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One neurotransmitter, glutamate, has been implicated in the autoimmune demyelination seen inmultiple sclerosis (MS). Glutamate
is present in many tissues in the body, so consideration should be given to whether the serum level of glutamate is likely well
correlated with the activity of the disease. 	is research aimed to compare the serum glutamate levels from patients diagnosed
with MS with those from an age-matched control population. A review of this data could shed light upon whether the serum
testing of glutamate using Enzyme-Linked Immunosorbent Assay (ELISA) is a reliable indicator of MS activity. Serum samples
were obtained from 55 patients with di�erent patterns of MS and from 25 healthy adults as a control group. 	e ELISA technique
was used to determine the glutamate levels in the serum samples.	emean serum glutamate level for patients withMS was 1.318±
0.543 nmol/ml and that of the controls was 0.873 ± 0.341 nmol/ml. 	e serum glutamate levels showed an area under the curve
via the receiver operating characteristics (ROC) of 0.738, which was signi
cant (p value = 0.001). 	e present study is the 
rst to
establish a strong connection between the serum glutamate levels andMS patients, where there was statistically signi
cant elevation
of serum glutamate in MS patients; hence this elevation might be used as a monitor to help in the diagnosis of MS patients.

1. Introduction

Multiple sclerosis (MS) is a chronic in�ammatory, demyeli-
nating, and neurodegenerative disease that a�ects the central
nervous system (CNS), brain and spinal cord [1].	is disease
has been described in three patterns: relapsing-remitting,
secondary progressive, and primary progressive [2].

MS is the most common autoimmune disorder a�ecting
the CNS. 	ere is increasing support that glutamate, the
principal CNS excitatory neurotransmitter, plays a role in the
pathology of this disease. At a normal level, glutamate per-
forms fundamental processes involved in sensory perception
and memory, but, in excess, it triggers a cascade of negative
reactions in the brain. 	is can lead to complications associ-
ated with certain neurological diseases, including Parkinson’s
disease, Alzheimer’s disease, and MS, by destroying nerve
cells and causing seizures, stroke-related injuries, and the
perception of pain, as well as other problems [3, 4].

In the white matter of the brain and spinal cord, the
nerve cells are coated in a substance called myelin, which is

a product of certain types of glial cells [5]. 	e function of
these myelin sheaths is twofold: protecting the neuron from
extracellular ions (there are many in the cerebrospinal �uid)
and increasing the speed of the action potential conduction
along the nerve 
bres. In MS, these myelin sheaths break
down under autoimmune attack, causing a range of symp-
toms, including double vision, muscle weakness, impaired
coordination, and mental health problems [6, 7].

Glutamic acid is a naturally occurring amino acid, and
its charged carboxylate anion, glutamate, is the principle
excitatory neurotransmitter in the brain [8]. A disruption in
the levels of glutamate, secondary to neuronal degradation,
has been associated with later stages of MS for some time
[9]. More recently, however, research has begun to indicate
that changes in glutamate levels and glutamate receptor
expression may be signi
cant earlier in the disease process
than originally thought [10]. In one two-year study [11], the
levels of both glutamate and glutamine were shown to change
markedly over time in the white matter of MS patients with
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large decreases seen over the course of the study. Overall, the
expression of those enzymes responsible for the production
and degradation of glutamate is imbalanced in MS [12],
potentially causing a type of positive-feedback loop in which
glutamate excitotoxicity induces axonal apoptosis, releasing
more glutamate [13].	is observation suggests that theremay
be a potential therapeutic target in the glutamate homeostasis
system.

Glutamate is present in many tissues in the body, so
consideration should be given to whether the serum level
of glutamate is likely to be a strong indicator of its levels
in the central nervous system. In whole brain isolates, the
levels of glutamate range from 10,000 to 12,000�mol/L, while,
in the plasma, they range from 50 to 100 �mol/L, with
only 0.2–2 �mol/L in the extracellular �uids. 	is balance is
carefully maintained by the endothelial cells in the blood-
brain barrier, which actively transport glutamate from the
extracellular space into the blood [14]. However, the blood-
brain barrier is known to become compromised around MS
lesions [15].

	e aim of the present work was to measure the serum
glutamate levels in MS patients and in healthy controls,
which may indicate that serum glutamate, as measured using
Enzyme-Linked Immunosorbent Assay (ELISA), could be
useful as diagnostic indicator. 	is may help to complete the
diagnostic picture if taken into consideration alongside other
clinical data and magnetic resonance imaging (MRI) results.

