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ARTICLE INFO ABSTRACT

Objectives: Multiple sclerosis (MS) is an autoimmune disease of the central nervous system. Several effector
mechanisms are involved in the immunopathology of MS and a variety of medications such as beta interferons
are applied to treat the disease. This study was conducted to evaluate the anti-inflammatory and im-
munomodulatory effects of sesame oil in combination with interferon beta-1a in MS treatment.

Methods: Ninety-three MS patients were enrolled in the study. The patients were randomly divided into two
groups. The control group (n = 39) received 30 pg/week of interferon beta-1a intra-muscularly. The sesame oil-
treated group (n = 54) received interferon beta-1a the same as the control group with the addition of 0.5 ml/kg/
day of oral sesame oil for 6 months.

Results: After the 6-month study period, the interleukin (IL)-10 concentration in the sesame oil-treated group
was significantly greater than that of the control group (p = 0.04). The concentrations of interferon-y (IFN-y),
nitric oxide (NO), and tumor necrosis factor-a (TNF-a) in the sesame oil group after treatment were significantly
less than those of the control group (p = 0.029, p = 0.0001, and p = 0.01, respectively). Lymphocyte pro-
liferation in the sesame oil-treated group was significantly lower at the end of the study than at the beginning
(p = 0.001).

Conclusion: Sesame oil, through a decrease in IFN-y secretion and anti-inflammatory and anti-oxidant activities,
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may have beneficial effects for MS patients.

1. Introduction

Multiple sclerosis (MS), a chronic inflammatory demyelinating dis-
ease of the central nervous system, may be mediated by type 1 helper T
Cells (Thl) and Th17 immune responses.l’2 Studies have shown that
effector mechanisms, including dysregulation of the immune responses
and free radicals, are involved in the pathogenesis of Ms.2,*

Interferon-beta (IFN-B) is a standard treatment for MS, but some MS
patients have minimal responses to IFN-B therapy.>® Therefore, stem
cell therapy, immunosuppressive drugs, and IFN-3 combined with other
immunomodulatory or anti-inflammatory agents may be more effective
in treatment of MS than IFN-B alone.”'°

Sesame seeds (Sesamum indicum, Linn, Pedaliaceae) as a traditional
health food have been used to treat some inflammatory disorders. Some
studies showed that the lignans present in sesame oil including

sesaminol, sesamolin, P1, pinoresinol, and sesamin have antioxidant
and anti-inflammatory properties.’’~'* In addition, sesame oil con-
sumption reduces blood glucose and has beneficial effects on lipid
peroxidation and antioxidant levels in streptozotocin-induced diabetic
rats.’® Sesame oil has anti-inflammatory effects; also, it has been sug-
gested that sesame oil or its constituents induce growth arrest and
apoptosis of cancer cells. In one study, sesame oil, a vegetable oil en-
riched with n-6 polyunsaturated fatty acids, attenuated the growth and
metastasis of EL4 lymphoma.'® Furthermore, Miyahara and colleagues
showed that sesamolin from sesame seeds induces apoptosis in molt-4
lymphoid cells."”

In a previous study, we showed that intraperitoneally injection of
sesame oil reduced the clinical symptoms of experimental autoimmune
encephalomyelitis (EAE) and increased total antioxidant capacity in the
serum of C57BL/6 mice with EAE.'® Another study showed that oral
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sesame oil therapy protected C57BL/6 mice from developing EAE by
reducing IFN-y secretion."® However, the use of sesame oil in the
treatment of MS has not been studied. In this clinical trial study, we
investigated the effect of IFN-beta-1a both with and without sesame oil
on immunological and neurological variables in relapsing-remitting MS
(RRMS) patients.

2. Patients and method
2.1. Study design and subjects

This study was a 6-month parallel-group, randomized controlled
trial performed in patients with MS. The study was performed in
keeping with the Helsinki declaration on research with human subjects,
and the protocol approved by the local ethics committee (Ref. Number:
AUM Sec-88-69-1). All patients gave their written informed consent and
randomly assigned to maintain balance across multiple stratification
variables. The stratification variables were age group (and age range of
18-65 years), sex, and baseline Expanded Disability Status Scale (EDSS)
(EDSS scale ranges from 0 to 5 in 0.5 unit increments). The patients
were randomized independently into two groups; i.e., treatment and
control patients (Fig. 1). The control group (n = 39) received IFN-f3-1a
(Cinnovex ', Fraunhofer Institute, Germany) as standard protocol. The
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sesame oil-treated patient group (n = 54) received both IFN-B-1a plus
0.5 ml/kg/day of sesame oil orally for six months. The sesame oil was
obtained from Iranian white sesame seeds.?’ Neurological and im-
munological examinations were performed at the beginning and the
end of the study

Patients were diagnosed with relapsing MS by the revised 2010
McDonald criteria.?" Inclusion criteria were Expanded Disability Status
Scale (EDSS) score of 0.5-5, at least two clinically documented relapses
in the previous three years (at least one within the 12 months prior to
randomization).?* Scoring is based on an examination by a neurologist.
Exclusion criteria were progressive MS, drug abuse, and pregnancy.

