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Abstract

Background: Hypoxic-ischemic brain injury (HIBI) is a disabling consequence of cardiopulmonary resuscitation, which hag
direct treatment except supportive care. Many studies have used pharmacological agents to reduce or stop this disability. MLC901

is a traditional Chinese medicine showing neuroprotective and regenerative effects on focal and global ischemia in previous animal
and human studies. We designed an experimental, randomized, double-blind, placebo-controlled study to analyze MLC901
efficacy in HIBI patients.

Methods: In a randomized, placebo-controlled trial, 35 patients with HIBI were randomly designated to receive either MLC901
or placebo capsules 3 times per day over 6 months. We assessed the 2 groups by modified Rankin Scale and Glasgow Outcome
Scale at baseline, and follow-up visits in 3rd month, and 6th-month after injury.

Results: Thirty-one patients completed this study. There was no significant difference in baseline characteristics between the
2 groups as regards age, gender, time of resuscitation, the interval between injury and start of the intervention, and the length
of intensive care unit stay. Both the placebo and intervention groups improved during the investigation. However, the Glasgow
Outcome Scale and modified Rankin Scale scales were significantly improved in the MLC901 group compared to the placebo
after 6 months (P < .05) with close to no adverse effects. No major side effect was reported.

Conclusion: MLC901 has shown, compared to placebo, a statistically better improvement at 6 months in neurological functions
of patients with HIBI.

Abbreviations: GOS = Glasgow Outcome Scale, HIBI = hypoxic-ischemic brain injury, mRS = modified Rankin Scale, TBI =

traumatic brain injury.
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1. Introduction

One of the consequences of successful cardiopulmonary resus-
citation is hypoxic-ischemic brain injury (HIBI) which can
occur due to cerebral edema and micro-hemorrhages.'! Anoxic
neurological injury is the leading cause of mortality and ever-
lasting disability among patients who have survived the acute
phase of cardiac arrest.”! Currently, there is no direct treat-
ment for patients with HIBI, but supportive care can minimize
secondary injury to the brain.’! Optimizing cerebral perfusion
can be controlled by adjusting the mean arterial pressure,?!
and targeted temperature management can decrease cere-
bral oxygen demand by induced hypothermia.! Other parts
of supportive care are oxygenation and ventilation to avoid
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hyperoxia and hypoxia and maintain PaCO?2 levels between
35 and 45 mm Hg in HIBI patients.*! Many studies have eval-
uated various pharmacological agents as single or multidrug
combination therapies. They showed that neuroprotection of
combination therapies is more effective due to the synergistic
effects of these drugs on the multitude of altered pathways.’

MLC901 is a multiherbal medicine recommended to improve
the central nervous system’s functional state, helping restore
sensory, cognitive, and motor functions in patients with brain
damage.'l The mode of action of MLC901 has been described
as hyperpolarization of ATP-sensitive potassium channels, espe-
cially in neurons that have been injured by oxygen-glucose
deprivation, thus enabling a neuroprotective effect on ischemic
consequences.”l Additionally, published in vitro studies have
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Table 1

Modified Rankin Scale (mRS) and Glasgow Outcome Scale (GOS) subscales.

mRS Score GOS Score

Asymptomatic 0 Death 1

Symptoms in the absence of significant disability 1

Slight disability. Not able to perform all of their previous activities but do 2 Persistent vegetative state: minimal responsiveness 2
not need help with daily activities

Moderate disability. Requires some help but is able to walk unassisted 3 Severe disability: conscious but disabled; dependent on 3

others for daily support

Moderately severe disability. Impossibility of independent existence 4 Moderate disability: disabled but independent; can work in 4
without requiring constant attention a sheltered setting

Severe disability. Requires constant attention night and day 5 Good recovery: resumption of everyday life despite minor 5

Death 6 deficits

GOS = Glasgow Outcome Scale, mRS = modified Rankin Scale.

investigated the impact of MLC901 in focal’® and global isch-
emia.”! The evaluation of MLC901 on global ischemia in rats
showed results that support its use in patients after a cardiac
arrest.

Based on all these data, the present study aimed to evaluate
the therapeutic effectiveness of MLC901 on neurological func-
tion and clinical outcomes in patients with HIBI.

2. Material and methods

2.1. Study design and participants

This randomized, double-blind, placebo-controlled study was
conducted between March 2020 and August 2022 in a univer-
sity-affiliated hospital in Tehran, Iran. The study objective was
to assess the efficacy of MCL901 in HIBI patients. To be eligi-
ble for this study, patients should satisfy the following inclusion
criteria: age superior to 14 years with an initial cardiac arrest
leading to coma, that is, Glasgow Coma Scale 8 or less, the suc-
cessful return of spontaneous circulation, and persistent coma
after the return of spontaneous circulation. The exclusion crite-
ria were pregnancy, cardiogenic shock (systolic blood pressure
<90mm Hg despite epinephrine infusion), possible causes of
coma other than cardiac arrest (drug overdose, head trauma, or
cerebrovascular accident), an underlying background of known
acute or chronic disease including renal failure, liver or pulmo-
nary disorders, previous stroke, dementia, and brain injury.

