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ABSTRACT 
 

Lead considered as one of the most risk toxicity of environmental contamination. It causes an increment accumulation in food 

especially plant food. Also, soy flour is widely used, inexpensive and a highly nutritional source of protein. So, this investigation aimed 

to study the effect of soy flour (as plant protein source) enriched by spirulina against lead toxicity by using male and female rats. Results: 

Additional lead acetate in drink water caused a decreasing in hematological tests, blood Fe, Ca and Zn contents. While, spirulina 

improved status of hemoglobin level and blood Fe content. Whereas, the rats fed on soy flour groups resulted in a high shear force and 

bone Pb content compared with rats fed on combine with soy flour and Spirulina. Conclusions: Do not depend on plant protein only 

against lead exposure. Must be combine with animal protein specially milk and milk products.   

Keywords: Spirulina platensis, soy flour, lead toxicity, rat,  
 

INTRODUCTION 
 

The most toxic of heavy metals is lead and it has a 

wide distribution for its great usefulness. Several studies 

have linked health problems with high concentrations of 

industrial minerals, elements from contaminated rivers, and 

carelessness of the public service of water (Atibu, 2013). 

Lead is heavy metal which has toxic effect for living 

beings even in a very low amount, electrical power sources 

and is used frequently in dye, plastic and fertilizer industry 

(Jensen et al., 2001). Lead (Pb) causes damage to the 

erythrocyte membrane resulting in hemolysis or a decrease 

of blood Fe level which might be decrease concentration of 

hemoglobin and hematocrit value (Ancheva et al., 2003). 

Lead is absorbed through digestive and respiratory 

tracts, and skin. After absorption into the blood, about 99% 

of lead is bound to erythrocytes and the remaining 1 

percentage stay in plasma to be carried to other tissues 

(Howard et al, 1973). Lead has many interferes with a 

variety of body processes and has toxic to the body systems 

including cardiovascular, reproductive, hematopoietic, 

gastrointestinal and nervous systems, renal functions and 

release of glutamate [ (Patocka and Cerny, 2003), (Kosnett, 

2006)  and (Xu et al., 2006)].  

Changes in the composition of red blood cell (RBCs) 

membrane proteins and lipids, which inhibit haemoglobine 

synthesis, insufficient erythrocyte production, and reduce red 

cell, survive (Ancheva et al., 2003). 

Spirulina familiar for 3.5 billion years in the earth 

as the oldest life formula is a type of cyanobacterium. 

Spirulina (blue-green algae) is consumed, as human food 

because of it is high protein and nutritive value. Beside 

high contents of vitamins, minerals, essential fatty acids 

and antioxidant pigment such as carotenoids and 

antioxidant enzymes (Premkumar et al., 2001). 

Spirulina is wide-ranging biological activities and 

ant oxidative, anti-inflammatory, anti- mutagenic, antiviral, 

cardio protective, anticancer properties (Mohan, et al., 

2006) and immune enhancing (Simsek, et al., 2007). The 

additional of Spirulina caused an increasing the 

hemoglobin concentration, red blood cells (RBC) and 

white blood cell (WBC) counts, and erythropoiesis during 

chemotherapy (Zhang et al., 2001). 

According to, (Hodis et al., 2011) who reported that 

soy flour (SF) supplementation as a primary preventive 

therapy remains unexplored. The same authors mentored 

that isoflavone soy flour (ISF) also reduced subclinical 

atherosclerosis assessed as carotid artery intima-media 

thickness progression. Health benefits of soy may be 

attributed to isoflavone content. For example genistein, the 

major isoflavone in soy has been shown to improve 

cardiovascular health by modulating lipid profile and 

improving endothelial functions in postmenopausal women 

(Squadrito, et al., 2003). 

