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Abstract

Background: Violent poisoning by cadmium in human is created through drinks or meals which have packed in the metallic tins
with cadmium plating. The symptoms of variation in the mineral metabolism of bones are observed and different conditions maybe
appeared. The toxic (poisonous) effect due to cadmium can be neutralized by intervening zinc. This study has been designed to
investigate the protective effects of zinc for reducing the poisonous effects due to cadmium on the metabolism in the parameters
related to the bone in rat.
Methods: In this experimental study, 48 male rats of wistar species were distributed in eight experimental groups and tested in the
investigative lab of Falavarjan university. These groups were received 0.5 cc physiological serum, 0.5 mg/kg Zinc, 0.5, 1, 2 mg/kg Cad-
mium respectively and some groups were included in those were taken all there cadmium and zinc concentrations synchronously.
Blood samples were taken in a 60 days period and those factors related to the bone metabolism were measured. The data were
analyzed by 2-ANOVA Ways, complementary tests through software SPSS 16.
Results: The results showed that 0.5, 1, 2 mg/kg doses cadmium chloride caused to increase alkaline Phosphatase, calcium, phos-
phorus, magnesium and decrease albumin as compared with control group. Also, synchronous usage of all three cadmium chloride
concentrations with zinc cause to decrease alkaline phosphatase, calcium, phosphorus, magnesium and increase albumin concen-
tration. In a word, the other bone parameters have been significant in different cadmium and zinc doses (P < 0.05).
Conclusions: Findings showed that zinc can play a protective role on the metabolism parameters related to bone against to poi-
soning caused by cadmium.
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1. Background

Cadmium is an industrial pollutant which may cause
violent and chronic poisoning in human and animals. Cad-
mium can interfere in metabolic path of many elements
including copper, zinc, calcium etc. causing disorder in
the biologic activities [1, 2]. Also, it may disrupt the bal-
ance of electrolytes in plasma [3]. The rate of cadmium ab-
sorption by humans digestive system is 4.7% - 7%, and it is
0.5% - 12% in laboratory animals. According to the experi-
ments, calcium, protein, and vitamin B6 (pyridoxine) defi-
ciency in regimen may increase cadmium absorption and
enhance it to quadruple more than the normal level [4].
The researches have showed that cadmium may cause vari-
ation in alkaline phosphatase, calcium, phosphorus, mag-
nesium and albumin [5-7]. On one hand, the influence of
nourishing factors and some rare elements have been re-
ported for metabolism process of the bone tissue in hu-
man and different animals [8, 9]. Among the macro ele-

ments, calcium and phosphorus play important role for
the bone tissue in animals. As, it was mentioned, many
skeleton abnormalities have been occurred by cadmium
injection in different doses to rats. Although, cadmium is
toxic for bone, the main mechanisms for developing os-
teoporosis and osteomalacia in humans with chronic pol-
lution of cadmium has not been recognized completely.
Arno (2010) by a general assessment in Sweden has stud-
ied bone indices that by increasing the rate of cadmium
in body, bone decomposition will be increased [10]. Zinc
is a scarce and necessary for skeleton growth, various en-
zymes structures and their performance. The biologic im-
portance of zinc is related to its contribution to metallu-
enzymes structures [11]. The activity of different enzymes
such as pancreatic carboxy peptidase A, thymidine kinase
and alkaline phosphatase may be decreased due to zinc
deficiency, where as the activity of some dehydrogenase
are not as same as them. The recent investigations have
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pointed to its vital role in most body systems. In the past
decade, it is proved that zinc has important role for intra
cellular signaling and ionic signal [12]. Many experiments
have shown that zinc prevents to reduce bone growth
due to cadmium and it has a protective role. The stud-
ies have shown that zinc increase on cellular cultivation
condition cause to increase their growth and it can stop
the cadmium destructive effect [13]. In addition, a study
on 60 patients with bone fracture showed that consum-
ing zinc complementary for 60 days may cause significant
increase of zinc in serum. The relation between the zinc
in diet and its serum is harmonious. Also, plasma zinc is
related to the final intake of zinc and the complementary
of zinc consumption is related to the nutritional intake
[14]. In this study, according to the available resources. The
rate of influencing cadmium and zinc protective effect in
metabolism process related to the bone tissue on male rat
of wistar species are discussed.

