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ABSTRACT KEYWORDS

Heavy metalsand its derivatives are aspecial classof toxics. Many metals Oryctolagus cuniculus;

areuseful for industrial, agricultural and medical applications. Indeed, they Heavy metdls;

can go back through the food chain and thus achieve to human being. Cadmium;

Our aim isto study an example of heavy metals “Cadmium” CdClat two Cdcium;

concentrations 30 and 60 ppm on biological model Oryctolagus cuniculus Hematology;

that isvery used in Toxicological studies, and the possible neutralization Protein;
Detoxification.

using the Ca?'.

Our results showed a significant increase in the weight of liver, this
augmentation is corrected with the addition of Ca?* for the lowest
concentration 30ppm and in the 07" day, but over that thereis no effect of
calciumon thetoxicity of Cd, the biochemical and hematological parameters
generally are disturbed and the effect of calciumisless or more shown in
the most experiments. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

In our environment, we are exposed to anumber
of natural or synthetic substancesthat can be caused
toxic effects, and heavy meta sare of these harmful sub-
stances? .

Heavy metalsknown asnatural metallic elements
having adensity exceeded 5g/cm?®. Theseare most of -
ten present in the environment astraces, mercury, lead,
cadmium, copper, arsenic, nicke, zinc, cobalt, manga
nese are example. Most of them aretoxic like lead,
cadmium and mercury®3. Weareinterested in our work

to cadmium; it hasmany similaritieswith the physica
and chemical character aszinc andisfound in nature
accompanying zinc.

Cadmiumishighly corrosion, resi stant and hasbeen
widdy usadindectroplating of other metds, mainly sed
and iron. However, currently, only 8% of thetotal re-
fined cadmium are used for veneersand coatings. Cad-
mium compounds(30% of itsapplicationsin devel oped
countries) areused as pigmentsand stabilizersin plas-
tics. Cadmiumisaso used insomeadloys(3%). Small
cadmium batteries, rechargesbleand used, for example,
inmobilephones, contributeto thergpidincreaseinthe
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useof cadmium (in 1994, 55% of cadmiuminindustria
countrieswerein the batteries)™".

Thetoxicity of cadmium varied and dependedto
the chemica state and the duration and amount of ex-
posure. It causestubular dysfunction that resultinin-
creased secretion of low molecular weight proteinsin
the urine. Cadmium may al so cause disturbances of
calcium metabolism. High exposureto cadmium, most
probably related to other factors such asdietary defi-
ciency can lead to osteoporosis and/or osteomal acia.
Theinhibitory effectsof cadmiumonreproductivecdls
are provenin rodents and suspected in humang™™.

Rabbitshavebeen domesticated sincethe sixth cen-
tury, when They Werekept for food and fur. They have
been a so sHlectively bred over theyearsfor varietiesin
thefur and areapopul ar pet.

After miceandrats, they arethemaost common|labo-
ratory animal. Asmany as 76 different breeds of rabbit
areknown by the British Rabbit Council intended, the
New Zealand White (NZW), bred in the 1920s
hasbecomethe one mostcommonly used in research.

Historically, They Have beensmost used for anti-
body development and testing as sentinelsfor awide
array of products?’. Therabbit (Oryctolagus cunicu-
lus) iswidely used asamodel for human disease be-
causeof itssize, physiological attributes, and similar
disease characteristicd®?.

Inimmunology, Gertz et al ¥ worked ontheregions
encoding the coordinately regulated Th2 cytokinesIL5,
IL4 and IL13 of therabbit Oryctolagus cunicul usby
comparing sequences of syntenic regionson chromo-
some 3, and theyidentified severd differencesbetween
the two donor rabbits in coding and non-coding re-
gionsof potentia functiona significance, confirmation
awaitsadditiona sequencing of other rabbits.

