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Abstract: The purpose of this study is to investigate the possible antimutagenic effects of
whey proteins against genotoxic effects induced by aflatoxins in the mammalian cell system.
The micronuclei, chromosomal abnormalities in both somatic and germ cells as well as DNA
titrations in male rats were assayed. Whey proteins was added to the diet containing
aflatoxins (2.5 mg AFs kg™") and fed to mature male rats for 9 weeks. The results indicated
that aflatoxin significantly (p<0.001) increased chromosomal abnormalities in somatic and
germ cells, DNA fitration and micronuclei of bone marrow cells. Addition of whey proteins
to the aflatoxins contaminated diet resulted a significant decrease in chromosomal aberrations
in somatic cells (62.8%, p<0.001), in germ cells (57.9%, p<0.01) and in micronuclel
polychromatic erythrocytes (68.2%, p<0.001). It could be concluded that whey protein
reduced the mutagenesis and clastogenesis effects of AFs. Although the mechanmism of
antimutagenicity is unknown, it seems plausible that the whey proteins acts as a blocking
agent by chemical or physical interaction with the mutagens. Furthermore, this study
revealed that the addition of whey proteins to aflatoxin contaminated diet dirminished most
of the genotoxic effects of the Aflatoxin.
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INTRODUCTION

Whey Proteins (WP) is a major component of the protein fraction in bovine milk. Milk contains
55 g WP/L and the major protein fractions are p-lactoglobulin (58%) e-lactalbumin (20%)
immunoglobuline (13%) and serum albumin {7%0) (Tto, 1991). Whey contain a wide range of biologically
active proteins, i.e., about 60 indigenous enzymes, vitamin-binding protein, metal-binding protein,
immunoglobulins, various growth factors and hormones, these components have been reviewed by IDF
(1991), Smithers et af. (1996) and Parodi (1998). In previous studies, a total protein diet has been
shown to have immunostimulatory and ant carcinogenic effects in mice and rats (McIntosh ef al.,
1995). The possible ant mutagenic effects of five different proteins (the proteins casein, Boving Serum
Albumin (BSA), soy protein, total whey proteins and p-lactoglobulin) against the mutagen
4-mitroquinoline 1-oxide (ANQO) were assessed in mammalian cell systern, using the Sister Chromatid
Exchange (SCE) test in Chinese hamster cells {(V79). They showed that BSA significantly inhibited
ANQO-induced SCEs (94%, at 1.15% BSA; p<0.01%). However, soy protein, the whey protein
fraction of milk and P-lactoglobulin showed no inhibitory effects. Pepsin-hydrolysed casein inhibited
SCE induction by 4NQO and 1-methyl-nitroso-3-nitroguanidine (MNNG) to a similar extent as non-
hydrolysed casein (Bosseclaers ef al., 1994). Whey proteins are also used as a food supplement for
immune compromised individuals for the prevention of diet-related cancers (Parodi, 1998).
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Numerous studies have shown that whey proteins, which are high in the amino acid cysteine, help
to enhance the body’s immune system by raising ghitathione levels (Bounous, 2000). Kent ef af. (2003)
indicated that whey proteins can increase GSH synthesis and protect against oxidant-induced cell death
in human prostate cells.

Aflatoxins Bl (AFB1) is among the most common mycotoxins to which human are exposed.
Experimental studies have shown that AFB1 is a potent mutagen and hepatocarcinogen (Nixon ef ai.,
1981, Hsieh and Atkinson, 1991). A number of epidemiological investigations have also implicated its
role in the etiology of human liver cancer (Van Rensburg ef af., 1985; Yeh ef al., 1989). A study with
cultured human lymphocytes suggested that AFBI was able to induce chromosomal damage through
the release of Reactive Oxygen Species (ROS) (Amstad er af., 1984).

Accumulation of intracellular ROS during extended period of oxidative stress is associated with
the development of many chronic discases (Devaux er af., 2001; Nelson ef of., 2001). Glutathione
(y-glutamyl-cysteinyl-glycine, GSH) is the most abundant non protein thiol in mammalian cells and
functions as an antioxidant to limit oxidant induced damage to lipids, proteins and genetic material
(Sen, 1997, Anderson, 1998; Griffith, 1999; Lu, 1999). Depletion of intracellular GSH can lead to the
accumnulation of intracellular ROS (Esteve er af., 1999; Teramoto ef af., 1999). Consequently,
maintaining a high intracellular concentration of GSH is therefore critical for cellular defence against
oxidative stress.

