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Background: The α-L-guluronic acid (G2013) as a new anti-inflammatory drug 
with immunomodulatory property, patented (PCT/EP2017/067920), showed posi-
tive effects in experimental models of multiple sclerosis (MS). In this clinical trial, our 
aim was to evaluate 6 months efficacy and safety outcomes in MS treated patients 
with guluronic acid compared to the conventional drug.

Method: In a 6-month, randomized controlled, phase II trial, we enrolled patients 
who had secondary progressive multiple sclerosis (SPMS), were 24 to 59 years of age, 
with a score of 0 to 8.5 on EDSS (higher degrees indicate more disability), and who 
had two or more relapses in the previous year. Patients received orally two doses of 
500 mg daily of α-L-guluronic acid. Endpoints has been measured with magnetic res-
onance imaging (MRI) and Expanded Disability Status Scale (EDSS) and compared to 
the conventional drug (disease-modifying drug), in a phase 2 trial of multiple sclero-
sis at the beginning and end of the study.

Results: A total of 25 (92.5%) of the G2013 treated patients completed the study. 
The annualized relapse rate was 1.25 in α-L-guluronic acid group, and 1.58 in the 
conventional drug group at the beginning of the study (P<0.158). G2013 decreased 
the disability progression over the 6-month period. G2013 had a better performance 
compared to the conventional drug regarding to MRI-related measurements. Also, 
this medicine had no particular side effects.

Conclusions: As compared with the conventional drug, guluronic acid (G2013) 
improved the risk of disability progression (based on MRI and EDSS assessment). 
(Registered clinical trials number, IRCT2017042313739N8).
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Introduction 

Multiple sclerosis is a chronic inflammatory disease of the cen-
tral nervous system which results in the formation of focal conver-
gent lesions of primary demyelination in the white and gray mat-
ter of the brain and to spread damage and neurodegeneration [1]. 
Generally, the disease starts in patients in the third decade of life 
with a relapsing and remitting clinical course. On average after 10-
15 years, in most of the patients, the illness alters to a course of 
slow progression (secondary progressive MS). There is a prominent 
difference between the relapsing and progressive stages of MS and 
this is also indicated by the various responses to currently available 
immunosuppressive or immunomodulatory treatments [2,3]. Nev-
ertheless, there is an overlap in pathological characteristics, patho-
genic mechanisms, and therapeutic responses between the relaps-
ing and progressive MS [4-6]. Although several disease-modifying 
treatment (DMT) options exist for relapsing forms of this disease, 
we have limitations in DMT options for progressive MS (PPMS and 
SPMS) [7]. Alginates are natural copolymers composed of β-D-man-
nuronate and α-L-guluronate linked by 1→4 glycosidic linkages [8]. 
G2013 is an epimeric form of M2000 (β-D mannuronic acid) [9]. 
Guluronic acid (G2013), as an agent with low molecular weight 
has less toxicity on gastrointestinal tract and kidney function than 
the other anti- inflammatory medications, known as a novel drug, 
which could be categorized as a non-steroidal anti-inflammatory 
drug (NSAID), with immunomodulatory function [10,11].

The guluronic acid (C6H10O7) was obtained from alginic acid 
sodium salt and its IUPAC name is (2R/3S/4S/5S)-2/3/4/5-tetra-
hydroxy-6-oxohex- anoic acid [12]. The guluronic acid showed its 
anti-inflammatory impacts by inducing SHIP1 and SOCS2 mole-
cules, decreasing TLR4, MyD88, NF-kB and COX1/COX2 inflamma-
tory enzymes at the level of gene expression and reducing the level 
of IL-1B as a pro-inflammatory cytokine [10,13]. In a clinical trial, 
Azarian, et al. [14]. approved that guluronic acid could be effective, 
safe and well tolerated in patients with rheumatoid arthritis (RA) 
and could be a proper choice in order to control the RA disease. 
This study showed that the oral use of G2013 in the dose of two 
capsules of 500mg per day in combination to conventional treat-
ment in the majority of patients (72.7%) was led to a statistically 
significant increase in the ACR20 response rate after 12 weeks of  

 
G2013 treatment [15]. Another trial showed that the oral adminis-
tration of G2013 was capable to modify the severity of articular and 
inflammatory symptoms of ankylosing spondylitis (AS) by decreas-
ing the gene expression levels of the RORγt, IL-17, AHR, and IL-22 
and increasing the gene expression levels of the GATA3, IL-4, and 
FOXP3 [16]. Afraei, et al. [14] demonstrated that G2013 moderate 
the clinical symptoms in experimental autoimmune encephalomy-
elitis (EAE), through suppressing NO production which resulted in 
a positive response than the control group, and this improvement 
has complied with clinical and histopathological demonstrations 
[17].

Their study has demonstrated its helpful effects with wonder-
ful tolerability, efficacy and safety in EAE [14]. Furthermore, G2013 
is able to decrease the number of inflammatory cells and plaques 
as well as the serum level of NO in G2013 dosed mice [18]. In this 
phase 2, conventional drug-controlled trial, we investigated the ef-
fects of daily G2013 treatment for six months using MRI measures 
for assessment of inflammation and disability progression in pa-
tients with secondary progressive multiple sclerosis.

