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Stroke is a serious health emergency of both ischemic and haemorrhagic nature that has 

emerged as one of the most critical health-related problems in the world that causes 

irreversible and severe neurological damage. This review is a summary of the anti-stroke 

agents, their mechanism, their current clinical uses, and their future prospects. We talk 

of pharmacological interventions which have been well determined by the research to 

prevent stroke or neuroprotector to preserve the brain tissue which remains alive and to 

restore blood flow to the ischemic regions. Particular focus is paid to the acute 

management, such as thrombolytic agents such as alteplase, and secondary prevention 

techniques. The use of anti-stroke agents in stroke rehabilitation and recovery especially 

by neuroprotective agents and regenerative therapy including stem cell-based therapy 

and cerebral organoids is also discussed. Nevertheless, the review also implies the 

neurorestorative nature of traditional Chinese herbal medicines and emerging potential 

of nanotechnology-based drug delivery systems to enable targeted therapy despite these 

current barriers and constraints, whereby narrow therapeutic indices of acute therapies, 

problems with translating relevant preclinical results to success in clinic and 

complexities involved in optimization and safety testing of new emerging therapeutic 

approaches such as stem cell transplantation and nanomedicines remain. Resolving such 

difficulties, the future concerns are based on the dire necessity to conduct further 

researches on new, less harmful, and more efficient neurotherapeutic agents and more 

efficient approaches to treatment to reduce the severe effects of stroke. 
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INTRODUCTION 

Stroke or cerebral infarction is a serious medical 

emergency that has a far reaching effect on both 

respiratory and cardiovascular systems with many 

resulting in severe and permanent neurological 

damage[1]. It is a significant global health issue 

and one of the two greatest causes of mortality and 

morbidity, and its epidemiological and economic 

consequences are very high in the entire world 

[1,2,3,]. There are two broad groups of strokes; 

ischemic that develops in the case of the blockage 

of blood vessels, and haemorrhagic that develop as 

a result of cerebral blood vessel rupture[2]. Both 

of them result in the lack of necessary oxygen and 

glucose supply to brain tissue, which may cause 

the death of millions of neurons in a few minutes 

and further worsen the neurological damage[3]. 

Therefore, there is the need to develop highly 

effective anti-stroke drugs to reduce these dire 

effects. Pharmacological treatment normally aims 

at achieving three major goals namely prevention 

of stroke, neuroprotection to protect viable brain 

tissue and reperfusion of blood to ischemic regions 

[4]. The objectives of these treatments include 

maintenance of the ischemic penumbra, 

minimization of infarct size and sustained cerebral 

blood flow through the complex molecular events 

surrounding ischemia[5]. Despite some progress in 

the treatment methods particularly the use of 

thrombolytic drugs in case of an ischemic stroke, 

more effective and safer anti-stroke drugs are still 

being searched [3]. Complex pathophysiology of 

stroke and the challenges of the successful 

translation of promisingly preclinical results into 

an effective clinical application demonstrate how 

necessary further studies of new neurotherapeutic 

agents and a more efficient treatment regimen 

are[6,7] . Although several reviews have discussed 

stroke pathophysiology, thrombolytic therapy, and 

neuroprotection individually, limited reviews 

comprehensively integrate conventional anti-

stroke agents with emerging therapeutic 

approaches such as stem cell therapy, gene-based 

therapeutics, mitochondria-targeted interventions, 

and nanotechnology-enabled drug delivery 

systems[8]. Furthermore, recent advances in 

regenerative medicine and precision-targeted 

therapies have not been critically evaluated 

alongside current clinical applications and 

translational challenges. Therefore, this review 

provides an updated and integrated overview of 

anti-stroke therapies, highlighting current 

evidence, therapeutic limitations, and future 

directions for improving stroke outcomes. 

4. Classification and Pathophysiology of Stroke 

4.1 Types of Strokes 

 4.1.1 Ischemic Stroke 

The most common type is ischemic stroke, which 

is caused by the obstruction of a blood vessel in 

the brain leading to neurological deficits. This 

obstruction may be due to thrombus, embolus or 

stenosis of the artery [9]. It is a complicated 

disorder that has multiple etiologists such as 

macroangiopathy, cardio embolism and cerebral 

small-vessel disease. Some of the risk factors are 

hypertension, diabetes, hypercholesterolemia, 

smoking, obesity and traumatic brain injury. Early 

diagnosis and acute therapeutic measures, 

including thrombolysis, are required, with a time 

constraint[10]. Lifestyle change, including 

smoking cessation, healthy diet and blood pressure 

control is a long-term prevention method. It is also 

important to customize treatment depending on the 

cause of a stroke[11]. 

4.1.2 Hemorrhagic Stroke 

A bleeding in the brain tissue is called 

haemorrhagic stroke, and it consists of 10-15 

percent of all the strokes; the morbidity and 

mortality of haemorrhagic strokes are higher than 

ischemic strokes. It is usually presented as a 
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subarachnoid or intracerebral bleeding. Ruptured 

cerebral vessels are the common cause of ICH in 

case of chronic hypertension that doubles to six 

times the risk [12]. Others are cerebral amyloid 

angiopathy, bleeding disorders, therapeutic 

anticoagulation, and vascular malformations. 

Haemorrhagic strokes are more-severe and the 

mortality rate is quite higher particularly during 

the first three months because of complications 

like the growth of hematoma and oedema[13,14]. 

