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Abstract

Objectives

Epilepsy is the most prevalent chronic neurologic disorder in
children. One-third of patients with epilepsy do not respond to
antiepileptic drugs. This condition is known as intractable epilepsy.
Previous studies have shown the beneficial effects of curcumin in the
treatment of epilepsy. There are no randomized controlled clinical
trials assessing the use of curcumin in epilepsy. This study aimed to

evaluate the effects of nanomicelle curcumin on intractable pediatric

epilepsy.

Materials & Methods

This double-blinded randomized crossover clinical trial was performed
by a consecutive sampling to select 22 patients with intractable
epilepsy divided into two groups. Patients received a daily dose of 4
mg/kg of curcumin or placebo as add-on therapy for 4 weeks. After
a 2-week washout period, the treatment was replaced, and the new
treatment was given for another 4 weeks. The SPSS software version
16 was used for statistical analysis. The study was approved by the

Ethics Committee of Mashhad University of Medical Sciences, Iran.

Results

A total of 22 children were enrolled in this study, 11 of which were
boys. The mean age of the patients was 4.28+5 years. A female patient
taking a placebo was excluded in the first week of the trial due to
parental dissatisfaction. The most common type of seizure among
our patients was a generalized myoclonic seizure (42.9%). The mean
number of seizure attacks among the subjects was 68.76+69.26 pre-

intervention and 39.85+39.41at the end of the intervention, which
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represents a statistically significant difference (P=0.01).

Nanomicelle curcumin reduced the number of seizures significantly.

ac.ir Our results imply that curcumin treatment can help treat patients with

intractable pediatric epilepsy.
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Seizures

Introduction

Approximately 70 million people are affected by
epilepsy worldwide (1). Epilepsy is commonly
diagnosed in younger ages and above 60 years (2).
Various antiepileptic drugs (AEDs) are available
nowadays, and these medications control nearly
70% of seizures. However, the other one-third of
patients are resistant to AEDs and are known as
intractable epilepsy (3). Although some patients
are candidates for resective surgery, there is
no appropriate treatment option available for
most patients, and those who undergo surgery
experience significant side effects (3). Therefore,
novel therapeutic strategies are required. Herbal
treatment can be a good alternative due to its easy
accessibility, low cost, and fewer side effects.
Curcumin is the main active ingredient of
Turmeric (Curcuma Longa), which is an Indian
dietary spice (4). It has been shown to positively
affect various conditions, including epilepsy (5-
7). However, the exact antiepileptic mechanism of
curcumin is not well understood. It is known that
curcumin has anti-inflammatory and antioxidant
properties. On the other hand, oxidative stress
and neuroinflammation play dominant roles in the

pathophysiology of epilepsy. As a result, curcumin
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properties may be beneficial for the treatment
of epilepsy (8, 9). The epigenetic mechanism of
regulating miRNA expression is another pathway
that explains the long-term antiepileptic effects of
this remedy (10).
Curcumin has shown anti-seizure potential
in various animal models. However, the low
bioavailability of curcumin in the brain limits its
clinical use (11). Curcumin has low bioavailability,
and it seems that increasing its bioavailability
can lead to better therapeutic results (12, 13). In
a recent study by Bertoncello et al., micronized-
curcumin, which has a significantly higher
bioavailability than curcumin, reduced the number
of seizure attacks and slowed seizure progression,
similar to valproate, which is a common AED (14).
This study used nano-curcumin (SinaCurcumin®),
a nanomicelle containing curcumin. Each soft gel
of SinaCurcumin® contains 80 mg of curcumin
as a nanomicelle and has five times higher
bioavailability than curcumin powder (15).

Curcumin has not shown any interactions with
other medications in previous studies. Therefore, it
is considered safe as add-on therapy. Nevertheless,
no randomized controlled clinical trial has assessed

the effect of curcumin in patients with epileptic
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seizures (11). In the present pilot randomized
double-blinded controlled clinical trial, we aimed
to evaluate the effects of add-on nano-curcumin
epilepsy
in pediatric patients and the serum levels of

therapy on intractable symptoms

inflammatory cytokines.

