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Abstract

Objective: The present study aimed to investigate the effects of nano-curcumin supplementation on adipokines
levels and clinical signs in obese and overweight patients with migraine.

Results: Forty-four patients with episodic migraine participated in this clinical trial and were divided into two groups
nano-curcumin (80 mg/day) and the control group over 2-month period. At the baseline and the end of the research,
the serum levels of MCP-1, Resistin, and Visfatin were measured using the ELISA method. In addition, the headache
attack frequencies, severity, and duration of pain were recorded. The results of the present study showed that nano-
curcumin can significantly reduce MCP-1 serum levels in the nano-curcumin supplemented group (P=0.015, size
effect =13.4%). In the case of resistin and visfatin, nano-curcumin supplementation exerted no statistically significant
changes in serum levels (P >0.05). Nano-curcumin also significantly reduced the attack frequencies, severity, and dura-
tion of headaches (P <0.05). These findings indicate that targeting curcumin can be a promising approach to migraine
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management. However, further comprehensive human trials are needed to confirm these findings.
Trial Registration: This study was registered in the Iranian Registry of Clinical Trials (IRCT) with ID number:
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Introduction

Migraine is a disabling disorder characterized by recur-
rent attacks affecting the patient’s quality of life [1].
Migraine is the third most common disease in the world
and the prevalence of migraine in the general population
is 12% [2, 3]. Clinical studies show obesity is an important
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risk factor for the progression and migraine attacks [4,
5] which is mainly related to inflammatory mediators
and adipokines [6]. It has been demonstrated that Resis-
tin, Visfatin, and Monocyte chemoattractant protein
(MCP)-1 levels increase during migraine attacks and are
associated with increased pain intensity [7-9]. These adi-
pokines are involved in migraine pathogenesis as induce
inflammation and pain mediators [7, 10, 11]. Resistin
directly stimulates Nuclear Factor kappa B (NFkB) and
increases Tumor Necrosis Factor (TNF)-a and Interleu-
kin (IL)-6 [12]. Visfatin also stimulates the expression of
inflammatory cytokines such as IL-1, IL-6, and TNF-a,
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leading to increased activity of NFkB [13]. Additionally,
MCP-1 is associated with inflammatory mediators such
as TNE-a. Its expression by glia cells in the central nerv-
ous system increases neurogenic inflammation, which in
turn is associated with headache attacks [14].

Based on evidence some compounds can exert modu-
latory effects on adipokine, pain intensity, and inflam-
mation such as curcumin [15, 16]. Curcumin, the yellow
active ingredient of turmeric, is derived from curcuma-
longa rhizome [17]. The bioavailability of curcumin is
very low but nanoparticles of curcumin (nano-curcumin)
which was used in this study have a high absorption [18].

The curcumin carries out regulatory properties on
resistin, visfatin, and MCP-1; Curcumin can reduce
mRNA expression and visfatin protein levels and NF«kB
activity [19] and exert its MCP-1-lowering effects
through down-regulating the mitogen-activated protein
kinase (MAPK) and NF-«xB pathway [20]. Additionally,
curcumin in human endothelial cells activated by resistin
inhibits the expression of pro-inflammatory molecules
[21]. It is clear that migraine changes the pattern of adi-
pokines, and even some medications used to migraine
treatment reduce adipokines concentration such as vis-
fatin [22, 23] indicating the important role of adipokines
in the treatment of migraines. Although the regulatory
effects of curcumin on adipokines have been demon-
strated in cellular and animal studies, human studies are
very limited. In this regard, the present study hypoth-
esizes that nano-curcumin can exert modulatory effects
on adipokines involved in migraine pathogenesis result-
ing in an improvement of the clinical signs of migraine.
Thus, the present study aimed to investigate the effects of
nano-curcumin supplementation on adipokines levels in
obese and overweight patients with migraine.

Main text

Method and materials

Study design and patients

This research was conducted as a randomized clinical
trial (RCT) study. Forty-four episodic migraine patients
participated (42 females and 2 males) from April to Sep-
tember 2021 at the Tehran University of Medical Sciences
(TUMS), Tehran, Iran. Inclusion criteria of this research
were including age 20-50, body mass index (BMI) 25-35,
any disorders such as cancer, diabetes, thyroid, liver or
renal disease, cardiovascular disorders or inflammatory
condition, no supplements consumption, special activity,
and specific diet at least in last 3 months and diagnosis of
episodic migraine based on International Headache Soci-
ety criteria by the neurologist. Exclusion criteria included
pregnancy during the trial, allergic reaction to curcumin,
any alternation in routine treatment, consumption of less
than 90% of supplements, and any inflammatory diseases
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or headache attacks leading to more than 2 weeks of use
of analgesics.

