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Abstract. - OBJECTIVE: To explore the cor-
relation between neuropsychiatric status and
blood neurotransmitter in lead workers, and to
provide theoretical basis for the prevention and
treatment of lead workers.

SUBJECTS AND METHODS: The study ap-
plied cross-sectional survey, 74 occupational
lead exposed workers in a battery factory in a
city of Hebei province were selected as the lead
exposed group, and 62 workers (non-lead work-
ers) were selected as the control group. The oc-
cupational health symptoms questionnaire and
health examination and POMS (Profile of Mood
State, POMS) emotional test questionnaire were
applied to investigate the nearly emotional sta-
tus of the studied objects, ICP-MS was used to
determine the blood lead level of all subjects,
HPLC (High performance liquid chromatogra-
phy, HPLC) was applied to determine the concen-
tration of neurotransmitter in peripheral blood of
all studied subjects, and all results were applied
the Pearson’s correlation analysis.

RESULTS: The blood lead concentration of the
lead workers group (163.23+40.77 ug/L) was sig-
nificantly higher than that in the control group
(43.62+14.50 ug/L), and the difference was sta-
tistically significant. From the analysis of neuro-
psychiatric status, the neurological symptoms in
the lead workers group were higher than that in
the control group, among which the symptoms
of sleep disturbance, dizziness, fatigue, numb-
ness of limbs and dampness and coldness of
limbs were more obvious. Among the symptoms
of digestive system, the incidence of abdominal
pain, abdominal distension, constipation and
nausea and vomiting were higher. According to
the POMS emotion questionnaire, the scores of 5
negative emotions and 1 positive emotion in the
lead exposure group were higher than that in the
control group, and the difference was statistical-
ly significant. Related to the control group, the
concentration of neurotransmitters such as DA,
5-HT, GABA, Gly, Trp and Glu were statistically

decreased, p<0.001. There was a negative cor-
relation between neurotransmitters in peripher-
al blood and blood lead levels in lead workers,
among which 5-HT had the greatest correlation
with lead levels (r=-0.569, p<0.001). 5-HT and Trp
were significantly correlated with tension-anxi-
ety (T), depression-depression (D), anger-hos-
tility (A), Vigor-hyperactivity (V), fatigue-inertia
(F), and confusion-confusion (C). 5-HT, Trp and
GABA were significantly correlated with the sur-
vey symptoms, among which, the sleep disorder,
constipation and fatigue had most significantly
positive correlation with 5-HT or Trp, r-value was
respectively 0.373, 0.233 and 0.563.

CONCLUSIONS: Lead exposure not only caus-
es the alteration of neuropsychiatric behavior of
lead workers, but also changes gastrointesti-
nal symptoms. Serotonin may be involved as the
main neurotransmitter synthesized in intestinal,
and the synthesis and metabolism may be regu-
lated by intestinal flora.
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Introduction

Lead was a kind of environmental heavy met-
al neurotoxin, which entered the body through
respiratory tract, digestive tract or skin contact,
and caused toxic side effects on various systems
and organs of the body"?. Lead exposure could
lead to neurobehavioral changes, but there were
few reports on the relationship between lead ex-
posure and depressive behavior. Depression-like
behaviors include anxiety, irritability, irritabil-
ity, depression, delayed speech, slow action and
memory loss. Baker et al® showed that when the
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blood lead value of workers was between 400-800
g/L, their language, motor and sensory function
were impaired; Escalona et al* show that lead ex-
posure was related to the emotional state of work-
ers*. Bouchard et al’ studied the levels of blood
lead, depression and panic disorder in Ameri-
can adolescents with the CIDI scale, the results
showed that the incidence of depressive disorder
and panic disorder was 2.32 and 4.94 times with
blood lead level above 21.1 g/L higher than those
with blood lead level of 2-7 g/L°. However, Par-
kinson et al® showed that there was no correlation
between cumulative lead level and current lead
level and neuropsychological behavior of lead ex-
posed workers. Whether low-level occupational
lead exposure was related to depressive behavior
or not remained to be further explored, and the
pathogenesis of lead exposure and depression is
not clear.

