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Abstract 

Lead (Pb2+) is a toxic metal in the environment and could adversely alter the functions of the female 
reproductive hormones: follicle stimulating hormone (FSH), luteinizing hormone (LH), progesterone and 

prolactin (PRL) which could lead to hormonal imbalance and consequently infertility. Infertility is a global 

health problem and a socially destabilizing condition. This study is aimed at investigating the antioxidant effect 

of vitamin E and/or selenium on FSH, LH, progesterone and PRL, and malondialdehyde (MDA) in lead exposed 

female wistar albino rats. A total of twenty-five rats were divided randomly into five groups of six rats each. 

Group A served as control and were administered 10mL/kg b wt distilled water. Group B were treated only with 

lead and received 250mg/kg b wt of lead acetate in drinking water. Group C received 250mg/kg b wt lead 

acetate and 600mg/kg b wt vitamin E. Group D received 250mg/kg b wt lead acetate and 0.5mg/kg b wt 

selenium. Group E received 250mg/kg b wt lead acetate and 600mg/Kg b wt vitamin E and 0.5mg/Kg b wt 

selenium. All treatments were by oral gavage and lasted for a period of six weeks. After the last day of 

treatment, the animals were sacrificed and blood samples were collected for determination of lead (Pb2+), 
reproductive hormones and lipid peroxidation product, malondialdehyde (MDA). There was a statistically 

significant (P˂0.05) reduction in the levels of LH, FSH, progesterone and PRL and a non-significant increase 

in lipid peroxidation in the lead acetate intoxicated rats (group B) compared with the control. There was a 

statistically significant (P˂0.05) elevation of LH, FSH, PRL in groups C, D and E compared with the group 

treated only with lead. Progesterone was non-significantly and significantly reduced in group C and E 

respectively. However, progesterone was significantly (P˂0.05) elevated in group D compare with the lead 

treated group B. The MDA concentration of groups C, D and E rats were significantly (P˂0.05) reduced 

compared with group B. In conclusion, vitamin E, selenium and the combination of vitamin E and selenium have 

a protective effect on the reproductive hormone levels and lipid peroxidation. 

Keywords: Lead Acetate, Vitamin E, Selenium, Reproductive Hormones, Oxidative stress, lipid peroxidation. 

--------------------------------------------------------------------------------------------------------------------------------------- 

Date of Submission: 03-02-2021                                                                           Date of Acceptance: 18-02-2021 
---------------------------------------------------------------------------------------------------------------------------------------                                                                     

 

I. Introduction 
The endocrine system regulates the body’s metabolism and functions including the reproductive 

hormones. The system consists of endocrine glands that act on their target organs through cognate receptors. 

The targets are in mainly endocrine organs that secrete hormones acting on the next level and also inhibiting the 

upper level via a negative feedback mechanism (1). Reproductive function is specifically under hormonal 

control and involves the hypothalamus in the brain, the pituitary gland that connected to the hypothalamus and 

the gonads (ovary in females). Thus, the hypothamic – pituitary – ovarian (HPO) axis plays a central role in the 
hormonal regulation of the female reproductive system (2). The HPO axis works collectively as to allow for 

reproduction by means of a cyclic production of gonadotropic and steroid hormones. This cycle is well regulated 

in order to select a dominant follicle for ovulation and as well as priming the endometrium for implantation. 

This complex regulation can be negatively impacted on when pathologies occur within any junction of the HPO 

axis (3) or when the HPO axis is exposed to endocrine disruptors (4,5). The ovary plays a vital role in the 

production of steroid hormone necessary for follicullar development and oocyte maturation (3). This process is 

regulated by the hypothalamic control of two gonadotropic hormones; follicle stimulating hormone (FSH) and 

leutenizing hormone (LH). While FSH is responsible for gametetogenic activity of the germinal epithelium, LH 

regulates secretory activities of leydig cells in males, and induces ovulation and formation of ovarian corpus in 



Influence of Vitamin E and Selenium on Reproductive Hormones and Lipid Peroxidation .. 

DOI: 10.9790/2402-1502020109                                www.iosrjournals.org                                               2 | Page 

females. Both gonadotropins influence oestrogen secretion from the ovary, and that has both inhibitory and, 

before ovulation, stimulatory effect on GnRH neurons and pituitary (1). 