At the baseline, written informed consent approved
by the TUMS ethics committee was obtained from all
participants. The goals, benefits, and potential risks of
the present study were explained. The baseline data,
medical history, medications, headache frequencies,
headache duration based on participants’ reports were
recorded at the first and end of the trial. The pain sever-
ity was recorded using visual analogue scale (VAS)
measurement.

To determine compliance, patients were contacted per
2 weeks to ask about supplements consumption or side
effects. Less than 90% consumption of the total supple-
ments or placebo at the end of the study was defined as
non-compliant. At the end of the study, the rate of sup-
plementation in the nano-curcumin and control group
was 96.4% and 94.2% respectively, so none of the patients
were considered non-compliant or none of them lost
more than 10% of the supplement. Generally, 1 patient in
the control group withdrew the research due to unwill-
ingness to cooperate. This study adheres to CONSORT
guidelines.

Nano-curcumin supplementation

We used stratified randomization to control gender and
BMI variables. The sample size was determined by the
formula. The participants were divided into 2 groups by
Permuted Block Randomization method. In each group
22 patients including 21 women and 1 man were entered
included (I) the nano-curcumin group and (II) the con-
trol group. The participants in group 1 take 80 mg nano-
curcumin including two capsules 40 mg/day and the
control group received a nano-curcumin placebo con-
taining oral paraffin oil, 2 capsules/day for 2 months.
The nano-curcumin and placebo capsules were similar in
color, size, and shape. In addition, the nano-curcumin or
placebo capsules were coded by a third person.

Measurement of serum concentration of adipokines

At baseline and after 2-month intervention, 10 ml blood
samples were taken from participants. The serum of
patients was collected afterl0 minutes of centrifuga-
tion at 3000 RPM and stored at — 80 °C for subsequent
measurements of resistin, visfatin, and MCP-1 levels by
the enzyme-linked immunosorbent assay (ELISA). The
ELISA method was conducted according to Kit protocols
(Mediagnost, Germany) and read by an ELISA reader
(ELx800 Absorbance Microplate, USA). The best stand-
ard curve and its equation were obtained using “Curve
expert 1.4” software. The corrected optimal density (OD)
(read OD- blank OD) was used to determine the diagrams
and calculate concentrations. Then, the concentration of
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the adipokines in the samples was determined using the
obtained equation (Additional file 1: Figure S1).

The clinical sign of headache recording

At the baseline and end of the trial, the headache fre-
quencies (number of attacks per week) and headache
attacks duration (average hours of headache) were
recorded based on patient self-reports. The VAS meas-
urement was used for pain severity recording at the start
and end of the intervention. According to the VAS scale,
the patients rated their pain (scoring 0 —10). VAS divides
the pain severity into five categories as defined 0: No
pain, 1-3: Mild pain, 4—6: Moderate pain, 7-9: Severe
pain, and 10: Worst pain [24].

Statistical analysis

The data was transferred to SPSS software 22 for analysis.
The normality of data was examined by the Kolmogorov—
Smirnov distribution test. The Paired t-test and Inde-
pendent t test were used for comparison of within and
between groups of normal data respectively. Wilcoxon
and Mann U Witney tests were used respectively for
within and between-group comparison of data not nor-
mally distributed. Chi-squared test was used to compare
qualitative variables. Analysis of covariance (ANCOVA)
test was used to remove the effect of confounding vari-
ables. Data are expressed as mean= Standard Error of
the Mean (SEM). The P value <0.05 was accepted as a
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statistically significant difference. The intention to treat
method was used to replace missing data.

Results

Baseline participants information

The baseline and clinical information of patients in nano-
curcumin and control groups are presented in Table 1. As
shown, none of the baseline data showed significant dif-
ferences between groups (Table 1). Also, no side effects
were seen in any of the study groups.

