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ABSTRACT 
 

Lead is a ubiquitous heavy metal and its toxicity remains an important public health issue, especially infertility, is 
causing oxidative burst in the exposed individuals leading to testes damage. In previous work, we reported that 
ingestion of pectin extract from date (Phoenix dactylifera) may decrease the toxic effects of this metal. Then, we 
evaluated the potential detoxifying effect of pectin after oral exposure of male rats to Pb. To achieve our goal, the 
young rats received 350mg/Kg of lead acetate by gavage for 30 days of lead acetate, the treatment with pectin of 
date at 3%started after one month of intoxication. This study was designed to associated reproductive disorder 
(Sperm Quality) and biochemical parameters were analyzed in the testes: alkaline phosphatase, lipid peroxidation 
and Catalase. Administration of pectin after intoxication with lead acetate ameliorated in the weight of both the 
testes. Moreover, pectin improved sperm viability and decrease of sperm abnormalities in rats treated compared 
with the intoxicated rats. Therefore, pectin provided a significant protection to thiobarbituric acid reactive 
substances level in testes, while cause a decrease in catalase and phosphatase alkaline levels. The results show that 
pectin has beneficial effects which could be able to antagonize lead toxicity.  
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INTRODUCTION 
 

A substantial body of evidence has accumulated in recent years that consistently indicate various adverse effects of 
environmental contaminants on human health. Decreasing trend of male fertility has been correlated to the exposure 
to environmental contaminants [1]. Lead is one of the most widespread contaminants among the myriad of 
xenobiotic[2]. Lead affects each and every organ and system in the body[3]. It was considered as a major 
environmental toxic; the animals may be exposed to low concentrations of Pb via contaminated feed, water, and feed 
additives [4]. 
 
A lot of recent studies have demonstrated effects of Pb exposure on reproductive system in terms of sperm counts 
and sperm quality, along with other changes in male reproductive health, including congenital malformations and 
testicular cancer in humans[5, 6, 7].The impact of lead on reproductive functions has been studied on the laboratory 
animals, which provoked some chromosomal aberrations[8, 9], reduction in the spermatogenesis, fertility and induces 
alterations in testes[10, 11].The signs of such disorders are similar to those of antioxidant deficiency. Therefore, the 
patients are usually treated with additional administration of non-enzymatic antioxidant [12]. But, the more 
reasonable method is the use of chelate therapy with the purpose of elimination of toxicants. Dietary pectin can bind 
heavy metals and toxic metabolites [13]. 
 
Date fruit (Phoenix dactylifera L) is an important food source rich in nutriments [14]and carbohydrates [15]. Moreover, 
date fruit has been used as a source of active components as soluble fiber like pectin substances[16]. Pectin is 
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complex polysaccharides present in all plant primary cell walls. That, it contain 1,4-linked α-D-galactosyluronic 
acid (GalpA) residues[17].The supplementation of pectin has been proved to increase the lead excretion through urine 
and fecal way[18, 19].At present study, we investigated the effects of pectin extract of date « Var Delglabeida » upon 
reproductive system in male rats exposed to lead acetate.  
 

EXPERIMENTAL SECTION 
 

2-1-Plant Material:  
Fruits of P. dactylifera (Arecaceae) were collected in 2013 from palm grove situated in the Bechar region (Algeria) 
at the « Tamr stage » which is characterized by dry dates allowing easy preservation. After denutting, the date 
fleshes were dried and ground to obtain a powder of date.  
 
2-2-Extraction of Pectin[20]: 
Dried date flesh powder (100g) was blended with 600ml distilled water. Then, the blend was acidified using 53% 
nitric acid and pH was maintained at1.5. The acidified mixture of blended flesh powder was then heated at 95º C for 
around 60min.After this treatment, the mixture was centrifuged and the supernatant was separated from insoluble 
residue. The pectin solutions previously adjusted to pH 3.5 with 10 M NaOH were precipitated with an equal 
volume of ethanol (96%).After filtration, the ethanol insoluble pectin was washed twice with 70%ethanol to further 
remove any remaining impurity. Finally, precipitate was kept for drying at 40ºC in hot air oven and percentage yield 
was found to be around 6%. It was then stored in desiccators until further use. 
 
