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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-
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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 applications and
translational challenges. Therefore, this review
provides an updated and integrated overview of
anti-stroke  therapies, highlighting
evidence, therapeutic limitations, and future
directions for improving stroke outcomes.

current clinical

current

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 therapeutic
including thrombolysis, are required, with a time
constraint[10].  Lifestyle change, including
smoking cessation, healthy diet and blood pressure

acute measures,

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

1933 |Page


https://dummy-citation.com/citation?d=z%3A7VbLblxFEJ2g8NixAYkskHrBDs87nsRZgESiSCaJsLBRELue7rr3lqcfl354fHcmX8CKNb8xYsuCX2DLb7Dh9J3xxIKIRdaWPPZMT3XVqXNO1fVPm8Hdygeu2b1PP2afqLv7xWkKfkWCo0gNiUjKOy0MSc2uFkrmSMJXQpNMjZD4Sgorz30QiEuBlznhffJCc5RLNpw6sfbB6DVrGokzpGwDXUhDTvWJ4r5cw3VDMQl2yH5Bxrd9RZ9LXooHYs0oyVE1ZFldX1xSiSpQrcdl5a31TqSuRbXH3kWUDXJpSllfB4qoIyNukQNujcJO%2BBxEdoiLCQ2VdMBVMrbo0bdNF9kbX3c34JbGS0R%2FzXTljiXVSMfRxj1boGEPl13MJo3Ejl5cDrLtgIqtDGw6UXkFbqMAesAEiyXD0nivRWX8uiQrFZdBAnJfP0CDErTFNGSnsyItHOVQ8LKSRmhpZQ0qnku16vFnpQoJyBFIkQNjhl0fCpal2dJjkAb1IteOK3yJsEAVO7LlBtKgUYsr1msyUKbHPtSBL0BrTFl3kLDc7oHuLOMITYAk14NDp8CwoxMNkwyqAT1sQZN05HM03UFJ03K6od7rS1Y6tFYQHYgW2g9350oGEnRJIUWYM%2BZlkTWhN8G2lQr4naikhTeLqQqnDUmTmv5e7GIiu9e3uN%2FbbiSOLRBc9NV6DDDxcM9cid5%2F6NOUl%2BEVQVfw2LsEbr5mv8rmuolexG0P0AMVApoO1GxnB%2FoCbElfhgZR%2BAgs8HeDgcER0xpzQVsBSmP%2Fa9uD3ahKfSExfn0j5QJmBKmL0H29rfthT8oJzk0y1FS4BIydZ4Da6TcKSFH5QH9%2F%2Bccvv%2F06GAw0Zn%2B1GXyIfhAJ8m8XzO2CuV0wtwvmrReMkX2HpJ%2FIRPVsMlsMJ3NbdgNsS%2BHYVX4zeLeWGRBDvDJbSZ7i5YO%2BPzqaEseY6SNKnAxdfn7sEgXX4wK3X2NUy18gfOENqWxkEKeKyzKJ1YU32dLH7b7ac4%2BOfNgM7nALq3wrXU2bwTvoFKN%2BgpN7n24aI%2FfvzY0dFl8hUjtpy42q90vHzzJmZOUjUV2srp%2FwOWsMGw3%2BG6y%2FZ%2Bm3casfGv7r6ufHDbl6G65Yx83gPaU9p%2BlkNJ8fTcZ8buNsOps8WEyOsD2X7gq%2Fo3vF0%2Fuz2XAyWTzg6WIxHS4OjxYKU30%2BnxzNZw8PF4tDyE3ghS5XL18f6taybuZzJJxNH573vPaynEOWyXCKn0Pb5qXhCLW3ytzpm7gcvcAQMsorbuFrGTrxBP%2BGJlB%2Fsr1Q9s6xi1ApJ1pBfiij6LtgLodNSm18NB6v1%2BuR1S2PsJPH%2Bx7Gs%2Bl4NhmXJsetrmrMZ1nW4G0lA%2Bxm6Awf70Bv8tUz7LSbxwQEpkOsUVgK%2BqvucXk63Lv7JwxZEUyJ%2FfcSj7TYn3%2Fy%2B85F35z8ayKKlc%2BuJ6%2B4abuVH4mTYmQcnWL0MFAl7mlOGdN8gsdDSypBz1glPJtUvNIF%2BQcqo%2BvPrruGoiMf6vGbVP0H
