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Abstract

Background: This study was designed to investigate the effect of nano-curcumin supplementation on pentraxin
3 (PTX3) gene expression and serum level in migraine patients.

Methods: The present study, performed as a clinical trial, included 38 episodic migraine patients in two
groups that received either nano-curcumin or placebo over a two-month period. At the start and the end of
the study, PTX3 gene expression and serum levels were measured.

Results: After two months of treatment, PTX3 gene expression and serum levels were both significantly less in
the nano-curcumin than in the placebo group (P=0.01 and P< 0.001, respectively). No significant gene expression
differences were found between the two groups.

Conclusions: Curcumin may have a potential inhibitory effect on PTX3 gene expression and serum levels in

migraine disease and can be considered as an efficient therapy in migraine management.
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Introduction

Migraine is a chronic neurovascular disorder
affecting approximately 18% of women and 6% of
men (1). Migraine is ranked as the third-most
prevalent disorder and seventh-highest specific
cause of disability worldwide (2). The exact cause of
migraine is still not completely understood, but it
seems that genetic and environmental factors play
important roles (3). It has been suggested that neuro-
inflammation plays a pivotal role in migraine
pathogenesis (4). Neuro-inflammatory condition
derived from glial cell activation includes microglia,
astrocytes, and other pro-inflammatory mediators
(5). Pro-inflammatory cytokines have a crucial role
in pain, inflammation, and migraine progression
through cell-to-cell interaction and increasing the

vascular permeability (6, 7). Inflammatory cytokines
e.g. TNF-o0, and IL-6 are pain mediators in neuro-
inflammation and vascular disorders (8). Moreover,
a strong correlation between migraine and increased
serum CRP levels has been demonstrated (9).
Previous reports have established the association
between various inflammatory markers and
migraine pathophysiology (8).

Pentraxins, a superfamily of acute phase
proteins, are a novel and important part of innate
immunity (10). Previous reports have shown the
association between pentraxin 3 (PTX3) and
various  neurological  disorders  including
Parkinson’s disease and stroke (10). Ceylan et. al.
found greater PTX3 serum levels in migraine
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attack patients than in interictal and control
patients. Moreover, they showed that patients with
newly-diagnosed and relatively short-lasting
migraine attacks exhibit greater PTX3 serum levels
than patients with longer disease and attack
durations (11).

It is well known that some nutrients have anti-
inflammatory and neuroprotective effects (12).
Previous reports suggested that curcumin, an
active polyphenol of turmeric, plays a crucial role
in  suppressing inflammation-mediated  pro-
inflammatory ~ molecular  synthesis  (13).
Moreover, curcumin relieves neurogenic pain by
down-regulating inflammatory mediator
expression (14). The aim of this study was to
evaluate the effects of nano-curcumin
supplementation on PTX3 gene expression and
serum protein level in migraine patients.

Materials and methods

Study design

The present study was performed as a randomized,
double-blind, placebo-controlled clinical trial. With
5% significance level, a power of 90%, and a 20%
probability of missing patients during the study, the
sample size of was determined for each group.
Forty patients with episodic migraines were
enrolled. Two patients withdrew from the study
because of altered medication. The study was
performed in Iranian Centre of Neurology
Research located in Imam Khomeini Hospital in
Tehran. At the beginning of the study, written
informed consent, approved by the Ethics
Committee of the Tehran University of Medical
Sciences (TUMS), was obtained from each patient.
The participants were informed of the aim and
possible benefits and risks of the study. The study
was approved by the Ethics Committee of TUMS
(ID: IRTUMS.REC.1394.462) and identified in
Clinical Trials. gov as ID: NCT02532023. All the
patients were considered to have episodic
migraines as per the International Headache
Society (IHS) criteria used as the standard by
neurologists. All participants received three cyclic
antidepressants plus a -blocker. No patients had
any other diseases such as diabetes, renal or heart
disease, thyroid disorder, cancer, or inflammatory
disorders, and the exclusion criteria included
pregnancy, drug alternation, or adverse reaction to
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®-3 or curcumin compounds during the study.
Permuted block randomization was used for the
study design. The capsules containing nano-
curcumin or placebo were coded by a third person.
Group A received 80 mg of nano-curcumin and
group B received a paraffin oil placebo for 2
months. All the subjects received a single capsule
daily and all the capsules were similar in
appearance.

PBMC separation and serum collection
Peripheral blood mononuclear cells (PBMCs) were
isolated from heparinized peripheral blood by the
standard Ficoll-Hypaque (Hamburg, Germany)
method. Patient blood was centrifuged at 1,500 rcf
for 10 min. The serum was collected, transferred to
microtubes, and stored at -80 °C. Serum analyzed
for PTX3 protein by ELISA according to the
manufacturer’s protocol (Mediagnost, Germany).