The HPO axis could be exposed to chemicals that have adverse effect on its regulatory functions. These 

so called “endocrine disrupting chemical substance” (EDCs) are exogenous chemical substances that impact 

adversely on the organism or the organism’s progeny secondary to changes in endocrine function or action 

(6,7,8). They can interrupt with the syntheses, secretion, transport, binding or elimination of hormones in the 

body (9) and also interrupt with steriodogenesis and metabolism of hormones (7,8). The mechanism of action of 
these endocrine disruptors includes mimicking natural hormones, lock or binds on to a receptor within a cell, 

inhibiting the action of hormones and/or alters the normal regulation. Endocrine disruptors (ED) can reduce 

fertility; produce erectile dysfunction, abnormal sexual development, alteration in pituitary and thyroid gland 

function (10,11, 12).  

Lead (Pb2+) is a heavy metal and is categorized as one of the endocrine disruptors and induces 

modification of neurotransmitters in the central nervous system (CNS) and impairs the hypothalamic release of 

gonadotropin–releasing hormones (9 Bolawa et al, 2014). It is reported that lead (Pb2+) is a powerful disruptor 

of adrenal steroidogenesis, inhibiting synthesis of progesterone and 17- hydroxyprogesterone. Testosterone and 

17β oestrodiol are also inhibited when exposed to high levels of lead (Pb2+) (13). Lead (Pb2+) adversely affects 

the pituitary-hypothalamus axis, and the balance of gonadotropin (14). Lead is naturally occurring in the earth 

crust. Because of its widespread anthropogenic use, lead is ubiquitous in the environment. It is found in as a 
contaminate in consumer product, cosmetics, drinking water, food, natural products, therapeutic products, 

tobacco, environmental media including house dust and air (10).  

Lead (Pb2+) has been found to produce a wide range of toxic-biochemical effects involving biochemical 

activities (15,16). It is associated with altered sterodogonesis, decrease gonadotrophin binding and serum 

gonadotrophin levels in rats (17,18) and is associated with altered follicular growth and maturation in mice (19). 

Exposure to lower level of lead has been shown to reduce pituitary responsiveness to hypothalamic stimulus 

(20) thereby, altering the hormone production and subsequent circulation. Pollack and coworkers in one study 

reported that the geometric mean of lead (Pb2+) increases with increase in mean progesterone. They reported that 

environmentally relevant levels of metals, lead (Pb2+) inclusive are associated with modest changes in 

reproductive hormone levels in healthy and premenopausal women (21). Krieg and Feng (22) examined the 

association between blood lead level (BLL) and serum follicle stimulating hormones (FSH) and luteinizing 

hormone (LH) in women age 35 – 60 years and observed that as the blood lead level increased, the serum FSH 
concentration increases in pre-and postmenopausal women and women with both ovaries removed. Also, the 

concentration of LH increased as blood lead level increased in the postmenopausal women and women who had 

both ovaries removed. Lead (Pb2+) may act directly or indirectly on the ovaries or other parts of the body and 

cause alteration in the level of FSH and LH. Gustafson et al, (23) reported that occupational lead (Pb2+) 

exposure resulted in lower plasma levels of luteinizng hormones, follicle stimulating hormones, and cortisol, 

and a decrease in plasma selenium. In primates, prolonged expose to lead blocks ovarian and luteal function by 

reducing progesterone, luteinizing hormones and follicle stimulating hormone level (24).  

The mechanism of lead-induced toxicity has been linked to oxidative stress (25). Oxidative stress 

results from the excessive production of reactive oxygen species (ROS) and the inability of the body’s 

antioxidant defense system to mop up the excess. Lead (Pb2+) induced oxidative stress has been implicated in 

endocrine disorders affecting the HPO axis (4). Antioxidants regulate the overproduction of reactive oxygen 
species (ROS). It therefore implies that antioxidants may play a vital role in cushioning and/or protect lead 

(Pb
2+

) poisoning (26).  The protective mechanism in animal is in the form of antioxidant nutrients, vitamins and 

enzymes. The body’s defense mechanism depends on dietary intake of antioxidant vitamins and minerals. 

