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Abstract
Background: NeuroAid II (MLC901) is a promising therapy for stroke patients who present outside of therapeutic
window for reperfusion therapy. Studies have proven its efficacy in ischemic stroke; however, data of drug safety and
combination with other medications especially anticoagulants are heterogenous. We report a possible case of hepatotoxicity induced by NeuroAid II in combination with anticoagulants.
Case presentation: We report an elderly patient who developed symptoms of cardioembolic stroke presented
outside of time window for reperfusion therapy. He was started on a regiment of statins, anticoagulation, beta blockers and NeuroAid II. One month later he presented with deranged liver enzymes. Cessation of NeuroAid II resulted in
rapid improvement of transaminitis within days.
Conclusions: We wish to highlight the potential harmful effect of administering NeuroAid II with an anticoagulant
and the importance of routine follow-up and blood monitoring in the elderly patients with stroke.
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Background
Neurological disorders cause significant disability and
death worldwide, exceeding cardiovascular diseases and
malignancies. Among the neurological disorders, stroke
contributed the largest proportion of total disabilityadjusted life years (47.3%) and mortality (67.3%) [1].
Despite this, therapeutic options are sparse, with thrombolysis limited to a four and a half hours’ time window
and thrombectomy to the first 24 h after stroke onset. If
a patient presents later, the only modality of treatment is
rehabilitation and physical therapy, admission to stroke
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unit as well as decompression craniectomy for malignant
middle cerebral artery (MCA) infarcts.
A recent interest has been budding in the field of poststroke neuroplasticity, where a specific gene, namely, the
brain derived neurotrophic factor (BDNF), is responsible
for neurogenesis, neuronal differentiation and survival
in response to cerebral ischemia [2]. A novel drug, MLC
601 (NeuroAiD) and MLC 901 (NeuroAid II), which
is a Traditional Chinese Medication (TCM) consisting
of nine herbs (Radix astragali, Radix salviae miltiorrhizae, Radix paeoniae rubra, Rhizoma chuanxiong, Radix
angelicae sinensis, Carthamus tinctorius, Prunus persica, Radix polygalae and Rhizoma acori tatarinowii)
and five animal components (including Hirudo, Eupolyphaga seu steleophaga, Calculus bovisartifactus, Buthus
martensii and Cornu saigae tataricae) has demonstrated
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neuroprotective and neuroregenerative effects in brain
ischemia [3, 4].
Although many efficacy trials relay its safety, reporting
very mild side effects, such as dry mouth and gastrointestinal side effects; that resolves after dose reduction
[5], data on polypharmacy and combinations with anticoagulants are sparse [6–8]. We would like to share our
experience with a case of possible NeuroAid II induced
hepatotoxicity when combined with anticoagulants and
possible detrimental side effects of polypharmacy.

kidney injury (AKI) with urea 10 mmol/L and creatinine
of 123 μmol/L.
His pressure ulcers required multiple courses of antibiotics, daily dressings and debridement. It was particularly
challenging as it involved a large area and healing was
hindered by his thin, aging skin. We postulated that he
has been neglected for several days, prior to presentation
to cause such an extensive pressure sore. Throughout his
stay, he received intravenous cloxacillin and amikacin,
piperacillin/tazobactam, cefepime and ampicillin/sulbactam which were appropriate for his tissue cultures.
After almost six weeks of tedious care in our ward, his
pressure ulcers have improved to grade one, involving a
smaller area on his temporals, chest and hip. He was also
more alert and was able to tolerate orally. Blood parameters showed resolution of AKI and reduction of CRP to
17 mg/L. He was transferred to a rehabilitation hospital for his stroke recovery with bisoprolol 1.25 mg daily,
apixaban five mg twice daily, NeuroAid II two capsules
three times daily, atorvastatin 40 mg at night and pantoprazole 40 mg daily.
His baseline blood investigations and liver function
tests at the rehabilitation center were normal, ALT was
77 IU/L, ALP 85 IU/L and TSB 5 μmol/L. However,
1 month after the transfer, during a routine wound dressing and follow-up, the liver enzymes were deranged,
where his ALT was 146 IU/L, AST 58 IU/L, ALP 77 IU/L
and TSB 8.7 μmol/L. He was clinically asymptomatic and
was not jaundiced, his blood pressure was 100/80 mmHg
and pulse rate was 50 beats per minute. Screening for
hepatitis B and C were negative. Hence, the statin, beta
blocker and pantoprazole were withheld. Low dose
digoxin was started as rate-control medication for his AF.
An ultrasonography (US) of the hepatobiliary followed by
computed tomography (CT) of the abdomen showed a
huge simple liver cyst at segments two and three measuring 8.1 × 6.4 × 5.6 cm (Fig. 3). We, therefore, referred him
to our surgical colleagues, who offered surgical resection.
However, as the family was not keen for surgical intervention, we continued to follow him up to monitor his
liver enzymes.
Despite cessation of statin, beta blockers and proton
pump inhibitors for two weeks, his liver enzymes continued to increase, ALT was 210 IU/L, AST 85 IU/L.
His renal profile was normal, with urea 5.7 mmol/L and
creatinine of 57 μmol/L and CRP was not elevated, at
3.6 mg/L. His pressure sores have very much improved
to grade one, blood pressure was 100/85 mmHg, pulse
rate was 55 beats per minute and ECG showed evidence
of rate-controlled AF. As the septic parameters were not
raised, with no clinical evidence of infection and hemodynamic stability, this precludes our suspicion that the
raised transaminitis was due to an infection. Though