Materials & Methods

Patients

This double-blinded randomized crossover clinical
trial was conducted through convenience sampling.
Considering the low prevalence of intractable
epilepsy, this study being a pilot, and the results
of a previous study conducted by these researchers
regarding the effects of curcumin on pediatric
myoclonic epilepsy, a minimum sample size of 11
patients for each group was selected. Based on the
clinical history, electrodiagnostic, and paraclinical
epilepsy,
generalized

findings, patients with intractable
including generalized myoclonic,
tonic, infantile spasms, generalized tonic-clonic,
and complex partial seizures, were selected. The
subjects were included in the study after assessment
for eligibility based on the inclusion and exclusion
criteria. If the physician doubted the diagnosis, the
parents were asked to record their child's seizures.
Patients aged 3 months to 16 years experiencing at
least four seizures during the last month and taking
anticonvulsant medications for at least one month
were included. Patients with curable seizures,
epilepsy due to progressive or neurodegenerative
brain disorders, a history of status epilepsy within
the past 3 months, a history of pseudoseizures,
multiple and uncountable seizures, a history of
exacerbating seizures, a cardiovascular, liver,
or kidney disorder, and patients who were not
cooperative in taking the medications were

excluded.
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Procedure

The study was conducted at the Pediatric Neurology
Clinic of Ghaem Hospital, affiliated with Mashhad
University of Medical Sciences, Mashhad, Iran.
The patients were randomly allocated to two groups
by simple randomization based on computer-
generated random numbers. The medicine was a
curcumin solution, which is a registered curcumin
product (SinaCurcumin®) for oral use and has
been developed in the Nanotechnology Research
Center of the Mashhad University of Medical
Sciences and marketed by “Exir Nano Sina”
Company in Tehran, Iran (IRC:1228225765). Each
drop contained 4 mg nanomicelle curcumin.
Sealed drug containers were used to conceal
the treatments from the clinician, patients, and
their parents. Drug or placebo containers were
distinguished with codes and were not disclosed
until the end of the study. The patients received
a daily dose of 4 mg/kg of medication or placebo
for four weeks. After a two-week washout interval,
the treatments were crossed over, and the new
treatment was given for another four weeks.

The primary outcome was the number of seizures.
The number of seizures was recorded at the
beginning and end of each treatment course
(baseline and the end of weeks 4, 6, and 10). In
addition, 5 cc of blood was obtained at the baseline
and one week after each treatment course (baseline
and the end of weeks 5 and 11) to evaluate the
changes in inflammatory cytokines, including
interleukin-lo. (IL-1a), IL-1B, IL-2, IL-4, L-6,
IL-8, IL-10, monocyte chemoattractant protein
(MCP-1), factor-a (TNF-a),
epidermal growth factor (EGF), and interferon-y

tumor necrosis

(IFN-y). Parents were asked to call the doctor
immediately if the child showed any concerning

symptoms, such as nausea, vomiting, exanthema,
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impaired consciousness, increased duration, or the
number of seizures. If the duration or number of
seizures augmented significantly, the medication
was immediately discontinued. During the study,

clinical signs were also monitored.

Statistical Analysis

The SPSSsoftware version 16 wasused for statistical
analysis. Paired t-test and independent t-test were
used to analyze the hypotheses. P-value<0.05 was
considered statistically significant.

Ethical Issues

The parents of all patients signed informed consent.
The study procedures were conducted following
the Declaration of Helsinki and were approved
by the Ethics Committee of Mashhad University
of Medical Sciences. The study was registered
in the Iranian Registry of Clinical Trials with the
registration number IRCT20130811014330N7
(https://irct.ir/trial/35406).

Results

In this study, 22 children were enrolled, 11 of
whom were boys. A 1.9-year-old girl receiving
placebo was excluded from the study because she
was diagnosed with pneumonia in the first week of
the trial. Her family decided to stop the treatment.
She had developmental delay and myoclonic
seizures induced by hypoglycemia since she was
3 days old. The most common type of seizure
among our patients was a generalized myoclonic
seizure (Table 1). The mean age of patients was
4.28+5 years, and the mean duration of epilepsy
was 4.07+4.01 years. Five (23.8%) of our patients
had a family history of seizures in their first-degree
relatives, and 19 (90.5%) had developmental delay.
The number of seizure attacks at the baseline and

the end of intervention (after 10 weeks) in the study

38

population had a range of 2-210 per week (mean:
68.76+£69.26) and 0-130 (mean: 39.85+39.41),
respectively. The latter difference was statistically
significant (P=0.01).

