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Abstract
Cerebrolysin therapy has the potential to significantly aid in the treatment of a wide variety of debilitating neurological diseases
including ischemic strokes, neurodegenerative disorders, and traumatic brain injuries. Although Cerebrolysin is not approved for
use in the USA, it is used clinically in over 50 countries worldwide. In this review, we focus on outlining the role that Cerebrolysin
has in stimulating the molecular signaling pathways that are critical for neurological regeneration and support. An extensive evaluation
of these signaling pathways reveals that Cerebrolysin has the potential to intervene in a diverse array of pathophysiological causes of
neurological diseases. In the clinical setting, Cerebrolysin is generally safe for human use and has provided functional improvement
when used as an adjunct treatment. However, our literature review revealed inconsistent results, as several clinical studies suggested
that Cerebrolysin treatment has minor clinical relevance and did not have significant advantages over a placebo. In conclusion, we
found that Cerebrolysin therapy can potentially play a major role in the treatment of many neurological diseases. Nevertheless, there
remains much to be elucidated about the efficacy of this treatment for specific neurological conditions, and more robust clinical data is
needed to reach a consensus and properly define the therapeutic role of Cerebrolysin.
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Introduction

Cerebrolysin (CBL) is a neurotrophic drug, made from a mix-
ture of low molecular weight, porcine-derived peptides and

free amino acids. The pharmaceutical preparation includes
the peptide fragments: nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), ciliary neurotrophic fac-
tor (CNTF), enkephalins, orexin, and P21. CBL is currently
approved for use in more than 50 countries as a treatment for
dementia and stroke; however, the Food and Drug
Administration (FDA) has not approved its clinical use in
the USA. In this review, we seek to provide a comprehensive
analysis of relevant molecular mechanisms underlying the
pharmacology of CBL. Additionally, our objective is to high-
light the clinical outcomes and current limitations on effect
analysis of CBL in the treatment of stroke, neurodegenerative
disorders, and traumatic brain injury.

CBL targets the pathophysiological mechanisms involved
in acute and chronic central nervous system disorders such as
stroke, traumatic brain injury (TBI), and neurodegenerative
disorders like Alzheimer’s disease (AD). Specifically, CBL
exerts its neuroprotective effects by influencing multiple mo-
lecular targets, modulating substrates, enzymes, and receptors
implicated in glutamatergic, GABAergic, and cholinergic
transmission. By regulating the expression of caspases and
other apoptotic and autophagy-related factors, it enhances
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neurogenesis and neurorestoration through the activity of the
neurotrophic factor (NTF) and sonic hedgehog (Shh) signal-
ing pathways [1]. CBL is a multimodal drug that works to
provide neurotrophic support by mimicking the activity of
NTFs, thereby protecting against excitotoxicity, oxidative
stress, and pro-apoptotic enzymes, in addition to modulating
the inflammatory response [1].

NTFs include three families of protein growth factors that
function as signaling molecules to maintain, protect, and re-
pair neuronal networks in the CNS. These endogenous poly-
peptides play an important role in neural regeneration,
remyelination, and regulation of neuronal development. The
pathogenesis of several neurodegenerative disorders has been
linked to disruptions in the signaling cascades between NTFs
and their receptors, and the therapeutic use of neurotrophic
factors has shown tremendous potential in restoring neurolog-
ical function [2]. Shhwas originally identified as a morphogen
involved in neural development during embryogenesis.
However, Shh signaling has recently been implicated as an
essential modulator of neurogenesis, anti-oxidation, anti-in-
flammation, and autophagy in adult neural tissues [3]. Shh
plays an integral role in modulating the response of the adult
brain to a wide variety of neurological damage such as ische-
mic stroke, TBI, and neurodegeneration. Shh also has a pro-
nounced role in mitochondrial abundance, morphology, aden-
osine triphosphate (ATP) production, and resistance to oxida-
tive neurotoxins (i.e., amyloid β, hydrogen peroxide, gluta-
mate) in hippocampal neurons [4]. Notably, neurotrophic fac-
tors such as BDNF are intricately involved in Shh signaling.
For example, BDNF has been shown to induce expression of
Shh and provide neuroprotection against 3-nitropropionic acid
(3-NP), an irreversible inhibitor of Complex II in the electron
transport chain that is implicated in molecular mechanisms of
cellular senescence in Huntington’s disease (HD) [5].
Furthermore, models of traumatic brain injury suggest that
Shh signaling is upregulated following cortical injury and di-
rectly influences the proliferation of quiescent neural stem
cells (NSCs) and neural progenitor cells (NPCs) in the hippo-
campus [6, 7].

