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Background and aim: Vascular dementia (VaD) is the second most common cause of dementia 

and currently there is scarcity of therapies for VaD. We aimed to investigate the efficacy and 

safety of MLC601 in the treatment of VaD.

Methods: In this multicenter, pilot, randomized, double-blind trial, 82 patients with VaD 

according to DSM-5 criteria received MLC601 or placebo capsules three times a day for 2 years. 

The primary efficacy end-point was evaluated by comparing Mini-Mental State Examination 

(MMSE) and Alzheimer’s Disease Assessment Scale-cognitive subscale (ADAS-cog) score 

between the two groups over 2 years of study. Safety was also assessed by recording adverse 

events and abnormal laboratory results.

Results: Eighty-one patients completed the study and were included in the analysis. One patient 

was lost to follow-up in the placebo group. After 2 years, mean (±SD) changes in the MMSE 

score were -3.71 (±4.50) for MLC601 group and -9.33 (±4.80) for placebo group. ADAS-cog 

score showed (±SD) changes of 7.34 (±9.55) and 19.00 (±11.28) for MLC601 and placebo 

group, respectively. Repeated measures analyses showed that both MMSE and ADAS-cog 

scores were significantly better in the treatment group at 24 months (p,0.001). Ten (24.39%) 

patients reported predominantly transient gastrointestinal adverse events in MLC601 group. 

No patient left the study due to adverse events. There were no clinically significant abnormali-

ties on laboratory tests.

Conclusion: Patients treated with MLC601 over the 2 years showed dramatically better 

cognitive outcome compared with those treated with placebo. MLC601 was devoid of any 

serious adverse events and was well-tolerated.

Keywords: vascular dementia, MLC601, safety, randomized placebo-controlled trial

Introduction
Vascular dementia (VaD) is the second most common cause of dementia following 

Alzheimer’s disease in elderly people, and it accounts for approximately 15%–20% 

of dementia cases.1–3 Essentially, the treatment of VaD is confined to stratification of 

underlying cerebrovascular risk factors, and there is no approved or recommended 

drug therapy. The absence of effective treatments creates a burden for those suffering 

from the disease, their caregivers, and health care providers.4 Although cholinergic 

dysfunction has been implicated in VaD neuropathology,5–7 clinical trials have indicated 

that acetylcholinesterase inhibitors have small or uncertain clinical benefit in patients 

with VaD.8,9 Also, trials evaluating the efficacy of memantine (N-Methyl-D-aspartate 

receptor antagonist) in VaD have shown limited clinical benefit.9,10

MLC601 (NeuroAiD™; Moleac Pte. Ltd, Singapore) is a natural medicine that 

contains both herbal and nonherbal components, having some neuroprotective and 

neurorestorative properties.11 It has been shown to protect the brain from ischemic 
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injury, improve survival and reduce functional deficits in 

animal models of stroke. Additionally, MLC601 has been 

demonstrated to induce neurogenesis, promote cell prolifera-

tion and development of dense axonal–dendritic network in 

animal models, thus, helping in the restoration of neurologi-

cal function. Current literature reports positive results with 

MLC601 in post-stroke recovery, Alzheimer’s disease and 

mild cognitive impairment (MCI).12–16 Also, the ongoing 

NEURITES study is investigating the effect and tolerability 

of NeuroAiD™II (MLC901) in patients with vascular cogni-

tive impairment.17 

The present study was conducted to determine efficacy 

and safety of MLC601 in patients suffering from VaD. The 

rationale behind this study is based on the neuroprotective 

and neurorestorative properties of MLC601 and growing evi-

dence of its effectiveness in long-term post-stroke recovery16 

and dementia supportive treatment.13,14 Therefore, we can 

hypothesize that MLC601 may help with the conundrum of 

VaD treatment, and prevention of further deterioration.

Patients and methods
study design
This multicenter, pilot, randomized, double-blind, placebo-

controlled study was carried out to assess the efficacy and 

safety of MLC601 in VaD with a 2-year follow-up period 

from October 2014 to January 2017.

