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ABSTRACT 
Seventy male albino rats of two ages: growing (2-months age, 102 + 10 g /rat) 

and adults (4- months age, 280 + 15 g / rat) were used in this study. The rats were fed 
on a balanced diet (21% crude proteins, 3% crude fats and 4% crude fibers). The 
treatments of oral administration of a single dose (3700 Bq/growing rat and 7400 
Bq/adult rat) of 137Cs (137Cs Cl salt) and prussian blue (PB, 300 mg/kg body 
weight/day for 60 days) were as the following combinations: [1] without 137Cs or PB, 
[2] 137Cs only, [3] PB only, [4] PB one day before 137Cs, [5] PB immediately after 137Cs, 
[6] PB one day after 137Cs, and [7] PB one week after 137Cs. All of body weight, total 
body water (TBW), fat-free body (FFB), total body fat (TBF), fat-free dry body 
(FFDB), total body protein (TBP), and total body ash (TBA).  

The data revealed that: adult rats had a significant (P<0.01) more mean 
values of final body weight, TBW, FFB, TBF, FFDB, TBP, TBA than growing rats. In 
both of growing and adult rats, 137Cs treatment caused decreases in final body 
weight; % change of body weight, TBW, FFB, FFDB, TBP, TBA. In both growing 
and adult rats, PB administration, only before or at the same time of irradiation, 
could eliminate the effects of 137Cs-gamma irradiation on : final body weight, % 
change in body weight, FFB, FFDB, TBP. However, PB administration, one or seven 
days post treatment, eliminated 137Cs treatment’s effects on TBF. 
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INTRODUCTION 
 

The deposition of radioactive fallout on cultivated land along with the increasing 
use of radioactive materials in both military and peaceful purposes (agriculture, 
medicine ....... etc.) could cause human being and livestock to be subjected to 
different modes of internal and external radiation stress. Numerous studies dealt 
with the different effects and hazards of the ionizing radiation. Such radiation 
initiates a long chain of biological events through its passage into the exposed 
animal cells. Up till now exact mechanisms by which the hazardous effects of 
ionizing radiation can be done are not completely recognized and form 
fundamental problem for more biological investigations. 
Ionizing radiation causes partial or complete damage to most of the vital biological 
processes [1]. About half of these hazardous effects are believed to result from 
free radicals produced in body water while the other half is due to direct ionization 
of biological molecules. 
Delayed body weight that develops later after irradiation has been reported by 
[2,3,4].  Brisbin [5,6] indicated that the observed reduction of body weight under 
the irradiation effect may likely be associated with a decrease of body water and 
/or lean dry component. 



Several previous animal experiments were conducted to study the effect of PB on 
the 137Cs elimination through the action of PB. Richmond and Bunde [7] 
concluded that the rate of 137Cs secretion would depend partly on turnover rate in 
the body tissues, particularly muscle, which accounts for a large proportion of the 
total body 137Cs activity. Also, Stather [8] concluded that the turnover rate of 137Cs 
in muscle tissues of young animals is faster than that of older animals. The 
International Atomic Energy Agency [9] recommended use of PB in cases of 137Cs 
contamination, and predicted a reduction of the 137Cs half-life to one-third of the 
initial value. Iron and toxic cyanide ions may be released by the hydrolysis of PB 
in the gastrointestinal tract, which can be considered proceeding in two steps.  
Fe4

III [FeII(CN)6]3 ↔ 4 Fe3+  + 3[Fe(CN)6]4-  
  [FeII(CN)6]3 ↔ Fe2+     + 6CN-  
Since the dissociation constant for the second reaction is very small (Kdiss = 10-35 

