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Abstract

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that is characterized by persistent impairment of social communication and reciprocity across
multiple contexts as well as restricted, repetitive, and stereotypic patterns of behavior, interests, and or activities. It is suggested that autism may result from an
interaction between genetic, environmental, and immunological factors, with oxidative stress as a mechanism linking these risk factors. Dopamine beta-hydroxylase
(DBH), also known as dopamine beta-monooxygenase, is an enzyme that is encoded by the DBH gene that converts dopamine to norepinephrine when this enzyme
is inhibited by Clostridia bacteria, toxic dopamine metabolites are produced which lead to brain toxicity that may be a target in autism treatment. This study was
designed to evaluate the level of dopamine beta-hydroxylase enzyme and its effect on autism in Iraqi children.

Method: Eighty children, their age range 3-10 years were involved in this study; a Performa was framed, and all the relevant information of each child was recorded.
Children were classified into two groups (40 children each) as healthy children and children who were diagnosed as autism disease served as the autism patients’

group.

Results: This study showed that there was a significant decrease in the level of serum dopamine beta- hydroxylase enzyme (P<0.05) in autism children their age range
(3-10 years) compared to the corresponding level of serum dopamine beta-hydroxylase in control children at the same aged range. Moreover, there was no significant
statistical association between DBH levels and age. According to the results obtained in this study, it could be concluded that alterations in level of serum dopamine
beta- hydroxylase in autism patients were observed; this indicates that there is the imbalance between dopamine and Norepinephrine because of the inhibition of
dopamine beta-hydroxylase enzyme that may be induced by the presence of a toxic metabolite of clostridia bacteria.
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often in males than females [9]. The number of people diagnosed
has increased dramatically since the 1960s, partly due to changes in
diagnostic practice [8]. The question of whether actual rates have
increased is unresolved.

Introduction

Autism is a developmental disorder characterized by difficulties
with social interaction and communication, and by restricted and
repetitive behavior. Parents usually notice signs during the first three

years of their child’s life. These signs often develop gradually [1,2]. Autism  Spectrum Disorder (ASD) refers to a group of

neurodevelopmental disorders including autism, Asperger’s syndrome
(AS) and pervasive developmental disorder-not otherwise specified
(PDD-NOS). The new diagnostic criteria of ASD focuses on two core
domains: social communication impairment and restricted interests/

Autism is associated with a combination of genetic and
environmental factors [3]. Risk factors during pregnancy include
certain infections, such as rubella, toxins including valproic acid,

alcohol, cocaine, pesticides and air pollution, fetal growth restriction,
and autoimmune diseases. Controversies surround other proposed
environmental causes; for example, the vaccine hypothesis, which
has been disproven [4]. Autism affects information processing in the
brain by altering connections and organization of nerve cells and their
synapses. How this occurs is not well understood [5-7].

Globally, autism is estimated to affect 24.8 million people as of
2015[update]. In the 2000s, the number of people affected was estimated
at 1-2 per 1,000 people worldwide. In the developed countries, about
1.5% of children are diagnosed with autism as of 2017 [update], from
0.7% in 2000 in the United States [8]. It occurs four-to-five times more
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repetitive behaviors [10-12].

Autism spectrum disorder has no single known cause. Given the
complexity of the disorder and the fact that symptoms and severity vary,
there are probably many causes. Both genetics and the environment
may play a role.

Genetics: Several different genes appear to be involved in autism
spectrum disorder. For some children, autism spectrum disorder
can be associated with a genetic disorder. For other children, genetic
changes (mutations) may increase the risk of autism spectrum
disorder. Still, other genes may affect brain development or the way
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that brain cells communicate, or they may determine the severity of
symptoms. Some genetic mutations seem to be inherited, while others
occur spontaneously [13,14].

Environmental factors: Researchers are currently exploring
whether factors such as viral infections, medications or complications
during pregnancy, or air pollutants play a role in triggering autism
spectrum disorder [14].

Dopamine is an organic chemical of the catecholamine and
phenethylamine families. It functions both as a hormone and a
neurotransmitter and plays several important roles in the brain
and body. In the brain, dopamine functions as a neurotransmitter a
chemical released by neurons (nerve cells) to send signals to other nerve
cells [15-17]. The brain includes several distinct dopamine pathways,
one of which plays a major role in the motivational component of
reward-motivated behavior. The anticipation of most types of rewards
increases the level of dopamine in the brain, and many addictive drugs
increase dopamine release or block its reuptake into neurons following
release. Other brain dopamine pathways are involved in motor control
and in controlling the release of various hormones. These pathways and
cell groups form a dopamine system which is neuromodulatory [18].