Vitamin E is an antioxidant vitamin whereas selenium is antioxidant mineral. Antioxidant such as vitamin E acts 

to protect the cells from the effect of free radicals, which are potentially damaging by-product of energy 

metabolism or from environmental exposure like radiation (27). Free radicals can damage the cells and 

contribute to development of cardiovascular disease, cancer, tissue injury in liver, (28, 29). 

Vitamin E is able to interact with oxidizing radicals directly (30) and limit the production of free 

radicals. Vitamin E has been shown to play a role in immune function, in DNA repair, and other metabolic 

processes (31). Vitamin E functions to prevent membrane lipids from damage (32). Vitamin E can be obtained 

from many food sources, such as vegetable, oils, nuts, green leafy vegetable and fortified cereals (31). Vitamin 
E is a unique antioxidant [33] that is known to prevent reproductive disease associated with oxidative stress 

(34). Vitamin E interacts with oxidizing radicals and terminates the chain reaction lipid peroxidation and 

unsaturated membrane lipids due to its oxygen scavenging ability. It has been reported that vitamin E reduce the 

oxidative stress induced by lead or a toxic compound (35). 

Selenium is an essential trace mineral element and a component of the cytosolic enzyme glutathione 

peroxidase which form part of the cell’s antioxidant defense system (36,37). It plays an important role in 

preventing cells against oxidative damage by expressing selenoprotein genes and via anti-inflammatory 
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mechanism (38). Chen et al., (39) demonstrated that, selenoproteins, through their antioxidant properties, help to 

eliminate reactive oxygen species induced by metals. Kaneko, (40) reported that selenium facilitates the action 

of vitamin E in reducing peroxy radicals. It has also been demonstrated to have detoxification potentials on 

various heavy metal including lead (41). Selenium (Se) is considered as one of the most essential antioxidants 

(42a) as it plays an essential role in female reproductive function. It is implicated in determining the follicle 

growth, maturation, and dominance in both cows and women (43b) and in follicle dominance; protecting the 

dominant follicle from increasing levels of reactive oxygen species (ROS) (42a,43b). As sperm antioxidant, 
selenium protected its motility and fertility (44). Selenium is described as a much more potent anti-oxidant than 

vitamins E, C and A, beta-carotene, and much more toxic.  

Vitamin E and selenium are essential nutrients known to have complementary biological functions as 

antioxidants to minimize cellular damage caused by endogenous peroxides (45). While selenium destroys a 

peroxide before it attacks the cell membrane (46), vitamin E acts within the cell membrane to prevent the 

formation of fatty acid hydro-peroxidation (47). Selenium and vitamin E work synergistically as it supports the 

activity of vitamin E in limiting oxidation of fat. However, there is paucity of literature on the influence of co-

treatment with vitamin E and selenium on female reproductive hormone level in lead-induced toxicity in rats. 

Therefore, the present study is designed to investigate the possible preventive effect of simultaneous 

administration of vitamin E and selenium on the hormone levels in lead intoxicated rats.  

 

II. Materials And Methods 
Materials  

  Five hundred grams (500g) of Lead acetate of 99% purity with LOT #L117921504, DL-α- tocopherol 

acetate (99%) purity with LOT#L182801601 and anhydrous sodium selenite (98%) purity with 

LOT#Lmo125A1708 manufactured by LOBA CHEMIE PVT LTD, Mumbai India were procured/purchased 

from a reputable chemical and laboratory reagent supplier, Effective chemical and Laboratory reagent Ltd, 

Melford Okilo Rd,Yenagoa. 

 

Animal treatment and Experimental Design 
  All procedures for animal handling and treatments were approved by the Ethical Committee Office of 

the department of pharmacology Niger University, (Amasssoma, Bayelsa state).  A total of 25 female adult 

Wistar albino rats   7 - 8 weeks old and weigh between, 150-210 g was used in the present study. They were 

allowed to acclimatize for 2 weeks prior to the experiment. The rats were maintained under a light/dark cycle 

(12-12 h) and had access to food and water ad libitum. The rats were randomly divided into five groups 

(n=6/group) as follows:  

Group A: Control. This group of rats received feed and water ad libitum 

Group B: lead acetate. This group of rats received rat feed and were gavaged with lead acetate (250mg/kg 

body weight/day in drinking water) (48). 