Case presentation
A 73-year-old man with underlying dyslipidemia and
hypertension was found unconscious at home. He is a
retired engineer, and is living independently on his own.
He was not compliant to his antihypertensives and cholesterol medications as he was asymptomatic. He also
denied any previous history of liver disease or any drug
induced complications prior to this. It was unclear for
how long he had been unconscious or unwell as he was
not able to recall the chronology of events. Upon assessment, blood pressure was 120/80 mmHg with pulse rate
of 100 beats per minute. He was noted to have right sided
hemiplegia with increased tone and reflexes, dysphagia and dysarthria. His total National Institute of Health
Stroke Scale (NIHSS) was ten. Electrocardiogram (ECG)
showed atrial fibrillation (AF) and echocardiogram
showed good ejection fraction of 76%, moderate left ventricular hypertrophy with normal cardiac chambers and
valves. There were multiple grade two and three pressure
ulcers on his right temporal region, right anterior chest
and right hip, which were not previously present. An
urgent magnetic resonance imaging (MRI) of the brain
revealed bilateral acute and established pontine infarcts,
left more than right with microvascular ischemia in the
deep white matter of the brain (Fig. 1). Magnetic resonance angiography (MRA) of the brain showed narrowing of the left posterior cerebral artery, but no evidence
of large vessel obstruction (Fig. 2). As he presented late,
he was not a candidate for thrombolysis or thrombectomy. Hence, he was admitted for conservative management, rehabilitation and wound care.
Initially he was started on aspirin, which was changed
to apixaban five mg twice daily after 14 days of stroke
onset. He was also started on atorvastatin 40 mg at night,
NeuroAid II two capsules three time daily, beta blockers
and proton pump inhibitors. His baseline blood investigations were as follows: hemoglobin 14 g/dL, platelets
180 × 109/L, white cell count (WCC) 8.5 × 109/L, total
serum bilirubin (TSB) 10 μmol/L, alanine aminotransferase (ALT) 62 IU/L, aspartate transaminase (AST)
75 IU/L, Albumin 27 g/L. C-reactive protein (CRP)
was elevated 134 mg/L. Renal profile showed acute
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Fig. 1 Axial sections at the level of the brainstem, on the diffusion weighted imaging (DWI) (top row) and apparent diffusion coefficient (ADC)
sequences (bottom row) show patchy areas of restricted diffusion

there have been some reports on the derangement of
liver enzymes during the acute phase of ischemic stroke;
however, they tend to plateau and normalize by day
seven, which obviates the transaminitis as an acute phase
reactant in our case [9, 10]. However, due to concerns of
worsening liver profiles, we decided a trial of withholding
NeuroAid II. Within 5 days, his ALT reduced to 90 IU/L
and AST reduced to 44 IU/L, after 2 weeks of stopping
NeuroAid II, his liver enzymes returned to normal. The
patient continued to improve and was able to ambulate
with a walking frame. As the liver enzymes normalized
and patient was asymptomatic, he declined a repeat
imaging to reassess the liver cyst.

Discussion
Acute reperfusion therapy by thrombolysis or
thrombectomy is limited to a small subset of patients
due to short window of treatment time and several
contraindications [11, 12]. Beyond this time window,
treatment for stroke is limited to optimizing medical therapy to prevent future stroke alongside rehabilitation and physiotherapy. However, more recently,
in vitro and in vivo studies have shown that NeuroAid
II is able to potentially reverse ischemic tissues in the
brain and promote neurogenesis [13–15]. Although
multiple studies have proved its efficacy and long-term
safety profile [16–18], these studies excluded patients
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Fig. 2 Magnetic resonance angiography (MRA) shows no evidence
of large vessel occlusion

