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ABSTRACT

The present study was planned to elucidate the odlalietary nutrients alone and their
combination in the modification of toxicity of cadm with emphasis on vital organ dysfunction.
The animals were randomly divided into seven growpere the control group (Group )
receiving physiological saline (p.o.) and groupwhs administered with cadmium chloride
(0.2mg/kg) only group I, 1V, V, VI and VII receig 2.5 mg/kg dietary nutrients i.e. N-acetyl
cystiene, methionine, melatonin, Vi-Bnd their combination. All dietary nutrients were
administered orally for 21 days with a concomitaobcutaneous (s.c.) cadmium treatment. It
was shown that exposure to cadmium induced a gignifincrease in urea, creatinine, alanine
aminotransferase (ALT) and aspartate aminotrangergAST) in serum whereas decrease in
haematocrit value (Htc), haemoglobin concentrafibibb) and blood glutathione (GSH) in blood
of rats. Administering of dietary nutrients alone tbeir combination with cadmium chloride
resulted increase in GSH level in blood and statidlly significant decrease in AST, ALT, urea
and creatinine level in serum as well as decrea€edaccumulation in liver and kidney in
relation to animals receiving cadmium chloride adon

Keywards: Blood, Serum, Dietary nutrients, Glutathione, Fradicals.

Abbreviations: Alanine aminotransferase (ALT); Aspartate aminasfarase (AST); Haematocrit value (Htc);
Haemoglobin concentration (Hb); Blood glutathio@SH); N-acetyl cysteine (NAC); Methionine (MT); Hmine
(Vit-B4); Zinc (Zn); Cadmium (Cd); S-adenosylmethionin A9

INTRODUCTION

Cadmium is a common contaminant of hazardous veiigt@and is released from sources such as
fossil fuel combustion and municipal waste incitieraand as a component of cigarette smoke.
After the intake and resorption, cadmium enters lifewd where it binds to the erythrocyte
membrane and protein of two molecular mass formmegallothionein [1]. Binding of cadmium
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to red blood cells (RBCs) causes their destructioth increased haemolysis and haematological
alters. It was induced decreased absorption oftini iron and anemia appears. Cadmium
derives its toxicological properties from its chealisimilarity to zinc an essential micronutrient
for plants, animals and humans. It is known thaiows chelator substances and antioxidant
substances like metallothionein, vitamin E, selenimeominophagen, and melatonin reduce
cadmium toxicity and to lessen oxidative stresS][2-

Zinc (Zn) is an important antioxidant, decreasin@R production [6]. Some studies have
reported the ability of Zn to interact with esseh@lements such as Cu and Fe, decreasing their
content in tissues and retarding the oxidative ggses. Numerous studies have shown that Zn
supply may reduce Cd absorption and accumulatiod, aso prevent or reduce the adverse
actions of Cd [7], whereas Zn deficiency can iniignSd accumulation and toxicity [8].

Methionine (MT) is an essential amino acid invohadprotein synthesis [9]. It is one of the
main sources of glutathione but is also metabolifedS-adenosylmethionine (SAM) that
mediates most biochemical methylation reaction$. [I8e body also needs plenty of methionine
to produce two other sulfur-containing amino acisteine and taurine, which help the body to
eliminate toxins, build strong, healthy tissues] promote cardiovascular health.

N-acetyl cystiene (NAC) can serve as a cysteineaddor GSH synthesis .Glutathione is an
antioxidant and can also form complexes with cadmito alter cadmium distribution and
excretion [2]. However, NAC did not cause furthéxvation in GSH levels over that produced
by cadmium administration.

Thiamine (Vit-B;) as a protective agent against short term metekication and it decreased
mortality and metal accumulation in different tissurhiamin is involved in numerous body
functions, including: nervous system and musclectioning, flow of electrolytes in and out of
nerve and muscle cells (through ion channels), iplalienzyme processes (via the coenzyme
thiamin pyrophosphate); carbohydrate metabolismpanduction of hydrochloric acid (which is
necessary for proper digestion).

The aim of the present study was to evaluate effeft the individual and combined

administration of dietary nutrients i.e. NAC, MTjt\B; and Zn on erythrocytes GSH, serum
ALT, AST, creatinine, and urea after high dose dCG in male rats. However, no attention has
been paid so far to explore its haematoprotectntévigy in animals and human beings. In
continuation of our work exploring protective adiis of dietary nutrients on sub chronic serum
and haematological alterations.

