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ABSTRACT

Background: Contamination of crops with aflatoxin is considered a serious global threat to food safety, since potent car-
cinogenic, teratogenic, mutagenic and immunosuppressive effects of aflatoxins are well recognized. Recently, the use of
adsorbents has been linked with protective effects against oxidative stress in several diseases. Thus, the aim of this study
was to assess the occurrence of oxidative stress in quails (Coturnix coturnix) fed with aflatoxin-contaminated diet, as well
as the protective effect of an adsorbent.

Materials, Methods & Results: Twenty-eight quails were divided into four groups (n = 7): diet without additives (control;
the group A), diet and adsorbent containing aluminosilicates (the group B), aflatoxin-contaminated diet (200 ppb) (the group
C), and aflatoxin-contaminated diet (200 ppb) and adsorbent containing aluminosilicates (the group D). The composition
of the adsorbent containing aluminosilicates was 0.3% based on yeast cell wall, silymarin, and bentonite. The animals
received feed and water ad libitum during 20 days. At the end of the experimental period, total blood was collected by
cardiac puncture in tubes without anticoagulant to obtain serum (centrifuged at 3500 g during 10 min) for later determina-
tion of biochemical parameters. The liver was placed in a solution of Tris—HCI 10 mM, pH 7.4 for TBARS (Thiobarbituric
acid reactive substances), ROS (Reactive oxygen species), SOD (Superoxide dismutase) and CAT (Catalase) analysis.
The hepatic tissue was gently homogenized in a glass potter in specific buffer, homogenated, and centrifuged at 10.000 g
at 4°C for 10 min to yield a supernatant (S1) used for analyses. Homogenate aliquots were stored at -80°C until utiliza-
tion. Fragments of liver and intestine (5 cm) were collected for histopathological analyses. Between days 15 to 20 of the
experiment, group C quails showed clinical signs, such as apathy, creepy feathers and reduced feed intake. At day 20 of
experiment, macroscopically, the liver of quails belonging to the group C showed greenish yellow color differently from
the other groups. Microscopically, no alterations were observed in the liver of animals in groups A and B. Severe diffuse
microvacuolar degeneration (hydropic) of hepatocytes and small foci of necrosis in the liver were observed in the group
C, as observed in the group D, but in a more moderate degree to microvacuolar degeneration. Seric total protein, albumin,
globulin and uric acid levels decreased in the group C and D. The levels of alanine aminotransferase (ALT) increased in
the group C, and the treatment with adsorbent was able to avoid this increment. Seric and hepatic reactive oxygen species
and TBARS increased in the group C, and the treatment with adsorbent reduced theses parameters in the group D. Catalase
(CAT) activity decreased, while ALA-D increased in the group C. The treatment with adsorbent was able to prevent CAT
activity decrease, but it did not prevent the increase in ALA-D activity.

Discussion: Aflatoxins are considered one of the most important problems in poultry production causing high economic
losses to producers. In this study, the use of adsorbent showed a protective effect to hepatic tissue, minimizing histopatho-
logical lesions, as well as by preventing lipid peroxidation and exacerbated production of free radicals. Based on this data,
aflatoxin intoxication causes hepatic oxidative stress that contributes directly to disease pathogenesis, and the addition
of an adsorbent containing 0.3% based on bentonite, yeast cell wall and silymarin may be considered a new approach to
prevent cellular and hepatic damage caused by aflatoxins.
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INTRODUCTION

Aflatoxins are mycotoxins produced by fungi
belonging to the genus Aspergillus flavus and Asper-
gillus parasiticus found mainly in grains used for ani-
mal nutrition. When present at levels greater than the
maximum allowed they may cause serious damage to
the animals [8,17], since they are rapidly absorbed in
the gastrointestinal tract, causing significant damage
in the hepatic tissue [11]. Aflatoxins intake by birds
can cause toxic effects directly or indirectly, which
depends on the concentration, time of exposure, and
the type of the aflatoxin [24]. Intoxication by aflatoxin
leads to weight loss and lower food intake [9], and also
affects seric parameters such as total protein, albumin,
glucose, cholesterol, uric acid, and creatinine [16].
Many authors reported microscopic alterations in the
cardiac and hepatic tissue, such as vacuolar degenera-
tion [7,14,26], affecting directly animal performance
[30]. The use of adsorbents in the feed minimize the
toxic effects caused by aflatoxins [13,17,27].