2. Methods

In this experimental study, cadmium chloride
(H2O1/2 CdCl.2) from companies products and zinc chloride
(ZnCl.2) (New Jersey, USA) were used.

The male rat of wistar species with the average weight
200 ± 50 was used which was provided from animals’
nest of Falavarjan University. The rats were divided into 8
groups, 6 rats in each group. The control group received
0.5 cc physiology serum daily by intra peritoneum. The
rats were kept in 37°C at room temperature and they were
weighted once a week before injection, and the concentra-
tion rate of solutions was variable according to the new
weights of the rats. All of these experiments weights of
the rats. All of these experiments were done in Falavar-
jan university laboratory. Other three groups were injected
0.5, 1 and 2 mg/kg cadmium chloride. Another group re-
ceived 0.5 mg zinc per kilogram and the other three groups
were injected the cadmium doses in 0.5, 1 and 2 concentra-
tions with 0.5 mg/kg zinc. The injections were daily intra-
peritoneum. The suspensions (solutions) were kept in bot-
tles and prepared daily. The solvent for solution and mas-
siveness was serum physiology 0.9%. At the end of injec-
tions, the rats were anaesthetized by injecting a composi-
tion.

Consists of ketamin 0.07% and zilazin 0.05% and then
blood sampling was done from heart. Those blood samples
were poured in acid-washed vitreous prepared for tests.
The serum was separated from blood cells by centrifuge
in 2000 - 3000 momentum in each minute. The degree of
related parameters with bone metabolic consists of alka-
line phosphatase, calcium, phosphorus, magnesium and
albumin were measured by experimental current methods

and the other ways. DGKC method (Germany Biochemistry
Association standard) was used for measuring alkaline
phosphatase. Also, photometric method by creolphthalein
complex one for measuring calcium and photometric UV
test for measuring phosphorus degree were used. Xylidyl
Blue was used to measure magnesium and calorimetric
(BCG) was used to measure albumin rate. The measuring
methods for alkaline phosphatase, calcium, phosphorus
and magnesium were product of pars Azmoon Co (Tehran,
Iran), and the measuring method for albumin was prod-
uct of Greener Co (Germany). Biochemistry experiments
was done by Auto-Analyzer machinery, Hitachi 717. The
data were analyzed by 2-ANOVA Ways, complementary tests
through software SPSS 16. P value was statistically signifi-
cant (P < 0.05).

3. Results

After analyses, the rate of variations were analysed in
the concentrations related to the parameters compared to
control group and the groups linked to zinc chloride (Table
1). As the Figure 1 shows, the doses 1, 2 mg per unit 1 kg body
weight, cadmium causes to increase alkaline phosphatase
in rats blood in comparison with control group. Figure 2
related to calcium shows different doses of cadmium may
increase this degree compared to control group. In Fig-
ure 3, all three cadmium concentrations have increased in
comparison with control group. In Figure 4, magnesium
element has increased due to injecting cadmium in 35, 38
and 40% in compared to control group. But, regarding to
Figure 5, the rate of albumin has decreased to 3.97, 9.25%
and 19.81% in comparison to control group (P < 0.05). In
following injecting the zinc chloride to different groups, in
comparison to control group, has caused to 19% decrease
in alkaline phosphatase, Also, it has increased calcium rate
to 14%. Phosphorus has increased to 5%. It has increased
magnesium to 53%. But it has reduced albumin to 2.32%.
(P < 0.05). The influence of zinc protective effects on cad-
mium poisoning on the bone metabolism and jointly. Ef-
fects of zinc and cadmium on the mentioned parameters
were studied. The results show that zinc in linked, doses
has decreased alkaline phosphatase to 28.94% and 42.84%,
in compared with the cadmium groups (Figure 1). Also, af-
ter injecting cadmium, calcium has increased to 17% and
18% against to the control group (Figure 2), and after in-
jecting zinc it has decreased to 8.66% and 5.22% against
two groups only with cadmium (Figure 3). We observed
the magnesium has increased to 38% and 40% due to in-
jecting cadmium, against to control group, but after inject-
ing zinc chloride to the linked groups, it has decreased to
8.41% and 8.07% against to the cadmium group (Figure 4).
By injecting cadmium, albumin has decreased to 9.25% and
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19.81% against to the control group, but by injecting zinc to
the linked (joint) groups, it has enhanced to 0.02% and 11%
against to the cadmium groups (Figure 5) (P < 0.05).