Adipokine serum levels

A significant reduction in the serum levels of MCP-1
was observed in patients who received nano-curcumin
supplements which were significant between groups
(P=0.015, size effect=13.4%) (Additional file 2: Figure
S2). In the case of resistin and visfatin, no statistically
significant reduction was found either within or between
groups, even after adjustment based on baseline serum
levels as a confounder (P=0.60, size effect=0.7% and
P =0.24, size effect=3.4% respectively) (Table 2).

Clinical findings of headache

Based on Table 3, nano-curcumin significantly reduced
headache attack frequencies (per week) between groups
(P<0.001, size effect=47%). As well, a significant reduc-
tion was found in the duration of headache (hour) in
the nano-curcumin-received group (P<0.001) and this

Table 1 Baseline Participants information in nano-curcumin and control groups

Characteristics Nano-curcumin group N=22 Control group N=22 P value
Anthropometric measurements
Gender
Female 21 (95.5%) 21 (95.5%) 0.75°
Male 1 (4.5%) 1 (4.5%)
Age (years) 39.27+£2.15 41.00£242 0.59°
Weight (kg) 77.52+£2.37 74.18+£1.66 0.25°
Height (cm) 161.82+£1.58 160.50£1.53 0.55°
BMI (kg/m2) 29.66+£0.86 29.03£0.75 0.40°
WC (cm) 98.18+1.05 96.91+£1.08 0.58°
Clinical characteristics
Onset of migraine age (year) 28.06+2.53 26.14£1.94 0.54°
Headache frequency (number/week) 3594038 3234037 043¢
Duration of attacks (hours) 14414245 17554321 0.70¢
Severity of pain (VAS scoring 0-10) 7454038 764+031 0.87¢

All values are expressed as means & SE or numbers
BMI Body Mass Index, WC Waist Circumference

@ Chi-squared test

b Independent t test

€Mann U Witney Test
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Table 2 Serum levels of adipokines

Adipokines Nano- Control Group P Value® Effect size
Curcumin N=22
group N=22
MCP-1 (ng/ml)
Before 166.13+£1094 16847+£1062 076 13.4%
After 153.974£9.57 172874+11.12 0.015°¢
Difference — 12.15+4.60 4.394+2.07 0.009
P value® 0.01 0.06
Resistin (ng/ml)
Before 124894813 129.594+847 0.7 0.7%
After 11946 +6.48 126.244+7.80 0.60°
Difference — 5424743 —334+654 0.23
P value® 0.49 0.58
Visfatin (ng/ml)
Before 19.82+1.04 19.734+0.90 091 3.4%
After 19.09+1.00 19.57£0.87 0.24¢
Difference — 0.7440.40 —0.154+0.27 038
Pvalue* 021 0.55

Data are reported as means & SE
2Will Coxon t test

b Mann U Witney Test

¢ Analysis of Covariance (ANCOVA)

reduction also was statistically significant between
groups (P <0.001, size effect=234%).

In the case of pain severity, based on VAS measure-
ment, the nano-curcumin supplementation significantly
reduced headache severity (P <0.001) with a size effect of
37%) (Table 3).

Discussion

In the present trial, 44 patients with episodic migraine
were enrolled and underwent 2- months nanocurcumin
or placebo supplementation to evaluate the effects of
nano-curcumin on resistin, visfatin, and MCP-1 lev-
els and clinical manifestation of headache in migraine
patients.

Adipokines play key roles in multiple physiologi-
cal functions including weight regulation, endothelial
performance, inflammation, and immune response [7].
These adipokines such as resistin, visfatin, and MCP-1
have abundant receptors in the central nervous system,
are involved in migraine pathogenesis [10, 12, 14]. The
resistin, visfatin, and MCP-1 concentration increase in
migraine patients’ serum or cerebrospinal fluid. Also,
there is a significant correlation between these adi-
pokines with clinical symptoms in migraine [7, 11, 13].

This research showed that nano-curcumin significantly
reduced MCP-1 serum levels compared to the placebo
group. Parallel with our finding Ganjali et al. showed in
obese patients, curcumin significantly reduced MCP-1
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serum levels [25]. In contrast, in some clinical stud-
ies, curcumin supplementation did not have significant
effects on MCP-1 serum levels [26].