4.2 Pathophysiological Mechanisms in Stroke 

4.2.1 Cerebral Ischemia and Energy Failure 

Far-reaching energy inadequacy brought about by 

inadequate oxygen and glucose (vital substances in 

the production of ATP) initiates cerebral ischemia. 

This causes an instant change to anaerobic 

glycolysis with low ATP production and 

accumulation of lactic acid and acidosis. The loss 

of ATP cannot sustain the essential ion pumps, 

including Na+K+ATPase, to keep neuronal 

membrane potentials normal, leading to disruptive 

Na+, calcium and K+ efflux[15]. The resultant 

excessive intracellular calcium overflow, which is 

caused by ion dyshomeostasis, results in 

excitotoxicity, increases the release of excess 

glutamate causes neuronal depolarization, and 

impairs mitochondrial activities, causing oxidative 

stress and subsequent formation of harmful 

reactive oxygen species[16]. These processes are 

interrelated causing cell death and neuronal 

damage which is irreversible. An area around it, 

called ischemic penumbra, is the area at risk that 

can be rescued in case blood flow is reinstated[17]. 

4.2.2 Excitotoxicity and Calcium Overload 

Excitotoxicity and calcium overload are some of 

the mechanisms of neuronal damage in stroke. 

Ischemia disregards neuronal and astroglia 

membrane potentials, which cause a large 

elevation in the extracellular glutamate levels as a 

result of heightened release and lowered reuptake 

[18]. This glutamate surplus causes over-

activation of ionotropic receptors which are 

predominantly, N-methyl-D-aspartate and alpha-

amino-3-hydroxy-5-methyl-4-isoxazolepropionic 

acid receptors, leading to an unregulated inflow of 

calcium ions into the cells[19]. This pathological 

increase in intracellular calcium leads to a 

degrading cascade in the activation of many 

catalytic enzymes, such as proteases (calpains and 

caspases), lipases, which subsequently degrades 

key cellular proteins and membrane systems. Also, 

the calcium overload causes mitochondrial 

dysfunction, which is depolarization, generation of 

reactive oxygen species, lipid peroxidation, and 

the opening of the mitochondrial permeability 

transition pore [20]. To this list of events, there are 

also additions that interfere with cellular energy 

production, produce toxic free radicals, and in the 

end cause neuronal damage and cell death by 

necrotic and apoptotic mechanisms. Although it is 

well known that these processes are involved, 

clinical studies of excitotoxicity and calcium 

overload inhibition using drugs like NMDA 

antagonists or calcium blockers have produced 

few positive effects or severe adverse effects[21] . 

4.2.3 Oxidative Stress and Free Radical 

Generation 

The pathophysiology of stroke includes oxidative 

stress and the formation of free radicals, which 

cause serious cell destruction. Ischemic and 

haemorrhagic strokes also cause an excessive 

formation of reactive oxygen and nitrogen species 

that interfere with the fine balance of redox in the 

brain[18]. Oxidative assault is especially 

susceptible to the brain, which has a high 

metabolic rate and lipids are very abundant. 

Ischemia leads to accumulation of ROS, and on 

reperfusion, blood flow restoration is associated 

with an increase in this stress due to the explosion 

of free radicals of various sources: mitochondria, 

NADPH oxidase[22]. This imbalance triggers 
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lipid peroxidation, protein oxidation and DNA 

fragmentation thus triggering apoptotic pathways. 

Moreover, nitric oxide also reacts to produce 

highly toxic peroxynitrite which further damages 

cells, inflames and disrupts blood-brain barrier 

ultimately damaging neurons, glia, and endothelial 

cells[23]. 

 4.2.4 Neuroinflammation 

The neuroinflammation is a critical 

pathophysiological process of stroke that is present 

during the acute and chronic stages. It is a response 

to brain injury, necrosis and apoptosis, which 

causes damage-associated molecular patterns and 

reactive oxygen species to be released and 

activates nuclear factor κB pathways[24]. This 

results in the inflammation of resident immune 

cells, i.e., of microglia and astrocytes, and the 

entry of peripheral immune cells, i.e., of 

neutrophils, monocytes, and lymphocytes, into the 

brain parenchyma. These cells produce a cascade 

of pro-inflammatory cytokines (e.g., TNF- 0, IL-1 

and IL-6), chemokines, and matrix 

metalloproteinases. This inflammatory process 

enhances brain damage which contributes to 

disruption of the blood-brain barrier, oxidative 

stress, cerebral oedema and cell death as well as 

affecting tissue repair and functional recovery[18]. 

4.2.5 Apoptosis and Cell Death Pathways 

One of the most important pathophysiological 

processes in stroke, occurring especially in 

neurons in the ischemic penumbra, where recovery 

potential exists, is apoptosis, or one of the major 

forms of programmed cell death. This is a process 

that is characterized by specific morphological 

alterations, such as cell shrinkage, cytoplasmic 

condensation and DNA fragmenting, which is 

usually devoid of an inflammatory reaction[25]. 

Excessive calcium accumulation into the cell 

(which results in mitochondrial depolarization and 

dysfunction) is a critical event that causes 

apoptosis. This dysfunction leads to cytochrome C 

release which leads to caspase cascade activation, 

including caspase-3 that are key players in 

neuronal death. The balance of pro- and anti-

apoptotic proteins of the Bcl-2 family is also 

involved in the regulation of mitochondrial 

apoptosis[26]. Excitotoxicity which is caused by 

over stimulation of glutamate and NMDAR also 

enhances these pathways of apoptosis by the 

production of free radicals and the impairment of 

mitochondria[27]. 