Methods
Patients and Study Design

As previously described, this trial was a randomized, conven-
tional drug-controlled, and phase 2 study of participants with 
SPMS diagnosed on the basis of the 2010 McDonald criteria. The 
patients who entered in this trial were aged 24 to 59 years and 
were injecting different forms of disease-modifying drug, also, 
patients who had at least one relapse in the previous 6 months or 
have active lesions in their MRI imaging and also had at least one 
T2-weighted brain lesion. Some exclusion criteria were a history of 
fever and infectious diseases, positive pregnancy test or lactation, 
collagen vascular diseases, other autoimmune diseases, malignan-
cies, corticosteroid treatment within 30 days before randomiza-
tion, other diseases (such as hepatic, renal, hematological, gastro-
intestinal, endocrine, cardiovascular, pulmonary, neurological or 
cerebral diseases). Patients signed the consent form before their 
enrollment in this clinical trial. The study (Clinical Trial identifier, 
IRCT2017042313739N8) was designed for the comparison of the 

Abbreviations: MRI: Magnetic Resonance Imaging; EDSS: Expanded Disability Status 
Scale; DMT: Disease Modifying Treatment; CVID: Common Variable Immunodeficien-
cy; MPO: Myeloperoxidase; RBC: Red Blood Cell Count; RA: rheumatoid arthritis; AS: 
ankylosing spondylitis; WBC: white blood cell; PLT: platelet count; Hb: hemoglobin 
concentration; MCHC: mean corpuscular hemoglobin concentration; EAE: experimen-
tal autoimmune encephalomyelitis; MCV: mean corpuscular volume; MCHC: mean 
corpuscular hemoglobin concentration; ALP: alkaline phosphatase; BUN: blood urea 
nitrogen; PGA: Physician’s Global Assessment; GPX1: glutathione peroxidase; G2013: 
guluronic acid
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efficacy and safety of guluronic acid (G2013) with conventional 
drugs over 6 months in the patients with SPMS. The protocols were 
reviewed and approved by regulatory authorities and the ethics 
committee of Tehran University of Medical Sciences (Tehran, Iran) 
and the study was conducted in accordance with the International 
Conference on Harmonization Guidelines for Good Clinical Practice 
and the Declaration of Helsinki. After confirmation that the patients 
fulfilled the defined criteria, they were randomly assigned at a 1:1 
ratio.

Patients were randomly allocated to receive oral G2013 cap-
sules in a dose of 500 mg, twice daily for 6 months. Two neurology 
centers in two different provinces (Tehran and Mazandaran) in Iran 
completed all the EDSS scores regarding SPMS patients. MRI scans 
were interpreted at the MRI assessment center by radiologists who 
were unaware of the study-group goal.

Safety Assessments

To assess the safety of the guluronic acid, the patients’ blood 
samples were obtained at each programmed visit. The hematologi-
cal indices, red blood cell count (RBC), total white blood cell (WBC), 
platelet count (PLT), hemoglobin concentration (Hb), hematocrit 
(HCT), mean corpuscular volume (MCV), mean corpuscular he-
moglobin (MCH), mean corpuscular hemoglobin concentration 
(MCHC), and differential leukocyte count were evaluated. In addi-
tion, the blood smears, stained with Wright Giemsa stain, were pre-
pared from each participant who had undergone the hematological 
tests. Clinical chemistry tests included glucose, phosphorus (P), 
calcium (Ca), sodium (Na), potassium (K), glucose, triglycerides, 
total cholesterol, total serum protein, albumin, serum alanine ami-
notransferase (ALT), serum aspartate aminotransferase, alkaline 
phosphatase (ALP), blood urea nitrogen (BUN), blood creatinine, 
uric acid, and total bilirubin were determined on baseline, 1st, 3th, 

and 6th months. In addition to clinical parameters evaluation, at 
each visit, participants were examined and questioned about all ad-
verse events (AEs) based on the practical guide to self-report ques-
tionnaires (Patient History Form), including; the measurement of 
vital signs, physical examination. In this trial, the safety endpoints 
profile was on the basis of the incidence and type of AEs, serious 
AEs, infection and changes in clinical laboratory (hematological and 
biochemical) indices from baseline to month 6. All determinants 
were recorded at all visits.

