 2.32+ 0.0 200+0.00 237+0.09 2.28+0.08
Eosinophils (%) 440 + 050 4.77 + 054 5.10+0.21 3.67+0.44 523+043 5.02+0.75 525+0.66
MCV  (mmn) 71.21 + 5.02 69.29+500 63.23+52% 50.62+3.66 6530+069 6249+66% 66.34+0.8%
MCH (g/dl) 2374 + 167 23.10+1.67 21.08+1.7% 16.8+1.22 21.77+0.2% 20.83+2.28 22.11+0.28
MCHC (g/dI) 33.33 +0.00 33.33+0.00 33.33+0.00 33.33+0.00 33.33+0.00 33.33+0.00 33.33 +0.00

MCV: Mean corpuscular volume, MCHC: Mean corpuschlaemoglobin concentration, MCH: Mean corpuscuiaemoglobin.
3 Means in the same row with different superscriptssignificantly (P < 0.05) different.

Table 2. Serum biochemistry of femalerabbit fed with fumonisin B; supplemented with vitamin E

Diet A Diet B Diet C Diet D Diet E Diet E Diet F
Control 2.5mg FB 50mgFB  7.5mg FB 2.5mg FB 5.0mg FB 7.5mg FB
Vitamin E + Vitamin E  + Vitamin E

Total protein (g/dl) 6.20 + 0.15 6.07+0.09 5.89+0.12 558+0.18 5.90+0.15 5.87+1.18 5.73+0.20
Albumin (g/dl) 3.12+0.04 3.03+ 0.12 2.95+0.18 2.72+0.0Y 3.30+0.1% 3.10+0.1%8° 2.67+0.29
Globulin (g/dI) 2.73+0.19 3.17+0.1% 3.03+0.24 3.35+0.18 2.57+0.3% 280+0.1¢ 3.07+0.0%
ALB/GLB ratio 1.16+0.0¢ 0.96+0.08 0.99+0.1F 0.81+0.08 1.34+021 1.11+0.8¢° 0.89+0.14
AST (U/1) 8.37+0.09 851+0.11% 8.62+0.668 10.50+0.185 850+ 0.31 86+0.08 8.45+0.28
ALT (U/1) 7.37+0.08¢ 7.60+0.66f 7.77+0.0" 10.51+0.30 7.01+0.06 7.82+0.08 7.88+0.11
Urea (molll) 17.59+ 0.7% 16.90+0.38 18.13+0.32 17.5+0.38 17.48+0.39 17.57+0.44 17.07+0.19
Cholesterol (g/dl) 33.57.+0.78 34.73+0.77 35.67+0.92 36.00+1.12 36.57+1.60 36.53+0.93 36.82+1.19
Creatinine (mg/dl) 1.22 +0.02 1.32+055 1.22+0.02 1.33+0.06 1.25+0.03 1.28+0.07 1.25+0.03

ALT: Alanine aminotransferase, AST: Aspartateramnansferase®® Means in the same row with different superscripts significantly (P < 0.05) different.

Available online at http://abiosci.com/archive.html

15



O.A.Aduand F. A. Gbore Ann. Bio. Sci., 2015, 3 (3):12-19

Also, the final weights of rabbits on Diets A, EydaF had higher daily weight gain while animals feigt D,
containing 7.5 mg FBwithout vitamin E, had the lowest daily weight gaiompared with those on other diets. The
total weight gained by the animals fed diets camitgj varied concentrations of FBere only about 38.6 — 58.6 %
of those on the control diet compared with 80.44-8%% for those fed diets containing F8upplemented with
vitamin E. Similarly, animals fed diets containingried concentrations of kFad only 37.8 — 57.8 % efficiency in
feed conversion while those fed diets containing $ilplemented with vitamin E had feed conversidigieficy of
70.2 — 94.8 % compared with those on the contel di

Table 3. Performance of femalerabbit fed with fumonisin B; supplemented with or without vitamin E