After obtaining written informed consent and registering 

the trial in the local registry at Sahid Behesti University of 

Medical Sciences, initial screening of patients referred to 

our center was performed. Included patients were randomly 

assigned to either MLC601 arm consisting of treatment with 

MLC601 capsules (NeuroAiD™; 0.4 g per capsule) or con-

trol arm consisting of treatment with identical-appearance 

placebo capsules. In each group, every patient received one 

capsule three times a day in addition to their prescribed 

medications, and no modification was made in their treat-

ment regimen.

MLC601 capsules included nine herbal components and 

five non-herbal components.12 The visually identical placebo 

capsules contained inert substances (dried ripe fruits, flour) 

with no active therapeutic effect. Each patient received 

capsules in containers labeled with their name and allocated 

number. Randomization was conducted using computer-

generated protocol.

Patients, caregivers, and investigators involved in the 

study were blinded to the treatment groups. Demographic 

and clinical characteristics of the patients were documented 

at baseline. Patients were assessed at baseline and subsequent 

months 6, 12, 18, and 24. During clinical visits, patients 

underwent an evaluation: physical examination including 

thorough neurological examination, and cognitive function 

assessments. Additionally, laboratory tests assessments 

including blood count, renal function test, and liver function 

test, as well as adverse events monitoring were conducted 

during follow-up visits.

Patients
Between October 2014 and January 2015, patients suffer-

ing from VaD diagnosed by DSM-5 criteria for VaD were 

recruited for our study if they fulfilled the following inclusion 

criteria: age .55 years, score of $10 on Mini-Mental State 

Examination (MMSE), Alzheimer’s Disease Assessment 

Scale-cognitive subscale (ADAS-cog) .12, no history of 

Alzheimer’s disease or other types of dementia, no history 

of seizure or alcohol addiction or drug abuse, not suffering 

from psychotic episodes, vascular lesions depicted by 

computerized tomography (CT) scan or magnetic resonance 

imaging (MRI). Exclusion criteria were: severe or unstable 

underlying disease, use of conventional anti-dementia drugs 

including cholinesterase inhibitors and memantine, signifi-

cant non-ischemic brain lesions on CT scan or MRI.

Efficacy assessments
Efficacy measures utilized in this study for evaluating 

cognitive function were MMSE and ADAS-cog. MMSE 

evaluates several domains, and its score ranges from 0–30 

with higher scores indicating better cognitive function.18 

ADAS-cog is composed of seven short cognitive tests and 

four scales, and its global score ranges from 0–70 (the higher 

the score, the worse the cognitive function).19 The efficacy 

end-points of the study were to compare the changes in 

MMSE and ADAS-cog scores between the MLC601 and 

the placebo group at each time-point of the follow-up period, 

ie, at 6, 12, 18 and 24 months.

safety assessment
Safety was evaluated by recording the frequency of adverse 

events reported by patients or their caregiver on each 

follow-up visit. Moreover, any abnormality in scheduled, 

follow-up laboratory tests including blood count, liver, and 

renal function tests were recorded. 

statistical analysis
Statistical analyses were carried out by using SPSS 18.0 

(SPSS Inc., Chicago, IL, USA). The independent t-test, the 

chi-square test, and the general linear model (repeated mea-

sures) were used to interpret data. All tests were conducted 

at the level of 0.05 significance. 
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ethical issues
Prior to inclusion in the trial, each subject and his/her care-

giver were required to provide written informed consent. 

Patients were also allowed to continue taking their previ-

ously prescribed medications. This trial was conducted in 

accordance with the Helsinki Declaration, and was approved 

by the Ethics Committee at Shahid Beheshti University of 

Medical Sciences.

Results
Baseline characteristics
Of 202 candidates screened, 82 patients fulfilled the criteria 

and entered the study. Eighty-one patients completed the 

study and one patient in the placebo group was excluded since 

he did not attend any follow-up visits. The study flowchart 

is depicted in Figure 1.

At baseline, there was no statistically significant differ-

ence between MLC601 and placebo group with respect to 

age, gender, marital status, medical history, MMSE scores, 

ADAS-cog scores and concomitant drug therapy (Tables 1 

and 2), additionally Table 3 summarizes MRI findings of 

both groups.

