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Abstract: Background: Ischemia causes neuronal death and releases Neuron-Specific Enolase (NSE). Thrombolysis is a
standard therapy for ischemic stroke, but only 10-20 percent of patients receive thrombolysis. It is necessary to develop a
treatment to increase neuroprotection by administering MLC 901 to influence NSE levels. Objectives: The study
investigates the efficacy of MLC 901 on NSE levels, functional outcome and infarct volume in the stroke model of rats.
Methods: Male Wistar rats were divided into acute ischemic stroke with MLC 901 43.2 mg/body weight, acute ischemic
stroke with MLC 901 21.6 mg/body weight and acute ischemic stroke with CMC-Na for placebo-all treatment for 14 days.
The NSE level was determined by ELISA, functional outcome determined by motoric score and infarct volume using NIH
Image J. Results: NSE level increased at 24 hours after stroke. There was no difference in administering the dose of MLC
901 to improve functional outcome and reduce cerebral infarct volume. Conclusion: MLC 901 improved functional

outcomes and reduced the volume of cerebral infarction in acute ischemic stroke but did not affect NSE levels.
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INTRODUCTION

Ischemic stroke is the leading cause of mortality and
disability in the world (Feigin et al., 2021). The American
Heart Association (AHA) reports that 87% of stroke
patients in the United States experience disability, resulting
in impairment of daily and social activities, thus reducing
the quality of life (Tsao et al., 2022). Brain ischemia is a
condition that indicates blood supply interruption or
blockage to the brain and leads to some change or damage
to brain tissue resulting in stroke or brain infarction
(Salaudeen et al., 2024). This will result in brain cell
damage that determines the prognosis of the patient. Brain
tissue damage results in the release of Neuron-Specific
Enolase (NSE), which is an enzyme released by neuronal
cells and neuroendocrine cells. NSE is related to the
volume of the brain infarct after stroke. NSE levels will
increase two hours after a stroke and remain for 48 hours.
NSE levels are also associated with stroke outcomes and
mediate axonal damage and neuronal death by mediating
the activation of inflammatory cytokines, chemokines and
other inflammatory mediators that cause axonal damage.
Regulation of NSE plays an important role in controlling
inflammation and degeneration processes in the central
*Corresponding author: e-mail: jumraini@med.unhas.ac.id

nervous system (Freitas et al., 2024). The standard
treatment for ischemic stroke is thrombolysis with
alteplase with an onset of less than 4.5 hours (Powers et al.,
2019). Evidence shows that thrombolysis administration is
only around 9.1 percent (Gajurel et al., 2023). Thus, many
treatment strategies have been developed to increase
neuroprotection and reduce brain cell death. Research
shows that herbal medicine improves brain
microcirculation and protects against ischemic/reperfusion
by reducing oxidative stress, neuroinflammation and
modulating microglia polarization (Xiong et al., 2018).
MLC 901 is herbal medicine; it contains nine active
components, including Astragalus membranaceus radix,
Salvia miltiorrhizae radix, Paeoniae lactiflora rubra radix,
Ligusticum chuanxiong rhizoma, Angelicae sinensis radix,
Carthamus tinctorius flos, Prunus persicae semen,
Polygalae tenuifolia radix and Acori tatarinowii rhizome
(Theadom et al., 2018). Astragalus membranaceus radix
with the active compound Astragaloside IV (AST-1V) can
decrease NSE levels in spinal cord injury models (Zhou et
al., 2018; Anjum et al., 2024). Salvia miltiorrhizae radix
contains Salvionic Acid B (SAB), which can promote
neurogenesis through specific proteins such as NSE, Tau,
Nestin and Glial Fibrillary Acidic Protein (GFAP) (Xin et
al., 2020; Zhou et al., 2018). Administration of MLC 901,

Pak. J. Pharm. Sci., Vol.39, No.3, March 2026, pp.729-735

729



The efficacy of MLC 901 in neuron-specific enolase, functional outcome and cerebral infarct volume for acute ischemic stroke model

two capsules (0.4 g/capsule) three times daily, improves the
quality of life (cognitive domain) within 3—6 months after
a traumatic brain injury (Theadom ef al., 2018). Currently,
there is no established standard dosage of MLC 901 for
treating acute ischemic stroke, and the effects of MLC 901
on NSE and the improvement of neurological deficits in
this condition are still limited, necessitating further
investigation.