GSH, in its reduced form, can donate its sulfthydryl proton to quench ROS. Onece oxidized, GSH
forms a disulfide linkage with a second molecule of oxidized GSH, yielding glutathione disulfide
(GSSG). Maintaining a high intracellular GSH: GSSG ratio provides optimal protection against
oxidant-induced cell damage (Anderson, 1998).

Diets that are rich in cystine-containing proteins can clevate tissue GSH (Bounous, 2000,
Tamiguchi ef f., 2000). Cystine is the disulfide form of cysteine and is reduced to 2 moles of ¢ysteine
for use in cellular GSH synthesis (Anderson, 1998). Bovine whey proteins a product of cheese
manufacture, are a cystine-rich protein source (Morr and Ha, 1993). Consumption of cystine-rich
whey proteins can increase plasma GSH concentrations in humans (Kennedy ef al., 1995a;
Micke et af., 2001) and also reduce the incidence of mammary and colon tumors in rats (Baruchel and
Viau, 1996; Sekine er af., 1997; Bounous, 2000, Tsuda ef of., 2000, Hakkak ez af., 2000).

The present study was conducted to determine the ability of whey protein concentrate to reduce
the mutagenic effects due to consumption of aflatoxins contaminated diet in male Sprague
Dawley rats.

MATERIALS AND METHODS

Experimental Animals

Twenty-eight male, Sprague-Dawley rats (average weight 153 g), obtained from the animal house
of the National Research Center, Dokki, Giza. Animals were housed individually in stainless stesl
cages and kept through the experimental period under good ventilation and hygienic conditions, water
and food were available.

Preparation of Rat Diets

A slightly modified AIN-93M semi-purified diet (recommended by the American Institute of
Nutrition (Reeves ef al., 1993) was used for control in the present study (Table 1). Vitamins and
minerals mix were prepared according to Bieri et af. (1977). The same diet was given to the
experimental group but after replacement 50% of casein with Whey Protein Concentrate (WPC).

Preparation of Whey Protien Concentrates (WPC)

Sweet whey from Ras cheese manufacture (pH 6.0-6.2) was obtained from Arab Dairy Co., Kaha,
Kaluibia, Egypt. Fat and curd fine were removed from the whey by a cream separator. Whey content,
7.5% total solids, 0.75% total protein and 4.5% Lactose.
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Table 1: Composition of the diet*

Ingredients Content (gkg™)
Casein 140.0
D.L-methionine 2.5
Sucrose 100.0
Cotton seed oil 50.0
Fiber 40.0
AIN-93M vitarnins mixture* 10.0
AIN-93M mineral mixture* 350
Corn flour starch 621.5
Choline chloride 1.0

*Vitamins and mineral mix. (AIN- 93, American Institute of Nutrition, 1993)

Table 2: Gross composition of whey protein concentrates (WPC)

Whey protein concentrate
WPC I o i Average
Total solids(%o) 20.10 20.95 20.56 20.54
Ash (29) 2.30 2.70 2.60 2.53
Total protein (%) 14.97 14.73 14.05 14.58
Lactose (%) 3.46 3.48 3.61 3.52
Fat (%6) 0.10 0.10 0.10 0.10
pH 6.11 6.32 6.20 6.21
Acidity 0.45 0.47 0.48 0.47

Ultrafiltration of Ras cheese whey was carried out using a carbosep 151 UF system
(Orelis, France) equipped with zirconium oxide membrane (Mol. cut off 50,000). Ultrafiltration was
carried out in batch mode at 50°C and inlet and outlet pressure of 6 and 4 bar, respectively.
Ultrafiltration was continued until to the concentration factor of 20. The gross Chemical composition
of whey protein concentrate was determined, TS according to AOAC (1990); Total protein, fat, ash
and pH according to Ling (1963); lactose according to Barnett and Tawab (1957). The data is presented
in (Table 2).