The occurrence and development of depression
and anxiety were closely related to the changes of
neurotransmitters in the central nervous system’”.
Gamma aminobutyric acid (GABA) is an import-
ant neurotransmitter in adult brain, which played
a role through its related receptors. Romeo et al'
showed that the expression levels of GABA in
brain and peripheral tissue of patients with major
depressive disease (MDD) were decreased through
meta-analysis. In animal experiments, the rats with
depression-like behavior injected with GABA re-
ceptor antagonists showed antidepressant effect!!.
Dopamine (DA), a precursor of norepinephrine
(NA), was synthesized in the substantia nigra and
ventral tegmental area of the midbrain and projects
to the striatum, cortex and other brain regions'. It
widely existed in the central and peripheral tissues.
DA played a role mainly through the activation of
receptors. DA could regulate the frequent release
of neurotransmitters and the excitability of neurons
through the heterologous synapses of DR’s fami-
ly"*. Dopamine and its receptor disorders were as-
sociated with a variety of neuropsychiatric diseas-
es and involved in the occurrence of depression'*'>,
5-hydroxytryptamine (5-HT) was a neurotransmit-
ter distributed in the central nervous system and
gastrointestinal tract, which is regulated by intesti-
nal flora. About 95% of human 5-HT was synthe-
sized by enterochromaffin cells (ECS) and intesti-
nal neurons in the gut, while the remaining 5% was
synthesized in central 5-HT neurons'®. 5-HT in the
blood could also pass through the blood-brain bar-
rier and entered the central nervous system. The
content of 5-HT in the brain was closely related to
depression"’.

Therefore, the analysis of neurotransmitters re-
lated to neuropsychiatric status of lead exposed
workers was of a positive significance for the pre-
vention and treatment of lead exposed workers.

Subjects and Methods

Subjects

In this study, the method of cross-sectional
survey was used to select the occupational lead
exposed workers of a battery factory in a city of
Hebei Province as the lead exposure group, and
the workers in a non-occupational lead exposure
enterprise with gender, age, weight and diet bal-
ance as the control group. In this study, 79 lead
exposed workers and 65 non-lead exposed work-
ers were tested. After excluding the incomplete
test items, 136 subjects were included in the final
analysis, including 74 lead exposed workers and
62 control workers. The inclusion criteria and ex-
clusion criteria were as follows:

Inclusive criteria: the workers in the control
group were not exposed to lead smoke, lead dust
and other toxic and harmful exposed factors, and
their occupational exposure factors did not cause
related damage of nervous system.

Exclusion criteria: patients with neuropsychi-
atric system and other related diseases who could
not complete the test independently due to hand
movement disorders or visual and auditory dis-
orders; patients with diseases that have an impact
on neurobehavioral function test, such as daltoni-
sm, color weakness, color difference; people with
diabetes mellitus or serious abnormal blood glu-
cose; those who have excessive drinking behavior
and taking sedative psychotropic drugs within 4
hours before the test; before the test Major life
events occurred in the past year that affected the
subjects.

The survey was approved with the Ethics Com-
mittee of North China University of Science and
Technology, and informed consent was obtained
by the subjects.

Methods
General Survey
Basic information
According to the designed requirements and

designed scheme of employee health question-
naire, the basic information of occupational work-
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ers was investigated by trained investigators in a
one-to-one way. The survey contents including
age, marital status, education level, type of work
and change, smoking or not, diet, alcohol con-
sumption, past disease history, and frequency of
using computer.

Occupation

Look up the age, gender, time of occupational
exposure and work posts of the front-line workers
who have been exposed to lead for more than 3
years in the battery factory.

Health symptoms

The symptoms of nervous system (including
headache, dizziness, feeling fatigue and weak-
ness, sleep disorder, wet and cold hands and feet,
numbness of limbs, stability of holding things,
stabbing sensation of distal limbs, hand and foot
twitch) and digestive system symptoms (nausea/
vomiting, constipation, abdominal pain/bloating,
anorexia) were measured by self-made question-
naire. In this study, the number of symptoms in
each group was more than or equal to 3, which
were regarded as the symptoms of nervous sys-
tem and digestive system.

