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Cadmium is a highly toxic even at low concentrations to animals which has no biological
functions. The purpose of this study was to assess the effect of increased amounts of bovine milk casein
and whey protein in the diet of rats intoxicated with Cd on mineral homeostasis. Twenty four mature
female Wistar rats were divided into four equal groups. Two control groups fed a basal diet free of
casein and whey protein: group I (+ve control) administered additionally with CdCl; in drinking water
(19.4mmol/l), group Il (-ve control) without CdCl, in drinking water. The rats from group IIl and
group IV received a basal diet during the first 5 weeks, while during the consecutive 5 weeks received
casein and whey protein rich diet (5.6%+5.8%, respectively) and group Il was administered
additionally with CdCI2 in drinking water at the same dose as group I. The experiment lasted 10
weeks. At the end of experiment, cadmium concentration in liver, kidney and feces was the lowest the —
ve group, while their content increased significantly in the +ve control rats compared to rats of —ve
control and both experimental groups. Zinc concentration in the liver was the lowest in the +ve control
treated rats and did not differed from that of the -ve control treatment. Significantly higher
concentrations of Zn were found in the casein+whey treated rats indifferently of the treatment with Cd.
The Zn concentration in kidneys did not differed between treatments while significantly higher
concentration of Zn was found only in the feces of the —ve control rats. The Cu concentration was the
significantly lower in the liver of the —ve treatment rats, while in the kidney of the —ve control rats the
Cu concentration was significantly higher when compared to other treatments. Fecal Cu concentration
was significantly higher in the rats of the —ve control treatment and differed from other groups, while
the lowest Cu concentration was found in the Cas+WP+Cd and differed significantly from that of the
Cas+WP and —ve control treated rats. This study showed that the administration of CdCl. in drinking
water effectively increased the level of Cd in female rats kidney and liver and casein+whey proteins
diet decrease the Cd concentration in liver and kidney and increase zinc concentration in liver.
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Cadmium (Cd) is a mineral element, which cannot be broken down in to less toxic substances in
the environment, and is highly toxic even at low concentrations to animals and humans, and has no
biological functions [6]. It is ranked the 7th toxicant in the Priority List of Hazardous Substances of the
Agency for Toxic Substances and Disease Registry (ATSDR, 2007). Cd is arising from earth’s crust
associated with lead, zinc and copper. Currently, this metal has become an environmental and public
health problem due to its constant release by industrial activity, batteries, pigments, consumer
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electronics, quantum dots, and smoking [15]. This metal enters the food chain through contaminated
air, water, and soils. Hence, general population is exposed to Cd by contaminated water and food [17].
Because of the biologic half-life of cadmium is long, prolonged low level exposure leads to excessive
accumulation in certain tissues, especially in the kidney, so the most dangerous characteristic of
cadmium is that it accumulates throughout a lifetime [2].

Acute Cd exposure produces toxicities to the lung, liver, testes, and brain, while chronic
exposure to Cd often leads to renal dysfunction, anemia, osteoporosis, and bone fractures [9, 10]. Cd is
a potent carcinogen in a number of tissues of rodents and classified as a human carcinogen [20].

Cd poisoning mechanism is dependent on organism mineral inflow, ingested dose, metal
chemical form, during of exposure to mineral element, animal species and age [19]. The basic
mechanism of toxicity of cadmium is the induction of oxidative stress and lipid peroxidation of cell
membranes.

The treatment strategies for Cd toxicity include chelating and antioxidant therapies. Until now
in treating Cd intoxication, chelating compounds have been used, which burdened with numerous
undesirable symptoms [14]. For this reason, there is the need to find natural compounds that help in
protection against cadmium induced toxicity with fewer or no side effects.

Among the milk protein products, whey proteins and casein products are now produced in large
quantities as protein ingredients for food industry which provide specific health benefits beyond its
basic nutritional value. Whey’s curative properties had been known for prior century’s. Hippocrates
(466-377 BC), the father of medicine, recommended whey to his patients [12]. The bioactive peptides
which released from whey proteins and caseins during digestion possess very important biological
functionalities, including antioxidative, anticytotoxic, and mineral - carrying activities [11].

The aim of the study was to evaluate the impact of increased amounts of bovine milk casein and
whey protein in the diet of rats intoxicated with Cd on mineral homeostasis.

Materials and methods.

