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Abstract

Introduction: The arterial baroreflex regulate the blood pressure and maintain circulation to the
brain and other organs. Baroreceptors sense systemic blood pressure indirectly, by the extent of
stretch of receptors in the walls of the carotid arteries and of the aorta. Lead (Pb) exposure
continues to be a major public health problem; particularly in urban area of the USA and India
Lead enters astroglia and neurons via voltage-sensitive calcium channels. Lead disrupts calcium
homeostasis, causing a marked accumulation of calcium in lead-exposed cells. Thus lead (Pb)
can modulate various reflexes of the body including baroreflex.

Method: In present study we indirectly assess the baroreflex sensitivity (BRS) by quantifying
sinus arrhythmia and change in blood pressure induced by volunteer apnea and change in
posture.

Result: There was a significant increase in the HR when the posture changed from supine to
standing, being highest in standing this increase was more in control (79.43+ 8.78) than cases.
Our data showed that increase in heart rate in lead exposed persons was significantly lower than

controls.
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Discussion: Our study data suggests that Lead (Pb) exposure causes decrease in baroreflex
sensitivity in battery workers which may leads to orthostatic hypotension and deregulation of
cardiovascular hemodynamic.
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Introduction

The cardiovascular system has the crucial task of supplying all the body cells with their
metabolic needs. In human control mechanism is well developed to maintain the blood pressure
and flux within adequate levels. The arterial baroreflex regulate the blood pressure and maintain
circulation to the brain and other organs '. Baroreceptors sense systemic blood pressure
indirectly, by the extent of stretch of receptors in the walls of the carotid arteries and of the aorta.
Increase in blood pressure elicits reflex parasympathetic activation and sympathetic inhibition,
with subsequent decreases in heart rate (HR), cardiac contractility, vascular resistance, and
venous return. Conversely, a decrease in arterial pressure reduces baroreceptor afferent discharge
and triggers reflex increases in HR, cardiac contractility, vascular resistance, and increased
venous return. Thus the baroreflex, by affecting blood pressure and HR control, provides
powerful beat-to-beat negative feedback regulation of arterial blood pressure that minimizes
short-term fluctuations in pressure 2,

Lead (Pb) is one of the oldest-established poisons. However, lead exposure continues to
be a major public health problem, particularly in urban area of the USA and India %, Lead's
uptake by excitable cells like neurons is due in large part to its interactions with cellular
mechanisms that, under ordinary conditions, perform calcium-mediated functions. Lead enters
astroglia and neurons via voltage-sensitive calcium channels *° the predominant channel subtype
depending on the specific type of cell ®. Lead disrupts calcium homeostasis, causing a marked
accumulation of calcium in lead-exposed cells " 8 Lead, in nanomolar concentrations, also

induces mitochondrial release of calcium ° thus initiating apoptosis of neuronal cells. Lead
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accumulates in and damages mitochondria the organelles mediating cellular energy
metabolism'®. Haem biosynthesis, a function of normal mitochondrial activity, is affected by
lead, with disruptive effects on synaptic transmission in the brain. Decreased mitochondrial
functioning also can transform ordinarily benign synaptic transmission'’. Thus lead (Pb) can
modulate various reflexes of the body including baroreflex. Quantification of arterial baroreflex
sensitivity (BRS) is source of valuable information for the assessment of neural cardiovascular
regulation in normal and disease states. Therefore, in present study we evaluated the baroreflex

sensitivity in lead exposed persons.

Material and Methods

The study was conducted on 85 subjects divided into study and control groups. The
inclusion criteria for study group were: age between 20 to 40 years, exposure to Lead (Pb) more
than five years, BMI less than 25 and having no any systemic diseases. The control groups were
not exposed to lead but having same age and BMI. The lead exposed subjects were taken from
battery workshops of Lucknow city. Recruited subject were explained about the study protocol.
Proper history was taken and clinical examination was done to include any systemic diseases.
Baseline parameters like Heart Rate (HR), Systolic and Diastolic Blood Pressure (SBP and DBP)
and Electrocardiogram (ECG) were recorded. Mean Arterial pressure (MAP) and BMI were
calculated. The Blood Lead Level (BLL) was estimated by Lead Care based on atomic

absorption furnace in both the groups.

Arterial Baroreflex Sensitivity (BRS) assessment
The autonomic changes may also be due to baroreflex stimulation caused by changes in

12-14 therefore

arterial pressure due to the regular inspiratory increase in venous return to the heart.
in present study we indirectly assess the BRS by quantifying sinus arrhythmia and change in
blood pressure induced by volunteer apnea and change in posture. Deep metronomic breathing
at a rate of six cycles per minute is the most common and reliable test to assess respiratory sinus
arrhythmia, with acceleration of heart rate during inspiration and deceleration during expiration

under optimized condition.
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Slow deep breathing test

After 3-5 min in lying posture, the subjects were asked to take deep and slow breath at
rate of 6 breaths per minute for 1 minute'. The duration of each respiratory cycle was ten
second, with equal time for inspiration and expiration. The inspiratory and expiratory phases
were indicated to the subject with green and red light indicators respectively on patient panel of
CANWIN ANS System. The ECG was continuously being recorded for 60 second. The

magnitude of sinus tachycardia was assesses by measuring the heart rate in inspiration.