The aim of this study was investigated the  protection 

effects of soy flour and spirulina on hematological tests and 

some bone mineral contents induced lead toxicity in rats 
 

MATERIALS AND METHODS 
 

Materials:- 

Soybean flour was obtained from Food Technology 

Research Institute, Agricultural Research. Spirulina was 

obtained from Algal Biotechnology unit –National Research 

Center. Sugar, and corn oil were obtained from a local 

market in Giza, Egypt. Casein (Protein ≥85%), cellules, salt 

mixture, vitamins mixture and choline chloride, nitric acid 

and peroxide hydrogen were punched from El-Gomhoira, 

Cairo, Egypt.  Kits which were used to determine plasma 

minerals were punched from Gamma-Tread Company, 

Cairo Egypt. 

Methods 

Biological study: 

Sixty adult 30 animals Male and 30 Female 

Sprague –Dawley rats aged 8 weeks old (110±5g) were 

purchased from the laboratory Animal Department, Food 

Technology Research Institute, Agricultural. Research 

center Giza, Egypt.  Animals were housed in plastic cages 

and fed on basal died as observed by (Reeve et al, 1993) 

till weighted 162.00±3 g for male and 142.00±3 g for 

female). Then, modified percent of protein to (20%) as 

according by (Barltrop and Khoo, 1975). Also, provided 

water ad libitum for one week as adaptation period. The 

animal room Temperature was maintained at 21 C ±2°C 

with lighting 12 h and relative air humidity from 40 % to 

60. Lead (pb) groups (G2 to G5) received experimental 

diets and lead acetate (2 g/L) dissolved in water. 
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Experimental Design                                                                                                    

After the adaptation period a week the rats were 

randomly divided into 5 groups and 5 subgroups (A for 

male and B for female) each subgroup contains 6 rats 

individual   as a follows;                                                                                                

Group (1): Rats fed on basal diet and drink tap water (as 

negative control).                                             

Group (2): Rats fed on basal diet and lead acetate (2 g/L) 

dissolved in water (as positive control). 

Group (3): Rats fed on basal diet with spirulina (0.3%) of 

diet and lead acetate (2 g/L) dissolved in water.                                                   

Group (4): Rats fed on soybean flour and lead acetate (2 

g/L) dissolved in water. 

Group (5): Rats fed on soybean flour with spirulina 

(0.3%) of diet and lead acetate (2 g/L) 

dissolved in water. The experimental diets as 

a shown in Table (1). 
 

Table 1. Different ingredients used in experimental 

diets (g/100g) 
Ingredients G1 G2* G3* G4* G5* 

Corn starch 46.29 46.29 46.29 30.8 30.5 
Casein 23.5 23.5 23.5 -- -- 
Sugar 10 10 10 10 10 
Corn oil 10 10 10 7.33 7.33 
Salt Mix 4 4 4 4 4 
Vitamin mix 1 1 1 1 1 
Choline chloride 0.2 0.2 0.2 0.2 0.2 
Cellules 5 5 5 5 5 
Spirulina -- -- 0.3 -- 0.3 
Soybean flour** -- -- -- 41.67 41.67 
* Protein as 20% of diet    **Drink water contained lead acetate (2g/L)       

*** DM of soybean flour was (48g/100g   weight) 
 

Blood Samples    

The body weight was recorded weekly.  Blood 

samples were collected after 30 and 60 days of experimental 

period. At the 60th day, the animals were weighted and 

anaesthetized by diethyl ether. Blood samples were collected 

from eye plexuses into two heparinized tube to obtain the 

whole blood, one of them subjected to measure the 

hematological profile immediately and the other subjected to 

analysis some blood minerals as described by (Yang et al., 

2006).  The carcasses were dissected and bones were cut off, 

washed, weighed and determined some mineral contents.  

Biochemical Assay: 
Blood hemoglobin (g/dl), hematocrit value (%), red 

blood cells (x106/µl), white blood cells (x103/µl) and 
differential white cell count (x103/µl) platelets (x103/µl), 
hematocrit (HCT), mean corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration, (MCHC) were determined in 
whole blood by Coulter counter M4 (30) system according 
to the method of (Moser et al., 2001).  

