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ABSTRACT 
    The current work was carried out to study the effect of zinc deficient and zinc overdose on some blood parameters, 
growth hormone bioassay and its bioaccumulation in various body organs. Therefore, 36 weaned female Albino rats 
was induced divided randomly into 3groups: Zinc deficient (ZD) and overdose (ZO) as well as zinc adequate group as 
control (ZA) (12/group) by feeding them a diet containing 0.7, 7500 and 35mg Zn/kg respectively, for 8 weeks. The 
results showed highly significant differences in RBC count, Hb content, HCT%, MCV and MCHC ZA group as 
compared with ZD and ZO, while WBC count in both ZD and ZO were significantly higher as compared with ZA. 
Growth hormone level in ZA was significantly higher as compared with both ZD and ZO.    
ZA, ZO and ZD rats exhibited highest, moderate and lowest daily food intake, respectively. The highest weekly body 
weight gain was observed in ZA rats as compared with ZO and ZD rats. The ZA showed highly significantly higher 
relative organs weight to body weight in thymus, ovary, uterus, liver and spleen as compared to ZD and ZO groups. 
On the other hand, ZO showed significantly higher relative brain and kidney to body weights as compared with ZA. 
However, no significant relative heart and lung to body weight was observed between ZA, ZD and ZO groups.  
The mode of Zn bioaccumulation varied organs and treatment dose. Thus, ZD rats showed reduced Zn levels in bone, 
liver, uterus, skin, spleen, brain, heart and lung as compared with ZA rats. On the other hand, ZO group showed 
significantly higher Zn level in bone, liver, kidney, skin uterus and lung as compared with ZA group.   
From the results, it can be concluded that, zinc deficient and zinc overdose induced a negative effect on RBC count, 
HCT%, Hb, MCV, MCH, and MCHC.  Zinc deficiency and overdose induced a negative effect on serum growth 
hormone level, food intake, body weight gain, food efficiency ratio, body length and various body organs weight. Zinc 
overdose induced accumulation in bone, liver, kidney, uterus, skin and lung. The zinc deficiency produced a drop of 
zinc content in most organs examined such as bone, liver, heart, uterus, spleen, lung, brain and skin.   
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INTRODUCTION 
inc is very important from biological 
point of view since it is involved in a 

wide variety of cellular processes, estimated to 
be required for normal functioning of over 1000 
proteins, including different enzymes and 
transcription factors (Maret and Krezel, 2007). 
In addition, it is considered to be the most 
abundant trace element distributed throughout all 
body tissues at different levels (Jackson, 1989). 
Body has the capacity to retain constant zinc 
content from a wide range of dietary zinc intake 
and crossing this range causes a negative zinc 
balance (King et al., 2000). Dependent on these 
facts, zinc could produce serious 
pathophysiological conditions if taken in doses 
lower or higher than Recommended Daily 
Allowances (RDAs).  

Zinc deficiency in humans is common and 
more prevalent in areas where the population 
subsists on cereal proteins (Prasad, 1996). Low 
consumption of foods rich in Fe and Zn such as 
meat, particularly    red meat, and high 
consumption of foods rich in inhibitors of Fe and 
Zn absorption, such as phytate, certain dietary 
fibers and Ca, lead to the development of Fe and 
Zn deficiencies (Sandstead, 2000). Zinc 

deficiency can be due to inadequate dietary 
intake, decreased absorption, increased 
requirements, increased loss, or genetic disease 
(Sandstead 1995). 

The condition of zinc excess is less common 
than deficiencies and it is more prevalent in 
areas having galvanized plumbing in their 
residences (Sharrett et al., 1982), People that 
intentionally consume large doses of zinc as a 
dietary supplement (Hiller et al., 1995), the use 
of zinc lozenges to treat cold symptoms for over 
six weeks (Blake, 2008), and smoking cause 
overdose symptoms (Jenkins 1986).  
The objectives of the present work were to study 
the effect of zinc deficiency and excess on some 
hematological parameters, body organs Zn 
distribution and their effect on growth hormone 
and growth efficiency. 
 

Material and methods 
 Materials  
 Animals  
    36 young female Albino rats (two weeks old), 
weighed 33-35 grams were used during the 
present study. Animals were kept in animal 
house, allowed with free access to diet and 
water. After acclimation of the experimental 
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animals to the laboratory conditions for one 
week, they were divided into Zinc deficient 
group (ZD) fed on a zinc deficient diet 
(containing 0.7mg Zn/1 kg diet), Control group 
(ZA) fed on diet containing adequate amount of 
zinc (35mg Zn/1 kg diet) (Reeves, 1997) and 
Zinc excess group (ZO) fed on diet containing 
excess zinc (7500 mg Zn /1 kg diet) (Kang et al., 
1977). 
    The composition of the diet used during the 
present work was formulated according to 
Reeves (1997) recommendation (AIN-93G 
purified diet).  
    Special care was taken to avoid zinc 
contamination by housing the rats in stainless 
steel wire-mesh cages, fed in stainless-steel 
feeder and distilled water in plastic bottles with 
stainless-steel sipper tubes (Hosea et al., 2004). 
The rats were maintained at 23-25°C, at a 
relative humidity of 50-60% and exposed to a 
photoperiod of 12 hrs light followed by 12 hrs of 
darkness using automatic timer. 
    Food intake was determined daily and body 
weight was measured weekly using sensitive 
electrical balance (Voyager, Switzerland). The 
experiments were performed with least possible 
pains or discomforts to rats. 
 
Methods  
Sample collection 
    At the end of the experiment, animals were 
anesthetized intraperitoneally with ketamin 
(1ml/kg) and xyllacin 1% (50mg/kg body 
weight); their total body and head to tail lengths 
were measured before sacrificing the animals 
(Szczurek, 2000). Blood samples were 
withdrawn by heart puncture into heparinized 
tubes, analyzed within one hour for the 
determination of some hematological parameter 
such as RBC, WBC, Hb, HCT, MCV, MCH, 
MCHC using automatic computerized Coulter 
Counter (αSwelab, Sweden). 
Serum from non heparinize blood samples were 
used for immunoradiometric assays for growth 
hormone" sandwich-type assay ". The kit utilizes 
mouse monoclonal antibodies directed against 
two different epitopes of the molecule (growth 
hormone) and hence not competing. Samples or 
calibrators (standards) were incubated in tubes, 
coated with the first monoclonal antibody in the 
present of the second 125l-labled monoclonal 
antibody. The liquid content of the tubes were 
rinsed after incubation and bound radioactivity 
was measured. Values were calculated by 
interpolation from the standard curve. The 