Rabbits can berestrained in socksand easily gen-
eraly docileand are chegp to maintain, they have beens
used for awide-range of toxicity testing, especialy on
their skin'?.,

Anjum” found that rabbitsareexcellent mode sfor
investigation of heavy metaseffectsonliver functions
and drug metabolisation enzyme system, wherehefound
that the addition of CdCl, totherabbitspretreated with
phenobarbitone and promethazi newith dose of 5mg/
kg of weight increases the activities of serum GOT,
LDH and ICDH 49%, 73% and 32%, respectively.
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Activity of APwas decreased 69% in the phenobarbi-
tone. In pretreated promethazi nerabbits, cadmium chlo-
ride admini stration decreased the activities of serum
GOT, GPT, LDH and AP, 56%, 35%, 27% and 25%.

Eiraet al.[® searched the concentration of some
toxic elementsin Oryctolaguscuniculusandinitsin-
testind cestodeM osgovoyiactenoides, in DunasdeMira
(Portugd), Thehighest quantity of Pbwasfoundinrabbit
muscle(3.81 ppm) whilehighest Cd and Hg valueswere
found in kidney (1.02 and 0.08 ppm).

Inour work we havetried to highlight the effect of
cadmium at two concentrations 30 and 60 ppm onrab-
bits (Oryctolagus cuniculus) and the possiblerole of
caciumin thephenomenon of detoxification.

MATERIALSAND METHODS

Biological material

For our experiments, we choseto work onrabbits
of local strainintheregion of Tebessaeast-northAlge-
ria. All rabbitswere ma eswe ghing between 260 gand
760 g and have asoft fur reddish brown, black, white
and gray. They had accessto water and their food for
all times. Animal swerekept under constant conditions
of temperature environ 25+3°C and humidity 35+5 %.
Thetotal body weight of body wasdaily recorded be-
foreand during the experiments. Therewasaganin
body weight and increase of food consumptionindicat-
ing the good conditions of |aboratory.

Chemical

We used a cadmium under Cadmium Chloride
form. Aqueous ol utionsof cadmium chloridesalt was
administered by ora system. Control rabbitswerekept
untreated and their body weight was recorded daily,
we sel ected two doses 30 and 60ppm.

METHOD

Description and treatment

To beginour experience, we have handled 63 rab-
bitsof locd breedin theregion of Tebessa(Oryctolagus
cuniculus). Theserabbitsweredivided on 6lots of 9
rabbitsand wekept ninerabbitsascontrol. Thetreat-
ments began 15 days (adaptation period of rabbits) as
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follows.

Lotl : ascontrolswithout treetment
Lot2 : treated of 30 ppm CdCl,

Lot3 : treated of 60 ppm CdCl,

Lot4 : treated of 30 ppm Ca*

Lot5 : treated of 60 ppm Ca*

Lot6 : treated of CdCl,/ Ca** 30 ppm
Lot7 : treated of CdCl,/ Ca** 60 ppm

All theanimalswerekilled by cervical didocation 24
hoursafter last trestments. The blood sampleswerefor
estimation of hematological parameters.

Liver wastaken out for biochemicd tests, relative
welght of liver wasestimated by thefollowing formula:
RLW=(liver weight/body weight) X100. Liver protein
level was measured by Bradford (1976) method.

Hematological study method

Thehematologica parametershemoglobin, MetHb
and aparameter considered asan early marker of in-
flammation (erythrocyte sedimentation level). Blood
sampling wasdoneat the laboratory of the University
of Tébessa. The first sampling on 7"day, the second to
the 16"day and thelast 21%day of treatment.

Deter mination of methemoglobin (MetHb)
The procedure consists of two steps
First step

0.2 ml of heparinized blood and 5 ml of isotonic
chloride (9%), Centrifugation at 5000 rpm for 5min-
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utes, Basewith 5 ml of icewater for 15 minutes, Com-
pletewith 10 ml of Sorensen’s buffer and agitation fol-
lowed by centrifugation 5000 rpm for 5 minutesthen
read the optical density of the supernatant at 632 nm
(ODA).

Add a drop of the mixture (KCN [0.1 M] +
CH3COOH [12%)]) to the supernatant and read the
optica dengity (ODB)

Second step

Addto 2ml of supernatant 1.5ml of Fe(CN) 6 K3
(brown color), and read the optical density (ODC).

Add adrop of mixture (KCN [0.1 M] + Fe(CN)
6 K3) (red color), and read the optical density (ODD).

