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Abstract: Background: Multiple Sclerosis (MS) is an autoimmune disease of the central nervous system, mostly af-
fecting young adults. Diamine oxidase is an enzyme essential for histamine production. Histamine which is produced
mostly by mast cells can have effects on different aspects of immune system via its different histamine receptors
(H1R, H2R, H3R and H4R). The crucial role of diamine oxidase and histamine in immune balance has been docu-
mented in different studies and experiments both on MS patients and on experimental allergic encephalomyelitis
(EAE). In this regard, we aimed to measure the level of histamine and diamine oxidase in the serum of MS patients.
Methods: A total number of 50 relapsing-remitting MS (RRMS) patients and 41 age and sex matched controls were
enrolled in this study. Assessments of serum levels of histamine and diamine oxidase enzyme were performed using
enzyme-linked immune sorbent assay (ELISA). Results: The serum levels of histamine and diamine oxidase in RRMS
patients were lower than healthy controls (P-value = 0.00, for both). Conclusion: Our research team found significant
low levels of histamine and diamine oxidase in RRMS patients; however the pathogenesis of this issue was unclear.
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Introduction

Multiple Sclerosis (MS) is a chronic inflamma-
tory autoimmune disease of central nervous
system (CNS) which is also the leading cause
of non-traumatic neurodegenerative disease
among young adults that affects almost 2.5
million people worldwide [1]. The precise mech-
anism and pathogenesis of MS still remains
unknown however; immune system and im-
mune cells as well as genetic and environmen-
tal factors have been suggested as risk factors
for susceptibility to MS [2, 3]. Inflammation,
demyelination, axonal loss and gliosis are mor-
phological manifestation of MS in which differ-
ent immune cell types play important roles.
Different lines of evidence have revealed
important function of T lymphocytes and inflam-
matory and anti-inflammatory cytokine bal-
ance. Different MS models have been studied
in order to determine the pathology of MS and
factors affecting disease course. At the top of
these methods it stands experimental allergic
encephalomyelitis (EAE) in which certain myelin

peptides are exposed to immune cells [4]. One
of the important factors with physiological and
pathological roles in our body is histamine
[2-4-imidazole ethylamine], a ubiquitous inflam-
matory mediator with not only neuro-transmit-
ting and vasoactive functions, but also docu-
mented pro-inflammatory effects in body. It
also should be noted that L-histidine decarbox-
ylase (HDC) is an essential enzyme for hista-
mine bio synthesis from L-histidine. Two major
histamine catabolic pathways have been
detected for histamine including diamine oxi-
dase and histamine methyl-transferase [5].
Along with the established role of histamine in
changing the permeability of blood brain barrier
(BBB) and its effects on immune cells and cyto-
kine production, a conflicting question has
been proposed that whether inhibition of hista-
mine can be considered as a novel and promis-
ing therapeutic target [6]. Accumulating lines of
evidence have recently suggested that the
effects of histamine are mediated through four
pharmacologically distinct subtypes of hista-
mine receptors (HR) expressed on different
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Table 1. Demographic information of subjects

Characteristics Patients Controls P-value
Number 50 41 -
Mean age (years) (mean * SD) 30.82 +9.22 31.34 +8.19 0.36
Gender 0.85

Male 9 (18%) 8 (19.5%)

Female 41 (82%) 33(19.5%)
Blood group 0.87

A+ 12 (24%) 15 (36.6%)

A- 1 (2%) 1(2.4%)

B+ 3 (6%) 6 (14.6%)

B- 1 (2%) 1(2.4%)

AB+ 6 (12%) 4 (9.8%)

AB 1(2%) 1(2.4%)

o+ 17 (34%) 11 (26.8%)

0- 3 (6%) 2 (4.9%)
Histamine blood levels (ng/ml) (mean + SD) 52.00 + 21.72 86.66 + 83.06 0.00
Diamine oxidase levels (ng/ml) (mean + SD) 99.74 + 20.23 137.71 + 75.71 0.00

cells including: H1R, H2R, H3R and H4R. It has
been also shown that histamine has different
functions through each of these G-protein cou-
pled receptors [5]. In this regard, pro-inflamma-
tory effects of histamine are mediated by H1R
while its physiological actions are exerted via
H2R and H3R. H4R has modulating effects on
the immune system [7]. Furthermore, investiga-
tions of EAE models have also suggested hista-
mine as a pivotal immune modulating mediator
[8]. Evaluation of histamine and diamine oxi-
dase serum levels in MS patients can also add
new insights in to the effects of histamine in
MS pathogenesis. Therefore, we aimed to mea-
sure serum levels of histamine and diamine oxi-
dase in MS patients and healthy controls.