Diet A Diet B Diet C Diet D Diet E Diet E Diet F

Control 25mgFB 50mgFB 75mgFB 25mgFB 5.0mgFB 7.5mg FB
Parameters (g) Vitamin E +Vitamin E_ + Vitamin E__ + sem
Initial weight 1099.40 1090.40 1111.30 1099.30 1003  1099.30 1032.30 13.56
Final weight 14875 1320.96  1299.98  1244.80  1459.80  1451.10 1334.66 188.42
Total weight gai ~ 376.2¢ 220.6( 209.5( 145.1¢ 356.8C 351.8¢ 302.3C 92.3¢
Daily weight gain ~ 13.4% 7.88 7.48 5.1¢ 12.74 12.56 10.79 5.62
Total feed intake ~ 1659.00 1680.08  1594.08  1765.00  1684.26  1680.00 1895 301.45
Daily feed intak ~ 59.2%° 60.0C 56.92 60.3C 60.5C 60.0C 67.67 9.4¢
FCR* 4.40 7.67* 7.60" 11.64 4.75 477 6.27 2.94

*FCR — Feed conversion ratio;
3 Means in the same row with different superscripts significantly (P < 0.05) different.

DISCUSSION

Haematological and serum chemical indices are bewpimcreasingly important diagnostic tools in vetary
medicine. The generally dose-dependent decreas®msh haematological parameters in rabbits fed ddeeels of
dietary FB without the antioxidant observed in this studyesgr with the findings in literatures that reported
changes in selected haematological parameterg[pl, 29], in broilers [30], in fish [31, 32], & rabbits [10,
33] exposed to dietary fumonisin. However, thessedependent decreases in most haematological gianam
investigated were reversed in animals fed dietplempented with vitamin E (i.e., diets E, F and Ghe results
revealed that the animals exposed to feeds contginb.0 mg FB without vitamin E supplementation (Diets C and
D) might have suffered significantly from the syesis (erythropoiesis) and concentration of red dlcells
(RBCs). The corresponding statistical decreasedN Bf the animals exposed to Diets C and D revetiatl the
animals were anaemic. The RBC, PCV, Hb and albwaines of the rabbits fed diets B, C and D gengrall
decreased significantl=tRP=0-05) with increasehindietary FB concentrations and the potentials of the antioxida
to ameliorate the effect of the toxin on the ansraedfo decreased with increase in the dietarydéBcentrations.

The PCV and RBC values of rabbits fed diets C avdelle below the ranges of 33.0 — 50.0 % and 5.484 x 16
PCV and RBC reference values respectively repdotedlitruka and Rawnsley [34]. The value of haembgio
concentration, an iron containing conjugate protbat performs the physiological function of traogmg oxygen
and carbondioxide, which was significantly redugedabbits fed Diet D as compared to the remaitiegtments,
falls below the normal physiological range of 18-417.4 g/dl of normal male rabbit reported by Miauand
Rawnsley [34]. This suggests that these animalsshffdred depressed respiratory capability. AltHotltere were
significant reduction in the albumin values of rizgblled diets contaminated with EBhe albumin value of rabbits
fed the experimental diets were within the range.dl — 4.05 g/dl for normal rabbits in literaturs cited by
Mitruka and Rawnsley [34]. Similarly, all the serdmiochemical values for all the rabbits were wittiie reported
literature ranges [34], except the AST and ALT ealwf rabbits fed Diet D which were above the ditere values
of 42,5 -98.0 and 48.5 — 78.9 U/L for the respectiarameters.

The significant dose-dependent decrease in pretdires might be an indication of the role;F®uld play in serum
protein alterations. Reduced serum protein profilled tissue protein synthesis in this study, abeeaeported in
animals [10, 12, 35] and fish [33] exposed-ttsariummycotoxins, might be a reflection of altered digtprotein

metabolism, including digestibility and subsequalsorption of the nutrients in the intestine of éimémals as well
as biosynthesis in the body systems in animals..

The significantly lower values of albumin observed rabbits fed Diets B, C and D (containing onlg;Fwvithout
the antioxidant) compared with those fed the cdritrahis study may be due to deficient synthedisloumin.
Hypoproteinamia, as reported by Coles [27], is mmmhmonly associated with a lack of proper dietpoor
absorption of dietary constituents. Since all thbbits were fed isonitrogenous diets which contaity varied
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levels of FB, the result revealed the roles which dietary E8uld play in serum protein alterations, as presip
observed in rabbits [10] and growing swine [12] flidtary FB. Patulin, a secondary metabolite of a number of
fungal species, has been reported to interfere pvitkein biosynthesis [36]. The results from thisdy suggest that
dietary FB could as well perturb protein biosynthesis indhénals’ system as reported in fish [32].