Dopamine Receptors

There are five subtypes of dopamine receptors, D1, D2, D3, D4,
and D5, which are members of the large G-protein coupled receptor
superfamily [19]. Dopamine receptors are implicated in many
neurological processes, including motivation, pleasure, cognition,
memory, learning, and fine motor control, as well as modulation of
neuroendocrine signaling. Abnormal dopamine receptor signaling, and
dopaminergic nerve function are implicated in several neuropsychiatric
disorders. Thus, dopamine receptors are common neurologic drug
targets; antipsychotics are often dopamine receptor antagonists while
psychostimulants are typically indirect agonists of dopamine receptors
[20]. Due to extensive localization of dopamine receptor to brain areas
and its role in a wide range of functions, dopaminergic dysfunction
has been implicated in the pathophysiology of schizophrenia, mood
disorders, obsessive-compulsive disorder (OCD), and autism spectrum
disorders, attention deficit-hyperactivity disorder (ADHD), substance
dependency, Parkinson’s disease and other disorders [19].

Dopamine Catecholamine, Biosynthesis and Release

Dopamine is synthesized in a restricted set of cell types, mainly
neurons, and cells in the medulla of the adrenal glands [21]. The direct
precursor of dopamine, L-DOPA, can be synthesized indirectly from
the essential amino acid phenylalanine or directly from the non-
essential amino acid tyrosine. These amino acids are found in nearly
every protein and so are readily available in food, with tyrosine being
the most common. Although dopamine is also found in many types of
food, it is incapable of crossing the blood- brain barrier that surrounds
and protects the brain. It must, therefore, be synthesized inside the
brain to perform its neuronal activity [22]. The most fundamental
building block of the three is the essential amino acid L-phenylalanine.
Essential amino acids cannot be made in the body and must be
supplied in the diet. L-tyrosine is the next step in the dopamine
pathway. Since Tyrosine can be synthesized from L- phenylalanine, it
is considered conditionally essential [23]. It is not essential in the same
way L- phenylalanine would be because it can be synthesized in the
body. But there are circumstances (e.g., illness, high stress, increased
cognitive demands) where the body might not be able to make enough
to meet demands. Under these conditions or circumstances, it becomes
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essential to get it from the diet [24].
Dopamine degradation

Dopamine metabolites are the products following the breakdown
of Dopamine. Dopamine is inactivated by reuptake via the dopamine
transporter, then enzymatic breakdown by catechol-O-methyl
transferase (COMT) and monoamine oxidase (MAQO). Dopamine that
is not broken down by enzymes is repackaged into vesicles for reuse
[25]. Different breakdown pathways exist but the main end-product
is homovanillic acid (HVA), which has no known biological activity.
From the bloodstream, homovanillic acid is filtered out by the kidneys
and then excreted in the urine. The two primary metabolic routes that
convert dopamine into HVA are [26,27]:

Dopamine > DOPAL - DOPAC > HVA - catalyzed by MAO,
ALDH, and COMT respectively Dopamine - 3-Methoxytyramine >
HVA - catalyzed by COMT and MAO+ALDH respectively
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Figure 1: The dopaminergic pathway [27].

Excessive Dopamine neurotransmitter

Dopamine is a reactive molecule compared with other
neurotransmitters and dopamine degradation naturally produces
oxidative species. More than 90% of dopamine in dopamine neurons is
stored in abundant terminal vesicles and is protected from degradation.

