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Lead (Pb
+2

) intoxication may initiate many disorders in humans and animals. This study investigated the 
role of flaxseed oil in protecting rats against Pb

+2
 exposures. The results showed that the 

administration of flaxseed oil efficiently protected albino rats against the Pb
+2

 caused injury, as 
revealed by some improvement in the histological structure of kidney as well as the restoration of the 
body weights loss of Pb

+2
 treated animals. At the same time, flaxseed oil decreased the levels of serum 

creatinine, blood urea nitrogen, uric acid, lipid peroxidation and nitric oxide production with 
concomitant elevation in glutathione, catalase, superoxide dismutase, glutathione reductase, 
glutathione-S-transferase and glutathione peroxidase activities. Thus, this study suggests the 
possibility of flaxseed oil usefulness in limiting toxicant induced by environmental heavy metals. 
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INTRODUCTION 
 
Lead (Pb

+2
), a heavy metal, has continued to pose health 

hazards in animals and humans in many parts of the 
world (Navarro-Moreno et al., 2009). Many people who 
are exposed to gasoline, paints and exhaust fumes from 
automobile through inhalation, oral or dermal route have 
suffered from lots of health problems (Ademuyiwa et al., 
1994).  

Lead is a non-threshold multi-targeted toxicant that 
causes alterations in different organs of the body, 
including the kidney (Jarrar, 2003; Senapati et al., 2001). 
The absorbed lead is conjugated in the liver and passed 
to the kidney, where a small quantity is excreted in urine 
and the rest accumulates in various body organs and 
interferes with their function, specially the kidney as a 
target site for lead toxicity (Jarrar, 2003; Victery et al., 
1986). 

Several chelating agents have been used to reduce the 
burden of the toxic effect of lead, but these have also pro-
duced a toxic potential themselves. This has necessitated 
researches into the therapeutic potential of various 
medicinal plants and herbs (Senapati et al., 2001). 
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Flaxseed, Linum usitatissimum has been the focus of 
increased interest in the field of diet and disease 
research due to the potential health benefits (Abdel-
Moneim et al., 2010a) associated with some of its 
biologically active components. It contains 32 to 45% of 
its mass as oil of which 51 to 55% is alpha-linolenic acid 
(18:3 n-3 omega-3 fatty acid), a precursor to eicosapen-
tanoic  and docosahexanoic acid and it may have benefi-
cial effects on health and in control of chronic diseases 
(Mantzioris et al., 1994), as well as being a good source 
of dietary fiber and lignan.  

The study aimed to evaluate the influence of Pb
+2

 
toxicity in renal tissues of albino rat and to estimate the 
protective role of flaxseed against this induced toxicity. 
 
 
MATERIALS AND METHODS 
 
Animals and experimental design 
 
Male albino rats weighing 120 to 150 g were obtained from The 
Holding Company for Biological Products and Vaccines (VACSERA, 
Cairo, Egypt). Rats were provided with water and balanced diet ad 
libitum. The experiments were approved by the state authorities 
and followed Egyptian rules on animal protection. Twenty-four adult 
male albino rats were randomly allocated to four groups of six rats 
each. The first group served as vehicle control (Con) and received 
0.3 ml saline/rat by oral administration. The second group (Pb

+2
)  



 
 
 
 
received intraperitoneal (i.p.) injection of 100 µl of lead acetate (20 
mg/kg) for 5 days (Ito et al., 1985). The third group received 0.3 ml 
of flaxseed oil (FSO) by gavages (orally) once daily for 5 days at a 
dose of 1000 mg/kg (Bhatia et al., 2007) and the animals of group 
four (Pb

+2
+FSO) received 0.3 ml flaxseed oil by gavages once daily 

for 5 days at a dose of 1000 mg/kg body weight. An hour after the 
treatment with flaxseed oil, the fourth group was intrapritoneally 
injected with 100 µl of lead acetate (20 mg/kg) for 5 days. 
 
 
Kidney index 

 
At the end of the experimental period, each rat was weighted. The 
left kidney was then removed and weighed. Finally, the kidney 
index was calculated by dividing left kidney weight by body weight 
and then multiplying it by 100. 
 
 
Histological examination 
 
Pieces of kidney were fixed in 10% neutral-buffered formalin, 
embedded in paraffin, and sectioned. The sections were stained 
with ordinary haematoxylin and eosin.  
 
