i

Il

ig -V harmi)‘g%é DecembRr 1996, ISSN 1110-5089
'/.:!%"é No. 2, pp 74~

Vol

pROPHYLACTIC ROLE OF DIgy
[N BROILER CHICKS WITH spE
oF CADMIUM ON THE LEVE

ARY ZINC AGAINST ¢
CIAL REFERENCE T
L OF SOME ELEMEN

ADMIUM TOXICITY
O CUMULATIVE EFFECT
TS IN VARIOUS TISSUES
Honsny Abdel Fadil and Sayedat Abdel Magid*

Department, *Biochiem
nnary Medicine,

fl-‘fmnnaw&yy .
Faculty of Vete z iy -Dep i

agazy) University, Tyypt.
—

ABSTRACT

The objective of the present study is to det

osue 10 sublethal doses added to drinking water
exp concentration of zinc(Sppm) as daily su
Jow ficantly decreased at one month. More
:‘ 1100 opm Cd-exposed chicks enhanced th

ect in uppropria}c way evidence of cadmium toxicity as a consequence of
oF wiler zlu th‘q Goncentration level of 10 and 100 ppm singly or in combination with a
Pplemen 0 S‘ncks for 30 days. The body gain in 10 and 100 ppm Cd-treated chicks was
b pereent of food and water consumption were reduced. Addition of zinc (Sppm)
gainin body weight as well as food and water consumption.
Th,c cry(hr(];cyu‘c count, haemoglobin content anq hematocrit values were significantly decreased in all cadmium-treated
groups. Zinc supp ?mx‘é?“,‘oxll%\provcd the haematological pictrue 10 slight extent. The serum of Cd-treated chicks showed a
agnificant increase in AST, ALT, Alkaline phosphatase angd total bilirubin levels, On the other hand, total proteins were decreased.
The cadmium level in hver-_ kidneys, skclcla! muscle, small intestine and bone exceeded over controls in all treated chicks. Zinc
spplementation (Sppm) decreased the cadmium accumulation in the investigated tissues. Zinc levels were reduced in bone and
increased in liver, kidneys, skeletal muscle and small intestine., The copper content was decreased in kidneys and increased in the
skeletal muscles. Significant decrease in the iron content was observed in the liver, kidneys, small intestine and bone.
It could be concluded that dictary zine plays a prophylactic role ag

ainst cadmium toxicity.,

INTRODUCTION Some specific dietary constituents such as microminer-
als (Zn®) and Mn(19) and macromineral Ca )11 have
been invoked as factors affecting the toxicity of cadmi-
um. Antagonism between cadmium and zinc were
reported in rats%13), Some studies showed a protec-

In recent years, the development of modern tech-
nology and growing industrilization are among the fore-
most factors contributing to the general pullution in
Egypt. The environmental contaminants spread through

a variety of channels, many of which sooner or later 1ivc(lc4f)fect Bizine z.againsl nhibition of SGOT by.cadmi-
reach our food, drinking water and atmospheric air(D). um*™™. The previous authors suggsted that Zinc and
Some of heavy metals as cadmium gained access to cadmium may compele. not only at the absorption sites
food through their use as colouring agents(®) and pesti- butalso at the enzymatic level.
- cides. Food as coffee, tca and vegetable crops contains
cadmium to less extent, whereas, the average cigarette
smoke contains as much as 1 ug cadmium®) and heavy
smokers may have an intake of 20 pg Cd/day or more.

The present study was conducted to elucidate
whether the dietary zinc plays a prophylactic role
against cadmium absorption, accumulation and loxicity.