Aflatoxins

Aflatoxins (AFs) were produced by the method of (Davis ef af., 1966). Liquid medium, Yeast
Extract Sucrose (YES) inoculated with Aspergilius parasiticus NRRL 3145 and incubated at 25°C for
13 days. At the end of the incubation period, liquid culture was filtered and extracted according to the
method of (Park and Bullerman, 1983). The mates were dried at 80°C overnight and extracted by the
method of (Shih and Marth, 1971). The Aflatoxins concentration of the crude extract (B1, 2, G1
and 2) were determined and calculated according to (Shannon ef &f., 1983). The calculation was made
relative to the LD, of the aflatoxin B,. The AFs were thoroughly mixed with the diet to provide the
desired level of 2.5 mg/kg diet (Saleh er ad., 2000).

Experimental Design
Animals were randomized by weight into four groups (7 rats/group) as follow:-

Group 1: Control fed on the basal diet.

Group 2: Rats were fed AFs-contaminated diet.

Group 3. Rats were fed on AFs-contaminated diet after replacement 50% of casein with whey
proteins.

Group 4: Rats were fed on basal diet after replacement 50% of casein with whey proteins.

To avoid the fermentation of diets due to addition of whey protein concentrate, fresh diets were
prepared every day.

The feeding period lasted for 9 weeks during which rats were weighed and food intake was
determined weekly.
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At the end of the experimental period, animals were killed and bone marrows were removed for
micronucleus analysis, slides were prepared according to Salamone e af (1980). The bone marrow cells
were mixed with one drop of fetal calf serum and smeared on clean slides. The slides were fixed in
absolute ethyl alcohol for five minutes and then air dried, stained with Giemsa and mounted with DPX.
Two thousands PCEs/animal were recorded. Micronuclei were identified as dark blue staining bodies
in the cytoplasm of polychromatic erythrocytes (PCEs).

Mitotic chromosomes were prepared and slides were stained with Giemsa in phosphate buffer
pH 6.8 according to the method described by Preston ef of (1987). One hundred metaphase spreads
were checked and the types and frequency of aberrations were recorded and photographed. The testis
was removed and meiotic chromosomal slides were prepared according to Russo (2000). Seventy five
metaphase spreads were examined in spermatocytes for each animal.

DNA Extraction and Determination
Extraction and determination of DNA was carried out according to method reported by
Schneider (1957).

Statistical Analysis

Statistical analysis were carried out using Statistical Programs (SPSS, Version 7.5). Arithmetic
mean values and standard errors were computed. Student's t-test was used for statistical evaluation.
All statements of significant were based on a probability of p<0.05 or higher.

RESULTS

Cytogenetic Results
Micronuclei in Polychromatic Erythrocytes

It is clearly indicated that the mean values of micronuclei were increased significantly in the
groups treated with aflatoxins (p<0.001). The pretreatment with whey proteins significantly reduced
(p=<0.01) the frequencies of Mn-PCEs to reached 68.2%, although this inhibition in Mn-PCEs were
still significantly (p<0.05) higher than control (Table 3 and Fig. 1).

DNA

Treatment with aflatoxins resulted in a significant increase (p<0.001) in the quantity of DNA
compared with the control. Pretreatment with whey proteins significantly reduced (p<0.05) the
quantities of DNA (Table 4 and Fig. 2).

Table 3: Mean+SE of induced micronuclei in poly chromatic eryvthrocytes (MN-PCEs) of rats

Treatments Total micronuclei Mean=SE Tnhibition (%)
Control 4 0.8+0.20

Aflatoxins 286 57345344+

WPC 19 9.8+0.66

AFs+WPC 91 18.241.7# 68.20
Between group 2 and 4 ol

*p<0.05, **p<0.01, ¥**p<0.001

Table 4: MeantSE of DNA concentrations (mg g~ ! tissue) in liver of rats induced by aflatoxins

