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Abstract: In order to evaluate the antioxidant effect of whey protein (wy) as a food supplement, in addition it is 

antidotal effect against the toxicity induced by environmental pollution. In vitro and In vivo study was carried 

out. The stability of flaxseed oil .Whey protein emulation was evaluated by Rancimat test. The emulation 

improved the stability than oil separately for storage period. Biologically, to investigate the prophylactic effect 

of whey protein against environmental, pollution by lead acetate. Forty eight male albino rats were namely 

divided into six groups. The tested groups received respectively, group (1) control (basal diet), group (2) whey 

proteins plus oil, group (3) lead, group (4) lead plus whey proteins, group (5) lead plus GSH and group (6) lead 

plus whey proteins plus oil. For the manipulated groups continued their treatments for four weeks. The 

manipulation rats with lead acetate caused significantly elevated levels of liver functions, lipid profiles, 

oxidative stress biomarkers factors of   cell energy respectively in comparison with the control group and upon 

the emulsion of whey proteins and oil in addition whey proteins plus oil plus lead respectively. The 

histopathological examination showed an improvement of the obtained results revealed that liver tissues from 

whey protein and emulsion of whey proteins oil groups and gives the histology of liver a normal appearance. 
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I. Introduction 

Oxidation metabolism is essential for the survival of cells but it generates free radicals and other 

reactive oxygen species (ROS) as a side effect, which can induce oxidative damage. Enhancement of the body's 

antioxidant defense mechanism through dietary supplementation such as dietary product fraction would seem to 

be a practical approach to reduce the level of oxidative stress. Dairy products and their fractions have been 

found to be ant oxidative, e.i whey proteins, casein, and lacto ferrin (Steijins and Van 2000 and Tong et al, 

2000). Whey proteins, byproducts recognized as valuable food ingredient with functional properties is going 

acceptable as functional food ingredients, Previous studies have shown that there are bioactive peptides derived 

from whey proteins can exhibit a number of properties and enable them to exhibit ant oxidative activity. (Meisel 

and Schlimme 1996; Clare et al., 2000; Pihlantoleppala, 2001). Accordingly, there are concerns about the 

potential health effects of synthetic antioxidants and there for, the need for natural antioxidants has recently 

increased against oxidative effect (Park et al., 2001) for this reason, there is growing intention of research 

focused on the development of natural antioxidants derived from food ingredients that could retard lipid 

oxidation. 

Evidence from human studies and animal models have suggested that the acute liver toxicity induced 

by the environmental  pollution plays an important role such as lead acetate in the pathogenesis of  heart failure , 

diabetes and metabolic syndrome (Schwimmer et al., 2003; Saeed and Alwaleedi, 2015). Lead is a widespread 

natural element in the environment, it is considered as one of the main persistent and common environmental 

pollutions. Lead is used in production of various manufactured products such as paints and cosmetics. Due to its 

toxic cumulative action in the environment, lead can affect all biological systems from different sources 

including air, water and food. 

Flaxseed oil considered beneficial additions to whey proteins as mentioned before and healthy diet and 

combining them can compound their health benefits. flaxseed oil contain alpha- linolenic acid, a precursor to the 

essential omega-3 fatty acid which converts into DHA and EPA- more active in the protection affected by food 

is probably mediated through multiple beneficial nutrients contained in these foods, including mono- vitamin, 

minerals, photochemical and plant protein .These diets may include un saturated fats from natural vegetable oils 

(Lavie et al., 2009). 

The present study aimed to investigate the antioxidant and emulative effects of whey protein against 

lead acetate induce liver toxicity compared with reduced glutathione as a reference drug.    
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II. Materials and Methods 
Materials 

Whey protein was obtained from Faculty of Agriculture. Cairo University. Food Sci. Dep of dairy milk, 

flaxseed oil obtained from National Center for Research. Unit of oil extraction, GSH obtained from Sigma 

Aldrich and lead acetate obtained from Loba Chemie, India. 

Chemicals: All the used chemicals were analytical grade.  

 

Animals:  

Adult male albino rats weighting about 150 ± 15 g were used in these experiment animals were kept 

under normal laboratory conditions in the animal house of National organization of drug control and research 

for one week before the start of the experiment rats were allowed to feed and water on uniformity diet. 