Theleve of methemoglobinisobta ned by thefol-
lowingformula

MetHb =[(ODA-ODB)/(OD C-OD D)] X 100

RESULTS

Effectsof CdCl,, on hemoglobin (Hb) and therole
of Ca?*

TABLE 1 showstheeffectsof CdCl, andtherole
of Caz* inthe 7", 16"and21%days of treatment. There
isadecreaseof hemoglobinlevelsindl treated animas
with CdCl, (P=0.001). Theaddition of Ca?*increases
thisleve ascontrolsleve. The Dunnett’s test confirms
that thereisadifference compared to control sof treated
by CdCl,,.

TABLE 1: Effect of CdCl,on hemoglobin Hb and theroleof Ca* (g/dl).

Sample 2+ 2+ CdCl,/Ca”™ CdCl,/Ca®™
(g/d)) Control  CdCl,30ppm CdCl,60ppm Ca™ 30ppm Ca” 60ppm 30ppm 60ppm
7™ day 11.600+0.530 8.000+0.500* 7.600+0.530* 11.00+0.500* 11.66+0.290 11.530+£0.500  11.400+0.530

16™day 11.530£0.500 9.200+0.260** 7.260+0.250** 12.530+0.550* 11.850+0.300% 10.460+0.0.500% 12.570+0.560*

21%day 11.430+0.513 8.800+£0.755* 8.400+0.535*

11.27+0.374

12.50+0.500  11.610+0.548*  11.140+0.17

* (p<0.05) Thereis a significant difference between control and treated sample; ** (p<0.01) there is very significant difference

between control and treated samples.

Effects of CdCI,, on Sedimentation speed (SV)
level and theroleof Ca®

Firs hour

Theeffectsof chloride cadmium on 1% hour sedi-
mentation speed level of red blood cellsand therole
of calcium in the detoxification is showed in the
TABLE 2. Inthe 7""day therewas an increase of this

parameter in organisms treated by(30 and 60
ppm)CdCl, Ca* (30 ppm) and combined treatment
(30, 60 ppm),intherest of parametersthereisade-
crease (P =0.301). at the 16" day therewas an in-
creasein thetwo CdCl, concentrations, Anovatest
showsthat thereisno differencein the 7"and 16"day
compared to the controls, except the 21% wherethere
adifference.
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TABLE 2: Effect of CdCI, on the sedimentation speed levelof theRBC at 1% hour (mm/h).

Samples o 2 CdCl,/Ca®*  CdCl,/Ca?*
(mm/h) Control CdCl,30ppm CdCl,60ppm Ca~30ppm  Ca“~ 60ppm 30 ppm 60 ppm

7" day 2.000+£1.000 3.330+£1.582  4.330+2.517 4.330+£2.528  1.660+1.155 3.330+1.528  3.000+1.000

16" day 2.000+1.000 3.000+1.000+  2.330+1.155 1.330+1.528  1.330+1.528 1.330+0.577+ 3.660+1.155

218 day 2.000+1.000 2.000+1.000  3.000+2.000  5.000+1.000%* 1.660+1.155 1.330+0.577* 1.000+0.000%*
**(p<0.01) there is a high significant between control and treated samples.

Second hour Effectsof CdCI, on methemoglobin level and the

Theeffectsof CdCl,, onthelevel of sedimentation  Possibleroleof Calcium
at thesecond hour areshownin (TABLE 3). Ingenerd Theresultsshownin (figure 1) illustrated the effects
manner, thereisabigincreaseof thesedimentationspeed  of chlorideca cium onthelevel of methemoglobin and
level indl cadmium trestments, but theroleof calciumis  theroleof calciumin thecorrection of effects. There
very dear wherethereisaneutrdization effect. Dunnett’s  was an increase in all CdCl treated versus control
test confirmsthat thereisadifferencecomparedtothe  (p<0.001). Therole of Ca?* wasvery clear inthecor-

control, except toall treated with Ce?*(p>0.05). rection of thisintoxication. Dunnett’s test confirms that
TABLE 3: Effect of CdCl,on the sedimentation speed rateof RBC in thesecond hour (mm/h).
Samples cdcl, Ca** ca** cdcl,/Ca®*  CdCl,/Ca**
(mm/h) Control 30 ppm CdCl, 60 ppm 30 ppm 60 ppm 30 ppm 60 ppm