Blood pressure response to posture

Baseline supine blood pressure and heart rate was measured by oscilometric method.
Then the subjects were asked to stand up quickly from supine posture to standing and remain
standup for two minutes'® by putting equal weights on both legs and without any support. The
blood pressure and heart rate was recorded at 2 minutes automatically by the machine. The
difference in systolic blood pressure after 2 minutes of standing from that of lying (baseline)

pressure was calculated.

Observation and Results

One hundred thirty five subjects (70 control and 65 study cases) volunteered to
participate in the study. The mean age of these subjects was 41.80 + 7.38 and 42.07 + 8.30 years
in cases and controls respectively (Table-I), No significance difference in body mass index in
cases and control was observed. Their mean systolic and diastolic blood pressures in the sitting
position prior to ECG recording were 128.63 + 18.26 and81.58 + 8.78 mmHg respectively in
cases and controls; it showed no significant difference with controls (Table-I). There was a
significant increase in the HR when the posture changed from supine to standing, being highest
in standing this increase was more in control (79.43+ 8.78) than cases (76.54 + 10.78bpm)
(P<0.05) (Table -II). The systolic blood pressure was recorded after two minutes of change in
posture; it has been observed that change in posture, from lying to standing, causes increase in
systolic blood pressure, diastolic blood pressure and mean blood pressure it showed the integrity
of baroreflex. In our study the lead exposed person exhibit less increase in above parameters.
Another parameter for assessment of BRS was induction of sinus arrhythmia by deep breathing
test; our data showed that increase in heart rate in lead exposed persons was significantly lower

than controls (p<0.05) (Table-III).
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Table —I
Baseline Parameters of the Cases and Controls
Parameters Cases (n =65) Controls (n =70) P - value
Age (yr) 41.80 +7.38 42.07 +8.30 P>0.05
BMI (kg/m2) 25.41 +4.70 26.99+ 3.65 P>0.05
SBP (mm Hg) 128.63 + 18.26 124.14 +£5.10 P>0.05
DBP (mm Hg) 81.58 +8.78 79.52 +4.81 P>0.05
HR (Beat/ min) 7123 £11.15 72.7+3.46 P<0.05
BLL (mg/dl) 35.45 + 13.36 6.04 +1.49 * P<0.0001
MAP 95.80+ 8.73 96.43+10.33 P>0.05
Table —I1
MAP and HR in response to change in posture
Parameters Cases (n =65) Controls (n =70) P - value
HR 76.54+ 10.78 79.43+ 8.78 P>0.05
SBP 125.75+ 10.39 129.72+ 5.81 P<0.05
DBP 84.56+4.70 86.34+ 3.48 P>0.05
MAP 95.25+4.41 101.23+4.98 P<0.05
Table —I11
Effect of Lead on sinus tachycardia
Parameters Cases (n =65) Controls (n =70) P - value
Baseline HR 70.23 + 11.15 72.7+£3.46 P>0.05
HR in Inspiration 75.58+9.34 81.79+ 8.42 P<0.05
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Discussion

In this study, we sought to determined weather Lead (Pb) overload caused by Lead (Pb)
exposure affect baroreflex function in north Indian Battery Workers. Our data showed that the
blood lead level (BLL) was significantly higher (P<0.001) in battery workers. The BMI and Age
was similar in case (study group) and controls. Baseline data showed that there was more
significant difference in HR, SBP, DBP, and MAP.

The baroreflex sensitivity was assessed by induction of blood Pressure change by change
in posture and initiation of sinus arrhythmia Arterial baroreceptor play a crucial role in
adjustment of the cardiovascular system to several surrounding condition'. Baroreceptor
stimulation result in increase /decrease in blood pressure and heart rate, which is mediated by
sympathetic and parasympathetic activity, Hence the baroreflex reactivity. Quantification of
arterial baroreflex sensitivity is sources of information about cardiovascular adjustment. Chronic
lead overload leads to dysfunction of cardiovascular system' . It had also observed that lead
exposure causes decrease in nerve conduction velocity '®.  In an experimental study on rat
showed that lead intoxication causes significant changes in morphological disturbance in myelin
sheath '°. In our study the alteration in BRS was observed which is due to dysfunction of the
baroreceptor or conduction velocity of the vagus and glassopharyngial nerve or due to change in
medullary nucleus. This preliminary study did not able to explain the cause in decrease in
baroreflex but probably due to decrease in conduction velocity of sympathetic and
parasympathetic nerve because lead exposure may cause oxidative stress and disruption of

morphology of nerve®.

Conclusion
Our study data suggests that Lead (Pb) exposure causes decrease in baroreflex sensitivity
in battery workers which may leads to orthostatic hypotension and deregulation of cardiovascular

hemodynamics.
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