In the first group, which initially received
curcumin, the mean number of seizure attacks after
4 weeks of treatment with curcumin dropped from
69.4£73.89 to 27.73+£32.77, with a significant
difference (P=0.016). In this group, the mean
number of seizure attacks at the beginning and the
end of the placebo period was not significantly
different (P=0.41). Furthermore, the difference
between the beginning and end of the whole 10-
week study period was significant (P=0.02). In
this group, after receiving curcumin, changes in
the levels of IL-6, IL-8, MCP, TNF-a, and EGF
were significant (P=0.01, 0.03, <0.001, <0.001,
and <0.001, respectively). In the second course,
after receiving the placebo, changes in the levels
of TNF-a were significant (P<0.001). At the end
of 10 weeks, changes in IL-6 MCP, TNF-q, and
EGF were significant compared to the beginning
of the research (P=0.02, <0.001, <0.001, and 0.01,
respectively).

In the second group, which initially received the
placebo, neither the placebo nor the curcumin
treatment caused a significant difference (Table
2). In this group, alterations in the level of
TNF-a were significant after receiving a placebo
(P<0.001). In the second course, after receiving
curcumin, changes in the concentrations of MCP
and TNF-a were significant (P<0.001). This
significance remained compared to the beginning
and the end of the study (p-values: 0.03 and <0.001,

respectively).
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Assessed for eligibility

(1=22)

Excluded (n=0) —

( Randomized to sequence (n=22) )

~~ First course

Allocated to sequence Allocated to sequence
Curcumin — placebo (n=11) Placebo — curcumin (n=11)
Received curcumin (n=11) Received placebo (n=11)

Lost to follow-up (n=0) — Lost to follow-up (n=1)

Discontinued taking placebo due to E—
the parents’ dissatistaction (n=1)

( Assessed (n=11) ) ( Assessed (n=10) )

Second course

y \,

( Received placebo (n=11) Received curcumin (n=10) )

Lost to follow-up (n=0) — Lost to follow-up (n=0) —

( Analyzed (n=11) ) ( Analyzed (n=10) )

Figure 1. CONSORT flow diagram for crossover trial (16)

Table 1. Characteristics of patients

Age (years) Patients (%)
<3 7 (33.3)
3-6 8(38.1)
>6 6 (28.6)
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Table 2. Changes in the number of seizure attacks
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Table 3. Changes in the concentration of measured cytokines and growth factors in each study group

Cytokines Baseline After the first | After the second P1 P2 P3
course course
Curcumin—placebo group

IL1-a 0.55 (0.33) 0.55 (0.18) 0.49 (0.14) 0.377 | 0.583 0.333
IL1-B 0.59 (1.61) 0.58 (0.2) 0.60 (0.39) 0.075 | 0.378 0.113
IL-2 3.19 (2.14) 2.75(0.8) 2.75 (0.75) 0.128 | 0.618 0.148
IL-4 1.99 (0.72) 1.72 (0.33) 1.82 (0.45) 0.264 | 0.666 0.19
IL-6 5.28 (10.83) 1.07 (0.98) 1.15 (1.75) 0.013 | 0.059 0.024
IL-8 10.72 (24.3) 4.78 (2.88) 4.85(2.06) 0.031 | 0.129 0.023
IL-10 0.75 (0.7) 0.87 (0.44) 1.03 (1.45) 0.249 | 0.175 0.078

MCP (19488.'7645) 23.63(25.2) 20.14 (14.52) 0 0.271 0

TNFa 3.98 (0.83) 2.27(0.14) 2.09 (0.11) 0 0 0
EGF 67.50 15.71 (21.24) 21.41 (14.67) 0.006 | 0.416 0.01

(206.01)
IFN-y 1.33 (1.87) 0.44 (0.18) 0.48 (0.55) 0.088 | 0.695 0.144
Placebo—curcumin group

IL1-a 0.67 (1.34) 0.49 (0.25) 0.55(0.2) 0.592 | 0.702 0.603
IL1-B 0.76 (4.49) 0.62 (0.65) 0.74 (0.64) 0.126 | 0.628 0.228
IL-2 3.16 (17.37) 3.57 (2.25) 2.30 (0.99) 0.259 | 0.824 0.271
IL-4 1.94 (0.6) 1.95 (0.67) 1.79 (0.92) 0.097 | 0.753 0.296
IL-6 4.07 (4.88) 1.38 (2.82) 1.94 (0.89) 0.106 | 0.804 0.057
IL-8 4.95 (4.75) 14.21 (22.29) 4.65(2.43) 0.076 | 0.079 0.544
IL-10 1.10 (1.69) 081 (0.22) 0.76 (0.4) 0.268 | 0.588 0.445
MCP-1 82.63 (39.47) | 157.75 (121.21) 26.10 (29.78) 0.162 | 0.005 0.032

TNF-a 4.32(0.6) 2.99(0.2) 2.10 (0.03) 0 0 0
EGF 162.20 43.22(72.32) 21.83(22.83) 0.238 | 0.118 0.053

(180.59)