 

Figure 1 : Diagram illustrating classification and 

pathophysiology of stroke, divided into two 

sections: types of stroke and pathophysiological 

mechanisms. Section one details ischemic and 
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hemorrhagic stroke with associated risk factors, 

while section two explains apoptosis, cerebral 

ischemia, oxidative stress, neuroinflammation, 

and excitotoxicity using labeled cellular 

components and biochemical pathways. 

5. Mechanisms of Action of Anti-Stroke Agents 

5.1 Thrombolytic Agents 

Thrombolytic agents play a pivotal role in the 

treatment of acute ischemic stroke because they 

actively dissolve the clots of blood, hence, 

replenishing the blood supply to the ischemic brain 

tissue. The initial action is the activation of the 

plasminogen to form plasmin which is a powerful 

enzyme that breaks down fibrin which is the major 

building block of blood clots. A recombinant 

tissue plasminogen activator (rtPA) like alteplase 

is a major thrombolytic protein that shows a 

significant affinity towards fibrin and is able to 

directly activate plasminogen on the surface of the 

clot[28]. This fibrin specific effect reduces the 

chance of systemic bleeding when compared to 

non-fibrin specific agents. It takes place in two 

stages, where a slow stage is the first stage 

whereby the plasminogen on the surface of fibrin 

is activated by single-chain tPA and the rapid stage 

whereby partial degradation of fibrin reveals more 

binding sites, transforming single-chain tPA into 

its more active two-chain functional form and 

continuously generating plasmin. Similar 

fibrinolytic pathways are also involved in other 

agents like non-immunogenic staphylokinase and 

Tenecteplase[29]. 

 5.2 Antiplatelet Agents 

Antiplatelet agents are also important in the 

prevention and control of ischemic stroke because 

they inhibit platelet aggregation and the 

occurrence of thrombus. These are the drugs which 

mainly disrupt platelet activation and coagulation 

cascades. Aspirin is an antiplatelet agent that is 

commonly used, which irreversibly suppresses 

platelet cyclooxygenase inhibiting the production 

of thromboxane A2, a powerful platelet 

aggregate[30]. Clopidogrel is another type of drug 

which, like P2Y12 adenosine diphosphate 

receptor, attaches irreversibly to the platelet 

surface and hence ADP-induced platelet 

aggregation is inhibited. Ticagrelor acts in the 

same way but is a more reversible P2Y12 receptor 

inhibitor. In addition, tirofiban, eptifibatide, and 

abciximab are tirofiban, eptifibatide, and 

abciximab, which are glycoprotein IIb/IIIa 

receptor antagonists that inhibit an important 

platelet aggregation pathway. P2Y12- and TXA2-

targeted novel compounds that inhibit aggregation 

triggered by an ADP and arachidonic acid have 

also been designed[31]. 

5.3 Anticoagulant Agents 

Anticoagulants play an important role in the 

prevention and treatment of stroke through the 

prevention of the formation of blood clots, which 

may block blood circulation. These agents disrupt 

the coagulation cascade in a number of ways. 

Anticoagulants are generally divided into direct 

and indirect thrombin inhibitor and direct Factor 

Xa inhibitors. In this case, an example of such an 

inhibitor is argatroban, which is a direct selective 

inhibitor of thrombin, which is one of the enzymes 

involved in the formation of clots[32]. There is 

also the use of indirect thrombin inhibitors, which 

are unfractionated heparin and low molecular 

weight heparin, which inhibit the activity of 

thrombin and thus prevent clotting. Also, direct 

oral anticoagulants like rivaroxaban are specific 

and target Factor Xa, an upstream element in the 

coagulation cascade that is necessary in the 

formation of thrombin. These stages are met and 

therefore prevent and treat thromboembolic events 

in stroke by anticoagulants[33]. 

5.4 Neuroprotective Agents 
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Neuroprotective agents strive to protect the brain 

tissue against the multifocal damage caused by 

stroke, especially in the ischemic penumbra. They 

use various different mechanisms, including 

excitotoxicity, oxidative stress, inflammation, and 

apoptosis. These agents attempt to avert the 

neuronal cell death by diminishing the loss of 

ATP, eliminating glutamate-induced 

excitotoxicity, and opposing the production of free 

radical [34]. As an example, oxidative damage is 

directly counteracted by free radical scavengers, 

i.e. edaravone. There are also neuroprotective 

effects of minocycline that is inhibitory of 

microglial activity, glutamate toxicity and caspase 

1-dependent apoptosis. Stroke can be enhanced by 

growth factors that decrease the damage by acting 

as anti-apoptotic and anti-inflammatory. 

Resveratrol also emphasizes neuroprotective 

measures because of its antioxidative, anti-

inflammatory, and anti-apoptotic effects, which is 

frequently achieved by strengthening the 

endogenous cellular antioxidant mechanisms[35]. 

Since stroke is a complex pathology, one 

neuroprotective agent might not be sufficient, and 

one might consider that a combination of the 

agents will work together in a multifaceted 

approach to provide more extensive 

protection[36]. 