Treatments Mean=SE Inhibition (%)
Control 1.460+0.15

Aflatoxing 5.24240. 64 %%

WPC 0.1944+0.04

AFs+WPC 2.674+£0. 254+ 67.90
Between group 2 and 4 *

#p<0.05, #Fp<0.01, ***p<0.001
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Fig. 1: Mean values of induced micronuclei in polychromatic erythrocytes of rats
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Fig. 2: Mean values of measured DNA concentrations (mg g ' tissue) in liver of rats

Chromosome Aberrations in Somatic Cells

It shows that aflatoxins induced different structural abnormalities in chromosomes such as gaps,
breaks, deletions, centromeric attenuations, end mitosis, end to end associatons and fragments.
Numerical aberrations were represented by polyploidy (Table 5). The total chromosomal aberrations
were increased significantly in all treated groups than the control. Table 5 showed that whey proteins
simultaneously with aflatoxins. It decreased the percentages of the total chromosomal aberrations at
all tested aberrations induced by aflatoxins and modulated chromosomal aberrations towards the normal
value of the control.

Rats fed diet supplemented with wheyv proteins showed a few chromosomal aberrations compared
with either aflatoxins or control groups. However, some aberrations such as deletions, end to end
associations, breaks, fragments, gaps and polyploidy were slightly higher in whey proteins group than
those in the control one, but these increase were not significantly.

Statistical analysis showed that there were a significant differences (p<0.001) between
aflatoxins and control groups for frequencies of total structural aberrations in all types of
aberrations, significant (p<0.01) difference in each of end mitosis, deletions and polyploidy as well as
significant difference (p<0.05) in rings stat. Pretreatment with whey proteins significantly (p<0.001)
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Table 5: MeantSE different chromosomal aberrations induced by aflatoxing in bone marrow of male rats

Treatments
Types of aberrations (Mean+SE) Control Aflatoxing WPC Aflat +WPC  Between group 2 and 4
Types of structural aberrations
Endomitosis 1.4+0.24 4.440.40%* 1.04+0.32 2.4+0.24* ok
Deletions 0.2+0.20 4.8+0.37%+ 0.4+0.24 2.0+0.32 ok
EE 0.4+0.24 3.4+0.24% %% (0,84+0.20 2.2+0.20* #*
Break 0.2+0.20 4.2H037%%%  (.4+0.24 2.0+0.32% ok
Ch. Break 0.0+0.0 2.8+0.37#%%  (0.240.20 0.8+0.37 ok
Fragment 0.2+0.20 380374 (0,.610.24 1.6+0.24% ok
Ring 0.0+0.0 1.2+0.37* 0.0+£0.0 0.0+0.0 *
C.Atten 0.4+0.24 4.2H037%%%  (.4+0.24 2.440.24++ *
Gap 1.24+0.37 5.8+0.58%%*%  1.6+1.51 3.6+0.60%* ok
Ch.Gap 0.0+0.0 2.8+0.20%%*%  (,240.20 0.8+0.37 ok
Total excluding/gaps 2.8+0.37 35651104+ 4.4+0.40 15.041.1%% ol
Numerical aberrations
Polyploidy 0.4+0.24 1.6+0.40%* 0.8+0.37 10+0.45 -

#p<0.05, **p=0.01, ***p=<0.001, C.F = Centric fusion, EE = End to end associations total, ex. g. = Total excluding
gaps, Ch. Break = Chromosomal break, C.atten = Centromeric attenuation, Ch. Gap = Chromosomal gap
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Fig. 3: Mean+SE of different chromosomal aberrations in bone marrow of male rats

reduced the total structural aberrations induced by aflatoxins by nearly 62.8%, but the total aberrations
were still significantly (p<0.01) higher than control (Fig. 3).

Chromosomal Aberrations in Germ Cells

Chromosome examination in spermatocytes (Table 6) showed X-Y univalent, autosomal
univalent, chain, rings and ploidy (Fig. 4) revealed that aflatoxins group had more frequencies of
chromosomal abnormalities than the control and the other groups. Feeding rats with whey proteins
decreased the number of these aberrations. The whey proteins group had few chromosome aberrations
compared with either control or aflatoxins group. Statistical analysis showed that there were significant
differences (p<0.001) in the frequencies of total structural aberrations in aflatoxing group compared
to the negative control. Feeding rats with whey proteins significantly (p<0.001) reduced the total
structural aberrations induced by aflatoxins by nearly 57.9%, but the total aberrations were still
significantly (p<0.01) higher than control.