2.2. Proliferation assay and cytokine detection

Details of proliferation and cytokine assays have been described
before.?® Briefly, peripheral blood mononuclear cells (PBMCs) were
isolated using Ficoll-Isopaque (Lymphoprep, Nyegaard, Oslo, Norway).
The cells (1 x 10° cells/mL) were cultured in RPMI-1640 containing
10% FBS (Gibco Life Technologies, Inc., Gaithersburg, MD). Lympho-
cyte proliferation was determined by MTT assay. For cytokine detec-
tion, 1 X 10° PBMCs/mL were incubated in cell culture and stimulated
with 1 ug/mL of Phytohemagglutinin (PHA) for 72 h. The supernatants
were collected and interferon gamma (IFN-vy), interleukin (IL)-10, IL-17,

Assessed for eligibility (n=118)
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Fig. 1. CONSORT flow diagram of the study.
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and tumor necrosis factor (TNF)-a were quantified by ELISA (R&D and
eBiosiences) according to the manufacturer’s protocol. The sensitivity
of IFN-y, IL-10, IL-17, and TNF-a were 8.0, 0.3, 1.1, and 1.5 pg/mL,
respectively.

2.3. Serum nitric oxide level

Nitric oxide (NO) was assayed based on the Griess reaction. The
serum samples were mixed Griess reagent (v/v) at room temperature
for 10 min. Absorbance was measured on an ELISA plate reader (Stat
Fax 2100, Awareness Technology, Inc., USA) at 550 nm. The nitrite
concentration was determined by a standard curve of 0.1 M sodium
nitrite prepared in serial dilution with distilled water.

2.4. Statistical analysis

SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA) was used for all
statistical analyses. Data were presented as means + SEMs. For clinical
scores, significance between groups was examined by the Mann-
Whitney U test. After normality evaluation, all other statistical com-
parisons between groups were examined using one-way multiple range
ANOVA for multiple comparisons. P values less than 0.05 were con-
sidered statistically significant. Sample size was estimated by Stata/SE
12 software and Log-rank test.

3. Results
3.1. Clinical outcomes

Of 118 patients who completed the informed consent form, 93 en-
tered the extension study. During the extension, 25 patients excluded
for not meeting inclusion criteria (n = 10), declining to participate
(n = 11), and drugs reaction (n = 4), (Fig. 1). No statistically sig-
nificant difference was found between the control and treatment groups
for age or disease duration (Table 1). After 6-month, the EDSS value
between the control and treatment groups remained insignificant;
however, it was reduced in the treatment group (Fig. 2).

3.2. Cytokine assay

The IFN-y concentration after sesame oil treatment (239 + 83pg/
mL) was significantly lower than before the treatment (420 = 150 pg/
mL, p = 0.029, Fig. 3A). The same was true for TNF-a (p = 0.01,
Fig. 3B). In contrast, the IL-10 concentration was significantly greater
after treatment than before (p = 0.04, Fig. 3C). The IL-17 concentra-
tions were not significantly different before and after sesame oil treat-
ment (Fig. 3D). No significant difference was found between the cyto-
kine concentrations at baseline and the end of the study in the patient
control group (Fig. 3A-D).

3.3. Lymphocyte proliferation
The stimulation indexes (SIs) at baseline of the treated patient and
control groups were not significantly different; however, after treat-

ment, the SI of the treated group was significantly less than that of the

Table 1
Demographic characteristics of multiple sclerosis patients.

Treatment group Control group

(n = 54) (n = 39)
Male/Female 9/45 9/30
Age(years)[mean(SD)] 36(12) 32(16)
Range(years) 18-60 18-60
Duration of disease(years) 3(1.9) 3(2.3)
[mean(SD)]
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Fig. 2. Effect of IFN-B-1a and sesame oil treatment on Expanded Disability
Status Scale (EDSS) in MS patients. Columns represent EDSS scores of sesame
oil-treated (treatment group) and untreated (control group) MS patients at
baseline (before) and at the end (after) of the six-month study. Data were
presented as means * SDs. NS; non-significant, *; p < 0.05, **; p < 0.01,
*** p < .0.001-0.0001.

controls (p = 0.001, Fig. 4).
3.4. Nitric oxide concentration

Similar to lymphocyte proliferation, the NO concentrations at
baseline were not significantly different between the treatment and
control groups. After the treatment, the NO concentration was sig-
nificantly lower in the treatment group than in the controls
(p = 0.0001, Fig. 5).

4. Discussion

Multiple sclerosis is an autoimmune disease, in which immune cells
including dendritic cells, monocytes, Th1 cells, Th17 cells, and B-cells
are involved in its immunopathology.** Higher levels of IL-17, IFN-y,
and TNF-a, and nitric oxide are found in the serum of MS patients than
in healthy individuals.”®,”® However, immunomodulation by regulatory
T cells (Treg cells) or a shift of the immune response to Th2 may reduce
MS symptoms.

In our clinical trial, EDSS scores were not significantly affected by
sesame oil treatment; however, it was reduced in the treatment group.
Perhaps the reason for the insignificance EDSS results was for duration
of 6 months of the study and in a longer period we can see a change in
this index.