The hepatic tissue is responsible for metabolize
and store nutrients, such as proteins, carbohydrates and
lipids. Intoxication by aflatoxins can cause oxidative
stress, characterized by disturbance in the antioxidant/
oxidant status, resulting in oxidative damage due to the
biomolecular damage caused by the attack of free radi-
cals or reactive oxygen species (ROS) and consequently
inhibition of antioxidant enzymes [1,21]. The aim of this
study was to evaluate whether the use of an adsorbent
prevents or reduces the oxidative stress in quails (Cotur-
nix coturnix) fed with aflatoxin-contaminated diet.

MATERIALS AND METHODS

Aflatoxins

Aflatoxins were produced by fermentation in
converted rice under constant stirring and controlled
temperature. The NRLL 2999 strain of Aspergillus par-
asiticus was used according to the method described by
West et al. [35]. After autoclaving with open valve, the
rice was dried with hot air and grounded in a laboratory
mill. The aflatoxin concentration was determined by the
HPLC method [34]. After fermentation, a total of 130
mg of aflatoxins/kg of rice was obtained, containing
approximately 83% of aflatoxin B1, 9.5% of aflatoxin
B2, 3.4% of aflatoxin G1, and 4.2% of aflatoxin G2.
Grounded rice was added to the feed as required, never
exceeding 1% of the total diet.

Animals

Quails used in this study were originated from
eggs of Coturnix coturnix japonica incubated during
17 days under appropriate conditions up to hatch. Dur-
ing the initial period (1 to 25 days of age), the quails
were maintained on wood shaving litter with food and
water ad libitum. At 26 days of age, the quails were
transferred to metabolic cages with nipple drinkers
and galvanized feeders under controlled temperature
(37°C) in the first week, and 3°C weekly decrease up
to room temperature at 24-27°C. At 75 days of age,
28 quails were allocated in four cages according to the
experimental design described below.

Experimental design

Twenty-eight quails were divided in a com-
pletely randomized design composed by four groups
with seven animals each. Animal feed was composed
of corn and soybean meal, according to the nutritional
requirements for quails [29]. The same feed was used
in all groups, changing only the treatments. The group
A was composed by quails that received the diet with-
out aluminosilicate adsorbent (the control group); the
group B was composed by quails that received the
diet supplemented with adsorbent containing alu-
minosilicates; the group C was composed by quails
that received diet contaminated with aflatoxins (200
ppb); and the group D was composed by quails that
received diet contaminated with aflatoxins (200 ppb)
and treated with adsorbent containing aluminosilicates.
The composition adsorbent containing 0.3% based on
bentonite, yeast cell wall and silymarin. The animals
received feed and water ad libitum during 20 days.

Sample collection

On day 20, the quails were euthanized by cervi-
cal dislocation. Total blood was collected by cardiac
puncture in tubes without anticoagulant to obtain serum
(centrifuged at 3500 g during 10 min) for later determi-
nation of biochemical parameters. The liver was placed
in a solution of Tris—HCI 10 mM, pH 7.4 for TBARS,
ROS, SOD and CAT analysis. The hepatic tissue was
gently homogenized in a glass potter in specific buffer,
homogenated, and centrifuged at 10.000 g at 4°C for
10 min to yield a supernatant (S1) used for analyses.
Homogenate aliquots were stored at -80°C until uti-
lization. Fragments of liver and intestine (5 cm) were
collected for histopathological analyses.
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Biochemical analyses

The serum was used to evaluate alanine amino-
transferase (ALT), uric acid, total protein and albumin
levels, while blood or serum and liver were used to
evaluate oxidative stress parameters, such as TBARS,
ROS, SOD, CAT and ALA-D.

Serum biochemistry

Seric ALT, uric acid, total protein, and albumin
levels were evaluated in a semi-automated BioPlus
(2000)" using commercial kits. Globulins were calcu-
lated based on the total of protein and albumin levels
(globulin = total protein - albumin).