7"day 2.330£0.577 5.330+2.082* 7.000£1.000%* 2.360+1.155 2.000+0.000 3.660+1.528 3.640+1.528
16" day 2.340+2.517 4.990+1.155%  6.000£1.000*  1.660+2.082 1.660+1.528 2.250+1.000 3.660+1.528
21%day 2.330+£0.577 3.240£1.000  4.660+£1.528*  2.690+1.155 2.660+1.155 2.330+0.577 1.660+0.577

organismstreated by cadmium are differencestothe  is shown in the TABLE 4. All treatments by CdCl,
control. showed an augmentation in RLW, the Ca?* decrease
and correct this amount according to the treatments
(p>0.05).

Effect of CdCl, on hepatic protein level and the

blood metHb level (%)

) » -wwr  roleof Ca?*
. i I I Theprotein content of rabbit liver was determined
) I I using Bradford method, and the effects of CdCl., and
e e o the possible oppositeeffect of Ca*aregiveninthefig-
ure 2. We observe a very high significant increase
(p<0.001)of proteinlevel indl treatiesby CdCl.,. This
o _ increaseiscorrect significantly by the addition of Ce?*.
Effectsof CdCl, onrelativeliver weight and the The Dunnett’s test and analysis of variance shows that
roleof Ca* thereisasignificant difference between Cd tredtiesand
Impect of chloridecadmiumonrelativeliverweight — control.

TABLE 4: Effectsof CdCl,onrelativeliver weight (g).

Samples ca* ca* CdCl,/Ca** CdCl,/Ca®
X100 (q) Control CdCl,30ppm  CdCl, 60 ppm 30 ppm 60 ppm 30 ppm 60 ppm
7" day 0.020+0.003 0.035+0.002**  0.040+0.002***  0.022+0.003 0.020+0.002 0.020+0.004 0.024+0.003

16" day 0.020£0.002 0.032+0.001**  0.044+0.001*** 0.026:0.001 0.028+0.001 0.023+0.001 0.025+0.002
21%day  0.025+0.005 0.039+0.004**  0.049+0.005*** 0.029+0.004 0.030+0.003 0.026+0.002 0.027+0.004

***(P<0.001) very high significant difference

Samples

Figurel: Effect of CdCI, on methemoglobin level and the
roleof Ca?.
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Figure2: Effectsof 30 and 60 ppm of CdCl, on hepatic protein
level (ng/g) and the role of Ca?'.
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DISCUSSION

Thisstudy aimed to highlight apossibletoxicity of
cadmium CdCl,, onsomehematol ogical and biochemi-
cal parameters of Oryctolaguscuniculusasabiologi-
ca model, andthe possibleroleof Calcium Ce* inthe
detoxification and neutralization of these effects.

Cadmium isreported having no known beneficial
functionsinanimd lifeY. Onceinthesystem cadmium
bindswith enzymes having sulfhydryl groups®¥, dis-
turbs cell membrane permesbility™, depositsin celu-
lar organist and bindswith nucleic acids®!. All thebio-
logicd functionslikeexcretion, digestion, respirationand
reproduction are affected by theintoxication by cad-
mium caus ng thedeeth of organism.

Bloodisoneof themost sengtiveindicatorsof many
metabolic disorderd'”?. Numerousstudies have shown
that the primary site of toxic action inthebody isthe
red blood cellsand hemogl obin which more precisely
theroleof carrying oxygenwhentheironisunder fer-
rousform Fe? (18201,

Cadmium oxidesferrousiron Fe** activemolecule
of hemoglobintoferriciron Fe** inactiveand theresult-
ing moleculeiscaled methemoglobinwhichisincapable
of reversibly binding oxygen’>4. Our resultsshowed a
toxic effect of cadmium tranglated by theincreasein
methemoglobin (MetHb); these effects are corrected
by theadding of the Calcium C&*. In adults, thereare
enzyme systems such as NADH-MetHb
reductase;formed methemogl obin eliminating the ab-
senceof thisenzymatic equipment inthefetusresulting
incyanosisand high neonatal mortdity. Ampy and Wil-
liamd¥ showed that nitrates generate a cascade of
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physiological phenomenaaffectingin most casesthe
blood tissue but a so other organs (kidney, spleen and
liver).