Pharmacology

CBL is a medication mixture made with amino acids and
neuropeptides that has been tested in various neurological
conditions. It has been used in treatments to stimulate
neurogenesis, support nerve cell function, and facilitate func-
tional recovery and repair (Fig. 1). More specifically, CBL
functions by activating the Shh signaling pathwaywhich plays
a role in the development and organization of organs. Shh
activates the Gli complex, which is integral for developmental
gene expression organizing regeneration and recovery. In the
brain, CBL promotes oligodendrogenesis and neurogenesis

by increasing Shh and its associated receptors (Patched and
Smoothened) through mRNA modulation. Neural progenitor
cells differentiate into oligodendrocyte progenitor cells to re-
spond to brain injury [1].

CBL also mimics NTFs, which are signaling molecules
that ensure the brain is functioning properly by protecting,
maintaining, and regenerating the neuronal system. Studies
have shown that CBL contains fragments that are structurally
similar to NTFs, such as BDNF, NGF, and glial-derived neu-
rotrophic factor (GDNF), which act on neural progenitor cells
to promote neurogenesis [8]. CBL displays BDNF-like activ-
ity through excitation of the PI3K/Akt pathway which is im-
portant in cell growth, differentiation, and migration.
Additionally, the PI3K/Akt pathway interacts with the Shh
signaling pathway to regulate the proliferation and modeling
of neural precursors [1, 9].

CBL has demonstrated protective effects against patholog-
ical cascades following neurodegenerative injury or disease
by mediating the inflammatory response, lowering the accu-
mulation of free radicals, and reducing pro-apoptotic enzymes
[10]. CBL also increases expression of synaptic proteins by
moderating amyloid precursor protein expression. It has ad-
vantageous effects on neuroplasticity by preserving the neu-
ronal network, increasing synaptic density, and improving
protein synthesis [11, 13].

Dosage recommendation and administration

Although CBL is currently not approved for clinical use in the
USA, it is sometimes used to treat stroke, TBI, and cognitive
impairment primarily in Europe, Asia, and South America
[14, 15]. The recommended dosage of CBL ranges between
10 and 60ml per day and varies by disease, severity, and onset
of treatment (Table 1). CBL administered at this range should
be diluted to at least 100 ml total volume with normal saline,
Lactated Ringers, or 5% glucose solution and given as a slow
intravenous (IV) infusion over a duration of at least 15 min.
Per manufacturer guidelines, infusion solutions should not be
mixed with neutral amino acid solutions, vitamins, or cardio-
vascular medicinal products [16]. Lower doses of up to 5ml or
10 ml can be given as undiluted intramuscular or IV injections
over a duration of 3 min respectively [16]. Rapid injection can
lead to dizziness, diaphoresis, heat sensation, and rarely pal-
pitations or arrhythmia. Contraindications to CBL therapy in-
clude history of seizures, especially epilepsy, and acute or
severe renal failure [17]. Caution should be exercised in pa-
tients using lithium or antidepressants as some studies have
shown that CBL may increase accumulation of lithium in
brain tissues or enhance the effects of antidepressants, espe-
cially monoamine oxidase inhibitors (MAOIs) [18, 19].