Blood minerals  

Whole blood samples (0.5ml) was digested by nitric 

acid and hydrogen peroxide. Then dilution to 10 ml by di-

ons-water to measurement mineral contents Pb, Fe, Zn, and 

Ca. 

Bone analysis 
Bone minerals (pb, Ca, Fe, P and Zn) were 

determined according to the methods outline in (AOAC, 
2000). Bone length and thickness of each femur were 
measured using a venier Caliper according to the method of 
(Arjmand et al, 1996). Shear force was measured as 

according by (Bourne, 2002); the probe speed was 1 mm s-
1. The values are expressed Newton (N). 

Statistical Analysis: 

Statistical analyses were using SPSS Program 

(version 19). Data were expressed as means± SEM and the 

Statistical analysis was per formed using one-way analysis 

of variance followed by Duncan's tests (Snedecor and 

Cochran, 1989). 
 

RESULTS AND DISCUSSION 
 

This study reveals that, soy flour as plant protein with 

Spirulina showed a protective effect against lead acetate 

contamination. The decreasing in lymphocyte, RBC and 

WBC counts, MCHC, HGB and PLT were observed after at 

30 and 60 (p<0.05) for positive controls in both male and 

female. Results in Tables (2 and 3) showed that, the 

effectiveness of soy flour enriched  spirulina on blood picture 

for male and female adult rats which feeding for 60 days. 

Generally, lead acetate was added with the concentration of 

(2g/L) in drinking water caused to decrease for all 

hematological tests. In additional of Spirulina, amounted with 

(0.3%) in group (3) caused an increase in hemoglobin level in 

compared to positive control group. While, the replacement 

of casein by soy flour decreased the hemoglobin level in 

group (4). Moreover, the mixture between soy flour and 

spirulina caused decreases in the hemoglobin. These results 

were showed in both male and female rats. Results showed 

also a highly significant differences between with negative 

and positive control groups at (p<0.05).   
Spirulina platensis has a positive effect on the 

metabolism of iron and hemoglobin in rats that they were 
absorbed with a high level of heavy metals such as Pb, Ca 
and Hg (Chojnacka et al., 2005). According (Jeyaprakash 
and Chinnaswamy, 2005) reported that, supplementation by 
Spirulina platensis could exert a protective effect against Cd 
and Pb induced destruction of RBCs. Also, in the same study, 
Spirulina platensis administration decreased the toxic effects 
of Cd and Pb on the hematological values and has a 
protective role for anemia. Previous studies have already 
suggested that, supplementation by spirulina weight by useful 
in adjuvant of anemia caused by lead toxicities (Simsek et al., 
2009). And, (Rahman et al., 2012) reported that, treatment 
with Spirulina was effective in lead – induced toxicity and 
restore altered values of hematological and biochemical 
parameters. Moreover, interaction of lead with hemi 
biosynthesis has been related to inhibition of cytoplasmic and 
mitochondrial enzymes (ATSDR, 1993) and the decreasing 
in the activity of the main enzymes in heme biosynthesis due 
to defects in iron metabolism as said by Calderan-Salinas et 
al., (1993).  

Concerning to white blood cells (WBCs), this study 
resulted in an increasing amount of white blood cells 
(WBCs). This increasing is mainly due to an increase in 
monocyte counts. This result with the line of (Mugahi et al., 
2003) who found that, total leukocyte count had increased, 
and might be due to an increase also in neutrophil and 
monocyte counts. Yagminas et al., (1990) who reported that 
leukocytosis due to that lead-induced inflammation. The 
present study showed that rats which fed on soy flour resulted 
in decrease in monocytes cells in compared to negative 
controls. This result is agreement parcel with Soung et al., 
(2006) who reported that, soy intake with the amount of 
(25g/day) for a year caused decrease in monocytes for 
female.   
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Table 2. Effect of lead acetate (2g/L) and soy flour on hematological determinants for male rats. 