Efficacy Endpoints

Clinical evaluations were performed after selecting and ran-
domizing the eligible patients. The EDSS score was determined at 
baseline and 6 months. Standardized MRI scans were received at 
the screening visit and at 6 months. In this clinical trial, the primary 
endpoints were the determination of MRI and EDSS score. To assess 
the clinical evaluation, the primary endpoint was the percentage of 
patients free from Gd-enhanced lesions at baseline and month 6. 
The secondary endpoints were the percentage of patients free from 
relapses over six months and safety measures. Other endpoints in-
cluded the number of Gd-enhanced lesions at six months, the num-
ber of new/enlarging T2 lesions over six months, the proportions 
of patients free from new/enlarging T2 lesions over six months, the 
proportions of patients free from new MRI activity (Gd-enhanced 
lesions and new/ enlarging T2 lesions). The key secondary end-
point was confirmed as a decrease of at least 1.0 point in the EDSS 
score. Other secondary endpoints included degree of patients free 
from gadolinium-enhancing lesions, number of gadolinium-en-
hancing lesions, number of new or enlarged lesions on T2-weighted 
MRI scans, between baseline and month 6, and evaluation of blood 
indices for the safety assessment and adverse events according to 
study protocol at baseline, month 1, month 3 and month 6 (Tables 
1-3).

Table 1: Baseline Characteristics in G2013 and conventional drug groups.

Characteristic G2013 + conventional drug n=25 Conventional drug n=25

Age (yr)

Mean ± SD 39.68±7.9 41.36±9.6

Median (range) 40 (26-59) 43 (24-55)

Sex (No. - %)

Male 9 (36) 9 (36)

Female 16 (64) 16 (64)

Disease history

Duration of disease (yr)

Mean ± SD 7.8±5.5 7.4±5.6

Median (range) 6 (0-18) 5 (1-23)

Relapses in one year (No.)

Mean ± SD 1.36±1.2 1.58±0.7

Median (range) 1 (0-4) 2 (0-2)
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EDSS score

Mean ± SD 2.7±2.17 3.3±1.9

Median (range) 2.0 (0-8.5) 3 (0-5.5)

Characteristic of MRI

Patients free of gadolinium-enhancing lesions

Number (%) 18 (72/0) 17 (68/0)

Number of gadolinium-enhancing lesions

Mean ± SD 0.5±0.9 0.2±0.8

Median (range) 0 (0-3) 0 (0-4)

Number of T2 lesions

Mean ± SD 28.5±32.2 30.4±19.5

Median (range) 16 (4-80) 30 (0-50)

Note: Magnetic resonance imaging (MRI); Expanded Disability Status Scale (EDSS), All values are expressed as means ±SD.

Table 2: MRI characteristics in G2013 and conventional drug groups after 6 months treatment.

Characteristic of MRI G2013 (N=25) Conventional Drug (N=25) P Value

Patients free of gadolinium-enhancing lesions at 6 months

Number (%) 22 (88/0) 18 (72/0) P<0.052

Number of gadolinium-enhancing lesions at 6 months

Mean ± SD 0.3±0.7 0.9±2.2 P<0.4

Median (range) 0 (0-11) 0 (0-2)

Number of T2 lesions at 6 months

Mean ± SD 27±31.7 57.5±34.3 P<0.07

Median (range) 13 (4-73) 60 (2-100)

EDSS score at 6 months

Mean ± SD 1.7±2.6 4.4±2.3 P<0.009

Median (range) 0.5 (0-8.5) 5.5 (0-8)

Note: Magnetic resonance imaging (MRI); Expanded Disability Status Scale (EDSS), All values are expressed as means ±SD. p value ≤ 
0.05 is considered as statistically significant.

Table 3: Adverse Events in the patients after 6 months follow-up.

Adverse Events G2013 Conventional drug

Headache 2 (8) 1(4)

Fatigue 0 3 (12)

Back pain 0 0

Depression 0 0

Leukopenia 0 2 (8)

Cough 0 0

Arthralgia 0 0

Hypertension 0 0

Nausea 0 0

Upper respiratory tract infection 0 0

Infections and infestations 0 0

Influenza viral infections 0 0

Lower respiratory tract and lung infections 0 0

Bronchitis 0 0

Herpes viral infections 0 0
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Oral herpes 0 0

Urinary tract infections 0 0

Rash 0 0

Bradycardia 0 0

Pain 0 0

Worsening mobility 0 2 (8)

Increased spasticity 0 1 (4)

Note: Number of patients (%).

Statistical Analysis

The data analysis includes all SPMS patients enrolled in two 
groups who took drug G2013 twice daily and conventional drug for 
6 months. The descriptive statistics used here are included mean 
and standard deviation. Frequency and percentage were also used 
to classify the data. In the baseline time, all of clinical parameters 
were not statistically different between intervention and noninter-
vention groups. Kolmogorov– Smirnov test was used to determine 
the normality of quantitative data. For normally distributed data, 
parametric tests including T test and paired t test were used, re-
spectively, for between group and also before and after interven-
tion comparisons. For non-normally distributed data, pair-wise 
comparison between groups was performed using Mann–Whitney 
U test. Statistical analysis was conducted using SPSS version 24 and 
statistical significance was considered with p values ≤ 0.05.