Lipid peroxidation and free radicals

Lipid peroxidation was estimated by measuring
TBARS, and expressed in terms of malondialdehyde
(MDA) content. In this method, MDA is a final product
of fatty acid peroxidation that reacts with thiobarbituric
acid (TBA)? to form a colored complex. The TBARS
was analyzed in serum according to Jentzsch et al. [15].
The tissue homogenates (200 uL. of S1) were incubated
at 95°C for 60 min in acid medium containing 8.1%
sodium dodecyl sulfate, 0.5 mL of acetic acid buffer
(500 mM, pH 3.4) and 0.6% TBA. TBARS levels were
measured at 532 nm, and the absorbance was com-
pared with the standard curve using malondialdehyde
according to the method of Ohkawa et al. [25]. The
results were expressed in nmoles of malondialdehyde/
mg of protein.

ROS levels were measured using 2°-7"-Di-
chlorofluorescein (DCFH) as an index of the peroxide
production by the cellular components [12]. The serum
(10 pL) and liver (0.8 ug of protein) were added to a
medium containing Tris-HCI buffer (10 mM; pH 7.4)
and DCFH-DA (1 mM). The results were expressed
by U DCF/mg protein.

Antioxidant system

Hepatic catalase (CAT) activity was deter-
mined by the decomposition of H202 at 240 nm ac-
cording to the method described by Nelson and Kiesow
[23], and modified by Aebi [2]. Superoxide dismutase
(SOD) activity in the liver was quantified spectrophoto-
metrically at 480 nm according to Misra and Fridovich
[20] by determining the inhibition of auto-oxidation
of epinephrine to adrenochrome at an alkaline pH. For
the SOD assay, 10-40 ug of protein was used, whereas
CAT activity was determined using 10-40 pg protein.

CAT and SOD results were expressed in nmol CAT/
mg of protein and Ul SOD/mg protein, respectively.
-ALA-D activity was assayed in the liver (200 uL; 0.8
ug of protein) by the method of Sassa [31], and results
were expressed in nmol PBG/h/mg of protein.

Protein determination

Protein content was determined by the Coo-
massie blue method according to Bradford [5] using
bovine sera albumin as a standard. The protein super-
natant 1 (S1) of tissue at 0.6-0.8 mg/mL of protein was
kept until analysis.

Histopathology

Fragments of liver and intestines were fixed in
buffered formalin 10% solution, routinely processed,
and stained with hematoxylin and eosin technique
(H&E) for histopathological analyses.

Statistical analysis

The data were submitted to normality test
(Shapiro), which showed normal distribution. Thus,
the one-way analysis of variance (ANOVA) followed
by the Tukey post hoc test was used to verify the dif-
ference between groups, considering P < 0.05.

RESULTS

Between days 15 to 20 of the experiment,
group C quails showed clinical signs, such as apathy,
creepy feathers and reduced feed intake. Due to these
changes, only in the quails of group C, we chose day
20 to finalize the experiment.

Macroscopically, the liver of quails belonging
to the group C showed greenish yellow color differently
from the other groups. Microscopically, no alterations
were observed in the liver of animals in groups A and B.
Severe diffuse microvacuolar degeneration (hydropic)
of hepatocytes and small foci of necrosis in the liver
were observed in the group C, as observed in the group
D, but in a more moderate degree to microvacuolar
degeneration.

Seric levels of total protein, albumin, uric acid
and globulins reduced in the group C and D compared
to the control group (the group A). Animals intoxicated
by aflatoxins (the group C) showed increased ALT
levels compared to the control group (the group A).
The treatment with adsorbents (the group D) reduced
the ALT levels compared to intoxicated and untreated
quails (the group C) [Table 1].
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The TBARS and ROS levels in serum and
hepatic tissue were increased in aflatoxin-intoxicated
quails (the group C) compared to the control group (the
group A). The treatment with the adsorbent prevented
the increase in TBARS and ROS levels in serum and
liver of aflatoxin-intoxicated quails (the group D)
compared to intoxicated and untreated quails (the
group C) [Table 2].