Groups 
RBCs 

(X106/µl) 

HGB 

(g/dl) 

HCT 

(%) 

MCH 

(pg) 

MCHC 

(g/dl) 

MCV 

(fl) 

PLT 

(X103/ µl) 

WBCs 

(X103/µl) 

Differential white cell count (X103/µl) 

Lymphocyte Monocytes Segment 

Blood picture after 30 days 

G1 6.08ab 13.33a 39.53a 21.93a 33.66a 65.03a 714.66ab 12.43a 8.93a 1.50a 2.00a 

G2 5.65b 12.23ab 36.80ab 21.66a 33.23a 65.16a 609.66b 12.82a 9.94a 1.50a 1.82a 

G3 7.04a 14.16a 38.86a 20.06a 33.86a 59.23b 556.66b 10.40a 6.59a 1.15a 2.65a 

G4 6.83a 11.06b 38.00ab 16.46b 30.23b 54.43c 672.66ab 11.87a 8.22a 1.43a 2.21a 

G5 6.67a 10.76b 35.50b 15.73b 30.26b 51.90c 889.00a 7.48a 5.64a 0.16b 0.03b 

Blood picture after 60 days 

G1 6.51a 14.00a 44.00a 28.00a 33.00a 83.66a 763.33a 12.51b 8.13b 0.94a 1.88c 

G2 4.51b 12.56a 37.33b 27.33a 32.33a 82.33a 591.60b 10.48c 7.40c 0.78a 3.21a 

G3 4.70b 14.10a 33.33c 27.33a 32.66a 84.00a 515.67c 9.53d 5.40e 0.51a 1.81b 

G4 4.11b 11.73a 33.61c 27.00a 32.33a 81.33a 369.00e 14.93a 8.80a 0.80a 3.14b 

G5 4.10b 11.63a 30.67c 26.00a 31.66a 81.00a 464.66d 9.74d 6.13d 0.36a 2.67a 
* Each value in a column followed by the same letter is not significantly different at (p ≥0.05) 

** Control (-) G1;   Control (+) G2; Control (+) plus 0.3% spirulina   G3; Soy flour G4; Soy flour plus 0.3% spirulina G5 
 

Table 3. Effect of lead acetate (2g/L) and soy flour on hematological determinants for female rats 

Groups 
RBCs 

(X106/µl) 

HGB 

(g/dl) 

HCT 

(%) 

MCH 

(pg) 

MCHC 

(g/dl) 

MCV 

(fl) 

PLT 

(X103/ µl) 

WBCs 

(X103/µl) 

Differential white cell count(X103/µl) 

Lymphocyte Monocytes Segment 

Blood picture after 30 days 

G1 5.81ab 13.20b 37.86b 22.73b 34.86c 65.20c 620.33ab 14.51a 13.67a 1.93a 0.73a 

G2 6.17bc 12.36b 35.76b 22.20b 32.56b 61.36b 532.66ab 11.35ab 10.59a 1.23a 3.20b 

G3 5.49a 12.56b 36.73b 20.80b 34.20c 66.96c 501.00a 11.69ab 8.44a 1.03a 2.21ab 

G4 6.59c 10.70a 35.86ab 16.20a 30.46a 53.26a 653.66ab 11.42ab 8.76a 0.93a 1.71ab 

G5 6.26bc 9.66a 32.86a 15.46a 29.46a 52.53a 666.00b 9.33b 7.81a 1.19a 1.66ab 

Blood picture after 60 days 

G1 5.81b 13.20b 37.86b 22.73a 34.86b 65.20a 620.33a 14.67a 12.77a 0.67a 2.32b 

G2 5.85b 10.81a 46.66c 28.66d 32.00a 83.33cd 445.00b 10.59b 7.05c 0.83b 2.87a 

G3 5.73b 14.70b 47.66c 28.00cd 33.00ab 85.00d 376.00c 10.66b 7.48b 0.78a 2.31b 

G4 3.92a 11.20a 33.66a 26.33bc 31.66a 81.00ab 382.00c 8.60c 7.32bc 0.63a 1.90ab 

G5 3.50a 10.00a 33.66a 25.00b 31.00a 80.00b 426.66b 8.50c 6.30d 0.37b 2.35a 
* Each value in a column followed by the same letter is not significantly different at (p ≥0.05)  