5.5 Anti-inflammatory and Antioxidant Agents 

Anti-inflammatory and antioxidant agents play an 

important role in reversing the damages caused by 

the stroke by acting on critical pathological 

mechanisms. Anti-inflammatory drugs make 

neuroinflammation less prominent; it is a major 

cause of brain damage. As an example, olive 

polyphenols are reinforcing nuclear factor kappa 

B, pro-inflammatory cytokines, including IL-1b 

and TNF-a, inducible nitric oxide synthase (iNOS) 

and cyclooxygenase-2[37]. Shrimp lipid bioactive, 

adjust inflammatory signaling, diminish the 

metabolism of inflammatory mediators and 

decrease migration of macrophages and 

inflammatory gene expression. Antioxidants fight 

the harmful action of oxidative stress. Directly 

scavenging the free radicals are the herbal 

medicines and olive polyphenols which prevent 

oxidative damage[38]. The olive polyphenols also 

enhance the activities of antioxidant enzymes and 

chelate metals including iron that can increase 

inflammatory oxidative bursts. Astaxanthin, a 

compound derived by shrimps, inhibits superoxide 

anion and improves the action of glutathione 

peroxidase and, as a result, lowers the activity of 

lipid peroxidation and carbonylation of proteins. 

The combination of these actions helps save the 

brain tissue of severe damage after a stroke[39] 

Table 1 : Classification of Anti-Stroke Agents 

Class Examples Mechanism 

Thrombolytics Alteplase, Tenecteplase Clot dissolution 

Antiplatelets Aspirin, Clopidogrel, Ticagrelor Inhibit platelet aggregation 

Anticoagulants Heparin, Argatroban, Rivaroxaban Prevent thrombus formation 

Neuroprotective Agents Edaravone, Minocycline Reduce neuronal injury 

Anti-inflammatory Agents Olive polyphenols Suppress inflammation 

Antioxidants Resveratrol, Astaxanthin Scavenge free radicals 
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Figure 2 : Diagram illustrating mechanisms of 

action for five types of anti-stroke agents, 

including thrombolytic, antiplatelet, 

anticoagulant, neuroprotective, and anti-

inflammatory & antioxidant agents. Each section 

uses color-coded boxes with labeled pathways, 

molecular targets, and effects such as clot 

degradation, platelet inhibition, reduced neuronal 

death, and decreased oxidative stress, highlighting 

key drugs and biochemical interactions involved in 

stroke treatment. 

6. Clinical Applications of Anti-Stroke Agents 

6.1 Acute Management of Ischemic Stroke 

Thrombolytic agents are very important in the 

acute treatment of ischemic stroke as they are used 

to dissolve the blood clots and reestablish cerebral 

blood. The approved FDA thrombolytic agent is 

the recombinant tissue plasminogen activator 

(tPA), alteplase, which is currently under clinical 

use[9]. Its application is suggested intravenously 

in 4.5 h after the symptoms appear, with 

endovascular thrombectomy in combination in 

most cases being the most effective. The average 

dosage of alteplase is 0.9 mg/kg in which 10 

percent is administered as a bolus and the rest 90 

percent as an infusion over 60 minutes. Alteplase 

has a narrow therapeutic index despite being 

effective thus can only be used by a small 

proportion of eligible patients and harbours the 

risk of haemorrhage[40]. Tenecteplase is an up-

and-coming alternative with similar safety and 

efficacy to alteplase, and the benefit of a single 

bolus, which is the easiest and fastest to administer 

[31]. The clinical treatment of the acute ischemic 

stroke mainly aims at quickly eliminating clots but 

the limitation of the therapeutic window is still an 

important issue[41]. 

6.2 Secondary Prevention of Stroke 

To prevent stroke secondary prevention, anti-

stroke agent clinical use is mainly aimed at 

addressing the underlying risk factors and the 

recurrence of events. Eprosartan and telmisartan 

are antihypertensive agents, which have critical 

roles in lowering blood pressure, a major 

determinant of stroke recurrence[42]. There is a 

high level of effectiveness of lipid-lowering drugs, 

especially statins, like atorvastatin. In SPARCL 

study, the risk of subsequent stroke was reduced 

significantly by 16% using atorvastatin within the 

sample of patients who had TIA or minor stroke. 

Antithrombotic treatments, such as antiplatelet 

treatment and anticoagulants, play an important 

role in the prevention of the formation of new 

clots. Another high-risk factor is diabetes, the 

management of which is done with hypoglycaemic 
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drugs. The overall application of these agents will 

tackle the different physiological pathways that 

cause stroke, and thus, reduce the chance of a 

stroke recurring drastically [43]. 

6.3 Management of Hemorrhagic Stroke 

According to the available information, no special 

FDA-approved drugs are particularly available as 

of now in the management of haemorrhagic stroke. 

Whereas the use of anti-stroke agents has become 

widespread when dealing with ischemic stroke, the 

treatment paradigms vary greatly when dealing 

with haemorrhagic stroke, where the brain is 

involved in bleeding and not developing a clot. 

Tissue plasminogen activators (tPA) such as 

alteplase, which are some of the agents used in 

ischemic stroke, may result in haemorrhage as one 

of their serious side effects, including 

symptomatic intracerebral haemorrhage[44]. The 

design of effective stroke therapeutic agents is an 

urgent requirement as numerous neuroprotective 

agents targeting multiple pathological cascades 

have not been subject to much success in clinical 

trials, and in many cases, these drugs are unable to 

be extrapolated to clinical efficacies[45]. 

6.4 Role in Stroke Rehabilitation and Recovery 

Anti-stroke agents play a significant role in stroke 

rehabilitation and recovery, filling multiple 

neurological and functional brain deficits. 