MATERIALS AND METHODS

Chemicals

Zinc chloride, cadmium chloride anhydrous sodiumokte, melatonin, N-acetyl cystiene
methionine and Vit-B from sigma chemical co. (USA). All other chemicalsd reagents used
were of A.R. grade.
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Animals and treatments

Male Wistar albino rats weighing 20010 g were oi#d from the Defense Research and
Development Establishment (DRDE) animal facilityw&ior (India). The animals were
maintained in individual stainless steel cages umdetrolled conditions (23t£1°C, 12-h light—
dark cycle, relative humidity of 50+10%) and hadess to a standard rodent laboratory diet (g)
and drinking water. Animals were orally administerdose of dietary nutrients using canula.
Monitoring of individual body weights of animals sveegularly done (Reg No. 37/99/CPCSEA,
dated 11 Mar 1999, renewed 2011). As follows:

Groups | normal saline, orally (negative control)

Groups Il 0.1mg/kg Cdglsc (positive control)

Groups Il 0.2mg/kg CdGlsc + Vit-B (2.5mg/kg, orally)

Groups IV 0.1mg/kg Cdglsc + methionine (2.5mg/kg, orally)

Groups V 0.1mg/kg Cdglsc + N-acetyl cysteine (2.5mg/kg, orally)

Groups VI 0.1mg/kg Cdglsc + Zn (2.5mg/kg, orally).

Groups VII 0.1mg/kg Cdglsc + Combination (Methionine+ Zn+ Vit;B NAC, 2.5mg/kg, orally).

The animals were fasted for 12 hrs and then disdamder light chloroform, anesthesia. Blood
was collected directly from cardiac puncher. Soraetion of the whole blood was taken in vials
with anticoagulant (5 % EDTA). Serum was separdtech rest of the blood. For separation of
serum, blood samples were kept at room temper&ur80 minutes to permit clot retraction

before centrifugation at 2500xg for 10 min. Frestdynoved organs like liver and kidney were
washed from extraneous material using chilled nbsalne solution and blotted dry, weighed
and enclosed in parafilm aluminum foil and storeéd28°C for the estimation of enzymes and
metals.

Blood hemoglobin concentration was determined landard cyanmethemoglobin procedure
[11] whereas, PCV was studies by haematocrit metfidg]. Analysis of blood GSH
concentration was performed by modified methodlwh&n [13].

Alanine aminotransferase, aspartate aminotrangfgtasa and creatinine were measured using
commercially available kit (Ranbaxy India Ltd.).

The concentration of cadmium, copper and zincvarliand kidney was measured by standard
method of Parker [14].

The data are presented as mean = S.E.M. value.bBluaf animals per group stated in the table
or figure legends. One way analysis of variance QAM\) followed by Student-Newman- Keuls
test was used to analyze mean differences betwegerimental groups for each parameter
separately after ascertaining the homogeneity oanee between treatment groups by Bartlett's
test. Composite treatments were compared usingvayeanalysis of variances (ANOVA) and
considered significantly different where probalgiMalues were found to be equal to or less than
0.05. All ANOVA tests, as well as mean and standartbr of mean calculations, were
performed using Graph Pad Prism (Graph Pad Soffware San Diego, USA).
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RESULTS

Data presented in table 1 exhibits a decreaseeitetrels of Hb, Htc and GSH by 92%, 67% and
63% in Cd intoxicated rats as compared to ratsvexgesaline on day 21. Hb concentration does
not appears to be affected by dietary nutrientplempentation as a function of time except
methionine where the Hb level was significantly @@Bd) higher. A significant decline was
observed in the level of GSH induced by Cd wasmsag by dietary nutrients supplementation
with more pronounced recovery by NAC treated grodHjppwever combination of dietary
nutrients was found to be most effective in recowgeiCd induced decrease in haematological
variable. Indeed the levels of Hb, Htc and GSHreated rats approached the normal value in
control rats.

Cd administration resulted in significant increaseAST, ALT, URE and CRE activities in
serum by 276%, 276%, 129% and 124% on day 21. idliady nutrients when administered
individually had beneficial effect on altered lewdlaminotransferase as indicated by a decrease
in serum AST, ALT, URE and CRE. Moreover, combitresdtment (methionine+NAC+Zn+Vit-
B1) was notably effective in recovery of hepatic (A8imd ALT) and renal (URE and CRE)
markers which is evident in table 2.

Table 3 shows cadmium concentration in blood, laved kidney of Cd exposed animals after 21
days and the ability of dietary nutrients eitheorn@ or in combination to reduce its
concentration. It is evident from the results thatignificant increase has occurred (blood, 2.0
fold; liver, 2.5 fold and kidney, 2.7 fold) in Ckm@osed animals as compared to the control
group. Administration of Vit-B showed non-significant decrease in Cd concentraiothe
tissues while combined administration of dietaryrieats with Cd provided the best effects in
reducing Cd concentration from these tissues thgrother treatment group.