MLC901, also known as NeuroAiDII, is a capsule form of
drug that should be taken orally and combines 9 herbal com-
ponents (0.114g radix Paeoniae rubrae, 0.57g radix Astragali,
0.114g radix Salviae miltiorrhizae, 0.114g rhizoma Chuanxiong,
0.114g radix Angelicae Sinensis, 0.114g radix Polygalae, 0.114g
Prunus persica, 0.114g Carthamus tinctorius, and 0.114g rhi-
zoma Acori tatarinowii).!'!

After the return of spontaneous circulation, 35 eligible
patients were randomly assigned to MLC901 (18 patients)
and placebo (17 patients) groups within 24 hours after cardiac
arrest.

The randomization has been classified based on gender, age,
and Glasgow Coma Scale. MLC901 or matching placebo were
taken orally with 2 capsules (vegetable capsules filled with <2
grams of stevia-sweetened powder) 3 times daily for 6 months.
The patients have been assessed at baseline, 1, 3, and 6 months
after admission.

2.2. Outcome measures

We examine participants at baseline and at 1, 3, and 6-month fol-
low-up visits with a modified Rankin Scale (mRS) and Glasgow
Outcome Scale (GOS). In patients with neurological damage,
a commonly used scale to determine their disability, especially
physical disability and dependence is mRS, which portrays

symptoms, incapacity, reliance, and mortality results.['"!?l Tt
ranges from zero to 6, with a lower score indicating a lower
degree of disability (Table 1).1"1 Another widely used scale to
investigate patients with brain injury is GOS which ranges
from 1 to 5, with a higher score indicating a higher recovery
(Table 1).' GOS is one of the most recommended measure-
ments in studies concerning brain injury and trauma due to its
reliability, accessibility, and ease of use. It provides an overview
of patient outcomes after injury.!']

Liver, renal function, and coagulation profile were checked
regularly. A list of possible side effects of medication was used
for assessment.

2.3. Statistical analysis

Our statistical analysis was done by SPSS for Windows version 26
(IBM, Armonk, NY) software. Descriptive data were reported as
a mean = standard deviation for continuous values and frequency
for categorical values. Standard distributions of values were deter-
mined by the Kolmogorov—Smirnov test. The chi-square test was
used to compare nonparametrical data, and the Kruskal-Wallis
was used to compare parametric data without normal distribu-
tion between the 2 study groups. The independent ¢ test was used
to compare the mean in 2 groups, and the repeated measures ¢
test was applied to compare 2 groups’ data over 6-month periods.
The level of significance for the statistical test was 0.035.

2.4. Ethical consideration

This study had been ethically approved by the ethics committee
of the Shahid Beheshti University of Medical Science, Tehran,
Iran, and each patient’s legal surrogate had written consent
according to Helsinki Declaration and as permitted by local reg-
ulations (ethical number: IR.SBMU.RETECH.REC.1400.510).
Our recovered participants who were able to decide were asked
to consent to stay in our study.

3. Results

A total of 35 participants were entered and randomized into the
study. In each group, 2 patients from each group died during
hospitalization unrelated to the study treatment. The first
patient from the MLC901 group died due to cardiac arrest on
day 4, and the second patient due to septicemia on day 11. The
first patient from the control group died due to cardiac arrest
on day 4, and the second patient died of septicemia on day 16
(Fig. 1). The analyzed population for efficacy includes all 31
patients who completed the trial.

Baseline patients’ characteristics, time of resuscitation, the
interval between admission to the intensive care unit, and length
of intensive care unit stay are shown in Table 2. These data were
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not significantly different between the 2 study groups. On the
other hand, the causes of the patient’s cardiac arrest were almost
similar in both groups.

The mRS and GOS scores are compared in Figure 2 and
Tables 3 and 4. A significantly higher improvement in the
MLC901 group compared to the placebo group is observed on
both scales at months 3 and 6 on mRS and from months 1 to 6
with GOS. Overall, the functional improvement over time was
significantly different between the 2 groups (repeated measures
t test: mRS P value: 0.021 and GOS P value: 0.018).