MATERIALS AND METHODS

Animal preparation

Adult male Wistar rats (n = 15), approximately 90 days old
(200-300 g weight), were obtained from the colony of the
Anatomy Department in the Medical Faculty of the
University of Mataram. All rats were well treated at a
temperature of 25°C + 2°C with a humidity of 60 £ 10%,
and free access to food and water was also provided. All
experiments were carried out at the Drug Research
Laboratory of the Medical Faculty of the University of
Mataram, Mataram, West Nusa Tenggara, Indonesia. The
experimental protocol was approved by the Ethical
Committee of the Medical Faculty, University of Mataram,
No. 120/UN18.F8/ETIK/2023. All efforts were made to
minimize animal suffering and reduce the number of
animals per group.

Drug preparation and cerebral ischemia induction

The stock  solution was prepared by
suspending 0.25% w/v Natrium-Carbomethyl Cellulosa
(CMC-Na) with an appropriate amount of MLC 901
(Moleac, Singapore, batch number C022072) powder. The
stock solution was prepared less than 30 minutes before
oral administration. The stock solution was further diluted
to the desired concentration with 0.25% w/v CMC-Na.

The rats were randomly divided into three groups (n = 5
per group): (i) group one treated with 43.2 mg/200 g body
weight MLC 901 (doses 1), (ii) group 2 treated with 21.6
mg/200 g body weight MLC 901 (doses 2) and (iii) group
three was given CMC-Na as control. Ninety minutes after
the establishment of the Common Carotid Artery
Occlusion (CCAO) model, the control group received
CMC-Na 0.25% w/v, while the treatment groups received
MLC 901. The drugs and CMC-Na were administered
orally once daily for 14 days. There is no positive control
because it clinically resembles (mimics) use in patients
with acute ischemic stroke. The drug is clinically used after
the golden period of acute ischemic stroke to improve
neuroprotection. The experimental design is shown in fig.
1.

The ischemic stroke was induced by the Unilateral Carotid
Artery Occlusion (UCAO) method, as described in a
previous study (Indra & Gasmara, 2016; Ulya et al., 2021).
To develop the UCAO model, rats were anesthetized
intraperitoneally using a mixture of xylazine 10 mg/kg of

weight and ketamine 80 mg/kg of weight. Anesthetized rats
were placed on a surgical table in the supine position. The
rats were dissected using surgical instruments through a
small incision approximately 2-3 cm above the neck
midline to isolate the left common carotid artery. The
bulldog clamp blocked the isolated artery for 180 minutes.
After 180 minutes, the clamp was released for reperfusion.
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Fig. 1: Schematic illustration of the experimental design

Evaluation of the functional outcome

The rats were tested for neurological deficit using The
Ladder Rung Walking Test apparatus (Fig. 2) before
surgery, on days 1, 3, 7 and 14 after stroke surgery. Each
rat was allowed to walk the cylindrical stairs, which were
set in 1-meter courses at different distances. Every step the
right rat made in its hindlimb movement was observed.
That was recorded on camera. Rats that slipped had
reduced or impaired motor function. Based on the shape of
the error and where the foot was placed on the rungs, a
seven-category scale was used to evaluate the placement
(Metz & Whishaw, 2002). Each animal had five rounds of
training and testing for every session. Subsequently, the
average error score was examined. The percentage of errors
in each trial and the quality of the placement of the right
forelimb and hindlimb were examined. Errors were
recorded for scores of 0, 1 and 2 (paw slip or fall), which
were averaged over five trials using the following formula:
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number of errors/number of steps X 100. Data on error
scores were displayed as a percentage of 100 (Metz &
Whishaw, 2009).
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Fig. 2: Ladder rung walking test apparatus for
measurement of functional outcome