DISCUSSION

Bone marrow cells are susceptible to oxidative damage and sensitive to clastogenic
chemicals so, it commonly used models for the screening for mutagenicity and/or antimutagenicity
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Fig. 4: Mean values of different aberrations induced by aflatoxins in spermatocyte of rats

Table 6: Mean+SE of different aberrations induced by aflatoxins in spermatocyte of rats
Types of aberrations (M+SE)

Treatments Chain XY Auto-unival Ring Total Poly Inhibition (%)
Control 0.2+0.20 0.60.24 0.2+0.20 0.0+0.00 1.0+£0.32 0.4+0.24

Aflatoxins 3.6:0.24%4% 4 6£0.40%%* 3 8037+ (.620.24 15.4£0.51%%% 4.2+40,37+**

WPC 0.2+0.20 1.2+0.20 1.0+£0.32 0.0+0.00 2.44+0.32 0.8+0.37

AFstWPC 2.040.32%% 2.8+0.49% 1.8£0.20 0.0£0.00 6.620.40%%  1.640.51%* 57.9
Between group

2 and 4 * R R R ok ok

*p<0.05, **p<0.01, ¥**p<0.001

(Umegaki ef af., 1997). The clastogenic action of the above dose of aflatoxins in somatic cells has
already been reported for mice and rats bone marrow cells (Krishnamurthy and Neelaram, 1986). AFB,
is a mutagen in Saccharomyces cerevisiae (Sengstag et al., 1996), Escherichia coli, rainbow trout, mice,
rat and human cells (Smela e /., 2001).

The current study indicated that AFs induced micronuclei in polychromatic erythroeytes in bone
marrow cells of rats. Similar to these results Anwar ef @/., (1994) and Barta ef /. (1990) observed an
increase in the number of polychromatic erythrocytes with micronuclei in the bone marrow cells of
mice treated with Aflatoxins.

The present study revealed that AFs increases sigmificantly all types of chromosomal aberrations
in somatic cells of rats. In the study of Anwar ef al. (1994) chromosomal aberrations were significantly
increased in tats treated with AFs compared to the control group at doses above 0.1 ug g~ Moreover,
Bose and Sinha (1991) found that AFs induced chromosomal abnormalities in the bone marrow cells
of mice. Salassidis ef @/.(1991) found that aflatoxin B1 (AFB1) induced structural Chromosomal
Aberrations (CA) and Sister Chromatid Exchange (SCE) in rat and mouse hepatocyte.

In the present study, described the role of whey proteins in protecting against the toxic
and mutagenic effects of AFs. Whey protein inhibited AFs induced micronuclei by about (68.2%),
DNA (67.90%) and chromosomal aberrations (57.9%). Similar results were reported by
Bartfay er af. (2003). Mice receiving iron treatments with whey proteins supplementation had
significantly lowered concentrations of cytotoxic aldehydes and significantly higher cardiac levels of
GPX and GSH activity than did iron-only treated mice. The antimutagenic effects of whey, acetone
extracts and protein fractions isolated from milk that had been fermented by L. helveticus L8O
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were investigated using the mutagen 4-nitroquinoline-N¢-oxide in the Ames test S. fyphimurivm
TA 100. Fermented milk significantly inhibited mutagenesis induced by 4-nitroquinoline-N¢-oxide.
(Matar ef af., 1997).

Previous reports Fernandes and Shahani (1990), Gilliland (1990) and Goldin (1989) suggested
that fermented dairy products exhibit antimutagenic and antitumor activities. Antimutagenic activity
of fermented milk has been demonstrated i vitro against a large spectrum of mutagens. Hosono et al.
(1988) Bodana and Rao (1990) and Hosoda ef f. (1992) and Nadathur ez of. (1994, 1995) reported a
significant antimutagenic effect of milk against 4-nitroquinoline-Ng-oxide (ANQO) and Morcover,
Cassand ef af. (1994) reported an inhibitory effect of milk that had been cultured with Bifidobacterium
species or Lactobacillus helveticus on mutagenesis induced by ANQO, 2-nitrofluorene, quercetin and
benzopyrene.