Cadmiwmn could be absorbed through lungs 10- MATERIAL AND METHODS
50% and from the contaminated food and water through

Experimental design :
intestine 6%(4). The environmental pollution with cad-

: : Eighty hubbard chicks, one day old, were used in
mium may affect the general health of human, animals ) - .

and Plantz High cadmgium residues were detected in the :::h“;’gi‘w’i:f; ;ﬁii:l‘fll_f;dt:::;go“‘; o":’l“a] groups,
Kidneys, liver, gastrointestinal tract, uterus, lung, testes cadmium chloride (Merck, Darmstadt éemfs el

~and lower levels were found in the skeletal muscles, or combined with zinc 'sulphatc (1\“[ercl( ?;;W) ey
bone and even milk(5:9), Exposure of pregnant animals Germany) for 30 days through drinking wat a”(’}“‘adt'
10 high doses of cadmium may result in an increased 1, 2 and 3 received 10, 100 and lmppmerc;adm'ups
incidence of cmbryotoxic effects and growth ’°‘a’f""" c;;loridc respectively in addition to Sppm zin -
[]on(7)‘ Cadmium toxicity may lead to loss of appetite, o (s Group 4 was i Neighi C sulphate
reduced body gain, toxic changes in blood picture, pro-

. ater (control).
Balanced ration and tap water ad. Libitum wag available

for all chicks. The body gain, food gy i ente
‘consumption werc calaculated for each  groy
throughout the experiment. p

teinurea, testicular atrophy, hypertension, 'h.epa'uc an:}i1
renal dysfunction as well as reduced fertility in bo

Males and females®). All chemicals are hazardous ::t
there are many ways in which the risk can be reducec.

92



H. Abdel Fadil & S, Abdel Magid

Hacmatological studiey

Blood samiples were collected n 10ml hottles
sontaming Sme EDTA from chickens at sacnlice after
one month from the begmning of the experiment. The
boad samples were examined for determnation of hac-
moglobin™S) erythrocytic and leucocytic counts'®)
and packed cell volume (l'('\‘;‘”’. .

Biochemical studies :

Ancther  bleod  samples  were collected in

centrifuge tubes, at slaughtering without anticoagulant
and placed in slant position ull the serum was separated
from the clot. The separated fluid was centrifuged at
30600 r.p.m, for 20 minutes to separate the clear scrum.

I'he serum samples were analysed for determination of

aminotransferase  (AST) and  Alamne

Aspartate
(1%).  lkatine  phosphatase

;munnh.»‘u',fcms(: (ALT)
l/\l,l’)fl 2, total bilirubin2?) and 1otal proteine'<77

Tissue residues ¢
Cd, Cu, Zn and Fe were estimated in varous
kidneys, small intesune, skeletal muscle
stion U‘ilnf atomic
=) and

ussues (Liver,
and bone) following mitnc acid dige
absorption spectrometer (Perkm-Ehner 5000)

levels are reported as pg/g of tissues.

Statistical analysis :
The obtained results were subjected 10 Student's
wnificance of differences between

{1) test 1o reveai the s
(23)

treatment and control groups

RESULTS

Body gain, food and water consumption :
The treated bitds  were apperently healthy
hout the experiment. The body gain was signifi-

and 100ppm cadinium-treated
ater of

throug
cantly decreased 1n 10
broilers. Addition of 7Zn 10 the drinking w

The body gain, food intake and

Table (1):
cadmium sigle or combined wil

water consumption after on
h zinc through drinking wate

d chicks increased the bady gain, food ang

cadmium-fe
able 1).

water consumption (T

Haematological findings :

The RBCs counb
{ were significantly
10 & 100ppm

pPCY% and haemaglobjp
decreased at onc month of
Cd-exposed chicks. The
unt was nonsignificantly changed at one
{ with 100ppm cadmium chloride and
¢ other hand, WBCs count was
one month in all-treated

conlen
freatment in
erythrocytic €0
month of treatmen
Sppm Zinc. On th
significantly increased at
chicks (Table 2).

results

T as well as ALP activilies were
one month in all-treated
proteins were significantly
kens at one month, whereas,
nificantly changed