** Control (-) G1;   Control (+) G2; Control (+) plus 0.3% spirulina   G3; Soy flour G4; Soy flour plus 0.3% spirulina G5 
 

Some of blood minerals are presented in Table (4) 

after 30
 
and 60 days of experimental period. Generally, 

Fe, Zn and Pb contents on 60
th
 days were lower than the 

other after 30
th
 days for both male and female. While, 

blood Ca was increased for male in compared with 

female rat groups. The female rats were higher decrease 

than male. The male rats in group (3) which fed on 

spirulina with the amount of (0.3%) only to basal diet 

caused an increasing of Ca, Fe and Zn contents after 60 

days both male and female in negative control groups. 

While, the addition of Spirulina with (0.3%) to soy flour 

as replacement of casein caused decrease in blood Fe 

after 60 days of feeding (46.09%) in compared with 30 

days of feeding. Meanwhile, the female rats in lead 

groups were decrease in blood Ca, Fe, Zn and Pb levels. 

The female rats which fed on soy flour and drinking tap 

water contained lead acetate with the concentration of 

(2g/L) had a high decrease with 52.35 and 73.33% in 

compared to group which fed on soy flour mixture with 

Spirulina (0.3%) in blood Fe and Zn.  

Concerning to blood Pb, Table (4) mentioned in, 

effect of drinking water which contained lead acetate 

amounted with (2g/L) and replaced casein by soy flour as 

source of plant protein on blood Pb. Generally, both male 

and female rats in negative control groups had the lowest 

level of blood Pb. Moreover, the results also showed that, 

blood Pb contents after 60 days was lower than those of 

male rats after 30 days. These results may be due to 

accumulate of lead in the bone. While, male rats in groups 

(4 and 5) fed on soy flour had high levels of blood Pb. 

It could be seen from the above results, that male 

rats which fed on soy flour with spirulina at (0.3%) had 

more decreasing in blood Pb level than those of male rats 

fed on soy flour only. 

The female rats had a different result as shown in 

Table (4). The female rats in negative control had the 

similar results of blood Pb (0.28 ppm). The female rats in 

G2 and G3 had decrease in blood Pb level after 60 days by 

(0.79 and 0.27, respectively). Meanwhile, the female rats in 

groups (G 4 and G5) fed on soy flour enriched spirulina 

had an increase amount in blood Pb level after 60 days of 

feeding period by (0.41 and 0.43, respectively). 

Lead toxicity is due to its binding with sulfur 

groups on important protein specially enzymes, hormones 

and cell receptor; displace some minerals (calcium, zinc, 

selenium, magnesium and copper) from the body and 

decreased metabolism of carbohydrate, protein and lipids 

(ATSDR, 1993). 

The present study illustrated that blood Ca and Fe 

were a significantly increased at (p<0.05) in lead groups (3, 4 

and 5) compared to negative controls. These results are 

agreement with (Taha et al., 2013) who found that, Ca and Fe 

concentrations were significantly increased by lead exposure. 

Moreover, amount of Ca were increase in rats, which 

administered with lead acetate in drinking water for 60 days. 

This might be due to impairment of renal function or 
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inhibitory action of lead on cation transport in tissues 

(Missoun et al., 2010). In addition, lead has direct effect on 

osteoblast function including inhibition of active vitamin D3 

stimulated synthesis of osteocalcin (Ronis, et al 2001). Also, 

effect of lead on local regulation of bone cell function via 

interference with Ca homeostasis and Ca regulated secondary 

messenger system via disruption of CAMP signals (Pounds 

et al., 1991).  