Emotional Status Survey

The subjects were asked to use the latest state
of State Questionnaire (POMS) to test their emo-
tion level in the recent week. POMS questionnaire
is mainly an emotion test item, which is divided
into six emotion subscales, namely, Tension anx-
iety (T), Depression (D), Anger hostility (A), Fa-
tigue inertia (F), Vigor activity (V), and Confu-
sion bewilderment (C).

Scoring method: according to the five levels
of “almost no”, “a little bit”, “moderate”, “quite
a lot” and “extraordinary”, the score of each item
is assigned 0, 1, 2, 3 and 4 points. The original
score of each subscale is accumulated. The high-
er the score, the more obvious the corresponding
emotional state. T, D, A, F and C reflect negative
emotions, and the higher was the score, the worse
was the emotional state. V reflects positive emo-
tions, and the higher was the score, the better the
emotional state.

Determination of Blood Lead

Taking venous blood,I ml whole blood was
taken into Eppendorf (EP) tube with 50 ul hep-
arin sodium, 200 ul concentrated nitric acid was
added, and digested by microwave digestion in-
strument. The digested light yellow transparent
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liquid was transferred to 5 ml Eppendorf tube,
and the volume was fixed to 4 ml with ultra pure
water. The lead content in blood was determined
by ICP-MS.

Determination of Blood Neurotransmitters
in Lead Exposed Workers

Neurotransmitters with Aminoacid and mono-
amine were determined by HPLC and HPLC-ECD.

Statistical Analysis

All data were measured in the form of
‘mean=SD’. SPSS 23.0 (IBM, Armonk, NY, USA)
and Graph Pad Prism 5.0 were used for numerical
statistics and mapping. Pearson’s correlation anal-
ysis, t-test was used to the comparison between
the two groups, p<0.05 showed a statistically sig-
nificant difference.

Results

Basic Information of Research Subjects

A total of 74 lead exposed workers were inves-
tigated, the ratio of the male to the female was
0.85:1, the average age was (36.76+4.34) years, the
average length of service was (7.67+3.52) years,
the education level was mainly high school edu-
cation or below, accounting for 89.2%; the control
group was 62 people, the ratio of the male to the fe-
male was 1.38:1, the average age was (34.15£9.78)
years, and the education level was also dominated
by high school and secondary school, accounting
for 54.1% (Table I).

Analysis of Blood Lead Level of Subjects

Through the analysis of blood lead concentra-
tion, the blood lead level of lead exposed workers
was 163.23+40.77 g/L, which was significantly
higher than that of the control group (43.62+14.50
g/L), and the difference was statistically signifi-
cant, **p<0.001, (Figure 1).

Effect of Lead Exposure on Mental Status
of Workers

Analysis of neurological and digestive
system symptoms in lead exposed workers
Through the analysis of the mental status of
lead exposed workers, the incidence of nervous
system symptoms was higher than that of the
control group, among which, sleep disorders, diz-
ziness, feeling fatigue, limbs’ numbness and wet
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Table I. Basic condition of age, working age, gender, education degree and living habits of subjects..

Control Lead exposure
Subject Column N=62 N=74 p-value
Gender male 36 (58.1) 34 (45.9) 0.159
female 26 (41.9) 40 (54.1)
Education degree
secondary school and below 22 (354) 26 (35.1) 0.168
High school 34 (54.8) 40 (54.1)
College degree and above 6 (9.7) 8 (10.8)
Smoke yes 20(32.3) 30 (40.5) 0.318
no 42 (67.7) 44 (59.5)
Alcohol yes 28 (45.2) 24 (32.4) 0.128
no 34 (54.8) 50 (67.6)
Working age 7.85 (3.2-12.5) 7.67 (4.15-11.19) 0.454
Age 34.15 (24.37-43.93) 36.76 (32.42-41.1) 0.283

cold of hands and feet were more evident; in the
symptoms of digestive system, the incidence of
abdominal pain, abdominal distension, consti-
pation and nausea and vomiting were higher, as
shown in Table II.