Biochemical

AST and Al
significantly increased al
groups. The total serum

decreased in all-treated chic (
the total serum bilirubin was nonsig

(Table 3).
Tissue residues
The Cd, Cu, Zn and Fe levels were detected in
broiler tissues (Jiver, kidneys, small intestine, skeletal
muscle and bone) at the end of the experiment. The
cadmium concentration Was signiﬁcamly increased in
all cadmium-treated groups. The highest cadmium level
was detected in the kidneys followed by the liver, small
intestine, skeletal muscle and then bone (Table 4). The
sinc  concentration in the treated chicks was

significantly increased in the liver, kidneys as well as
small intestine and decreased in the bone (Table 5). The

copper content was significantly decreased in kidneys in
all treated groups however its level was nonsignificantly
changed in the other investigated (issues (Table 6). The
iron content was significantly decreased in the liver,
kidneys, small intestine and bone in all-treated chicks

(Table 7).

¢ month in chicks treated daily with
r for 30 days (Mean £ S.E) (n = 10).

— . T j
Jarameler Control i e
0 ppm Cd 0 & 100 ppm Cd
ppm 100 pp pm
ppr Cd + Sppm Zn
Body gain (g %) 46341137 | 3894905 | 30141018 | 426+ 12.04
- (100%) (84%) (65%) i (92"’7_).
Food intake (%) 100% 92% 89% 9 1‘70
0
Water consumption (%) 100% 80%
; o 62% 93%

4 P (0.001 #2 P < 0.0001
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Table (2): Bloed picture of chicks trea
drinking water for 30 days (A

ed daily with cadmi : .
fean + $ F) i :‘;‘(’)TIU!II single or combined with zinc through

au Control R
rameter ontro Treated
Pa N7 ated groups
10ppmCd | 100 ppmca | 190 ppm Cd
— + Sppm Zn
RBCs (10% 1) | 3.39+0.04 30420037 | 2874003 | 3261004
WBCs (1071l | 12802011 | 1870+0.18"| 21.40+028™* | 1930+ Oll*S**
Hb (2/L) 10.68 +0.19 9.96 +0.21" 928 +0.25** | 10.27+0.31
PV (%) 35952061 | 33.15+047° | 3222+058* | 33.89+0.54
\ y
*P<o.0l ** P <0.001 *%% P < (0.0001.

Table (3): Efect of gadmiurp singlq or combined with zinc through drinking water for 30 days on some
serum biochemical variables (Mean * S.E) (n = 10)