The increasing of blood Ca and Fe were showed 

after 30 and 60 days of experimental period. While, the rats 

in soy flour groups both male and female showed a 

significantly decrease in whole blood Fe content on 60 

days of experimental period (4 and 5). The increasing in Fe 

levels may be due to progressive destruction of RBCs and 

increasing fragility of RBCs. This mainly that effects of 

lead toxicity on the hematopoietic system through 

restraining the synthesis of hemoglobin by inhibiting 

various key enzymes involved in the heme synthesis 

pathway and it reduces the life span of circulating 

erythrocytes by increasing the fragility of cell membranes 

(Guidotti et al., 2008). Whereas, our data showed a 

significantly decreased in HGB, RBCs and whole blood Fe 

in soy flour groups (both male and female) on 60
th
 days. 

These results might be due to lead poison which associate 

the anemia status was occurred. Perhaps as a result of lead 

induced inhibition of the hem biosynthetic pathway. 

Although, only 1-3% of lead exists in plasma, it can 

transfer between blood and mineralizing tissues, so it may 

be more biologically significant as reported by (Jin et al., 

2008). 
 

Table 4. Effect of lead acetate (2g/L) and soy flour on 

some blood mineral contents (mg/dl) in male 

and female during 60 days of feeding. 

Blood 

mineral 

Groups 

Ca Fe Zn 
Pb 

(ppm) 
Ca Fe Zn 

Pb 

(ppm) 

After30 days After 60 days 

Male 

G1 68.66b 3.33c 0.22c 0.15d 81.33a 6.60ab 0.28a 0.02c 

G2 73.03ab 7.80ab 0.39b 0.44c 84.29a 7.59a 0.12a 0.07c 

G3 70.78b 5.33bc 0.38b 0.51c 83.29a 6.27ab 0.13a 0.12b 

G4 75.91ab 9.17a 0.46b 0.79b 83.79a 5.20bc 0.28a 0.71a 

G5 78.33a 7.16ab 0.99a 0.92a 82.93a 3.86c 0.13a 0.35ab 

Female 

G1 43.62c 5.64c 0.59b 0.28c 49.62a 7.30a 0.62a 0.28c 

G2 67.05b 9.07b 0.83ab 1.02a 51.27a 5.73c 0.34b 0.79a 

G3 73.59b 11.05a 0.94a 1.07a 51.64a 6.66b 0.13c 0.27c 

G4 74.02b 9.38b 0.90a 0.33b 51.48a 4.47d 0.14c 0.41b 

G5 91.29a 9.35b 0.82ab 0.41b 51.44a 4.75d 0.22c 0.43b 
*Each column followed by the same letter is not significantly different 

at (p ≥0.05) 

** Control (-) G1;   Control (+) G2; Control (+) plus 0.3% spirulina   

G3; Soy flour G4; Soy flour plus 0.3% spirulina G5 
 

Concerning blood Zn, our results showed increase 

in blood Zn after 30 days of the experimental period. 

While, blood Zn was decreased on 60
th
 days of feeding. 

Simons et al., (1995) reported that, the Pb could be binding 

about 20 times higher than Zn. On the other hand, the 

decrease of Zn concentration after lead exposure might be 

due to the imbalance of metabolism produced by enzyme, 

which is necessary for many metabolic processes (Ibrahim 

et al., 2012). In addition, Pb poisoning can decrease the 

absorption rate and biologic availability of Zn in the body, 

mainly because of their competition for binding to the 

sulfhydryl (-SH) group site (S) in different enzymes and 

tissues as reported by (Telisman, 1995). Moreover, 

Krajčovičová-Kudláčková et al. (2006) who found that, a 

high significantly cadmium concentration (as heavy metal) 

in blood which was measure in vegetarian group when 

compared to non-vegetarian group. The highest cadmium 

content was found in vegan subgroup which depends on 

plant only and that value decreased with increasing animal 

food consumption (which added dairy products and egg or 

fish and poultry). Cadmium risk for who consumes the 

significantly high amounts of whole grain products, grain 

sprouts and oil seeds. 