A recent 2018 meta-analysis of nine ischemic stroke RTCs
evaluated CBL clinical efficacy compared to placebo, defined
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as resolution of symptoms or change in National Institutes of
Health Stroke Scale (NIHSS) greater than 4 points at 21 or 30
days after stroke. Treatment efficacy was demonstrated pri-
marily with daily 30-ml CBL infusions for 10 or 21 days when
initiated within 12 to 72 h of symptom onset [20]. Patients
with higher baseline stroke severity, defined as a National
Institutes of Health Stroke Scale (NIHSS) greater than 12,
demonstrated greater magnitude improvement [24, 52].
However, some studies have also shown mixed evidence in-
dicating no clinical benefit of CBL over a placebo in treating
strokes [14, 53]. Use of CBL in TBI treatment remains con-
troversial and further studies are needed. A 2018 meta-
analysis demonstrated a dearth in RTCs investigating this re-
lationship and that current knowledge primarily derives from
cohort studies [31]. Additionally, significant heterogeneity
exists amongst the studies regarding treatment dosage, dura-
tion, and measurement of functional outcome. Regimens for
TBI employ dosages of 10 to 50ml daily for durations ranging
as little as 10 days to up to 12 months to achieve efficacy. This
may be due in part to the variable standards used to evaluate
functional recovery, including measurements with the
Glasgow Outcome Scale (GOS), modified Rankin Scale
(mRS), Mini-Mental State Examination (MMSE), and
Cognitive Abilities Screening Instrument (CASI).
Preliminary studies in animal models suggest a dose-
dependent relationship on TBI recovery; however, no

beneficial effects are seen if treatment is given 2 h after injury;
Thereby suggesting that timely intervention is critical for
treating TBI with CBL [15, 31, 33, 54]. Treatment of AD
and vascular dementia with CBL differs from that of stroke
and TBI primarily in timing and frequency of dosing. AD
patients showed improvements in cognition (ADAS-Cog+
score), global clinical function (CIBIC+ score), and activities
of daily living are seen with 30-ml doses administered five
times a week for 4 weeks, with some protocols repeating the
regimen after a treatment-free period of 8 to 12 weeks to
further enhance effects [AD references]. Notably, these im-
provements are long-lasting and can be observed 6 months
after discontinuing active treatment, thereby implying CBL’s
capability to induce neuronal repair with long-term stability
[55]. Studies investigating CBL in vascular dementia patients
employ dosing schedules similar to those in AD patients, 10 to
30 ml CBL five times per week for 4 weeks [27, 43, 56].
Dosages ranged from 10 to 30ml with this schedule; however,
efficacy has also been shown with administering 20 ml daily
for shorter 10 to 28-day courses [39, 42, 44].

Stroke

Rodent stroke model studies showing that CBL enhances
neurogenesis and improves functional outcome after stroke

Fig. 1 The neurological molecular and integrative physiology of Cerebrolysin [1, 8–12]
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Table 1 Overview of Cerebrolysin administration protocols in neurological diseases

Disorder Study/reference Daily dosage Initiation of treatment Duration of treatment

Stroke [14, 20] Skvortsova et al. (MRI-1 )
2003 [21]

10–50 ml + ASA and
pentoxifylline

Within 12 h of stroke onset 10 days

Shamalov et al. (MRI-2)
2010 [22]

50ml + ASA Within 12 h of stroke onset 10 days

Gharagozli et al. 2017 [23] 30 ml from day 1-7; and
10 ml weeks 2–4; 5
days per week

Within 18 h of stroke onset 28 days

Heiss et al. (CASTA) 2012 [24] 30 ml; 5 days
per week + ASA

Within 12 h of stroke onset 10 days

Lang et al. (CERE-LYSE-I) 2012
[25]

30 ml Immediately after rt-PA infusion or
within 3 h of stroke onset

10 days

Amiri-Nikpour et al. 2014 [26] 30 ml+ ASA Within 6-24 h of stroke onset 10 days

Muresanu et al. (CARS-1)
2016 [27]

30ml Within 24 to 72 h after stroke onset 21 days

Guekht et al. (CARS-2)
2015 [28]