Group C: Lead acetate +Vitamin E. The rats in this group received rat feed and were gavage with lead acetate 

(250mg/kg body weight/day in drinking water) and vitamin E (600mg/kg body weight/day in Tween) (49). 

Group D: Lead acetate + Selenium (Se). The rats received standard rat feed and water and were gavage with 
lead acetate (250mg/kg body weight/day in drinking water) and Selenium (0.5mg/kg body weight/day in 

drinking water) (50). 

Group E: Lead acetate +Vitamin E + Selenium. The rats received rat feeds and were gavage with lead acetate 

(250mg/kg body weight/day) + Vitamin E (600mg/kg body weight/day) + Selenium (0.5mg/kg body 

weight/day). 

Route and duration of administration: Lead acetate, vitamin E and selenium were administered orally by 

gastric gavage once daily for six consecutive weeks. At the end of the experiment, the rats were anaesthetized 

by inhalation with diethyl ether and then sacrificed. Blood samples were collected via cardiac puncture into 

heparinised and plain tubes. Blood in the heparinised tubes was used to estimate blood lead concentration. 

Blood in the plain tubes were allowed to cloth and centrifuged at 3000rpm for 10minutes to obtain serum. The 

clear serum was collected into another set of plain for estimation of Follicle stimulating Hormone (FSH), 
Luteinizing Hormone (LH), progesterone, prolactin and Malondialdehyde (MDA).  

 

Analysis of Biochemical Parameters 

Estimation of Blood Lead Levels.  

Blood lead levels was measured by Atomic Absorption Spectrophotometer (AAS) 

Estimation of Follicle stimulating hormones, luteinizing hormones, progesterone and prolactin levels. 

Serum levels of Follicle stimulating Hormone (FSH), Luteinizing Hormone (LH), progesterone and prolactin 

were measured by ELISA technique using specific commercial kits. The assays were conducted according to the 

manufacturer's protocols.  
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Estimation of Malondialdehyde: MDA was determined by the method of Shah and Walker's, (51) using an 

auto analyzer spectrophotometer. Malondialdehyde in serum was separated and determined as conjugate with 

TBA. Serum proteins were precipitated by TCA and then removed by centrifugation. The MDA – TBA complex 

was measured at 534 nm (51). Briefly, 1.0ml reagent 1 (17.5% TCA), reagent 2 (70% TCA) and regent 3 

(Thiobarbituric acid 0.6%) was added to 1.0ml of serum and mixed. The reaction mixture was incubated in 

boiling bath for 15 minutes, allowed to cool, and then let to stand at room temperature for another 20 minutes. 

Then the tubes centrifuged at 2000 rpm for 15 minutes and the supernatant layer was read at 534 nm. Distilled 
water was used for the blank. The concentration of MDA (nmol/ml) was calculated by using the following 

formula: 

Concentration of the test= Abs (test) –Abs (blank) / 1.56 x 1000000  

 

III. Results 
Table 4.1 shows the hormonal profile and lipid peroxidation product MDA of the adult female rats studied. Data 

show significant reduction in FSH, LH, Progesterone and PRL in the lead acetate treated rats compared with 

their respective control. The MDA level was non-significantly elevated in the lead acetate intoxicated rats 

compared with the control.  Table 4.2 shows the hormonal profile and lipid peroxidation product MDA of the 
adult female rats exposed to lead acetate toxicity and treated with vitamin E. There was significant elevation in 

the level of FSH, LH, PRL and a nonsignificant reduction in the progesterone level compared with the control. 

Table 4.3 shows the hormonal profile and lipid peroxidation product MDA of the adult female rats exposed to 

lead acetate toxicity and treated with selenium. There was significant elevation in the level of FSH, LH, PRL, 

Progesterone and a nonsignificant reduction in the MDA level compared with the control. 

Table 4.4 shows the coadministration of vitamin E and selenium on some hormonal parameters and MDA in the 

lead treated rats. There was a significant elevation in the levels of FSH and LH compared with the positive 

control. Also, progesterone and prolactin showed a significant reduction compared with the positive control. 

MDA was statistically significant reduction compared with the positive control. 