There were no major adverse events related to the study treat-
ment. Liver, renal function, and coagulation profile remained
within the normal range in all patients in both groups. The most
common adverse events experienced by patients in the MLC901
group were nausea (3 patients), and abdominal discomfort (3
patients), dry mouth (1 patient) which were minor and tolera-
ble. There was no treatment withdrawal for adverse events.

www.md-journal.com

Four patients died during hospitalization (2 in each group).
The most common adverse events experienced by patients in
the MLC901 group were dry mouth, nausea, and abdominal
discomfort, which were tolerable for them.

4. Discussion

In this study, we evaluated the effect of MLC901 on HIBI
patients who had successful resuscitation due to cardiac arrest.
Our results show an improvement of mRS and GOS scores in
both MLC901 and placebo groups at 6 months, the improve-
ment starting as early as the first month in the MLC901 group
compared to the placebo, and this improvement was sustained
for 6 months. A significant improvement in mRS and GOS
scores was observed in the MLC901 group compared to the
placebo group, as shown on 2 different functional scales at fol-
low-up visits, supporting the use of MLC901 as a convenient

Eligibility assessment

N=35
Allocated to placebo Allocated to MLC901
N=17 NI
Death during hospitalization Death during hospitalization |
N=2 N=2
Study completed Study completed ||
N=15 N=16
Figure 1. CONSORT flow diagram of the study.
Table 2

Baseline characteristics.
Parameter MLC901 [n] Placebo [n] P value
Age 74.92 (+11.39) [13] 76 (£9.73) [12] .80
Gender (male) 10 (62.5%) 11 (73.33%) 42
Onset of arrest to the end of resuscitation (min)* 86.81 (=52) [16] 106.33 (+50.23) [15] 3
Injury to intervention (hrjt 21.54 (x17.9) [14] 18.04 (£16.02) [13] 6
Length of ICU stay (q) 9.08 (+3.84) [13] 11.83 (£2.82) [12] .06

ICU = intensive care unit.
*From onset of cardiac arrest to termination of successful resuscitation.
tinterval between injury and start of the intervention.
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Figure 2. Differences in GOS and mRS scores during the follow-ups. GOS = Glasgow Outcome Scale, mRS = modified Rankin Scale.

The modified Rankin Scale of patients with HIBI treated with MLC901 (n = 15) versus placebo (n = 16).

No No significant Slight Moderate Moderately Severe P
mRS Symptoms disability disability disability severe disability disability Dead value*
Baseline MLC901 0 0 0 2 (12.5%) 9 (56.25%) 5 (31.25%) 0 96
Placebo 0 0 1 (6.66%) 0 9 (60%) 5 (33.34%) 0
First month MLC901 0 0 4 (25%) 10 (62.5%) 2 (12.5%) 0 0 21
Placebo 0 0 3 (20%) 6 (40%) 6 (40%) 0 0
Third month ~ MLC901 0 3(18.75%) 9 (56.25%) 4 (25%) 0 0 0 .004
Placebo 0 0 5(33.34%) 7 (46.66%) 3 (20%) 0 0
Sixth month ~ MLC901 0 4 (25%) 10 (62.5%) 2 (12.5%) 0 0 0 .001
Placebo 0 0 6 (40%) 8 (53.34%) 1 (6.66%) 0 0
HIBI = hypoxic-ischemic brain injury, mRS = modified Rankin Scale.
*Independent ¢ test.
Table 4
The Glasgow Outcome Scale of patients with HIBI treated with MLC901 (n = 15) versus placebo (n = 16).
GOS Dead Persistent vegetative Severe disability Moderate disability Good recovery P value*
Baseline MLC901 0 10 (62.5%) 5 (31.25%) 6.25%) 0 69
Placebo 0 11 (73.34%) 3 (20%) 6.66%) 0
First month MLC901 0 0 5 (31.25%) 52.94%) 2 (12.5%) .002
Placebo 0 5 (33.34%) 64 26.66%) 0
Third month MLC901 0 0 3(18.75%) 50%) 5 (31.25%) .003
Placebo 0 1 (6.66%) 8 (53.34%) 40%) 0
Sixth month MLC901 0 0 2(12. 5%) (50%) 6 (37.5%) .009
Placebo 0 1 (6.66%) 6 (4 (46.66) 1 (6.66%)

GOS = Glasgow Outcome Scale, HIBI =
*Independent ¢ test.

medication for HIBI patients. Right after cardiac arrest, hypoxia
and loss of blood flow can cause irreversible brain damage in a
period of seconds; therefore, it demands a treatment that could

hypoxic-ischemic brain injury.

help reperfusion by antiinflammation and antioxidant effects at
the acute phase.l'* In addition, after the acute phase, treatment
with neurorestorative properties could help to repair cerebral
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injuries. It has been proven that MLC901 has such properties in
patients with traumatic brain injuries.!”!

