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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash Lead exposure is a significant environmental health concern with potential impacts on pain perception and
physiological functions. This study investigates the effects of sub-chronic lead acetate exposure on pain
threshold, pain intensity, blood cortisol levels, and metabolic parameters in 24 adult male albino mice. The mice
were randomly divided into three groups: a control group that received fresh water and two experimental groups
that received drinking water containing lead acetate at concentrations of 5 ppm and 500 ppm over a twelve-week
period. Pain perception was assessed using thermal (hot plate test) and chemical (formalin injection) pain
models. Exposure to lead acetate resulted in a significant increase in the latency to thermal pain response, with
delays of 52 % in the 5 ppm group and 59 % in the 500 ppm group (P < 0.05). Thermal pain intensity was
reduced significantly by 63 % in the 5 ppm group and 82 % in the 500 ppm group (P < 0.05). However, changes
in the onset time and intensity of chemical pain, as well as blood cortisol levels, were not statistically significant.
Additionally, no significant differences in food and water intake or body weight changes were observed among
the groups. These findings indicate that lead exposure can alter pain perception, with effects most pronounced in
the context of thermal pain. Future research should explore lead’s impact across different age groups and
developmental stages, as well as its effects on specific neurotransmitter systems and receptor interactions. This
research provides insights into the complex effects of lead on neurological function and highlights the impor-
tance of understanding lead’s broader physiological impacts.
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1. Introduction

With the advent of the industrial age and increased mining activities,
environmental pollutants, including heavy metals, have become a sig-
nificant threat to human health, affecting various bodily systems. Lead is
one of the most prevalent environmental pollutants, found ubiquitously
due to its industrial applications and natural occurrences. Despite legal
restrictions on its industrial use, lead remains a major environmental
contaminant [14,21,3].

This metal is widely used across various industries, including battery
manufacturing, water piping, paint production, plastics, ceramics,
glassmaking, electronics, and insecticide production [6]. Lead contam-
ination arises from various sources. Soil-based lead can leach into water
sources, while building paint, contaminated dust, and leaded cans
contribute to environmental exposure. Food and water can also be
secondarily contaminated. Additionally, cosmetics, ammunition, and
occupational exposure—particularly in industries like battery and paint
manufacturing—pose significant risks [15]. Lead absorption primarily

occurs through the digestive system and respiration [17]. Lead exerts its
toxicity through oxidative stress mechanisms, which affect cell mem-
branes, DNA, and antioxidant defense systems. Lead toxicity targets
multiple organs, including the lungs, blood vessels, brain, testes, and
liver [10]. Lead exposure can cause gastrointestinal symptoms such as
abdominal pain, constipation, and vomiting, commonly referred to as
lead colic. It may also lead to blue-gray lines on the gums due to its
reaction with hydrogen sulfide. High blood pressure is another common
consequence of lead exposure. Additionally, lead poisoning impacts
endocrine function, decreasing pituitary and thyroid activity in adults
and inhibiting growth hormone secretion in children [17]. In humans
exposed to lead, infertility, stillbirth, increased menstrual irregularities,
spontaneous abortions, decreased sperm count, impaired motility, and
abnormal sperm morphology have been reported [7]. Anemia is often
the first clinical symptom of lead exposure [11]. Seventy to ninety
percent of lead in the body accumulates in hard tissues such as bones,
hair, nails, and teeth. X-rays can reveal lead accumulation as
high-density rings in the ossification center of the cartilage epiphysis
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and diagonal lines, known as lead lines, in the diaphysis of bones [17].
Previous research has shown that lead exposure has devastating effects
on nervous system development, resulting in morphological, cognitive,
and behavioral deficits [14, 26,30,38]. Lead accumulation in the central
nervous system is particularly concerning, with high concentrations
found in the gray matter of the cerebral cortex, hippocampus, cere-
bellum, and medulla. Lead can cause both acute and chronic encepha-
lopathy. Muscle weakness syndrome, or lead paralysis, may occur in
individuals exposed to subacute poisoning. Additionally, lead can cross
the placenta, and the fetal blood-brain barrier is permeable to lead [17].
It has been reported that the concentration of lead ions within brain
tissue is not uniform, with certain areas exhibiting higher concentra-
tions. The distribution of lead in different brain regions depends on
factors such as the dosage of lead exposure, the duration of contact, and
the age of the individual [1,12,34]. Neurological and behavioral
changes can occur with both acute and chronic lead poisoning [14,28,
31,32]. Lead can affect inflammatory processes in the brain [10]. Among
the neurological effects of lead is its impact on pain sensation. Pain is an
unpleasant experience typically caused by the stimulation of free nerve
endings, which occurs in response to damaging stimuli, prompting the
organism to avoid these harmful factors. Free nerve endings are unen-
capsulated and unmyelinated receptors found throughout most areas of
the body. These receptors respond to mechanical stimuli, temperature
changes, and harmful chemicals. The nerve fibers then transmit pain
signals to the central nervous system to help prevent further tissue
damage.