IFN-y 0.55 (0.33) 0.67 (1.06) 0.58 (0.56) 0.266 | 0.675 0.206

Values are expressed as median (interquartile range)
Serum cytokine levels are expressed as pg/ml
P1: P-value of the comparison between before and after the first course of treatment (baseline and week 5)

P2: P-value of the comparison between before and after the second course of treatment (weeks 5 and 11)
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P2: P-value of the comparison between before and after the whole study period (baseline and week 11)
IL-1a: interleukin-1a, IL-1p: interleukin-1p, IL-2: interleukin-2, IL-4: interleukin-4, IL-6: interleukin-6, IL-

8: interleukin-8, IL-10: interleukin-10, MCP1: monocyte chemoattractant protein, TNF-a: tumor necrosis

factor-a, EGF: epidermal growth factor, IFN-y: interferon-y

Discussion

Our study assessed the effects of curcumin with
a high bioavailability as an add-on therapy for
intractable pediatric epilepsy. We found that nano-
curcumin reduced the number of seizure attacks in
patients with intractable epilepsy. This was the first
randomized controlled trial assessing the effects of
curcumin in patients with epilepsy. Other AEDs
possess various health risks and can be a major
source of disability and mortality. Moreover, these
agents lead to the early discontinuation of treatment
in a quarter of cases (17).

It has been shown that curcumin causes no
critically adverse effects (18) and can improve
the side effects of other AEDs (19), making it an
ideal choice for treating epilepsy in cases that do
not respond to current treatment options. We also
found a significant decrease in the levels of two
inflammatory cytokines after receiving nano-
curcumin in both of our study groups. Furthermore,
the concentration of three other cytokines declined
after treatment in the first group. This can explain
the physiological mechanism of curcumin in
treating intractable epilepsy. Various inflammatory
cytokines are over-expressed in seizure-generating
areas of the brain in experimental models (9).

A review by Erfani et al. reported that 16 out of
17 preclinical studies showed the effectiveness
of curcumin in treating epilepsy (18). Kaur et al.
showed that curcumin significantly decreased pro-
inflammatory cytokines in the hippocampus and

cortex of rats after pentylenetetrazole-induced

42

seizures. Overall, curcumin was effective for
chronic epilepsy by attenuating glial activation
(20). This result was consistent with our study.
However, research conducted by Drion et al. found
no significant association between curcumin and
the frequency or duration of seizures in rats. The
mentioned finding was probably due to the fast
metabolization of curcumin in the blood. They
found no trace of curcumin in the plasma 2 h
after administering a high dose of curcumin (400
mg/kg) (21). We addressed this problem with
nano-curcumin, which raises the bioavailability
of curcumin by five times compared to simple
powder. (4)

The benefits of curcumin have been reported
for many disorders, such as Alzheimer’s
disease, Parkinson’s disease, multiple sclerosis,
Huntington’s disease, diabetes, and cardiovascular
diseases (22). In a review by Tang et al., curcumin
was suggested to be more influential than the
current treatments for Alzheimer’s disease if the
bioavailability issue was resolved (23). Curcumin
has also been suggested as a potential treatment
for cancers, such as pancreatic, lung, ovarian,
oral, colorectal, and breast carcinomas and even
melanoma (24). However, the low bioavailability
of curcumin has limited its effectiveness as a
treatment (25). Using nano-curcumin instead of
simple curcumin powder could resolve this issue
and open a new treatment path for numerous
disorders.

Several studies have demonstrated the strong

regulatory effect of curcumin on gene expression
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(26). Therefore, a washout period of two weeks
should be considered a limitation of our study.

We recommend further studies with an extended
period to a minimum of 21 days. The current
investigation was a pilot study, and intractable
epilepsy has a low prevalence. Therefore, another
limitation of our study was its small sample
size. Future studies with larger study groups are
recommended. Although we found no detectable
side effects for nano-curcumin, other studies with
more extensive follow-ups could further assess the
safety of this treatment. Moreover, nano-curcumin
with much higher bioavailability than powder
curcumin for other disorders can prove curcumin
to be a better treatment than currently available.
As mentioned before, this was the first randomized
controlled trial regarding the effects of curcumin
on epilepsy which showed the potential of nano-
curcumin in treating intractable epilepsy. If
confirmed by future research, nano-curcumin can
help people with epilepsy with fewer side effects
and a wider efficiency range. It may also treat
patients with other neurological disorders or cancer
due to high bioavailability.
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