A small fraction of dopamine is cytosolic, and it is the major
source of dopamine metabolism and presumed toxicity. Cytosolic
dopamine undergoes degradation to form a compound called 3, 4-
dihydroxyphenylacetic acid (DOPAC) and Homovanillic Acid (HVA)
as well as hydrogen peroxide via the monoamine oxidase [28]. The
HVA is a marker measured on the Organic Acids Test. Dopamine
also undergoes oxidation to form superoxide, hydrogen peroxide
and o-quinone and reacts with cysteine residues on glutathione,
thus rendering glutathione ineffective. Dopamine oxidation can also
form cysteinyl-dopamine and cysteinyl- DOPAC conjugates which
are neurotoxic. These biochemical abnormalities caused by excess
dopamine may cause severe neurodegeneration of neural pathways
that utilize dopamine as a neurotransmitter [29].
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Dopamine beta-hydroxylase

Dopamine beta-hydroxylase (DBH), also known as dopamine beta-
monooxygenase, is an enzyme that in humans is encoded by the DBH
gene [30]. Dopamine beta-hydroxylase catalyzes the chemical reaction:

dopamine norepinephrine
OH
HO HO
m"h dopamine [-monooxygenase NH
HO = — - HO
0, HO,
ascorbic acid dehydmascomic acid

Figure 2: Dopamine is converted to norepinephrine by the enzyme dopamine B-hydroxylase
(30).

The three substrates of this enzyme are Dopamine
(3,4-dihydroxyphenethylamine), Vitamin C (ascorbate) which serves
as a cofactor, and 0, whereas its three products are norepinephrine,
dehydroascorbate, and H,O. It is the only enzyme involved in the
synthesis of small-molecule neurotransmitters that is membrane-
bound, making norepinephrine the only known transmitter synthesized
inside vesicles. It is expressed in noradrenergic nerve terminals of the
central and peripheral nervous systems, as well as in chromaffin cells of
the adrenal medulla [31].

Clostridia difficile and Autism

Clostridia difficile Bacteria is a species of Gram-positive spore-
forming bacterium [32]. It is anaerobic, motile bacteria, ubiquitous
in nature, and especially prevalent in soil. Clostridia difficile cells are
Gram- positive and show optimum growth on blood agar at human
body temperatures in the absence of oxygen [33]. Clostridia difficile
is catalase and superoxide dismutase negative and produces two types
of toxins: enterotoxin A and cytotoxin B, which disrupts cytoskeleton
signal transductions in the host. C. difficile may become established
in the human colon; it is present in 2-5% of the adult population.
Sometimes antibiotic therapy for various infections has the adverse
effect of disrupting the normal balance of the gut microbiota, in which
case Clostridia difficile may opportunistically dominate, causing
Clostridia difficile infection [34]. The increase in phenolic Clostridia
metabolites common in autism significantly decreases brain dopamine
beta-hydroxylase activity [35]. This leads to overproduction of brain
dopamine and reduced concentrations of brain norepinephrine and can
cause obsessive, compulsive, stereotypical behaviors associated with
brain dopamine excess and reduced exploratory behavior and learning
in novel environments that are associated with brain norepinephrine

deficiency [36].
1. Aim

This study was designed to evaluate the level of Dopamine Beta
Hydroxylase enzyme in autistic patients and compare it with healthy
Iraqi children.

2.  Chemical and its supplier

Chemical utilized in this study was of the highest available purity.
Specific chemical used was human Dopamine-f-Hydroxylase (DBH)
Kit, its supplier is Novus Biologicals Company, America. This ELISA
kit applies to the in vitro quantitative determination of Human DH
concentrations in serum, plasma and other biological fluids.
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Figure 3: Effect of Clostridia metabolites on human catecholamine metabolism. DHPPA,
4-cresol, HPHPA, HVA, and VMA [37].

3.  Subjects and methods

This study was carried out on eighty (80) children, with age range
3-10years; a performa was framed and all the relevant information of
each child was recorded.

This study was approved by the Scientific Committee of the
Department of Pharmacology and Toxicology, College of Pharmacy,
University of Baghdad. Children were classified into two groups (each
is 40) as follows:

Group I: Healthy children who were non-autism, and with
clinically normal behavior were served as controls.

Group II: Children who were diagnosed as autism disease, served
as the autism patients’ group.

Test principle.

This ELISA kit uses the Sandwich-ELISA principle. The micro
ELISA plate provided in this kit has been pre-coated with an antibody
specific to Human DPH. Standards or samples are added to the micro
ELISA plate wells and combined with the specific antibody. Then a
biotinylated detection antibody specific for Human DBH and Avidin-
Horseradish Peroxidase (HRP) conjugate are added successively to
each microplate well and incubated. Free components are washed
away. The substrate solution is added to each well. Only those wells
that contain Human DBH, biotinylated detection antibody and Avidin-
HRP conjugate will appear blue. The enzyme-substrate reaction is
terminated by the addition of stop solution and the color turns yellow.
The optical density (OD) is measured spectrophotometrically at a
wavelength of 450 nm + 2 nm. The OD value is proportional to the
concentration of Human DPH. You can calculate the concentration of
Human DBH in the samples by comparing the OD of the samples to
the standard curve.