2-3-Animals: 
Thirty male albino rats weighing 100 ± 5 g were obtained and housed in Experimental Bio-Toxicology, Bio-
Depollution and Phyto-Remediation Laboratory, Department of Biology, University of Oran (Algeria). The 
experiment was approved by the ethical committee. Rats were housed in stainless steel, wired cages in groups of 6 
per cage and kept in an isolated room at a controlled temperature of 20°C to 22°C, 55±5% humidity  and lights were 
maintained on an artificial 12-hour light-dark cycle. Animals were first adapted to the facility for 1 week and 
provided with water and standard feed ad libitum. 
 
2-4- Experimental design and sacrifice: 
In the first experiment after the adaptation period,30 rats were randomly divided into 2 groups of rats. These groups 
included the control group (12 rats) and group that received Lead Acetate solution (“LA”= 24 rats). All groups were 
fed the standard diet. The control group received daily distilled water by gavage. Animals of other group were given 
daily lead acetate solution at dose of 350 mg/Kg by gastric gavage. After one month of the experiment and overnight 
fasting, 6 rats of each group (group Control « C1»=6 rats, group given lead acetate solution « LA1»=6 rats)were 
anesthetized with chloral solution (3 mL/kg bw). Blood was collected from the abdominal aorta into dry tubes, and 
plasma was prepared by low-speed centrifugation (3000g for 20 min, 40C). Testes was removed immediately, rinsed 
with cold saline, and weighed. Average tissue ratio was determined according to the formula:   
 
 
 
   
 
In the second experiment, after sacrifice of 12 rats of first period, the rest of rats of the control group received daily 
distilled water by gavage (C2=6 rats), then, the second group were given lead acetate solution for one month divided 
into 2 groups, the first group, 6 rats received daily distilled water by gavage (LA 2 =6 rats), the second group 
received orally pectin solution at 3% (LA+P=6 rats). Four weeks later, the rats were killed, and testes was removed, 
weighed, rinsed, and prepared for analysis as described before. 
 
2-5-Biochemical estimation: 
Testes were homogenized (10%) in cold KCl buffer (1, 15%; pH 7, 2). The homogenate was centrifuged at 
10.000×g for 10 minutes at 4°C to obtained post –mitochondrial supernatant which was used for the quantification 
of ALP. Enzymatic activities (alkaline phosphatase) (ALP) was determined calorimetrically using commercial 
chemical kit (Kit Chronolab). 
 
2-6-Tissues lipid peroxidation  
As marker of the lipid peroxidation, Thiobarbituric acid reactive substance (TBARS) concentrations in tissues was 
assessed by the complex formed between malondialdehyde and Thiobarbituric acid (TBA) [21]. Briefly, the testes 
(1g) were homogenized with 9 mL of KCl (1.15%). The homogenate (100 µL) was mixed with 0.1 mL of sodium 
dodecylsulfate (8.1%), 750 µL of acetic acid (20%), and 750 µL of TBA reagent (0.8%). The reaction mixture was 

                                                                    Weight of paired testes in grams  
Average tissue ratio of paired testes =100 x 
                                                                                    Weight of body in grams 
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heated at 95°C for 60 minutes. After heating, the tubes were cooled, and 2mL of n-butanol-pyridine (15:1) was 
added. After mixing and centrifugation at 4000g for 10 minutes, the upper phase was taken for measurement at 532 
nm. 
 
2-7-Enzymatic antioxidant defense 
Catalase catalyzes the decomposition of hydrogen peroxide to water and oxygen. Catalase activity was assayed in 
tissues by measuring the rate of hydrogen peroxide (H2O2) decomposition according to the method described by [22]. 
Briefly, 250 µL of homogenate (100 mg of tissue in 0.9 mL KCl), 250 µL H2O2 (30 mmol in phosphate-buffered 
saline 50 mmol/L), and 250 µL of phosphate-buffered saline were added. The contents were shaken and incubated 
for 5 minutes, and then Potassium Dichromate solution (5%) was added. The absorbance was measured at 620nm. 
 