Experimental design: 

After an acclimatization period of one week, six equal group of forty eight adult male albino rats (8 rats 

each) Group 1 kept as control feeding on basal diet, group 2 received orally whey proteins and flaxseed oil, 

group 3 treated with lead acetate, group 4 received a combination lead and whey proteins, group 5 received a 

combination lead and GSH, also group 6 treated with mixture of lead, whey proteins and flaxseed oil 

Collection of blood samples: 

Blood samples were withdrawn from the retro-orbital vein of each animal, under light anesthesia by 

diethyl ether, according to the method described by Cocchetto et al 1983. Blood was allowed to coagulate and 

then centrifuged at 3000 rpm for 15 min. The obtained serum was used to estimate the activities of liver function 

enzymes, total protein, total lipids, and lipid peroxidation. 

Preparation of liver samples: 

Immediately after blood sampling, animals were sacrificed by cervical dislocation and the liver tissues 

were rapidly removed, washed in ice-cooled saline, plotted dray and weighed. A weighed part of each liver was 

homogenized, using a homogenizer (Medical instruments, MPW-120, Poland), with ice-cooled saline 

(0.9%NaCl) to prepare 20% w/v homogenate. The homogenate was then centrifuged at 4000 rpm for 5 min. The 

aliquot was used for the assessment of malondialdehyde (MDA), reduced glutathione (GSH), oxidized 

glutathione (GSSG), nitric oxide (NO), 8-hydroxy-2'-deoxyguanosine (8OHdG), ATP, ADP and AMP. 

Measurements of total protein, albumin, and globulin using commercially available kits. The results were 

expressed in g /L according to Bradford, (1976). 

 

2.8. Measurement of serum liver function enzymes: 

Hepatic dysfunction was assessed by measuring the elevation in serum levels of ALT, AST using commercially 

available kits. The results were expressed in u/l. (Reitman, and Frankels, 1957) 

2.9. Measurements of total lipids (g/dl), cholesterol (mg/dl), HDL, Triglycerides (g/dl), using colorimetric 

method according to Zollner, and Kirsch, (1962); Stein, (1986); wahlefeld, (1974) and LDL =TC- (TG/5)-

HDL. 

2.10. Measurements of lipid peroxidation and antioxidants status: 

Lipid peroxidation, as an indicator of oxidative stress, was estimated by measuring malondialdehyde  

(MDA) (nmol/g liver)was determined by HPLC according to Karatepe, (2004); Glutathione reduced(GSH) and 

oxidized(GSSG)(mg/l) was determined by HPLC according to Jayatilleke and Shaw, (1993); nitric oxide (NO) 

(nmol/g tissue) content was determined by HPLC according to Papadoyannis, et al., (1999) and 8-

hydroxydeoxyguanosine (8OHdG) nmol/g tissue was determined by HPLC according to Lodovici, (2000). 

 

2.11. Determination of adenosine tri-phosphate content (ATP, ADP and AMP) in liver tissues by HPLC: 

Rapid high performance liquid chromatography method was developed for determination of adenine 

nucleotides in different tissues, and it currently investigated the relation between regional blood flow and tissue 

contents of compounds involved in energy metabolism under physiological and pathological conditions. The 

detection of ATP by HPLC was done according to the method of Teerlink et al., 1993. 

Statistical analysis: 

        Statistical analysis of the obtained data was performed using the general linear model (GLM) 

produced by Statistical Analysis Systems Institute (SAS, 2004).  Significant differences among means were 

evaluated using Duncan’s Multiple Range Test. The following linear model was applied: 

Yij = μ + αi + ξij 

Yij= Observation measured  

μ = Overall mean 

αi= Effect of treatment . 

ξIj = Experimental error assumed to be randomly distributed ( σ2 = 0 ).  
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Histopathological studies: Light microscopic examination of the liver of control rats revealed normal hepatic 

parenchyma with preserved and well organization lobular pattern with no evidence of fibrosis or inflammatory 

reaction Fig 6a, liver of rat from group (b)was treated with whey protein and flaxseed oil showing the normal 

histological structure of liver (Hα Ex 400), liver of rat from group (c) showing congested dilated portal vein 

(pv), hyalinized wall ( double arrow)edema(arrow head), mild inflammation (arrow) and proliferated bile 

ducts(bd), liver of rat from group(d) showing mild to moderate pathological alteration were detected, where 

most of central veins display. 