Kit components and storage

An unopened kit can be stored at 4°C for 1 month. If the kit is
not used within 1 month, store the items separately according to the
following conditions once the kit is received [37].

Reagent preparation
The reagents used in this study are:

1. Bring all reagents to room temperature (18~25°C) before
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use. Follow the Microplate reader manual for set-up and preheat it for
15 min before OD measurement.

2. Wash Buffer: Dilute 30 mL of Concentrated Wash Buffer
with 720 mL of deionized or distilled water to prepare 750 mL of Wash
Buffer. Note: if crystals have formed in the concentrate, warm it in a
40°C water bath and mix it gently until the crystals have completely
dissolved

3. Standard working solution: Centrifuge the standard at
10,000xg for 1 min. Add 1.0 mL of Reference Standard &Sample
Diluent, let it stand for 10 min and invert it gently several times. After
it dissolves fully, mixes it thoroughly with a pipette. This reconstitution
produces a working solution of 100 ng/mL. Then make serial dilutions
as needed. The recommended dilution gradient is as follows: 100, 50,
25, 12.5, 6.25, 3.13, 1.56, and 0 ng/mL. Dilution method: Take 7 EP
tubes, add 500uL of Reference Standard & Sample Diluent to each tube.
Pipette 500uL of the 100 ng/mL working solution to the first tube and
mix up to produce a 50 ng/mL working solution.

4.  Biotinylated Detection Ab working solution: Calculate the
required amount before the experiment (100 uL/well). In preparation,
slightly more than calculated should be prepared. Centrifuge the stock
tube before use, dilute the 100xConcentrated Biotinylated Detection
Ab to 1xworking solution with Biotinylated Detection Ab Diluent.

5. Concentrated HRP Conjugate working solution: Calculate
the required amount before the experiment (100uL/well). In
preparation, slightly more than calculated should be prepared. Dilute
the 100x Concentrated HRP Conjugate to 1xworking solution with
Concentrated HRP Conjugate Diluent [37].

Exclusion criteria
This study excludes the following:
1. Children older than 10 years of age and less than 3.

2. Patients with history of any recent systemic disease and those
on medications.

Blood sampling

Venous blood (5 ml) was collected under aseptic precautions
from the forearm of all children participated in this study by plastic
disposable syringes. Centrifuge samples for 20 min at 2~8°C. Collect
the serum to carry out the assay. Samples should be assayed within 7
days when stored at 4°C [37].

Biochemical assay
The following assay procedure was used in this study:

1. Add the Standard working solution to the first two columns:
Each concentration of the solution is added in duplicate, to one well
each, side by side (100 uL for each well). Add the samples to the other
wells (100 uL for each well). Cover the plate with the sealer provided in
the kit. Incubate for 90 min at 37°C. Note: solutions should be added
to the bottom of the micro ELISA plate well, avoid touching the inside
wall and causing foaming as much as possible.

2. Remove theliquid out of each well, do not wash. Immediately
add 100 uL of Biotinylated Detection Ab working solution to each well.
Cover with the Plate sealer. Gently mix up. Incubate for 1 hour at 37°C.

3. Aspirate or decant the solution from each well, add 350 uL of
wash buffer to each well. Soak for 1~2 min and aspirate or decant the
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solution from each well and pat it dry against clean absorbent paper.
Repeat this wash step 3 times.

4. Add 100 puL of HRP Conjugate working solution to each well.
Cover with the Plate sealer. Incubate for 30 min at 37°C.

5. Aspirate or decant the solution from each well, repeat the
wash process for five times as conducted in step 3.

6.  Add 90 pL of Substrate Reagent to each well. Cover with a
new plate sealer. Incubate for about 15 min at 37°C. Protect the plate
from light. Note: the reaction time can be shortened or extended
according to the actual color change, but not more than 30 min.

7. Add 50 pL of Stop Solution to each well.

8.  Determine the optical density (OD value) of each well at
once with a micro-plate reader set to 450 nm [37].

Statistical analysis

The significance of differences between the mean values was
calculated by SPSS version 24. The numeric data were expressed as
mean value. P-values less than 0.05 were considered significant for all
data presented in this study. Furthermore, Mann-Whitney test used to
compare between serum DBH level in patients and control. Kendall’s
tau test used to compare between age and DBH level.