Experiments. The study was performed on 24 mature female Wistar rats in standard laboratory
conditions on a 12/12 dark/light cycle and lasted for 10 weeks After the adaptation period rats were
randomly divided into four equal groups. Group | (+ve control) was administered CdCl; (Sigma-
Aldrich, Germany) in drinking water (19,4 mmol/l), group Il (-ve control) was administered drinking
water without CdCl», these two groups were fed a basal diet free of casein (Cas) (KASKA DIARY®,
Poland) and whey protein (WP) (Spomlek, Poland) for ten weeks. The rats from group 111 and group 1V
received a basal diet during the first 5 weeks, while during the consecutive 5 weeks received casein
and whey protein rich diet (5.6%+5.8%, respectively), but only group 11 gr. got CdCl> in water. Rats
had free access to water and feed and were killed by a CO2 overdose at the end of the experiments.
Internal organs were isolated, rinsed in physiological solution and dried. Fecal samples were collected
from the rectum and placed in 2 ml Eppendorf tubes. All samples were frozen in liquid nitrogen and
kept for further analyses at 20 °C.

Elements analysis. For mineral analysis the desired amount of the samples (=0.5 g) was
weighed and dried for 1 hour in a porcelain melting pot on a hot plate (100 °C) and submitted to dry
mineralisation at 440 °C. The mineralized samples were dissolved in 1 molar solution of ultrapure nitric
acid (Sigma-Aldrich, Germany) and the concentration of Cd, Cu and Zn were analyzed by graphite
furnace atomic absorption spectroscopy (GFAAS) using a SpectrAA 220Z (Varian, Australia) with a
Zeeman corrector equipped with a GTA 100z electro thermal atomizer and a Varian PSD 100 auto
sampler. For the graphite furnace measurements, argon was used as the inert gas. Additionally,
pyrolytic coated graphite tubes with a platform were used. Hallow cathode lamps were used as sources
for each of the elements investigated. Only optimal instrumental parameters, as suggested by the
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instrumental procedures, were used during analysis by GFAAS. A palladium solution (500 pg/mL) was
used as a chemical modifier for the analysis of cadmium. The atomic absorption signal was indicated
by the peak area seen in the calibration curve.

Statistics. Data were collected and submitted to statistical analysis using the IBM SPSS
Statistics software. Analysis of variance and post-hoc Tukey test were performed and the significance
of the differences between the variables were settled for P<0.05.

Results and discussion. The concentrations of cadmium, zinc and cooper of control and
intoxicated rats fed a standard diet and fed a casein and whey protein diet are displayed in table 1.

Cadmium concentration in liver, kidney and faces was the lowest in samples from —ve control
and the casein+whey treated groups of rats. Cd concentrations in kidney, liver and faces increased
significantly in the +ve control rats compared to rats of —ve control and casein+whey protein groups.
The concentration of Cd in samples from rats treated with Cd in drinking water and fed a casein and
whey protein diet (casein+whey+Cd group) was intermediate and only Cd concentration in kidney was
significantly higher when compared to negative control and Cas+WP treated rats (table).

Zinc concentration in the liver was the lowest in the +ve control treated rats and did not differed
from that of the —ve control treatment. Significantly higher concentrations of Zn were found in the
Cas+Whey treated rats indifferently of the treatment with Cd. The Zn concentration in kidneys did not
differed between treatments. Significantly higher concentration of Zn was found in the faces of the —ve
control treated rats compared to other treatments (table).

The Cu concentration was the lowest in the liver of the —ve treatment rats and exhibited a
significant increase in the liver of rats in other treatments. Significantly higher Cu concentration
compared to other treatments was found in the kidney of the —ve control rats. Fecal Cu concentration
was significantly higher in the rats of the —ve control treatment and differed from other groups, while
the lowest Cu concentration was found in the Cas+WP+Cd and differed significantly from that of the

Cas+WP and —ve control treated rats (table).
Table

Cadmium, zinc and cooper concentration in liver, kidney and faces of control and cadmium intoxicated rats with
CdCl: fed a standard or casein+whey enriched diet

Treatment
Sample Gr. | Gr. 1l Gr. IV
(+ve control) (-ve control) Gr. 11l (Cas+WP+Cd) (Cas+WP)
Cadmium (mg/kg
Liver 0.11+0.06 a 0.008+0.005 b 0.07+0.015 ab 0.006 £0.001 b
Kidney 0.17 £0.07 a 0.013 £0.002 b 0.12+0.031 a 0.011 £0.001 b
Feces 0.57+£0.19 a 0.062+ 0.013 b 0.18 +£0.053 ab 0.088 +£0.058 b
Zinc (mg/kg)
Liver 26.1+1.14a 27.7+0.63 ab 30.9+096b 30.8+1.33b
Kidney 279+192a 24.6+1.38a 283+094a 258+138a
Feces 2549+21.4a 357.4+32.7b 226.8+26.8a 2654+23.1a
Cooper (mg/kg)
Liver 164+1.1a 6.6+0.3b 13.6+2.1a 169+14a
Kidney 209+28a 36.2+5.0b 16.0+1.5a 17.7+27a
Feces 35.2+33ab 66.2+4.0c 247+5.1a 454+65b

Data represent Mean + SD, a — different lower case letter means statistical significance at P < 0.05.