 
Biochemical estimations 
 
After 24 h from the last i.p. injection of lead acetate, the animals of 
all groups were civically dislocated; blood samples were collected, 
allowed to stand for half an hour and then centrifuged at 500 g for 
15 min at 4°C to separate serum and stored at -70°C. Part of kidney 
was weighed and homogenized immediately to give 50% (w/v) 
homogenate in ice-cold medium containing 50 mM Tris-HCl and 
300 mM sucrose (Tsakiris et al., 2004). The homogenate was 
centrifuged at 500 g for 10 min at 4°C. The supernatant (10%) was 
used for the various biochemical determinations. 
 
 
Kidney function test 
 
Uric acid (UA), blood nitrogen urea (BNU) and serum creatinine (Cr) 
were assayed in the serum using kits provided from Biodiagnostic 
Co. (Giza, Egypt). 
 
 
Determination of lipid peroxidation and nitrite/nitrate 
 
Malondialdehyde (MDA) and nitrite/nitrate were assayed 
colorimetrically in kidney tissue homogenate according to the 
method of Ohkawa et al. (1979) and Berkels et al. (2004), 
respectively where MDA was determined by using 1 ml of trichlo-
roacetic acid (10%) and 1 ml of thiobarbituric acid (0.67%) which 
were then heated in a boiling water bath for 30 min. Thiobarbituric 
acid reactive substances were determined by the absorbance at 
535 nm and expressed as the malondialdehyde (MDA) formed. 
Nitric oxide was determined, where in an acid medium and in the 
presence of nitrite, the formed nitrous acid diazotise sulphanilamide 
was coupled with N-(1–naphthyl) ethylenediamine. The resulting 
azo dye had a bright reddish-purple color which can be measured 
at 540 nm. 
 
 
Estimation of reduced glutathione and anti-oxidant enzymes 
 
The renal reduced glutathione (GSH) was determined by the 
methods of Ellman (1959). The method based on the reduction of 
Ellman's reagent (5,5`dithiobis (2-nitrobenzoic acid) "DTNB") with 
GSH produced   a   yellow   compound.  The   reduced   chromogen  
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directly proportional to GSH concentration absorbance was 
measured at 405 nm. In addition, the level of renal antioxidant as 
catalase (CAT), superoxide dismutase (SOD), glutathione-S-
transferase (GST), glutathione peroxidase (GPx) and glutathione 
reductase (GR) levels were determined by the methods of Aebi 
(1984), Nishikimi et al. (1972), Habig et al. (1974), Paglia and 
Valentine (1967) and Factor et al. (1998), respectively. 
 
Statistical analysis 

  
Data were presented as means ± standard errors. One-way 
ANOVA was carried out, and the statistical comparisons among the 
groups were performed with Duncan

'
s test using a statistical 

package program (SPSS version 17.0). 

 
 
RESULTS 
 

Rats administered lead acetate had a significant increase 
(p < 0.05) in the kidney index where the body weight 
decreased and this led to a decrease in the kidney weight 
(Figure 1). Flaxseed oil caused a non-significant reduc-
tion in this altered change in kidney index due to lead 
administration. 

Treatment of rats with lead acetate induced marked 
alterations in renal tissues when compared to the non-
treated control group (Figure 2: a1, a2). These changes 
were in the form of tubular dilatation, vacuolar and cloudy 
epithelial cells lining, interstitial inflammatory cells and 
appearance of some cellular debris (Figure 2: b1, b2). 
The renal tubules contain some apoptotic nuclei (Figure 
2: b2). Flaxseed oil which has no histopathological effects 
in renal tissue of rats (Figure 2: c1, c2) when used for 
treatment of rats already administered lead acetate, 
somewhat improved the kidney histology but the renal 
tubular epithelium was still vacuolated and some glome-
ruli were shrunken (Figure 2: d1, d2). 

The levels of uric acid, blood urea nitrogen and crea-
tinine were significantly elevated in the serum of rats 
administered Pb

+2
 (35.7, 55.6 and 32.0, p < 0.05), 

respectively (Figure 3). On the other hand, rats 
administered flaxseed oil only showed a non-significant 
change in uric acid and creatinine, while blood urea 
nitrogen was significantly decreased by -27.0%. Rats 
administered lead acetate and treated with flaxseed oil 
had a significant decreased level of the earlier mentioned 
parameters. 

Administration of Pb
+2

 caused a significant elevation in 
nitrite/nitrate and MDA levels of kidney homogenate (60.7 
and 56%, p < 0.05, respectively) and blood serum (66.6 
and 46.2%, respectively). Rats administered Pb

+2 
with 

flaxseed oil induced a significant decrease of the two 
parameters (Table 1). Pb

+2
 administration led to a 

significant decrease in the GSH level in the kidney 
homogenate of rats by -25.6 and -27.9%, respectively 
(Table 2). However, treatment with flaxseed oil recovered 
the Pb

+2
-induced serum and kidney GSH depletion. 