Analysis of Neuron-Specific Enolase (NSE)

Blood samples from each rat were taken to measure NSE
levels before surgery and on days 1, 3 and 14 after stroke
surgery. The serum was separated by centrifugation, and if
it could not be tested immediately, it was stored at -20°C.
NSE levels were measured using the ELISA method using
the mouse NSE Enzyme-linked Immunosorbent Assay
(ELISA) kit (FineTest Biotech Inc, Wuhan, China,
Catalogue Number EM1242) as per the manufacturer’s
instructions. ELISA procedure in accordance with a
previous study (Hardiany et al., 2024). The NSE assay was
performed at the Mataram Teaching Hospital Clinical
Pathology Laboratory with the Multiskan Sky Thermo
Scientific ELISA Reader, United States of America (USA),
and the biochemist who performed it was blinded to
groups.

Measurement of cerebral infarction volume

At 14 days after stroke surgery, all rats were euthanized.
The animal brain was removed and cut into coronal
sections using a rat brain slicer and placed in a 2% solution
of dye 2,3,5 Triphenyltetrazolium Chloride (TTC)
developed at 37°C for 30 minutes. The infarction was
designed as a white area and measured with National
Institutes of Health (NIH)/FIJI Image J software (Weber et
al., 2024).

Statistical analysis

All data were analyzed with the Statistical Package for the
Social Sciences version 26. The normality of the data
distribution was confirmed by the Shapiro—Wilk test. Data
were presented as mean + SD. The relationship between
NSE levels, functional outcome and cerebral infarction
volume was analyzed by the Spearman correlation test. The
effect of MLC 901 administration on NSE and infarction
volume using the Kruskal Wallis test followed by Mann
Whitney post hoc test, while functional outcome using the
One Way Annova and Least Significant Difference (LSD)
post hoc test; differences were considered significant
whenever p < 0.05.

RESULTS

The efficacy of MLC 901 on the NSE level
The mean level of NSE showed a significant increase at 24
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hours after stroke surgery (p = 0.009; Fig. 3). There were
no significant differences in the efficacy of MLC 901 on
NSE levels at 24 hrs, 72 hrs and day 14 between groups (p=
0,093 at 24-hrs, p = 0,229 at 72-hrs, p= 0,543 at day 14).

109,59
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The NSE Level (pg/ml)

B Mean Standar Deviation

Fig. 3: The effect of MLC 901 on NSE Levels.

The efficacy of MLC 901 on functional outcome
Functional outcome was assessed by examining motor
function with the ladder rung walking test. The rats with
MLC 901 doses 1 and 2 showed an improvement in motor
function compared to the control groups. On days 7 and 14
after stroke surgery, there was a significant difference
between group 1 and group 2 versus the control group. This
investigation shows that there were significant differences
in the administration of MLC 901 in groups | and 2 on the
neurological deficits score in the acute phase (day 7) and
the subacute phase (day 14) (Fig. 4). Furthermore, there
was a significant difference in the neurological deficits
between the administration of MLC 901 in groups 1 and 2
compared to the control group. This study shows that the
administration of MLC 901 can improve neurological
deficits in rats compared to the control group.
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Fig. 4: The efficacy of MLC 901 on the functional
outcome.

LSD post hoc analysis on day 7 showed p = 0.001 for group
1 vs. control and p = 0.026 for group 2 vs. control; on day
14, p=0.00 (<0.001) for group 1 vs. control and p = 0.000
(<0.001) for group 2 vs. control.

The efficacy of MLC 901 on cerebral infarction volume
The volume of cerebral infarction of the three groups is
presented in fig. 5. There was a relationship between the
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MLC 901 administration and cerebral infarction volume
(»=0.004). Administration of MLC 901 doses 1 and 2
reduced the volume of cerebral infarction compared to the
control group, and there were no significant differences
between groups 1 and 2 (Fig. 5).

