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Abstract
Aflatoxicosis, is still unresolved problem in poultry production caused severe economic losses due to it reduces
immunity, damages different tissues, reduces carcass quality and increases susceptibility to infectious diseases, so this
work aimed to determine the ability of lipoic acid (universal antioxidant) to ameliorate the harmful effects of
aflatoxins in broiler chickens as alternative feed additives and to detect its effect on performance, liver & kidney
function, antioxidant status andhistopathological changes. 125one-day old commercial chicks reared under strict
hygienic measures and fed basal diet till 8th day of age then 5 chicks were slaughtered and their serum samples were
obtained while other 120 chicks were divided into 4 equal groups (n=30),each group subdivided into 3 replicates (10
birds/replicate). Group 1: fed a basal diet (control). Group 2:lipoic acid treated, Group 3:aflatoxicated. Group
4:aflatoxicated with lipoic acid treatment. Body weight, feed intake, signs and mortality were recorded till the end of
experiment. Serum samples were collected twice from each group at 14thdays post aflatoxicosis (dpa) and end of
experiment, for biochemical analysis.At the end of experimentfour birds from each group were sacrified for gross and
histopathological examination of Liver, kidney, intestine and heart. The results revealed no mortalities among
different groups till end of experiment, aflatoxicated chickens showed inappetence and loosy fecal matter while gross
investigation exhibited petichae on breast and thigh, thymus and spleen were congested &atrophied and liver
congested with darkness. Both aflatoxicated and lipoic acid treated chickens revealed significant reduction of body
weight from 14th dpa till the end of experiment.Biochemical analysis showed that ALT and AST at 14 dpa were
significantly increased in aflatoxicated chickens while at the end of experiment, only creatinine was significantly
increased in aflatoxicated chickens and decreased in lipoic acid treated group.finally,SOD, CAT and MDA of all groups
exhibited non-significant difference at 14 dpa and the end of experiment. The histopathological examination
showedcongestion, necrosis and inflammatory cell infiltration in liver, intestine, kidney and heart ofaflatoxicated
group. On the contrary,lipoic acid reduced severity of signs, gross and histopathological changes exhibited by
aflatoxins in broiler chickens and improved liver & kidney function tests, antioxidant enzymesand oxidative stress
marker when used alone or added to aflatoxicated diet of broilers.So, lipoic acid should be supported to bean
alternative feed additive against aflatoxicosis in broiler chickens.
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INTRODUCTION
During the past few decades there has been a steady increase in demand of global production of poultry meat and eggs with
high food quality and safetyManafi, M. (2010).mycotoxins are one of the major factors suppressing poultry productivity and
quality. Furthermore, control of their impact is critical (Oguz, 2011).
It is reported that at least 25% of the world’s grains are contaminated with mycotoxins (Surai, 2006).
Aflatoxins (AF)are the most commonly occurring mycotoxins, produced by a certain species of fungus of the genus
Aspergillus (especially A. flavus,A. parasiticus, and A. nominus) as secondary metabolitesof low molecular weight in conditions
of ambient temperature ranged 24-35°с, air humidity over 7% and feed humidity over 14% (Santos et al., 2001).
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On the basis of their chemical structure, chromatographic and fluorescence features, AF are divided into subtype В (В1 and
В2) and subtype G (G1 and G2) (Pier, 1992), Toxigenic Aspergilusflavus isolates generally produces aflatoxins B1 and B2,
whereas A. parasiticus produces aflatoxins B1, B2, G1 and G2 (Davis,andDiener, 1983).
Aflatoxicosis causes severe economic loss in the poultry industry affecting ducklings, broilers, layers, turkeys and quails
(CAST, 2003). In poultry, Aflatoxins impair most of the important production parameters including weight gain, feed intake, feed
conversion efficiency, pigmentation, processing yield, egg production, and male, female reproductive performance (Hussain et al.,
2010). The economic loss in the poultry industry due to aflatoxicosis is estimated to run upto millions of dollars (Raju et al.,
2005).
Aflatoxin contamination in feed may cause reduction of immune response in poultry, thus the birds become vulnerable to
several diseases (Dhanasekaran et al., 2009).
One of the negative impacts of AF is cell and tissue injury, which produces free radicals and lipid peroxides (Surai, 2002).