Edaravone is a free radical scavenger, 

neuroprotective drug with proven beneficial 

effects in terms of reducing infarct volume and 

enhancing the outcome of rehabilitation processes, 

including motor functional gains and 

independence. Recovery can be facilitated by 

growth factors and minocycline since these two 

have neuroprotective benefits[46]. Along with 

neuroprotection, such regenerative solutions as 

stem cell-based therapies and cerebral organoids 

are also emerging. Isografting cerebral organoids, 

such as, has been shown to recreate the injured 

motor cortex, alleviate brain injury and improve 

motor functioning associated with the nervous 

system in experimental animals. This is done by 

more neurogenesis, synaptic regeneration, axonal 

regeneration and enhanced neuronal survival. 

Moreover, nanoparticle formulations comprising 

of agents like N-oleoyl ethanolamine have been 

demonstrated to enhance motor skills and 

cognitive abilities including spatial learning and 

memory, in addition to protecting the brain and 

reducing inflammation after a stroke[47]. 

7. Emerging Anti-Stroke Therapies and Novel 

Targets 

7.1 Stem Cell-Based Therapies 

Stem cell-based therapies are a relatively new and 

promising area of future in anti-stroke care, which 

should restore and regenerate the impaired brain 

tissue. These treatments use the available 

properties of many forms of stem cell including 

mesenchymal stem cells, induced pluripotent stem 

cells (iPSCs) and neural progenitor cells [48]. 

Their therapeutic actions are facilitated by various 

mechanisms: they have the ability to differentiate 

into new neurons and glial cells to substitute those 

that were lost during the stroke, release a wide 

range of bioactive molecules, including growth 

factors and cytokines (paracrine effect), and 

regulate immune and inflammatory responses. 

Another important new target is mitochondrial 

repair, in which MSCs are able to deliver healthy 

mitochondria to injured brain cells, restoring 

aerobic respiration as well as inhibiting 

apoptosis[49]. Moreover, researchers are looking 

at stem cell-generated conditioned media and 

secretum’s as potent to diminish the size of 
lesions, enhance motor performance, and 

neurovascular restructuring. Though many clinical 

trials are ongoing, mostly in phase I and II, there 

are still difficulties in finding the best type of cells, 
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https://dummy-citation.com/citation?d=z%3A7VbNbhxFEF4jfsIBcQ0SSM0BFEve9a6zmxgUEgU7CQGcGGJkOPZ018x03NM99M%2Buh5PJCSROvAlHXznyDlwi8RRc%2BLpn105IlCewtN4Zt6ur6vvqqyr%2FfDp4vbROVcq8RT9GG6h7850dHr0yFWusI8aN7F8k8VD7DeaDs0fEau5ZQWQYZ5q4TPYC94jZsjdlC%2Bu0XChJI%2FaFXdCcHC5HIch7pgwTWhkluF45DE5x7bNfRw1XhiQjjUzmcPBgaDXZTlOoubGaN%2Fgzu%2FLwzu11tsAFbhgZaSsyNsKFqmrdsbqTzra1LZQAAk0iamILhcxsDD4AWEraUISVA3IREIpRWeJtxO4bFmoF1y4ooWmjd4cIrLBGerYgcLKEU0aNeOCxQc4FhUXiBcll8rztCkKCyMS3NQ9KdlrUFuiB4NH%2BzvqIHdRw1ZlQE2Kli0OcM2GbVtNxdrL7aP%2FOcP%2FOvWVY0uWQe09NoRFRmWCZVq31tiGfaWEP9v36Ro925U9bLrM1gBG8L4ubvC5T5yvOlEYeviatUTsyIsF%2FkdQUJ7F%2F5vi5NFJZIBzYoiSgOyzJ50y6WOVLiX%2FIZXu0NWF%2F%2FsHGo8k2W4SPRuwwGZZcOUSMRqX0mFc%2F9QkvkNZQKshGFTEgsKi54yIkfSVkS%2FhLqjofqEk6g6tEGT4AmiWDhB2f95pJIaJGdaxJ72eirMnxtutL5MhHHZJ4JRymyFBjyDG5hCJTSr0HgFplIWzUEIGqAAO3TEAeqoHgoLV000c3V3O0Aa72%2BNLpPe6E4sznKsFbOtvbuf0wWSWfTcsd4mdCS0cZdJ%2FkwcHOEGzn9ikcnsyjmKiHJKHzpbOkBQiCiQagEvECm1sdm%2FMkSKIPca9KAQA6iuSz6xPpcRVpLghHPLGK8qdGPA7oXwJMbReYDXPS7Ia6OVf8xqa6%2BWq2egh71jl03gKEONZwlP3K3uHeOgvkA%2FiqKjyfxeFb%2BAEMzCFnkqbyzCKIr3sZdylvTBqbkudIVNlEfUb2XBqqaaKxpY6ogRepC5KAeNeL%2Bdnit7YN1iPlZbQ8U0zSWE8k%2BMXIanq0qWbLHuzrk3UKjnmWhqlVoeD%2BecktUZ%2FHXMmrhoDRUvl6aoSUJeogE%2B227YcQEmEtBpzJLEGCCgrJ8v6%2F6vuZDEAtNJOPR4AO%2FP%2Fe%2BuvL39hgMJCY6keng3drXqT6iXCxLy72xcW%2BuNgXF%2FviYl%2BkfaF5HnEkdwG62hpvzYaTSSOsyRpz901pTwdvVDyG2jp%2FoqFt9OJd%2FFgnp6PJlJT3kdYw2oKmZjf1%2Fi5Ixzroyl5wl99vz%2Fx9bRHXutPBmmp5Rd9yU9Hp4DX0jvNhHyfvvf13rfnq%2FR%2BdbuZBgOhPYCkNaopnWWJJ6E7%2BkDxUCGfq7xXeXVSYYJoGL9oWh7G3rB7VClza3lAo6U8Hbwpp1fEHEwyp8fZ4czK%2BPrk%2Bm05HYGSCL5zNtjGUCnOCb2%2BeqGQxTCZqMtuaDMfTa1PR8Orx1a3Jte3ZbDz7pLYtGY4Rf3R4fijbRsn66nR7ujWeXHucycvcP06RhuP0adpYaIX5vKR%2FLQNpD3inUcSP2V0HHSh%2FBPXY6AR95%2FTxN3UIrf90c3OxWIzS8iutSTtohGGyCWibrSyB6hXobhkieTur4bPgQJWPRejaRODRckse4Nc1qIZs%2BRUGxrPHFNIIhq0WSd6fdzs2mnAJs6KE%2FiFbeYj%2FRHw%2Bvfxhr5Zj%2F7K9%2F%2FTk16e%2F%2FI7vl23U1dLsd9LG%2BeLEsMcgy417vqOS5rHwlVBojuXML4NtlfAnMmG7JCK4G664A08j66pX8%2FQf