Both scales, GOS, and mRS, were used to investigate HIBI
patients’ neurorehabilitation in a previous cohort study.!®
Many studies have used these scales to evaluate pharmaco-
logical agents in HIBI patients. A previous clinical trial study
in German showed that Coenzyme Q10 plus hypothermia
improved neurological function in 3-month follow-ups with the
GOS scale in cardiac arrest survivors.'”l Another paper pub-
lished in 2016 assessed Xenon combined with hypothermia and
hypothermia alone in comatose patients who survived cardiac
arrest during 6 months visits that used the mRS scale for their
evaluation. This study didn’t significantly differ between the 2
groups’ neurological outcomes.?!

Following resuscitation, numerous pathways can cause brain
damage containing acidosis, ionic balance, peri-infarct depolar-
ization, oxidative stress excitotoxicity, inflammation, and apop-
tosis which need medication with multiple effects. MLC901 is
a multiherbal medicine with mostly multitarget effects such as
inducing neurogenic processes in cortical neurons, stimulating
brain-derived neurotrophic factor secretion (a growth factor),
and neuroproliferation.?!! A study in 2011 used MLC901 in
rats with global brain ischemia; this study showed a significant
positive effect of this medicine on neurological function, par-
ticularly in the first 3 hours after starting MLC901. Also, this
study can provide scientific support for evaluating MLC901 in
HIBI patients.””’ In another study, the recovery of patients after
an acute ischemic stroke was followed for 24 months by Barthel
Index and mRS tests. The study showed that receiving MLC601
added to the rehabilitation program increased functional recov-
ery, and this clinical improvement persisted over 2 years.’! A
study by Murie-Fernandez et al, conducted in Spain on 127
patients over 3 months after moderate to severe ischemic stroke
using MLC901 as a dietary supplement, showed a significant
association between MLC901 and poststroke recovery, notably
in severe stroke patients assessed by Barthel Index, mRS, and the
National Institute of Health Stroke Scale.??!

The cognitive recovery ability of MLC601/901 was suggested
in multiple studies, A randomized clinical trial performed on
125 patients with mild to moderate Alzheimer Disease dis-
played the potential of MLC901 to slow down the cognitive
impairment and disease progression while being safe and free
of side effects as an add-on therapy compared to placebo.?’!
Another randomized clinical trial published in 2017 evalu-
ated the effect of MLC601 on 70 mild cognitive impairment
patients over 6 months; this study also showed the effectiveness
of MLC601 among mild cognitive impairment patients.** On
the other hand, the investigation of MLC901 on vascular cog-
nitive impairment in no dementia patients showed insignificant
effects on executive function and verbal fluency after 3 and 6
months.? in 2017, the effect and side effects of MLC601 were
investigated among 82 vascular dementia patients for 2 years;
in the end, this study displayed the efficacy of MLC601 was
superior to that of placebo, without adverse events related to
MLC601.2¢1 The use of MLC901 has also been tested on 81
patients with moderate to Severe traumatic brain injury (TBI)
over 6 months to determine its effectiveness assessed with GOS
and mRS scales; results provided evidence that MLC901 can be
used as a valid treatment for these patients,/*”! consistent with
the report of Theadom et al, showing improvement most com-
monly in complex attention and executive functioning recovery
in mild to moderate TBI patients using MLC901 based on com-
puterized neurocognitive screening vital signs.'”? The 2 studies
suggested the accepted basis that spontaneous functional recov-
ery occurs due to brain tissue plasticity days to months after
a brain injury such as stroke or TBL!?%*’! Still, the MLC901
group’s improvements in these studies were significant.

Also, in addition to the positive effect of MLC901 on brain
functions, a study had shown the critical effect of this drug on
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reducing vascular events such as recurrent stroke, acute coronary
event, and vascular death in 3 months follow-up of patients.B3%

There are advantages and limitations to this study. The period
of 6 months was insufficient to investigate the long-term effects
of MLC901 and its possible adverse effects. Our study could
have also benefited from a larger number of participants and
applying self-reporting questionnaires such as Cognitive Failure
Questioner to evaluate perception, memory, and motor func-
tion.?!! Nowadays, extended GOS is recommended for assessing
the disability of patients with a brain injury which is more sensi-
tive than GOS in minor changes of functional activity.??! As far
as we know, this is the first human study on MLC901 in HIBI
patients. To facilitate the process, we suggest that future studies
could prolong the investigation while reducing the number of
pills daily and increasing the number of patients to come to a
better conclusion.

5. Conclusion

We provided evidence of the effect of MLC901 in improving the
state of disability after successful cardiopulmonary resuscitation
in patients suffering from HIBI. However, future studies are nec-
essary to investigate different aspects of MLC901’s long-term
effects on brain function in HIBI patients.
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