Previous studies have demonstrated that lead exposure can alter the
pain threshold [5,36]. It has also been shown that both age and the
method used to conduct pain threshold tests significantly affect the re-
sults [19,2,30]. To evaluate pain perception, several tests have been
designed, including the Flinch-Jump test, Tail-Flick test, Pinch test, Hot
Plate test, and Formalin test [13,29].

Evaluating the behavioral effects of lead in humans, farm animals,
and companion animals through direct experimentation is not feasible.
However, conducting these experiments in other animal models can
reveal mechanisms and causes of behavioral disorders. The insights
gained from such studies can be extrapolated to other species, encour-
aging clinical researchers to explore these effects in humans and paving
the way for more in-depth investigations.

The present study aimed to investigate the potential effects of sub-
chronic lead poisoning on changes in pain sensation and response in a
laboratory animal model, with the goal of potentially extrapolating
these findings to behavioral disorders related to pain in humans within
modern urban and industrial societies. The study assessed thermal and
chemical pain sensitivity and measured cortisol levels in albino mice to
explore the relationship between lead exposure and pain perception.

2. Materials & methods
2.1. Chemicals

Chemicals used in this study were purchased from the following
sources: lead acetate and diethyl ether from Merck Group (Darmstadt,
Germany). Formaldehyde solution from Dr. Mojalli Laboratory &
Pharmaceutical Chemicals (Tehran, Iran), and 0.09 % sodium chloride
solution from Aburaihan Pharmaceutical Company (Tehran, Iran).

2.2. Animal model and experimental groups

In this study, adult male mice weighing between 25 and 30 g were
selected for experimentation. The mice were obtained from the
Department of Laboratory Animal Breeding and Reproduction, Faculty
of Veterinary Medicine, University of Tehran. They were housed in
transparent polyethylene cages under controlled conditions of 12 h of
light and 12 h of darkness, with a temperature maintained at 22-25°C.
The animals were allowed a 10-day acclimation period before the
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experimental phase, during which they were kept under standard con-
ditions with access to commercial food and municipal water.

The study adhered to ethical guidelines for laboratory animal
research as specified by the Faculty of Veterinary Medicine, University
of Tehran.

A total of 24 mice were randomly assigned to the following groups,
with 8 mice in each group:

A. Control Group: Received normal drinking water.

B. 5 ppm Group: Received drinking water containing 5 ppm of lead
acetate.

C. 500 ppm Group: Received drinking water containing 500 ppm of
lead acetate.

2.3. Measurements

2.3.1. Food intake

For all groups, an equal and sufficient amount of commercial food
was provided every two weeks. The food was weighed using a digital
scale and made available to the animals on days 15, 29, 43, 57, 71, and
85. The amount of food consumed was calculated by subtracting the
remaining food from the initial amount provided.

2.3.2. Water consumption

An equal amount of drinking water, with specific dosages of lead
acetate, was provided to each group every two weeks. The control group
received water without lead acetate, the second group received water
containing 5 ppm of lead acetate, and the third group received water
containing 500 ppm of lead acetate. The amount of water consumed was
measured by calculating the difference between the initial and
remaining water on days 15, 29, 43, 57, 71, and 85.

2.3.3. Weight changes

Weight measurements for each group were recorded on days 29, 43,
57, 71, and 85. Weight changes were calculated by comparing the
weight of the animals on these days with their weight from the previous
two weeks.

2.3.4. Assessment of Heat-Induced Pain Sensation

On the 91st day, a thermal pain sensation test was conducted for each
animal. The animals were placed on a hot plate maintained (a product of
Tajhizgostar Company, Tehran, Iran) at 60°C for a maximum of 20 s. The
first reaction, indicated by the animal licking its paw, was recorded
using a timer as a measure of the onset of pain. Additionally, the number
of times the animal licked its paw within 20 s was counted as an indi-
cator of pain intensity.

2.3.5. Chemical nociception evaluation

On the 91st day, each animal underwent a chemical nociception test.
Formalin (1 %) was injected subcutaneously (0.05 ml) into the sole of
the animal’s right foot. The animal’s reaction was monitored with a
CCTV camera for 5 min. The first instance of paw licking at the injection
site was recorded as an indicator of the onset of chemical pain, The
duration of time the mice spent licking its paw was used as an indicator
of the intensity of the chemical pain sensation.