mol L-1) [10], cyanide ions should not be released. A percentage of 59Fe is retained 
in the body of the animal from hexacyanoferrates labeled in the Fe(III)-position. 
Ioannides [11] found that 59Fe is located mainly in the blood, spleen and liver of 
sheep. The studies carried out by Nigrovic [12] and Nigrovic et al. [13] on the 
effect of PB on cesium metabolism in the rats also included considerations of any 
toxic effects. It was shown that PB prevented the tissue uptake of orally 
administered 137Cs, enhance its clearance from the body and also had no toxic 
side-effects. In these studies, doses of 100 mg PB/day for 3 days or 100 mg 
PB/day for 11 days [12] were administered by gastric intubation. Further evidence 
of the non-toxicity of PB, was shown by the observation that its oral LD50 in mice 
was well above 5 g/kg body weight [14]. The metabolic behavior of ferric 
cyanoferrate was investigated by Dvorak et al. [15]. Following iv injection they 
noted that the [Fe(CN)6]4- ion was rapidly and virtually completely excreted in the 
urine. Following oral administration they reported that a small amount 
(approximately 2%) of the hexacyanoferrate ion was absorbed but there was no 
evidence of its decomposition; further more, no toxic side-effects were observed 
when 2% ferric hexayanoferrate was provided in the drinking water of rats for 12 
weeks. 

 
MATERIAL AND METHODS 

 
Seventy male albino rats of two ages: growing (2-months age with initial body 
weight of 102 + 10 g/rat) and adults (4- months age with initial body weight of 
280 + 15 g/rat) were used in this study to verify the role of prussian blue (PB) in 
eliminating the compositional effects of radioactive cesium (137Cs). The rats of 
each age were divided into 7 identical groups of 5 rats of approximately the same 
body weight. Rats of each age were housed in a group in metal cage specially 
designed to enable separate collection of urine and feces where rat fed and drink a 
fixed diet and water consumption without dispersion of food or water. The cages 
were kept in the animal house supported with adequate ventilation and under 



normal climate conditions (the temperature variation ranged between 20 0C and 30 
0C, relative humidity ranged between 45% and 75% and light period between 12 
and 14 hours/day). The rats were fed on a balanced diet contains: yellow corn; 
soybeans; bones meals; vitamins and sodium chloride, the composition of diet was 
21% crude proteins, 3% crude fats and 4% crude fibers. The nutritive value of this 
mixture is 65% total digestible nutrients and 14% digestible protein. Both of feed 
and water consumption were recorded daily. 
The radioactive isotope 137Cs in form of 137Cs Cl salt was properly diluted and 
used for in-vivo oral administration to the rats in only one single dose of 3700 
Bq/rat for growing rats and 7400 Bq/rat for adults. The administration was through 
the gastrointestinal tract using a special needle to ensure complete administration. 
However, the rats of each age were divided into 7 identical groups as the 
following: 

Group (1): rats of this group were considered as a control group, and kept on 

the used diet without radioisotope or Prussian Blue (PB) administrations.  

Group (2): rats of this group were only treated with the radioisotope dose 

without PB.  

Group (3): rats of this group were treated only with PB dose (300 mg/kg body 
weight/day) for 60 consecutive days to verify any biological side effect 
of PB. 

Group (4): rats of this group were treated with PB dose (300 mg/kg body 
weight/day) one day before 137Cs administration then followed by daily 
PB dose for 60 consecutive days.  

Group (5): rats of this group were treated with daily dose (300 mg/kg body 
weight/rat) immediately after 137Cs administration and then for 60 
consecutive days.  

Group (6): rats of this group were treated with the first daily PB dose (300 mg/kg 
body weight/rat) one day after 137Cs administration and then for 59 
consecutive days.  

Group (7): rats of this group were treated with the first daily PB dose (300 mg/kg 
body weight/rat) one week after 137Cs dose administration and then for 
53 consecutive days.  

All rats were kept for experimental period of two months (60 days), and all of 
body weight, feed and water intake were recorded daily. Six rats were died during 
this period. At the end of the experimental period all survival rats were sacrificed 
without anesthesia. However, in order to verify the changes in body composition 
of each rat under the effects of 137Cs and PB during the experimental period, the 