SOD, CAT and ALA-D activities in the he-
patic tissue are shown in Table 2. Aflatoxin intoxica-
tion increase the hepatic SOD activity (groups C and

D. The hepatic CAT activity showed a significant
decrease in intoxicated and untreated quails (the
group C) compared to the control group (the group
A). The treatment with adsorbent prevented the
reduction on CAT activity in intoxicated animals
treated with adsorbent (the group D) compared to
intoxicated and untreated quails (the group C). The
hepatic ALA-D activity increased in intoxicated and
untreated quails (the group C) compared to control
group (the group A). The treatment with adsorbent
did not affect this enzyme.

Table 1. Seric levels of total protein, albumin, globulin, alanine aminotransferase (ALT) and uric acid of quails intoxicated by aflatoxins
and treated with an aluminosilicate adsorbent.

Variable Group A Group B Group C Group D P value
Total protein (g/dL) 4109 3.8+0.2* 2.7+£04° 29+0.5° <0.001
Albumin (g/dL) 1.2+0.2¢ 1.1 +0.4 0.7 +£0.15° 0.8+0.2° <0.001
Globulin (g/dL) 29+0.7* 2.7+0.3" 2.0+0.2° 2.1+0.3 <0.05
ALT (U/L) 5.5+1.6 9.5 +3.3% 33.5+19.4* 12.5+7.2° <0.001
Uric acid (mg/dL) 6.3+14" 7.7 +£2.2¢ 32+2.0° 4.0+2.3° <0.001

Note: Means followed by the same letter in the same line do not differ significantly in the Tukey test (P > 0.05).Group A- control diet;
Group B- control diet + 0.3% of the adsorbent; Group-C diet contaminated with 200 ppb of aflatoxins; Group D- diet contaminated with

200 ppb + 0.3% of the adsorbent.

Table 2. Effects of aflatoxin on biomarkers of oxidative stress in blood/serum and liver of quails treated with an aluminosilicate adsorbent. Thiobarbituric
acid-reactive substances (seric TBARS: pmol MDA/mL; hepatic TBARS: umol MDA/mg protein), reactive oxygen species (ROS: U DCF /mg protein),
catalase activity (CAT: nmol CAT/mg of protein), superoxide dismutase activity (SOD: Ul SOD/mg protein) and delta-aminolevulinic acid dehydratase
activity (ALA-D: nmol PBG/h/mg protein).

Variable Group A Group B Group C Group D P value
TBARS in serum 3.5+0.61% 3.0+ 0.62° 6.4 +1.15° 3.9 +0.68 <0.001
TBARS in liver 44 +1.10° 49+0.71° 8.7+231° 3.1+£043 <0.001
ROS in serum 110.1 £22.5° 115.2 +30.0° 1442 £27.2* 113.7 +18.6° <0.05
ROS in liver 14379 £917° 13857 £481°  2641.7+929*  946.7 + 536 <0.05
SOD in liver 4.8 +1.0° 42 +0.8° 7.8 £2.5° 9.6 £2.0° <0.001
CAT in liver 2.1+£1.2° 1.5+£0.62° 0.6 £ 0.35° 42=x2.1° <0.001
ALA-D in liver 0.85 = 0.42° 1.0 £0.37° 1.71 £ 0.2 1.67 £ 0.6 <0.01

Note: Means followed by the same letter in the same line do not differ significantly in the Tukey test (P > 0.05).Group A — control diet; group B — control
diet + 0.3% of the adsorbent; group C: diet contaminated with 200 ppb of aflatoxin; group D — diet contaminated with 200 ppb + 0.3% of the adsorbent.
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DISCUSSION