In addition, the activity of the antioxidant enzymes  
CAT, SOD, GST, GPx and GR measured in renal homo-
genate of rats were decreased by -46.6, -29.5, -39.5, -27.4  
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Figure 1. Increase in kidney index of albino rats treated with lead acetate for 5 
days. Values are means ± SE (n = 6). a, Significant change at p < 0.05 with 
respect to the control group. *Ratio of kidney weight in g/rat to body weight in 
g/rat. 

 
 
 

 
 
Figure 2. Flaxseed oil improved Pb

2+
renal tissue damage. a1, a2; control kidney sections with normal architecture; b1, b2; 

rats treated with lead acetate with tubular dilatation, vacuolar and cloudy in epithelial cells lining, interstitial inflammatory 
cells and appearance of some cellular debris; c1, c2; rats treated with flaxseed oil; d1, d2; rats treated with the lead 
acetate and flaxseed oil. Sections were stained with hematoxylin and eosin. Bar = 25 µm. 

 
 
 

and -36.5%, respectively, on 5 days post-lead acetate 
treatment. These previous enzymes were signifi-cantly 
elevated upon treatment with flaxseed oil (Table 2). 
 
 
DISCUSSION 
 
Kidney is a target organ for lead toxicity. The toxic effects  

of  Pb
+2

 on the kidney appear to be primarily localized in 
the kidney tubule and are manifested as excessive 
urinary excretion of amino acids, glucose and phosphate, 
natriuresis, kaliuresis and intranuclear bodies inclusion 
(Jadhav et al., 2007). These changes may be related to 
one or more factors, including increased serum levels or 
decreased ion reabsorption by alteration in tubular 
transport mechanisms, as well as structural lesions in the  
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Figure 3. Changes in the levels of uric acid, blood nitrogen urea and creatinine in serum of male 
albino rats treated with lead acetate and lead acetate + flaxseed oil. Values are means ± SE (n = 6). 
a, Significant change at p < 0.05 with respect to control group; b, significant change at p < 0.05 with 
respect to Pb

2+
 group. 

 
 
 

Table 1. Effect of flaxseed oil on the level of nitrite/nitrate and malondialdehyde in kidney and blood serum of albino rats 
treated with lead acetate. 
 

Group 
Nitrite/nitrate Malondialdehyde 

µmol/ g  kidney µmol/ L Blood serum µmol/g kidney µmol/ L  Blood serum 

Control 132.89±12.11 39.16±1.53 104.46±5.52 16.88±0.27 

Pb
2+

 213.53±9.79
a
 65.23±4.98

a
 162.96±5.89

a
 24.68±1.36

a 

FSO 37.50±1.70 95.51±12.09
a
 96.15±2.71 17.19±1.05 

Pb
2+

+FSO 131.70±12.96
b
 53.33±3.33

ab
 138.37±7.33

ab 
21.90±1.09

ab
 

 

Values are means ± SE (n = 6). a, Significant change at p < 0.05 with respect to control group; b, significant change at p < 0.05 
with respect to Pb

+2
 group; FSO, flaxseed oil. 

 
 
 

nephron (Franks et al., 1989). Also, Goyer (1971) ob-
served an increase in kidney wet weight in rats given a 
high dose of lead for protracted periods of time, while 
O'Flaherty et al. (1986) observed increases in both 
kidney wet weight and dry weight in rats given, varying 
doses of lead. These findings were in agreement with the 
findings concerning the reduced kidney index of rats due 
to lead acetate administration. The current results clearly 
indicated that treatment with flaxseed oil did not induce 
any harmful effects on the animals. Moreover, it 
successfully induced an improvement in the body weight.  

Histological investigations revealed that Pb
+2

 exposure 
resulted in progressive glomerular and tubular alterations. 
These findings are in agreement with the results of 
previous investigations by Lin et al. (1993) who recorded 
alterations in renal histopathology due to environmental 
exposure to Pb

+2
. Tubular vacuolization, necrosis and 

dilation found in the present studies due to Pb
+2

 intoxi-
cation were reported previously by Karmakar et al. 
(1986). These tubular alterations due to Pb

+2
 toxicity 

might be as a result of a hydrolic change in the renal 
tissue and this suggests that  Pb

+2
  intoxication  causes  a  
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Table 2. Changes in the levels of GSH, CAT, SOD, GST, GPx and GR in kidney homogenate of male albino rats treated with lead 
acetate and lead acetate + flaxseed oil. 
 