four compartment system (water, fat, protein and ash) of the treated rats were 
determined on minced rats bodies as following: 
Total body water (TBW, g), was determined by drying a sample from each minced 
rat in well ventilated drying oven at 105 oC for 24 h according to A.O.A.C. [16]. 
The total body water content was calculated using the sample water content.   
Fat free body (FFB, g) was calculated using the following equation:  
FFB = Total body water X 100/73.2                                                                  (1)  
The factor 73.2 was stated by Pace and Rothbon [17], and such factor revealing 
the ratio of FFB to TBW. Such factor is constant to the concept of water. 
Total body fat (TBF, g): was calculated using the following equation:  
TBF = Body weight – FFB                                                                                ( 2) 
Fat free dray body (FFDB, g) was calculated using the following equation:  
FFDB = FFB - TBW                                                                                           (3) 
Total body protein (TBP, g) was calculated using the following equation:  
TBP = FFDB  X 80.3/100                                                                                   (4) 
Where 80.3 is the ratio of TBP to FFDB was stated by Raid et al. [18]. Such ratio 
is rathconstant either at normal or abnormal conditions. 
Total body ash (TBA, g) was calculated by the following equation:  
TBA = FFDB - TBP                                                                                           (5)  
All data were examined by analysis of variance using unweighted means (to 
resolve the problem of unequal subclasses numbers), if necessary, this was 
followed by Duncan multiple range test according to Snedecor and Cochran [19]. 
 

RESULTS AND DISCUSSION 
CONCLUSION 

 
In the present study, rats were irradiated internally by oral administration of one 
single dose 137Cs of 3700 Bq/growing rat and 7400 Bq/adult rat.  
It has been found that adult rats had more significant  (P<0.01) initial and final 
body weights than the growing rats (Table 1a). Also, Table (1a) revealed that in 
both growing and adult rats, 137Cs dose caused a decrease in final body weight 
(from 180.5 to 160.0 g in growing rats, and from 326.4 to 297.9 g in adults). 
However, PB administration, only before or at same time of irradiation, could 
eliminate the decreased effect of 137Cs-gamma irradiation in both growing and 
adult rats. 
It has been revealed that growing rats had more highly significant (P<0.01) 
increase % in body weight than adult rats (Table 1b). In both of growing and adult 
rats 137Cs dose caused a highly significant (P<0.01) decrease in % change of body 
weight (from 89.3 to 39.4% in growing rats, and from 11.5 to 1.6% in adults). 
However, PB administration eliminated such effect in both growing and adult rats. 
137Cs ingestion caused significant decreases in body weight and % change in body 
weight, such decreases might participated in the different physiological disorders 
as a function of irradiation. The observed reduction in body weight of the rats was 



dependent generally on the magnitude of low feed intake [2, 20]. However, Muller 
and Moreng [21] attributed the observed depression of body weight to changes in 
functions of the pituitary gland especially the production of growth hormone or to 
an altered ability of body cells metabolic functions to respond to growth hormone. 
Osman [22] attributed the body weight loss to the deteriorating effects of radiation 
on the metabolic processes. In this respect, Shebaita and Fahmy [23] concluded 
that the decrease of body weight following whole-body gamma irradiation was 
dependent generally upon the magnitude of anorexia, injury of gastrointestinal 
tract and deep destructive change in the neurosecretory centers of the 
hypothalamus. In support of this Thomson et al. [24] reported that the intestine 
may not be capable of correcting the transport abnormalities of nutrients arising 
from sublethal doses of abdominal irradiation. The results of Breiter and Sassy 
[25] are in accord with this interpretation. After two or three weeks of acute 
irradiation, gastritis develops, that results in a dose dependent drop of body weight 
[25]. However, the observed reduction of body weight in the present study under 
the effect of 137Cs gamma-irradiation might be due to damage and inflammation of 
many tissues including those responsible of water balance such as lung and 
kidney. Within weeks to months of irradiation (of the respiratory system) 
cytotoxic damage of alveolar type II cells or endothelial cells [26], and increased 
vascular permeability which results in reduction of plasma volume and leakage of 
red blood cells through capillary wall [27] are documented. Further, disfunction of 
the gastrointestinal tract [3,25] is evident. Fekry et al. [20] reported similar results, 
that gamma irradiation cause a decrease of feed intake resulting in a decrease of 
body weight. This was supported also by the reports of Milanov et al. [3] using 5, 
10, 20 and 50 k Gy doses. In 1992, Minamisowa and Hirokaga [28] using  gamma 
rays (1.0 or 2.0 Gy) to the whole body he reported that, the body weight for the 
irradiated group of female mice is  significantly lower than that for the control 
group.  
In the current study growing rats had less significant (P<0.01) mean values of 
TBW and FFB than adult rats (Table 2a). 137Cs dose caused a significant (P<0.01) 
decrease in TBW and non-significant decrease in FFB in both of growing and 
adult rats. However, PB administration, one day before 137Cs-gamma irradiation, 
eliminated the decreased effect of 137Cs dose on TBW and FFB in both of growing 
and adult rats. 
Growing rats had less significant (P<0.01) mean values of TBF and FFDC than 
adult rats (Table 2b).137Cs dose caused a significant (P<0.05) increase in TBF and 
FFDC in both of growing and adult rats. However, PB administration, one day 
post 137Cs-gamma irradiation, minimized the effect of 137Cs dose on TBF in 
growing rats.  
Growing rats had less significant (P<0.01) mean values of TBP and TBA than 
adult rats (Table 2c). 137Cs dose significantly (P<0.05) decreased TBP and TBA in 
both of growing and adult rats. However, PB administration, one day before 137Cs-
gamma irradiation, minimized the decreased effect of 137Cs dose on TBP and TBA 