Figure 1. It Shows the Rate of Alkaline Enzyme Function of Blood Serum Phosphatase
in Rats During a Trial Period 60 Days

*

*

*

*
*

0

200

400

600

800

1000

C
on

tr
ol

0
.5

C
d

 1C
d

2C
d

Zn
cl

2C
d

0
.5

+Z
n

cl

1C
d

0
.5

+Z
n

cl

0
.5

C
d

0
.5

+Z
n

cl

(I
U

/L
) M

ea
n

 A
lk

al
in

e

The injected concentration (mg/kg) body weight

Series1

Time
60

The significant differences are presented by (*) (P < 0.05). The control group received
serum physiology (mean ± SD).

Figure 2. It Shows Serum Calcium Concentration in the Rats During 60 Days Period
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The significant differences are shown by (*) (P < 0.05). The control group received
serum physiology (mean ± SD).

4. Discussion

It is clear that cadmium cause the great disorders in the
body functions [1, 2, 15]. The data derived from our previous
studies shows that this factor (cadmium) has influenced
on laboratory rats livers and kidneys. It may cause serious
damages for ferrous metabolism [1]. The data due to this
study shows that the bone disorders may occur in the rats

Figure 3. Phosphorus Concentration in the Rats Blood Serum is Shown During a Test
Period 60 Days
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The significant differences is shown by (*) (P < 0.05). The control group received
serum physiology (mean ± SD).

Figure 4. The Magnesium Concentration in the Rats Blood Serum is Shown During
a 60 Days Period
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subjected to the different doses of cadmium. The recent
studies have shown that little cadmium pollution such as
smoking may resulted in Osteoporosis [16]. Cadmium is
found in environment as a toxic element. When the hu-
mans and animals are exposed to this metal, their skele-
tons will be damaged. Also, low bone mass and osteoporo-
sis and fracture have been reported in animals [10]. Cad-
mium can place in the metabolic procedures of many ele-
ments including zinc, copper, calcium and etc, and cause
disorder in their biologic function. The skeleton disorders
and bone deformities are mostly because of environmen-
tal cadmium [17]. According to the investigations in recent
years , it is observed that different doses of cadmium, af-
ter measuring the concentration of alkaline phosphatase
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Table 1. The Cadmium Effects on the Parameters Related to the Bone Metabolism and Zinc Protective Effect on it During 60 Days

Treatment Group, Mg/kg ALP, IU/L Ca, mg/dL P, mg/dL Mg, mg/dL Alb, mg/dL

Control 564.50 ± 116.13 8.81 ± 0.67 6.1 ± 0.61 1.76 ± 0.37 3.03 ± 0.08

0.5 Cd 390 ± 102.76a 10.40 ± 0.65a 6.2 ± 0.36 2.38 ± 0.37a 2.91 ± 0.07

1Cd 570.16 ± 121.8a 10.35 ± 2.38a 7.70 ± 1.40a 2.43 ± 0.39a 2.75 ± 0.23

2Cd 692.16 ± 354.11a 9.35 ± 0.66 7.23 ± 0.85a 2.48 ± 0.34a 2.43 ± 0.32a

Zncl 458 ± 83.80a 10.06 ± 0.54a 6.46 ± 0.28 2.70 ± 0.59a 2.96 ± 0.16

2 cd + 0.5 zncl 395.66 ± 69.47a 9.31 ± 1.08 6.78 ± 0.30a 2.28 ± 0.09a 2.71 ± 0.14