Results
Study Population

Of the 54 randomized SPMS eligible patients, 27 were assigned 
to guluronic acid group and 25 to conventional group. From May 
2017 through November 2017, a total of 54 patients randomly 
assigned to 2 study groups (Figure 1) at 2 authorized neurology 
centers in 2 provinces in Iran. Baseline characteristics were simi-
lar across in two study groups (Table 1). In total, 25 G2013-treated 
patients (92.5%) completed the 6-month study. Two patients in the 
G2013-treated group withdrew from the study; one patient with-
drew consent for unknown reasons and one patient withdrew due 
to the lost of follow-up. Three patients in the conventional-treated 
group withdrew the study; one patient withdrew due to the lost of 
follow-up, one patient withdrew due to lack of efficacy and one pa-
tients withdrew due to AE. The reasons for treatment discontinua-
tion are summarized in (Figure 1).
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Figure 1: Patients allocation, follow-up, and analysis from enrollment to completion of the study.

Efficacy

a) MRI endpoints: The changes in the primary clinical effica-
cy end-points over the 6 months of treatment with G2013 and 
conventional drugs are shown in (Table 2). The mean number of 
patients free of gadolinium-enhancing lesions decreased in par-
ticipants who received G2013 compared with the conventional 

drug group after 6 months (P<0.052), the mean number of pa-
tients free of Gd-enhancing lesions in G- 2013 treated group at 
baseline was 29.2 and at month 6 was 26.2. Also the number 
of T2 lesions was reduced in patients treated with G2013 than 
with conventional drug group, the mean of T2 lesions at base-
line was 28.5± and at month 6 was 27. Changes from baseline in 
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mean number of gadolinium-enhancing lesions were not statis-
tically significant compared with those receiving conventional 
drug.

b) Clinical Endpoints: Changes in secondary clinical efficacy 
end-points after 6 months of treatment with G2013 and con-
ventional drugs are shown in (Table 2). The administration of 
G2013 at 500mg twice daily (1000 mg/day) resulted in signifi-
cantly reduced EDSS score compared to the conventional-treat-
ed patients after six months G2013 therapy. The mean of EDSS 

score at baseline in G2013-treated patients was 2.7 and at 
month 6 was 1.7. There was statistically significant improve-
ment from baseline in EDSS score. The efficacy was sustained 
throughout the study and patients of the G2013-treated-group 
in comparison with patients of the conventional-treated group 
had achieved a significant response after six months of treat-
ment. Disability progression of the disease in G2013 group 
was slower than patients who used the conventional drug. The 
α-L-guluronic acid reduced EDSS score in the sixth month vs. 
the conventional drug (P<0.009) (Table 2 & Figure 2).

Figure 2: Effect of G2013 on EDSS in SPMS patients compared to conventional treated group in months, 0 and 6; C: conventional 
group. P: G2013 treated group.

Safety

Safety data are summarized in (Table 3). Treatment with gu-
luronic acid demonstrated an excellent safety and tolerability with-
out notable adverse events (AEs) during the clinical trial. There 
were no patients in the G2013-treated patients that discontinued 
the study due to an AE, while one patient withdrew the study due 
to AEs in the conventional-treated patients. The biochemical and 
hematological data in G2013-treated patients did not show any 
treatment-related side effects. There were no statistically signif-

icant differences in the means of hematological and biochemical 
values at months 0, 1, 3 and 6 in G2013- treated patients (Tables 
4,5). In addition, all of the mean values and individual amounts of 
the biochemical parameters in the G2013- treated patient’s sera 
approached to the normal range level during 6 months treatment. 
Also, it should be mentioned that the oral administration of gu-
luronic acid had no-to-very low side effects, so that, there was no 
significant statistical difference between G2013-treated patients 
and conventional-treated group (Figure 3).
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Figure 3: Effect of G2013 on Patients free of gadolinium -enhancing lesions in SPMS patients compared to conventional treated 
group in months, 0 and 6; C: conventional group. P: G2013 treated group.

Table 4: Effect of G2013 on hematological parameters in MS patients.

Parameters Month 0 Month 1 Month 3 Month 6

RBC (106/µl) 4.7±0.6 4.8±0.6 4.7±0.7 4.8±0.8

HB (g/dl) 13.01±1.9 13.1±1.6 12.9±1.8 12.8±1.5

HCT (%) 39.4±5 39.6±3.4 39.1±4 38.9±4.1

MCV (fL) 83.05±8.2 82.6±7.6 82.5±7.8 80.9±8.8

MCH (pg) 27.5±3.2 27.4±3.3 27.09±3 26.8±3.7

MCHC (g/dl) 33.5±2.1 33.1±2.2 32.8±1.8 32.9±1.5

WBC (103/µl) 6.7±1.5 8.07±6.8 6.1±2 6.2±1.4

Neutrophils (%) 58.4±9.9 55.6±12.4 59±6.8 59.2±10.4

Lymphocytes (%) 34.2±8.5 35.7±10.5 31.7±7.6 33.9±10.2

Monocytes (%) 3.4±2.4 4.3±3.2 4.8±3.9 3.2±1.3

Platelets (103/µl) 244.6±49.1 244.7±57.7 248.8±60.5 272.2±65.7

Table 5: Effect of G2013 on biochemical parameters in MS patients.