Methods and materials

Our study population was made up of fifty
patients (41 females and 9 males) diagnosed
with relapsing-remitting form of multiple sclero-
sis (RRMS) and forty-one (33 females and 8
males). All MS patients with the mean age of
30.82 + 9.22 years were recruited from MS
clinic of Alzahra-hospital in Isfahan, the third
large province of Iran. Every one of the MS
patients had been diagnosed with definite MS
by expert neurologists by brain MRI according
to McDonald’s [9] or dissemination in space
and dissemination in time and Expanded
Disability Status Scale (EDSS) [10] assess-
ments were done also by expert neurologists.
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Non-inflammatory neurological disease (NIND)
individuals serving as our healthy control popu-
lation, and our control population with the
mean age of 31.34 + 8.19 years volunteered
from lIranian Blood Transfusion Organization
(IBTO). One of our inclusion criteria described
the stable neurological functioning for at least
one month prior to study entry for all of our MS
patients. Those MS patients having any other
autoimmune disease, allergic and hypersensi-
tivity disease and infection diseases were
excluded from the study as well as our control
subjects. It should also be noted that all the
patients and healthy control group signed the
written informed consent and also the Ethical
Committee on Human Research of Isfahan
University of Medical Sciences approved this
study (N0:293724). For measurements tests,
by using routine venipuncture, 3-5 ml of venous
blood samples were collected from each one of
both MS patients and healthy control subjects.
Centrifuging at 2400 g for 10 min, made plas-
ma content to recruit and then it was stored at
-80°C. For measuring plasma levels of hista-
mine and diamine oxidase we utilized enzyme-
linked immunosorbent assay (ELISA) commer-
cial kits according to the manufacturer’s
instructions (Eastbiopharm, Torrance, USA).

Normal distribution of data was assessed using
Kolmogorov-Smirnov Z-test, Independent t test
and chi square test were used to assess differ-
ences between both groups. Also Pearson was
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Figure 1. Boxplot of histamine serum level in two groups labeled to gender.
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Figure 2. Boxplot of Diamine oxidase serum level in two groups labeled to

gender.
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used for correlation. Data are
shown as number (percent)
and mean = SD and P-value
less than 0.05 was deemed
as significant threshold.

Results

In this study, Data analyses
about gender, age and blood
group differences between
our MS population and con-
trol group showed no signifi-
cant differences (P-value =
0.85 for gender differences,
P-value = 0.36 for age differ-
ences and P-value = 0.87 for
blood group differences) me-
aning case and control sub-
jects were matched in ranges
of gender, age condition. Fur-
ther demographic data about
our MS patients and control
subjects are summarized in
Table 1. The mean serum his-
tamine levels for MS patients
were 52.00 + 21.72 ng/ml
while on the other hand sa-
me measurements for heal-
thy control group indicated
serum histamine levels of
86.66 + 83.06 ng/ml, there-
fore these decreased hista-
mine levels were significant
(P-value: 0.00) (Figure 1). The
other factor of our measure-
ments was diamine oxidase
serum level which was 99.74
+20.23 ng/mlin MS patients
and 137.71 + 75.71 ng/ml in
healthy controls (Figure 2).
Data analysis demonstrated
that this lower amount of
diamine oxidase was signifi-
cant (P-value = 0.00) (Table
1). The Means duration of
disease and EDSS for MS
patients was 3.52 + 3.48
years and 1.53 + 1.26, re-
spectively and mostly of pa-
tients treated with Interferon
B 1a (38%) (Table 2). In addi-
tion, histamine and diamine
oxidase serum levels have no
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Table 2. Clinical and para clinical information of patients

Variables RRMS Patients
EDSS (mean £ SD) 1.53+1.22
Duration of disease (years) (mean + SD) 3.52+3.48
Onset Sensory 11 (22%)
Weakness 1 (2%)
Visual 23 (46%)
Cerebellar 8 (16%)
Drug Interferon B 1a 19 (38%)
Non Interferon B la 7 (14%)

EDSS: Expanded Disability Status Scale.