Efficacy outcomes
MMse score
The mean MMSE scores and the mean changes from 

baseline at follow-up visits are depicted in Table 4. Over 

the course of our 24 months of observation, the mean 

changes (±SD) in the MMSE score for the MLC601 and 

placebo group were -3.71 (±4.50) and -9.33 (±4.80) 

respectively. By the general linear model, the repeated-

measures analysis was performed based on the MMSE 

score, and it revealed a statistically significant difference 

between the placebo and the MLC601 group during the 

study period (p,0.001) (Figure 2). Additionally, statisti-

cal significance difference was first noticed at 6 month 

follow-up visit (p=0.001).

aDas-cog score
The mean ADAS-cog scores and the mean changes from 

baseline at follow-up visits are shown in Table 5. During 

the follow-up period, the mean changes (±SD) in ADAS-cog 

score for the MLC601 and placebo group were 7.34 (±9.55) 

and 19.00 (±11.28), respectively. Based on ADAS-cog 

score, repeated-measures analysis (general linear model) 

revealed a statistically significant difference between the 

placebo and the MLC601 group during the study period 

Table 1 Baseline characteristics

Variable MLC601 
(n=41)

Placebo
(n=40)

p-value

age, mean ± sD, years 72.12 (±4.81) 74.08 (±4.66) 0.07
gender (males) 24 (58.5%) 21 (52.5%) 0.66
Marital status (married) 35 (85.37%) 28 (70%) 0.096
education, n  

illiterate 0 1
lettered 2 4 0.162
Middle school 10 5
Diploma 19 14
college 9 17

Medical history, n
ischemic heart disease 23 25 0.65
hypertenstion 25 26 0.81
Dyslipidemia 15 13 0.81
Diabetes mellitus 17 14 0.64
smoking 4 3 0.73

MMse score, mean ± sD 21.12 (±2.19) 21.28 (±1.81) 0.73
aDas-cog score, mean ± sD 22.82 (±3.57) 22.30 (±2.83) 0.46

Abbreviations: MMse, Mini-Mental state examination; aDas-cog, alzheimer’s 
Disease assessment scale-cognitive subscale.

Table 2 concomitant drug therapy during study

Medications MLC601, n Placebo, n

antithrombotic agents 32 31
ace inhibitor or arB 27 28
Beta blocker 16 15
calcium channel blockers 10 11
lipid lowering agents 34 33
Diuretics 8 9
Nitrates 23 25

Abbreviations: ace, angiotensin-converting-enzyme; arB, angiotensin receptor 
blockers.Figure 1 Study flowchart.
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(p,0.001) (Figure 3). Also, the difference became significant 

at 6 month follow-up visit (p=0.002). 

safety outcome
In MLC601 group, 10 (24.39%) patients reported pre-

dominantly transient gastrointestinal adverse events includ-

ing abdominal cramp (4, 9.7%), abdominal discomfort 

(4, 9.7%), nausea (3, 7.3%), abdominal pain (2, 4.8%) and 

lack of appetite (2, 4.8%). One patient in the MLC601 group 

and two patients in the placebo group had a new stroke 

over the course of the 2 years of follow-up. No patient left 

the study due to adverse events. There was no abnormal 

alteration in the blood cell count and renal and liver func-

tion tests. In the placebo group, no other adverse events 

were recorded.

Discussion
The current guidelines pertaining to VaD treatment are con-

fined to stratification of risk factors related to cerebrovascular 

disease. Also, evidence that certain medication could help in 

VaD treatment is limited and inconclusive,8,9 and their role 

in the VaD remains to be elucidated.