Parameters Month 0 Month 1 Month 3 Month 6

Glucose (mg/dl) 109.4±41.1 96±17.7 93.9±9 94.2±8.8

Creatinine (mg/dl) 0.9±0.2 0.9±0.1 0.9±0.1 0.9±0.1

BUN (mg/dl) 18.1±7.6 19.9±7.3 20.5±9.1 21.9±11.1

Triglycerides (mg/dl) 142.1±92.3 132.3±93.1 118.6±38 100.2±34

Cholesterol (mg/dl) 166.5±29 175.1±37.2 149.3±44.1 155.6±25.9

Calcium (mg/dl) 9.6±0.4 9.5±0.4 9.8±0.5 9.6±0.3
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Phosphorous (mg/dl) 3.7±0.8 3.7±0.5 3.6±0.5 3.6±0.6

Sodium (mmol/l) 139.9±2.4 140.1±2.9 139.9±2.1 139.6±1.6

Potassium (mmol/l) 4.2±0.4 4.2±0.4 4.2±0.3 4.1±0.4

ALT (U/l) 17.6±5.2 15.9±6.8 16.7±6.8 16.5±6.3

AST (U/l) 16.7±4.7 17.3±4.8 17.2±5.4 17.5±5.2

Total bilirubin (mg/dl) 0.8±0.4 0.8±0.3 1.09±0.5 0.8±0.3

Total protein (g/dl) 6.9±1.1 6.8±0.4 7.1±0.3 7.1±0.2

Albumin (g/dl) 4.6±0.4 4.4±0.4 4.2±1.2 4.6±0.2

Discussion
This phase II trial has been done for the first time in order to 

compare the safety and efficacy of guluronic acid (G2013) as a 
novel NSAID with immunomodulatory property with conventional 
treatment in SPMS patient. The results of this trial provided that 
guluronic acid with 500 mg two times per day during six months 
of treatment of SPMS patients has significantly a superior efficacy 
when compared with conventional treatment.

Administration of NSAIDs with their side effects and ability to 
inhibit the progression of autoimmune diseases would be prefera-
ble. G2013 is an anti- inflammatory agent with therapeutic effects 
and excellent tolerability in animal models of multiple sclerosis. It is 
a safe drug with a low molecular weight and no toxicity on GI tract 
and kidney function [16,17]. In agreement with our findings pro-
vides evidence that G2013 as a derivative of alginic acid in addition 
to having therapeutic effects in MS patients; it could also decrease 
and lessen the GI and hematological complications. Therefore, it 
might be suggested that G2013 is a suitable option for the long-
term management of MS. It has been shown in a study that the oral 
administration of G2013, as a new NSAID, was able to improve the 
inflammatory symptoms of ankylosing spondylitis patients through 
decreasing the inflammatory mediators [16]. Moreover, the low and 
high dose of G2013 could significantly reduce the gene expression 
of COX-1 and COX-2 enzymes in healthy volunteers [13].

Findings have demonstrated that G2013 as an immunomodu-
latory drug can decline inflammatory cytokine and be introduced 
as novel safe anti-inflammatory drugs in future [19,20]. The recent 
research showed that guluronic acid has the potential for manag-
ing autoimmunity in common variable immunodeficiency (CVID) 
patients [21,22]. Taeb, et al. [12] showed that G2013 can normal-
ize the gene expression of myeloperoxidase (MPO) and might re-
duce the pathologic impacts of age-related inflammatory diseases 
by adjusting the expression of GPX1, SOD2, GST, CAT, and iNOS as 
the oxidative stress enzymes [12]. Another study by Mirshafiey, et 
al. [23] demonstrated that the expression of antioxidant enzymes 
that play a vital role against aging and age-related diseases like 
glutathione peroxidase (GPX1), super- oxide dismutase 2 (SOD2), 
catalase (CAT), glutathione-S- transferase (GST) was increased in 

G2013-treated rats in comparison with the control group [23]. 
Moreover, in a phase II clinical trial in patients with rheumatoid ar-
thritis, it has been demonstrated that the oral use of G2013 in the 
dose of two capsules of 500 mg daily in combination to convention-
al treatment in the most patients (72.7%) resulted in a statistically 
significant increase in the ACR20 response rate after 12 weeks of 
G2013 therapy. 

Additionally, the G2013-treated patients indicated a significant 
reduction in DAS28, tender joint counts, swollen joint counts, the 
Patient’s Global Assessment of Disease Activity (PtGA), Physician’s 
Global Assessment of Disease Activity (PGA) and lessening the in-
flammatory markers like CRP and ESR after 12 weeks of G2013 
therapy [14]. In the present trial, due to our previous preclinical as-
sessment, the approved dosage of G2013 was considered with the 
amount of 25mg/kg/d [22]. Although, in this trial we administered 
the minimum dose of G2013 (18 mg/kg/day), it is likely that a more 
efficient and a quicker onset of efficacy could be acquired with a 
higher or different dose of G2013. Our results showed that the 
mean EDSS score at baseline in G2013- treated patients was 2.7 and 
at month 6 was 1.7. There was statistically significant improvement 
from baseline in EDSS score. Also, the mean number of patients free 
of gadolinium-enhancing lesions decreased in participants who re-
ceived G2013 comparing with the conventional drug group after 6 
months (P<0.052). In conclusion, the oral α-L-guluronic acid than 
conventional drug had better efficacy during this 6-month trial 
in SPMS patients. MRI evidence in SPMS patients free of gadolini-
um-enhancing lesions and the number of T2 lesions were reduced 
with the use of G2013. Also, EDSS score in G2013-treated group 
comparing with conventional drug group was significantly reduced. 