Analysis of neurobehavioral function of
subjects exposed to occupational lead

The POMS emotional questionnaire of lead
exposed workers showed that the scores of five
negative emotions for “tension-anxiety”, “depres-
sion-depression”, “anger-hostility”, “fatigue-iner-
tia”, and “confusion-confusion” of lead exposed
workers were higher than those of the control
group, and the score of positive emotions was
lower than those of the control group, and the dif-
ferences were statistically significant. These sug-
gested that lead exposure could affect neuropsy-
chiatric behavior, as shown in Table II1.
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Figure 1. Content of blood lead in the subjects (mean+SD).

Effects of lead exposure on peripheral blood
neurotransmitters in workers

Compared with the control group, the neu-
rotransmitters DA, 5-HT, GABA, Gly, Trp and
Glu in the lead exposed group were significantly
lower than those in the control group (p<0.001,
Table V).

Correlation Between Neurotransmitters
And Neuropsychiatric Status

Correlation between neurotransmitters and
blood lead in lead exposed workers

There was a negative correlation between the
levels of neurotransmitters and blood lead in lead
exposed workers, and the correlation between
5-HT and lead level was the highest (r =-0.569,
»<0.001).

Correlation analysis of neurotransmitters
and emotional status scores

From the correlation analysis of neurotransmit-
ters and emotional status, it is found from Table V
that 5-HT and Trp are significantly correlated with
tension-anxiety (T), depression-depression (D), an-
ger-hostility (A), Vigor-hyperactivity (V), fatigue
inertia (F) and confusion-confusion (C), p<0.001.

Correlation analysis of neurotransmitters
and mental status

Table VI showed that 5-HT, Trp and GABA
were significantly correlated with the investigated
symptoms (p < 0.001), among which sleep disor-
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Table Il. Effect on nervous system and digestive system of subjects exposed to occupational lead (mean+SD).

Control (n=62) Pb (n=74)
Incidence Incidence

Subject Symptom n (%) n (%) X2 P

Neurological

symptoms Sleep disorders 4 6.5 18 24.3 7.947 0.005
Languor 16 25.8 40 54.1 11.113 <0.001
Dizzy 0 0 28 37.8 29.542 <0.001
Headache 0 0 18 24.3 17.382 <0.001
Brotherhood of raw 0 0 36 48.6 41.021 <0.001
Limb numbness 0 0 30 40.5 32.249 <0.001
Tingling in the distal extremities 0 0 16 21.6 15.193 <0.001

Digestive Abdominal pain or bloating 0 0 18 243 17.382 <0.001

symptoms Constipation 2 32 26 35.1 21.010 <0.001
Nausea or vomiting 0 0 20 27.0 19.646 <0.001
Anorexia 0 0 8 10.8 7.122 0.008

ders, constipation, and sensory fatigue were most
significantly correlated with 5-HT or Trp, with R
values of 0.373, 0.233 and 0.563, respectively.

Discussion

The healthy hazards of lead to occupational
population were mainly chronic lead poison of lead
dust or lead smoke and their compounds. Studies
showed that there was no “safe” level of adverse ef-
fects of lead on nervous system function. At pres-
ent, due to the improvement of production process
and technology and the strengthening of protec-
tive measures, there were few cases of acute lead
poisoning in occupational population. Clinical
diagnosis of occupational chronic lead poisoning
was based on the data of laboratory examination,
employment history and clinical symptoms such
as urine lead>120 g/L, blood lead>600 g/L'8, the
main clinical symptoms were the comprehensive
symptoms of nervous system, digestive system
and hematopoietic system. Our results showed

that the blood lead concentration of occupation-
al lead- exposed workers was 163.23+40.77 g/L,
which was significantly higher than that of the
control group (43.62+14.50 g/L), which could lead
to neurological toxicity, including the minor cases
of neurological behavioral function and the severe
cases of sustained damage to the central nervous
system. Some studies also showed that lead ex-
posure affected the executive ability, short-term
memory ability and psychological emotion of lead
exposed workers, POMS emotional test question-
naire results show that blood zinc protoporphyrin
level was correlated with anxiety and depression
in lead exposed workers'>.In this study, POMS
emotional questionnaire was used to investigate,
and the results showed that the emotional state
and neuropsychiatric aspect of lead exposed
workers were changed, mainly manifested as the
increase of anxiety, depression, hostility, fatigue,
confusion and other negative emotions. The in-
cidence of digestive system symptoms in lead
exposed workers was 31.1 times higher than that
in the control group, including nausea and vomit-

Table IIl. Effects on neurobehavioral function of subjects exposed to occupational lead (mean+SD).