2.3.6. Assessment of blood cortisol levels

After completing the thermal and chemical pain evaluations, blood
cortisol levels were measured. The mice were anesthetized with diethyl
ether and then euthanized using a guillotine. Blood samples were
collected, allowed to coagulate at room temperature, and then centri-
fuged to separate the serum. Cortisol levels in the serum were measured
in micrograms per decilitre using the ELISA method.

2.4. Statistical analysis

After conducting the experiments, data were collected, and the
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mean, standard deviation, and standard error were calculated. Outliers
were detected using the 1.5 IQR method. The significance of the data
was assessed across different groups using one-way analysis of variance
(ANOVA), followed by pairwise comparisons with the Bonferroni test. A
p-value of less than 0.05 was considered statistically significant. The
results were presented in graphs and tables, with data analysis and
presentation performed using Excel 2010, Slide Write 7.0 Plus, and
Primer Statistics software.

3. Results
3.1. Effect of lead acetate on the onset of thermal pain sensation

The average onset time of thermal pain in the control group was
11.57 s. In contrast, the onset times in the 5 ppm and 500 ppm lead
acetate groups were 17.63 s and 18.38 s, respectively. Both the 5 ppm
and 500 ppm groups showed a significant increase in pain onset time
compared to the control group (See Fig. 1).

Note: The number of stars in the figures represents the degree of
parameter changes relative to the variables. For example, * indicates a
lower intensity of significant changes, while ** signifies a higher
intensity.

3.2. Effect of lead acetate on the intensity of thermal pain

The average number of paw licks in response to thermal pain was
2.71 in the control group, 1.00 in the 5 ppm group, and 0.50 in the
500 ppm group. A significant decrease in paw licks was observed in the
5 ppm and 500 ppm groups compared to the control group (See Fig. 2).

3.3. Effect of lead acetate on the onset time of chemical pain

The average onset time of chemical pain was 28.43 s in the control
group, 117.75 s in the 5 ppm group, and 78.88 s in the 500 ppm group.
Both the 5 ppm and 500 ppm groups experienced a delayed reaction
onset to chemical pain compared to the control group; however, these
differences were not statistically significant. Additionally, while the
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Fig. 1. Mean and standard error of the onset time for thermal pain sensation in
the hot plate test for the control, 5 ppm, and 500 ppm groups.
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Fig. 2. Mean and standard error of thermal pain intensity in the hot plate test
for the control, 5 ppm, and 500 ppm groups.

5ppm group had a slightly longer onset time for chemical pain
compared to the 500 ppm group, this difference was also not significant
(See Fig. 3).

3.4. Effect of lead acetate on the intensity of chemical pain sensation

The average reaction duration to chemical pain was 72.00 s in the
control group, 23.38 s in the 5 ppm group, and 49.63 s in the 500 ppm
group. Both the 5 ppm and 500 ppm groups exhibited a reduced reaction
duration compared to the control group, indicating a decrease in pain
intensity. However, these differences were not statistically significant.
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Fig. 3. Mean and standard error of the onset time for chemical pain sensation
in the formalin injection test for the control, 5 ppm, and 500 ppm groups.
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When comparing the 5 ppm and 500 ppm groups, the 5 ppm group
showed a lower reaction duration, but this difference was also not sig-
nificant (See Fig. 4).

3.5. Effect of lead acetate on blood cortisol levels

The average blood cortisol levels were 0.77 ug/dL in the control
group, 0.62 ug/dL in the 5 ppm group, and 0.92 pg/dL in the 500 ppm
group. The differences in blood cortisol levels among the groups were
not statistically significant (See Fig. 5).

3.6. Effect of lead acetate on food intake, water consumption, and body
weight

The following table summarizes the average food and water intake
for each animal every two weeks, as well as the changes in average body
weight over the entire twelve-week period. Results showed no signifi-
cant changes between the control group and the lead-exposed groups
(See Table 1).

4. Discussion

In this study, the tested mice were sub-chronically exposed to lead
via ingestion, which is one of the common routes of lead exposure in
humans and animals. The pain threshold was assessed using two
methods: the hot plate test and formalin injection. In lead-exposed
groups, a significant delay in the onset and intensity of thermal pain
sensation was observed. Additionally, the exposed groups showed a
decrease in pain onset and intensity of chemically induced pain,
although this reduction was not statistically significant. There were no
significant differences in blood cortisol levels between the control and
lead-exposed groups. Similarly, no significant differences were found in
food and water intake or changes in body weight.