Results
Gender and Age of Children

In (Table 1), according to the gender of children, it has been
found there is a significant difference when compare between the
healthy children and autistic children regarding to the gender of
them (male- female) (p<0.05). According to the age of children, there
are no significant differences when compare the age of female of the
healthy children and autistic children (p>0.05), the same finding has
been seen regarding to the age of male in which there are no significant
differences when compare the age of male of the healthy children and
autistic children (p>0.05).

Level of DBH in Normal and Autistic Children

In the (Table 2), the level of DBH of healthy male children was
significantly higher when compare to the level of DBH of autistic
male children (p<0.05), the same finding has been seen in which the
level of DBH of healthy female children was significantly higher when
compared to the level of DBH of autistic male children (p<0.05).

Correlation between the Age of Children and Level of DBH in
(Table 3), the age of healthy male was not significantly correlated with
level of DBH (r = 0.229, P = 0.185), this indicates that older subject,

Table 1: Gender and Age of Children. The gender was express as frequency;the age was
express as mean + standard deviation.

Healthy children | Autistic children P-value
Gender Males 20 (50%) 30 (75%) 0.02092134
Females 20 (50%) 10 (25%) -
Age (years) Males 6.65+2.23 6.20 +£2.31 0.4947151
Females 6.95+2.16 6.40+1.83 0.475062

Table 2: Level of DBH in Normal and Autistic Children. The level of DBH was express as
mean + standard deviation.

Healthy children Autistic children P-value
Level of DBH Males 94.99 +4.8 33.43+10.1 0.000125
Females 95.57+3.6 39.02+10.9 0.000237
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Figure 4: Level of DBH in Normal and Autistic Children.

Table 3: Correlation between Age and DBH levels in Different Groups. -(r) mean
correlation coefficient.

\ DBH

‘ Healthy children Autistic children
|Age Male r 0.229 0.032

\ P-value 0.185 0.814

\ Female  r 0.398 -0.29

\ P-value 0.019 0.264

DBH (r = 0.398, P = 0.019), this indicates that older subject, higher level
of DBH, meanwhile, the age of autistic female was not significantly
negative correlated with level of DBH (r = -0.290, P = 0.264), this
indicates that older subject, lower level of DBH (Figure 6).
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higher level of DBH, the same results have been found in autistic male
in which, the age of autistic male was not significantly correlated with
level of DBH (r = 0.032, P = 0.814), this indicates that older subject,
higher level of DBH (Figure 5).

The age of healthy female was significantly correlated with level of
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Figure 5: Correlation between Level of DBH and age in Normal and Autistic Male
Children.
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Figure 6: Correlation between Level of DBH and Age in Normal and Autistic Female
Children.

Discussion

The Characteristics of Participating Healthy and Autistic
Children

In this study, serum dopamine Beta hydroxylase (DBH) activity
was measured in a total of 40 children with autism disorders (30 males
and 10 female) and 40 healthy children (20 males and 20 female) to
assess its role as a marker for specific molecular pathology in the autism
disorders of childhood. According to the gender of children, it has been
found there is a significant difference when compared between healthy
children and autistic children as shown in (Table 1).

Regarding to the age of children, there are no significant differences
when comparing the age of female of the healthy children (mean age:
6.95 * 2.16 years) and female autistic children (mean age: 6.40 + 1.83
years), the same finding have been seen regarding to the age of male
in which there are no significant differences when compare the age of
male of the healthy children (mean age: 6.65 + 2.23 years) and male
autistic children (mean age: 6.20 + 2.31 years) as shown in (Table 1).

Level of DBH in Normal and Autistic Children

The result of this study shows that the levels of serum DBH in
children with autism (their age range 3- 10 years) were significantly
decrease (P<0.05) in both male and female (mean value = 33.43 + 10.1,

39.02 + 10.9 respectively), compared to the corresponding serum
levels in healthy children in both male and female (mean value =
94.99 + 4.8, 95.57 + 3.6 respectively) as shown in (Table 2). The levels

Pages: 5-7


https://doi.org/10.47275/0032-745X-219

@

of serum DBH in all children involved in this study were between the
normal kit values range (1.56-100 ng/L). The result of the present study
was an agreement with the study [38] which indicated that the level of
serum DBH in autism children is low significantly as compared with
control children. One of the possible explanations was the diminished
serum levels of DBH activity in patients with autism syndrome may be
due to the presence of Clostridia Bacteria in the gastrointestinal tract
of autism patients that leads to inhibition of DBH enzyme which is
responsible for converting dopamine to norepinephrine [39].

