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NEUROPROTECTIVE TREATMENT IN ACUTE ISCHEMIC STROKE 
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                          ABSTRACT 
The review discusses the role of neuroprotective therapy in the acute period of ischemic stroke in the era of active introduction of reperfusion 

treatment methods. The main mechanisms of brain damage during ischemia/reperfusion and the leading neuroprotective strategies studied in clinical 
trials are considered. Neuroprotective approaches aimed at suppressing excitotoxicity, oxidative stress, and neuroinflammation are presented. 
Current data on the safety and efficacy of uric acid, edaravone, fingolimod, natalizumab, interleukin 1 receptors antagonists, cerebrolysin, and other 
drugs have been analyzed. Non-drug methods of neuroprotection are characterized, including remote ischemic conditioning, therapeutic 
hypothermia, and neurostimulation. According to the author's position, the safest and most effective neuroprotective agent in acute ischemic stroke 
is neuroprotective treatment.  
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НЕЙРОПРОТЕКТОРНОЕ ЛЕЧЕНИЕ ПРИ ОСТРОМ ИШЕМИЧЕСКОМ ИНСУЛЬТЕ 

                     АННОТАЦИЯ 
  В обзоре обсуждается роль нейропротекторной терапии в остром периоде ишемического инсульта в эпоху активного внедрения 

реперфузионных методов лечения. Рассмотрены основные механизмы повреждения головного мозга при ишемии/реперфузии и ведущие 
нейропротекторные стратегии, изученные в клинических исследованиях. Представлены нейропротекторные подходы, направленные на 
подавление эксайтотоксичности, окислительного стресса и нейровоспаления. Проанализированы современные данные о безопасности и 
эффективности препаратов мочевой кислоты, эдаравона, финголимода, натализумаба, антагонистов рецепторов интерлейкина-1, 
церебролизина и других препаратов. Охарактеризованы немедикаментозные методы нейропротекции, в том числе дистанционное 
ишемическое кондиционирование, лечебная гипотермия, нейростимуляция. По мнению автора, наиболее безопасным и эффективным 
нейропротекторным средством при остром ишемическом инсульте является нейропротекторное лечение. 

Ключевые слова: инсульт; нейропротекция; воспаление; ишемическое кондиционирование; 
 

Introduction. Stroke remains a serious health issue that impacts 
millions of individuals worldwide, representing the second-most 
common cause of mortality and the third-most common cause of 
disability. Approximately 60–80% of all strokes are ischemic and result 
from thrombotic or embolic occlusion of a cerebral artery. The 
management of acute ischemic stroke has undergone many changes. 
Regarding recanalization therapies such as thrombolysis and 
mechanical thrombectomy, the number of patients who may benefifit 
from them is still low. Therefore, different therapeutic strategies have 
been developed, targeting the pathophysiological cascade that starts 
with ischemia and leads to irreversible tissue damage. 

The increase in the ageing population has led to the requirement of 
a substantial therapy that can restrain the mortality and morbidity rate 
among AIS patients. Till date the only US FDA-approved drug therapy 
for ischemic stroke is the intravenous (iv.) thrombolysis with tissue 
plasminogen activator (t-PA); that must be administered within 4.5 
hours of the symptom onset. The short window period of the therapeutic 
intervention limits its usage and only 2–5% of the population gets the 

benefit of the drug [2]. Moreover, the recently reported clinical trials 
have raised concerns regarding the utility of other acute treatment 
options such as the modern endovascular therapy with mechanical 
thrombectomy and intra-arterial fibrinolysis [3,4]. Therefore, there is a 
substantial need for the development of an effective and safe therapy 
that will benefit a large number of ischemic stroke patients 

For the last two decades, neuroprotective agents designed to block 
these cascades (Table 1) have been investigated in animal models of 
cerebral ischemia. Numerous agents have been found to reduce infarct 
size in rodent, rabbit, and primate stroke models. However, translation 
of neuroprotective benefits from the laboratory bench to the emergency 
room has not been successful. According to a recent review,of 178 
controlled clinical trials that were published in the stroke-related 
literature, more than 100 were related to neuroprotection. Reasons for 
the failures have led to intense discussion for the last several years. In 
this review, we will discuss some of the key trials of neuroprotective 
therapy, potential problems leading to the failures of these trials, and 
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possible correction of those mistakes, which may form a basis for future 
trials.