In a study, researchers examined 41 metal industry workers with at
least five years of heavy metal exposure, including lead. Significant
differences were observed in standard nerve conduction tests, with the
study group showing prolonged latency in sympathetic skin responses
from the foot. These findings suggest that chronic co-exposure to heavy
metals is associated with peripheral nerve impairment, particularly
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Fig. 4. Mean and standard error of chemical pain intensity in the formalin
injection test for the control, 5 ppm, and 500 ppm groups.
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Fig. 5. Mean and standard error of blood cortisol levels in the control, 5 ppm,
and 500 ppm groups.

Table 1
Comparison of food and water intake and changes in body weight in the control,
5 ppm, and 500 ppm groups.

Group Food Intake(g/ Water Intake(ml/ Weight Gain (g/
12wk) 12wk) 12wk)
0 ppm 64 +6 85+7 -0.3+1.2
(Control)
5 ppm 68 +1 82+6 -0.6+1.3
500 ppm 58 +2 80+5 0.2+ 0.4

affecting small nerve fibers and temperature-dependent pain thresholds
[24]. In previous study, pain perception in rats born to mothers exposed
to lead was examined. The mothers received lead acetate as a solution in
their drinking water. The offspring were exposed to lead for 21 days
during the fetal period and until 21 days after birth, at the time of
weaning. The lead acetate concentrations were 300 ppm and 1000 ppm.
The tail withdrawal test in 50°C water was conducted on days 10, 21,
and 30. Morphine was administered at 15, 30, and 60 min before the test
at various doses. In the 300 ppm group on day 10, pain tolerance
decreased compared to the control group, and lead exposure disrupted
the action of morphine. The analgesic effect of morphine on days 21 and
30 was not different from the control group. It is possible that lead
damages the opioid receptors in the central nervous system. This
sensitivity is more pronounced at a young age than in adults [23].

Several studies have shown that stress can reduce the perception of
pain [20,35]. Researchers designed an experiment to understand how
lead affects the central nervous system. In this experiment, rats were
exposed to lead during the fetal period and for 14 days after birth. The
mothers received lead as a solution in their drinking water at doses of
300 ppm and 1000 ppm. To examine the effect of lead on opioid re-
ceptors, naloxone was used. Stress was induced using a swimming test in
20°C water. To assess pain, the tail withdrawal test in 50°C water was
conducted. In animals subjected only to the stress test, lead did not affect
the analgesic effect of stress. However, in animals that received
naloxone in addition to stress, there was a disruption in the analgesic
function of naloxone. This suggests that lead interferes with opioid
mediators but does not affect non-opioid mediators [19].

In another study, the effects of different doses of lead on pain
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perception were investigated using male albino rats. Pain was induced
via a formalin injection into the soles of their feet. The duration of paw
licking was measured during two phases: 0-5 min (first phase) and
25-30 min (second phase) post-injection. Lead was administered at
doses of 50, 75, 100, 125, and 150 mg/kg. In the initial phase, the
duration of licking increased with doses of 50, 75, and 100 mg/kg,
indicating an increase in pain. In other words, during the first phase,
pain perception was not dose-dependent. However, in the second phase,
lead produced analgesia that was dose-dependent [22].

The present study demonstrates that sub-chronic exposure to lead
acetate alters both the threshold for pain stimulation and the intensity of
pain perception. These changes were most pronounced and statistically
significant regarding the onset and intensity of thermal pain. Inter-
preting these results is challenging due to the lack of specific neuro-
chemical markers for diagnosing nervous system disorders. Existing
literature indicates that age and gender may influence the effects of lead
on the nervous system [1,30]. Another finding suggests that lead im-
pacts various stages of neurotransmitter function, including synthesis,
release, metabolism, and receptor activity [16]. It may exert its effects
by disrupting the synthesis, storage, and release of endogenous opioid
peptides [37]. This effect may be attributed to the impact of lead on
opioid receptors [23]. This may be due to lead (Pb) accumulation in
tissues, which leads to oxidative stress from excessive production of
reactive oxygen species (ROS). Pb-induced oxidative stress can cause
synaptic damage and neurotransmitter dysfunction, contributing to
neurotoxicity [25]. It can also be assumed that the ratio of lead to cal-
cium plays a crucial role in neurotransmitter production. Lead and
calcium may compete at the neurotransmitter release sites, potentially
disrupting the normal neurotransmission process [31]. Other research
highlights different mechanisms through which lead may act, including
the presence of specific receptors that are not related to the competitive
interaction between lead and calcium [32]. It also appears that the route
of lead exposure and the amount of lead absorbed play a role in these
effects.