Results in Table (5) showed that, the effect of lead 

acetate (2g/L) in drinking and fed on soy flour on bone 

measurements for male and female adult rats. All groups 

fed on soy flour without spirulina showed decrease of 

weight, height and thickness of femur bone compared to 

control groups. While, the same group showed increase of 

bone shear force. Using of soy flour without spirulina 

(0.3%) in group (5) was improved shear force in compared 

with using of soy flour with Spirulina (0.3%) in group (4) 

and negative controls, too.  

The present study showed that, there were a 

significantly decrease in bone weight, length and thickness 

for soy flour animal groups. But, no significant changes were 

observed in length in negative and positive control groups. 

This result is in the line with (Bhardwaj and Rai, 2016). 
 

Table 5. Effect of lead acetate (2g/L) and soy flour on 

femur bone measurements after 60 days in 

both of male and female rats. 
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Male Female 

G1 0.52a 3.36a 0.39a 10.64b 0.40a 3.40a 0.40a 9.93b 

G2 0.48a 3.43a 0.39a 9.78b 0.32b 3.00bc 0.28b 8.67b 

G3 0.47a 3.40a 0.32bc 12.09ab 0.39a 3.13ab 0.30b 10.82ab 

G4 0.28b 3.03b 0.33b 13.95a 0.28bc 2.76c 0.31b 12.81a 

G5 0.27b 2.93b 0.30c 11.78ab 0.23c 2.90bc 0.29b 9.62b 
*Each column followed by the same letter is not significantly different 

at (p ≥0.05) 

** Control (-) G1;   Control (+) G2; Control (+) plus 0.3% spirulina   

G3; Soy flour G4; Soy flour plus 0.3% spirulina G5 
 

Concerning of femur bone mineral contents Table 

(6).  Results showed that a differences between male and 

female for bone minerals contents. Positive control groups 

which treaded by lead acetate at (2g/L) in drinking had 

decrease in (Ca, P, Fe and Zn) and increase in bone Pb. 

The male rats fed on soy flour without spirulina (G5) were 

increase in bone Ca, P, Fe and Zn contents. Using soy flour 

as diet protein caused an increases in bone Pb. But 

additional spirulina (0.3%) decreased of accumulate of Pb. 

The results in the rats in positive control which drinking 

water contained lead acetate at the amount of (2g/L) had 

decreased in bone Ca content. The decreasing in Ca 

concentration may be due to the increase bone resorption 

(Bhardwaj and Rai, 2016). According, (Ronis et al., 2001) 

who reported that, the impairment of bone Ca due to the 
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inhibitory action of lead on the osteoblast cells and 

Vitamin D synthesis for osteocalcin. Moreover, lead is 

reduce the maleic acid level and the activity of alkaline 

phosphatase that has been considered as biomarkers of 

osteoblast’s function (Bhardwaj et al., 2009). 

The rats in soy flour groups (G4 and G5; both male 

and female) had a high level of bone's Pb. These results are 

agreed with (Rader et al., 1981) who found the femur lead 

was higher lead level in rats gave daily lead acetate in 

water than rats in negative control. 
 

Table 6. Effect of lead acetate (2g/L) and soy flour on some femur bone minerals (mg/100g) after 60 days. 

Bone mineral 

Groups 

Ca P Fe Zn Pb Ca P Fe Zn Pb 

Male Female 

G1 65.04b 23.51c 1.11c 2.51d 0.85a 84.68b 41.65a 3.05b 4.62b 1.74e 

G2 58.79c 19.19d 0.93e 2.90c 1.37b 72.61d 34.35c 1.65e 3.36c 1.85d 

G3 63.12b 19.38d 1.01d 2.25e 1.51c 98.09a 30.70d 4.30a 2.76e 3.98c 

G4 70.73a 37.60b 4.82a 3.53a 12.23e 70.50e 32.38d 2.45d 2.90d 12.66b 

G5 49.06d 54.49a 4.43b 3.32b 9.50d 78.27c 36.68b 2.70c 4.66a 14.34a 
*Each column followed by the same letter is not significantly different at (p ≥0.05) 