in both growing and adult rats. In the present study, it has been found that 137Cs 
gamma-irradiation caused significant increases in both total body fat and total 
body ash; and significant decreases in the rest of body composition parameters 
studied. These results do not agree well with previous studies on Nichols broiler 
chicks [28, 37]. The decrease of body compartments (protein and water) agrees 
with the recorded decrease of body weight reported by Brisbin [5,6]. He indicated 
that the observed reduction of body weight of irradiated chicks might likely be 
associated with a decrease of body water and/or lean dry component. Under the 
shed of the above maintained discussion, all of the observed effects of 137Cs on the 
studied parameters were lasted for more than two months, which may due to that 
the orally given 137Cs doses directly affected GI tract, liver and spleen. Such 
injuries take a large time until the recovery occurs. On the same respect, Egutkich 
et al. [38] found that the recovery of external irradiation effects was delayed until 
50 -100 days-post irradiation. In 1961, Esnouf et al. [29] found that there was no 
difference under X-irradiation in fat or water content of the individual organs 
(testis, heart and kidney) compared with those of the control. There was no 
difference in the overall hydration of the carcass. The same author supported these 
finding where a lack of effects In the extracellular water in spleen, liver and 
gastrocnemius muscle. However, Brisbin [5,6] indicated that the observed 
reduction of body weight of irritated chicks may likely be associated with a 
decrease of body water/or lean dry component.  
Prussian Blue (PB) is an insoluble and nontoxic drug that bind to 137Cs in the 
gastrointestinal tract lumen forming a stable complex [8,14]. PB stops the internal 
circulation of 137Cs and increases its rate of loss from the body through feces. The 
action of the drug is due to its ability to block the internal circulation of cesium. Its 
effectiveness, therefore, depends on the amount of cesium secreted into 
gastrointestinal tract lumen [8].  

Nigrovic et al. [3] showed that there were no toxic side-effects and no 
impairment of growth in young rats maintained for 120 days on a diet 
containing 1% ferric cyanoferrate. 

In view of the results demonstrated in the work it can be concluded that: in both 
growing and adult rats, PB administration, specially when given before or 
immediately after 137Cs intake, could eliminate the decreased or increased effects 
of 137Cs-gamma irradiation on: final body weight, % changes in body weight, 
TBW, FFB, FFDC and TBA. However, PB administration, one or seven days post 
137Cs-gamma irradiation, eliminated 137Cs treatment’s effect on TBF in both 
growing and adult rats.  
Generally, all findings of the present study could be explained as above mentioned 
literature.  
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Table (1a). Mean + SE of initial and final body weight changes of growing and  
adult rats in treated groups 

Initial body weight, g Final body weight, g Group 
Growing rats Adult rats** Growing rats Adult rats** 

1   94.7 ±  4.714 296.0 ± 19.752  180.5 ±16.289*  326.4 ± 24.502* 
2   98.2 ±  5.483 291.2 ± 24.890 188.4 ±  6.601 308.1 ± 26.003 
3   94.6 ±  3.271 295.4 ± 22.750 160.0 ±32.895 297.9 ± 30.874 
4 112.2 ±  3.572 269.7 ±   6.623 199.8 ±  7.525 317.4 ± 15.598 
5 106.8 ±10.559 272.4 ± 15.291 190.3 ±  9.971 330.8 ± 23.344 
6 100.9 ±  7.111 269.3 ± 21.358 178.4 ±13.290 303.0 ± 27.556 
7 100.4 ±  5.244 266.9 ± 20.990 199.9 ±10.788 307.1 ± 21.890 