In this study, MLC601 showed considerable benefit 

over placebo in patients suffering from VaD. Additionally, 

the MLC601 safety profile demonstrated no significant 

adverse events except for some transient gastrointestinal 

symptoms that were well-tolerated, no patient left the 

study due to adverse events. Based on both cognitive func-

tion scores, the observed difference between two groups 

became statistically significant at 6 month follow-up visit 

and remained significant during the next visits. This early 

response to MLC601 could arise from its neuroprotective and 

neuroregenerative properties.12 In a study of a rat model of 

traumatic brain injury (TBI),20 it was revealed that MLC901 

decreased brain lesions following TBI, reduced infarct vol-

ume, and prevented the formation of edema. These results 

were associated with up-regulation of vascular endothelial 

growth factor (VEGF). Additionally, MLC901 decreased 

cognitive impairment following TBI. Authors concluded 

that these findings indicate neuroprotective and neurorestor-

ative properties of MLC901.20 In another animal study in 

normal, non-injured mice,21 MLC901 promotes extinction 

in passive avoidance and reversal learning in the Morris 

Table 3 MRI findings in MLC601 and placebo group

Variable MLC601 
(n=41)

Placebo 
(n=40)

Unilateral large-vessel lesions 14 18
Bilateral large-vessel lesions 1 2
Frontal WMl 9 13
extensive periventricular WMl 20 18
Basal ganglia 16 15
Bilateral thalamic lesions 3 2
Multiple white matter infarcts 3 3
Bilateral cortical infarcts 2 3

Abbreviations: Mri, magnetic resonance imaging; WMl, white matter lacune.

Table 4 Mean ± sD of MMse scores in Mlc601 and placebo 
group

MLC601 Placebo Mean 
difference

p-value

Baseline 21.12 (±2.19) 21.28 (±1.81) 0.15 0.73
6 months 21.37 (±3.43) 18.95 (±3.06) -2.41 0.001
12 months 20.34 (±2.98) 15.90 (±4.06) -4.44 ,0.001
18 months 18.98 (±3.33) 13.90 (±4.62) -5.07 ,0.001
24 months 17.41 (±3.75) 11.95 (±4.64) -5.46 ,0.001

Abbreviation: MMse, Mini-Mental state examination.

Figure 2 Mean changes in MMse score in the Mlc601 and placebo groups. 95% 
confidence interval for difference (2.16 to 4.73).
Abbreviation: MMse, Mini-Mental state examination.

Table 5 Mean and standard deviations of aDas-cog scores in 
Mlc601 and placebo group

MLC601 Placebo Mean 
difference

p-value

Baseline 22.82 (±3.57) 22.30 (±2.83) -0.52 0.46
6 months 22.36 (±6.12) 26.45 (±5.02) 4.08 0.002
12 months 24.12 (±5.45) 31.87 (±8.16) 7.75 ,0.001
18 months 26.87 (±7.07) 35.87 (±9.40) 8.99 ,0.001
24 months 30.17 (±8.90) 41.30 (±10.98) 11.12 ,0.001

Abbreviation: aDas-cog, alzheimer’s Disease assessment scale-cognitive subscale.
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water maze (hippocampus-dependent cognitive task) and 

improves the performance of mice in novel object recogni-

tion (hippocampus-independent cognitive task). Also, the 

long-term proneurogenesis effects of MLC901 increase the 

number of mature neurons in the hippocampus.21

To date, no study has been published that evaluated the 

efficacy and safety of MLC601 in VaD treatment. Hence, 

no direct comparison between our findings and other studies 

is conceivable. However, compared to previous studies on 

MLC601 in dementia,14,15 our study findings on VaD are 

promising. 

Furthermore, when compared to previous studies on 

memantine and acetylcholinesterase inhibitors, in our study 

MLC601 has depicted better cognition outcome with fewer, 

and transient, adverse events.

In a double-blind, placebo control trial of 592 patients 

by Erkinjuntti et al,22 it was revealed that during 6 months 

of follow-up galantamine was superior to placebo regarding 

ADAS-cog score with 2.7 score difference between the two 

groups. However, discontinuation rates were 19.7% and 

8.2% in the galantamine and placebo groups, respectively. 