RNA extraction and cDNA synthesis

RNA was extracted from the PBMCs and purified
by the RNeasy Plus Mini Kit (Qiagen, Valencia,
Calif., USA) based on the manufacturer’s protocol.
The purity and quantity of the extracted RNA were
analyzed on a NanoDrop spectrophotometer
(NanoDrop Technologies, Wilmington, Del., USA)
cDNA was synthesized from the extracted RNA
using the QuantiTect Reverse Transcription Kit
(Qiagen, Germany) and stored at -20 °C.

Real-time polymerase chain reaction

The PTX3 and B-actin gene primers (Table 1) were
designed by Primer Express 3 software (Applied
Biosystems). Real-time polymerase chain reaction
(PCR) for gene expression was performed on a
Step One system (Applied Biosystems, Foster City,
CA, USA) using the SYBR Green detection
method as described previously (15). The fold
change of PTX3 gene expression was calculated
by the Ct (244 equation.

Data analysis

Statistics were analyzed using SPSS 22.0 software.
The Kolmogorov—Smirnov distribution test was
used to assess data normality. For normal data, the
paired t test and the independent samples t-test
were used to compare variables within and
between groups, respectively. The Mann-Whitney
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U test was used for data lacking a normal
distribution  after the log transformation.
Additionally, the ANCOVA test was used to

control confounding factors. Data were expressed
as means + SEs. Statistical significance was
defined as P <0.05 for all tests.

Table 1. Primer sequences

Gene Sequence
PTX3 Forward: 5'- ATGGTGAACTGGCGGCTAC-3'
Reverse: 5'- GGATGTGACAAGACTCTGCT-3'
B-actin Forward: 5- TGGCACCCAGCACAATGAAG-3'

Reverse: 5'- AGTCATAGTCCGCCTAGAAGC-3'

Results

Baseline characteristics of the study subjects are
shown in Table 2. No statistically significant
differences were found for age, sex, body mass
index, height, or weight between the nano-
curcumin and placebo groups.

No significant differences in PTX3 gene
expression were found after treatment between
the nano-curcumin and placebo groups PTX3
(P= 0.24). However, within group analysis
showed significant reduction in PTX3 gene
expression  followed by  nano-curcumin
supplementation (P=0.01).

No significant difference in the fold change of
PTX3 gene expression was found between the two
groups (P=0.13) (Table 3).

The PTX3 serum levels did not have normal
distribution on the basis of statistical tests and
did not normalize even after logarithmic
transformation; ~ therefore,  non-parametric
statistical tests were used for analysis. After
treatment, PTX3 serum levels were significantly
less in the nano-curcumin than in the placebo
group (P= 0.01) and were also significantly less
after nano-curcumin treatment than before (P<
0.001) (Table 4).

No significant correlations were found
between PTX3 gene or protein expression
changes and patient or control subject headache
frequency, duration, or severity (Table 5).

Table 2. Baseline characteristics of study subjects

Nano-curcumin

Placebo

i
(n=19) (n=19) P value
Age (Years) 37.36£1.95 36.57+1.87 0.95
Sex (Male/Female) 4/15 4/15 0.99?
Weight (kg) 72.63+3.87 75.05+2.43 0.77
Height (cm) 161.47+1.84 162.84+1.45 0.95
BMI (kg/m?) 27.59+1.05 26.94+0.89 0.65

Al values are expressed as means + SE or numbers
1 Obtained from Independent T test
2 Obtained from Mann-Whitney U test

Table 3. ACT and mean of PTX3 gene expression in freshly-obtained PBMCs

Nano-curcumin  Placebo P P
(n=19) (n=19)  value!  value?
before 0.41+9.37 047957 0.71
after 0.50+10.47 0.50+9.94 057 0.24
PTX3 gene expression in freshPBMCs  difference 0.39:+1.09 0404037 0.29
P value® 0.01 0.37
Fold change of PTX3 gene expression 0.20+0.83 0.44+141 0.13°

1. Obtained from Independent T test

2. Obtained from ANCOVA, adjusted for baseline values
3. Obtained from paired T test

4. Obtained from Mann-Whitney U test
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Table 4. PTX3 serum levels
Nano-curcumin (n=19)  Placebo (n=19) Pvalue' P value?

before 0.23+5.50 0.19+5.48 0.39
pTX3 after 0.27+4.77 0.16+5.36 0.007 0.01
(nglL) difference  0.14+0.73- 0.13+12/0- 0.003

Pvalue®  0.001< 0.28

1. Obtained from Mann-Whitney U test
2. Obtained from ANCOVA, adjusted for baseline values
3. Obtained from paired T test