The dose of cadmium used in this experiment was setted to be close to the dose causing the
lowest observed adverse effect LOAEL, which according to the “Toxicological Profile for Cadmium -
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Agency for Toxic Substances” http://www.atsdr.cdc.gov/toxprofiles [1] amounts 4-5 mg/kg b. w. for
sub chronic oral exposure of Wistar rats. In our studies it is clearly shown that the water consumption
containing 19.4 mmol/l asserts close to the LOAEL dose. This dose was able to increase the Cd level in
liver and kidney about ten fold in the Cd treated rats compared to that of the treatments without CdCl>
in water.

Absorbed cadmium is eliminated from the body primarily in urine. The rate of cadmium
excretion is low and accumulation in the body can be significant, probably because cadmium remains
tightly bound to metallothionein, which is almost completely reabsorbed in the renal tubules. Both
kidney and liver are cadmium stores; 50-85 % of the body burden is stored in kidney and liver, 30-60
% being stored in the kidney alone. Tissue cadmium concentrations increase with age, but,
concentration in blood reflects recent exposure.

There is sufficient evidence that cadmium compounds, such as cadmium chloride, are
carcinogenic in animals. Increased rates of testicular, prostate, and lung cancer in animals have been
described [16]. It was hypothesized that Cd uptake involves competition with essential elements like
Ca or Zn for specific transport systems [8]. Due to their similarities to essential metals, toxic metals are
transported and eliminated through many common cellular mechanisms by "molecular mimicry™ [4].
As a result, there exist toxico-kinetic and toxico-dynamic interactions among toxic and essential metals
[21], iron inhibits lead and cadmium intestinal uptake due to shared absorption mechanisms [3],
conversely, toxic metals may inhibit essential element absorption [18]. Cadmium and zinc are also
known to have a variety of interactions due to the metal-binding protein metallothionein [5].

Growing evidence shows that the intake of milk antioxidants including antioxidant peptides or
proteins and others has a positive effect, as they can protect the body against the radical-induced injury
[22]. Milk proteins can be digested by proteases or fermented by edible microorganisms to produce
protein hydrolysates, which are more active than the parent proteins. Many of these hydrolysates or the
purified peptides were found to have antioxidant properties, and thus received increasing attention in
the recent years [7]. Among the milk protein products, whey proteins and casein products are now
produced in large quantities as protein ingredients for food industry which provide specific health
benefits beyond its basic nutritional value. A lot of researches have been carried out on casein bioactive
hydrolysates. It’s well understood that peptides are not active within the parent protein but, they can be
released and activated following enzymatic hydrolysis [13].

CONCLUSION
1. The administration of CdCl> in drinking water effectively increased the level of Cd in
female rats kidney and liver.

2. Casein+whey proteins diet decrease the Cd concentration in liver and kidney and increase
zinc concentration in liver.
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*«MeniBer» Berepunapna kiinika B bapmeso, [Tonbmia
AHOTALILA