1 cd + 0.5 zncl 405.16 ± 112.46 9.81 ± 0.93 6.98 ± 0.79a 2.35 ± 0.32a 2.81 ± 0.26

0.5 cd + 0.5 zncl 391.66 ± 77.41 9.50 ± 0.90 6.66 ± 0.53 2.18 ± 0.14 2.98 ± 0.14

aThere was a significant differences (P < 0.05) between the Zncl, 2 Cd, 1 Cd, 0.5 Cd groups compared with control group and comparison combined groups with exclusive
cadmium group.

Figure 5. The Serum Albumin Concentration is Shown During a 60 Days Period
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The significant differences are presented by (*) (P < 0.05). The control group received
serum physiology (mean ± SD).

enzyme, cause to increase the rate of this enzyme com-
pared to the control group [18]. In other study in 2007,
on rats biochemical factors and, the rate of alkaline phos-
phatase enzyme activity has increased in comparison with
control group. These results were in accordance with long-
term doses 1, 2 mg/kg cadmium that enhance the alkaline
phosphatase activity [19]. Enhancing the function of alka-
line phosphatase in high doses cadmium maybe due to
cadmium which impairs the bone tissue and this enzyme
exists in osteoblustoma cells and it is necessary for bone-
making and has increased in blood circulation [20]. But, in-
jecting zinc and cadmium jointly has resulted in decrease
the enzyme function that it may be due to the zinc pro-
tective effect on cadmium and prevents to impair bones
by cadmium and leaving this enzyme by bones. The ef-
fects of concentration 0.5 on alkaline phosphatase func-
tion indicate to decrease the enzyme synthesis and pre-