Table 5. Correlation of PTX3 gene expression and serum level changes with subject clinical symptoms

Nano-curcumin Placebo
(n=19) (n=19)
Number of ~ Duration Severityof ~ Numberof  Durationof  Severity of
attacks of attacks attacks attacks attacks attacks
. r 0.01 -0.06 -0.33 0.22 023 0.02
PTX3 gene expression

P valuet 094 0.79 0.16 0.29 033 091
r -0.09 0.14 0.23 0.07 -0.12 -0.30

PTX3 serum levels (ng/L)
P -value 0.72 0.57 034 0.76 061 021

1. Obtained from Spearman correlation test

Discussion

In the current study, 38 patients with episodic
migraine enrolled in a randomized clinical trial
with 2-month nano-curcumin supplementation to
determine the effect of nano-curcumin
supplementation on PTX3 gene expression and
serum levels. The findings indicated that nano-
curcumin supplementation significantly reduced
PTX3 gene expression after intervention, but did
not show any significant changes in the
expression of genes in the control group. Also,
PTX3 serum levels were significantly less after
nano-curcumin intervention than before, and also
less than those of the placebo groupd after
intervention.

Recent study results have suggested that
neurogenic inflammation is common in the
pathogenesis of many neurological diseases
including Alzheimer's, Parkinson's, multiple
sclerosis, and especially migraine (16).
Neurogenic inflammation plays a key role in the
immune  pathogenesis, manifestation, and
progression of migraine disorder (17), and
contributes to the sensitization and activation of
perivascular meningeal afferents during attacks
(18). In neuroinflammation status, the activated
glial cells and neurons produce proinflammatory
cytokines and other mediators including TNF-a,
IL-1pB, IL-6, CRP, and PTX3 from the vessels
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around the neuronal terminals (16). Migraine has
a special pattern of inflammatory markers
including TNF-a, IL-1p, IL-6, CRP, and PTX3,
which increase nitric oxide synthase activity,
producing oxidative stress and nitrous oxides.
These cytokines play a role in the progression of
disease as well as endothelial disorders in
migraine. TNF-a, a potential pain mediator in
neurovascular  inflammatory  conditions, s
involved in the initiation and progression of a
migraine attack (19). It also upregulates
transcription of CGRP, a potent vasodilator, and
PTX3 (20).

To date, no study on the effect of nano-
curcumin on PTX3 gene expression or serum
levels has been reported, but several studies have
examined the effects of nano-curcumin on other
inflammatory cytokines and the factors and
signals involved in PTX3 transcription. PTX3
transcription involves several factors, including
AP1 and NF-«kB transcription factors. NF-kB
increases PTX3 transcription in response to the
inflammatory cytokines TNF-a and IL-1B. The
TNF-0, IL-1B, and Toll-like receptor (TLR)
inflammatory cytokines are the main motifs for
PTX3 gene expression (21).

Curcumin, a lipophilic substance that easily
passes through the blood-brain barrier, is able to
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reduce the inflammation of the nervous system
through various mechanisms of cell signaling to
genes, and has neuro-protective effects (22). In
this regard, Abdolahi et al reported that 80 mg of
curcumin for eight weeks significantly decreased
TNF-a. gene expression and serum levels in
migraine patients (23). TNF-a is a major inducer
of PTX3 expression, and nano-curcumin can play
an important role in reducing the expression and
secretion of PTX3 in migraine sufferers by
reducing TNF-o expression. IL-1B is another
PTX3 gene-stimulating cytokine. In 2014, Singh
and Vinayak observed that after induction of pain
in the cerebrospinal fluid of rats, curcumin
downregulated expression of the inflammatory
cytokines IL-1p and IL-6 (24).

TLRs are predominantly expressed in glial
cells and play a key role in the pathogenesis of
inflammatory neurological diseases. Also, TLRs,
especially TLR4, play an important role in PTX3
gene expression (25). Curcumin reduces the
activity of microglia by inhibiting TLR4/MYD88
signalling and subsequently decreases PTX3 gene
expression (26, 27).

Curcumin also significantly decreases NF-xB
expression and NF-kB-o phosphorylation. NF-
kB, which plays a key role in regulating
inflammation, decreases TLR4 and downstream
signalling, decreasing the activity of astrocytes
and reducing inflammation (28). Curcumin also
reduces PTX3 transcription by disabling AP1 and
NF-kB transcription factors (29). The main
signalling pathways effective in expressing the
PTX3 gene are NF-xB/IKBa and MAPK. Of the
MAPK members (JNK/ERK 1,2/P38MAPK),
only JNK and ERK 1,2 play roles in PTX3 gene
expression. Curcumin, by inhibiting JNK and
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