who had concomitant anticoagulation onboard [19–
21]. As NeuroAid II consist of herbal contents, its use
is licensed as Food Supplements as opposed to Drugs
in many Asian countries; including Malaysia. Thus,
patients’ consent is not required for consumption of
this drug in our country [22, 23].
Despite that, Kong and colleagues showed an alarming trend of hepatotoxicity and jaundice in patients
taking NeuroAid II, causing them to withdraw from
the study [20]. Other studies demonstrate milder side
effects, especially nausea and vomiting [24, 25]. This
effect is greatly magnified by several risk factors, such
as elderly age group and a more severe stroke [26]. This
poses a significant dilemma in treating cardioembolic
stroke who present outside of the therapeutic window,
as these patients will need indefinite anticoagulation to
prevent a recurrence of stroke.
With the emergence of non-vitamin K antagonist
anticoagulant (NOAC) in stroke prevention in AF, warfarin has fallen out of favor [27]. The efficacy and safety
of these drugs are well tolerated and they are widely
used in clinical practice to date [28]. Major adverse
effects with NOACs were bleeding tendencies [29–31].
Although in these trials, there was a small proportion
of patients with hepatotoxic effect, it was the same in
both NOAC groups as compared to warfarin. There
have been several case reports on the hepatotoxicity of
NOACs, but they are very rare with a frequency of 0.1–
1%. In these reports, hepatotoxicity occurs more often
with rivaroxaban as compared to apixaban and dabigatran, although the exact mechanism is still unknown
[32, 33]. Although beta blockers are also associated
with deranged liver enzymes [34, 35], the fact that we

Fig. 3 Axial a and coronal b cut computed tomography (CT) of the
abdomen showing a well-defined hypodense mass in segment 2 and
3 (red arrows) of the liver that is suggestive of a simple liver cyst

have stopped the beta blocker with no improvement in
liver enzymes ruled the bisoprolol as a causative agent
for the transaminitis.
Putting the evidence into perspective, the risk versus
benefits in starting medications and co-administration
with other drugs needs to be taken into serious consideration. The choice of drug which will provide the best
outcome with least side effect should be initiated. In
our patient, for instance, the administration of anticoagulant was essential for future stroke prevention due
to his underlying AF. As such, we were reluctant to
stop his anticoagulation. Furthermore, large trials have
proven the safety of NOACs with co administration of
multiple drugs [36], which was not fully explored in
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many NeuroAid trials. Therefore, we decided to stop
NeuroAid II while maintaining the anticoagulation.
The cessation of NeuroAid II showed a dramatic
improvement in the liver function with normalization within 2 weeks of stopping the drug. What’s more,
the NOAC was successful in preventing the recurrence
of stroke and with rehabilitation on board, he was able
to ambulate with a walking aid and resume his activity
of daily activities with minimal assistance. This was an
important outcome for him and his family to achieve, as
it improved his quality of life and reduced his dependency. Since the studies on the efficacy of NeuroAid II was
not proven to be affective beyond the period of 3 months,
it was discontinued indefinitely for our patient.
Most simple liver cysts are benign and present with a
picture of cholestasis [37]. Although the size of the liver
cyst was big, the CT of the abdomen did not show any
evidence of biliary tree obstruction nor did the blood
parameters show any evidence of cholestasis. Nonetheless, there is a possibility of the liver cyst causing the
transaminitis. In this context, a follow-up imaging of the
abdomen was crucial to establish this effect. Unfortunately, we were unable to proceed with a repeat imaging
as the patient declined further follow-up as he remained
asymptomatic and due to logistics issues. However, due
to the temporal relationship on initiating and stopping
the Neuroaid II in causing and resolution of transaminitis, we could not confidently rule out the association of
NeuroAid II especially in combination with other drugs
causing the derangement in liver enzymes.
The hepatotoxicity side effects of TCM has been widely
reported, although its causative mechanism and underlying pathophysiology is difficult to determine [38, 39]. This
is due to the fact that these TCMs are manufactured as a
combination of several herbal compounds, thus pointing
to a particular compound that may cause harmful effects
remains a challenge [40, 41]. Furthermore, these harmful side effects are magnified by patients’ factors, such as
older age group, more severe stroke and polypharmacy
that may worsen the hepatotoxicity.
The strengths of this case report are the new finding
of hepatotoxicity of an anticoagulant with NeuroAid II
and its strong temporal relation between the resolution
of transaminitis with the cessation of the drug. This is
important as anticoagulant is the mainstay treatment for
cardioembolic stroke. However, the strength of evidence
is limited as this is a single case report reporting such
association.

multiple medication for underlying illnesses. The risk of
polypharmacy is thus amplified in this population. This
case highlights the potential harmful effect of administering NeuroAid with an anticoagulant or polypharmacy
and the importance of routine follow-up and blood monitoring in the elderly patients with stroke.

Conclusion
In conclusion, treating stroke in the elderly age group
remains a great challenge. Due to higher risk factors and
comorbidities, this subgroup is more prone to receive
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