Table 3. The correlation between Histamine and Di-
amine oxidase with variables

Correlation Age Duration EDSS
of disease

Histamine P-Value 0.30 0.22 0.49

Pearson correlation -0.11 -0.17 -0.09

Diamine oxidase P-Value 0.81 0.88 0.58

Pearson correlation -0.02 0.02 0.09

patients. Histamine is also considered
to promote Thl and cell mediated im-
mune which will in turn lead to more
inflammatory cytokine (i.e. INF-g, TNF
and IL-6) production and exacerbating
autoimmune condition. On the other
hand H2R is reported to mediate physio-
logical actions of histamine including
gastric acid secretion [12]. Histamine
actions via H2R also decrease both Thl
and Th2 responses of immune system
and are believed to ameliorate MS condi-
tion. As Emerson and colleagues [13]
report, activation of histamine H2R re-
ceptor resulted in suppressed inflamma-
tory agents such as production of 0%,
TNF-a and IL-12 [12]. It was suggested
by Musio and colleagues [14] that EAE
severity was promoted in HDC deficient
mice which were unable to produce his-
tamine. Splenocytes of HDC”- mice were
also reported unable of producing hista-

significant correlation with EDSS, age and dura-
tion of disease (P > 0.05, for all) (Table 3).

Discussion

Until now many intrinsic and extrinsic factors
including histamine have been studied with the
aim of investigation of their roles in the MS
pathogenesis. This study was performed in
order to investigate the differences in serum
levels of histamine and diamine oxidase in MS
patients and healthy individuals. In this paper
we have reported, histamine and diamine oxi-
dase levels in the serum of RRMS patients were
lower than control subjects. As described
before, histamine is an important product of
diamine oxidase and its functions in body are
mediated via different receptors (H1R, H2R,
H3R and H4R). These functions include, but are
not limited to, changing permeability of vessels,
mediating allergic reactions, antibody switch-
ing, changing Th1/Th2 balance and also bron-
chospasm. As Jadidi-Niaragh and colleagues
report, histamine performs its proinflammatory
actions such as increasing BBB permeability
and increasing immune cells infiltration into
CNS via HA1R [7]. These actions result in wors-
ening the disease condition and as Lock and
colleagues report [11], there is an overexpres-
sion of H1R gene in chronic plaques of MS
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mine in response to myelin antigen
resulting in higher production of INF-g,
TNF and leptin. These results are in line with
the findings of Dunford which report elevated
production of Thl inflammatory cytokine and
chemokine H4R blockage [15]. Effects of exog-
enous histamine on provoking re-myelination
were considered affecting other important fac-
tors such as T3 and vitamin B12 [7, 16]. Most
experiments had been investigated to measure
histamine levels in CSF of patients and less
attention has been given to diamine oxidase
levels. In the study by Rozinecki and collea-
gues [17] reported no significant differences
between CSF histamine levels in MS patients
compared to healthy controls. But it’s also been
shown by Molnar and Moldovan that elevated
histamine level exist in CSF of MS patients
compared with controls [18]. Also recently, Ka-
llweit and colleagues investigated histamine
level in CSF of 36 MS patients and they found
significant elevation in CSF histamine levels of
MS patients than in control group [19]. It must
also be considered that increased histamine
levels in MS patients can be due to increased
diamine oxidase levels but all these increased
histamine levels were observed in CSF of MS
patients. Another article which found higher
level of histamine in CSF of MS patients was
performed by Tuomisto and colleagues that
reported 60% higher histamine level in their 26
MS patients while compared to their control
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group because histamine-N-methyltransferase
(HMT) activity decreased significantly in MS
[20].

Furthermore, another study by larosh and col-
leagues [21] indicated low level of blood hista-
mine in those MS patients with disease leng-
th over 5 years while in the same paper, they
report high levels of blood histamine in those
MS patients with disease length lower than 5
years. These results conflict with what was
observed in other studies that histamine levels
were increased in MS patients who might be
due to their small study group and their site of
measurement (CSF).

Conclusion

In conclusion, our data analyses indicated sig-
nificant changes in histamine and diamine oxi-
dase levels in the serum of MS patients com-
pared to control group and serum levels of
histamine and diamine oxidase in RRMS pa-
tients were lower than healthy controls. These
results were in line with some studies; on the
other hand some others reported elevated lev-
els of histamine in CSF of MS patients than
compared to healthy individuals. Hence, further
studies will have to clarify the potential role of
both histamine and diamine oxidase enzyme in
the pathogenesis of MS.
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