Additionally, concentration of copper and zinc waetermined in blood, liver and kidney by
AAS spectrophotometer. A marked decrease was aogénvthe level of Cu (blood, 48 %; liver,
70 % and kidney, 89 %) in rats exposed to Cd aganed to control rats (Table 4). Exposure to
dietary nutrients produced non significant elevaiimthe blood and kidney except that there was
significant increase noted in Cu concentrationwarlin animals individually supplemented with
NAC and Vit-B, and combinational group as compared to normalgrou

Concentration of Zn in blood, liver and kidney afg following 21 days Cd exposure is shown in
table 5. Exposure to Cd resulted in significantleeépn of Zn levels (blood, 40 %; liver, 46 %
and kidney 71 %) while the supplementation of dietautrients had marginal effect in reversing
Zn concentration. However, combined treatment WAC, Zn, Met and Vit-B offered a
protective effect against Cd induced toxicity.

DISCUSSION

Cadmium is toxic metal that is widely used in diéfiet industries. It promotes an early oxidative
stress and afterward contributes to the developwiesgrious pathological conditions because of
its long retention in some tissues [15]. The damggction of cadmium on the soft tissues
during its exposure has been extensively studiéfl The hypothesis that the supplementation of
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dietary nutrients either individual or in combirati offers beneficial effects in reversing Cd
induced oxidative stress was examined in the ptestedy.

The present study reveals that rats exposed to I@uke ashowed significant reduction in
haematological variables such as Hb, Htc and GSté. decrease in hematological parameters
(Hb, GSH and Htc) is in agreement with the workkafmakar [17] who showed that cadmium
chloride also caused changes in the blood indi€eats. The results obtained in present study
show that treatment with Cd induced anemia in ritss well known that the presence of
cadmium in the rats decreased the level of iromhe blood [18] which was responsible for
declined Hb concentration. The reduction in Hbteohhmay be due to increased rate of either
destruction or reduction in the rate of formatidregythrocytes. In addition, the reduction in the
blood parameters may be attributed to hyperactfitpone marrow leading to production of red
blood cells with impaired integrity that are undéaim the circulation.

Hematocrit is another haematological variable diyaelated to Hb content and variations in Hb

content are directly manifested in PCV value. Theray be three possible causes for the
decrease of the Htc during the stress: increas@@rolume of the plasma, loss of water in the
erythrocyte and haemolysis of erythrocytes in theod stream. The response to stress is
characterized by hormone change (catecholaminecariitosteroid) that induced alteration on

the haematological parameter. Shukla [19] and Hianja0] have also confirmed the similar

reason for decreasing packed cell volume in rats.

The results of our experiments showed that, in alsraxposed to Cd, the GSH was significantly
decreased as compared to control rats. The reducti@activity of GSH might be due to its
consumption in the scavenging free radicals geeéray Cd [21 & 22]. Also, GSH may be
consumed in the detoxification of Cd. In fact, #shbeen reported that the sulfhydryl group of
cysteine moiety of glutathione has a high affinfior metals such as Cd, forming thermo-
dynamically stable mercaptides complexes whichregd and excretedia the bile [23].

The activity of AST and ALT enzymes in blood seruomay also be used as stress indicator. The
significant changes in the activities of these emzy in blood serum indicate tissue impairment
caused by stress [24]. In the present study theme wignificant changes in AST and ALT
activities in serum of rats exposed to Cd compdaredhe control group. The increase in
concentration of AST and ALT in blood serum indesimpairment of parenchymatous organ
such as liver. Additionally, elevated serum levaishese variables may be due to hepatocellular
necrosis which causes increase in the permeabilitife cell membrane resulting the release of
transaminases in the blood stream. The increapagma AST and ALT activities indicates an
active transamination of amino acids and involvetnadrketo acids that are probably fed into
tricarboxylic acid cycle (TCA) for oxidation. Thadrease in the liver AST and ALT activities
may be due to liver dysfunction and disturbanciésynthesis of these enzymes. Therefore, the
increase in the activities of AST and ALT in plasnmalicating the hepatotoxic effect of
cadmium chloride and is mainly due to the leakafgthese enzymes from the liver cytosol into
the blood stream [25]. Administration of dietarytments was beneficial in reversing the levels
of ALT and AST very close to the normal. These lssare in agreement with the findings of
Konar [26] who noticed protective effects of vasatombinations of melatonin, Vit-E and Se in
Cd exposed rats. The application of dietary nutsiemd their combination restored the control
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value in different serum contents tested durinded#ht time of exposure. It may testify the
possibility of dietary nutrients arresting cadmidmee radicals, consequently decreasing the
damage caused by this metal.

