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Abstract 

Lead is an environmental toxicant that has been implicated in the etiology of many illnesses. It has been reported to 
cause the constriction of blood vessels. However, it’s not clear if this effect is exhibited by regulating the level of 
vasodilator substances in the blood. This study was designed to investigate the effects of lead exposure on lactate and 
nitric oxide regulation in male Wistar rats. Eighty (80) Wistar rats were divided into two groups of 40 rats each. Group 
1 served as control and was given water while group 2 was exposed to lead acetate (1000 mg/L) for forty days. Five 
rats were sacrificed from each group (n=5) on days 5, 10, 15, 20, 25, 30, 35 and 40. Lactate concentration was 
determined using spectrophotometry procedure. Nitrite concentration was estimated by using the Griess reaction. 
Lactate concentration increased significantly (p< 0.05) in lead acetate group compared to control in all the durations of 
exposure. Nitrite concentration decreased significantly (p< 0.05) in lead acetate group compared to control at days 25, 
30, 35 and 40 of exposure to lead. The vasodilative effect of lactate may have been suppressed possibly by the overriding 
vasoconstrictive effect of lead. Lead may have also inhibited the signaling pathways responsible for the production of 
nitric oxide and relaxation of vascular smooth muscle which enhances blood flow and blood pressure control.  

Keywords:  Lead; Lactate; Nitric oxide; Vasodilative; Vasoconstrictive 

1. Introduction

Vascular control is crucial in regulating blood flow to different organs of the body [1, 2]. The blood flow to a specific 
organ is determined by the perfusion pressure and vasomotor tone. The perfusion pressure provides the energy 
required to overcome the blood flow resistance associated with vessel diameter, hydrodynamic effects at vessel 
bifurcation, red blood cell deformity, capillary lumen obstructions and viscosity [3]. The vasomotor tone is controlled 
mainly by myogenic and metabolic mechanisms. The myogenic response occurs when an increase in intraluminal 
pressure stretches and depolarizes the smooth muscles. This causes the opening of voltage-gated ca2+ channels and 
myosin light chain phosphorylation [4]. The metabolic auto regulation occurs through reactive or active hyperemia. In 
reactive hyperemia, response to blood flow occurs due to vessel occlusion as occurred during occlusion of the brachial 
artery [5]. In active hyperemia, response to blood flow occurs through an increase in metabolic demand of the tissues. 
Vasodilator metabolites are produced by tissues with increase metabolic activities. Examples of these metabolites 
include K+, ATP, lactate and adenosine. Lactate is produced by most tissues during anaerobic respiration. Tissues with 
high metabolic rates (gut, brain and skeletal muscle) contribute largely to the increase in production of lactate [6]. Nitric 
oxide (NO) is a signaling molecule responsible for many physiological processes and it is synthesized by endothelial 
nitric oxide synthase (eNOS). Nitric oxide causes vasodilation. It increases blood flow and reduces blood pressure. In 
addition, it prevents tissue damage from a low supply of oxygen [7]. Nitrite is the metabolic end product of nitric oxide 
and hence, during the estimation of nitric oxide concentration, serum nitrate is reduced to nitrite which is a reliable 
index for nitric oxide during measurement [8]. 
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Lead is an important environmental toxicant which is abundant and very dangerous to health [9, 10, 11]. Exposure to 
lead occur mostly through mining, lead gasoline, smelting of iron and its combustion, pottery, brat building, lead-based 
painting, battery recycling and other industrial processes [12, 13]. Although, many nations are diverting from the use 
of lead to other alternatives however, the use of lead still remains inevitable in many industrial processes [15]. Exposure 
to lead is known to cause devastating effects on the organs of the body [16]. Studies have shown that exposure to lead 
is associated with an increase in blood pressure or hypertension which is caused mainly by vasoconstriction of blood 
vessels [17, 18, 19]. Lactate and nitric oxide are known to cause dilation of blood vessels however, their regulation in 
the blood after exposure to lead has not been fully elucidated. This study was therefore designed to investigate lactate 
and nitric oxide regulation in male Wistar rats exposed to lead.   

2. Material and methods 

2.1. Experimental design 

Eighty (80) male Wistar rats with average weight of 120±10 g were purchased from the animal house of the University 
of Medical Sciences, Ondo State Nigeria. They were housed in well-aerated cages at a temperature of 25ºC and were 
allowed to acclimatize for a period of two weeks. The feed and water were given ad-libitum and their beddings changed 
daily. The experiment was approved by the University of Medical Sciences animal research ethical committee and 
conducted in compliance with the guidelines recommended by the National Institute of Health [35]. The animals were 
grouped into two. Animals in group 1 served as the control (n=40) and were given distilled water only while those in 
group 2 (n=40) were exposed to 1000 mg/L of lead acetate. The lead acetate was dissolved in their drinking water daily 
throughout the period of exposure. The rats were exposed to lead acetate for 40 days and 5 rats from each group were 
sacrificed on days 5, 10, 15, 20, 25, 30, 35 and 40.   