2-8- Sperm Analysis and Evaluation: 
The estimate of sperm viability (live/dead ratio) of testis was calculated by the method of [23]and expressed as 
percentage viability. The percentage of abnormal sperm was scored in 10 to 20 speared fields [24]. 
 
2-9-Statistical analysis 
Data were expressed as means ± SEM for six rats per group. Differences between control and treatment groups were 
analyzed using Student’s ‘‘t’’ test. A value of p<0, 05 was considered significant. 
 

RESULTS 
 

3-1-Effect of pectin on Body weight gain and testis relative weight 
Administration of lead acetate showed a significant decrease (p<0.001) in body weight gain of rats at day 30 and 60. 
The decrease percentage is 39, 49% and 19.65% successive when compared with control, whereas the pectin of date 
reduced the loss body weight in rats (-11.59%) (Table1). 
 

Table (1): Effect of Pb and Pectin on body dot gain and testes, relative weight of tested rats 
 

 Body weight gain (g) Testis relative weight 
Group C 1 80.01± 1.39 1.61±0.12 
Group LA 1 60.41± 8.25*** 1.23± 0.04*** 
Group C 2 195.03±7.47 1.26± 0.05 
Group LA 2 156.7±15.6*** 1.06± 0.05*** 
Group LA+ P 172.41±10.88***  1.22± 0.09 

Values are means ± SE of 6 rats per group. *** p<0.001. 
 
Testicular organ weight was decreased (p<0,001) remarkably after lead administration (Table 1), whereas in the 
treated group with pectin, the decrease percentage is 3.17% when compared with control group. 
 
3-2-Effect of pectin on testicular PAL concentration: 
The results of Figure 1 showed that lead administration produced a high significant decrease (p<0,001) the ALP 
Level at day 30 and 60 (-54.17% and -52.38% respectively), in contrary, pectin of date decreased the level of ALP 
in rats (+41,30% compared to intoxicated group).  
 

. 
 

Values are means ± SE of 6 rats per group. **p<0.01 and***<0.001. 
Figure 1 : Effect of lead and oral administration of pectin on ALP of  the tested groups 
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3-3-Effect of pectin on testicular Lipid Peroxidation Products (LPP): 
The results on lipid peroxidation products for testes were presented in Figure 2. The LPP showed a very high 
significant increase (p<0.001) in their levels up to group LA 1and LA2 when compared to their respective controls 
(+86.53%, +84.72% respectively). Pectin of date treatment decreased significantly lipid peroxidation in testis (-
73.35%) compared to intoxicated group(LA2). 
 

 
 

Values are means ± SE of 6 rats per group. *p<0.05 and***<0,001. 
Figure 2: Testis lipid peroxidation in tested rats 

 
3-4-Effect of pectin on testicular catalase activities : 
The effect of treatments on testicular CAT activity is shown in Figure 3. There was a high significant decrease 
(P<0.001) in testicular activity of CAT in the intoxicated groups(LA1and LA2) while compared to the control (C1 
andC2) groups, the decrease percentage is 54.17% and 52.38% respectively. When, CAT activity was increased in 
testis (+41.30%) by pectin treatment compared to intoxicated group. 
 

. 
 

Values are means ± SE of 6 rats per group. *p<0.05 and***<0,001. 
Figure 3 : Effect of lead and pectin on catalase activity of tested rats 

 
3-5-Effect of pectin on Sperm Quality: 

 
Table 2: Sperm Quality in male rats treated with lead acetate and pectin 

 
Groups C1 LA1 C2 LA2 LA+P 

Sperme Viabilité 78.73±5.16 50.67±3.59** 80.45±4,94 59.35±5,71** 71.82±4.64* 
Sperme Anormalité Ratio % 14,51± 1,98 37,65± 3,87* 15.83± 2.29 34.72± 4.30* 27,29± 3.54 

Values are means ± SE of 6 rats per group. *p<0.05 and**<0,01. 
 