** P<0.01 
  * P<0.05 
 

 
 

Table (1b). Mean + SE of % body weight changes of  
growing and adult rats in the treated groups  

% change in body weight Group 
Growing rats** Adult rats 

1   89.3 ± 11.293** 11.5 ± 2.536** 
2   92.7 ±   8.427   9.8 ± 2.113 
3   69.4 ± 35.866   1.6 ± 4.468 
4   78.1 ±   4.579 13.9 ± 2.795 
5 100.7 ± 14.012 15.6 ± 1.953 
6   78.4 ± 12.572 13.9 ± 3.964 
7   84.3 ± 16.968 12.7 ± 2.336 

                ** P<0.01 
 

 
 
 
 

Table (2a). Mean + SE of total body water and fat-free body changes of growing  
and adult rats in the treated groups 

Total body water (TBW), g Fat-free body (FFB), g Group 
Growing rats Adult rats** Growing rats Adult rats** 

1 112.5 ±   9.474** 191.1± 5.291** 153.8 ± 12.984 261.1 ±   7.228 
2 114.9 ±   2.531 191.3±14.470 15.0 ±   3.458 261.3 ± 19.766 
3 102.1 ± 18.551 178.7±16.218 146.3 ± 27.555 244.2 ± 22.155 
4 114.8 ±   4.830 194.1±10.858 156.8 ±   6.597 265.2 ± 14.833 
5 116.4 ±   8.478 202.0±12.804 159.0 ± 11.583 292.7 ± 20.889 
6   99.6 ± 11.411 178.7±15.339 136.1 ± 15.590 244.1 ± 20.095 
7 112.9 ±   6.559 176.5±12.895 154.2 ±   8.960 241.1 ± 17.615 

** P<0.01 



 
 
 

Table (2b). Mean + SE of total body fat and fat-free dry content traits changes of  
growing and adult rats in the treated groups 

Total body fat (TBF), g Fat-free dry content (FFDC), g Group 
Growing rats Adult rats** Growing rats Adult rats** 

1 17.9 ± 2.647 26.7 ± 2.724 41.2 + 3.480* 71.2 ± 2.076* 
2 19.4 ± 2.640 32.1 ± 6.286 42.1 ± 0.937 70.0 ± 5.297 
3 21.5 ± 5.608* 35.2 ± 4.097* 39.2 ± 7.384 65.4 ± 5.937 
4 27.3 ± 2.168 32.2 ± 4.254 42.0 ± 1.768 71.1 ± 3.975 
5 19.2 ± 2.957 32.0 ± 6.730 42.6 ± 3.104 74.0 ± 4.682 
6 17.9 ± 4.665 33.6 ± 5.164 36.5 ± 4.179 65.4 ± 5.616 
7 23.9 ± 2.163 32.6 ± 6.913 41.3 ± 2.401 64.6 ± 4.720 

** P<0.01 
  * P<0.05 
 
 
 

Table (2c). Mean + SE of total body protein and total body ash traits changes of  
growing and adult rats in the treated groups 

Total body protein  (TBP), g Total body ash (TBA), g Group 
Growing rats Adult rats** Growing rats Adult rats** 

1 33.1 ± 2.793* 57.2 ± 1.666* 8.1 ± 0.685* 14.0 ± 0.409* 
2 33.8 ± 0.744 56.2 ± 4.254 8.3 ± 0.183 13.8 ± 1.042 
3 31.5 ± 5.929 52.5 ± 4.768 7.7 ± 1.454 13.1 ± 4.657 
4 33.8 ± 1.420 57.1 ± 3.192 8.3 ± 0.349 14.0 ± 0.783 
5 34.2 ± 2.493 59.4 ± 3.759 8.4 ± 0.612 14.1 ± 0.973 
6 29.3 ± 3.355 52.5 ± 4.507 7.2 ± 0.823 12.8 ± 1.128 
7 33.2 ± 1.928 51.9 ± 3.791 8.1 ± 0.473 12.7 ± 0.930 

** P<0.01 
  * P<0.05 