Dr. Md Sayeed Anwar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 1932-1948 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 1940 | P a g e  

doses, delivery methods, and a stable graft survival 

and integration in the long run[50]. 

7.2 Gene and RNA-Based Therapies 

Gene- and RNA-based treatments are arising as 

the new and promising ways of treating a stroke, 

mostly aimed at controlling gene expression to 

mitigate the injury and ensure recovery. The role 

of microRNAs (miRNAs), a type of short non-

coding RNA, in the pathophysiology of strokes has 

received a lot of attention. Some miRNAs have an 

aberrant level that causes damage in ischemic 

stroke and therefore constitute a good therapeutic 

intervention in stroke. Indicatively, it has been 

demonstrated that inhibiting miR-141-3p, which is 

increased after stroke, has the potential to improve 

the recovery of the stroke. Developers are also 

looking into nanoparticle-based anti-miRs, 

including phosphorothioates and peptide nucleic 

acid-based anti-miRs, to be used to target certain 

microRNAs. These RNA-based medicines 

function by either cleaving of target messenger 

RNA (mRNA) or sterically blocking of mRNA-

ribosome interactions, thus regulating expression 

of genes[51]. The development of these 

therapeutic modalities has a major challenge of 

efficient delivery of these agents across the blood-

brain barrier. Nonetheless, nanoparticles can 

provide a pathophysiological benefit to disrupt 

blood-brain barrier in stroke and have their 

therapeutic effect[52]. 

7.3 Mitochondria-Targeted Therapeutics 

The therapeutic approach of mitochondria is a new 

approach to stroke treatment that may help resolve 

the crucial role of mitochondrial dysfunction in 

cell damage and stroke death in neurons. 

Mitochondria are affected by ischemic stroke 

resulting in dysfunction, low ATP generation, 

elevated oxidative stress, calcium overload, and 

demonstration of apoptotic pathways[53]. 

Innovative treatment methods are meant to heal 

the mitochondria and preserve the brain cells. 

Naturally occurring compounds are being studied 

as having the potential to improve the functionality 

of the mitochondria, decrease the production of 

reactive oxygen species, and block mitochondrial 

apoptotic mechanisms. Such examples are Noto 

ginsenoside R1, which enhances mitochondrial 

morphology and ATP levels and oxyresveratrol, 

which suppress cytochrome c release and caspase-

3 activation[54]. Additionally, there are more 

sophisticated drug delivery systems, including 

mitochondria-targeted nanocarriers (e.g., TPP-

modified and ceria nanoparticles), which are being 

designed to deliver the antioxidants and other 

therapeutics agent directly to the mitochondria, 

effectively scavenging the ROS, and providing 

neuro-protection. Other uses of mitochondrial 

repair are found in stem cell-based therapies, 

which involve transfer of healthy mitochondria to 

a damaged cell to restore the functionality of the 

cell, and to induce neurological recovery[55]. 

 7.4 Nanotechnology-Based Drug Delivery 

Systems 

The drug delivery systems that have been 

developed using nanotechnology are changing the 

way stroke is treated by addressing the issue facing 

the other therapies including limited therapeutic 

effects, low half-lives, and ineffective delivery 

through the blood-brain barrier[56]. Nanoparticles 

provide efficient drug loading, regulated release, 

increased BBB permeability, and targeting 

diseased BBB tissues which are customizable [47]. 