 

Table 4.1: Toxicological Assessment of Oral Lead Poisoning on Some Hormonal Parameters and Lipid 

Peroxidation Product of Adult Albino Rats Studied 
Parameters (Units) GP A GP B t statistic p value Remark 

FSH (mIU/mL) 8.71 ± 0.28 8.27 ± 0.03 3.51 .024 S 

LH (mIU/mL) 8.28 ± 0.04 7.23 ± 0.04 41.15 .000 S 

PROG (nmol/L) 18.23 ± 1.22 14.22 ± 1.38 4.87 .001 S 

Prolactin (ng/mL) 6.34 ± 0.23 6.02 ± 0.04 3.08 .015 S 

MDA (nmol/L) 0.04 ± 0.03 0.07 ± 0.01 -2.07 0.100 NS 

Key: GP A = Negative Control, GP B = Pb treated, NS = Not Significant, S = Significant 

 

Table 4.2: Effect of Vitamin E Treatment on Some Hormonal Parameters of Oral Lead Induced 

Poisoning in Adult Albino Rats Studied 
Parameters (Units) GP A GP B GP C F statistic p value Remark 

FSH (mIU/mL) 8.71 ± 0.28
α
 8.27 ± 0.03

β
 8.84 ± 0.23 10.10 .003 S 

LH (mIU/mL) 8.28 ± 0.04
δ
 7.23 ± 0.04

γ
 7.56 ± 0.15

ε
 168.62 .000 S 

PROG (nmol/L) 18.23 ± 1.22 14.22 ± 1.38 7.24 ± 3.84 3.62 .059 NS 

Prolactin (ng/mL) 6.34 ± 0.23
µ
 6.02 ± 0.04

ζ
 6.28 ± 0.09 7.01 .010 S 

MDA (nmol/L) 0.04 ± 0.03 0.07 ± 0.01
ö
 0.03 ± 0.00 6.17 .014 S 

Key: GP A = Negative Control, GP B = Pb
2+

 treated, GP C = Vitamin E treated, NS = Not Significant, S = 

Significant. All post hoc testing were done using Bonferroni multiple comparison. α Significant difference 

observed in the FSH concentration between GP A and GP B, p< .05. β Significant difference observed in the 

FSH concentration between GP B and GP C, p< .01. δSignificant difference observed in the LH concentration 

between GP A and GP B, p< .001. γ Significant difference observed in the LH concentration between GP B and 

GP C, p< .001. εSignificant difference observed in the LH concentration between GP C and GP A, p< 

.001.µSignificant difference observed in the Prolactin concentration between GP A and GP B, p< 

.05.ζSignificant difference observed in the Prolactin concentration between GP B and GP C, p< .05. öSignificant 

difference observed in the MDA concentration between GP B and GP C, p< .05. 

 

Table 4.3: Effect of Selenium Treatment on Some Hormonal Parameters and lipid peroxidation product 

of Oral Lead Induced Poisoning in Adult Albino Rats Studied 
Parameters (Units) GP A GP B GP D F-

statistic 

p value Remark 

FSH (mIU/mL) 8.71 ± 0.28
α
 8.27 ± 0.03 8.54 ± 0.04 9.16 .004 S 

LH (mIU/mL) 8.28 ± 0.04
β
 7.23 ± 0.04

δ
 7.76 ± 0.17

γ
 130.80 .000 S 

PROG (nmol/L) 18.23 ± 1.22
ε
 14.22 ± 1.38

µ
 16.28 ± 0.50

ζ
 16.56 .000 S 

Prolactin (ng/mL) 6.34 ± 0.23
ö
 6.02 ± 0.04

ø
 6.64 ± 0.13 7.15 .009 S 

MDA (nmol/L) 0.04 ± 0.03 0.07 ± 0.01 0.04 ± 0.04 3.91 .051 NS 
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Key: GP A = Negative Control, GP B = Pb treated, GP D = Selenium treated, NS = Not Significant, S = 

Significant. All post hoc testing were done using Bonferroni multiple comparison. α Significant difference 

observed in the FSH concentration between GP A and GP B, p< .05. β Significant difference observed in the LH 

concentration between GP A and GP B, p< .001. δSignificant difference observed in the LH concentration 

between GP B and GP D, p< .001. γ Significant difference observed in the LH concentration between GP D and 

GP A, p< .001. εSignificant difference observed in the Progesterone concentration between GP A and GP B, p< 

.001.µSignificant difference observed in the Prolactin concentration between GP B and GP D, p< .05. 
ζSignificant difference observed in the Progesterone concentration between GP D and GP A, p< .05. öSignificant 

difference observed in the Prolactin concentration between GP A and GP B, p< .05.øSignificant difference 

observed in the Prolactin concentration between GP B and GP D, p< .05. 