radioactivity bound was directly proportional to 
its concentration in the sample.  
Heart, lung, liver, spleen, decapsulated kidneys, 
uterus, brain, femur bone, hairless skin and 
muscle samples were isolated and washed 3 
times with deionized water to remove the 
surrounding blood. The organs then dried by 
blotting with filter paper and weighed by 
sensitive balance. Then each of these organs was 
kept separately in a polyethylene bags. The 
organs were stored at -80C° in deep freezer until 
further analysis. 
For the determination of zinc concentration in 
various body organs, 0.1g of the desired tissue 
sample was digested with 2ml of acid mixture 
(1:1 HNO3:H2SO4) except bone samples which 
were digested with 1:1 Nitric acid :Perchloric 
acid mixture (Al-Habbib et al., 1990). The 
samples were left at room temperature for 24hr. 
for complete digestion, incubated at 70ºC for 
10hrs, filtered using Millipore filter (0.45 μm), 
and diluted to a final volume of 10 ml using 
deionized water.  
    The zinc content of the samples was 
determined using Atomic Absorption 
Spectrometer (Perkin Elmer AA200, USA) at a 
wave length of 214nm.  
All glass wares used in the analysis were soaked 
in 50% nitric acid for at least 16hr and 
thoroughly rinsed with deionized distilled water 
to avoid trace element contamination. (Sherman, 
A.  et al., 1985) 
Statistical analyses 

Experimental data were presented as 
means±standard error of the mean (SE). Data 
were tested using one-way analysis of variance 
(ANOVA).  These analyses were carried out 
using SPSS computer software (version 15). 
Differences were determined using Fisher’s 
Least Significant and considered significant at P 
>0.05. 
      
 Results 
 Effect of zinc on some hematological 
parameter: 
  Table (1) shows the effect of diet with adequate 
zinc content, zinc deficient and zinc overdose on 
some blood parameters. As the results indicate, 
WBC counts were significantly increased 
(P>0.05) in zinc deficient and zinc overdose rats 
as compared with zinc adequate rats. On the 
other hand, RBC counts were significantly 
decreased (P>0.05) in zinc deficient and zinc 
overdose rats as compared with zinc adequate 
rats. Parallel to RBC count, the hemoglobin 
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content, haematocrite  percentage (HCT%), 
mean cell volume (MCV), mean cell hemoglobin 
(MCH) and mean cell hemoglobin content 
(MCHC)  were also significantly (P>0.05) 

decreased in rats supplies with zinc deficient and 
zinc overdose groups as compared with adequate 
zinc(Table1).

 
Table (1): some hematological parameters in zinc adequate, zinc deficient and zinc overdose rats.  
Hematological  
Parameters 

                             Mean ±SE 
Zinc Deficient  Zinc Adequate Zinc Overdose 

WBC     ×109/L 8.6  ±0.38694 4.925 ±0.27759  8.416 ±0.27739 
RBC      ×1012/L 5.148 ±0.12272 6.897 ±0.09595 5.726 ±0.20723 
HGB     g/L 133 ±1.95078 147.875 ±1.96793 121 ±6.71317 
HCT      % 41.633 ±0.29954 47.3 ±0.19548 38.016 ±1.63226 
MCV     f L 60.355 ±0.28825 67.162 ±0.3727 50.9 ±2.40069 
MCH      pg 17.622 ±0.20261 21.55 ±0.38452 14.633 ±0.28829 
MCHC    g/L 318.555 ±1.65924 341 ±6.06512 315.5 ±6.90290 

 Effect of zinc on growth hormone 
    The level of growth hormone in rats fed on 
diet with adequate zinc content was much 
greater (7.458 ng/ml) as compared with its level 
in zinc deficient and overdose rats, in which the 
levels of growth hormone were only 0.238 and 
0.176 ng/ml, respectively  
Effect of zinc on food intake 
    The results of the effect of adequate zinc 
supply, zinc deficiency and overdose on food 

intake are shown in the Figure (1). As it is 
evident from the results, highest food intake was 
exhibited by rats supplied with adequate zinc 
where as lower food intake was observed in zinc 
deficient group. However, in zinc overdose rats, 
the food intake was intermediate. Statistical 
analysis of the results using ANOVA showed the 
presence of significant differences between both 
studied groups (P>0.05).
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Figure (1): Food intake in ZA, ZD and ZO groups. 
 
Effect of zinc on body weight gain   
    The rate of body weight gain was affected by 
zinc supply (Figure 2). Highest rate of weight 
gain was observed in rats supplied with adequate 
quantity of zinc. On the other hand, the rate of 

the body weight gain was significantly lower in 
zinc deficient and overdose rats (P>0.05). 
However, no significant difference in rate of 
body weight gain was observed between zinc 
deficient and overdose groups (P>0.05). 
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 Figure (2) Effect of zinc on body weight gain in ZA, ZD and ZO rats 
 
Body length 
    The head to tail and total body lengths were 
significantly higher (P>0.05) in rats supplied 
with adequate zinc as compared with zinc 

deficient and overdose rats(table 2). On the other 
hand, no significant difference was observed   
between zinc deficient and zinc overdose groups 
(P>0.05). 

 
Table (2) Effect of zinc on head to tail and total body lengths of ZA, ZD and ZO rats. 
                         Mean ±SE 
Length Zinc Deficient Zinc Adequate Zinc Overdose 
Head to tail  14.5± 0.58374 18.25±0.58374 15.1±0.58374 
Total length 27.5±0.83573 34.95±0.83573 28.625±0.83573 
 
Effect of zinc on food Efficiency Ratio:  
    Food efficiency ratio is a good indicator for 
the conversion of food intake to body tissue. 
Animals supplied with adequate quantity of zinc 
showed higher food efficiency ratio whereas the 
zinc deficient group showed a lower rate (Figure 
3). However, the food efficiency ratio in zinc 
overdose rats was in between the zinc adequate 

and deficient groups. Statistical analysis of the 
results showed the presence of the significant 
differences between zinc adequate group and 
zinc deficient and zinc overdose groups 
(P>0.05). However, no significant difference 
was observed between zinc deficient and zinc 
overdose groups (P>0.05). 
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Figure (3) Feed efficiency ratio in ZA, ZD and ZO rats. 
 
The effect of zinc on organ: body weight 
ratios 
     The effect of zinc on organ: body weight 
ratios are shown in Table (3). As the results 
indicate, the response to variation in zinc level 
was not the same for different organs. However, 
in most of the organs, the organ : body weight 
ratio of thymus, ovaries, uterus, liver and spleen 
was reduced in both zinc deficient and overdose 
as compared with zinc adequate group. On the 

other hand, in both brain and kidney the 
response was quite different, since the ratio of 
organ to body weight was decreased and non 
significantly in zinc deficient and increased 
significantly in zinc overdose group as compared 
with zinc adequate group. 
 However, heart: body weight and lung: body 
weight ratios were not influenced neither by zinc 
deficient nor zinc overdose as compared with 
zinc adequate. 