Control Lead
Neurobehavior Index (n=62) exposure (n=74) t P
mental status Tension-anxiety (T) 3.81+£2.98 10.22+5.63 8.475 <0.001
Depression (D) 3.3243.93 13.92+10.49 8.040 <0.001
anger-hostility (A) 3.52+3.49 12.05+8.03 8.261 <0.001
Vigor activity (V) 22.68+2.73 17.16+5.98 15.27 <0.001
Fatigue inertia (F) 3.06£2.78 9.05+5.44 8.150 <0.001
Confusion- Confusion (C) 6.00+2.55 10.65+3.89 8.360 <0.001
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Table IV. Effect on neurotransmitter of subject exposed to occupational lead (mean£SD).

Lead exposure
Control (ug/L) (ug’/L)
Neurotransmitter (n=62) (n=74) t P
DA 4573.16£694.78 4066.04+763.42 4.018 <0.001
5-HT 265.38+41.31 215.06+29.87 8.225 <0.001
GABA 2543.70+320.22 2127.25+483.09 5. 802 <0.001
Gly 2516.92+497.52 2164.88+578.62 3.363 <0.001
Trp 2686.35+484.73 1844.74+449.45 10.49 <0.001
Glu 1696.25+461.68 1199.40+401.97 6.708 <0.001
Table V. Correction of neurotransmitter and emotional status.
T D A Vv F C

DA r -0.127 -0.127 -0.069 -0.065 0.010 -0.201%**

p 0.071 0.071 0.227 0.454 0.010 0.089
5-HT T -0.267** -0.202%* -0.210%* 0.218%** -0.241%* -0.256%*

p 0.001 0.009 0.007 0.005 0.002 0.001
GABA r -0.036 -0.096 -0.078 0.276** -0.122 -0.010

p 0.339 0.132 0.184 0.001 0.079 0.452
Gly r -0.174* -0.132 -0.126 0.127 -0.159* -0.056

p 0.021 0.063 0.073 0.071 0.032 0.260
Trp T -0.382%%* -0.411%* -0.443%%* 0.202%* -0.355%* -0.373%%*

p 0.000 0.000 0.000 0.009 0.000 0.000
GLu r -0.199* -0.230** -0.253** 0.170* -0.138 -0.123

p 0.010 0.003 0.001 0.024 0.054 0.076

ing, loss of appetite, abdominal pain, abdominal
distension, constipation and metallic taste in the
mouth. The incidence of constipation was 10.96
times higher than that in the normal group. It sug-
gested that the neurobehavioral changes of lead
exposed workers were often accompanied by gas-
trointestinal symptoms, which may be related to
the low level of serotonin in intestinal neurons of
lead exposed workers.

Gao et al*' showed that lead exposure disrupted
the normal development of genetic diversity and
flora composition of intestinal microorganisms,
the synthesis and metabolism pathway of metab-
olites, induced oxidative stress, and activated the
defense and anti-virus mechanism of intestinal
flora. Lead exposure increased the levels of ami-
no acids, including glycine, glutamic acid, thre-
onine, serine and proline, but decreased the level
of Alanine. Human intestine registered hundreds
of millions of microorganisms, about 1000 kinds
of bacteria, known as the “second organ tube” of
the human body. Intestinal flora affected the func-
tion and behavior of the brain through the “gut-
brain axis”, and participated in movement and se-
cretion®?.Imbalance of intestinal flora could lead
to irritable bowel syndrome (IBS),inflammatory