30 ml Within 24 to 72 h after stroke onset 21 days

Xue et al. 2016 [29] 30 ml Within 12 h of stroke onset 10 days

Ladurner et al. 2005 [30] 50 ml + ASA and
pentoxifylline

Within 24 h of stroke onset 21 days

Traumatic
brain injury
[31]

Muresanu et al. 2015 [32] 20 or 30 ml Within 48 h after TBI 10 or 30 days

Wong et al. 2005 [33] 50 ml Moderate to severe head injury
patients within 48 h after TBI

6 months

Khalili et al. 2017 [34] 10 ml Patients with severe disability 1
month after TBI

6 months

Asghari et al. 2014 [35] 10 ml Moderate to severe head injury
patients within 48 h after TBI

10 days

Alvarez et al. 2008 [36] 10 ml Post-acute mild to severe TBI within
21 months of head injury

12 months

Vascular
dementia
[37]

Guekht et al. 2011 [38] 20 ml; 5 days
per week

Moderate to moderately severe VaD 16 weeks with a 2-month
treatment-free interval after
week 4

Liang et al. 2001 [39] 20 ml VaD according to DSM-III-R and
ICD-10 criteria

15 days

Muresanu et al. 2008 [40, 41] 10 or 30 ml; 5 days
per week

Mild to moderately severe probable
VaD

4 weeks

Vereshchagin et al. 1991 [42] 30 ml; 15 ml every 12 h Mild form of multi-infarct dementia 28 days

Xiao et al. 1999 [43] 30 ml; 5 days
per week

Mild to moderately severe VaD
according to DSM-IV criteria

4 weeks

Zhang et al. 2003 [44] 20 ml + Xuesaitong Mild to moderately severe VaD
according to DSM-IV criteria

Dementia occurred within 3 months
after the onset of confirmed
cerebral vascular disease

10 days per course with 6
courses in a total of 3 years

Alzheimer’s
disease
[45, 46]

Rüther et al. 2000 [47] 30 ml; 5 days per week Mild to moderate AD dementia 4 weeks

Xiao et al. 2000 [43] 30 ml; 5 days per week Mild to moderate AD dementia 4 weeks

Bae et al. 2000 [48] 30 ml; 5 days per week Mild to moderate AD dementia 4 weeks

Panisset et al. 2002 [49] 30 ml; 5 days per week Mild to moderate AD dementia 4 weeks

Ruether et al. 2001 [50] 30 ml; 5 days per week Mild to moderate AD dementia 4 weeks with repeated
regimen after 2-month
treatment-free interval

Alvarez et al. 2011 [51] 10, 30, and 60ml; 5 days
per week

Mild to moderate AD dementia 4 weeks followed by 2 days
per week dosage for the
following 8 weeks

ASA acetylsalicylic acid, rt-PA recombinant tissue plasminogen activator, TBI traumatic brain injury, VaD vascular dementia, AD Alzheimer’s disease,
DSM Diagnostic and Statistical Manual of Mental Disorders, ICD international classification of diseases
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prompted researchers to examine the drug’s clinical potential
[9]. Clinical trials of greater than 1500 patients have
established the safety and tolerability of CBL and shown it
has clinical benefit in the setting of stroke [23, 27, 30]. In fact,
a randomized-controlled trial (RCT) showed that this drug has
clinical benefit in rehabilitating motor function post-stroke. In
this trial, upper limb motor capacity was significantly in-
creased in patients receiving IV CBL 72 h after stroke [27].
In a double-blind, placebo RCT, CBL showed a significant
reduction of disability and mortality in the most severe stroke
cases [24].