Additionally, G2013 therapy supported great tolerability and 
safety profile during the study and the incidences of AEs that hap-
pened during the clinical trial were in an acceptable profile in the 
G2013-treated patients. This clinical trial demonstrated that G2013 
is beneficial, safe and generally well tolerated in patients with MS. 
The reported side effects of this drug are negligible. The long-term 
follow-up and increasing the number of patients is required for a 
better evaluation of the benefits and a precise assessment of its po-
tent efficacy in multiple sclerosis disease.

https://dx.doi.org/10.26717/BJSTR.2022.47.007552


Copyright@ Nahid Beladi Moghadam | Biomed J Sci & Tech Res | BJSTR. MS.ID.007552.

Volume 47- Issue 5 DOI: 10.26717/BJSTR.2022.47.007552

38868

Disclosure Statement
 The authors report that they have no conflicts of interest.

References
1. Lassmann H, Bruck W, Lucchinetti CF (2007) The immunopathology of 

multiple sclerosis: an overview. Brain Pathol 17(2): 210-218.

2. Claes N, Fraussen J, Stinissen P, Hupperts R, Somers V, et al. (2015) B 
Cells Are Multifunctional Players in Multiple Sclerosis Pathogenesis: 
Insights from Therapeutic Interventions. Front Immunol 6: 642.

3. Dargahi N, Katsara M, Tselios T, Androutsou ME, de Courten M, et al. 
(2017) Multiple Sclerosis: Immunopathology and Treatment Update. 
Brain Sci 7(7): 78.

4. Rice CM, Cottrell D, Wilkins A, Scolding NJ (2013) Primary progressive 
multiple sclerosis: progress and challenges. J Neurol Neurosurg 
Psychiatry 84(10): 1100-1106.

5. Abdelhak A, Weber MS, Tumani H (2017) Primary Progressive Multiple 
Sclerosis: Putting Together the Puzzle. Front Neurol 8: 234.

6. Lassmann H (2018) Pathogenic Mechanisms Associated with Different 
Clinical Courses of Multiple Sclerosis. Front Immunol 9: 3116.

7. Ciotti JR, Cross AH (2018) Disease-Modifying Treatment in Progressive 
Multiple Sclerosis. Curr Treat Options Neurol 20(5): 12.

8. Mirshafiey A, Rehm B, Abhari RS, Borzooy Z, Sotoude M, et al. (2007) 
Production of M2000 (beta-d-mannuronic acid) and its therapeutic 
effect on experimental nephritis. Environ Toxicol Pharmacol 24(1): 60-
66.

9. Hosseini F, Mahdian Shakib A, Jadidi Niaragh F, Enderami SE, et al. 
(2018) Anti-inflammatory and anti-tumor effects of alpha-l-guluronic 
acid (G2013) on cancer- related inflammation in a murine breast cancer 
model. Biomed Pharmacother 98: 793-800.

10. Mortazavi Jahromi SS, Farazmand A, Motamed N, Navabi SS, Mirshafiey 
A, et al. (2018) Effects of guluronic acid (G2013) on SHIP1, SOCS1 
induction and related molecules in TLR4 signaling pathway. Int 
Immunopharmacol 55: 323-329.

11. Fattahi MJ, Abdollahi M, Agha Mohammadi A, Rastkari N, Khorasani R, 
et al. (2015) Preclinical assessment of beta-d-mannuronic acid (M2000) 
as a non-steroidal anti-inflammatory drug. Immunopharmacol 
Immunotoxicol 37(6): 535-540.

12. Taeb M, Mortazavi Jahromi SS, Jafarzadeh A, Mirzaei MR, Mirshafiey A, 
et al. (2017) An in vitro evaluation of anti-aging effect of guluronic acid 
(G2013) based on enzymatic oxidative stress gene expression using 
healthy individuals PBMCs. Biomed Pharmacother 90: 262-267.

13. Mirshafiey A, Mortazavi Jahromi SS, Taeb M, Cuzzocrea S, Esposito E, et 
al. (2018) Evaluation of the Effect of alpha-L-Guluronic Acid (G2013) 

on COX-1, COX-2 Activity and Gene Expression for Introducing this 
Drug as a Novel NSAID with Immunomodulatory Property. Recent Pat 
Inflamm Allergy Drug Discov 12(2): 162-168.