Table 1. 
Families of Neuroprotective Agents and Their Prototype Drugs 

 
Proposed Mechanism of Neuroprotection Drugs Clinical Trials and Results 

Glutamate receptor antagonists   

 NMDA antagonists Selfotel (CGS19755) Complete/no benefit 

 Eliprodil Halted/no benefit 

 Aptiganel (Cerestat, CNS1102) Complete/no benefit 

 MgSO4 Ongoing/result pending 

 AMPA antagonist YM872 Ongoing/result pending 

Ion channel modulators   

 Calcium channel blockers Nimodipine Complete/no benefit 

 Flunarizine Complete/no benefit 

 Sodium channel blockers Fosphenytoin Complete/no benefit 

 Potassium channel activator Maxipost (BMS-204352) Complete/no benefit 

Anti-inflammatory agents Enlimomab Complete/worsening 

 LeukArrest (Hu23F2G) Halted/no benefit 

 rNIF Halted/no benefit 

Free radical scavengers Tirilazad (U70046F) Complete/no benefit 

 Citicoline (cytidyl diphosphocholine) Complete/no benefit 

 Ebselen Ongoing/result pending 

 NXY-059 Ongoing/result pending 
 
Glutamate antagonists 
Some of the most studied neuroprotective agents are glutamate 

antagonists. Glutamate is the most common excitatory neurotransmitter 
in the CNS and is released excessively during ischemia. Various 
postsynaptic neuron receptors are activated by glutamate including 
NMDA, AMPA, KA, and metabotropic receptors. Activation of most of 
these receptors is associated with calcium ion (Ca2+) influx with 
secondary Ca2+-mediated cellular enzymatic activation leading to cell 
damage and cell death including necrosis and apoptosis 

Anti-inflammatory agents 
Neuroprotection may be achieved by targeting the inflammatory 

processes and mediators that contribute to the production of brain injury 
following ischemic stroke. Enlimomab, a murine anti-intracellular 
adhesion molecule (ICAM)-antibody specific to the human receptor 
ICAM-1 receptor, was studied in preclinical and clinical trials. By 
blocking the ICAM-1 receptor, and thus inhibiting neutrophil adhesion 
and migration through the vascular endothelium, Enlimomab was 
shown to reduce the damage in stroke models. However, the clinical 
trial failed; patients who received Enlimomab were harmed relative to 
placebo controls. Another agent, LeukArrest (Hu23F2G), is a 
monoclonal antibody that targets the neutrophil CD11/CD18 cell 
adhesion molecule. A phase III trial of LeukArrest in patients who had 
anischemic stroke was terminated because the interim results were 
unfavorable. 

Calcium channel blockers.  
Activation of intracellular destructive enzymes results from 

abnormal calcium influx during ischemic-triggered cascades, which 
leads to brain tissue damage. Therefore, calcium channel blockers might 
potentially have a neuroprotective role. Nimodipine is a 
dihydropyridine calcium channel blocker; it dilates the intracranial 
circulation and might be beneficial if it improves the regional blood flow 
in the margins of the brain infarct. This drug was studied using multiple 
doses in 1,064 patients treated within 48 h from stroke onset. No overall 
benefit was found, although a meta-analysis showed a statistically 
significant effect of one of the doses when the drug was administered 
within 12 h. Very Early Nimodipine Use in Stroke was another clinical 

trial that used nimodipine within 6 h after stroke onset.The trial was 
ended prematurely because of lack of benefit on a futility analysis. 
Moreover, upon reviewing 47 trials that included 7,665 patients and that 
used calcium antagonists for stroke therapy, Horn et al.found no benefit 
of these agents in stroke therapy. 

Serotonin agonists 
Serotonin agonists may serve as neuroprotectants by activating 

postsynaptic serotonin receptors (5-HT1A) with secondary increase in 
potassium efflux, inhibition of cell excitability during the ischemic 
insult, and protection of neurons from glutamate-mediated neuronal 
death. Repinotan (BAY X3702) is one of these agonists that has a high 
affinity for serotonin (5-HT1A) receptors. It has been shown to reduce 
excitotoxic neuronal death and was shown to be an effective 
neuroprotectant in a rat focal ischemic brain injury. A phase II clinical 
trial studied Repinotan in 240 patients and showed a better neurologic 
and functional outcome at 4 weeks and 3 months with a dose of 1.25 
mg/day for 3 days when the agent was given within 6 h after stroke 
onset. A phase IIb trial has been projected to include 680 patients with 
a window of administration of 4.5 h.  