Nitric oxide and the inflammatory cytokines IFN-y and TNF-a were
significantly lesser in PBMCs from the sesame oil-treated group than in
those from both the treatment group at baseline and the control group
at the end of the six-month study. The mechanism by which sesame oil
exerts its beneficial effects is not yet known. Reductions in in-
flammatory cytokines and NO can be attributed to the presence of anti-
inflammatory agents in sesame oil that could show anti-inflammatory
effect. In this respect, some studies showed that sesame oil has potent
anti-inflammatory and antioxidant effects.’**” Sesame oil consumption
reduced blood glucose and enhanced lipid peroxidation and antioxidant
levels in streptozotocin-treated diabetic rats and ameliorated insulin
resistance in KK-Ay mice.'®,%®

Sesame oil may inhibit IFN-y production via apoptosis or inhibition
of inflammatory cell proliferation. Interferon-y is the key Th1 cytokine
and plays a major pathogenic role in MS, either through activation of
other immune cells or by activating apoptosis of oligodendrocyte.*”
Interferon-y administration can potentially reverse the defects seen in
MS patients.>°

The pro-inflammatory cytokine TNF-a has been identified in as-
trocytes and microglial cells of the CNS and has been shown to be
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Fig. 4. Effect of IFN-B-1a and IFN-B-1a plus sesame oil on cell proliferation.
Peripheral blood mononuclear cells from sesame oil-treated and untreated
(control) MS patients at baseline and after 6 months of treatment were cultured
in triplicate in the presence of 1 pg/mL PHA. After 72 h, proliferation was as-
sessed by MTT assays. Proliferation is referred to as the stimulation Index. Data

were presented as means *+ SDs. NS; non-significant, *; p < 0.05, **;
p < 0.01, ***, p < .0.001-0.0001.

associated with acute and chronic brain lesions in MS patients.>""**
Immunohistochemical studies in EAE suggested a role for TNF-a in
immune-induced demyelination.*

Considerable evidence supports the positive role of anti-in-
flammatories and anti-oxidants in MS therapy. Curcumin has been
shown to exert anti-inflammatory, anti-oxidant, and anti-tumor activ-
ities, which have therapeutic effects on MS.****> Curcumin dramatically
reduced the number of inflammatory cells and TNF-a inhibited Th17
cell differentiation and abated NO release in a dose-dependent
manner.’®*® The immunomodulatory therapies are focused on shifting
the responses from Th1 to Th2 in autoreactive T cells.?* Our results are
inconsistent with previous studies that showed reductions in pro-in-
flammatory cytokines, including IFN-y and TNF-a.

In agreement with recent studies, sesame oil exhibited its anti-

T
Before treatment

T
After treatment

3 Control group Bl Treatment group

10+ NS Hk
—
8- '|' T
=
2
£
£
2-
0

T T
Before treatment After treatment

Fig. 5. Effect of IFN-B-1a and IFN-B-1a plus sesame oil on serum nitric con-
centrations in MS patients at baseline and after six months of treatment. Data

were presented as means * SDs. NS; non-significant, *; p < 0.05, ;
p < 0.01, *** p < .0.001—0.0001.

oxidant activity through reduced nitric oxide in the treated patients. We
previously reported that sesame oil increased ferric reducing anti-
oxidant power (FRAP) activity in EAE mice.'®,"" In this report, we
showed that NO was less in sesame oil-treated than in untreated MS
patients. Therefore, sesame oil offers promise in the treatment of MS.

Interleukin-17 was not affected by the sesame oil treatment. Recent
data from the EAE model suggested that IL-17 has a pivotal role in MS
pathogenesis.”’ Interleukin-17-producing cells are important in de-
myelination initiation in the relapsing phase of MS.**

The regulatory T cell functions and characterization and IL-10-re-
ceptor signaling is impaired in MS****; and aMS is associated with
downregulation of TGF-p and IL-10 cytokine release. *° The im-
munohistochemistry and RNA studies on EAE mice central nervous
system (CNS) tissues with spontaneous recovery of these mice have
been correlated with the proliferation of Th2-like cells via corre-
sponding increases in IL-10 and TGF-B.*°
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Eventually, after the treatment, the SI of PBMCs from the sesame
oil-treated patients was significantly lower than that of controls.
Histological examination of mice brain tissues revealed reduced leu-
kocyte infiltration in sesame oil-treated EAE mice."® Sesame oil has also
been shown to induce apoptosis in cancer cells.'®'” Our previous work
showed a significant reduction in disease severity and leukocyte pro-
liferation following sesame oil treatment in EAE mice."’

The number of patients who tended to consume sesame oil for 6
months, and study period were the major limitations of this study. To
the best of our knowledge, this paper is the first demonstration of se-
same oil treatment in MS patients and provides insights into the me-
chanisms of sesame oil treatment in MS therapy. Sesame oil, by redu-
cing IFN-y secretion and inducing anti-inflammatory and anti-oxidant
activities, may reduce symptoms and improve the quality of life of MS
patients.
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