Cereberal Infarction Volume (mm?3)

1,68
Group 1 Group 2 Group 3

m Mean Standar Deviation

Fig. 5: The efficacy of MLC 901 on cerebral infarction
volume. Mann-Whitney Post Hoc Analysis: group 1 vs
group 2 (p=0.095); group 1 vs control, (p=0.008); group 2
vs control (p=0.008).

Relationship between NSE level with functional
outcome

Neuron-specific enolase is a dimeric isoenzyme of the
enzyme glycolytic enolase used as a marker of acute
neuronal injury to assess the degree of short-term
neurological deficit (Aritonang et al., 2018). This study
found a relationship between NSE levels and functional
outcomes. NSE levels 24 and 72 hours post-stroke surgery
were associated with functional outcome (r=0.525,
p=0.044) vs NSE 72 hours (r=0.586, p=0.022). On day 14,
the examination of NSE levels was not associated with the
functional outcome (r = 0.361, p=0.187) (table 1).

Relationship between NSE level and cerebral infarction
volume

The volume of cerebral infarction is an indicator of brain
cell damage due to acute ischemic stroke. In this study, the
examination of the volume of cerebral infarction was
carried out at the end of the study. The results showed
significant differences between NSE levels measured at
24 hours and 72 hours with cerebral infarction volume, but
there were no significant differences between NSE levels
measured at day 14 with cerebral infarction volume. The
results of the study are presented in table 2.

Relationship between motoric score with cerebral
infarction volume

The severity of stroke indicates the death of many brain
cells. The results of this study showed that the functional
outcome of stroke severity measured by motoric score on
day 14 was strongly associated with cerebral infarction
volume (r=0.879, p = 0.000 (<0.001). The smaller volume
of cerebral infarction indicates a mild degree of the stroke.

DISCUSSION

Stroke is a neurological disorder characterized by
neurological deficits. Cerebral ischemia causes brain cell
death that will result in neuronal damage to the brain,
resulting in the release of cell-specific markers in the
blood, one of which is NSE (Mochetti et al., 2024). NSE
can be a prognostic marker in acute ischemic stroke
(Kurakina et al., 2021; Freitas et al., 2024). NSE is a
marker of poor prognosis in patients undergoing
resuscitation after cardiac arrest (Kim ez al., 2023). Several
studies have shown a relationship between NSE levels and
cerebral infarction volume measured 12—72 hours post-
stroke (Mochetti et al., 2024). In this study, NSE levels
were found to increase within 24 and 72 hours after stroke
induction. The highest level of increase in NSE occurred
24 hours after stroke. This is consistent with research that
NSE levels peak at 24-48 hours after cerebral occlusion
(Kurakina ef al., 2021; Freitas et al., 2024). NSE levels will
continue to increase in 96 hours and can last for 6 days
(Kim et al., 2014). Zaheer et al. (2013) reported that NSE
levels on the first day of a stroke were associated with the
volume of cerebral infarction (Zaheer et al., 2013). Freitas
et al. (2024) concluded that NSE levels more than 26.3
ng/ml were associated with unfavorable outcomes (Freitas
et al., 2024). In this study, there was no relationship
between NSE levels and cerebral infarction volume
because the examination of cerebral infarction volume was
carried out at the end of the study (day 14) when NSE
levels had decreased.

The results of this study indicated that there was a
relationship between NSE levels and cerebral infarction
volume at 24 and 72 hours. Purroy et al. (2021) reported
that NSE levels, NT-ProBnP, S100b, hs-CRP, hs-Troponin,
and IL-10 24 hours after ischemic stroke onset were
associated with cerebral infarct volume. Cerebral ischemia
is a condition in which there is a deficiency of blood flow
to the brain. This deficiency can cause damage to neurons
and neuroconduction, resulting in various pathologies.
These pathologies include neuronal edema, abnormal lipid
and glucose metabolism, and damage to the blood-brain
barrier, leading to cell death and increased levels of NSE
(Liu et al., 2024). This may be due to the examination of
cerebral infarction volume performed on day 14, where
NSE levels have decreased. Quintard et al. (2014) reported
that the administration of MLC 901 can prevent an increase
in NSE and S100B levels in traumatic brain injury (TBI)
(Quintard et al., 2014). The AST-IV content in MLC 901 is
neuroprotective by reducing neuroinflammation and
reducing the ferroptosis process through the Nrf/HO-1
signal pathway induced by stroke (Zhang et al., 2023). This
study showed that NSE levels at 24 hours and 72 hours
were strongly associated with functional outcome with
increased motor score. This is in line with Saiko OV
(2020), where an increase in NSE levels at the beginning
of a stroke is associated with the severity of the degree of
neurological deficit (Sm & Ov, 2020).
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Table 1: Relationship between NSE level and functional outcome