2. Patients and Methods

	is cross-sectional study was approved by the scienti
c
ethical committee of the University of Baghdad, College of
Medicine. 	is work was conducted in the MS clinic of the
Baghdad Teaching Hospital in Iraq, College of Medicine,
University of Baghdad. A total of 80 subjects, with ages
ranging from 25 to 50 years, were enrolled in this study.
Serum samples were obtained from 55 patients with di�erent
patterns of MS that satis
ed McDonald criteria and from 25
healthy adults as a control group. All patients with MS were
selected regardless of the details of the clinical pictures, and
the ExpandedDisability Status Scale (EDSS)was not included
in the present study. Healthy adults were collected from
outpatient departments and they were screened clinically
for any signs and symptoms of MS and other neurological
related diseases. A history was obtained and a full clinical
examination was conducted for each patient regarding all
of the points related to their condition. 	ese patients were
attending MS units for the last year.

Blood samples were collected in whole-blood tubes, and
the serum was removed by centrifugation at 1000–3000 rpm
for 10min and then frozen at −20∘C. 	e serum glu-
tamate levels were determined using a Human Gluta-
mate (Glu) Enzyme-Linked Immunosorbent Assay (ELISA)
Kit (MyBioSource, USA), according to the manufacturer’s
instructions. Brie�y, the human Glu monoclonal antibody
96-well precoated plates were incubated with the serum
samples and the biotin labelling antibody, a�er washing the
plates three times.	e ELISA plates were washed with bu�er,
and, then, the avidin-peroxidase conjugateswere added to the

ELISA wells in order. A�er 
ve bu�er washes, the plates were
incubated with the 3,3�,5,5�-tetramethylbenzidine (TMB)
substrate, which turned blue in the presence of peroxidase
catalytic activity and then yellow because of the acid action.
	e absorbance was measured at 450 nm using a plate reader.

2.1. Statistical Analysis. Statistical analysis was performed
using the SPSS statistical package (Version 20; SPSS, IBM).
An independent samples Student’s t-test was done for com-
parisons of quantitative variables between studied groups
(age/year and serum glutamate level in nmol/ml). 	is
expressed the normal distribution data as mean ± SD or
Pearson chi-square test (�2) for comparisons of qualitative
variables between studied groups (age groups/year, gen-
der, and serum glutamate group according to cut-o�). It
expressed data as a (number) percentage. Finally, the validity
of the ELISA test was estimated by ROC curve, area under
curve (AUC), sensitivity (%), speci
city (%), positive predic-
tive value% (PPV), negative predictive value% (NPV), and
accuracy. Statistical signi
cance (p value) was accepted at the
level of � < 0.05.

3. Results

Fi�y-
ve MS patients were included in the present work (36
females and 19 males), and their ages ranged from 20 to 54
years, with a mean of 37.87 ± 10.42 years. Additionally, 25
healthy individuals were included as controls (9 males and 16
females), with ages ranging from 22 to 50 years and a mean
age of 33.96 ± 7.31 years.

	e results of this study indicated that there were statisti-
cally nonsigni
cant di�erences (� = 0.192) between the ages
of the patients/years with MS (37 ± 10.42) and the healthy
controls (33.96 ± 7.31) (Table 1).

	e role of gender in the MS patients [female predom-
inance (36, 65.5%) over males (19, 34.5%)] and the healthy
controls [female predominance (16, 64%) over males (9,
36%)] was nonsigni
cant (� = 0.899) (Table 1).

	e MS patients showed a higher mean concentration
of serum glutamate levels compared to the control group
(1.318 nmol/ml ± 0.543 versus 0.873 nmol/ml ± 0.341, � <
0.001).

However, in the MS patients, there was hyperconcen-
tration above the cut-o� value (0.83 nmol/ml) of the serum
glutamate (n = 41, 74.5%), while the normal level was less
than the cut-o� value (n = 14, 25.5%). In the healthy controls,
the normal level was predominant (n = 16, 64%) over the
hyperlevel (n = 9, 36%), with a highly signi
cant di�erence
(� = 0.001, � < 0.01).

To assess howmuch the increase is in the serumglutamate
with regard to chance in these patients, an odds ratio of 5.206
was used. 	is data revealed that there was a 420.6% chance
of the serum glutamate concentration being higher in theMS
patients (Table 2).

3.1. Sensitivity and Speci�city Analysis. According to the ROC
curve shown in Figure 1, the AUC of the glutamate was 0.738,
with a highly signi
cant di�erence (� = 0.001, � < 0.01)
from the healthy controls.	e sensitivity (true positive%) and
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Table 1: Comparison between MS patients and controls using demographics study.