Kanmiii myxe TOKCHYHHMH HaBiTh y HU3bKHUX KOHIEHTPAISIX y TBApHH, B SIKHX HE BUKOHYE
XKOIHUX OlonoriyHux (yHKIIHA. MeTor AaHOro MOCHiIKeHHs Oya0 OIHUTH e(eKT 30UIbIIeHHS
KUTBKOCTI OMYa40ro MOJIOYHOTO Ka3eiHy Ta CHpOBATKOBOTO OiIKa B PalioHi IIypiB, IHTOKCHKOBAaHUX
KaJIMieM, Ha MiHEpaIbHUI roMeocTas. [[BaaisaTs 4oTHpHU 3piiii caMKu 1ypiB Bictap Oynu posaiieHi Ha
YOTHpPU piBHI rpymu. J[Bi KOHTPOJNBHI TPYNW TOXyBajJM CTaHIAPTHUM pamioHOM 0e3 Ka3eiHy Ta
cupoBaTKoBOro mpoteiny: rpymi | (+ ve kontposns) BBomwin noaatkoBo CACly 3 muTHOK BOIOIO
(19,4mmoue / ), rpymi Il (-ve xouTpons) — utHy Boay 6e3 CdCly. Llypu 3 rpynu I ta rpynu 1V
OTPUMYBAJIM CTAHJAPTHUM pallioH NPOTArOM MEPIIUX 5 THXKHIB, a MPOTATOM HACTYNHUX 5 THXKHIB
OTPUMYBAJIM palllOH 3 Ka3eiHOM Ta cupoBaTKoBuUM OiunkoMm (5,6% + 5,8%, Bignosiano), Il rpymi
o CACl, monatkoBo 3 MUTHOK BOJOKO B Till ke 1031, mo i rpymi |. Excnepument tpuBas 10
THKHIB. HampukiHI eKCIepUMEHTY KOHIEHTpalis KaJMilo B MediHIli, HHpKax Ta (Qekanisx Oyna
HalHWKUOIO y TpyMi -Ve, TOJAl K iX BMICT 3HAYHO MIABUILKBCA y + V€ IIypiB KOHTPOJBHOI Ipynu
MOPIBHSAHO 3 LIypaMu -V€ KOHTPOJIO 1 000X eKclepUMeHTalbHuX rpynax. KoHIeHTpalis LUHKY B
neyviHmi Oysia HaliMEHIIOK Yy IIypiB + V€ KOHTPOJIbHOI I'PYNH, 1 HE BiAPI3HsIACS BiJ KOHIEHTpALil y
TBapUH -V€ KOHTPOJBbHOI Tpynu. 3HAYHO BHIII KOHLEHTpauii Zn Oyiu BUSBJIEHI B INYypiB, IO
CIIO’KMBAITM Ka3eiH + CUpOBAaTKOBHI OiJI0K, He3anexHo BiJ BMicTy B paiioni Cd. Konuenrparis Zn B
HUpKax He BIApI3HANAcA y HOCIHIAHUX Tpynax, Tl K 3HAYHO BUIIA KOHUEHTpalist Zn Oyna BUsBIEeHA
muire y gexanisx KoHTpoJibHuX mypiB. KonnenTpamis Cu Oyiia 3HAYHO HMKYOIO B MEUIHIN NIypiB -VE
IpyNu, TOAl SK y HHMpKax IIypiB -V€ KOHTPOJBHOI IrpynH KoHueHTpauis Cu Oyna 3HaYHO BHILOIO
MOPIBHSIHO 3 iHIMMH pedoBMHamu. DekanbHa KoHIeHTpamis CU Oyna 3HAYHO BUINOIO y MIYPIB -VE
KOHTPOJIbHOI TPyMH Ta BiApi3HANAcs BiJ 1HIIMX TPYH, TOJI K HaiHWxk4a KoHIeHTpauis Cu Oyma
BUSIBJICHA B IIypiB, IO CIOXKHBAJIM Ka3eiH + cupoBarkoBuid 0ok + Cd i 3Ha4HO BiApi3HsIIACS Bif
KOHIICHTpALlli B TBApUH 3 PallioHOM Ka3eiH + CHPOBAaTKOBHM OUIOK Ta MIypiB -V€ KOHTPOJIBHOI IPYIIH.
Ie mocmimkenns mokasaino, 1mo BeeAeHHs CACl, y nutHy Boay edexkTuBHO miaBHIIyBaio pieersb Cd y
HHUpKax Ta MEYiHIi CaMOK IIypiB 1 pamioH Ka3eiH + CHpOBaTKOBI Oinku 3HMXKYe KoHIeHTpamito Cd y
MEYiHIll Ta HUPKaX Ta 30UIbIIye KOHIIEHTPAIII0 HIUHKY B MEYIHIIL.

Kaouosi ciosa: BAXXKI METAJIM; 3ABPYJHEHHS; BUUAUI ITIPOTEIHM; LI[YPU.
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AHHOTAILUS