14. Nazeri S, Khadem Azarian S, Fattahi MJ, Sedaghat R, et al. (2017) Preclinical 
and pharmacotoxicology evaluation of alpha-l-guluronic acid (G2013) 
as a non-steroidal  anti-inflammatory drug with immunomodulatory 
property. Immunopharmacol Immunotoxicol 39(2): 59-65.Arjomand 
Fard N, Tabrizian N, Mirzaei R, Hadjati J, Tofighi Zavareh F, et al. (2017) 
Efficacy and Safety of G2013 as a Novel Immunosuppressive Agent on 
Differentiation, Maturation and Function of Human Dendritic Cells. Iran 
J Public Health 46(2): 216-221.

15. Khadem Azarian S, Akhlaghi M, Mahmoudi M, Mostafaei S, Jamshidi 
AR, et al. (2019) A randomized clinical trial for the assessment of the 
efficacy and safety of guluronic acid (G2013) in patients with rheumatoid 
arthritis. Immunopharmacol Immunotoxicol 41(1): 95-101.

16. Mortazavi Jahromi SS, Nazeri S, Jafarnezhad Ansariha F, Oraei M, 
Mirshafiey A, et al. (2018) Assessment of immunological profile in 
ankylosing spondylitis patients following a clinical trial with guluronic 
acid (G2013), as a new NSAID with immunomodulatory properties. 
Immunol Res.

17. Arjomand Fard N, Tabrizian N, Mirzaei R, Hadjati J, Tofighi Zavareh F, et 
al. (2017) Efficacy and Safety of G2013 as a Novel Immunosuppressive 
Agent on Differentiation, Maturation and Function of Human Dendritic 
Cells. Iran J Public Health 46(2): 216-221. 

18. Afraei S, Azizi G, Zargar SJ, Sedaghat R, Mirshafiey A, et al. (2015) New 
therapeutic approach by G2013 in experimental model of multiple 
sclerosis. Acta Neurol Belg 115(3): 259-266.

19. Sharifi L, Mohsenzadegan M, Aghamohammadi A, Rezaei N, Zavareh 
FT, et al. Immunomodulatory Effect of G2013 (alpha-L-Guluronic Acid) 
on the TLR2 and TLR4 in Human Mononuclear Cells. Curr Drug Discov 
Technol 15(2): 123-131.

20. Hajivalili M, Pourgholi F, Majidi J, Aghebati Maleki L, Movassaghpour AA, 
et al. (2016) G2013 modulates TLR4 signaling pathway in IRAK-1 and 
TARF-6 dependent and miR-146a independent manner. Cell Mol Biol 
(Noisy-le-grand) 62(4): 1-5.

21. Sharifi L, Aghamohammadi A, Mohsenzadegan M, Rezaei N, Zavareh 
FT, et al. (2017) Immunomodulation of TLR2 and TLR4 by G2013 (a-L-
Guluronic acid) in CVID patients. International Journal of Pediatrics 
5(7): 5327-5337.

22. Farhang H, Sharifi L, Dallal MMS, Moshiri M, Norouzbabaie Z, et al. 
(2018) The Immunomodulatory Role of G2013 (a-L-Guluronic acid) on 
the Expression of TLR2 and TLR4 in HT29 cell line. Curr Drug Discov 
Technol 16(1): 91-95.

23. Mirshafiey A, Hosseini S, Afraei S, Rastkari N, Zavareh FT, et al. (2016) 
Anti-aging property of G2013 molecule as a novel immunosuppressive 
agent on enzymatic and non-enzymatic oxidative stress determinants in 
Rat model. Curr Drug Discov Technol 13(1): 25-33.