 

Table 4.4: Effect of Vitamin E + Selenium Treatment on Some Hormonal Parameters of Oral Lead 

Induced Poisoning in Adult Albino Rats Studied 
Parameters (Units) GP A GP B GP E F statistic p value Remark 

FSH (mIU/mL) 8.71 ± 0.28
α
 8.27 ± 0.03 8.53 ± 0.13 7.72 .007 S 

LH (mIU/mL) 8.28 ± 0.04
 β
 7.23 ± 0.04

 δ
 7.48 ± 0.05

γ
 740.67 .000 S 

PROG (nmol/L) 18.23 ± 1.22 14.22 ± 1.38 12.52 ± 4.30
ε
 5.90 .016 S 

Prolactin(ng/mL) 6.34 ± 0.23
µ
 6.02 ± 0.04 5.95 ± 0.09

ζ
 10.16 .003 S 

MDA (nmol/L) 0.04 ± 0.03 0.07 ± 0.01 0.03 ± 0.00
ö
 6.17 .014 S 

Key: GP A = Negative Control, GP B = Pb treated, GP E = Vitamin E + Selenium treated, NS = Not Significant, 

S = Significant. All post hoc testing were done using Bonferroni multiple comparison. 
α
 Significant difference 

observed in the FSH concentration between GP A and GP B, p< .01. β Significant difference observed in the LH 

concentration between GP A and GP B, p< .001. δSignificant difference observed in the LH concentration 

between GP B and GP E, p< .001. γ Significant difference observed in the LH concentration between GP E and 

GP A, p< .001. εSignificant difference observed in the Progesterone concentration between GP E and GP A, p< 

.05.µSignificant difference observed in the Prolactin concentration between GP A and GP B, p< .05. ζSignificant 

difference observed in the Prolactin concentration between GP E and GP A, p< .001. öSignificant difference 
observed in the MDA concentration between GP E and GP A, p< .05.  

 

IV. Discussion 
Human and animals are exposed to the heavy metal disruptor lead (Pb2+) throughout their life time 

through industrial emissions, soil, car exhaust gases, and contaminated foods, (52), acid batteries, alloys, cable 

sheathing, pigments, and rust-proof (53). Environmental lead accesses the body via inhalation of airborne 

contaminated dust or ingestion of contaminated food and water into the digestive tract (54). 

Lead (Pb2+) is known to disturb the normal profile of reproductive hormones in animals, both at the 

hypothalamic, pituitary and gonodal levels (4). Lead adversely affects hypothalamus-pituitary axis, and the 
balance of gonadotropin (14). Normally in the brain, the hypothalamic gonadotropin releasing hormone (GnRH) 

neuron stimulate pituitary gonadotropins to secrete follicle stimulating hormone (FSH) and luteinizing hormone 

(LH) which acts on the gonads (ovary in females).  FSH and LH are either positively or negatively modulated 

by oestrogen and progesterone, depending on the concentration and period of exposure of the pituitary to these 

steroids (55). A feedback mechanism exists between the secretion of oestrogen and the release of gonadotropins 

from the hypothalamus (GnRH) and pituitary (FSH, LH) and is observed when there is an increase in the 

secretion of FSH and LH as in menopausal women and castrated men (56). Disruption of the hypothalamic 

pituitary ovarian (HPO) axis by endocrine disrupting chemical substances (EDCs) such as lead (Pb
2+