 

III. Results 
Stability of flaxseed oil incorporated with whey proteins: 

The oxidative stability, or storage life until development of rancidity, is an important factor in 

processing of oils. Therefore the aim of this study is to investigate the effect of whey proteins as antioxidant 

agent against the rancidity of flaxseed oil. 

In order to achieve this purpose, reanimate method has been carried out for the measurement the 

activity of whey proteins blended with flaxseed oil against rancidity. 

 

Table (1) oxidative stability of flaxseed oil with whey proteins by rancimate at 100
o
c. 

 

 

 

 

 

It can be noticed from table (1) that the combination of whey proteins with flaxseed oil caused an 

increase of stability of stability period up to 4 hours in comparison with the control (oil) 3.13 hours. The 

obtained data are agreement with that obtained by Hogan, Hsieh et al. (2015) who mentioned that obtained the 

role of milk protein fraction as antioxidant against lipid peroxidation. This finding indicate that the role of milk 

proteins fractions namely whey proteins against the rancidity of fatty foods. 

Prophylactic effect of flaxseed oil blended with whey proteins on liver functions. In the present study 

thirty six male albino rats were subjected to feeding experiment for four successive weeks. 

 

Effect of whey proteins blended with flaxseed oil on total protein  

Table (2), Fig(1) shows the biological effect of whey proteins blended with flaxseed oil on total 

protein  in comparison with negative control (Feeding on basal diet) and the manipulated groups with Lead, 

Lead plus why protein, Lead plus GSH and Lead plus whey protein and flaxseed oil respectively. 

The obtained data revealed that significantly lower values of total proteins in the groups upon Lead in 

comparison with the manipulated groups with Lead, whey protein+ flaxseed oil. Also, significant differences 

exist in the groups treated with Lead +whey protein in comparison with tested group with Lead .It can be seen 

that whey µhand an increases in total protein value of rats treated with Lead + GSH in comparison with the 

group 3 manipulated with Lead. It can be seen from afore mentioned data the blended of oil+ whey protein was 

more effective as antioxidant against the toxicity of Lead. 

Concerning Albumin level in the rats that fed the whey protein + GSH even similar to control one 

compared with group feeding on Lead. 

Regardless, globulin similar trend of results were observed .Prophylactic effect of whey proteins 

incorporated with flaxseed oil on Alt and Ast against Lead induced liver toxicity in male rats for four weeks. 

 

Table 2: Protective effect of whey protein and flex seed oil on TP, Alb, Glob and A/G against lead induced liver 

toxicity in male rats for 4 weeks. 
Groups Parameters 

TP 

g/dl 

Alb 

g/dl 

Glob 

g/dl 

A/G 

control 6.68 ± 0.25 4.22 ± 0.03 2.50 ± 0.08 1.69 ± 0.05 

WP+oil 6.61 ± 0.11 4.29 ± 0.04 2.32 ± 0.15 1.88 ± 0.13 

Lead 5.18 ± 0.17a 3.66 ± 0.06a 1.52 ± 0.16a 2.52 ± 0.24a 

Lead+WP 5.72 ± 0.08ab 4.29 ± 0.06b 1.43 ± 0.12a 3.12 ± 0.32ab 

Lead+GSH 5.85 ± 0.05ab 4.27 ± 0.04b 1.57 ± 0.08a 2.76 ± 0.20a 

Lead+WP+oil 6.49 ± 0.10ab 4.25 ± 0.04b 2.44 ± 0.12b 1.76 ± 0.09b 

 Data are expressed as Mean±S.E. for 6-rats/group 

 a significant difference from control group at the same column with one way ANOVA at P < 0.05. 

 b significant difference from lead group at the same column with one way ANOVA at P < 0.05. 

 

Substances Induction period / h 

Flaxseed oil 

Flaxseed oil 

Whey protein + flaxseed oil 

3.13 

4.05 
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Fig 1: % changes from control of TP, Alb, Glob and A/G protected by whey protein and flex seed oil against 

lead induced liver toxicity in male rats for 4 weeks. 