In the control group, the MCP-1 changes are close
to significant levels (P=0.06), but these changes
are increased whereas in the nano-curcumin group
decreased, their differences between groups are sig-
nificant (P=0.009). The regulatory effects of curcumin
on MCP-1 occur through several mechanisms includ-
ing downregulating of MCP-1 mRNA and receptor
expression, suppressing MAPK and NF-«B signaling,
and reducing MCP-1 activity/production by influenc-
ing AMP-kinase signaling [20, 27, 28]. But, in the pla-
cebo group, the MCP-1 level showed an increasing trend.
According to evidence, the MCP-1 levels of migraine
patients increase both in the attack and intervals of
attack phase [8] which may be enhanced in the absence
of inhibitory effects of curcumin in our control group.
However, next studies with more participants are needed
to confirm these results.

Additionally, nano-curcumin couldn’t reduce visfatin
and resistin concentration significantly. Contrary to
our results Islami et al. reported curcumin significantly
reduced resistin level in obese participants [29, 30]. As
well, experimental studies confirm significant regulatory
effects of curcumin on visfatin levels [31]. Also, the inhib-
itory effects of curcumin on resistin-induced inflamma-
tion in human endothelial cells have been demonstrated
[21]. Curcumin can significantly reduce visfatin mRNA
expression and protein levels along with NF-kB activity.
NF-«B is able to bind to the promoter of the visfatin gene
and increase its expression [19].

In addition, nano-curcumin supplementation signifi-
cantly reduced attack frequency, headache duration, and
pain severity in participants. previously, Abdolahi et al.
reported that nano-curcumin treatment decreased head-
ache frequency and pain severity in migraine while did
not exert a significant effect on headache duration [32—
34]. Curcumin exerts its analgesic effects through the
following mechanisms: downregulating of pain media-
tors (TNF-a, IL-6), calcitonin gene-related peptide, and
substance P [35], suppressing nociceptor activity [36] and
NEF-«B signaling [37].

The number of females was higher in this study. Based
on pieces of evidence, migraine is three times more com-
mon in women than in men attributed to factors includ-
ing sex hormones, nutrition, economic-social status, and
lifetime [38].

The present trial is the first study of the effects of
nano-curcumin supplementation on adipokine levels
and clinical signs of migraine. In this research, we found
that nano-curcumin significantly reduced MCP-1 lev-
els, attack frequencies, pain severity, and duration of



Sedighiyan et al. BMC Research Notes (2022) 15:189 Page 5 of 7
Table 3 Clinical sign of headache
Headache Nano-curcumin group N=22 Control group N=22 P value® Effect size
Frequencies (number/ week)
Before 3.23+037 3594038 043 47%
After 1.82+0.19 3954031 <0.001¢c
Difference — 1404037 036+0.22 <0.001
P value® 0.002 012
Duration (hour)
Before 17554321 14414+245 0.7 34%
After 4424087 12.34£2.02 <0.001c
Difference —13.124+3.08 —20641.85 0.004
Pvalue a <0.001 042
Severity (visual analogue scale (VAS) scoring)
Before
No pain 0 (0%) 0 (0%) 0.87 37%
Mild pain 0 (0%) 1 (4.5%)
Moderate pain 8 (36.4%) 6 (27.3%)
Sever pain 12 (54.5%) 13 (59.1%)
Worst pain 2 (9.1%) 2 (9.1%)
After
No pain 1 (4.5%) 0 (0%) <0.001¢
Mild pain 6 (27.3%) 1 (4.5%)
Moderate pain 13 (59.1%) 7 (31.8%)
Severe pain 2(9.1%) 13 (59.1%)
Worst pain 0 (0%) 1 (4.5%)
P value® <0.001 048

Data are reported as means & SE

2 Will Coxon t test

b Mann U Witney Test

¢ Analysis of Covariance (ANCOVA)

headaches. Thus, targeting curcumin can be a promising
approach to migraine management. However, to clar-
ify the modulatory mechanisms of curcumin at mRNA
expression and protein production levels, it is suggested
to determine the gene expression and western blot of
these adipokines in future studies, which was one of the
limitations of the present trial.

Limitations

There were several limitations in this study; the small
sample size, short duration, and no measurement of adi-
pokines mRNA or western blot. Additionally, the human
studies on curcumin effects on headache and adipokines
are very limited and the mechanisms proposed are often
based on cellular and animal studies, which cannot be
generalized to humans.
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