     
Table (3): Means organ: body weight of different organs in zinc deficient, zinc adequate and zinc overdose 
groups. 
 Mean of organ: body weight ratio ±SE 
Organs ZD ZA ZO 
Thymus 0.001317±0.00006 0.002458±0.00004516 0.2267±0.00006 
Ovaries 0.00043±0.00003 0.000925±0.00004626 0.000458±0.00003 
Heart 0.0039±0.00003 0.0038±0.00003786 0.0039±0.00006 
Uterus 0.001558±0.00005 0.0023±0.00004606 0.000992±0.00007 
Brain 0.010358±0.00024 0.010267±0.0003043 0.012542±0.00055 
Kidney 0.007033±0.00012 0.007167±0.0001606 0.008942±0.00024 
Liver 0.035892±0.00017 0.03975±0.0008757 0.031508±0.00102 
Spleen 0.004758±0.00020 0.006667±0.0002031 0.004592±0.00019 
Lung 0.006925±0.00022 0.0069±0.0001796 0.006917±0.00021 
     
Thymus: body weight was significantly 
decreased in zinc deficient   and zinc overdose 
group by 54% and 92%, respectively as 
compared with zinc adequate group. Similarly, 
ovaries to body weight ratio was decreased by 
47%  and  50% , uterus to body weight ratio was 
reduced by 68%  and  43% , liver :body weight 
ratio by 90% and 72%  , and spleen : body 
weight ratio by 71% and 69%, respectively as 
compared with zinc adequate group.  

    On the other hand, brain : body weight ratio 
and kidney: body weight ratio were increased in 
zinc overdose by 122%  and  125%, respectively 
as compared with zinc adequate group. 
Bioaccumulation of zinc in body organs 
    Bioaccumulation of zinc in various organs of 
rats supplied with adequate zinc as well as in 
zinc deficient and overdose rats are shown in 
Table (4).  
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Normal zinc distribution in various body organs 
in rats supplied with adequate zinc diet are 
shown in table (4) and figure (4). As it is 
obvious from the results, the highest zinc content 
(89.416 μg/g) was observed in the bone. This 
was followed by the liver (23.325 μg/g). On the 

other hand, low zinc content was observed in 
brain, muscle and skin, and varied between 
10.041 to 11.941 μg/g. The zinc content in the 
remaining organs, namely kidney, spleen, heart, 
uterus and lung was intermediate and ranged 
from  12.300 to 14.766μg/g figure(4).

 
Table (4): Mean values of zinc concentration in various body organs. N=12.                 
 Zinc Concentration μg/g wet weight  
Organs Zinc deficient(ZD) Zinc adequate(ZA) Zinc overdose(ZO) 
Liver 15.158±0.3331 23.325±0.2980 102.683±0.1344 
Bone 59.141±0.9428 89.416±0.7879 733.25±0.9029 
Kidneys 10.758±0.3011 14.766±0.2890 54.475±0.2770 
Brain 9.041±0.5310 11.941±0.5367 11.983±0.6308 
Uterus 9.325±0.2894 12.3±0.2640 14.45±0.2775 
Spleen 10.933±0.5225 14.091±0.5339 15.308±0.7401 
Muscle 9.608±0.2463 10.041±0.2965 10.875±0.4877 
Skin 7.008±0.1768 10.158±0.4006 11.941±0.4668 
Heart 10.4±0.6585 14.501±0.4731 15.925±0.6609 
Lung 11.05±0.3250 12.416±0.4206 14.583±0.4201 
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Figure (4) Mean zinc concentration (μg/g wet weight) in various organs of Zinc Adequate group

     In rats supplied with adequate zinc, zinc 
deficient and zinc overdose rats, the higher rate 
of zinc bioaccumulation was observed in bone 
followed by liver(figure 4). However, zinc 
bioaccumulation in the bone of zinc deficient 
rats was significantly lower (P>0.05) as 
compared with the control. On the other hand, 
zinc bioaccumulation in bone of overdose rats 
was much greater as compared with zinc content 
in the bone of zinc adequate rates (figure 5). 
Zinc content of the liver also showed more or 
less similar pattern of bioaccumulation, since it 

was decreased to 15.158 μg/g wet weight in zinc 
deficient rats, while the zinc content in liverwas 
significantly increased (P<0.01) to 102.683 μg/g 
wet weight in zinc overdose rats (figure 6). The 
zinc level of the kidney was comparatively lower 
in zinc adequate rats and the extent of the 
reduction was less but it was statistically 
significant (P>0.05) as compared with bone and 
liver. On the other hand, zinc bioaccumulation in 
the kidney of zinc overdose rats was much 
greater and highly significant as compared to the 
control (P>0.05).  
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Figure (5): Zinc concentration (μg/g wet weight) in bone of ZA, ZD and ZO groups. 
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Figure (6): Zinc concentration ( μg/g wet weight ) in liver and kidney of ZA, ZD and ZO groups. 

The zinc content of the remaining organs (brain, 
uterus, spleen, muscle, skin, heart and lung) in 
rats supplied with adequate quantity of zinc, was 
low and varies between 10.158 to 14.09 μg/gwet 
weight. In zinc deficient rats, the zinc 
concentration was significantly reduced (P>0.05) 
in all mentioned organs except the skeletal 
muscle in which the zinc level was non 

significantly reduced (P>0.05). In rats supplied 
with overdose diet, the zinc content was 
significantly increased in uterus, skin and lung 
(P>0.05). On the other hand, zinc content in 
brain, muscle, spleen and heart were slightly 
changed which was statistically not significant 
(P>0.05)(figure 7).    
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Figure (7): Zinc concentration ( μg/g wet weight ) in brain, uterus, spleen, muscle, skin, heart, and lung of the ZA, 
ZD and ZO groups. 
 
Table (5) Zinc concentration in percentage, for zinc deficient and overdose groups, as compared with zinc 
adequate group. 
Organs Means of Zinc 

concentration μg/g 
Percentage of zinc concentration as compared with 
zinc adequate (%) 

Zinc adequate Zinc deficient Zinc overdose  
Bone 89.416 66% 820% 
Kidney 14.766 N.S. 369% 
Liver 23.325 65% 440% 
Brain 11.941 76% N.S. 
Spleen 14.091 78% N.S. 
Skin 10.158 69% 118% 
Lung 12.416 89% 117% 
Uterus 12.3 76% 117% 
Heart 10.4 66% N.S. 
 
Zinc concentration in percent of ZD group in 
liver 65%, bone 66%, kidney 73% as compared 
with ZA group for each relative organ ( table 5). 
On the other hand, zinc concentration in percent 
of ZO group in liver 440%, bone 820% and 
kidney 369% as compared with ZA group for 
each relative organ. 
Zinc concentration in percent of ZD rats in brain 
76%, spleen % 78, skin 69%, heart 66 % lung 
89% and uterus 76% of ZA group for each 
relative organ, as shown in (table 5). On the 
other hand, zinc concentration in ZO group of 
uterus 117%, skin 118% and lung 117% as 
compared with ZA group for each relative organ. 