Correlation between the Age of Children and Level of DBH

In (Table 3), provides the relationship between DBH level and
age amongst healthy and autistic children. It shows that there was no
significant statistical association between DBH levels and age in male
healthy children group (r = 0.229, P = 0.185), the same results have
been found in the autistic male in which, the age of autistic male was
not significantly correlated with the level of DBH (r = 0.032, P = 0.814)
(Figure 5). On the other hand, there was a positive correlation between
age and DBH levels in females healthy group which was statistically
significant (r = 0.398, P = 0.019), meanwhile, the age of autistic female
was not significantly negatively correlated with the level of DBH (r =
-0.290, P = 0.264) as showed in the (Figure 6).

Serum DBH activity increases with age in childhood, but there is
disagreement concerning the span of years involved. DBH activities
were quite low during the 1st year of life in one study, and thereafter
increased until they reached adult values at the 16-20-year age period
[38]. The lack of relationship between age and serum DBH activity in
autistic children is intriguing. It may reflect the smaller age range of
autistic patients, or it may be related to the decrease in urinary free
catecholamine [38]. The findings from the present study are consistent
with the findings from other investigators [39-43] showed that there is
analteration in the composition of the fecal flora and metabolic products
of the gut microbiome in patients with ASD that may cause alteration
in DBH level. The gut microbiota influences brain development and
behaviors through the neuroendocrine, neuro-immune and autonomic
nervous systems.

The  increase in  phenolic  Clostridia  metabolites
(3-(3-hydroxyphenyl)-3-hydroxy propionic acid (HPHPA) and
4-cresol) which were common in autism, significantly decreases brain
dopamine beta- hydroxylase activity this leads to overproduction of
brain dopamine and reduced concentrations of brain norepinephrine
and can cause obsessive, compulsive, stereotypical behaviors associated
with brain dopamine excess and reduced exploratory behavior
and learning in novel environments that are associated with brain
norepinephrine deficiency [36,39]. Such increases in dopamine in
autism have been verified by finding marked increases in the major
dopamine metabolite homovanillic acid (HVA) in urine, Moreover
dopamine excess causes free radical damage to the nerve and tissues
producing it, perhaps leading to permanent damage of the brain,
adrenal glands, and sympathetic nervous system if the Clostridia
metabolites persist for prolonged periods of time [39].In the same
study of the gastrointestinal Clostridia bacteria have the ability to
markedly alter behavior in autism and other neuropsychiatric diseases
by the production of phenolic compounds that dramatically alter the
balance of both dopamine and norepinephrine. Excess dopamine
causes abnormal behavior and depletes the brain of glutathione and
NADPH and causes a vicious cycle producing large quantities of
oxygen superoxide that causes severe brain damage. Such alterations
appear to be a major factor in the causation of autism. Previous issues
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related to autism disorder have been studied in different countries
identifying main barriers and practices but none has investigated the
relation between DBH enzyme and autism disorder in Iraq so study
addressing the Dopamine beta-hydroxylase enzyme level and autism
development are lacking; which makes this study unique.

The present outcomes agreed with those of previous studies
which are indicated that the level of serum DBH in autism children
is lower than non-autism children, and the serum DBH levels are
significantly decreased in patients with autism syndrome indicates
that the diminished enzyme activity in these patients is due to the
presence of bacteria in the gastrointestinal tract of the autism child, so
these findings suggest that the level of dopamine b-hydroxylase may
be a significant component in the etiology of autism in some affected
individuals and can target in autism treatment [38,39].

Conclusion

According to the results obtained from this study, levels of serum
DBH in children with autism (their age range 3-10 years) were
significantly decreased (P<0.05) compared to the corresponding serum
levels in control children, this indicates that there is an imbalance
between dopamine and norepinephrine due to the inhibition of
dopamine beta-hydroxylase enzyme that may be induced by the
presence of a toxic metabolite of clostridia bacteria.
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