bowel disease (IBD) and hepatic encephalopathy
(HE) and other intestinal brain diseases**.This
kind of disease not only showed evident intestinal
symptoms such as defecation difficulty, abdom-
inal pain, abdominal distension, dyspepsia and
intestinal inflammation, but also showed neuro-
psychiatric symptoms such as anxiety, depression
and cognitive impairment*.Animal experiments
had shown that the lack of 5-HT in intestinal neu-
rons of mice could lead to constipation?”.The lack
of 5-HT in the intestine reduced the peristalsis
ability of intestine and slowed down the trans-
mission speed of intestine. The results showed
that there was a significant correlation between
blood lead concentration and neurotransmitters
in lead exposed workers, among which 5-HT in
peripheral blood was significantly lower than that
in control group (215.06+29.87 vs. 265.38+41.31).
Moreover, through the correlation analysis be-
tween 5-HT and the related symptoms (including
gastrointestinal symptoms), we found that 5-HT
was not only significantly correlated with neu-
robehavioral changes induced by lead exposure,
but also negatively correlated with gastrointesti-
nal symptoms. These suggested that 5-HT was
involved in the regulation of intestinal flora-gut-
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brain axis in enterocerebral diseases. Studies had
shown that intestinal flora or its metabolites stim-
ulated enterochromaffin cells and monocytes to
release 5-HT, and produce inflammatory factors
such as IL-6, IL10,TNF-a and IFN-y, which me-
diated the imbalance of intestinal flora-intestinal
mucosal immune system, and realized the bidi-
rectional regulation of gut-brain axis through the
connection of vagal afferent nerve and synapse.
The interaction of microorganism, intestine and
brain affected the change of intestinal flora?*%.
Studies reported that taking amoxicillin for 7
days would lead to the imbalance of intestinal flo-
ra in healthy people, manifested with the increase
in the number of Clostridium, Bacteroides and
enterobacteria, while taking compound probiotics
(Lactobacillus and Bifidobacterium) for 3 weeks
could restore the intestinal flora composition to
the normal structure before taking antibiotics®.

In an experimental rat model of water avoidance
stress, the combination of Lactobacillus Swiss
and Lactobacillus rhamnosus prevented the over-
proliferation of stress-induced intestinal mucosal
bacteria and the translocation of the bacteria from
the intestinal epithelium to the mesenteric lymph
nodes®'. In addition, the combined use of Lacto-
bacillus helveticus and Bifidobacterium longum
could reduce the anxiety and depression behavior
of rats*?. Probiotics could not only adjust intestinal
flora, improved intestinal symptoms, but also reg-
ulated function and behavior of the brain. These
suggested that probiotics supplementation pro-
vided a new intervention for the prevention and
treatment of occupational lead exposure workers.

As a neurotransmitter widely distributed in the
central nervous system and gastrointestinal tract,
the synthesis, metabolism and physiological func-
tion of 5-HT were regulated by intestinal flora.

Table VI. Correction of neurotransmitter and investigated symptom.

Investigated symptom

Tingling Sweat
Memory Sleep in the distal Limb Brotherhood on hands

Neurotransmitter decline disorders extremities numbness of raw and feet
DA r -0.191°* -0.073 0.262%* 0.036 0.161 0.286

p 0.026 0.401 0.002 0.678 0.061 0.001
5-HT r 0.212 0.373** 0.193* 0.335%* 0.418** 0.264

P 0.013 0.000 0.024 0.000 0.000 0.002
GABA r 0.373%* -0.146 0.335%* 0.633* 0.461** 0.248

P 0.000 0.089 0.000 0.000 0.006 0.003
Gly r 0.193%* 0.335%* 0.136 0.466** 0.402* 0.246*

p 0.024 0.000 0.115 0.000 0.000 0.004
Trp r 0.233%* 0.369%* 0.153 0.519%* 0.436%** 0.431

P 0.006 0.000 0.076 0.000 0.000 0.000
Glu r 0.315%* 0.130 0.042 0.254%** 0.293%* 0.171*