The results of meta-analyses support the safety of CBL;
however, whether CBL improves functional outcomes re-
mains inconclusive. According to these analyses, CBL likely
has no beneficial effect on prevention of all-cause death or
serious adverse effect and no significant efficacy on the neu-
rological functional recovery in patients following acute is-
chemic stroke [14, 57]. Authors of one meta-analysis recom-
mend that future studies examine the efficacy of CBL admin-
istered within 6 h post-stroke and maintained for a longer
period [57]. However, in another meta-analysis of nine
RCTs, CBL demonstrated a beneficial effect on early global
neurologic deficits in patients with acute ischemic stroke and
clinically relevant improvement of functional outcome in the
moderate to severe stroke group [20].

Neurodegeneration

Out of the many types of neurodegenerative diseases, AD,
Parkinson’s (PD), HD, and multiple sclerosis (MS) are the
most commonly occurring forms [58]. Alterations in
neurotrophin levels, particularly NGF and BDNF, have been
implicated in neurodegenerative disorders, as well as psychi-
atric disorders, including depression and substance abuse, and
thus have been proposed as therapeutic targets [59, 60].

CBL has demonstrated clinical efficacy inmild tomoderate
AD patients, where it has shown to reduce plasma tumor ne-
crosis factor-alpha (TNF-α) concentrations and enhance se-
rum BDNF levels [61]. A study published in 2020 by Alvarez
et al. examined whether baseline vascular endothelial growth
factor (VEGF) and changes in VEGF levels after treatment
with CBL, donepezil, or a combined therapy were associated
with cognitive and functional responses in AD patients. The
results indicated that the combined therapy reverses increased
levels of serumVEGF and has a significant treatment effect on
cognition and functioning compared with donepezil mono-
therapy in advanced AD. In the presence of tauopathies, such
as Pick’s disease, CBL has shown benefit in taupathy models
by reducing the levels of aberrantly phosphorylated tau [61,
62]. Other studies have also demonstrated that CBL enhances
the levels of insulin-like growth factor-1 (IGF-1) in the sera of
AD patients and of diabetic rats, increases the maturation of

nerve growth factor and the survival of cholinergic neurons in
the brain of a transgenic mouse model of AD, and reverses the
decrease of serum BDNF in a rat model of PD [63]. In PD
brains, profound neuronal, glial, and axonal changes can be
seen in substantia nigra pars compacta (SNpC) and striatum
(STr) areas [64]. Normal CBL treatment has proven to mark-
edly reduce neuronal changes in these brain areas in PD.
However, most marked neuroprotection is an evident in PD
brains following treatment with nanodelivery of CBL.
Nanodelivery of CBL has shown to reduce myelin basic pro-
tein (MBP) degeneration and activation of astrocytes in SNpC
and STr that is most pronounced than normal CBL treatment
in PD. These observations suggest that nanodelivery of CBL
is also able to reduce α-SNC levels near normal values in PD
and thus is the superior method of delivery [64].

On the other hand, MS is characterized by an abnormal
autoimmune response leading to the demyelination of the cen-
tral nervous system (CNS) where therapeutic methods are
aimed at inducing stimulation of remyelination processes with
neurotrophic factors which potentially allows to reduce the
residual neurological deficit. In a study published in 2016 by
Khabirov et al., the efficacy and safety of CBL in the treatment
of patients with MS in stage of relapse regression were eval-
uated. A high single dose of 20 ml of CBL was administered
to a total of 40 patients, where a positive role in the stimulation
of remyelination process in MS was reported and confirmed
by comprehensive clinical and neurophysiological examina-
tions. A RCT study published in Russia attributed the thera-
peutic response to the drug containing fragments of tubulin,
actin, and myelin basic proteins, all of which are necessary to
ensure non-specific trophic regenerated CNS myelin sheath
[60, 65]. No additional data on CBL application in the scope
of MS is reported in the literature which further limits the
conclusions and indications in this particular pathology.
Lastly, in the context of CBL as a therapeutic agent for HD,
the scientific literature contains non-specific and scarce data.