https://dx.doi.org/10.26717/BJSTR.2022.47.007552
https://pubmed.ncbi.nlm.nih.gov/17388952/
https://pubmed.ncbi.nlm.nih.gov/17388952/
https://pubmed.ncbi.nlm.nih.gov/26734009/
https://pubmed.ncbi.nlm.nih.gov/26734009/
https://pubmed.ncbi.nlm.nih.gov/26734009/
https://pubmed.ncbi.nlm.nih.gov/28686222/
https://pubmed.ncbi.nlm.nih.gov/28686222/
https://pubmed.ncbi.nlm.nih.gov/28686222/
https://jnnp.bmj.com/content/84/10/1100
https://jnnp.bmj.com/content/84/10/1100
https://jnnp.bmj.com/content/84/10/1100
https://pubmed.ncbi.nlm.nih.gov/28620346/
https://pubmed.ncbi.nlm.nih.gov/28620346/
https://pubmed.ncbi.nlm.nih.gov/30687321/
https://pubmed.ncbi.nlm.nih.gov/30687321/
https://pubmed.ncbi.nlm.nih.gov/29627873/
https://pubmed.ncbi.nlm.nih.gov/29627873/
https://pubmed.ncbi.nlm.nih.gov/21783790/
https://pubmed.ncbi.nlm.nih.gov/21783790/
https://pubmed.ncbi.nlm.nih.gov/21783790/
https://pubmed.ncbi.nlm.nih.gov/21783790/
https://pubmed.ncbi.nlm.nih.gov/29571248/
https://pubmed.ncbi.nlm.nih.gov/29571248/
https://pubmed.ncbi.nlm.nih.gov/29571248/
https://pubmed.ncbi.nlm.nih.gov/29571248/
https://pubmed.ncbi.nlm.nih.gov/29310108/
https://pubmed.ncbi.nlm.nih.gov/29310108/
https://pubmed.ncbi.nlm.nih.gov/29310108/
https://pubmed.ncbi.nlm.nih.gov/29310108/
https://pubmed.ncbi.nlm.nih.gov/26584020/
https://pubmed.ncbi.nlm.nih.gov/26584020/
https://pubmed.ncbi.nlm.nih.gov/26584020/
https://pubmed.ncbi.nlm.nih.gov/26584020/
https://pubmed.ncbi.nlm.nih.gov/28364598/
https://pubmed.ncbi.nlm.nih.gov/28364598/
https://pubmed.ncbi.nlm.nih.gov/28364598/
https://pubmed.ncbi.nlm.nih.gov/28364598/
https://pubmed.ncbi.nlm.nih.gov/29879894/
https://pubmed.ncbi.nlm.nih.gov/29879894/
https://pubmed.ncbi.nlm.nih.gov/29879894/
https://pubmed.ncbi.nlm.nih.gov/29879894/
https://pubmed.ncbi.nlm.nih.gov/29879894/
https://pubmed.ncbi.nlm.nih.gov/28145788/
https://pubmed.ncbi.nlm.nih.gov/28145788/
https://pubmed.ncbi.nlm.nih.gov/28145788/
https://pubmed.ncbi.nlm.nih.gov/28145788/
https://pubmed.ncbi.nlm.nih.gov/28451557/
https://pubmed.ncbi.nlm.nih.gov/28451557/
https://pubmed.ncbi.nlm.nih.gov/28451557/
https://pubmed.ncbi.nlm.nih.gov/28451557/
https://pubmed.ncbi.nlm.nih.gov/28451557/
https://pubmed.ncbi.nlm.nih.gov/30621471/
https://pubmed.ncbi.nlm.nih.gov/30621471/
https://pubmed.ncbi.nlm.nih.gov/30621471/
https://pubmed.ncbi.nlm.nih.gov/30621471/
https://link.springer.com/article/10.1007/s12026-018-9042-3
https://link.springer.com/article/10.1007/s12026-018-9042-3
https://link.springer.com/article/10.1007/s12026-018-9042-3
https://link.springer.com/article/10.1007/s12026-018-9042-3
https://link.springer.com/article/10.1007/s12026-018-9042-3
https://pubmed.ncbi.nlm.nih.gov/28451557/
https://pubmed.ncbi.nlm.nih.gov/28451557/
https://pubmed.ncbi.nlm.nih.gov/28451557/
https://pubmed.ncbi.nlm.nih.gov/28451557/
https://pubmed.ncbi.nlm.nih.gov/25388635/
https://pubmed.ncbi.nlm.nih.gov/25388635/
https://pubmed.ncbi.nlm.nih.gov/25388635/
https://pubmed.ncbi.nlm.nih.gov/28578651/
https://pubmed.ncbi.nlm.nih.gov/28578651/
https://pubmed.ncbi.nlm.nih.gov/28578651/
https://pubmed.ncbi.nlm.nih.gov/28578651/
https://pubmed.ncbi.nlm.nih.gov/27188726/
https://pubmed.ncbi.nlm.nih.gov/27188726/
https://pubmed.ncbi.nlm.nih.gov/27188726/
https://pubmed.ncbi.nlm.nih.gov/27188726/
https://ijp.mums.ac.ir/article_8745.html
https://ijp.mums.ac.ir/article_8745.html
https://ijp.mums.ac.ir/article_8745.html
https://ijp.mums.ac.ir/article_8745.html
https://pubmed.ncbi.nlm.nih.gov/29484999/
https://pubmed.ncbi.nlm.nih.gov/29484999/
https://pubmed.ncbi.nlm.nih.gov/29484999/
https://pubmed.ncbi.nlm.nih.gov/29484999/
https://pubmed.ncbi.nlm.nih.gov/26906909/
https://pubmed.ncbi.nlm.nih.gov/26906909/
https://pubmed.ncbi.nlm.nih.gov/26906909/
https://pubmed.ncbi.nlm.nih.gov/26906909/


Copyright@ Nahid Beladi Moghadam | Biomed J Sci & Tech Res | BJSTR. MS.ID.007552.

Volume 47- Issue 5 DOI: 10.26717/BJSTR.2022.47.007552

38869

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2022.47.007552

Nahid Beladi Moghadam. Biomed J Sci & Tech Res

https://dx.doi.org/10.26717/BJSTR.2022.47.007552
https://www.itmedicalteam.pl/articles/evaluation-of-target-definition-for-stereotactic-reirradiation-of-recurrent-glioblastoma-102879.html
https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.47.007552