These are nano warriors which enhance the 

stability of the drug and increase blood circulation 

and infiltration within the infarct area. They are 

developing various types of nanocarriers, which 

are polymer-based nanoparticles, lipid-based 

systems such as liposomes, and carbon-based 

nanomaterials. The techniques to improve brain 

targeting include cell membrane use or surface 

modification with particular molecules. Even the 
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https://dummy-citation.com/citation?d=z%3A7VbBbhxFEF2jILjlwCVCIPUJgeQd73rXmzhCAjYEKSEggxIM3Hq6a2bK29M96e5Ze3wyHLjwO1z8DRz4IC68nh07jsFIufsw0s5MVfV7r17V7C%2FnozuF81yyfYdeti5Sd%2Bfuk6AqqlmJEL1b0bZQlfRSRfJ8SlrknVjLoFojvXBKmTaws9uikkF4UmSj6QTV5EvE4pmzJFwhYkWi8VxL3wkl20B4U4ja%2BSgNx05Iq4XmIHPub4%2BdN%2FqYNWXikbNrVMUh0ojoScYat0jVKZMpbIvQqiqdFSvv6tyZLgJ9qmip9a7x4KUirymh8LLpcwqpSNgWQF0bEkVjyJbpDVuQ0mxLYbjmmCizk2vJZkCHA7m0XLCSANKfEd0Jq82rNndNBFGAlRAhohCeVmAKjUwxNlxA04Succ6L3Dinx7mXbEUuvWfy4uPlcvmJaMhS9DIxz8S30rpGehAzNM5lACrt21JoMiAGUUMXItUBIlNI%2BkBMHK2ikHoNmLKndiFUADwDFqdAQraSVqGe4cY1FRhuiCSEEBk0L2kfV4x8sAb0mHqCKmid1jgzqY%2BTN5r1oEMmXkRkniYp7RX8QcBz1%2BCDPb%2Fuu6FZHXxSkA%2BCazRyfcH7Xy3xpNvE4lo7LtltmpHShyO3IZUzDj0fSl7rTk4Rlk86BmfaREisGB1hBWLPK052XzMdC8mQPbpUbg3HCimUA1aqyIZkOoD2fSAMr1rvU3dAUUYq4cTEHMHKsIWf0JQI7w0S1dJKjGYp8Bsx%2FRjg7rpQBVyPU5PENap6tAXm8aHZuB6zyWVlcPXZaRJfeaKneqVnCSTJ5JIGfPAjo6Ccp78%2F%2B8v8%2FvloNNIYzdX56G4l80RCxduNcbsxbjfG7cZ4tTGMVArtJf1lQrw72V2MJ7NaOeRDDv%2FEFg7%2FO0rZRng8nKFWg2XxFS7n9SJ7MIdk0dDJh0t2NWn0BRvhI3GApVJL5YYuF2uIXNO9P5rLys%2BckqhxPtriBlC%2Fl2jV%2BegtGNKHeIAn74%2B2%2Fvy0MvLKnUnZnvMWieE3RGsr65RVFLJm0%2BVPGapDSH2AadcwAI3%2BI%2BrHdhNVfQfFXuK6MfLZUK94yrJq%2BaY4fZjQ95H0M8OSNwWqb6Qb4g4zcZjdWDDh3wSqny7KKdbhfPS20o5PPphOsulkutg5yjArTSUztG6eTaf39xZzmDq3Z8na9lee3N%2BbjWez3V2e7u9NxovJ5H7lsHwkmrY6nM8ns9lid3%2B6p5uadTXbn0%2F2HuzvHyG53ZjiKFUeTyfj6axu2txwQE83vtjqYa8em5BmxYvlDyvsCtd6RS%2B8OdmuYmzCw50dIM6cL3f%2BD3SJ1Rq7JomwGjbJc9xuwbbkiq%2FZ6quPCR8W0yHWYBGQXnaPXGvje%2FiAYJtANNKH%2BPSF%2Fum9MHiUvkiDAbunqby6soaVuzErYRuozYReG8WH4nG%2Fb9Kcvb7f0phRkT4Zqiuia1DgTCc272IlvKEQ%2FwA%3D
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intranasal delivery is coming up as a non-invasive 

mode of getting through the BBB[57]. In this 

method, several therapeutic agents can be 

delivered concomitantly with the intent to achieve 

synergistic effects, but clinical translation issues, 

as well as sufficient safety assessments, are still a 

problem[58]. 

7.5 Neurorestorative and Neurodegenerative 

Agents 

Neurorestorative and neurodegenerative agents are 

key emerging therapies that have a goal of 

repairing and supporting functional recovery of 

brain damage after a stroke. Neural repair, which 

is different to neuroprotection is concerned with 

restoring damaged tissue and several animal 

models have investigated how to induce the 

process of neurogenesis and neuronal repair[59]. 

The leading area is the stem cell therapies. 

Mesenchymal stem cells and multilineage 

differentiating stress-enduring cells have been 

demonstrated to be promising under different 

types of stem cells. These cells are able to engraft 

into injured tissue, differentiate to restore 

functionality, induce neurogenesis, reorganize 

neural networks and increase axonal growth and 

synaptogenesis. They have therapeutic 

advantages, in that, they provide tissue 

regeneration and repair by means of their 

capability of self-renewal and multilineage 

differentiation. Moreover, the Chinese traditional 

herbal medicines are also being studied as 

neurorestorative. As an example, neuroprotective 

and neurorestorative effects of some herbal 

compounds and extracts have been demonstrated 

in preclinical stroke models of MLC901. These 

agents tend to operate by the stimulation of 

pathways such as the HIF-1: VEGF signaling 

pathway that play a significant role in enhancing 

angiogenesis and brain improvement of 

neurological functions and cerebral 

microvasculature networks, thus contributing to 

the recovery of stroke[60]. 