) can 

impact adversely on the regulatory function of the GnRH and affect the levels of reproductive hormones. In the 

present study, FSH, LH, progesterone and prolactin levels were suppressed post administration with lead (Pb2+) 

compared with the control. This finding was in tandem with the study by Frank et al 24 (1989) and Foster, (57). 
Frank and coworkers observed that in primate, chronic lead (Pb2+) exposure obstruct ovarian and luteal function 

by reducing FSH, LH and progesterone levels while Foster, (57) reported that subclinical suppression of 

luteinizing hormone, follicle stimulating hormones, oestrogen and progesterone are associated with chronic lead 

exposure. The reduction in reproductive hormone levels in this study can be attributed to accumulation of lead 

(Pb2+) in the hypothalamus and pituitary which could have disrupted the feedback mechanism that brings about 

hormone homeostasis. Normally, low progesterone level has a feedback control on the GnRH neuron to 

stimulate FSH and LH production thereby increasing the level of these hormones. Therefore, a low FSH and LH 

observed in this study are suggestive of the disruption or impairment of the feedback mechanism by the 

endocrine disruptor lead (Pb2+). Also, a low prolactin in this study may be due to disruption of the feed-back 

mechanism as high prolactin has an inhibitory effect on LH and FSH secretion at the pituitary level. Studies 

have demonstrated that lead (Pb2+) exposure disrupted the hormone feedback mechanism at the hypothalamic – 

pituitary level (58). The reductive hormone levels could also be due to impairment of GnRH neuron 
transmission caused by lead (Pb2+). Chronic exposure of rats to low lead (Pb2+) levels is known to cause a 
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reduction in the release of Ca2+ - dependent glutamate and γ-aminobutyric acid (GABA) in the hippocampus 

(59,60) resulting in dysfunction of the presynatic neuron signaling in the hippocampus (61). The inhibitory post 

synaptic currents (IPSCs) and excitatory post synaptic currents (EPSCs) both of which depend on glutamate and 

γ-aminobutyric acid (GABA) are also impaired by lead (Pb2+). this leads to reduction in IPSCs and EPSCs thus 

indicating a deficit in glutamatergic and GABAergic neurotransmission systems. Lead can disrupt 

neurotransmission by inhibiting the neuronal voltage-gated calcium (Ca2+) channels (VGCCs) (62). Thus, 

inhibition of presynaptic VGCCs may reduce the influx of Ca2+ which is required for fast release of vesicular 
neurotransmitter thus interfering with neurotransmission. The altered levels of the reproductive hormones could 

also be attributed to decreased fluidity of the pituitary membrane. Exposure to low lead level is known to 

decrease the fluidity of the pituitary membrane in rats, a scenario that that impair pituitary and receptor binding 

(63). In the present study the reduction in the level of progesterone post lead (Pb2+) intoxication could also be 

attributed to increased activity of a progesterone – metabolizing enzyme progesterone-5β reductase (63) in liver 

and uterine homogenate in mice. This enzyme reduces progesterone to 5β reduced metabolites. 

Animal studies have suggested that the adverse effect of lead (Pb2+) can be reversed when lead (Pb2+) is 

removed from the system (10). In the present study, treatment of lead intoxicated rats with vitamin E improved 

the levels of LH, FSH and prolactin compared with the lead treated control. This could be due to the reactive 

oxygen species (ROS) scavenging ability of vitamin E which may have improved the GnRH neuronal 

transmission and feedback mechanism restored. The antioxidant activities of vitamin E were reported following 
findings on its ability to scavenge reactive oxygen species (ROS) in cellular membranes (65).  

Selenium treatment restores the levels of FSH, LH, progesterone and prolactin above that of the lead 

treated control. This is in line with Shen et al, (66) who reported that Selenium decreases serum lead and 

rectified reproductive hormones. The improved concentration of these hormones maybe due to enhancement of 

endogenous GSH activity by selenium. Selenium is known to enhance the availability of GSH, an intrinsic 

antioxidant that help in preventing lipid peroxidation and resultant cell damage (67). 

Studies have revealed that antioxidants, in addition to their individual effects can interact 

synergistically to produce a sparing effect, such that one antioxidant protects another against oxidative 

destruction. Combining antioxidants to prevent cellular injury has proven to be more effective than using larger 

quantities of any single antioxidants (68). In the present study the co-administration of vitamin E and selenium 

improved the concentrations of FSH and LH significantly but did not elevate progesterone and prolactin 

compared with the lead treated control.  
In part this is not consistent with the observation of Young and Lowe, (68) on combining antioxidants. 