( N
Parameter Control Treated groups
0 ppm Cd
100 ppm Cd
10 ppm Cd 100 ppm Cd + 5ppm Zn
AST p/L 29.3+0.41 | 3254043 | 384+0.56™" | 31.6+0.38"
ALT WL 2174022 | 23.8+0.29™ | 292+£044™ | 229+0.21"
ALP mmu 38.5+046 | 69.4+0.74"™ | 7834083 | 64.8+0.69""
Total protein g/100ml | 4.6+0.09 4.23+0.05° | 3.85+0.07 4.16 £ 0.08"
lotal bilirubin p/ml 1.34 £0.06 1.36 £ 0.05 1.38 £0.04 1.37 £0.04 y
“*P<o.l ** P < 0,001 %% P < 0,0001.
¢ ) i in liver, kid , small intestine, skeletal muscle and
Teble (0 Cgoci]%nglqr;lg?cl;(osnu(c;ﬁéﬁ :a?ly“:;‘lgl:nc)a:ir;ni’;gSir:glr;egf combined with zinc through drinking
water for 30 days (Mean £S.E) (n=15).
8 Treated groups w
Tissue Control ™
ppm Cd
0 ppm Cd 10 ppm Cd 100 ppm Cd + Sppm Zn
Liver 0.84 4007 | 17.8£0397" | 18542 325" [ 119.6 £2.43™"
Kidneys 205+0.14 |873+1.66  [9622% 557" | 549.4£3.81°"
¢ ' * e *okok
Small intestine | 0.49+0.05 | 585071 * | 68.4+2.39 27.6 £ 0.64
§ a7 = *K ok ko
muscle 0314004 | 4362047 15.9£0.86 9.4%0.53
' . ' * * kR * ok
Bone 0.29 £ 0.04 3.8+0.36 11.5£0.67 6.2 £0.52
\ ' /
“*P <0.001 *xx P < 0.0001.
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B (&Y - P concetralon (g8 wet weight) in tiver, kudncys, sm N m\\H s sheleta)
Table (S ‘,\ .l; gl‘.. A-j"‘;\‘.\:\ (reated da v with ¢ J' nutn st +or cambined we l)
o ch dnalig water fos -h avs {Mean £ 58 Elin= “‘
j
4 . Treated groups
Ti Control
1ssue 0 ppm Cd . 100 ppm Cd
10 ppm Cd | 100 ppm Cd |, Sppm Zn
Liver 35712065 | 4683+ 047 [ 490682 0.52° {5142 20437
Kiudneys | 1800020 | 39562036 | 4190 % 041" {4230 £026™
Small intestine | 000 =048 | 21.30£038 | 23.70 2 034° | 22102047
Muscle 3386027 | 3461 £049 | 341420353 | 34791031
Boac 1208 = 1.53 [ 12012 1.847 [ 1143216277 | 12362 1.37
N y
s Peoos e §)<;”\.;_”
Table i6): Cu concentranion (ug/g wet weight) in liver, ki dnevs, mml intesting. skeletal
muscle and bnw of chicks treated darly wath cadmium single or combuned with
zine through dninking water for 30 days (Mean £ SE)(n= S
4 T d N
o S reated groups
Tissue ()(p‘;:::‘r 2.‘ d grotp
. 100 ppm Cd
10 00 e
ppm Cd | 100ppm Cd | Sppm Zn
Liver 483034 ) 485+023 | 4812026 | 482029
Kidneys 146017 {1351 +0.21° [12.28£0.19°" | 13.05£0.18"
Small intestine | 1.74=0.05 | 170 +0.09 1.69 £ 0.04 1.73+0.04
Muscle 195006 | 191+0.03 1.89 +0.04 19.3+0.03
L'Bonc 0.869+003 | 0857+0.02 | 0861 +£0.03 | 0.864+0.05
_/
*P<ool P <0001

Table {7): Fe concemiration (Ug/g wet weight) in liver, kidneys, small intestine, skeletal muscle and

}; me of chicks Icultd ..JI\ with cadmium sngl' or combined with zinc through
innking water for 30 days (Mean £ S.E) (n=5).

(- i
Ti Control Treated groups
18sue 0 ppm Ccd
10 ppm Cd 1 100 ppm Cd
pp 00 ppm Cd + Sppm Zn
L_z}-‘cr 135.38 £ 1.26] 120.63£099""| 1058 £1.23*™* | 1174 1.18"
Kidneys 8619113 | 745£122™ | 687+1.14™ | 79.6+1.25
Small imtestine | 33.7£0.58 | 24.1£043"*" | 187+067""" | 27 5 ;0 19"
i;luscle 63.7+1.18 | 604+1.12 59.8+1.24 612 +0.96
e 39.8£0.54 | 3472038 | 29.4+035" | 346+028"
*P<onl S PC000]

*** P <0.0001.
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DISCUSSION

The ?gllurjon of our environment with one or
e of heavy metals s still one of the major problems
'h;“u face US n r\ﬁb RCPUHIC of Eg}p( Q\\.ins 10 the
Jovelopment of industry. The consumption of the
omaminazed food, water of inhalation of polluted
gmospliere with cadmium may affect the general health
of human. animals and plants.