Discussion 
    The current work was undertaken to evaluate 
the importance of zinc for normal body function 

and the harmful effect of both zinc deficiency 
and overdose on the function of various body 
tissue and organs.   
Effect of zinc on some blood parameters   
    Significant decline in Hb content, RBC count, 
HCT%, MCV, MCH, MCHC was observed in 
female rats fed on zinc deficient and overdose 
diet. This reduction in RBC count and Hb 
content may be used as an indicator for 
development of mild to moderate anemia. 
Reduction in Hb content may be attributed to 
increased rate of disruption of erythrocyte 
formation in zinc deficient rats (El Hendy et al., 
2001).  Furthermore, they added that reduced 
RBC count in groups fed on zinc deficient diet, 
supports this concept. Moreover, they reported 
that decrease HCT% was obviously reflecting 
the reduction that occurs in blood cell count. 
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     Kraus et al., (1997) reported that dietary Zn 
deficiency in rats increased osmotic fragility of 
their erythrocytes and resulted oxidative damage 
was responsible for the impaired erythrocyte 
stability. Shakoori et al., (1994) suggested that 
reduction in RBC and Hb content of rabbits 
could be probably due to the blockage of protein 
synthesis and histogenesis. Interaction between 
folate and zinc metabolism emphasized that zinc 
deficiency impairs folate intestinal absorption, 
and subsequent Hb synthesis (Forges et al., 
2007). 
    It has been documented that excess dietary 
zinc in rats produces an antagonist effect on iron, 
copper, calcium, magnesium, and various 
enzymes (Lönnerdal, 2000). It has been 
suggested that zinc affects iron metabolism by 
impairing the incorporation of iron into or 
release from ferritin, which would influence iron 
absorption and storage.  Furthermore, it may 
shorten the life span of erythrocytes, and cause a 
faster turnover of iron (Settlemire and Matrone, 
1967).  
It has been also postulated that zinc alters copper 
metabolism by impairing its absorption as 
mediated primarily via the direct effect of zinc in 
intestine, since copper is known to be involved 
in some way in red blood cell formation (Van 
Campen, 1967). Furthermore, he added that zinc 
at high dietary levels interfere with normal 
copper metabolism resulting in an abnormal red 
blood cell synthesis.   
    Excess intake of zinc has been shown in 
humans to induce sideroblastic anemia, during 
which by unknown mechanism ferric ion 
accumulates in mitochondria of erythrocytes. 
One hypothesis is that the symptoms of anemia 
result from zinc-induced copper deficiency 
(Walsh et al.,1994).                                                                                                                                                                         
    Since Zn is essential for integrity of the 
immune system, its deficiency results in reduced 
immunocompetence and decreased resistance to 
infections (Prasad, 1993). Our results showed a 
significant increase (P>0.05) in WBC of female 
rats fed on low and overdose levels of Zn.  Zinc 
deficiency affects proliferation and maturity of 
lymphocytes adversely (Prasad, 1996). This 
increase in leukocyte counts may indicate an 
activation of the animal’s defense mechanism 
and immune system (El Hendy et al., 2001). 
Ajayi, (2008) reported that there was no 
significant difference (P < 0.05) in the packed 
cell volume (PCV) whereas white blood cell 
count (WBC) of the zinc deficient rats was 

significantly increased (P < 0.05) as compared to 
the control.  
Growth rate and efficiency  
Food intake: 
    The present study revealed a significant 
decrease in the food intake of both ZD and ZO 
rats as compared with ZA group. Zinc deficiency 
is invariably accompanied by alterations in smell 
and taste followed by anorexia and weight loss. 
Zinc may also control the appetite by acting 
directly on the appetite center in the brain. The 
growth inhibition caused by zinc deficiency may 
be partially  responsible  for  the changes  in  
smell,  taste  and appetite,  which  in  turn  
reduce  food  consumption  and utilization ( 
Brandao-Neto et al., 1995 ). 
     Zinc deficiency activates the hypothalamus-
pituitary-adrenocortical (HPA) axis and induces 
profound increases in glucocorticoid synthesis, 
and this may explain the role for corticosterone 
in reducing protein synthesis and cyclic food 
intake (Evans, 2003). 
        Maita et al., (1981) reported that food 
intake of rats and mice fed on excess zinc  diet 
reduced food intake and this agree with results 
of the current work. However, feeding chick 
with zinc overdose diet for 3 weeks causes 
significant reduction in food intake with growth 
retardation (Sandoval et al., 1998). Reduced 
food intake in rats fed on zinc deficient diet was 
reported by several workers (Fosmire et al., 
1975 and Wallwork et al., 1983; Evans, 2003). 
    Kang et al., (1977) showed that FER (food 
efficiency ratio) of ZD was significantly lower 
than control whereas ZO and control were not 
differed due to the use of comparatively much 
lower concentration as compared with 
concentration used on this study. 
 Total body and organ weight: 
 Total body weight (TBW) and length were 
significantly higher in zinc adequate as 
compared with both ZO and ZD groups. 
Adequate zinc level plays an important role in 
body growth, gene expression and induction of 
enzymes linked to DNA synthesis before cells 
enter the S phase of the cell cycle, as well as the 
induction of new proteins during cell 
differentiation (Chesters, 1989). Furthermore, he 
added that zinc deficiency in experimental 
animals caused considerable changes in the 
differentiation of chondrocytes, osteoblasts and 
fibroblasts, thus impairing bone maturation 
which is resulted from its  interference with 
DNA synthesis and osteoblast or fibroblast 
proliferation. Moreover, it has been reported that 
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zinc is present in appreciable amounts in cell 
nuclei, nucleoli, chromosomes, ribosomes, and 
secretory granules. Zinc  is  intimately  linked  to  
DNA  and  RNA  structure, synthesis and 
degradation, thus playing an important role in 
the  control  of  cellular  replication  and  
transcription (Salgueiro et al., 2002). 
    The current results agree with that reported by 
Stewart and Magee, (1963) and Maita et al., 
(1981), they indicated a significant decrease in 
the BW of young rat feeding a diet with excess 
zinc. Also it has been reported that zinc 
deficiency decreased the final body weight of the 
rats as compared to the control (Fraker et al., 
1978; Evans, 2003 and Ajayi, 2008). Kang et al., 
(1977) reported that weight gain and food 
efficiency ratio in ZD rats were lower than 
control whereas ZO remain unaffected due to the 
use of comparatively much lower concentration 
as compared with concentration used on this 
study.  
   Relative organ to body weight in ZD group of 
thymus, ovaries, uterus, liver and spleen were 
significantly lower than that of ZA group where 
as organs such as lung, kidney, brain and heart 
were showed no significantly difference from 
those of ZA group (P>0.05).   Thus, it seems that 
such tissues may have a minimal need for Zn 
that, if not met, limits their growth (Bentley and 
Grubb, 1991). 
   Relative organ weight to body in ZO group of 
thymus, ovaries, uterus, liver and spleen were 
significantly lower than that of ZA group. Brain 
and kidneys were significantly higher than that 
of ZA group but there were no significant 
differences in the relative weight of heart and 
lung for both ZO and ZA groups. 
    A similar lack of response of lung to body 
weight was observed in both ZD and ZO rats as 
well as heart of ZO group (Kang et al., 1977). 
Furthermore, an elevated kidney to body weight 
rate was observed in ZO group. Body length, tail 
length, femur dry weight, Liver, and kidney 
weights of the ZD rats were dramatically 
reduced as compared with the control group 
(Szczurek, 2000). Relative weight of brain in 
male rats fed on zinc overdose diet was higher 
than control whereas liver and spleen relative 
weight were lower as compared with control and 
heart relative weight was unaffected by zinc 
overdose diet (Maita et al., 1981), these agree 
with data in present study. 
Growth hormone: 
    The present work demonstrated that growth 
hormone levels of both ZD and ZO were 

significantly lower than that of the ZA group. 
This can be explained on the bases of the direct 
effect of zinc on the synthesis and action of GH 
(Brandao-Neto et al., 1995). Zinc deficiency also 
caused failure of GH secretion from the pituitary 

or reduce the capacity of its storage (Root et al. 
1979 and Roth and Kirchgessner, 2000).Growth 
hormone contains a zinc-binding site that is 
structurally and functionally important 
(MacDonald, 2000). Zinc deficiency may 
adversely affect GH production and/or secretion 
which in turn may inhibit the growth (Masayuki, 
2001). 
    Glucocoticoid is considered as one of the GH 
inhibitor, and since Zinc deficiency activates the 
hypothalamus-pituitary-adrenocortical (HPA) 
axis and induces profound increases in 
glucocorticoid synthesis (Evans, 2003). Due to 
the availability of limited information on the 
effect of ZO on the serum growth hormone level 
it is very difficult to compare the results. 
However, decreased growth hormone level in 
zinc deficient rats was observed by other 
workers (Roth and Kirchgessner, 1997; 
Kirchgessner and Roth, 1985 and Roth and 
Kirchgessner, 2000). 
Bioaccumulation  
    Zinc normally present in all body tissues and 
fluid, since it is an essential component of a 
large number of enzymes and stabilizes the 
molecular structure of cellular components and 
membranes and in this way contributes to the 
maintenance of cell and organ integrity 
(Hambridge et al., 1987). However, distribution 
of zinc is not homogeneous in different body 
tissue (King et al., 2000). Highest concentration 
of zinc in ZA rats was observed in bone 
suggesting that zinc play an important role in 
bone metabolism, it is considered to be an 
essential component of the calcified matrix 
(Salgueiro et al., 2002), rapid skeletal growth 
(Rossi et al., 2001) and may act as a reservoir 
for zinc (Morgan et al., 1988). Bone was 
followed by liver in which the rate of turnover of 
zinc may be high in such active organ where 
protein synthesis and hydrolysis are rapid (Roy, 
1961). The sequence of decreased zinc 
concentration is as follows: kidney, heart, 
spleen, lung, uterus, brain, skin and muscle, 
respectively. More or less similar data were 
observed by Prasad et al., (1967) with few 
exception in which zinc concentration graded 
from bone as highest concentration followed by 
liver, kidney, lung, heart and muscle, 
respectively. Other research worker observed 
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somewhat different data in which bone also have 
highest zinc concentration followed by kidney, 
lung, liver, heart, muscle and brain (Chvapil et 
al., 1974). Different Zn concentrations in 
different organs of the same group may reflect 
expendable excesses, possibly  stores,  of  the  
element  and  the tightness  of  its  binding, or  
incorporation, at essential  sites  (Bentley and  
Grubb , 1991). 

Zinc concentrations in ZD rats, in the current 
study, were reduced in bone, liver, uterus, skin, 
spleen, brain, heart and lung. Decreased zinc 
concentration in some organs of ZD group could 
increase the absorption mechanisms, but this 
couldn’t reach the homeostatic balance for such 
organ. This may be partly due to  reduced feed  
consumption  and  subsequent  lower  zinc intake  
than would have occurred  if all animals had  
consumed  the  same  amount beside the low 
zinc content of  the diet (Ott  et al., 1966). Miller 
et al., (1970) showed  that  zinc content  of  the  
round  muscle  is  not  affected by  a  zinc  
deficiency  or  by  unusually  high dietary  zinc  
levels.  Thus  it appears  that  there  is  a  certain 
number  of zinc binding  sites  in  this  tissue  
and  that  they  hold zinc  with  great  tenacity.  
Some of the metabolically more active soft  
tissues  such  as  liver,  kidney,  heart  and  lungs 
contain  far  higher  amounts  of  Zn   (Miller et 
al., 1970). 

Zinc  homeostasis  may  depends  on  the 
presence of  tissue  sites from which 
mobilization of  nonessential or  less  essential 
Zn may occur. Little  is  known about  this  
possibility, but based on their studies with rats, 
Giugliano and Millward  (1984)  suggested that 
there may be  “high-priority”  and  “low-
priority”  tissues. In times of need, Zn may be 
released from the latter to the former.  Their  
results  suggested that  bone  may  be  such  a  
low-priority  tissue and  skeletal  muscle  a  
high-priority  one. Giuglaino and Millward 
(1984) also suggested the “possibility” that the 
skin may function as a ‘‘sink“for Zn.    Such  a  
decrease in  the  Zn  content  of  bone  and  skin  
(“‘low- priority” tissues) may  help to  maintain 
Zn  levels in  substantial  amounts  for  “high-
priority” tissues  such  as  muscle,  brain,  
thymus,  testis, and  liver.  In   skin and bone, it  
is possible that a mobilization of nonessential Zn 
from  stores  could  occur  for  transfer  and 
utilization  by  other  tissues  (Bentley and  
Grubb , 1991). 
  Decreased Zinc concentration in bones of ZD 
group suggests that Zn deficiency may have a 

pronounced effect on the mobilization of non 
critical body Zn pools to maintain adequate 
circulating Zn levels and to be used by other 
tissues (Hall et al., 2005; King et al., 2000; and 
Szczurek, 2000). Furthermore, they suggested 
that Zn can be released through normal turnover 
of ossified tissue, not in response to acute 
deficiency, but over time during chronic 
deficiency (Hall et al., 2005).  
    Bone is not a zinc reservoir because bone zinc 
is not readily released during conditions of zinc 
deficiency in amounts sufficient to prevent 
deficiency signs. The functional significance of 
changes in bone zinc concentrations with regard 
to bone itself remains unclear, but defective and 
impaired bone growth and development have 
been described in severely zinc-deficient rats and 
marginally zinc-deficient monkeys (Morgan et 
al., 1988). 
  Generally, rats fed on zinc overdose diet 
showed comparatively a high rate of zinc 
bioaccumulation in various organs as compared 
with its bioaccumulation in control rats. Thus, 
high zinc concentration was observed in bone, 
liver, kidney, uterus, skin and lung of rats fed 
zinc overdose diet. The  large  amounts  of  zinc  
deposited  in certain  tissues fed  high  dietary  
zinc may  represent a part  of  the mechanism  
that protect  cells from  zinc  toxicity  and  not  
to  serve  as  a  source of  reserve  zinc (Kincaid  
and Cronrath  , 1979), or may be the result of 
initial synthesis of MT as a detoxification 
method and may reflect the limited homeostatic 
control for these tissue (Sandoval et al., 1998). 
    Excess zinc has an antagonistic effect on the 
normal deposition of calcium and phosphorus in 
the bones of young rats, feeding of zinc was 
associated with an increased excretion of 
calcium and phosphorus, 
 The primary effect of zinc toxicity on calcium 
and phosphorus is to interfere with the normal 
absorption and to increase the fecal excretion of 
these minerals (Stewart and Magee, 1963). 
    Since, excess zinc is released through the 
pancreas and small intestine as well as the 
kidney (Dufner-Beattie et al., 2005). Increased 
renal zinc concentration observed in zinc 
overdose rats in the present study may be 
associated with increased zinc handling by 
kidney resulted from increased zinc excretion.  
    The toxicity of Zn depends upon the source of 
Zn, its level in the diet, the duration of feeding, 
and the levels of other minerals in the diet (Pulz, 
2006). Our result also agreed with Cox et al., 
(1969) in which they reported that  zinc  
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concentration in maternal rats feed 0.4%zinc 
(zinc overdose diet) were elevated in maternal 
liver, kidneys and unaltered in the other(spleen,  
muscle and heart). Whereas disagree when 
proposed increased maternal brain zinc 
concentration.  
Stewart and Magee, (1963) reported the 
increased bone zinc concentration in young rat 
feeding a diet supplied with 0.7%zinc and this 
agree with our results. Kang et al.,(1977) ZO 
rats liver and kidneys shows increased zinc 
content whereas heart were unaffected by ZO 
diet, these data are agree with those observed in 
the present work. 
 
REFERENCES 
Ajayi, O.B. (2008). Effect of zinc deficiency on 

haematological parameters and mineral contents of 
selected tissues in albino rats. Pakistan Journal of 
Nutrition, 7 (4): 543-545. 

AL.Habbib, O.A.M.; Omer, Z.K., and Ehmayed, 
H.M.(1990). The effect of  ingested lead on some 
blood parameter and its bioaccumulation in various 
organs and tissues in rabbits. Ministry of health , 
scientific medical research studies, 1:147-155. 

Blake, S. (2008). Vitamins and mineral demystified, first 
edition, published by McGraw-Hill. United States 
of America. 

Bentley, P.J. and Grubb, B.R. (1991). Effects of a zinc-
deficient diet on tissue zinc concentrations in rabbit. 
J. Anim. Sci., 69:4876-4882. 

Brandao-Neto, J.; Stefan, S.; Mendonca, B.B.; Bloise, W., 
and Castro, A.B. (1995). The essential role of zinc 
in growth. Nutrition  Research, 15 (3): 335-358. 

Chesters, J.K. (1989). Biochemistry of zinc in cell division 
and tissue growth. In Mills CF, ed. Zinc in Human 
Biology. London: Springer Verlag, 109-118. 

Chvapil, M.; Peng, Y.M.; Aronson, A.L., and Zukoski, A. 
(1974). Effect of zinc on lipid peroxidation and 
metal content in some tissues of rats. J. Nutr., 104: 
434-443. 

Cox, D. H.; Sandra A. Schlicker, S. A., and  Chu, A.C. 
(1969).                       Excess dietary zinc for the 
maternal rat, and zinc, iron, copper, calcium, and 
magnesium content and enzyme activity in maternal 
and fetal tissues. J. Nutrition, 98: 459-466. 

Dufner-Beattie, J.; Huang, Z.L.; Geiser, J.; Xu, W., and 
Andrews, G.K. (2005). generation and 
characterization of mice lacking the zinc uptake 
transporter zip3. Mol. Cell Biol., 25(13): 5607–
5615. 

El Hendy, H. A.; Yousef, M. I., and Abo El-Naga, N. 
I.(2001). Effect of dietary zinc deficiency on 
hematological and biochemical parameters and 
concentrations of zinc, copper, and iron in growing 
rats. Toxicology, 167 :163–170. 

Evans, S.A. (2003). Metabolic and behavioral effects of 
zinc deficiency in rats. The Florida State University 
College of Human Sciences, Msc. thesis. 

Forges, T.;Monnier-Barbarino, P.; Alberto, J.M.; Gue, 
R.M.;´ant Rodriguez, J.L.Daval, and Gue ´ant, J.L. 
(2007). Impact of folate and homocysteine 
metabolism on human reproductive health.  Human 
Reproduction Update, 13(3):225-238. 

Fosmire, G.J.; Fosmire, M.A., and Sandstead, H.H.(1975). 
Zinc deficiency in the weanling rat:effects on liver 
composition and polysomal profiles. J. Nutr., 106: 
1152-1158. 

Fraker, P.J.; Depasquale-Jardieu, P.; Zwickl, C.M., and 
Luecke, R.W. (1978).  Regeneration of T-cell 
helper function in zinc-deficient adult mice. Proc. 
Nati. Acad. Sci., 75 (11):5660-5664. 

Giugliano, R. and Millward, D.J.(1984).  Growth and zinc 
homeostasis in the severely Zn-deficient rat.  Br. J. 
Nutr., 52:545-560.  

Hall, A.G.; Kelleher, S.L.; Lönnerdal, B., and  Philipps, A. 
F.(2005). A graded model of dietary zinc 
deficiency: effects on growth, insulin-like growth 
factor-I, and the glucose/insulin axis in weanling 
rats. Journal of Pediatric Gastroenterology and 
Nutrition, 41(1):72-80. 

Hambridge, K.M.; Casey, C.E., and Krebs, N.F.(1987). 
Zinc. In: Mertz, ed. Trace elements in human and 
animal nutrition, 5th ed. Volume 2. Orlando, FL, 
Academic Press, 1–137. 

Hiller, R.; Seigel D.; Sperduto R.D.; Blair N.; Burton, T.C.; 
Farber M.D.; Gragoudas, E.S.; Gunter, E.W.; 
Haller, J. and Seddon, J.M. (1995). Serum zinc and 
serum lipid profiles in 778 adults. Ann Epidemiol 
5:490-496. 

Hosea, H.J.; Rector, E.S., and Taylor, C.G.(2004). Dietary 
repletion can replenish reduced T cell subset 
numbers and lymphoid organ weight in zinc-
deficient and energy-restricted rats. Br. J. Nutr., 
91(5): 741-747. 

Jackson, M.J.(1989). Physiology of zinc: general aspects. 
in: zinc in human biology (Ed. C.F. Mills), Pp. 1–
14. Springer, London.110 The Nutritional Trace 
Metals. 