 

Effect of whey proteins and flaxseed oil on liver function enzymes  

Table (3) and Fig (2) show the impact of whey protein, flaxseed oil mixture on the hepato toxicity 

induced by Lead acetate. As for trans amines (ALT and AST), the ingestion of Lead acetate caused an increase 

in ALT and AST values from 32.162  and 58.211  µ/ L to 60.276  and  93.538 µ/ L respectively. Ingestion of 

whey protein + flaxseed oil and whey protein +oil+ Lead caused significant decrease in both parameters was 

found to be 41.724, 76.511, 33.954 and 63.013 µ/ L respectively in comparison with group feeding on Lead 

acetate. With regard to the aforementioned effect, feeding on Lead + GSH markedly reduction in Alt and Ast 

values was similar to that obtained by whey protein + oil.Prophylactic effect of whey proteins and flaxseed oil 

on lipid profile. 

 

Table 3: Protective effect of whey protein and flex seed oil on ALT and AST against lead induced liver toxicity 

in male rats for 4 weeks. 
Groups Parameters 

ALT U/L AST U/L 

control 32.162 ± 0.657 58.211 ± 1.934 

WP+oil 31.513 ± 0.554 59.044 ± 1.187 

Lead 60.267 ± 1.43a 93.538 ± 0.645a 

Lead+WP 41.724 ± 0.682ab 76.511 ± 1.813ab 

Lead+GSH 35.043 ± 0.61b 66.087 ± 1.584ab 

Lead+WP+oil 33.954 ± 0.503b 63.013 ± 1.606b 

 Data are expressed as Mean±S.E. for 6-rats/group 

 a significant difference from control group at the same column with one way ANOVA at P < 0.05. 

 b significant difference from lead group at the same column with one way ANOVA at P < 0.05. 
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Fig 2: % changes from control of ALT and AST protected by whey protein and flex seed oil against lead 

induced liver toxicity in male rats for 4 weeks. 

 

Effect of whey proteins and flaxseed oil on lipid profile   

Table (4) and Fig (3) show the effect of Lead ingestion, in comparison with whey protein mixture with 

oil and Lead on lipid profile. As mentioned before for liver function significant decrease in the lipid fractions 

namely T. cholesterol, T.glycerides, HDL and LDL were reduced in comparison with the group feeding on 

Lead. Concerning the mixture of Lead + GSH similar trend in results was noticed, Prophylactic effect of whey 

proteins and flaxseed oil on MDA, GSH, GSSG,No, and 8HDG against Lead induced liver toxicity in male rats 

for four weeks. Similar finding of results also were obtained about the antidotal effect of whey protein and GSH 

against the toxic effect of Lead acetate on MDA, GSH, GSSG,No and 8 HDG respectively. 
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Table 4: Protective effect of whey protein and flex seed oil on TC, TG, HDL and LDL against lead induced 

liver toxicity in male rats for 4 weeks. 
Groups Parameters 

TC  mg/dl TG mg/dl HDL mg/dl LDL mg/dl 

control 79.11 ± 2.84 100.3 ± 1.95 28.88 ± 2.58 30.16 ± 3.64 

WP+oil 80.74 ± 2.35 99.6 ± 2.08 25.89 ± 2.54 34.92 ± 3.37 

Lead 108.15 ± 3.20a 176.0 ± 0.99a 19.75 ± 0.83a 53.20 ± 3.25a 

Lead+WP 80.43 ± 2.85b 100.8 ± 2.23b 25.92 ± 3.15b 34.34 ± 4.57ab 

Lead+GSH 77.30 ± 1.71b 103.6 ± 2.76b 30.67 ± 2.62b 25.88 ± 1.51b 

Lead+WP+oil 79.65 ± 2.19b 102.9 ± 2.52b 28.15 ± 2.39b 31.30 ± 3.83b 

 Data are expressed as Mean±S.E. for 6-rats/group 

 a significant difference from control group at the same column with one way ANOVA at P < 0.05. 

 b significant difference from lead group at the same column with one way ANOVA at P < 0.05. 
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Fig 3: % changes from control of TC, TG, HDL and LDL protected by whey protein and flex seed oil against 

lead induced liver toxicity in male rats for 4 weeks. 