Previous studies have demonstrated that Cd inttiaicanay also result in renal tubule damage
specifically glomerular filtration impairment [27This may account for the increase of urea and
creatinine concentration in the animals receiviagnsium chloride in the present study. The
damaging effects of cadmium on kidneys have algm loescribed by other authors [28 & 29].

Present results coincide with earlier reports thasignificant increase in serum urea and
creatinine or decrease in potassium levels [30 &m3ihht indicate a nephrotoxic condition in
Cd-treated rats and may be due to kidney damageedéwy the enhanced generation of ROS.

In the present study, activity of creatinine wasréased significantly in the kidney of Cd

exposed rats. This may be due to the damage oé latgnber of nephrons. Only renal

dysfunction changes the results, however, the semgatinine level will not rise until at least

half of the kidney’s nephron are destroyed or dasdagecause creatinine rise and fall more
slowly than urea levels, CRE levels are often preteto monitor renal function on a long term

exposure [32].

Our findings show that 0.1 mg/kg Cd@dministration for 21 days significantly increasedels

of serum AST, ALT, URE and CRE. These findings similar to the findings put forth by the
previous researchers [33 & 34]. Several researaeperted that various dietary nutrients like
Vit-E [35], Se [36], NAC [37] and melatonin [26] weeffective against haematological toxicity
caused by cadmium chloride.

Our results indicated a significant increase intthec metal level in the liver, kidney and blood

with higher amount in the kidney which was evidéram the data showing maximum

accumulation of cadmium after 21 days (Table 3)r Ghservations are in agreement with the
findings of previous workers [38 & 39].

In fact, it has been reported that, after its gitsom, Cd is taken up by the hepatocytes, and then
from the liver it circulates in blood bound to nikthionein (MT). The Cd-metallothionein
complex (CdMT), because of its small molecular sgegs easily filtered through the glomerular
membrane and taken up by renal tubular cells. Mihésn catabolized releasing Cd ions in the
cytoplasm where they induce synthesis of new MTeawles. This, in turn, binds and retains Cd
in the kidney for a long period of time [40]. In Zo-treated animals, although we have found a
significant decrease in renal and hepatic Cd lewAls noticed an improvement in the Cd-
induced damage in the liver, but above all, a catepprevention of the renal structural changes
was observed. Our findings are in agreement wighwibrk of Jacquiller [41] who reported that
the effect of co-treatment with Zn during Cd adrsiration completely prevented the changes in
the renal function produced by the toxic metal he tat, even though they did not find any
significant difference in the renal Cd content.\iyas studies [42] concluded that Zn protection
is perhaps due to redistribution of Cd in the oigansince Zn is able to induce synthesis of MT
in the liver and kidney. In recent studies, Zn bagen demonstrated to play an active role in
preventing oxidative stress, apoptosis and nechodigced by Cd [8].
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In addition to Cd, Cu and Zn levels were also deieed as they are essential elements for the
maintenance of life and health. In the rats treatggd Cd there was a significant decrease in the
levels of these trace elements as compared to atorithis may be due to interference of
cadmium on absorption and transport of these tesmments, which would have resulted in the
depletion of these metals in this group of rats.maly inhibit zinc activities at many stages,
interfering with absorption, distribution and trpost of zinc into cells or into several
intracellular structures [43 & 44]. Co-administaatiof dietary nutrients either individually or in
combination normalized the levels of these traeenehts in blood and tissue as compared to Cd
intoxicated rats [45].

Table 1: Cd induced changes in haemoglobin, bloodwgathione and haematocrit and their response to
treatment with dietary nutrients alone or in combination in blood of albino rats, during three weeks b

exposure.
Groups Treatments Haemoglobin | Blood glutathione | Haematocrit
(mg/dl) (GSH) (mg/ml) (%)
| Control 14.62+0.41 3.29+0.04 37.4+2.18
Il Cd alone 13.54+0.18 2.08+0.28 25.0+0.9%
1l Cd+NAC 14.07+0.46 2.78+0.36 37.0+1.87
\Y, Cd+Met 13.99+0.5% 2.53+0.31 35.0+1.08
V Cd+Zn 13.99+0.55 5.53+0.08 33.4+1.46
VI Cd+Vit-B, 14.31+0.28 3.82+0.17 34.0+2.97
VI Cd+Combination|  15.87+0.39 6.30+0.19 37.8+2.0%

Results are expressed as mean +S.E.M. (n%8}0.05 compared to controfp<0.05,%0<0.01 compared to
cadmium treated rats.