vents producing this enzyme in the cells. As while as high
concentration shows impairing liver cells and leaving en-
zyme into cytoplasm which means high concentration of
enzyme. The researches show that calcification process
will be disordered when the rate of alkaline phosphatase
decreased. This process is happened in hypophosphates ill-
ness. Calcium and phosphorus sediment is not only as a
simple passive physicochemical process and it seems that
pyrophosphate is as a controller for calcification phase. So,
it is necessary to remove it in environment and the alka-
line phosphatase enzyme which catalyze the breakdown
of mineral pyrophosphate, has an important role in this
case [21]. In a study (2007) on the rats biochemical fac-
tors which were exposed to different doses of cadmium,
showed that in comparison with the control group, the
rate of calcium has increased. This study is in conformity
with the long term results of the present project [19]. En-
hancing calcium plasma concentration or hypocalcaemia
is occurred mostlyin skeleton disease such as bone carci-
noma, osteoporosis, and,etc. Such increase in long-term
may be in the reason of physiologic conditions and unbal-
ancing among three parts of calcium and albumin plasma
concentration and hydrogen Ionia. Also, the zinc has in-
duced its protective effect by decreasing calcium in differ-
ent groups [14]. As, the major consumption of calcium in
the cell is used to transfer ming calmodulin. It is possible
that zinc in this concentration prevents calmodulin syn-
thesis, and finally, cause to release calcium out of cell. In
relation to phosphorus, in a study (1390) it is observed that
different doses of cadmium cause significant increase in
phosphorus in carp’s serum against to control group [18].
It is conformed to the results in this study. Enhancing phos-
phorus in the long term group shows, since the phospho-
rus has changed into complex3 Ca3(PO4)2 with calcium, the
effect due to cadmium may cause to destroy the skeletal
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tissue and indicates releasing calcium and phosphorus in
circulation [22]. Influencing the zinc as well as its decrease
on calcium concentration indicates the decrease in phos-
phorus and reducing the damage to the skeleton tissue
[23]. Increasing the rate of calcium, may present that cad-
mium has influenced on the bone metabolism and by de-
stroying it, has caused to releasing magnesium ion from
the skeleton tissue that finally results in increasing mag-
nesium plasma concentration. It seems there is a compe-
tition between zinc and magnesium which caused to de-
crease magnesium in blood [24-26]. The results shows that
zinc can neutralize the poisonous effect of cadmium, be-
cause magnesium has interfered in the most enzymes re-
actions such as kinases and phosphatases, and cadmium
by its toxic effect on the synthesis may prevent the synthe-
sis and releasing magnesium in the circulation, and zinc
may neutralize the cadmium poisonous effects by its bi-
ologic effect and competing with cadmium. Most of the
renal diseases are the consequences of increasing magne-
sium plasma concentration, but in this experiment, the
magnesium plays the role of a factor and its concentration
may increase when the concentration of calcium plasma
is high, whereas, in the presence of zinc, magnesium re-
duction is subject to the many factors that it results in dis-
order in sodium and potassium metabolism some times.
Many people experience the decrease in the concentration
of potassium plasma may suffer from calcium deficiency
which is related to the decrease in magnesium. Zinc and
magnesium perform as two agonist elements in connect-
ing to the plasma proteins and thus, magnesium juncture
to albumin serum has occurred in the presence of zinc
and it has caused the increase of magnesium plasma. But,
in this study, decreasing magnesium in the groups which
have been injected zinc, is the result of its protective ef-
fect on the magnesium rate [27-29]. According to the inves-
tigations, most albumin out of vessel is replaceable with
plasma albumin. As while as for bone, it is interchangeable
only in the tissue fluid. The remained parts are in the cal-
cification matrix and it has proven permanently. Twenty-
seven percent albumin in the young bone is in the tissue
fluid and there is about 57% in the calcification matrix, and
about 16% is intra-vessel. The whole volume albumin out
of vessel in per unit of bone mass is similar to which is in
the soft tissue [28, 30, 31]. The mechanism for decreasing
albumin concentration is because of destroying the liver
cells following receiving cadmium that this reduction has
been neutralized by injecting zinc and then the albumin
has returned to its preliminary concentration that indi-
cates zinc has had the preventive effect on cadmium effect.
On the one hand, zinc with its competitive effect against
cadmium, may prevent entering this toxic element to the
liver and so, the albumin synthesis has changed into the

normal condition which is may related to its effect on the
intermediary enzymes for synthesizing this protein. Albu-
min is as a calcium carrier in circulation and also as a bal-
ance source for calcium ion. Therefore, in the cases that
albumin concentration is reduced, the metabolism in the
bone maybe disordered. In this reason, it is necessary that
measuring the calcium ion in the children and measuring
the albumin rate are done synchronously. As decreasing al-
bumin results in the bone diseases. Since, albumin is an
important carrier for calcium, reducing its concentration
may cause calcium reduction related to protein (Figure 5),
and it has caused increasing the ionized calcium. And thus,
the results of this study can indicate that increasing free
calcium in plasma is in the following of injecting cadmium
[32-34].

In Conclusion, it is resulted that cadmium has toxic ef-
fect and may cause variation in the metabolism of related
parameters to the bone metabolism, especially, this effect
is obvious in high doses, but the toxic effect may be re-
duced by zinc injection. It is possible that zinc influence
on the bone in two ways. Firstly, it may prevent entering
cadmium to the bone or skeletal tissue and plays a protec-
tive role for the bone, and furthermore, zinc is one of neces-
sary and rare components and has a role for bones growth
and increasing the factors which are effective on the bone
growth, including the enzymes [18, 31]. According to these
study findings and the reports from other investigation, it
is concluded that cadmium in vivo causes poisonous and
disorders in the body, and zinc can have a protective effect
against such toxic.
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