 

Effect of whey proteins and flaxseed oil on activity MDA, GSH, GSSG, NO, 8HDG activity  

Table (5) & Fig (4) show the extenuative effect of both whey proteins and GSH for Lead toxicity 

which may be attributed to the nature of whey protein and GSH to reduce Lead toxicity by binding with free 

radicals. Caused by the attack of Lead acetate to vital cells. The prophylactic effect of whey proteins and 

flaxseed oil on ATP, ADP and AMP against Lead induced Liver toxicity in male rats for four weeks. 

Table 5: Protective effect of whey protein and flex seed oil on MDA, GSH, GSSG and 8HDG against lead 

induced liver toxicity in male rats for 4 weeks.  

 
Groups Parameters 

MDA 

nmol/g tissue 

GSH 

μmol/g tissue 

GSSG 

μmol/g tissue 

NO 

μmol/g tissue 

8HDG 

pg/g tissue 

control 11.28 ± 0.80 15.83 ± 0.61 0.493 ± 0.02 0.452 ± 0.04 211.70 ± 2.96 

WP+oil 10.63 ± 0.81 16.18 ± 0.65 0.422 ± 0.03 0.449 ± 0.02 221.68 ± 4.06 

Lead 26.58 ± 1.43a 9.25 ± 0.34a 0.528 ± 0.01a 0.520 ± 0.03a 287.87 ± 9.91a 

Lead+WP 13.73 ± 0.51a 13.39 ± 0.69ab 0.481 ± 0.05b 0.472 ± 0.04b 244.39 ± 5.24ab 

Lead+GSH 11.29 ± 0.74b 15.61 ± 1.02b 0.46 ± 0.04b 0.481 ± 0.03b 236.56 ± 4.68ab 

Lead+WP+oil 11.16 ± 0.66b 16.05 ± 0.75b 0.477 ± 0.03b 0.409 ± 0.04b 219.18 ± 5.60b 

 Data are expressed as Mean±S.E. for 6-rats/group 

 a significant difference from control group at the same column with one way ANOVA at P < 0.05. 

 b significant difference from lead group at the same column with one way ANOVA at P < 0.05. 
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Fig4: % changes from control of MDA, GSH, GSSG and 8HDGprotected by whey protein and flex seed oil 

against lead induced liver toxicity in male rats for 4 weeks. 
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Effect of whey protein and flaxseed oil on ATP, ADP, and AMP activity 

It is clear from the results recorded in Tab (6) and Fig (5) a significant increase in ATP value in the 

manipulated groups with WP& GSH compared with the tested group with Lead acetate. It can be seen that a 

markedly increase in the group received WP&P oil , which caused excess improvement in the activity of ATP 

value, compared with group feeding on lead.  On the other hand a significant reduction in AMP values in all 

tested group comparison with the manipulated group with Lead acetate. Concerning ADP, it could be seen that 

the group manipulated with lead acetate cause an increase values comparing with negative and positive control. 

 

Table 6: Protective effect of whey protein and flex seed oil on ATP, ADP and AMP against lead induced liver 

toxicity in male rats for 4 weeks. 
Groups Parameters 

ATP μg/g tissue ADP μg/g tissue AMP μg/g tissue 

control 29.67 ± 1.47 18.15 ± 0.51 9.96 ± 0.53 

WP+oil 27.43 ± 0.94 17.09 ± 0.59 10.45 ± 0.50 

Lead 19.69 ± 0.42a 22.25 ± 0.83a 17.98 ± 0.60a 

Lead+WP 29.78 ± 1.08b 22.45 ± 0.46a 9.67 ± 0.45b 

Lead+GSH 29.34 ± 0.73b 22.08 ± 0.34a 10.03 ± 0.57b 

Lead+WP+oil 30.36 ± 1.38b 22.66 ± 0.70a 10.52 ± 0.46b 

 Data are expressed as Mean±S.E. for 6-rats/group 

 a significant difference from control group at the same column with one way ANOVA at P < 0.05. 

 b significant difference from lead group at the same column with one way ANOVA at P < 0.05. 
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Fig 5: % changes from control of ATP, ADP and AMP protected by whey protein and flex seed oil against lead 

induced liver toxicity in male rats for 4 weeks.  