In the present study, cortisol differences among the groups were
examined, and no significant effects on serum cortisol levels were
observed.

Previous research has also explored the effects of lead on body hor-
mones. One study investigated the impact of lead acetate on testosterone
levels in male rats. The rats were administered lead orally for 28 days at
doses of 25, 50, and 100 mg/kg. A decrease in testosterone levels was
observed in the 50 and 100 mg/kg groups [27].

Additionally, research has examined the effects of lead on thyroid
hormones. In a study involving albino rats, the results indicated that
serum levels of T3, T4, and TSH hormones were dependent on the dose
of lead exposure [33].

In another study, the effects of lead exposure on workers were
investigated. The levels of cortisol, TSH, LH, T3, T4, and testosterone in
the tested subjects remained within the normal range [18].

In another study investigating the association between occupational
lead exposure and male reproductive hormones (MRH), an increase in
serum prolactin levels was observed in exposed individuals. However,
no significant differences were found in testosterone, FSH, or LH levels
[4].

The results of this study indicate that changes in blood cortisol levels
were not significant in cases of lead acetate poisoning. However, inter-
preting these results requires consideration of both the route of lead
exposure and the total amount of lead absorbed by the body.

Additionally, throughout the 12-week experimental period, food and
water intake, as well as body weight changes, were monitored every two
weeks. No significant differences in these parameters were observed
between the control group and the lead-exposed groups.

In a previous study, researchers evaluated the effect of lead on body
weight. Rats were exposed to lead through their mothers during the fetal
and infant stages. The study found no significant changes in body weight
in the lead-exposed rats compared to the control group [37].
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In another study, researchers investigated the effect of lead on
weight changes. Pregnant rats were exposed to lead during pregnancy
and lactation through drinking water containing lead at concentrations
of 300, 600, 1000, 2000, 3000, and 4000 ppm. At higher doses, spe-
cifically 1000 ppm and above, lead exposure affected feeding behavior
and weight. However, no significant effects were observed at lower
doses [8].

In another study involving 299 children aged 2-3 years, an inverse
association was found between detectable blood lead levels (BLLs) and
body size. Children with detectable BLLs (>1 ug/dL) had a 43 % lower
risk of being overweight or obese (defined as a BMI >85th percentile)
and a 0.35 unit lower BMI Z-score. These findings are consistent with
previous research on older children and suggest that even low-level lead
exposure may influence body size in early childhood [9].

It appears that exposure to high doses of lead may lead to decreased
food and water intake. Also, changes in weight and food and water
intake may be influenced by factors such as genetics, age, sex, health,
and route of exposure to lead.

5. Conclusion

The observed delay in response to painful stimuli following long-
term lead acetate exposure suggests a potential impairment of pain’s
protective function. The analgesic effect of lead is not desirable, as lead
is a toxic substance rather than a therapeutic one. A reduction or absence
of pain perception, or a decreased reaction to pain in animals exposed to
lead, is concerning. Humans or animals with a disorder may not exhibit
sufficient pain responses, potentially leading to more serious, unde-
tected issues.

This study highlights that even small concentrations of lead acetate
in drinking water produce effects on pain perception comparable to
those observed at higher concentrations. The reported effect not only
influences physical stimuli but also suggests that lead may interfere with
anaesthesia methods, potentially complicating pain management in in-
dividuals exposed to this heavy metal. Translating these preliminary
findings opens the door to new research focused on the relationship
between heavy metals and anaesthesia methods, particularly in pop-
ulations with chronic lead exposure.

Given that exposure duration and age are critical factors in lead’s
effects, further studies are needed to examine these impacts across
different age groups. Future research should include both laboratory
animal studies and epidemiological investigations in human pop-
ulations. In this study, lead was administered through drinking water,
making the findings relevant to similar exposure conditions. Additional
studies are recommended to investigate the effects of equivalent lead
doses administered via peritoneal or intramuscular injection, allowing
for comparison of pain perception across different exposure methods.

Moreover, as a complementary perspective, investigating the
mechanisms related to lead’s metabolism in the central nervous system
may provide insights into how lead interferes with opioid receptors in
peripheral nerve terminals. This line of research could elucidate the
biochemical pathways underlying lead’s effects on pain perception and
its interactions with anaesthesia. Future studies should also include
measuring lead concentrations in brain tissue and peripheral nerves to
better understand its systemic and localized impacts.
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