Theaddition of Ca?* reduced the effect of CaCl,
corrected thelevel of MetHDb, probably by conserving
the enzymatic compartment, and enhanced the elimi-
nating of CdCl, by exocytosis phenomenon.

Our results showed adecrease of hemoglobin level
in treated animal s by cadmium, Sutton?® found ade-
creaseinhemoglobin and hematocritinfemaemicethat
are exposed to a dose of 6 mg/kg of Cd. Priggel?!
exposed femalerats at concentrations Cd from 25to
50 mg/m3 (as Cd oxide) for 100 days aso cause a
reduction ingrowth and anincreasein hemoglobinand
hematocrit.

Theaddition of CaZ* to the cadmium’s treated ani-
mal sreturnstheamount of Hb to norma level and cor-
rected the effect of this metal. Several hypotheses,
sometimes contradictory, have been proposed to ex-
plain theinhibitory action of calciumonthecollection
and accumul ation of cadmium. Knowingthat Cd?* ions
can betransported through the protein calcium chan-
nelsinthemembranes of root cell§*! apossible com-
petition between thetwo ions can occur for the same
absorption sited®19, Caciumisacompetitiveinhibitor
of cadmium uptakein Rhytidiadel phussquarrosug®.

In present work when the body of animalswere
dissected, inmost cases, their abdomina cavitieswere
filled withfluids, liver were shrunk, having numerous
whitespotsprobably fatsinfiltrations. At sublethal doses
therewas no changesin body weights suggesting that
thedoseswasnot strong enough to producetheknown
cadmium symptomsas skel eton deformation and rena
disorders?. However, metd after ingestioninducesthe
increase of relativeliver weight thisresultsarein con-
cordance with theresults of Groseet al.*3. Goering
and Curtinl* reported moderateto severe hepaticin-
jury, evident by cellsswelling after cadmium adminis-
tration toimmaturerats. Cadmiumwasreportedtoin-
hibit protein synthesisat cellular level™ which prob-
ably returnson hepatic weight.

Theliver showsachangeinweight after ingestion
of cadmium. Borzellecaet al . found effectson growth
and organwe ghtsof spargue-Dawley raswhoingested
dosesof Cd about 1.1to 14 mg/kg for 10daysintheir
drinking water, and from 15 to 65 mg/kg, organ weights
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weredso modify. Thepresence of Ca2* combined with
CdCl, corrected the decrease of liver weight tonorma
level, thisdue probably by the competition and therole
of caciuminthecadmium extracellularmovement, and
the sedimentation speed confirm that therewasahe-
paticinjury; thisis corrected by the calcium combina
tion.

Therate of hepatic protein was increased in the
animalstreated with CdCl 2, thisaugmentationisthe
results of theresistance enzymes secretion’?. Thecad-
mium perturbsal metabolic waysinthe organism, and
the Ca2+ correct these perturbation.

The presenceof cal cium associated with doses of
cadmium in our experimentsinduced acorrection of
cadmium effectsat 30 and 60ppm. Theseresultsare
consi stent with the results of Raghpathy and Nasad®
were exposed ratsto 25 ppm of CdCl, with drinking
water hanging 8 weeks, groupsfed with low calcium
diet (0.1 %) had increased retention of cadmium and
cadmium toxicity compared to groupsthat werefed
with diet of high calcium (0.6%). Wecan say that the
calcium maintainslow concentrations of metal inthe
cytosol. Theseresultsare consistent with thework of
Zoghlami et d . have shown that cadmium causesan
inhibition of weight gain that dependson the concentra:
tion of themetal inthe organ.

Asconclusion, many negative effects of cadmium
can be corrected and neutralized with the best amount
of cadcium.
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