Sperm viability and abnormal sperm are reported in Table (3). It can be seen that sperm viability was significant 
decrease in group LA1(-35.64%) and group LA2 (-26.22%) as compared with the control groups, C1 and C2 
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respectively. when total sperm abnormalities were analyzed, the LA 1(+ 61.46%) and LA2 (+54.40%) groups have 
significantly the highest level of abnormalities as compared with control groups. On the other hand, treatment with 
pectin of date in combination with lead acetate significantly alleviated the decline in sperm viability (-10.72%), and 
decreased the percent of abnormal sperm compared to LA2 untreated group (+41.99%), and this means that pectin 
minimized the toxicity of acetate of lead. 
 

DISCUSSION 
 

 Many industrial chemicals are known to have a negative impact on human reproduction[25], particularly 
occupational and environmental exposures to heavy metals such as lead[26], can affect male reproductive functions 
including sperm counts[27]; motility and morphology[28]; spermatogenesis [29]. Many studies on reproductive system 
of male animals have documented lead as a toxicant for testicular tissue and functions[30] such as significant 
reductions in the number of spermatozoa within the epididymis in mice and halted spermatogenesis in rats [31]. 
 
Our results revealed that lead induced a higher significant decrease in the body weight gain. This is in accordance to 
[32, 33, 34]; who reported that mean body weight of the animals treated with LA was significantly lower than that of the 
other groups, many   others studies have suggested that the decrease of weight according to dose administrated and 
the time of exposition and appeared for feed intake in tested rat [35]. 
 
A number of mediators were involved into the regulation of ingested behavior, among them serotonin and 
dopamine, which have a dominant role in the control of the satiety. Indeed, lead interference with a number nervous 
pathways and cerebral structure which involved in the process of control of satiety and hunger, which justified 
anorexic effect of lead in rats. [36] 

 
Nevertheless, heavy metals are known to have direct effects on body weight of animals. In accord to this data they 
have concluded that low dose of lead induced the same effects[37].Furthermore, Male rats exposed to lead acetate 
showed a significant decrease in the weight of both the testes, this effect could result of high vulnerability of testes 
towards various toxic[38]. Another study [39] has demonstrated that the decrease of weight testes results at loss of 
germinal cells. 
 
Treatment with pectin at 3% extract from date (P) for one month increased significantly the body weight gain, these 
results agreed with results obtained by [40]who studied the effect of HEP and LEP in rats intoxicated by lead. These 
data are also consistent with those of [41]who reported the beneficial effect of pectin extract from carrot on lead 
toxicity. 
 
The heavy metals, especially lead, are able to produce reactive oxygen species (ROS) that result in DNA damage, 
depletion of cell antioxidant defense systems and lipid peroxidation (TBARS) in tissue and blood [42]. Our current 
investigations showed significantly increased concentration of LPP in testis after an exposure to lead acetate.  Our 
results are in agreement with results obtained by several others [43]. Increased contents of tissusthiobarbituric acid 
reactive substances accompanied by altered antioxidant defense systems were confirmed by many other studies, 
which have pointed to either elevated lipid peroxidation or decreased intrinsic antioxidant defense in various tissues 
of lead-exposed animals [44, 45].Furthermore, [46] measured lead concentrations in various brain areas as well as the 
rate of lipid peroxidation. He concluded that the increase in the rate of lipid peroxidation followed a pattern similar 
to that of lead concentrations in different regions of the brain.  
 
At the same time, the study shows that tissues TBARS concentrations were significantly lower in the group treated 
with pectin compared with untreated rats. These results showed that pectin extract might protect the tissues against 
the cytotoxic action and oxidative stress of lead. Furthermore, the reduction in lipid peroxidation could be due to the 
increased of antioxidant status. One has to remember that the contribution of antioxidants to the overall therapeutic 
properties of medicinal plants used for prevention of oxidative stress related disorders is still disputed [47, 48]. These 
results agreed with results obtained by[49]who showed that pectin treatment promoted the decrease in lead content in 
the liver, reduction in lipid peroxydation, and recovery of parameters of lipid metabolism.  
 