 

Histopathological studies 

Light microscopic examination of the liver of control rats revealed normal hepathepatic parenchyma 

with preserved and well organized lobular pattern with no evidence of fibrosis or inflammatory reaction Fig 6a, 

liver of rat from group(b) was treated with whey protein and flaxseed oil showing the normal histological 

structure of liver (H&Ex400), liver of rat from group(c) showing congested dilated portal vein (PV), hyalinized 

wall (double arrow), edema(arrow head) , mild inflammation(arrow) and proliferated bile ducts (bd) , liver of rat 

from group(d) showing mild to moderate pathological alteration were detected, where most of central veins 

display congestion, meanwhile portal areas showed restriction interlobular granuloma – like structure was 

detected, liver of from group(E) mild pathological alterations reflected pronounced degree of improvement, 

where focal areas of dilated congested sinusoids especially in the periphery of liver lobules, liver of rat from 

group(F) showing approximately normal structure of liver. 

 

 
Fig 6: Haematoxylin and eosin-staind liver sections. A) Normal control. B) Group treated with whey protein 

and flaxseed oil .C) Group treated with lead acetate. D) Group treated with lead acetate and whey protein. E) 

Group treated with lead acetate and GSH. F) Group treated with lead, GSH and flaxseed oil. 
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IV. Discussion 

According to the preceding view about the utilization of whey protein as natural antioxidant and 

antidotal biologically, it proved to be most effective antioxidant against the free radicals induced by lead acetate. 

Also, it could be seen that whey proteins may act as antidote for poising of pollutants. In addition, it proved to 

be most active by incorporation with vegetable oils among other synthetic antioxidants, namely GSH to reduce 

the rancidity and toxicity. However, the aforementioned results indicate clearly that the prophylactic effect may 

be attributed to the nature of whey proteins through binding or chelating with metals and the Presence of 

difference amino acids in different concentrations. In addition, the incorporation of whey proteins with flaxseed 

oil proved to be most effective compared with oil separately owing to the presence of active natural compounds 

in the oil. The ant oxidative activity of histidine – containing peptides has been reported Uchida and 

Kawakish, (1992). The presence of some amino acids has been considered as essential in order for the 

antioxidant activity. This activity has taken on major importance in the ant oxidative properties of histidine 

containing peptides Chen et al. (1998). Ibrahim, et al. (2012) who found that whey hydro lysates could be 

suitable as natural ingredients in enhancing antioxidant properties of functional foods and preventing oxidation 

reaction in food processing. Pins, and Keenan, (2006). who found that whey peptides caused a decrease in LDL 

cholesterol, and improve blood pressure, low-density lipoprotein cholesterol and high sensitivity c-reactive 

protein were significantly improved by treatment with hydrolyzed whey protein supplement rich in bioactive 

peptides. Beena and Prasad, (1997). who reported that there was marked lowering of LDL. Cholesterol in rats 

given either type of yogurt fortified with whey protein. Beena and Prasad, (1997). who reported that whey, 

dairy fraction can be used to produce dairy prodict with more beneficial effects on plasma lipid profile. On the 

other hand Hamad et al. (2011) proved the regulatory effect of whey proteins by improving or reducing the 

oxidative stress parameters With respect to histopatholgical finding rats received whey proteins and emulsion of 

whey proteins plus oil no obvious differences in the tissues and appeared to be somewhat similar to control. The 

obtained results concerning the prophylactic effects of whey proteins are agreement with that found by Eliwa et 

al. (2014)  who reported that the induction of hepatotoxicity by oral administration  of whey proteins . Also, 

Abdel-Wahba, and Ibrahim, (2013) Mentioned that whey proteins useful as pharmaceutical agents that 

suppress hepatic fibrosis. Again, Germoush, (2014), reported that the combination with vit.c may be promising 

pharmaceutical tools in providing a natural antioxidant source against haptic toxicity. On the other hand, Abdel-

Moneim et al. (2011) suggested that possibility of flaxseed oil use fullness in limiting toxicant induced by 

environmental heavy materials. Finally, Oryan et al. (2010) mentioned that the supply of whey proteins diet 

decreased DMN- induced liver damage and, therefore, had beneficial effects on hepatic failure. 

 

V. Conclusion 

It can be extracted from the obtained data that, the oral administration of whey proteins as supplemental food 

plays a role in regulation against the oxidative stress in hepatotoxicity and natural antioxidant in fatty foods. 
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