Caspase inhibitors 
Cerebrolysin Cerebrolysin is currently approved for the treatment 

of ischemic and hemorrhagic stroke in 45 countries. The molecule is a 
porcine brainderived preparation of low molecular weight 
neuropeptides and free amino acids. The neuroprotective properties of 
this drug molecule include anti-excitotoxicity, inhibition of free radical 
formation, microglia activation, and apoptosis. Additionally, it also 
exhibits neurotrophic action, promotes neuronal sprouting, improves 
cellular survival and stimulates neurogenesis [21]. Animal studies have 
shown that this molecule can improve the neurological function and 
reduce the infarct size, by preventing the free radical formation and 
counteracting excitotoxicity that can prevent cell death [22–24]. 
Clinical studies were conducted to study the safety and efficacy of 
cerebrolysin in AIS patients 

Apoptosis has been suggested to be one of the key elements in 
delayed brain injury after ischemic stroke 
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One of the important factors in the apoptosis cascade is caspase 
activation. Caspases are a group of cysteine proteases that cleave 
various proteins associated with neuronal apoptosis including 
poly(ADP-ribose) polymerase (PARP), DNA-dependent protein kinase, 
U1-soluble nuclear RNA polymerase (U1-snRNP), spectrin, lamin A, 
actin, and protein kinase C. Activation of caspases has been shown in 
some animal ischemic models, while inhibition of caspase activity 
reduced infarction size in rodent ischemia stroke models.47,48 Chen et 
al49 further demonstrated that caspase inhibitor Z-VAD improved the 
survival of grafted bone marrow cells in rats subjected to unilateral 
MCA occlusion, and significantly improved their functional outcome. 
Although evidence in preclinical studies is reasonable, none of the 
caspase inhibitors has yet been tested in a clinical trial, probably because 
many of the caspase inhibitors are irreversible and have poor brain 
penetration. 

Results and discussion.  
Although evidence from preclinical studies has been exciting and 

many drugs have progressed to multi-center clinical trials, none of the 
neuroprotective agents has been proven to be clinically beneficial. In 
this section, potential problems that hindered the translation of 
preclinical success into clinical practice will be discussed.By learning 
from our past mistakes, we may be able to have more successful studies 
in the future. 

The discrepancies between preclinical studies and clinical trials may 
be the cause of some of the problems encountered previously. Below 
are five suggested discrepancies that may explain some of the 
disappointing outcomes. 

Discrepancies on the outcome measures.  
In most preclinical studies, efficacy of neuroprotective agents was 

detected by reduction of histological infarction volume. However, in 
clinical trials, neuroprotective efficacy is measured by neurological 
function such as the NIH Stroke Scale and the modified Rankin Scale. 
Infarction volumes correlate poorly with functional outcome because 
small lesions in critical locations can produce major functional deficits. 
Conversely, large lesions in relatively silent areas cause little detectable 
function loss. While most of animal stroke models used in preclinical 
neuroprotection studies are MCA occlusion models, patients enrolled 

into clinical trials often include infarcts of diverse brain regions. Thus, 
some animal models may be poor predictors of clinical trial results. 

Another factor that may play a role in the discrepancies between 
preclinical and clinical study outcomes is the difference in the 
composition of brain between rodents and humans. It has been reported 
that more than 90% of brain tissue in rodents is composed of gray 
matter, whereas in human, gray matter makes up about 50% of the 
brain. Even in the most homogeneous population of cortical stroke 
patients, the damage to white matter in humans will be significantly 
larger than in rodent models. This is not necessarily important, but is a 
reason to be cautious in extrapolation of rodent model results to 
humans, particularly for drugs that have differential effects in 
white versus gray mater. Various families of neuroprotective agents 
target different aspects of the neurodegenerative cascade. Thus, used in 
combination, they may have synergistic effects against ischemic injury. 
For this reason, the dose of each drug may be reduced to limit the drug 
toxicity and increase patient tolerability; however, combining two or 
more drugs in the same study will add to the complexity of trial design. 
Conclusion.  

From the line of evidence it appears that neuroprotective agents 
have a rather bleak future in the treatment of AIS. Pre-clinical studies 
have shown that the administration of neuroprotective agents offers 
significant improvement in the reduction of brain infarct size and 
improvement in the functional outcomes. For the last two decades, the 
search for the neuroprotective therapies for acute ischemic stroke has 
experienced a roller coaster ride. Early success in the preclinical studies 
may have prematurely pushed numerous agents into clinical trials. 
Translating bench success to the bedside proof of efficacy and safety 
has been frustrating. Lack of satisfactory animal models resembling the 
human disease, and discrepancies between preclinical studies and 
clinical trials have proven costly. However, we have one important 
success: rt-PA is approved for acute stroke management in many 
countries because it is truly effective and safe when administered 
properly. Much more needs to be done; learning from past failures, we 
have reasons to believe that at least some of the neuroprotective agents 
will be proven to be beneficial.  
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