Table 2: Cd induced changes in activities of asptate aminotransferase (AST), alanine aminotransferse
(ALT), urea and creatinine and their response to teatment with dietary nutrients alone or in combinaton in
serum of albino rats, during three weeks of exposex.

. Aspartate . Alanine Urea Creatinine
Groups Treatments aminotransferase (AST) | aminotransferase (ALT) (mg/dl) mg/d|
(IU/L) (IU/L)

| Control 29.2+0.86 123+4.89 38.0+1.14  2.5+0.1
Il Cd alone 80.6+1.21 340+31.3 59.7+2.13 | 3.1+0.22
1l Cd+NAC 29.4+0.67 98.045.58 44.3+0.88 | 2.4+0.38
\Y, Cd+Met 34.0+0.42 114+6.67 32.4+0.5% | 1.8+0.18
\Y Cd+zn 34.2+0.71 106+3.68 37.2+1.78 | 0.8+0.03
VI Cd+Vit-B, 34.2+1.17 99.7+0.68 34.0+2.68 | 0.9+0.03
VII Cd+Combination 25.0+0.93 97.3+0.64 28.2+1.26 | 0.8+0.02

Results are expressed as mean +S.E.M. (980.05, compared to controlp<0.01 compared to cadmium

treated rats

In conclusion, this study demonstrated that osglp$ementation of individual dietary nutrients
or their combination protect against Cd induceddative damage and ameliorated the negative
effects of Cd on antioxidant status with lowerihg €d levels in tissues, thus act by mechanisms
different from therapeutic approaches. Howevers #ntioxidative capacity of nutrients became
most effective when administered in combination th+Vit-B1+NAC).
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Table 3: Effect of dietary nutrients on cadmium corentration in blood, liver and kidney of albino rats
exposed to cadmium, during three weeks of Cd exposu

Groups Treatments Blood (ug/ml) Liver (ug/g) Kidney(ug/g)
I Control 0.92+0.07 0.02+0.55 0.05+0.02
Il Cd alone 2.88+0.13 2.52+0.42 2.73+0.42
1] Cd+NAC 2.32+0.48 1.51+0.09 2.49+0.41
\Y Cd+Met 1.93+0.18 1.85+0.24 2.56%0.53
Vv Cd+2Zn 1.99+0.12 2.02+0.23 2.13+0.10
VI Cd+Vit-B; 2.18+0.51 1.68+0.19 2.1440.21
Vi Cd+Combination 1.83+0.05 1.75+0.18 1.65+0.28

Results are expressed as mean +S.E.M. (Mp80.05 compared to contrdlp<0.05,°p<0.01 compared to

Table 4: Effect of dietary nutrients on copper conentration in blood, liver and kidney of albino rats exposed

cadmium treated rats.

to cadmium, during three weeks of exposure.

Groups Treatments Blood (ug/ml) Liver (ng/g) Kidney(ug/g)
I Control 0.83+0.21 0.44+0.04 0.46+0.073
Il Cd alone 0.40+0.8 0.31+0.04 0.41+0.28
Il Cd+NAC 0.50+0.07 0.39+0.18 0.48+0.09
1Y Cd+Met 0.61+0.23 0.48+0.18 0.51+0.09
V Cd+Zn 0.62+0.07 0.50+0.15 0.47+0.07
VI Cd+Vit-B; 0.62+0.08 0.46+0.06 0.54+0.09
Vil Cd+Combination 0.78+0.15 0.53+0.07 0.56+0.08

Results are expressed as mean +S.E.M. (mp&0.05, compared to contrdlp<0.01 compared to cadmium

Table 5: Effect of dietary nutrients on zinc concetration in blood, liver and kidney of albino rats exposed to

treated rats.

cadmium, during three weeks of exposure.

Groups Treatments Blood (ug/ml) Liver (ug/g) Kidney (ug/q)
I Control 0.82+0.22 3.76+2.02 1.59+0.08
Il Cd alone 0.33+0.01 1.73+0.26 1.13+0.37
1] Cd+NAC 0.63+0.20 1.82+0.25 1.43+0.09
\Y Cd+Met 0.54+0.02 1.52+0.07 1.26+0.07
\ Cd+Zn 0.55+0.20 1.81+0.19 1.76+£0.24
WYl Cd+Vit-B, 0.67+0.18 1.68+0.09 1.54+0.19
VI Cd+Combination 0.770.14 3.79+0.22 2.070.19

Results are expressed as mean +S.E.M. ("p&)0.01, compared to cadmium treated rats.
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