Aflatoxins are considered one of the most im-
portant problems in poultry production causing high
economic losses to producers [18,26] due to lower
performance and clinical state of hypoproteinemia, hy-
poalbuminemia and hyperglobulinemia, as observed in
this present study. Protein reduction and increase in ATL
activity in aflatoxin-intoxicated quails are compatible with
hepatic damage. However, the treatment with adsorbent
was unable to reduce or prevent the negative effects on
protein levels, but reduced the ALT activity. Thus, the
adsorbent avoids, in part, the hepatic damage, as seen in
the histopathological analysis, since intoxicated animals
treated with adsorbent showed moderate hepatic lesions,
differently from what was observed in intoxicated and
untreated quails. The enzyme ALT is considered an im-
portant marker of acute hepatic damage, being involved
in the metabolism of amino acids, and its seric increase is
due to damage in cellular membranes of the hepatocytes
[4]. The reduction in uric acid levels in intoxicated quails
may be linked to reduced protein levels, since uric acid is
the end product of protein metabolism in birds [11], such
as observed in this study. It is important to emphasize that
reductions on seric total protein and albumin levels also
indicate hepatic damage during intoxications by aflatox-
ins [4]. Moreover, lower globulins may compromise the
immunity of intoxicated quails, since they are important
molecules involved in the development of immunity [22].
Therefore, aflatoxin intoxication causes hepatic damage
in quails, and the use of adsorbent may be considered as
an alternative to reduce hepatic lesions.

The consumption of aflatoxins by quails for
20 days induced lipid peroxidation and increased ROS
levels in the serum and liver, as reported in rats [1]. The
presence of aflatoxins in the diet alters the membrane
fluidity, causing lipid damage to hepatocytes and,
consequently, impairing protein synthesis [1]. It is im-
portant to emphasize that the treatment with adsorbent
in the diet was able to prevent lipid peroxidation. The
mechanism of action remains unknown, but evidences
suggest that adsorbents are able to minimize or inhibit
lipid oxidative reactions, and consequently, prevent
lipid peroxidation. Also, these results can be linked to
the mechanism of action of adsorbents, due to the fact
that they prevent the uptake of aflatoxins by the gastro-
intestinal tract, i.e., reduced lipid peroxidation might
be a consequence of a minor degree of intoxication.
ROS is considered an important biomarker of protein

oxidation, and excessive ROS levels may explain the
reduction of seric protein levels [19]. In this sense, we
suggest that increased oxidant levels can contribute
to disease pathophysiology, and hepatic damage. The
excessive ROS production is capable of producing
superoxide and hydrogen peroxide, free radicals neu-
tralized by antioxidant enzymes, such as CAT and SOD
[28], that were altered during aflatoxin intoxication.

Cell damage is commonly observed due to ex-
cessive formation of free radicals, as evidenced in this
study by increased ROS levels, or by the impairment in
the antioxidant defense system [1]. As a consequence
of the oxidative stress already mentioned in this study,
CAT activity was reduced in intoxicated quails, as simi-
larly observed by Althnaian [3] in rats intoxicated by
aflatoxin B1. According to this author, the deficiency
in CAT activity results in oxidative stress, contributing
to disease pathogenesis, due to increased levels of free
radical hydrogen peroxides. In addition, the same sig-
nificative reduction in CAT activity has been reported
in the liver of rats aflatoxin-fed [10].

In this study, the ALA-D activity increased
in quails aflatoxin-intoxicated, an enzyme sensible to
oxidants [32]. Thus, we believe that ALA-D activity
increased due to its relation to oxidative stress, such
as observed in this study. In addition, the alteration in
the activity of ALA-D may interfere in hematopoiesis,
since this enzyme participates in the synthesis of por-
phobilinogen, that catalysis two delta-aminolevulinate
molecules, i.e., a precursor of heme group [6]. The
hypothesis may corroborated to the hemolytic anemia
observed during intoxication by aflatoxins, where a
decreased in erythrocytes counts, hemoglobin content,
leucopenia and bone marrow hyperplasia was evidenced
[33]. Although the hematological parameters have not
been evaluated, the ALA-D activity may increase as a
compensatory mechanism in an attempt to avoid hema-
tological injuries caused by the intoxication.

CONCLUSION

In this study, the use of adsorbent showed a
protective effect to hepatic tissue, minimizing histo-
pathological lesions, as well as by preventing lipid per-
oxidation and exacerbated production of free radicals.
Based on this data, aflatoxin intoxication causes hepatic
oxidative stress that contributes directly to disease
pathogenesis, and the addition of an aluminosilicate
adsorbent may be considered a new approach to pre-
vent cellular and hepatic damage caused by aflatoxins.
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