P 0.000 0.133 0.628 0.003 0.001 0.046

Investigated symptom

Hate to Abdominal Abdominal

Neurotransmitter Headache Dizzy Languor Constipation vomit pain distension Anorexia
DA r  0.30% 0.316™ 0.100 0.026 0.121  0.287 0.034 0.280
p 0.000 0.000  0.248 0.760 0.160  0.001 0.697 0.001
5-HT r 0.229" 0.233  0.563" 0.233" 0.345" 0.315 0.193" 0.257
p 0.007 0.006  0.000 0.006 0.000  0.000 0.024 0.002
GABA r 0.300” 0.369" 0.444 0.171" 0.156  0.182 0.087 0.399"
p 0.006 0.000  0.000 0.007 0.000 0.002 0.002 0.024
Gly r 0127 0.153  0.344 0.040 0.106  0.396 0.008 0.297"
p 0.141 0.076  0.000 0.645 0.219  0.000 0.923 0.00
Trp r 0.660™ 0.266  0.387 0.370™ 0.405™ 0.230 0.266 0.182"
p 0.000 0.002  0.000 0.000 0.000 0.007 0.002 0.034
Glu r 0.239" 0.289  0.304™ 0.353™ 0.113  0.104 0.181" 0.143
p 0.005 0.001  0.000 0.000 0.189  0.229 0.035 0.098

“showed Significant correlation
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Figure 2. Relative analysis of neurotransmitter and lead.

About 95% of 5-HT was synthesized in the gut
through enterochromaffin cells (ECs) and enteric
neurons, while the remaining 5% was synthesized
in central 5-HT neurons. 5-HT Synthesized and
released in the intestine could activate the subtype
receptors distributed in intestinal epithelium, in-

testinal neurons and immune cells, and regulated
intestinal motility, secretory reflex and immune
response. 5-HT distributed in the striatum of the
brain chose the corresponding receptors and par-
ticipated in neuropsychiatric behavior. Studies
had shown that depression was closely related
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to 5-HT. Increasing the concentration of 5-HT
in the brain or reducing the reuptake of 5-HT by
platelets could play an antidepressant role and im-
proved the depression-like mood?*’. Although the
pathogenesis of depression was still unclear, the
monoamine neurotransmitter hypothesis was still
dominant. The abnormal decrease of serotonin
in the brain leaded to the occurrence of depres-
sion. Dopamine was an important neurotransmit-
ter in the brain, a precursor of NA, synthesized
in substantia nigra and ventral tegmental area
of midbrain and projected to related brain areas
of the frontal cortex and the striatum regulated
multiple signal pathways in the brain through ac-
tivating dopamine receptor’**. Prisco et al*® had
reported that striatal dopamine content had a de-
layed effect on depressive behavior. The results
showed that the level of DA in peripheral blood
was negatively correlated with the score of neg-
ative emotion, but positively correlated with the
score of positive emotion. Prisco et al’’ reported
that DA could regulate the release frequency of
glutamate (Glu), gamma aminobutyric acid (GA-
BA) and cholinergic terminals through heterolo-
gous synapses of dopamine receptor (DR) family,
change the projection mode of neurons and regu-
late the excitability of neurons. Therefore, it was
necessary to explore the interaction between var-
ious neurotransmitters to improve the treatment
system of depression. In this study, we analyzed
the correlation between 5-HT, DA, Trp, GABA,
Glu and Gly with all the investigated symptoms,
including emotional symptoms, and found that
5-HT, Trp and GABA were significantly correlat-
ed with the investigated symptoms. Among them,
sleep disorders, constipation, and sensory fatigue
were most significantly correlated with 5-HT or
Trp (r=0.373, 0.233 and 0.563, respectively).

Conclusions

In summary, lead exposure not only led to
changes of neuropsychiatric behavior, but also
changed gastrointestinal symptoms. Serotonin,
as the main neurotransmitter of intestinal syn-
thesis, may participate in it, and its synthesis and
metabolism may be regulated by intestinal flora.
We hoped that the analysis could provide a ref-
erence for researchers to explore the mechanism
of intestinal flora regulating 5-HT in neuropsy-
chiatric changes induced by lead exposure in an-
imal models.
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