Variable Correlation coefficient p value*

NSE 24 h vs. functional outcome 0.525 0.044
NSE 72 h vs. functional outcome 0.586 0.022
NSE 336 h vs. functional outcome 0.361 0.187

*Spearman’s correlation test

Table 2: Correlation between NSE level and cerebral infarction volume

Variable Correlation coefficient p value*

NSE 24 h vs. cerebral infarction volume 0.525 0.044
NSE 72 h vs. cerebral infarction volume 0.586 0.022
NSE 336 h vs. cerebral infarction volume 0.361 0.187

*Spearman’s correlation test

Examination of motor deficits in experimental stroke can CONCLUSION

use the Foot Fault Score or defect score that is examined
using the Ladder Rung Walking test (Metz & Whishaw,
2009). In this study, there was an improvement in
neurological deficits on days 7 and 14 in group 1 and group
2 compared to the control group. Analysis showed that
MLC 901 administration at dose 1 and dose 2 was able to
improve the severity of stroke compared to the control
group. Administration of both doses of MLC 901 was able
to improve neurological deficits, but dose 1 was more
significant after more than 7 days of stroke onset.
Administration of MLC 901 to stroke model rats with
occlusion of the middle cerebral artery for 60 minutes
showed an improvement in the neurological scale and
mortality rate (Widmann et al., 2018). In addition, the
active compounds of ligustilide, 3-n-buthylphyhalide, and
ferulic acid in the Ligusticum chuanxiong rhizome and
Angelicae sinensis radix, which have anti-inflammatory
effects on neurogenesis, angiogenesis, and anti-
atherosclerosis, can improve neurological function and
infarct volume in patients with an ischemic stroke (Han et
al., 2021).

This study demonstrated that the control group exhibited a
larger volume of cerebral infarction compared to the two
treatment groups. In particular, MLC 901, even at dose 2,
effectively reduced the volume of cerebral infarction
compared to the control group. Interestingly, statistical
analysis revealed that MLC 901 administration at different
doses did not exhibit a significant difference in reducing
the volume of cerebral infarction. These findings suggest
that MLC 901 administration, regardless of dosage, can
improve stroke severity and reduce the volume of cerebral
infarction. Mechanically, MLC 901 exerts its protective
effects by inhibiting the activation of astrocytes and
microglia/macrophages, thus reducing neutrophil
infiltration into the ischemic area and mitigating the
production of pro-inflammatory mediators such as
cytokines, chemokines and matrix metalloproteinases
(Widmann et al., 2018). The potential clinical implications
of MLC 901's efficacy at lower doses warrant further
investigation.

Administration of MLC 901 with dose 1 or dose 2 can
improve functional outcomes and reduce cerebral
infarction volume in acute ischemic stroke. This dose may
be applicable for administering MLC 901 to patients with
acute ischemic stroke, with adjustments made for human
dosing. However, MLC 901 does not affect NSE levels,
indicating that its neuroprotective effects may not be
mediated through NSE. Further research is needed to
investigate the exact mechanisms underlying the
neuroprotective effects of MLC 901 and to determine
whether different doses of MLC 901 have different effects
on NSE levels and functional outcomes. Furthermore, the
relationship between NSE levels and functional outcomes
after ischemic stroke needs to be further explored to
determine its potential role as a biomarker for stroke
severity and prognosis.
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