There could be two possible explanations for this observation. Firstly, the proportion (ratio) and concentration in 

which the two antioxidants are combined may cause either antioxidant to be become antagonistic to the other. 

Secondly, the administered lead depleted the endogenous selenium stores such that the supplemented selenium 

was not enough to have a positive impact on the hormone levels. Gustafson et al (23) reported that occupational 

lead exposure resulted in a decrease in plasma selenium.  

Studies have shown that chronic exposure to lead resulted in increased lipid peroxidation (69). Lipid 

peroxidation product MDA is a clinical marker of oxidative stress and is often used as a measure of tissue 

damage (70). Lead is absorbed into the bloodstream and accumulation in erythrocytes due to its high affinity for 

δ -aminolevulinic acid dehydratase (ALAD), the enzymes that catalyse the conversion of aminolevulinic acid 

(ALA) to porphobilinogen (PBG) (71,72).  Lead displaces Zn2+ at the metal binding site in the enzyme and 
change the enzyme structure by binding to –SH groups. This results in the inhibition of δ -aminolevulinic acid 

dehydratase (ALAD) (73).  Consequently, ALA accumulates and depresses haem synthesis, which stimulates 

the production of more ALA that accumulates in blood (74). ALA accumulation is linked to generation of 

reactive oxygen species (ROS) as well as lipid peroxides (75) which may lead to state of oxidative stress and a 

resultant damage to lipid, protein and DNA (67). The increased lipid perioxidation observed in this study is in 

conformity with the finding of (69).  which showed increase MDA levels in the lead intoxicated rats compared 

with the control. The increased lipid peroxidation observed in this study may be due to inhibition of δ-

aminolevulinic acid dehydratase (76) resulting in the accumulation of δ-aminolevulinic, a potential source of 

free radical (77). According to Lawton and Donaldson (78), lead (Pb2+) induced arachidonic acid elongation 

might be responsible for the enhanced lipid peroxidation in the membrane, which may be reflected in the serum. 

Vitamin E therapy on the lead (Pb2+) exposed rats ameliorated lipid peroxidation compared with the 
lead intoxicated control. The reduction in MDA concentration by vitamin E administration was in agreement 

with the study by (79) which reported that vitamin E provide fortification against oxidative stress caused by lead 

poisoning in rats exposed to lead. The reduction in lipid peroxidation could be attributed to the scavenging of 

peroxyl radicals and inhibition of the free radical chain reaction of lipid peroxidation (80). Vitamins E reduce 

the production of reactive oxygen species (ROS) through their “scavenging”, “quenching” and “mopping up” 

properties (81). 
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Selenium has also been demonstrated to reduce the oxidative stress in lead toxicity (82). In the present 

study, selenium administration reduced MDA level in the lead intoxicated rats compared with the control. Our 

finding is in conformity with previous studies (83,84). The reduced level of MDA in selenium therapy may be 

due to its antioxidant properties to form a complex with lead (85). 

Combination of selenium and other antioxidants has been demonstrated to reduce oxidative stress in 

animals (86,36). It has been reported that the synergistic effects of antioxidants such as selenium and vitamin E 

is the most powerful in reducing ROS toxicity (87,88). Also, studies have demonstrated the synergism between 
vitamin E and selenium in counteracting free radical induced oxidative stress (35). 

The combined administration of vitamin E and selenium in this study reduced lipid peroxidation. This 

is in agreement with a recent study by, (82) who showed that the supplementation of vitamin E and selenium 

reduces lipid peroxidation. The reduction of MDA level in this study could be attributed to the antioxidant 

properties of both vitamin E and selenium in scavenging of peroxyl radicals and inhibition of the free radical 

chain reaction which leads to lipid peroxidation (89). 

 

V. Conclusion 
The level of the productive hormones (FSH, LH, progesterone and prolactin) was negatively impacted 

upon by lead treatment. Vitamin E and selenium treatments alone or as a mixture restored levels of LH and FSH 

but did not have a restoring effect on progesterone and prolactin. The increased lipid peroxidation was 

ameliorated by Vitamin E and selenium treatments alone or as a mixture. 
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