Kagmuii oueHb TOKCHYEH JAak€ B HU3KMX KOHLEHTPALUSAX Yy XUBOTHBIX, B KOTOPBIX HE
ucnonHser Ouonormyeckux Qynkumid. Llenpio naHHOrO wuccnenoBaHus ObUIO OLEHUTH d(dexT
YBEIIMYCHUSI KOJIMYECTBA OBIYBETO MOJIOYHOTO Ka3eWHA W CHIBOPOTOYHOTO O€NKa B paIOHE KPBIC,
MHTOKCHUILIMPOBAHHBIX KaJMUEM, HA MUHEpaIbHBIA romeoctas. J[Baauars 4eTbIpe 3peiible CaMKH KpPbIC
Bucrap Obum pa3geneHpl Ha YeTHIpE paBHBIE TPYMIbL. J[BEe KOHTPOJBHBIE TPYIIBl KOPMHIA
CTaHJIaPTHBIM PALIMOHOM 0€3 Ka3erHa U CBIBOPOTOYHOTO poTerHa: rpymime I (+ ve KOHTPOJIb) BBOIMIH
nomnoanTebHO CACI2 ¢ mutbeBo# Bonoit (19,4Mmoms / 1), rpynme 11 (-ve KOHTPOITh) - MUTHEBYIO BOTY
6e3 CdCI2. Kpeicet u3 rpynmnst 111 u rpynmnet [V nonyyanu crangapTHBIN palioH B TeUEHUE MEPBBIX 5
HeZelb, a B TEYEHHE CIENYIOIIMX 5 HEeZeNb NOMydalld PalloH C Ka3eMHOM U ChIBOPOTOUHBIM O€IKOM
(5,6% + 5,8% cootBercTBeHHO), III rpynme BBogunu CdCl2 qomonHUTENBHO MUTHEBOW BOION B TOM Ke
no3se, uro u rpynne [. OxcnepumenT npogomxaincs 10 Henens. B KoHIE SKciepuMEHTa KOHIIEHTPAIUs
KaJ MMl B TIEYEHHU, MOYKaxX M (ekanuax Oblia caMOi HU3KOHM B IpyIIe -ve, TOrja Kak UX colepKaHHe
3HAYUTEJIBHO MOBBICUJICS B + V€ KPbIC KOHTPOJIbHOM I'PYMIbI 110 CPAaBHEHHUIO C KPhICAMHU -VE€ KOHTPOJIS
1 00eux 3KCIepUMEeHTaNbHBIX Tpynnax. KoHIeHTpalus HuHKa B IeYeHU Oblla HAaUMEHbILEH y KpbIC +
Ve KOHTPOJIbHOM I'PYMIbl, U HE OTJINYAJIaCh OT KOHUEHTPALUHU Y )KUBOTHBIX -V€ KOHTPOJIbHON TPYIIIIHL.
3HAaYUTENbHO BBIIIE KOHIEHTpauuu Zn ObTM OOHApy>KEHbl Yy KpBIC, MOTPEONABIIMX Ka3euH +
CBIBOPOTOUHBIN O€J0K, HEe3aBUCUMO OT cojepxaHus B paunoHe Cd. Konnenrpanus Zn B moukax He
OTJIMYAaIach B OMBITHBIX IPyMMax, TOTJa KaK 3HAYUTEIHHO BBIIIE KOHIIEHTpaIus Zn Obuta oOHapykeHa
TOJIBKO B (pekanusix KOHTPoJIbHbBIX Kpbic. KonnenTpanus Cu Obl1a 3HAYUTEIFHO HUXKE B TIEUEHU KPBIC -
Ve IpYMIbl, TOTAA KaK B OYKaX KPbIC -Ve KOHTPOJIbHON Ipymibl KOHIeHTpalus: Cu Obliia 3HaYUTENIBHO
BBIIIIE TI0 CPAaBHEHUIO C JApyrumu BeulecTBamu. PdekanbHas koHueHTpauus Cu Obula 3HAYUTEIHHO
BBIIIIE y KPBIC -V€ KOHTPOJBHOM IpyNIbl U OTJIMYAJIACh OT APYTUX IPyIIN, TOTJa Kak camas HU3Kas
koHUeHTpauus Cu Obuta 0OHapyKeHa y KpbIC, MOTPEOISBIINX Ka3eHuH + ChIBOPOTOUHBIN Oenok + Cd u
3HAYUTENBHO OTIMYAIach OT KOHIEHTPAIIMU Y )KUBOTHBIX C PallMOHOM Ka3eHH + CHIBOPOTOUHBIN OEI0K
U KpPBIC -VE€ KOHTPOJIbHOM Ipynmbl. DTO HCcleloBaHUE Moka3zano, yTo BBeAeHue CdACI2 B muTheByro
BOYy 3P QEKTHUBHO MOBHIIIAIO ypoBeHb Cd B MOYKax M MEYEHM CAMOK KpPbIC M PALMOH Ka3euH +
CBIBOPOTOUHBIE O€JIKU CHIKAaeT KoHIeHTpaurto Cd B meyeHu U MoYKax M YBEIMYMBAET KOHIEHTPALIUIO
LIMHKA B IEYECHHU.
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KmoueBbie caosa: TSKEJIBIE METAJUIbLL, 3AI'PA3HEHME, BbIYbM ITIPOTEWHBI,
KPbICBI.
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