** Control (-) G1;   Control (+) G2; Control (+) plus 0.3% spirulina   G3; Soy flour G4; Soy flour plus 0.3% spirulina G5 
 

CONCLUSION 
 

In conclusion our results revealed that could not use 

plant protein alone against lead toxicity. A high significantly 

lead concentration in blood which was soy group group 

when compared to casein group. So, this study concluded 

must use combination between animal and plant such as 

spirulina, milk and milk products.    
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 سبيزولينا علً سميت خلاث الزصاصالأ وطحلبحمايت الفعالت لذقيق الصىيا ال
نادرة سيذ يىسف حسن

1
أبى الخيز بذوي السيذ ،

2
أمانً عبذ الغتاح سالم و 

3
 

1
 مصز -الجيزة -لبحىث الزراعيتمزكز ا –معهذ بحىث تكنىلىجيا الأغذيت  –وحذة بحىث المطبخ التجزيبي  
2
 مصز  -الجيزة  -الذقي–المزكز القىمي للبحىث   -قسم تكنىلىجيا التسميذ–وحذة البيى كيمياء الطحالب  
3
 مصز    -الجيزة -مزكز البحىث الزراعيت -معهذ بحىث تكنىلىجيا الأغذيت -قسم الأغذيت الخاصت والتغذيت 

  

غيش كزلك ًجذ أى اسزخذام دليك الصْيب ػلٔ ًطبق ّاسغ لأًَ زشاكن في الوْاد الغزائيخ ّخبصخ الأغزيخ الٌجبريخ. ي لأًَ .ْس الجيئيسويخ الزلخطْسح فٔ الشصبص ُْ أكثش 

حذٍوصذس للجشّريي الٌجبري( إلٔ دساسخ رأثيش دليك الصْيب )ك لجشّريي. لزا فِزع الذساسخ رِذفاوصذس غزائي ػبلي كهكلف ّ  هي سويخللحوبيخ جيشّليٌب سظبفخ غحلت الأإهغ اّ  لْ

. الٌزبئج: يخ الفزشح الزجشيجيخرن رميين الذم ّثؼط الوؼبدى. في ًِبكوب . هي الزغزيخ جوغ ػيٌبد الذم في اليْهيي الثلاثيي ّالسزيي ّلمذ رن. (ّإًبس ثبسزخذام الفئشاى )ركْسصبص الش

ٔ فسجيشّليٌب ثبسزخذام غحلت الأي رحس ّلكي ّجذ. ّالحذيذ ّالضًكهي الكبلسيْم  ّهحزْٓ الذمصْسح الذم أظِشد الٌزبئج أى خلاد الشصبص في هيبٍ الششة رسججذ في اًخفبض 

ثيي ّالِيوْج ػلٔ هضيج هغ  همبسًخ ثبلزغزيخ هي الشصبص الفخز ػظنهحزْٓ  لكي اسرفغّدليك الصْيب الٔ صلاثخ الؼظن ػلٔ  الزغزيخ كوب أددالحذيذ في الذم. كزلك فٔ هحٌْٓ لْ

صى ّالطْل. ّأيعب ّجذغحلت الأسجيشّليٌب. الصْيب ّ دليك س  اًخفبض في الْ هشبسكخ  هغّلكي  ثبلشصبص.الزْصيخ: لا يجت الأػزوبد ػلٔ الجشّريي الٌجبرٔ فمػ للحوبثخ هي الزلْ

          .                                                               ّهٌزجبرَخبصخ اللجي  الحيْاًي ّالجشّريي

 .الفئشاى -خلاد الشصبص -دليك الصْيب –غحلت الاسجيشّليٌب  الكلماث الذالت:


