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ABSTRACT 

Rats are whole body irradiated with different Gamma radiation doses. Zinc 
and Copper, two important trace elements in the biological processes and 
Ceruloplasmin, a protein which carries more than 95% of serum Cu and has 
important roles in many vital processes are followed up in the irradiated rat 
sera. This work aimed to determine the changes in the serum levels of the 
three parameters (Zinc, Copper and Ceruloplasmin) through eight weeks 
follow up period (1st, 2nd, 3rd, 4th, 6th, and 8th week) post whole body gamma 
irradiation with three sub-lethal doses (2, 3.5 and 5 Gy) of rats. All the 
experimental animals did not receive any medical treatment. Zinc and 
Copper were measured using discrete nebulization flame atomic absorption 
spectrometry. Ceruloplasmin was measured using a colorimetric method. 
The statistical analyses of the results show that the Zinc levels of the 
irradiated groups decreased significantly post irradiation and then were 
recovered at the 6th week post irradiation. The Copper levels of the 
irradiated groups increased significantly and then were recovered at 6th week 
post irradiation. The levels of Ceruloplasmin in the same groups increased 
significantly throughout the whole follow up period. The  conclusion is that, 
Zinc, Copper and Ceruloplasmin levels changed significantly in the 
irradiated groups compared to the control group with a maximum effect 
noted in the groups irradiated with the higher doses and that the lower dose 
irradiated groups recover earlier than the higher ones. Also the correlation 
between Copper and Zinc is reversible at different doses and that between 
Copper and Ceruloplasmin is direct. 
 

INTRODUCTION 
 

Many elements are essential in the biological system; they are mostly present in trace 
amounts. Most of them act as cofactors in important vital processes. Disturbances in the levels 
of these elements may cause biological disorders which, leads to diseases or even death 
involved in many biochemical processes supporting life. The most important of these 
processes are cellular respiration, cellular utilization of oxygen, DNA and RNA reproduction, 
maintenance of cell membrane integrity, and sequestration of free radicals (Chan, et. al., 
1998).  

Zinc is an essential element which is important for numerous biochemical mechanisms. 
Immunity, actions on several hormones and more than 200 enzymes, have proved to be zinc-
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dependent. This essential trace element is required for the majority of metabolic pathways. 
The immune system depends on zinc in almost every aspect, since it participates in cellular 
growth as a cofactor for enzymes necessary for the synthesis of ribonucleic acid (RNA) and 
deoxyribonucleic acid (DNA). It also controls among other functions as gonadal growth and 
development (Vanderkooy and Gibson 1987, Favier, 1993, Salgueiro et al., 2000). Zinc, in 
trace level, has antioxidant functions, stabilizes membranes, and plays a role in the activity of 
Zn metalloenzymes. Erythrocytes and leukocytes carry considerable amount of tightly bound 
zinc. The cell membrane also carries zinc and loses it in case of mild zinc insufficiency 
(Brandao-Neto and Bell 1994). 

Copper (Cu) is an essential trace element for the body. It is rapidly absorbed from the 
stomach and small intestine and mainly stored in the liver (Gissen 1994). Copper is a critical 
functional component of a number of essential enzymes known as cuproenzymes. The 
copper-dependent enzymes have very important roles in the biological processes. The most 
important of them are those, play a critical role in cellular energy production, help in the 
formation of strong and flexible connective tissue, involve in synthesis of hemoglobin and 
oxidizing ferrous iron to ferric iron, and help in a number of reactions essential to normal 
function of the brain and nervous system. Copper helps in the formation of transferrin by 
means of ceruloplasmin, functions as an antioxidant, plays a role in growth of new blood 
vessels, wound healing, and recovering from heart attacks and strokes (Brem 1999). Adequate 
copper levels are essential for the previous functions and others but when levels are only 
slightly above the normal physiological amounts, copper can be toxic. Any mild abnormality 
or impairment of liver function can lead to copper disturbances (Folkman 1985 and Brem 
1999) 

Ceruloplasmin is a protein of the α2-globulin fraction of human blood serum. 
Hepatocytes synthesize ceruloplasmin, which is subsequently found in plasma, but 
extrahepatic gene expression has been documented for this protein. Among the organs 
expressing ceruloplasmin gene are the brain, lung, spleen, and testis. Ceruloplasmin carries 
copper from liver to numerous tissues (Vassiliev et al., 2005). Despite the need for copper in 
ceruloplasmin function, this protein plays no essential role in the transport or metabolism of 
this metal. Aceruloplasminemia is a neurodegenerative disease resulting from inherited loss-
of-function mutations in the ceruloplasmin gene (Nathan et al., 2002). Ceruloplasmin is also 
an iron oxidase; for this capacity, it has been labeled ferroxidase I. In addition, ceruloplasmin 
is an acute phase reactant, whose concentration increases in inflammation, infection, trauma, 
injury…etc. (Fox et al. 1995). For these properties it is known as an antioxidant. 
Ceruloplasmin has other functions, including the oxidation of serotonin, epinephrine, and 
norepinephrine (Vassiliev et al., 2005).  

The information about the effects of ionizing radiation on biological systems was mainly 
generated from experimental studies on animals and the radiation accidents. These effects 
depend on many factors as radiation type, radiation dose, type and radiosensitivity of the 
tissue receiving the radiation, volume of tissue exposed and also the type of exposure (El 
Naggar 2009). Exposure to ionizing radiation disturbs the levels of most trace elements 
(Mustafa et al., 2003)  

This work aims to study the effect of different radiation doses (2, 3.5 and 5 Gy) on the 
levels of two essential trace elements (Zn and Cu) and an important correlated protein (Cp) at 
different time intervals (1, 2, 3, 4, 6 and 8 weeks) post irradiation. 
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Material and methods 

Seventy healthy virgin female Wister rats (Rattus rattus) were selected of the same age 
(4-5 month) and with average weight of 120-150 grams. Animals were divided into four main 
groups; the first group contained ten animals used as a control group. The other three groups 
each containing twenty animals were whole body gamma irradiated with 2, 3.5 and 5 Gy. The 
animals were housed in a good aeration cages. The temperature of the animal house (20-30o 

C) and the humidity (50-75 %) were fixed all over the experiment period. Balanced animal 
food was available. Blood samples were collected weekly at 1st, 2nd, 3rd, 4th, 6th and 8th weeks 
post irradiation by standard vein puncture using glass capillary and sera were separated 
serum.  

Co-60-3500 (Noraton-Norcontrol AS) unit was used for animal irradiation. The unit is 
installed at the Middle Eastern Regional Radioisotope Center for Arab Countries 
(MERRCAC), Cairo, Egypt. The output energy of γ-ray of Co-60 appears at two peaks of 
1.17 and 1.33 MeV. The source provided an average absorbed dose rate of 1.23 Rad per 
second at the time of the experimental work. 

Determination of Zn and Cu had been carried out using discrete nebulization cup 
connected to Varian SpectrAA 220 Flame Atomic Absorption Spectrometry (Al-Ashkar 
1997). Air acetylene was used as a fuel for the flame. Synthetic serious of standard solutions 
of Cu and Zn were prepared by diluting standard solutions of 1000 mg/L of each element. The 
stock solutions were purchased from Merck Company, Germany. Serum sample were diluted 
five times with double distilled water just before analysis. The calibration curves of Cu and 
Zn were used to determine the unknown sample values.  

For quantitative determination of Ceruloplasmin Cu protein a series of concentration 1.2, 
11.4, 25.8, 58.8 mg/dl were used as calibrators. UV-VIS Spectrophotometer Model V-570 
was used to measure the Ceruloplasmin concentrations. 

The mean value and the standard error were estimated for the individual result. The data 
of different groups were statistically analyzed using ANOVA II to distinguish the significant 
effect of different radiation doses and time intervals post irradiation. The multiple range test 
were used to explain the significant different between each two different dose groups and also 
each two different time interval groups (Osman, 2000).   

RESULTS AND DISCUSSION 

The main signs and symptoms appeared after irradiation were, transient loss of appetite, 
laziness that persisted for several days, loss hair of the fur, external sites of infection 
containing pus, apparent loss of weight and mild to moderate diarrhea. The severity and 
duration of the signs and symptoms were pronounced according to the irradiation dose. 
Recovery from these sings and symptoms was observed by the end of the second to eight 
week post irradiation depending on the radiation dose and the severity (Abdou, 2004).  

The most plausible case for the signs and symptoms recorded is the radiation induced 
effect on the cell populations of the haemopoietic system, the intestinal mucosa, vulnerable 
stem cells of the bone marrow and the intestinal crypts. (Demopoulos, Harry, 1973, El 
Naggar, 2009). 
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Whole body irradiation with acute sublethal doses causes damage to the biological 
systems, leading to disturbances in many biochemical parameters (Abdou, 2004). The levels 
of Zn, Cu and Cp have been critically changed post irradiation (Mustafa et al., 2003).  

Tables (1, 4 and 7) show the mean values ( X ) and standard error values (SE) in Zn, Cu 
and Cp of different groups respectively and also show the degree of significant for the two F-
values. Tables (2, 5 and 8) and (3, 6 and 9) show the degree of significant difference between 
each two groups in Zn, Cu and Cp through multiple range test for doses and time intervals 
respectively. 

Table (1): Mean value (mg/l) and standard error of Zn for different animal groups 

X ± SE  
Weeks  Control 2 Gy 3.5 Gy 5 Gy 
1st 1.49 ± 0.078 1.25 ± 0.098 1.00 ± 0.058 0.68 ± 0.093 
2nd 1.21 ± 0.064 1.10 ± 0.061 0.86 ± 0.059 0.38 ± 0.109 
3rd 1.62 ± 0.044 1.10 ± 0.058 0.95 ± 0.040 0.40 ± 0.032 
4th 1.41 ± 0.128 1.28 ± 0.060 1.15 ± 0.029 0.70 ± 0.117 
6th 1.37 ± 0.089 1.53 ± 0.033 1.29 ± 0.103 0.62 ± 0.123 
8th 1.65 ± 0.104 1.33 ± 0.088 1.25 ± 0.026 0.94 ± 0.117 
F-Values F1 (doses) =150.52 *** F2 (intervals) = 24.746*** 

† Insignificant, * Significant, **Highly Significant and *** Very Highly Significant 

Table (2): Multiple range test (I) of Zn for different doses 

 Zn 5.0 Gy 3.5 Gy 2.0 Gy 
Control 0.84*** 0.38*** 0.20*** 
2.0 Gy 0.65*** 0.19***  
3.5 Gy 0.46***   

Table (3): Multiple range test (II) of Zn for different weeks 

Zn 2nd 3rd 1st 4th 6th 8th 
Control 0.68*** 0.64*** 0.48*** 0.42*** 0.31*** 0.29*** 
8th 0.39*** 0.35*** 0.19** 0.13* 0.02†  
6th 0.37*** 0.33*** 0.17** 0.11†   
4th 0.26*** 0.22*** 0.06†    
1st 0.20*** 0.16**     
3rd 0.04†      

Tables (1-3) show that Zn levels of the three irradiated groups decreased very highly 
significant compared to the control group from the 1st week post irradiation. Then the level 
began to increase at the 4th week. This increase was earlier in the groups irradiated with 2 and 
3.5 Gy. 

Radiation damage to the colon may be initiated by mitochondrial events. Loss of crypt 
fluid absorption and increased permeability coincided with decreased intercellular adhesion 
between crypt epithelial cells and loss of pericryptal sheath barrier function (Thiagarajah, et 
al., 2000).  
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The mean serum and tissue zinc levels in acute and chronic diarrhea groups were 
significantly lower than healthy controls. Zinc depletion occurs in diarrhea, more in the 
chronic state; with the continuation of diarrhea, Zn depletion progresses; (Sachdev, et al., 
1990). 

The deficiency of zinc, an essential micronutrient for human growth, development, and 
immune function, impairs the overall immune function and decreases the resistance to 
infection (Walker and Black, 2004) 

High Zinc level induces hepatic and intestinal metallothionein (MT) synthesis which in 
turn binds copper, rendering it unavailable for absorption into the bloodstream and so copper 
level lower (Smolarek and Stremmel 1999) and vice versa. 

Table (4): Mean value (mg/l) and standard error of Cu for different animal groups 

X ± SE  
Weeks Control 2 Gy 3.5 Gy 5 Gy 
1st 2.60 ± 0.075 3.87 ± 0.376 3.37 ± 0.145 5.23 ± 0.186 
2nd 2.71 ± 0.059 3.45 ± 0.029 3.86 ± 0.142 5.55 ± 0.176 
3rd 3.01 ± 0.059 3.55 ± 0.029 4.32 ± 0.073 5.76 ± 0.034 
4th 2.71 ± 0.019 3.22 ± 0.017 4.10 ± 0.058 5.45 ± 0.029 
6th 2.57 ± 0.076 2.71 ± 0.082 3.93 ± 0.035 3.65 ± 0.198 
8th 2.64 ± 0.099 2.95 ± 0.029 3.75 ± 0.029 4.12 ± 0.060 
F-Values F1 (doses) = 512.200***  F2 (intervals) = 97.208***   

Table (5): Multiple range test (I) of Cu for different doses 

Cu Control 2.0 Gy 3.5 Gy 
5.0 Gy 2.25*** 1.67*** 1.07*** 
3.5 Gy 1.18*** 0.60***  
2.0 Gy 0.58***   

Table (6): Multiple range test (II) of Cu for different weeks 

Cu Control 6th 8th 1st 4th 2nd 
3rd 1.83*** 1.11*** 0.93*** 0.38*** 0.28** 0.25** 
2nd 1.58*** 0.86*** 0.68*** 0.13† 0.03†  
4th 1.55*** 0.83*** 0.65*** 0.10†   
1st  1.45*** 0.73*** 0.55***    
8th  0.90*** 0.18*      
6th  0.72***      

      From tables (4-6) it is clear that the Cu level increased very highly significantly compared 
to the control level from the 1st week post irradiation in the three irradiated groups. The Cu 
level started to recover after the 4th week but it was still significantly very highly compared to 
the control level. The level in the group irradiated with 2 Gy seems to approach the control 
level at the 6th week.  

     The mean serum copper level in acute diarrhea was significantly greater in comparison 
with healthy control groups (Sachdev, et al., 1989). 
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       Enterocytes lining the small intestine are shed periodically into the lumen of the intestine 
with the intracellular copper-MT complex and subsequently, excreted (DeJong 2000). Based 
on the above mentioned information it is clear that Zn has an inverse relationship with copper 
in the body which mean that when zinc goes up, copper goes down and vice versa.  

       The previous results could be explained as follow, Zn level decreased after irradiation, 
because of the diarrhea as mentioned earlier so the synthesis of MT might  be lowered or 
inhibited and subsequently Cu-MT complex formation will be lowered or inhibited so , the Cu 
element will be absorbed into the bloodstream and so Cu serum level increased.    

Table (7): Mean value (mg/dl) and the standard error of Cp for different animal groups 

X ± SE Weeks  
Control 2 Gy 3.5 Gy 5 Gy 

1st 22.50 ±1.708 30.15 ± 2.573 46.63 ± 3.588 41.50 ± 3.379 
2nd 25.68 ±1.959 48.00 ± 3.266 44.40 ± 3.803 62.10 ± 4.555 
3rd 25.75 ± 1.315 33.00 ± 3.266 51.15 ± 2.329 85.20 ± 2.894 
4th 17.40 ± 1.435 35.53± 1.298 55.50 ± 2.255 90.75 ± 6.343 
6th 16.47 ± 1.298 11.25 ± 1.031 39.53 ± 3.359 84.00 ± 7.211 
8th 16.10 ± 0.289 17.50 ± 1.443 31.40 ± 3.140 48.00 ± 3.786 
F-
Values F1 (doses) = 292.652 *** F2 (intervals) = 83.153 *** 

 

Table (8): Multiple range test (I) of Cp at different dose 

Cp Control 2.0 Gy 3.5 Gy 
5.0 Gy 47.94*** 39.35*** 23.82*** 
3.5 Gy 24.12*** 15.53***  
2.0 Gy 8.59***   

 

Table (9): Multiple range test (II) of Cp at different weeks 

Cp Control 8th 1st 6th 2nd  3rd  
4th  39.94*** 28.29*** 21.16*** 15.66*** 9.09*** 4.14† 
3rd  35.80*** 24.15*** 17.02*** 11.52*** 4.95*  
2nd 30.85*** 19.20*** 12.07*** 6.57*   
6th  24.28*** 12.63*** 5.50*    
1st  18.78*** 7.13**     
8th  11.65***      

     From the tables (7-9) it is obvious that the Cp levels of the three irradiated groups were 
very highly significantly increased from the 1st week post irradiation compared to the control 
group. They continued to be very highly significantly elevated compared to the control group 
till the end of the follow up period. The Cp level of the group irradiated with 2 Gy reached the 
control level after the 4th week.     

     It was mentioned that the most reliable biomarker for monitoring copper level is 
ceruloplasmin (Duckett, et al., 2000). Ceruloplasmin synthesis by the liver is controlled by the 
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amount of copper absorbed into the blood and become available to the liver; therefore, as 
copper is reduced, serum ceruloplasmin is reduced. (Brewer, et al., 2000) and this may 
explain the elevation in Cp level post irradiation in the current study since Cu level increased. 
Cp releases into circulation to serve in the defense against inflammation. Furthermore, 
ceruloplasmin is a prominent antioxidant in serum that can scavenge a variety of oxygen 
derived free radicals (Chahine et al., 1991). Oxygen radicals produced by radiation (Ohshima 
et al., 1996) cause acute inflammation and tissue injuries, which result in ceruloplasmin 
induction during the course of inflammation (Hall, 1994). 

     It could be concluded that, Zn, Cu and Cp levels changed significantly in the irradiated 
groups compared to the control group. 

     The maximum effect was noted in the higher doses irradiated groups. Also the parameter 
levels of the low dose irradiated groups restored earlier than the high doses irradiated group. 
This behavior occurs normally without any treatment. 

      From this work it is recommended that supplementation with Zn element in case of 
irradiation will improve the level of Zn level and consequently the immunity. The Cu level 
will decrease as a result of improve Zn level and so avoid the toxicity of high Cu level.  Also 
by improving the Cu level the abnormal high level of Cp will be adjusted.    

Figures (1 and 2) prove the strong correlation between Zn and Cu at different doses and 
at different time intervals. Figures (3 and 4) prove the strong correlation between Cu and Cp 
at different doses and at different time intervals.  
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       Figure (1) shows that the correlation between Zn and Cu at different doses is reversible. It 
is clear that  as the Zn level decreases with increasing the radiation dose the Cu level increases 
(as discussed  before). The correlation coefficicent of this relation is highly significant (r = -
0.9968**). 

      Figure (2) illustrates that the correlation between Zn and Cu at different weeks  is 
also reversible. From the curve it is clear that the 6th and the 8th weeks have the nearest 
position to the control, which indicate that recovery occur at these weeks. The 2nd and the 3rd 
weeks have the farest position from the control group, which indicate that the maximum 
effect of irrdiation occur at these weeks.  The correlation coefficicent of this relation is very 
highly significant (r = -0.939***). 
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      Figure (3) shows that the correlation between Cu and Cp at different doses is direct. It is 
clear that  as the Cu level increases with increasing the radiation dose the Cp level increases 
(as discussed  before). The correlation coefficicent of this relation is highly significant (r = 
0.9967**). 

      Figure (4) illustrates that the correlation between Cu and Cp at different weeks is also 
reversible. From the curve it is clear that the 6th and the 8th weeks have the nearest position to 
the control, which indicate that recovery occur at these weeks. The the 3rd week has the farest 
position from the control group, which indicate that the maximum effect of irrdiation occur at 
this week.  The correlation coefficicent of this relation is highly significant (r = 0.8551**). 
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