Jenkins, R.A.(1986). Occurrence of selected metals in 
cigarette tobaccos    and smoke.  IARC Sci. Publ., 
71:129-141. 

Kang, H.K.; Harvey, P.W.; Valentine, J.L., and Swendseid, 
M.E.(1977). zinc, iron, copper and magnesium 
concentration in tissue of Rats Fed Various 
Amounts of Zinc. Clin. Chem., 23(10): 1834-1837. 

Kincaid, R.L. and Cronrath, J.D.(1979). Effects of dietary 
zinc upon tissue zinc and percent unsaturated 
plasma-zinc binding capacity. J. Dairy Sci., 62:572-
576. 

King, J.C.;Shames,D.M.; and Woodhouse, L.R. (2000). 
Zinc Homeostasis in Humans, Journal of Nutrition. 
130:1360S-1366S. 



Journal of University of Zakho, Vol.1, (A) No.2, Pp 659-673, 2013             

671

Kirchgessner, M. and  Roth, H.-P (1985). Influence of zinc 
depletion and zinc status on serum growth hormone 
levels in rats. Biological Trace Element Research, 
7(4): 263-268. 

Kraus, A.; Roth, H. and Kirchgessner, M.(1997). 
Supplementation with vitamin C, vitamin E or β-
carotene influences osmotic fragility and oxidative 
damage of erythrocytes of zinc-deficient rats. J. 
Nutr., 127: 1290–1296. 

Lönnerdal, B.(2000). Dietary factor influencing zinc 
absorption. Journal of Nutrition, 130:1378s-1383s. 

MacDonald, R.S.(2000). The Role of Zinc in Growth and 
Cell Proliferation. Journal of Nutrition, 130:1500S-
1508S. 

Maita, K.; Hirano, M.; Mitsumori, K.; Takahashi, K., and 
Shirasu,Y. (1981). Subacute toxicity studies with 
zinc sulfate in mice and rats. J. Pesticide Sci., 
6:327-336. 

Maret, W. and Krezel, A.(2007). Cellular zinc and redox 
buffering capacity of metallothionein/thionein in 
health and disease. Mol. Med., 13: 371–375. 

Masayuki, K.(2001). Zinc in Endocrinology. international 
Pediatrics, 16 (3):1-7. 

Miller, W.J.; Blackmon, D.M.;  Gentry, R.P., and  Pate, 
F.M.(1970). 65Zinc  distribution  in  various  tissues  
of  zinc deficient  and  normal  bull  calves  with  
time  after  single  intravenous  or oral  dosing. J. 
Anim. Sci.,  31:149-156. 

Morgan, P.N.;Keen, C.L., and Lã–Nnerdal, B.(1988). 
Effect of varying dietary zinc intake of weanling 
mouse pups during recovery from early 
undernutrition on tissue mineral concentrations, 
relative organ weights, hematological variables and 
muscle composition. J. Nutr., 118: 699-711. 

Ott, E.A.; Smith, W.H.; Harrington, R.B.; Parker, H.E., and 
W. M. Beeson, W.M.(1966). Zinc toxicity in 
ruminants. iv. physiological changes in tissues of 
beef cattle. J. Anim. Sci., 25:432-438. 

Prasad, A.S., (1993). Zinc and enzymes.In: Prasad, A.S.,ed. 
Biochemistry of Zinc. NewYork: Plenum; 17-53. 

Prasad, A.S.(1996). Zinc deficiency in women, infants and 
children. J. Am. Coll. Nutr. 15: 113–120. 

Prasad, A. S.; Oberleas, D.; Wolf , P., and Horwitz, J. 
P.(1967). Studies on zinc deficiency: change in the 
trace element and enzyme activities in tissues of 
zinc deficient rats. J. Clin. Invest., 46: 549-557. 

Pulz, L.M.(2006). The importance of the supplementation 
of zinc in nursery pig diets. The faculty of the 
graduate school University of Missouri-Columbia, 
Msc. thesis. 

Reeves, P.G.(1997). Components of the AIN-93 diets as 
improvements in the AIN-76A diet. J. Nutr., 
127(5): 838S-841S. 

Root, A. W.; Duckett, G.; Sweetland, M., and Reiter, E. 
O.(1979). Effects of zinc deficiency upon pituitary 
function in sexually mature and immature male rats. 
J. Nutr., 109:958-964.  

Rossi, L.; Migliaccio, S.; Corsi, A.; Marzia, M.; Bianco, P.; 
Teti, A.; Gambelli, L.; Cianfarani, S.; Paoletti, F., 
and Branca, F.(2001). Reduced growth and skeletal 
changes in zinc-deficient growing rats are due to 
impaired growth plate activity and inanition. 
Journal of Nutrition, 2001;131:1142-1146. 

Roth, H.-P. and Kirchgessner, M.(1997). 
Konzentrationsverlauf an Wachstumshormon, IGF-
1, Insulin und C-Peptid in Serum, Hypophyse und 
Leber von Zn-Mangelratten. J. Anim. Physiol. 
Anim. Nutr., 77:91–101. 

Roth, H.P. and Kirchgessner, M.(2000). Concentration of 
growth hormone, IGF-1, insulin and C-Peptide in 
rat serum during development of alimentary zinc 
deficiency. Trace Elements in Man and Animals 10, 
312:1021-1024. 

Roy, B.(1961). Action of zinc on the hypothalamo-pilutary-
adrenal axis of the fish, guinea pig and dog on 
different experimental preparations. Proc. Nat. Inst. 
Sci. India.,28(1):13-28. 

Salgueiro, M.J.; Zubillaga, M.B.; Lysionek, A.E.; Caro, 
R.A.;  Weill, R., and Boccio, J.R.(2002). The role 
of zinc in the growth and development of children. 
Nutrition, 18: 510–519. 

Sandoval, M.; Henry, P.R.; Luo, X.G.; Littell, R.C.; Miles, 
R.D., and   Ammerman, C.B.(1998). Performance 
and tissue zinc and metallothionein accumulation in 
chicks fed a high dietary level of zinc. Poultry 
Science, 77:1354–1363.  

Sandstead, H.H. (2000). Causes of iron and zinc 
deficiencies and their effects on brain. J. Nutr., 
130:347s-349s. 

Sandstead, H.H. (1995). Is zinc deficiency a public health 
problem? Nutrition. 11:87-92. 

Settlemire, C. T. and Matrone G.(1967). In vivo effect of 
zinc on iron turnover in rats and life span of the 
erythrocyte. J. Nutr., 92(67):159-164. 

Shakoori, A.R.; Butt, U.; Riffat, R., and Aziz, F.(1994). 
Hematological and biochemical effects of Denitol 
administered for two months on the blood and liver 
of rabbits. Zeitschrift fuer Angewandte Zoologie, 
80: 165–180. 

Sharrett, A.R.; Carter, A.P.; Orheim, R.M., and Manning, 
F.(1982). Daily intake of lead, cadmium, copper, 
and zinc from drinking water:  the seattle study of 
trace metal exposure.  Environ. Res., 28(2):456-
475. 

Sherman, A.R.;  Helyar, L., and Wolinsky, I. (1985). Effect 
of dietary protein concentration on trace minerals in 
rat tissues at different ages. J. Nut., 115:607-614. 

Stewart, A.K. and Magee, A.A.(1963). Effect of Zinc 
Toxicity on Calcium, Phosphorus and Magnesium 
Metabolism of Young Rats, J. Nutrition, 82: 
('64)287-295. 

Szczurek, E. (2000). Effects of dietary zinc deficiency and 
repletion on metallothionein and ki-67 in rat  small 
intestine,  liver and kidney. Department of foods 



Journal of University of Zakho, Vol.1, (A) No.2, Pp 659-673, 2013             

672

and nutrition University of Manitoba Winnipeg, 
Manitoba, Canada. Msc.thesis. 

Van Campen, D. R.(1967). Zinc interference with copper 
absorption        in rats. J. Nutr., 91(4):473-476. 

Wallwork, J. C.; Milne, D. B.; Sims, R. L., and Sandstead, 
H. H.(1983). Severe zinc deficiency: effects on the 
distribution of nine elements (potassium, 

phosphorus, sodium, magnesium, calcium, iron, 
zinc, copper and manganese) in regions of the rat 
brain. J. Nutr., 113: 1895-1905. 

Walsh, C.T.; Sandstead, H.H.; Prasad, A.S.; Newberne, 
P.M., and Fraker, P.J. (1994). Zinc: health effects 
and research priorities for the 1990s, Environ. 
Health Perspect., 102(2):5-46. 

  

  

الخلاصة
ـدف هـذه الدرســة لتقـيم عوامــل 0و انســجته و سـوائله يعتـبر عنصـر الزنــك ثـانى اكثـر العناصــر انتشـارا بعــد الحديـد فى الجسـم    لــذا 

حيـث تم دراسـة زيادتـه ونقصـانه علـى عـدة محـاور منهـا الـدم وعلـى هورمـون النمـو .خطورة نقصه وزيادته مقارنة بالكميات المعتدلةمنه
  .و و تجمعه الحيوي في اعضاء الجسم المختلفة

مجموعـة سـيطرة و مجموعــة : المفطومـة حـديثا حيـث قســمت الى ثـلاث مجـاميعانـاث الجــرذان البيضـاء  36اجريـت هـذه الدراسـة علـى 
ملغـــم  7500و  0.7، 35حيـــوان مختـــبري غــذيت بطعـــام يحتــوي علـــى  12لــنقص الزنـــك ثالثــة لفـــرط الزنـــك ضــمت كـــل مجموعــة 

 يــا المرصوصــةنســبة حجــم الخلا، )RBCs(اظهــرت نتــائج تعــداد الكريــات الــدم الحمــر .اســابيع 8كغــم علــى التــوالي ولفــترة /زنــك
PCV%)( ، قيـــاس خضـــاب الـــدم)Hb( ،معـــدلات حجـــم كريـــات الـــدم )MCV( ، معـــدل خضـــاب الـــدم في الكريـــة الحمـــراء

)MCH   (مـــوعتي نقـــص الزنـــك وفرطـــه مقارنـــة بمجموعـــة الســـيطرة بينمـــا ســـجلت نتـــائج تعـــداد كريـــات الـــدم . انخفاضـــا معنويـــا 
كمـا  اظهـر مسـتوى هورمـون النمـو انخفاضـا معنويـا . ك مقارنـة بمجموعـة السـيطرةالبيض ارتفاعا معنويا  في مجموعتي نقص وفرط الزنـ

  .في مجموعتي نقص الزنك وفرطه مقارنة بمستواه في مجموعة السيطرة
موعـة نقـص الزنــك اقـل انخفاضـا  وفـرط الزنـك انخفاضـا معتدلامقارنـة  بكميـة الغــذاء  سـجلت نتـائج دراسـة كميـة الغـذاء السـتهلك 

كمـا لـوحظ انخفاضـا في اوزان جـرذان مجمـوعتي نقـص الزنـك  وفـرط الزنـك بمعدلمقارنـة بـاوزان الجـرذان . مجموعة السـيطرة المستهلك في
كمااضـــهرت نتــائج قيــاس وزن الاعضـــاء نســبة الى وزن الجســم فروقـــات معنويــة حيــث ســـجلت اوزان كــل مـــن . في مجموعــة الســيطرة

ل نســبة الى وزن الجســم في مجموعــة الســيطرة زيــادة معنويــا مقارنــة بمجمــوعتي نقــص الكبــد و الطحــا، الــرحم، المبــايض، الغــدة الزعتريــة
وزن الجسم في  مجموعة فرط الزنـك زيـادة معنويـا مقارنـة بمجموعـة : فيما سجلت اوزان كل من الدماغ و الكلى، الزنك  وفرط الزنك

اميع الثلاثةوزن الجس: السيطرة و لم يسجل اي فروق معنوية في اوزان القلب و الرئتين    .م بين ا
ـاميع المختلفـةحيث ان نقـص الزنـك ادى الى انخفـاض تركيـز الزنــك  بينـت نتـائج قيـاس التجمـع الحيـوي للزنـك تفاوتـا في الاعضــاء وا

نـك بينما فرط الزنـك سـبب تجمـع الز .و الرئة مقارنة بمجموعة السيطرة،  القلب، الدماغ، الطحال، الجلد، الرحم، الكبد ، في العظام
  .الجلد و الرئة، الرحم، الكلى، الكبد، في العظام

نسـبة ، ) (Hbخضـابالدم ،) (RBCsنستنتج مما ذكراعلاه بان نقص عنصر الزنك و فرطه يؤثر سـلبا علـى الكريـات الـدم الحمـر 
راء معـدل خضـاب الـدم في الكريـة الحمـ، )MCH(معـدل خضـاب الـدم في الكريـة الحمـراء ، (%PCV )حجم الخلايا المرصوصة

)MCH ( و معـدل  تراكيـز خضـاب الـدم في الكريـات)MCHC .( ان نقـص عنصــر الزنـك و زيادتـه في الجسـم لـه تـاثير ســلبي
فــرط . طــول الجســم ووزن اعضـاء الجســم المختلفــة، نســبة فعاليــة الغـذاء، وزن الجسـم، اســتهلاك الغــذاء، علـى مســتوى  هورمــون النمـو

كما ان نقص عنصر الزنـك يـؤدي . الجلد و الرئة، الرحم، الكلى، الكبد، ر في العظامعنصر الزنك في الجسم يؤدي الى تجمع العنص
  .الدماغ و الرئة،الطحال،القلب،الجلد، الرحم، الكبد، الى هبوط في محتوى الزنك في اغلب الاعضاء المفحوصة التي هي العظام
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