Group 
GSH

 

(mmol/g tissue) 

CAT 

(U/g tissue) 

SOD 

(U/g tissue) 

GST 

(µmol/h/ g tissue) 

GPx 

(U/g tissue) 

GR 

(µmol/ g tissue) 

Control 0.86±0.06 1.89±0.12 5.62±0.34 2.05±0.05 1.35±0.04 33.92±0.98 

Pb
2+

 0.62±0.01
a
 1.01±0.08

a
 3.96±0.21

a
 1.24±0.06

a
 0.98±0.02

a
 21.54±1.76

a 

FSO 0.81±0.01 1.93±0.1 5.94±0.36 2.14±0.06
 

1.54±0.06 38.28±1.36 

Pb
2+

+FSO 0.68±0.04
a
 1.22±0.08

ab
 4.21±0.34

a 
1.32±0.09

a 
1.02±0.07

a 
20.79±1.08

a
 

 

Values are means ± SE (n = 6). a, Significant change at p < 0.05 with respect to control group; b, significant change at p< 0.05 with respect to 
Pb

+2
 group; FSO, flaxseed oil. 

 
 
 

partial failure in the ion pump transport of tubules cells 
which in turn produces tubular swelling and causes 
necrosis and vacuolization of the tubules. Flaxseed oil 
could improve to some extent, the altered kidney histo-
pathology. 

The induced elevation of the uric acid, blood urea nitro-
gen and creatinine due to lead acetate administration 
indicated that the kidney function was affected. The 
results of the study proved that, treatment with flaxseed 
oil significantly improved the kidney function. Oxidative 
stress may be as a result of excessive reactive oxygen 
species generation or failure of the cellular antioxidant 
system. Lead induced an elevation of oxidative stress 
indicators as nitrite/nitrate of kidney, where it was ex-
plained by Gonick et al. (1997) and the increased indu-
cible nitric oxide synthase (iNOS) in the kidney cortex of 
lead-treated rats was demonstrated.  

Lipid peroxidation is one of the main manifestations of 
oxidative damage and has been found to play an impor-
tant role in the toxicity of many xenobiotics, and also it 
alters physiological and biochemical characteristics of 
biological systems (Anane and Creppy, 2001). Valverde 
et al. (2001) found induction of lipid peroxidation and in-
creased reactive oxygen species (ROS) level in tissues of 
mice after intoxication with lead acetate for 1 h. Their 
findings are in agreement with the results obtained by 
Marchlewicz et al. (2007), suggesting the induction of 
Pb

+2
 cytotoxicity by indirect mechanisms. The investi-

gations in this study showed significantly increased con-
centration of MDA in serum and kidney homogenate of 
lead-exposed rats. 

Cervello et al. (1992) suggested that GST enzyme 
catalyzes the reaction via the thiol (-SH) group of gluta-
thione, thereby neutralizing and rendering the products 
more water-soluble. Taking into account mutual relations 
between GST and GSH in the redox system, the simulta-
neous decrease in both GST activity and GSH concen-
tration may suggest that the decrease in renal GSH 
concentration might result, at least partly, from the 
decrease in GST activity (Newairy and Abdou, 2009). 
The decrease in GST activity after exposure to lead could 
be caused by lead-induced changes in the enzyme struc-
ture as well as by the lack or insufficient amount of GSH, 
being a substrate for this enzyme (Neal et al., 1999). 

Glutathione reductase, the enzyme responsible for 
recycling of glutathione from the oxidized form (gluta-
thione disulfide; GSSG) to the reduced form (reduced 
glutathione; GSH) was also deactivated by lead (Table 
2).  

Flaxseeds have received increased attention for their 
potential role in preventing lipid disorders (Abdel- Moniem 
et al., 2010b). However, relatively few data are available 
regarding the impact of flaxseed oil on blood and kidney. 
The phenolic lignans and other phytoestrogens have 
antioxidant activity (Kitts et al., 1999). The more striking 
finding in this study is that the presence of flax lignans 
with lead acetate alleviated its harmful effects on the 
levels of GSH and on the activities of GPx, GR, SOD and 
GST enzymes. The corrected levels of these parameters 
were observed likely to near normal values of the control 
group. Flaxseed is the richest source of lignans, which 
have also been reported to have antioxidant and hypoli-
pidemic effects (Newairy and Abdou, 2009). 

In this study, co-treatment of Pb
+2

 and flaxseed oil re-
sulted in a significant improvement in the histological 
picture of the kidney as well as the kidney function. 
Therefore, this oil may play a protective role against Pb

+2 

mediated kidney injury.    
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