Some reports suggest that AF, possibly associated with the induction of oxidative stress, may be responsible for mediating various
toxic effects in tissues (Barraud et al., 2001, Liu et al., 2008, andUmarani et al., 2008). Therefore, some antioxidants might protect
against AF-induced tissue damage through modulation of the detoxification and antioxidant systems (Coulombe et al., 2005).
It has been demonstrated that Lipoic acid (LA) has potent antioxidant and anti-inﬂammatory properties (Odabasoglu et al.,
2011).
LA, is naturally present in broccoli, collards, spinach, beef, and organ meats as a dithiol compound derived fromoctanoic
acid, is a fatty acid that functions as a cofactor in vital energy-producing reactions and thus plays a major role in energy
metabolism. As the “universal antioxidant”, LA and its reduced form, dihydrolipoate, are metal chelators and scavenge several
types of free radicals, and regenerate other antioxidants, such as ascorbate, Vitamin E and glutathione (GSH) (Packer et al., 1995,
andBilskaandWlodek, 2005).
Supplementation of 600 and 900 mg/kg LAin broiler diet without AF contamination significantly reduced the average daily
feed intake and average daily weight gain, but 300 mg/kg LA enhanced antioxidant capability of broilers while having no adverse
effect on growth performance (Zhang et al., 2009).
Although many trials have been done to reduce aflatoxicosis in poultry feed, still this problem noise the poultry industry.
So,in this study lipoic acid was applied as feed additive to investigateits role in performance, biochemical, and histopathological
changes against aflatoxicosisin broiler chickens.
MATERIALSAND METHODS
Aflatoxin preparation: (El-Bialy et al., 2016)
Aspergillusflavus strain
Was obtained from the Mycology Department of the Animal Health Research Institute, Giza, Egypt and sub-cultured onto
Malt Extract and CzapekDox agar with incubation for 8 days at 25 °c, then screened for aflatoxins (AFs) production using Thin
Layer Chromatography (TLC) (Munimbazi and Bullerman, 1998).
Crushed yellow corn
Was purchased and subjected for fungal and mycotoxins examination to insure that it was completely free. This corn was
placed in flasks and autoclaved at 121°c for 15 min on three successive days,after that 10 mL spore suspension (10 7spores/mL)
was added and incubated at 28-30°cfor 21 days. After incubation, the flask was dried in a 60 °c oven for 24 h to kill the fungus and
the endproduct was powdered using a grinder.
Measurement of aflatoxin in well prepared contaminated corn: (VICAM,2014)
Sample Extraction:
50g corn sample with 5g NaClsaltWeighedandplaced in blender jar. 100 mldilutedmethanol 80%added and blendedat high
speed for 1 minute, then at low speed for another minute. the final extract pouredinto fluted filter paper then filtrate collected in a
clean vessel.
Extract Dilution
10 ml filtered extract putinto a clean vessel with addition of40 mlpurified water whichmixedwellthenfiltered through 1.5μm
microfibre filter (VICAM # 31955) into a clean vessel.
Column Chromatography
10 ml filtered diluted extract (10 ml = 1g sample equivalent) passedcompletely through AflaTest affinity column at a rate of
about 1-2 drops/second until air camethrough column then washedthe column by passing10 ml of purified water at a rate of about
2 drops/second. Repeat the last step twice until air came through the column. 1.0 mlHPLC grade methanol passed completely
through AflaTest affinity column at a rate of about 1 drops/second and collectedin a glass cuvette (VICAM # 34000) then1 ml of
freshly made AflaTest Developer solution added and mixed well. Aflatoxin concentration in this mixturewasmeasuredby
calibrated fluorometer.
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This AF contaminated corn was then incorporated into basal diet at a level that would provide a desired dose of 125 µg/kg diet.
-

Basal diet
Ingredients

Yellow corn
Soybean (46%)
Herman aconcentrates (42%)
Methionineb
Lysinec
Cholined
Premixe
f
Mono calcium phosphate
Common salt
Limestone
Soybean oil

Starter / Kg Grower and Finisher/ Kg
50
33.41
10
0.3
0.17
0.22
0.3
1.8
0.5
1.3
2

57
24.5
12.5
0.2
0.15
0.15
0.3
1.2
0.4
1.3
2.3

Elements
ME (Kcal/Kg)
CP%
Calcium
Methionine
Lysine

Composition
Starter
Grower and Finisher
3225.8
3209.3
24.07
21.65
1
0.9
0.9
0.72
1.1
1

a:Herman concentrates contain protein 45%, ME 2240 calori/kg, fiber 0.93%, fat 5.65%, Na 1.61%, Ca 8.64%, P 3.95%, Lysine
3.13%, Methionine 1.99%, Methionine + Cysteine 2.45%.b: methionine produced by Evoink Co. Guranted analysis 99.5% DLmethionine.c: Lysine 87% produced by Archar Daniels method company De Caur LL. Made in U. S. A.d:Cholinecholine
chloride 60% with vegetable carrier (corn powder) produced by Shandyuong Pharmaceutical Co. China.e: Premix each 2.5kg
contains: Vit A (12000000Iu), vit D (2000000Iu), vit E (10g), vit K3 (2g), vit B1 (1g), vit B2 (5g), vitB6 (1.5g), vit B12 (10g),
nicotinic acid (30g), pantothinic acid (10g), folic acid (1g), biotin (50mg), choline chloride50% (250g), iron (30g), copper (10g),
zinc (50g), manganese (60g), iodine (1g), selenium (0.1g), cobalt (0.1g) and carrier Q.S upto2.5kg.f: Monocalcium phosphate
contain 18% phosphorus and 25% calcium. g:Lime stone contains 37% calcium & locally produced.
Basal diet composition was formulated according to the recommendation of National Research Council Nutrient Requirements for
Arbor Acres broiler chickens (NRC., 1994)and subjected to aflatoxin investigation before the experiment.
Lipoic acid
Thiotacid tablets each tablet contains thioctic acid (alpha lipoic acid) 300 mg/tablet, manufactured by EVA Pharma for
pharmaceuticals and medical appliances, Egypt. Each tablet added to 1 kg diet.
Experimental design
Onehundredand twenty-five (125)one-day old chicks, Arbor Acres breed were obtained from El-Dawlia company, all chicks
fed basal diet till 8th day of age then 5 chicks were slaughtered and their serum samples were obtainedwhile other 120 chicks
weredivided into 4 groups(each 30 birds) to study the role of lipoic acid in protection against aflatoxicosis and its effect on
performance, each group subdivided into 3 replicates (10 birds per replicate).
Group 1: fed a basal diet (control). Group 2: fed basal diet + lipoic acid (300 mg/kg),Group 3: fed basal diet + aflatoxin (125
µg/kg). Group 4: fedbasal diet +aflatoxin (125 µg/kg)+lipoic acid (300 mg/kg).
The body weight and feed intake were calculated and all birds observed daily for any health problems and mortality till the end of
experiment.
Biochemical tests
Serum samples were collected from each group at 14thdays post aflatoxicosis (dpa)and end of experiment, all collected sera
preserved in refrigerator at -20°C then sent to animal health institute laboratory, agriculture ministry, Egypt for application of
biochemical tests including superoxide dismutase (SOD)(Nishikimi et al., 1972), malano-dialdhyde(MDA) (Ohkawa, H. et al
1979),catalase(CAT) (Aebi, H. 1984), uric acid, creatinine, alanine transaminase (ALT) and aspartate aminotransferase
(AST)(Reitman and Frankel, 1957).
Gross and histopathological examination
Four birds from each group were sacrified at the end of experiment (32 days of age) and subjected to post mortem
examination. Liver, kidney, intestineand heart samples were collected, then fixed in 10% formol saline for twenty-four hours.
Washing was done in tap water then serial dilutions of alcohol (methyl, ethyl and absolute ethyl) were used for dehydration.
Specimens were cleared in xylene and embedded in paraffin at 56 degrees in hot air oven for 24 hours. Paraffin bees wax tissue
blocks were prepared for sectioning at 4 microns' thickness by slidge microtome. The obtained tissue sections were collected on
glass slides, deparaffinized, stained by hematoxylin& eosin stain for routine examination through the light electric microscope
(Banchroft et al., 1996).
Ethical approval
The present study is affirmed by the Ethics of Animal Experiments Committee, Desert Research Center, Egypt.
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Statistical analysis
Data was analyzed by one-way analysis of variance (ANOVA), with Duncan's multiple range tests for significant between
means (P≤0.05) by SPSS v16.0® (IBM Cooperation, Armonk, NY, USA).
RESULTS
Clinical signs, postmortem lesions and mortality
There was no mortality among different groups till end of experiment, both aflatoxicated (G3T) and aflatoxicated treated with
lipoic group (G4LT)showed inappetenceandloosy fecal matter sticky to a back of birds while control group (G1C) and lipoic acid
treated group (G2L) showed no clinical signs. Post mortem lesions on slaughtering at the end of experiment observed in G3T,
liver showed congestion with darkness, small intestine showed narrowing with thinning of mucosa, thymus showed congestion
with atrophy, spleenwas atrophied and firm accompanied with more peticheal hemorrhage on thigh and breast. In G4LT found
onlyslightpeticheal hemorrhage on thigh and breast. Finally, in G2L found glistening liver, enlarged kidney and bursa with
widening of small intestine and thickening of intestinal wall.
Performance parameters (Table 1)
At 7dpa, there was a significant decrease of body weight in G4LT (400.67±7.04) when compared with other groups while
there was no a significant difference in G3T (425.67±4.99) and G2L (424.67±6.21) when compared with G1C (438.67±1.57).
At 14dpa, there was a significant decrease of body weight in G3T (807.33±10.06), G4LT (791.33±14.60) and G2L
(803.33±14.61)when compared with G1C (866.67±13.87) while there was no a significant difference among G3T, G4LT and G2L
when compared with each other.
At 21 dpa, there was a significant decrease of body weight in G3T (1233.7±14.72), G4LT (1247.9±8.30) and G2L
(1332.1±18.41) when compared with G1C (1430±14.54) while there was no a significant difference in G3T and G4LTwhen
compared with each other.
At the end of experiment (25 dpa), there was a significant difference of body weight in all groups when compared with each
other. G3T (1360.7±22.46) significantly decreased as compared to G1C (1654.3±22.77). G4LT (1417.9±10.75) showed
significant increase when compared withG3T.
The lowest performance was recorded inG3T followed by G4LT, G2L then G1C where they showed FI (feed intake) of
2711.69, 2737.06, 2886.94 and 3039.31, BG (body gain) of 1318.64, 1375.99, 1506.87 and 1612.47 andFCR (feed conversion
ratio) of 2.06, 1.99, 1.92 and 1.89 respectively.
Table 1: Effect of alpha lipoic on performance of aflatoxicated broiler chickens
Performance Parameters
Body weight (gm) /Age (dpa)
Group No. No. of birds
BG
FI
FCR
7 dpa
14 dpa
21 dpa
25 dpa (experimental end)
30
438.67±1.57a 866.67±13.87b 1430±14.54b
1654.3±22.77a
1612.47 3039.31
1.89
1C
a
a
a
30
425.67±4.99 807.33±10.06 1233.7±14.72
1360.7±22.46b
1318.64 2711.69
2.06
2T
30
400.67±7.04b 791.33±14.60a 1247.9±8.30a
1417.9±10.75c
1375.99 2737.06
1.99
3LT
30
424.67±6.21a 803.33±14.61a 1332.1±18.41c
1548.6±16.95abc
1506.87 2886.94
1.92
4L
Values are expressed as mean ± standard errors.dpa:dayspostaflatoxicosis. BG: body gain.
Means within the same column under the same category carry different superscripts are significantly different (P≤0.05). FI: feed
intake. FCR: feed conversion ratio.
Biochemical changes
Liver and kidney function tests (Table 2)
At 1 day pre-aflatoxicosis(dpra)(8 days of age) the level of ALT, AST, uric acid and creatininewere.10.5±O.87, 40.5±2.40,
8±0.58 and 0.54±0.02 respectively.
At 14 dpa both ALT and AST levels were significantly increased in G3T (13±1 and 41±2)whencompared withG1C
(9.33±O.67 and 33.67±0.33) andnon-significantly decreased in G4LT (11.33±1.20 and 36±2.65)whencompared withG3T. there
was no significant difference among all groups in the level of uric acid and creatinine.
At the end of experiment there was no significant difference in the level of ALT, AST and uric acidamong G3T (8.67±O.33,
36.67±5.55 and 5.97±0.77), G4LT (8.33±O.33, 34±1.53 and 5.97±0.44) and G1C(8±O.58, 31.67±1.45 and 5.13±0.59). AlsoG2L
exhibited no significant difference in the level of AST and uric acid (31.33±3.53 and 4.5±0.35) while ALT (6.33±O.33) was
significantly decreasedwhen compared withG1C.Creatinine was significantly increased in G3T (0.71±0.04) andsignificantly
decreased in G2L (0.40±0.03) when compared with G1C (0.56±0.07).
Anti-oxidant enzymes and oxidative stress marker(Table 3)
At 1 day pre-aflatoxicosis (dpra) (8 days of age) the level of SOD, CAT and MDA were 27.70±O.92, 1.04±O.12 and
0.99±O.14 respectively.
At 14 dpaand the end of experiment there was no significant difference in the level of SOD, CAT and MDA among all
groups. Both SOD and CAT slightly decreased in G3T (16.10±1.39 and 1±O.02) and increased in G2L (17.65±O.34 and
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1.10±O.15)whencomparedwithG1C (17.01±1.38 and 1.07±O.10) while MDA increased in G3T (2.35±O.17) and decreased in
G2L (1.55±O.21)whencomparedwithG1C (2.06±O.09).
Table 2: Effect of alpha lipoic on liver and Kidney function tests in aflatoxicated broiler chickens.
liver and Kidney liver function tests
ALT (U/L)
AST (U/L)
Uric acid (mg/dl)
Creatinine (mg/dl)
Group No. No. of birds
1 dpra 14 dpa
end 1 dpra 14 dpa end 1 dpra 14 dpa end 1 dpra 14 dpa
end
9.33
8
33.67 31.67
6.33
5.13
0.49
0.56
1C
30
±O.67a ±O.58a
±0.33a ±1.45a
±0.38a ±0.59a
±0.08a
±0.07a
13
8.67
41
36.67
6.97
5.97
0.55
0.71
2T
30
±1b ±O.33a
±2b ±5.55a
±0.71a ±0.77a
±0.04a
±0.04b
10.5 11.33
40.5
8
8.33
36
34
6.33
5.97 0.54
0.52
0.64
3LT
30
±O.87 ±1.20b ±O.33a ±2.40 ±2.65a ±1.53a ±0.58 ±0.47a ±0.44a ±0.02 ±0.05a
±0.02b
7
6.33
33.33 31.33
5.43
4.5
0.41
0.40
4L
30
±O.58a ±O.33b
±1.45a ±3.53a
±0.22a ±0.35a
±0.03a
±0.03c
Valuesare expressed as mean ± standard errors.dpa:dayspostaflatoxicosis.U/L:unit/liter.
Means within the same column under the same category carry different superscripts are significantly different (P≤0.05).
mg/dl:meligram/deciliter. dpra:daypreaflatoxicosis.

Table 3: Effect of alpha lipoic on anti-oxidant enzymes and oxidative stress markerinaflatoxicated broiler chickens.
Group No. No. of birds
Anti-oxidant enzymes and oxidative stress marker
SOD (U/L)
CAT (U/L)
MDA (m.mol/l)
1 drpa 14 dpa end 1 drpa 14 dpa
end
1 drpa
14 dpa
end
24.21 17.01
1.07
1.07
1.16
2.06
1C
30
±O.42a ±1.38a
±O.02a
±O.10a
±O.14a
±O.09a
20.81 16.10
0.94
1
2.18
2.35
2T
30
±2.41a ±1.39a
±O.01a
±O.02a
±O.68a
±O.17a
27.70
1.04
0.99
22.67 16.62
0.97
1.04
2.16
2.19
±O.92
±O.12
±O.14
3LT
30
±1.80a ±O.56a
±O.O6a
±O.07a
±O.50a
±O.37a
26.36 17.65
1.22
1.10
1.15
1.55
4L
30
±1.47b ±O.34a
±O.15b
±O.15a
±O.15a
±O.21b
Valuesare expressed as mean ± standard errors.dpa:dayspostaflatoxicosis.m.mol/l:milimol/liter.
Means within the same column under the same category carry different superscripts are significantly different (P≤0.05).
U/L:unit/liter.mg/dl:meligram/deciliter. dpra:dayspreaflatoxicosis.
Histopathological examination
Livers of G3T showed severe hemorrhage accompanied with infiltration of inflammatory cells and coagulative necrosis while
G4LT exhibited slight infiltration and hemorrhage when compared with G1C (control) and G2L (lipoic treated group) which
revealed normal hepatic pattern (Fig. 1).
Intestinesof G3T showed hydropic degeneration of villi, subepithelialcongestion, desquamation of epithelial cells and
inflammatory cellsinfiltrationwhile G4LT exhibited repairing of intestinal villi and glands to normal when compared with G1C
and G2L which revealed normal intact villi and intestinal glands (Fig. 2).
Kidneys of G3T showed severe congestion and hemorrhage in cortex and medulla, atrophy in glomeruli accompanied by
edema and necrosis of renal tubuleswhile G4LT exhibited slight congestion and edema of tubules when compared with G1C and
G2L which revealed normal glomeruli and renal tubules (Fig. 3).
Heart of G3T showed congestion, hemorrhage and edema with severe inflammatory cells infiltrationwhile G4LT exhibited
slight infiltration and hemorrhage which start to back normally when compared with G1C and G2L which revealed normal cardiac
appearance (Fig. 4).
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DISCUSSION
Aflatoxicosis is a major player in economic losses of poultry industry where it damages different tissues and immune organs
leading to high mortality and vulnerability of infectious diseases, so this study was applied to investigate the role of alpha-lipoic
acid in alleviation of these damages and adverse effects of aflatoxins on body weight, performance, liver & kidney function
tests,antioxidant enzymes and oxidative stress marker of broiler chickens.
Our findings of clinical signs and post mortem lesions in both aflatoxicated (G3T) and aflatoxicated treated with lipoic group
(G4LT) were in agreement with Swayneet al., 2013, andNurul,andMohd, 2017 who stated that aflatoxicosis exhibited many signs
includes listlessness, anorexia with the lowered growth rate, poor feed utilization, anemia, reduction of immune function,
hepatotoxicosis, hemorrhages, in addition to, teratogenesis, carcinogenesis, and mutagenesis. Also, Devreese et al., 2013 reported
AFB1 contaminated feed in swine can create similar signs besides poultry involving reduced feed intake and body weight gain,
impaired liver and immune functions.Tessari et al., 2010 reported that some birds showed enteritis, which might be attributed to
protein deﬁciency, resulting from the harmful eﬀect of AFB1 on the liver.Kumar,andBalachandran, 2009observed enlarged liver
with petechiationanddiscoloration.Hussain et al., 2008viewed enlarged kidneys and atrophied bursa.
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Both aflatoxicated (G3T) and lipoic acid treated (G2L) chickens revealed significant reduction of body weight when
compared to control from 14thdpa till the end of experiment while aflatoxicated treated with lipoic chickens (G4LT) showed
significant increase of body weight when compared toG3T at the end of experiment only, also at the end of experiment, bothbody
gain and feed intake were markedly reduced in G3T and G2L when compared to control while in G4LT slightly increased as
compared to G3T. these results matched with those of Daneshyar et al., 2014 who reported that both body gain and feed intake at
5 weeks old in aflatoxicated chickens were significantly reduced 448.63 and 990.09 grams respectively when compared to control
514.67 and 1034.54 gramsrespectively.Salem et al., 2018 recorded both body gain and feed intake at 42 days old in aflatoxicated
chickens were significantly reduced 774 ±1.52 and 1540.26 gramsrespectively when compared to control 1492 ±1.53 and 2536.4
gramsrespectively.AlsoSohaib et al., 2012,Yasin et al., 2012, andArshadetal., 2013 indicated that the use of αlipoic acid as feed
additivereduced the body weight and growth performance of broilerchickens. Shen et al., 2005 reported that 0.5% and 1.0% αlipoic acid supplementation for 3 weeks resulted in a decrease in final mouse body weight and carcass weights as the levels o f
dietary α -lipoic acid increased, theyattributed this decrease to significant effect of α-lipoic acid on reduction of carcass fat which
confirmed by El-Senousey et al., 2013who contributed the reduction of body weight in lipoic acid treated chickens to the
significantly reduced abdominal fat weight.
At 14 dpa, ALT and AST were significantly increased in aflatoxicated chickens (G3T) and numerically improved when
treated with lipoic acid in G4LT while at experimental end,ALT was significantly reduced in lipoic acid treated chickens(G2L).
These results of 14 dpa were in accordance with those of Yang et al., 2012, and Gowda et al., 2009 who recognized a significant
increase of ALT and AST in aflatoxicated chickens at experimental end. Also Salem et al., 2018stated that atend of experiment,
both ALT and ASTsignificantly increased 17.67 ± 0.33 and 274.33 ± 1.2 as compared to control 7 ± 0.58 and 187.33 ±
1.2respectively.On the other hand, the results of non-significance at end of experiment were similar to those reported by
Fernandez etal., 1994 who found ALT and AST of 8.4 ± 2.6 and 225 ± 65.6as compared to control 12.9 ± 5.2 and 195 ± 34.7
respectively in aflatoxicated chickens with 5 mg/kg while during clearance period were 9.1 ± 4.3 and 213 ± 54, these nonsignificant data may be contributed to neither AST was exclusively a hepatic enzyme, since there is also a muscular origin
(Campbell,and Coles, 1989) nor ALTsynthesized exclusively in the liver (Brugere-Picoux et al., 1987)which has limited value for
biochemical diagnosis in birds.
At 14 dpaThere were no significance differences among all groups in uric acid and creatininealthough their improvement
numerically in lipoic acid treated group.while at the end of experiment, only creatinine was significantly increased in aflatoxicated
chickens (G3T) and significantly reduced in lipoic acid treated group (G2L). These results supported by those of George et al.,
2006 who found blood uric acid and creatinine increased in broiler chickens receiving 50, 150 and 300 mg/kg aflatoxin in their
feed over 42 days.Li et al., 2014reportednumericalimprovement of uric acid and creatinine in lipoic acid treated group while
increased in aflatoxicated chickens as compared to control. Also similar results investigated byYildirim et al.,2011,andHassan et
al., 2012.
At 14 dpa and the end of experiment there was no significant difference in the level of SOD, CAT and MDA among all
groups although their improvement numerically in lipoic acid treated group.These findings matched with those of Li et
al.,2014who stated that aflatoxicated chickens showed increased MDA and reduced activity of bothSODand CAT as compared to
control, these findings were improved when treated with lipoic acid specially SOD which increased significantly.Zuo et
al.,2013foundMDA (oxidative stress marker) levels in blood and tissues increased as the end product of lipid peroxidationDuring
metabolic processing of aﬂatoxins in the liver while Duzguner,and Kaya, 2007 mentioned the decreased CAT activity was related
to increased oxidative stress.
It was clear that lipoic acid improved liver& kidney function tests, antioxidant enzymes, and oxidative stress markerwhen
used alone or added to aflatoxicated diet of broilers. These results were conﬁrmed by the histopathological examination which
exhibited the severity of histopathological lesions induced by aflatoxins in liver, intestine, kidney and heart were reduced in
aflatoxicated treated with lipoic group(G4LT) when compared withaflatoxicated group (G3T).Similarly, those results were
reported by Li et al., 2014who observedthat livers from broilers consuming the AFB1 plus LA diet showed slight lymphocytes
infiltration and slight vacuolar degeneration suggesting a protective effect of LA on aflatoxicosis.Salem et al., 2018reported the
kidney showed congestion, renal casts, vacuolar hydropic degeneration with nuclear pyknosis and necrosis of the renal tubular
epithelial cells, while the liver exhibited congestion and fatty change with mononuclear cells inﬁltration as well as necrosis of the
hepatocytes. Mohamed,and Mohamed, 2009 demonstrated round cell and neutrophil infiltration, basement membrane and
Bowman capsule thickening, coagulative necrosis and dystrophic lesions in renal epithelial cells.Alia M. K.et al., 2019
observedInterstitialodema between myocardial muscle cellsinaflatoxicated albino ratswhereaflatoxins have serious influences on
the cardiovascular system including heart damage.moreover, Wang et al., 2018 recorded shedding of the apical epithelia of villi in
the small intestine, which was also observed by other researchers in aflatoxicatedchickens, Grozeva et al., 2015, and Zhang et al.,
2014.
CONCLUSION
Lipoic acid limited the gross and histopathological changes when treated aflatoxicated chickens, improved their performance
although it reduced their body weight when used in diet free from aflatoxins and consequently alleviated the tissue damaging
effects of aflatoxins in coincide with their enhanced liver & kidney function tests, anti-oxidant enzymesand oxidative stress
marker.Therefore,thisstudysupported the addition of lipoic acid to aflatoxicated diet of broiler chickens.
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