Van Boekel ef af (1993) demonstrated that casein hydrolysis by pepsin increased inhibitory
activity against several mutagens and that the UF permeate from the casein hydrolysates was also
antimutagenic. Peptides that were released by pepsin appeared to be even more antimutagenic than
casein itself, leading to conclude that antimutagenicity was due to the peptides formed and that limited
proteolysis increased the number of sites available for reaction with mutagens (Van Bockel e a/.,
1993). The inhibitory effect of casein and its pepsin hydrolysate against ANQO and MNNG has been
demonstrated in a mammalian cell culture system (Bosselaers ef af., 1994). Because antimutagenic
activity has been shown to be greater in fermented milk (Bodana and Rao, 1990; Hosono ef /., 1988,
Nadathur ef al., 1994) and casein hydrolysates (Jongen ef af., 1987, Van Bockel ez af., 1993) than in
unfermented milk and native casein. Furthermore, the detection of inhibitory activity in the whey
protein fraction indicates a probable association with antimutagenic compounds of smaller molecular
mass, such as peptides. Moreover, peptides resulting from the attack of casein by the combined action
of rennet and lactic acid bacteria could have been released in cheese whey protein and have been
responsible for this antimutagenic activity of the cheese whey proteins fraction.

The mechanisms by which whey proteins could alter carcinogenesis are unknown. Speculation
has focused primarily on increases in tissue GSH levels observed during whey consumption
(Bounous er al., 1991). Greater GSH concentrations would tend to be protective because of: (a) the
well-known xenobiotic detoxification pathway involving GSH and glutathione S-transferases; (b) GSH
free radical detoxification and (c) improved immune responses (Bounous et af., 1989). Other possible
mechanisms could include bio-active peptides that are either fragments of whey hydrolysis or
contaminants of whey proteins, such as insulin-like growth factor I, which could act on one of many
cellular processes to reduce tumor incidence. Studies are currently underway in our laboratory to
determine the mechanisms by which whey proteins consumption prevents DMBA-induced breast
cancer.

Whey proteins may play a role in both protecting against cancer (Harper, 2000) and also in
sensitizing cells to chemotherapy (Tsai ef al., 2000). GSH is a major contributor to these observations.
Tumor cells contain higher levels of GSH than normal cell tissues. Studies have suggested that an
clevated GSH concentration in tumor cells 1s a useful predictor of resistance or reduced sensitivity to
anticancer treatments (Bounous, 2000). Iz vitro and ammal studics has demonstrated a positive
correlation between an ingestion of whey proteins and a reduction of intra-cellular GSH activity in
cancer cells, a direct contrast to the effect seen in HIV/AIDs patients. Whey proteins are rich in
cysteine as well as in GSH precursor peptides. The semi-essential amino acid cysteine is the main
source of the free sulfhydryl group of GSH and limits its synthesis (Micke ef af., 2002). Results of
a 1995 study involving five patients with metastatic carcinoma of the breast and one with metastatic
carcinoma of the liver indicated that ingestion of whey proteins might deplete intracellular
concentrations of GSH and render them more sensitive to chemotherapy (Kennedy ef af., 1995b). A
study, conducted by Tsai ez af., (2000) demonstrated that a Whey Protein Isolate (WPI) had an
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enhancing effect on the cytotoxicity of baicalein, a potential anticancer drug, when applied to a human
cell line. The whey protein-fed rats that developed mammary tumors had fewer and smaller tumors
than the control rats. These observations may further validate the suggested role of whey proteins in
tumor prevention or regression. Hakkak er af. (2000) suggest that whey proteins may be one of the
most potent dietary sources of cancer prevention identified to date.

The mechanism of antimutagenicity remains speculative. Inhibition might be due either to
physical binding by entrapping of the mutagen by the casein micelle or adsorption of the mutagen on
the protein molecule, thus preventing its reaction with the target cell. A quenching reaction may occur
between the mutagen and the peptides that were derived.

This study revealed that the addition of Whey proteins to aflatoxin contaminated diet diminished
most of the deleterious effects of the aflatoxin.
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