Demographic study
MS patients
� = 55

Healthy control
� = 25 (p value)

Age/year
(mean ± SD) (37 ± 10.42) (33.96 ± 7.31) t-test � = 0.192

NS (� > 0.05)

Age groups/year (�) % 20–40 (35) 63.6% (21) 84% �2 � = 0.065
NS (� > 0.05)41–60 (20) 36.4% (4) 16%

Gender (�) %
Male (19) 34.5% (9) 36% �2 � = 0.899

NS (� > 0.05)Female (36) 65.5% (16) 64%

M/F ratio 0.543 0.5625

Table 2: Comparison between MS patients and controls using the serum glutamate concentration (nmol/ml).

Parameters
MS patients
� = 55

Healthy control
� = 25 (p value)

Serum glutamate
level nmol/ml
(mean ± SD)

(1.32 ± 0.54) (0.87 ± 0.34) �-test � = 0.001
HS (� < 0.01)

Serum glutamate
nmol/ml (cut-o�)

Hyper
(>cut-o�) (41) 74.5% (9) 36% �2 � = 0.001

HS (� < 0.01)
Odds ratio = 5.206)

Normal
(<cut-o�) (14) 25.5% (16) 64%
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Figure 1: Cut-o� value of serum glutamate (nmol/ml) (ELISA) that
can di�erentiate between the patients and controls using the ROC
test.

speci
city (true negative%) at the cut-o� value of 0.83 were
74.55% and 64%, respectively. 	e positive predictive value
(PPV) was 82%, negative predictive value (NPV) was 53.33%,
and the accuracy of the ELISA test was 71.25% (Figure 1).

4. Discussion

Multiple sclerosis (MS) is neurodegenerative condition
involving demyelination of nerve cells in the brain and spinal
cord; the disease has a lifetime risk of one in 400 [16].

Clinicians continue to search for reliable diagnostic crite-
ria for MS, but only with limited success. Much of the liter-
ature on historical diagnosis is somewhat subjective, relying
on the clinical experience of the doctormaking the diagnosis;
there is a distinct lack of quantitative assessment in terms of
laboratory testing. Cases have o�en been diagnosed based on
reported symptoms; however, the process is evolving [17–19].

Factors like age, age group, and gender might be involved
in MS etiopathogenesis but when compared with the healthy
control group, there were no statistical di�erences (� =
0.192, � = 0.065, and � = 0.899, resp.); when these were
comparedwith other publications, they were also comparable
and without signi
cant di�erences [20, 21]. As a result, that
might have no e�ect on the etiopathogenesis of MS.

More recently, while criteria including clinical, para-
clinical, and radiographic 
ndings have been used to form
diagnostic protocols,misdiagnosis is still problematic as there
is a lack of any de
nitive test. Several other diseases and
syndromes have distinct similarities to certain aspects of MS
[22].

	ere is important evidence supporting alteration in the
glutamate homeostasis in MS; this gives potential involve-
ment to the glutamatergic system in the pathology ofMS.	e
levels of glutamate are increased in the cerebral spinal �uid
(CSF) of a patient with acute MS [23] and there is also an
increase in glutamate in secondary progression in MS [24].

Glutamine synthase and glutamate dehydrogenase, which
are enzymes responsible for the degradation of glutamate, are
downregulated in MS white matter [12, 25]. In macrophages
and microglia in active MS lesions, glutaminase, the enzyme
that produces glutamate, reveals increased immunoreactivity
[12].

When considered together, the data strongly suggest that
levels of glutamate are likely to be increased in MS. In
present study, the serum glutamate was signi
cantly higher in
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MS patients when compared with the healthy control group
(� < 0.001), which indicates a relation between MS and
glutamate. 	ese 
ndings strongly support the involvement
of glutamate in the etiopathogenesis of MS. 	is result has
been also described by a single previous study which showed
an increase in serum glutamate during relapses [26].

	e results of the present work con
rmed that most
of the MS patients showed high concentrations of serum
glutamate (above the cut-o� value), which indicates that
the ELISA test is highly sensitive. On the other hand, the
healthy control group showed low concentrations of serum
glutamate (below the cut-o� value), which indicates that the
ELISA test is highly speci
c (it can detect the normal level of
serum glutamate) and shows the accuracy of the ELISA test
(71.25). Hence, serum glutamate should be measured during
di�erent activity phases of the disease, like during acute
attack, remission, and relapse. Alsowe can suggest that serum
glutamate could be measured in close relatives of patients to
show how much they are genetically susceptible to develop
this disease in the future. Accordingly we recommend further
studies in this 
eld. 	e only limitation in the present work
is that CSF aspiration was not done as it was refused by most
patients.

5. Conclusion

	e presented work had con
rmed that patients with MS
had statistically signi
cant elevated serumglutamate, and this
supports the results of other studies. Serum glutamate is not
exclusive to MS but helps as a predictor in the diagnosis of
MS like CSF oligoclonal bands, which also might be present
in other diseases as well as in MS.
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