1t has been shown that exposure of chicks 1o
{0ppm OF 100ppm cadmium in the drinking water for
30 days significantly reduced the body gain. The
observed decrease in the body gain may be due to the
gecreased food and water consumption evidenced in
his stdy. The addition of zinc (Sppm) to 100ppm
Cd-treated chicks improved the appetite, body gain,
food and water consumption but not to control levels.
The obtained results are in coordination with those
recorded in rats(34:23),

On the assumption that only 6% of cadmium
ingested with food is absorbed through gastrointestinal
wact, so the tolerable weekly intake of 400-500ug of
cadmium per person is eguivalent to TOug per
pexson/day(zﬁ). Any increase in the amount of cadmium
derived from drinking water or inhaled from the
atomosphere  will reduce the amount that can be
wolerated in the food. The absorbed cadmium will be
distributed to erythrocytes, plasma, kidneys, liver, lungs
and other tissues. The decreased erythrocytic count,
haemoglobin content and packed cell volume at one
month in Cd-exposed chicks could be due to the
shortened life span of red cells. Simillar results were
previously reponed(27’28). They recorded that cxposure
1o Cd2* increased the red cells destruction. In addition,
the recorded decrease in the erythrocytic count is in
agreement with the reported of anemia in Cd-exposed
fish2%). They also added that the observed anemia was
probably due to the decrease in synthesis or release of
erythrocytes into the circulation. Moreover, the induced
anemia after oral ingestion of cadmium could be
associated with the defect of iron metabolism as a result
of its deficiency in the intestinal absorplion(30). This

.‘ clarify the reduced haemoglobin content, haematocrit
value and erythrocytic count in Cd-exposed chicks.

The addition of zinc (5ppm) in the drinking
water of cadmium-treated chicks antagonised the
cadmium zbsciption, probably through competition
with cadmium for its absorptive sites1¥)  which
consequently reduced its toxicity.

The long term cadmium toxicity induced
- elevations in the serum AST, ALT and ALP activities
~ % well ag toral bilirubin level, whereas, the total
. P0ins were decreased. The cause of this elevation

96

could be due to extensive liver destruction by cadmium,
consequently these ezmymes are liberated into the
serum. Our obtained results are in coondination with

those recorded by some investigators 1), The laue
reported  that cadmium administraon c3uKs 21

elevation in plasma AST and ALT actviues. The
present  investigation  has  shown  thal zne
supplementation decreased the hepatotoxicity produced
by cadmium,

The cadmium concentration was high o kidneys
followed by liver. small intestine, skeletal muscle, and
then bone of the investigated tissues of birds. Exposure
to different concentrations of cadmium (10 or i00ppm)
raised its level more than one fold i.e. the increase in the
cadmium concentration (through broiler drinking water)
over the tolerable daily intake (TOug C& person)
resulted in more cadmium accumulation in the different
organs and tissues. These findings are in agreement with
the previous work(333435)  Zine  supplementation
(Sppm) to cadmium treated chicks reduced the cadmium
level in various tssues & its side effects were improvad
and corrected36-7) It was obvious that there was an
antagonism between cadmium and zinc dus to their
similarities in their physiochemical properties where Cd
interacts competstively with zinc stabolism1 013,
Previous reports have suggested that the protectve
effect of zinc supplementation in cadmium toxicity has
been attributed to the increased synthesis of
metallothionein (MT), 2 low molecular weight protein
with high affinity for metals839) MT has a rele in the
metabolism of essential metals such as zinc as well as
copper and in detoxification of heavy metals as

cadmium and mercury.

The influence of cadmium single or combined
with zinc on the metzbolism of some essential metals
(Zn, Cu and Fe) were investigated. It was found that
there is redistribution of these essendal elements in
different parts of the body as a result of expasure to
cadmium. The zinc conteat was increased in zll
investigated organs (liver, kidneys and small intestine)
except bone. The increased zinc content could be
attributed to the synthesis of metallothionein in these
tissues, beside decreased elemination or increased
absorption of zinc. MT induction & increased zinc
concentration in liver and Kidneys were observed after
oral administration of cadmium®® or injection of
cadmium™?). The decreased zine content in bone mav
be due to no metallothionein synthesis in the boa:(‘f-.]‘
The copper content of kidneys was decreased in the
ucau?d groups. This effect could be due to the increased
elemination .or reduced absorption of copper dm"ing long
term ‘cadmmm toxicity. The iroa content of the
investigated tissues (kidneys, liver, small intastine and
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