Anterior study[50]stated that application of native pectin as well as oligogalacturonic acids increased lead elimination 
through blood and organs. And addition of rhamnogalacturonic parts of pectin into the lead-enriched diet in rats 
contributed to slow absorption of lead in rats and enhanced lead excretion with feces during the period of the 
experiment. Moreover, The use of the pectin substances in animals preliminary exposed to high doses of lead acetate 
contributed to fast elimination of the metal from the organs, in particular, the femur [51]. In contrary to this, lead 
chelated by dRGII in fruits and vegetables and fruit juice is thus mostly unavailable for intestinal absorption. 
However, the addition of dRGII after chronic lead exposure in rats does not help Pb detoxification. Additionally, 
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they found that MEDETOPECT (made on apple pectin) is effective agent for prophylaxis of lead incorporation in 
industrial conditions[52]. It is favorable for the chelation in the gastrointestinal tract [53].In some cases, orally 
administered pectin contributed to increased retention of heavy metal in tissues [54], in blood serum levels and in 24-
hour urine collection, of children between the ages of 5 and 12 years [55]. 
 
Many studies illustrated the relationship between the degree of methylation of pectin and metal binding, proved that 
pectin exerts high metal binding activity regarding bivalent metal ions and [56]confirm that carboxylic acid groups 
are active participants in Pb binding by citrus pectin. The largest amount of Pb(II) ions were bound by pectin with 
the low degree of esterification[57]. 
 
In the present study, catalase activity was significantly decreased after lead exposure. This diminution of enzyme 
levels both in testis can be attributed to the inhibition of Hem biosynthesis [58], In contrary, [59] reported that lead 
intoxication caused an increase in the catalase activity. In the other hand, pectin of date treatment increased catalase 
activities in testis of rats; this increase might constitute a protection against superoxide anion elevation. Because 
SOD catalyzes the decomposition of superoxide radicals to hydrogen peroxide (H2O2).The H2O2 produced by SOD 
is excreted as H2O based on the activity catalase [60]. 
 
Our data suggest that lead produced a high significant increase the ALP level at day 30 and 60 compared with the 
control group, ours results were in accordance with study[61]who reported that increased activity of testicular, 
epididymis and pituitary alkaline phosphatase in lead treated rats reflects tissues degeneration, which may likely be 
an indicative of lytic activity. In addition, treatment with pectin of date increased the level of ALP in rats, which 
may be attributed to the ability of pectin to chelate the acetate of lead. 
 
Acetate of lead induced significantly decrease in sperm viability (%), with increase in dead and abnormal sperm 
count as compared to both intoxicated group and pectin treated group, this means that orally administered of pectin 
minimized the toxicity of lead. Moreover, the observed decrease in sperm viability could be attributed in part to the 
concomitant reduction in testosterone production following lead treatment[62].  
 
Previous studies showed that, sexual behavior of male rats was suppressed after ingestion of lead acetate. Necrosis 
of spermatocytes/ spermatids was observed in the testes of rat exposed to lead [63]. They suggest that lead 
significantly reduce epididymis and testicular sperm counts including daily sperm production that may be owed to 
the toxic effect of lead to testicular histological structure. Others showed that the intensification of lipid peroxidation 
caused by lead may affect the composition of cytoplasmic, mitochondrial and acrosomes membranes. It is known 
that on the way from caput to cauda epididymis the sperm membranes become richer in unsaturated fatty acids and 
therefore they show tendency to instability. In promotes acrosomes reaction but at the same time the membranes 
become more prone to proxidative damage [64]. 
 
In conclusion, many chelating agents are currently used to manage lead toxicity. At the same time, the most 
common, however, are non-specific and have some adverse effects in humans such as induction of misbalance of 
essential microelements. Pectin had the ability to chelate to lead and subsequently works as active natural compound 
to discharge lead contamination. 
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