Traumatic brain injury

Utilization of CBL therapy in TBI has been studied extensive-
ly in laboratory settings and has been shown to increase ex-
pression of neurotrophic factors to enhance axonal repair and
regeneration mechanisms [66]. It was also observed that CBL
therapy can play a role in microglial activation/
neuroinflammation and inhibition of free-radical formation
[66]. Clinical efficacy of CBL therapy is aimed at combating
the pathologic features of TBI, including localized ischemia,
difficulties with memory and cognition, intracranial hemor-
rhages, and axonal injuries [67]. Recommended dosing for
IV CBL for TBI varies amongst the literature in both amount
and duration, with dosages ranging from 10–50 ml/day over
5–30 days [31]. Timing of CBL administration after TBI also
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plays an important role in the efficacy of the therapy.
Administration of CBL 5 min and 1 h after TBI showed im-
proved sensory-motor functions, brain edema, and blood-
brain barrier (BBB) leakage but no significant improvement
in these parameters when CBL was administered more than
2 h after TBI [54].

Improved clinical outcomes of CBL therapy in TBI have
been consistently observed, with the majority of literature be-
ing prospective and retrospective studies. A meta-analysis
performed by Ghaffarpasand et al. highlighted numerous trials
of CBL administration in patients with TBI ranging from
mild-severe with statistically significant improvements in
functional, cognitive, and electrical functions at appropriate
dosages [31]. The largest retrospective multi-cohort study to
date on CBL use in TBI published by Muresanu et al. dem-
onstrated improved clinical outcomes, ranked by GOS and
mRS disability score, in an experimental group of 615 patients
receiving severity-dependent adjunctive CBL therapy [32].
There are no current clinical trials being performed investigat-
ing the sole use of CBL in TBI. However, a randomized,
parallel-assigned quadruple masking study on the efficacy of
combination treatment with amantadine and CBL in patients
with TBI has been proposed but the data is not available [68].
An increase in both number and participants of these trials will
further strengthen the validity of the aforementioned improve-
ment in patients with TBI.

Conclusion

Basic science models have suggested that CBL has a pro-
nounced effect on several neurotrophic molecular pathways.
Notably, in vivo and in vitro models reveal that CBL stimu-
lates neurological regeneration, neurological support and
maintenance, neuroprotection, and neuroplasticity through a
variety of the molecular mechanisms discussed in this review,
emphasizing both Shh and NTF pathways. RCTs reveal that
CBL is generally safe and well-tolerated in humans, although
side effects of rapid injection have been noted. Furthermore,
clinical studies on the efficacy of CBL have revealed incon-
sistent results. In this review, we highlighted clinical studies
and meta-reviews that suggest CBL treatment may improve
functionality in patients with ischemic stroke, neurodegener-
ative disorders, and TBI. These studies suggest that CBL is
most effective for use in patients with severe neurological
damage, if administered within a critical time window and in
conjunction with traditional therapies. However, we also re-
ported on several clinical studies that showed CBL has no
significant benefit in enhancing recovery following neurolog-
ical damage. Nevertheless, there is encouraging clinical and
basic science data that suggest adjunct CBL therapy improves
the biomarker profiles of several neurological diseases includ-
ing AD, PD, and MS.

In conclusion, there remains a significant amount of re-
search that must be done in order to fully understand the role
of CBL in the clinical treatment of neurological disorders.
Current data demonstrates significant heterogeneity in dura-
tion of therapy, initial and sustained dosage, combination ther-
apeutics, and time frame of treatment initiation. Future high-
quality RCTs are needed to reach consensus on exact dosing
and treatment timelines and standardization of diagnostic
criteria, in addition to clarifying which stages of disease (i.e.,
mild, moderate, severe) the drug would be most effective for
in order to clarify clinical application and effect analysis.
Additionally, future studies are needed to elucidate the role
of CBL treatment in acute versus chronic neurological dis-
eases, as well as long-term preventive trials specifically in
the setting of AD. Especially in the USA, where CBL is not
currently approved for use by the FDA, more robust clinical
trials, with a greater number of participants, are needed to fully
understand the potential clinical benefits of this treatment as a
monotherapy and in combination with other therapeutics.
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