The authors reported that gastrointestinal symptoms, mostly 

happened during the dose-escalation phase, were the most 

common adverse events and were mild-to-moderate in 

severity. In the study, galantamine depicted lower ADAS-cog 

score difference when compared with MLC601 in our study, 

over 6 months (2.7 for galantamine and 4.08 for MLC601).22 

Additionally, MLC601 had fewer adverse events, and no 

patient left the study. Another randomized control trial of 

galantamine with a 26 week follow-up period23 showed 

that galantamine had improved cognition outcome with 1.5 

ADAS-cog score difference between the galantamine and 

placebo groups. Discontinuation rates were 13% and 6% in 

the galantamine and placebo groups, respectively, and 20% 

of patients experienced serious adverse events. Compared 

to this galantamine study, our present study with MLC601 

showed better cognition outcome measured by ADAS-cog 

score and serious adverse events were not recorded for 

MLC601.23 Donepezil, another acetylcholinesterase inhibi-

tor, also showed inferior cognition outcomes compared with 

MLC601 in our study. In a 24 week randomized control trial 

of donepezil, the authors reported 1.65 and 2.09 difference in 

ADAS-cog score for donepezil 5 mg and donepezil 10 mg, 

respectively. It is also reported that half of discontinuation is 

due to emergent adverse events, and serious adverse events 

occurred in 13.5% and 14.4% of patients treated with 5 mg 

and 10 mg doses, respectively.24 Interestingly, when com-

pared with MLC601 in this study, memantine also depicted 

lower cognition function improvement measured by ADAS-

cog score. In a study by Orgogozo et al10 after 28 weeks of 

follow-up, 2.0 score difference in ADAS-cog score and 

1.71 score difference in MMSE between memantine and 

placebo group, were reported. Twenty-five percent serious 

adverse events were recorded as well.10 Another study with 

the same follow-up period also revealed no better cognition 

outcome measured by ADAS-cog score (1.75 score differ-

ence between memantine and placebo group) and adverse 

events were recorded in about 75% of patients treated with 

memantine or placebo.25 

MLC601 has been reported to be helpful as an adjunc-

tive therapy for stroke recovery.26 In this context, it could be 

concluded that our results are conceptually in line with these 

findings since stroke and VaD are interrelated, and stroke is a 

potent predictor of dementia, a meta-analysis having shown 

that among survivors with a recurrent stroke, the prevalence 

of dementia is 30%.27 Our findings with respect to safety of 

MLC601 are consistent with previous studies which reported 

transient and tolerable adverse events. Gastrointestinal symp-

toms have also been reported as the most common adverse 

events.13,14,26 This good long-term safety and tolerability of 

MLC601 is a major strength compared to the other treatments 

tested in VaD.8–10

There are limitations to our study. It should be mentioned 

that ADAS-cog score has some deficiency in detecting 

specific cognitive disabilities related to VaD; therefore it 

Figure 3 Mean changes in aDas-cog scores in the Mlc601 and placebo groups. 
95% confidence interval for difference (-8.87 to -3.70).
Abbreviation: aDas-cog, alzheimer’s Disease assessment scale-cognitive subscale.
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could potentially underestimate VaD cognitive disability. 

MMSE and ADAS-cog score are widely used batteries for 

the assessment of cognition but the probable presence of 

Alzheimer’s disease patients in study population cannot 

be excluded since the strict separation between VaD and 

Alzheimer’s disease is not possible, mainly due to overlap-

ping in their pathology.5,28 Parallel to this, it should be noted 

that positive results of MLC601 in Alzheimer’s disease 

have been reported previously.13,14 In this study, we evalu-

ated patients with conventional image modalities only (CT, 

MRI); positron emission tomography (PET)  scanning was 

not carried out to identify early onset Alzheimer’s disease 

in our patients. To the date, this is the first article reporting 

promising results with regard to the efficacy and safety of 

MLC601 in VaD patients; however further trials with larger 

sample size and longer follow-up period are warranted.

Conclusion
Patients with VaD treated with MLC601 showed dramati-

cally better cognitive outcome compared to those receiving 

a placebo during 2 years of treatment. This study shows 

the excellent long-term safety and high benefit/risk ratio of 

MLC601 which was devoid of any serious adverse events 

and was well-tolerated.

Disclosure
The authors report no conflicts of interest in this work.
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