Table 2 : Emerging Anti-Stroke Therapies 

Therapy Mechanism Current Status 

Stem Cells Neuroregeneration Phase I–II trials 

Gene Therapy Gene regulation Preclinical 

miRNA Therapy RNA modulation Experimental 

Mitochondrial 

Therapy 

Restore ATP production Experimental 

Nanotechnology Targeted drug delivery Early clinical development 

Cerebral Organoids Brain tissue 

regeneration 

Preclinical 
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Figure 3: Diagram illustrating emerging anti-

stroke therapies and novel therapeutic targets, 

divided into five sections: stem cell-based 

therapies, gene and RNA-based therapies, 

mitochondria-targeted therapeutics, 

nanotechnology-based drug delivery systems, and 

neurorestorative and neurodegenerative agents. 

Each section includes labeled illustrations of 

biological processes, therapeutic mechanisms, and 

delivery methods, highlighting key elements such 

as mitochondrial repair, miRNA regulation, 

nanoparticle carriers, and neurogenesis 

stimulation. 

8. Challenges and Limitations in Current Anti-

Stroke Therapy 

The existing anti-stroke treatment options have a 

number of major challenges and drawbacks, which 

limit their efficacy and general use. In the case of 

acute ischemic stroke, the alteplase, the leading 

thrombolytic agent, has a limited therapeutic time, 

contraindications, and possible complication, and 

only a small percentage of patients undergo such 

therapy. Despite the combination of intravenous 

thrombolysis with endovascular thrombectomy, a 

good number of patients remain functionally 

dependent or disabled through delayed/incomplete 

recanalization, or microthrombin[61]. In addition, 

the endovascular thrombectomy may be 

unavailable in some areas. In new treatment 

interventions such as transplanting stem cells, the 

main issues involve determining the best cell type, 

dosage, and timing of various stroke subtypes, and 

the survival, integration, and differentiation of 

transplanted cells in the hostile microenvironment 

of the brain. The possibility of tumour formation, 

immune response, and formation of ectopic tissues 

also should be thoroughly evaluated[62]. The 

prospects of nanotechnology-based drug delivery 

systems have challenges in the quality control and 

mass production, as there is a complicated 

approach to engineering. Nanocarriers that should 

be made to have simplified structures are preferred 

in high stroke-targeting in order to address the 

problem that concerns reproducibility and cost-

effectiveness. Also, most synthesized 

nanoparticles do not have comprehensive safety 

studies involving in-depth toxicity tests, 

biocompatibility, and long-term stability tests[63]. 

Moreover, the majority of intravenous nano 

therapies are likely to be deposited in non-target 

organs, and thus more effective brain-targeting 

technologies are necessary. In the case of natural 

compounds, although they have potential, most of 

the studies are preclinical and cannot be 

definitively confirmed of their effect and safety 

due to lack of large-scale randomized controlled 

clinical trials. The mechanisms, best 

administration routes, pharmacokinetics, 

bioavailability, which are long term effectiveness, 

possible drug interactions, and side effects are not 

well known. In general, new, safer, and more 

effective stroke treatment is urgently needed[7]. 

Table 3 : Challenges and Future Opportunities 

Challenge Impact Future Solution 

Narrow 

thrombolytic 

window 

Low 

eligibility 

Extended-window 

therapies 

BBB 

penetration 

Poor drug 

delivery 

Nanocarriers 

Stem cell 

survival 

Reduced 

efficacy 

Biomaterial 

scaffolds 

Clinical 

translation 

Trial 

failures 

Better models 

Safety concerns Delayed 

approval 

Long-term 

monitoring 



Dr. Md Sayeed Anwar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 1932-1948 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 1943 | P a g e  

9. Future Directions and Perspectives 

The future of anti-stroke treatment requires 

researchers to develop new more effective more 

safe treatment because of the pressing need to 

overcome the drawbacks of the existing treatment. 

Much attention will be paid to enhancing the 

translation of promising preclinical results into the 

effective clinical application, which has been an 

obstacle in the past hindering progress. In higher-

order treatment, such as stem cell therapy, the 

primary challenges have been to optimize the cell 

types, dosages and routes of delivery in addition to 

the long-term survival, integration and 

differentiation of transplanted cells in the complex 

brain microenvironment. Although nanoparticles 

have been found to be beneficial in drug loading, 

delivery, and the blood-brain barrier, in 

nanotechnology-based drug delivery, the next step 

to optimize brain-targeting methods and combat 

the challenges of quality control and mass 

production are necessary. In addition, a whole set 

of safety investigations, including detailed toxicity 

analyses, biocompatibility, and long-term stability 

assessments is necessary with newly developed 

nano therapies. In the case of natural compounds, 

a further crucial step to undertake is large-scale 

randomized controlled clinical trials to strictly test 

their effectiveness and safety, and to understand 

their mechanisms of action, pharmacokinetics, and 

possible drug-to-drug interactions. 

CONCLUSION 

Stroke is one of the acute health emergencies and 

one of the most critical in the world causing the 

severe and irreparable neurological damage. 

Ischemic and haemorrhagic strokes are both 

conditions which leave the brain tissue without the 

needed oxygen and glucose which leads to 

massive destruction of neurons. Although 

improved treatment methods, especially 

concerning ischemic stroke, have been made, there 

is still a pursuit of more efficient and safer anti-

stroke medications. The pressing necessity is the 

constant research and the discovery of new 

neurotherapeutic agents and the most optimal 

treatment approaches to alleviate the serious 

effects of stroke. 
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