Deficient synthesis of albumin has been reportedcimur mostly when there is interference with progigestion
and absorption [27]. The results of the serum albusbtained in this study suggest that the rabfeitisDiets B, C
and D might have suffered liver impairment since likier is the sole site of formation of albumirvJ2Also, liver
has been reported to be the primary target orgatoficity caused by fumonisins in all speciesddghus far [37].
Apart from the AST and ALT values of the animald feiet D, containing 7.5 mg REg without vitamin E that
were higher than the AST and ALT ranges of 42.8:0@nd 48.5 — 78.9 IU/L respectively, all the dtits of the
serum enzymes of all other rabbits examined wethinvihe ranges reported for normal rabbit by Miauand
Rawnsley [34]. The AST and ALT enzymes are a seesiharker of liver damage [38]. Therefore, theréase in
the serum AST and ALT activities of rabbits fed Tikin this study might suggest an indication @€li damage.

The general decline in the total and final weighing with increase in dietary FB®f animals exposed to varied
concentrations of dietary FRi.e., diets B, C, and D) is an indication of ttede that FB could play in animal
nutrition and subsequent weight gain. The reducejht gains by rabbits with increase in the conegiuns of
dietary FB in this study compared with those fed the condliet, may be attributed to the adverse effectshef t
mycotoxin on feed intake and nutrient utilizatiehabserved in pigs fed dietary A8/ Gbore and Egbunike [27].

The significantly lower relative change in live @kts and the significantly increased feed conversatio of
rabbits fed Diets B, C, and D compared to conteoks in agreement with results from similar studrest dietary
FB, depressed live weight gain in rats [32, 39, - 4ffl lowered feed conversion efficiency in animadlg]]
Gelderblomet al [39] reported that the mean body weights of BDré¥s consuming a diet containing 1 g;/g
during a 4-week promotion treatment were 50% lotlvan those of the controls. Also, a declining relathange in
body weights with increase in dietary fumonisin wagorted in rabbits fed 12.30 mg fumonisin/kg for five weeks
[42]. The total weight gain of 220.60, 209.50 ad&®.10 g for rabbits fed diets B, C, and D, respetyi compared
with 376.20 g for rabbits fed the control diet &F days, was similar to the report by Gbore andl@&k&3] that the
relative live weight gains decline with an increasedietary fumonisin in pregnant rabbits exposedat5 mg
fumonisin/kg diet. Rotter et al. [29] found out theverage daily weight gain of male pigs fed a podnppure
fumonisin B diet through 8 weeks decreased by 11% comparaddtppm diet. However, the values obtained for
weight gain and FCR for rabbits fed diets E andoRtaining 2.5 and 5.0 mg kBupplemented with vitamin E,
which were similar to those on Diet A (i.e., cohtlget) is an indication of the ameliorative rotbat the antioxidant
could play on the adverse impacts of; el animal growth performance.

Various nutritional strategies have been proposedlieviate the adverse effects of mycotoxins amediock.
Antioxidants and vitamins act on liver, tissue elisin order to reduce the toxic effects of mycmts [15] due to
their anti-oxidative properties which enable thparticipation in metabolism of all cells and delay inhibit
oxidative damage to cellular molecule as reportgdsoitteridge and Halliwell [43]. The mechanisms walyich
vitamin E might provide this protection include fisnction as an antioxidant and its roles in antiammatory
processes [44].

CONCLUSION

This study has shown the ameliorative potentialgitaimin E on the impacts of RFBn rabbit growth performance
and blood profile. Vitamin E at 100mg/kg of feed rscommended as a nutritional strategy, especitly
concentrations of > 5.0mg/kg, to alleviate the gledepressing effect of RBn animal. The strategy of using food
additives, such as antioxidants, to protect livelstioom the mycotoxin may also provide effectivadatonomical
new approaches to protecting human populations.
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