2.2. Reagent purchase, blood collection and biochemical assay 

Lead acetate was purchased from Loba, chemical Pvt. Limited, India. The animals were given mild anesthesia (Sodium 
thiopental 30 mL/kg) and thereafter open up through midline laparotomy. Blood samples were collected through 
cardiac puncture and thereafter centrifuged at 3000 revolutions per minutes (rpm) to obtain the serum. The animals 
were sacrificed through cervical dislocation and the sera were stored at a temperature of -20ºC prior to assay. Lactate 
concentration in the serum was assayed using spectrophotometry procedure and their absorbance measured at the 
specified wavelength [20]. The serum was incubated with nitrate reductase from Aspergillus sp. and with NADPH 
diluted in 20 mmol/L Tris buffer (pH 7.6) for 30 min at room temperature for nitrate reduction. After the reduction, 5% 
(w/v) ZnSO4 was added for deproteinization. Then this mixture was centrifuged at 5000 rpm for I0 min. The serum 
nitrite concentrations were measured by Griess reaction [21].  

2.3. Data analysis 

Data were analyzed using ANOVA to compare values between the durations of exposure. Student t-test was used to 
compare the values between the two groups. Data were expressed as Mean ± Standard error of the mean. The 
probability values that were less than 0.05 were considered to be statistically significant.  

3. Results  

Figure 1 shows lactate concentration in the control and lead exposed rats at the various durations of exposure. In the 
control group, there was no significant difference in lactate concentration at the various durations of exposure 
compared to the initial value at day 5. However, in lead acetate (1000 mg/L), lactate concentration increased 
significantly at days 25, 30, 35 and 40 compared to the initial value at day 5. Furthermore, lactate concentration 
increased significantly in lead acetate group compared to control at all the durations of exposure. 

Figure 2 shows nitrite concentration in the control and lead exposed rats at the various durations of exposure. In the 
control group, there was no significant difference in nitrite concentration at the various durations of exposure compared 
to the initial value at day 5. However, in lead acetate (1000 mg/L), nitrite concentration decreased significantly at days 
30 and 40 compared to the initial value at day 5. Furthermore, nitrite concentration decreased significantly in lead 
acetate group compared to control at days 25, 30, 35 and 40 of exposure to lead. 
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Figure. 1 Lactate concentration in the control and lead exposed rats. * indicates value that was significantly different 
from control while # indicates value that was significantly different from the initial value at day 5 (n=5). 

Control

Lead acetate (1000mg/L)

Figure 2 Nitrite concentration in the control and lead exposed rats. * indicates value that was significantly different 
from control while # indicates value that was different from the initial value at day 5 (n=5). 

4. Discussion

Lead is an environmental toxicant and several studies have demonstrated links between lead exposure and 
cardiovascular diseases [22, 23, 24]. Exposure to lead has been shown to cause an increase in arterial pressure which 
occurs through vasoconstriction [25]. The present study investigated how lactate and nitric oxide were regulated during 
vasoconstriction caused by lead exposure in Wistar rats.  

During glycolysis, glucose is converted to pyruvate. This is further converted to either acetyl CoA in the presence of 
oxygen (aerobic respiration) or to lactic acid during anaerobic respiration. Deprotonation of lactic acid gives rise to 
lactate although, the two are often used interchangeably. The significant increase in lactate production may be as a 
result of hypoxia caused by vasoconstriction due to exposure to lead. Lactate concentration was high throughout the 

Control

Lead acetate (1000mg/L)
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period of exposure thus suggesting an increase in cellular metabolism [26]. However, most of the lactate produced may 
not have been allowed to leave the cell and be excreted.  This suggests that the vasoconstriction caused by lead exposure 
may have an overriding effect on the vasodilative action of lactate. The hyperlactatemia observed from this study is 
consistent with the reports of Barrie et al. 2006 [27] who also stated that an increase in the blood lactate level could be 
due to tissue hypoxia which results in faster production than removal. However, an increase in oxygen delivery to tissue 
may likely reverse these effects. The observed hyperlactatemia in the lead acetate (1000 mg/L) group could result in a 
decrease in the pH of blood due to the continuous release of hydrogen ions which may eventually cause acidosis [28]. 

Nitric oxide has a dual function. At moderate concentration, it’s responsible for many physiological processes [29]. 
However, at high concentration it could cause pathological conditions [30]. When endothelial nitric oxide isoform 
(eNOS) is stimulated, it produces nitric oxide which diffuses across the cell membrane to the target cell. It activates 
guanylyl cyclase which produces cyclic guanosine monophosphate (cGMP) from guanosine triphosphate (GTP). The 
cGMP therefore, catalysis the phosphorylation of different proteins and activation or inhibition of ion channels [31]. The 
resultant effects of this stimulation are the relaxation of smooth muscle cells, increase endothelial permeability, cardiac 
protection and many others [32]. The observed decrease in nitrite concentration throughout the duration of exposure 
could be due to the ability of lead to inhibit the signaling processes involved in nitric oxide production. This causes the 
unavailability of nitric oxide to cause the relaxation of smooth muscle and vasodilation [33]. Lead could also have acted 
by increasing intracellular calcium ions which causes contraction and vasoconstriction [34]. These effects of lead may 
impair the regulation of blood flow and blood pressure. 

5. Conclusion 

The male Wistar rats exposed to lead acetate (1000 mg/L) had increase in lactate and decrease in nitric oxide 
production. These effects of lead, may be due to its overriding vasoconstrictive effect and inhibition of the signaling 
pathways responsible for the relaxation of vascular smooth muscle which enhances blood flow and blood pressure 
control.  
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