https://dummy-citation.com/citation?d=z%3A7VbLbhxFFJ1EQSA27HjsaoHEAnsePZ6JHQkFG8vIgJEVjCKxq6663V0z1VVNPWbcWRnEp%2FAT3rHlL9jzCWw41T0zOAn5gngz6qq6j3PPPfdqfrkdPCqsU6Uy79LP0QZqHz08FjEQU15UVCvBfHB2mc6MM%2BFUUIJrJqyR%2BLSGhYoHJrhhjnzUgSnDpPI8V1qFlnEjmSQeqiG7qii5eeQhI8gzW8AZYWuSr8SU1BAc8bXiTtnoWcFFsM7vIbzQUSpTwpeYVy%2Boj4PvDuce40VBIpBkueMA46hEyD0WHGDUZALCegqwQ4bkF9qmj7E16KE2TtXctczmC4RTq85mw8V%2FsQA%2F2FR64C6dNpwBfqyRnwXlfUQwckX0qbSU1ZGMAoyagjsR2MrqWBPLW%2BYj4iiTqsu1tZIV2q6H7BmJlAtZCA5V4iUB3%2FH1mWcNKLbalh2R6bDmLRqGZI2zINuD74p7EFYaVcDKBN0yVeN1BarukNOkiJ7l1CJ8Vxn0AUC7EobsghtgDWhDFxXUAEqC6HjiHfC0qoEMXsosIkj0tCJIp2UrBU6AveZGNVHzrt0gtraaBM4OahAVHn3dCWTDKN9DUQ7SSyYJeCIS%2FdE7UlLTkkSTkSZcrxStPYDVjaaEKnFhTWkTqleZlICnbdMTUDD%2BvwMgXSz9Jk0qvmWFFTER20VxlKoCMAESSnDWKxxEKzzaOrdA1geBGPsb3d65SwANRWfRk7CRHC8BqUsKDXG0gNkYtDKIXSh035T4QKgtGymGwHsng%2BAU170I6LrRFlV31a6tWyYWXmYaL35bJHkB63%2Be%2FvnH338NBgOZPG4HH1Q8BxeYxPslcb8k7pfEW74kNBedZuRpqiUbZ%2FP98bRGk5M6yZ2bwt4O3il5hOicv0G3G8znWTej8mB4NKFO9u8Tatd0%2Ffm5CeRM12zg%2BsZGHHRKerFr%2Bw9CdVuh6Kfho2aX7TsLRq27HTxQDfh4xk1Jt4OHULHz4RI3n3z4e6X57lsnT6fymBbGb7CUhtfJoyh4rXRLZ46bJbbCikxxCp26VjrgGLxuWv6kbTBqY6yOUQvYJPcmezqx7dL21uUFD%2BB0%2FSZb9bXDHsw5iu3slydkFngx7GzY%2BwglPWgW0qowGQ%2Bn06PxSC1qn00n49njoznWbG5u8OvNr2pykGX74%2FH8sZrM55P9%2BexoXlmsIQ7My%2BcH2eEkmx1MZjPZ1EpW09k8O5yP54uuT12bF2gzIsz2s0ndxFwrX207%2FaCDfj28wH5XyCdUA42l5XiKv5cBrbzsHZKqzo1H1zFAS%2BgNnRb0o9PXX1YhNP7JaLRer4e1bNQQkznagR5l09FkPEpVjRpZPMW2SKvmi8l8Ns2ODrPZtPQxT5saBC43Q36F4wNYkS2%2BxTDcvSaA0i1stVAY%2FpP2KxtN%2BHiGPVeQS0KTzzEFvr9%2BsdHpWRqz05d3wffYj5qdYizY1XZJYuYsFNuvhUvIOt09YcdY1GnrFME2SvgbmfC%2BJyLK%2F3RbPno5tK5Esa%2F3818%3D
https://dummy-citation.com/citation?d=z%3A7VbLbhxFFJ2gIGADW9iVIhYg2fPyxImRUJQHD4dEspIgB1ZUV93uvnZ1VVOPaTerZMVX8CH%2BBj6JDae6bY9FMltWXliaqbl177nnnnPLb88nt0vnuWL7Ef2eXKT%2BNr%2BM3p2S8NRItkHEmoQhqdlWQskUSLhSaJKxFtJqoTnIgg3HXrAVwTUklEs2eqawI1pP2jVspY2mFzLiuEiRtIhOSIVPgoOqqWElwlj2q4eHL7%2BeiuOaDX5EHrkm61LG4V1TONMHDkNlstqtZVDJSH%2FxK6noGtTxJDrWlEuqU%2Bs6Q7pCURkElSWCeE0ievTQkI1BgAKBsjuicDLE3KgUNVc1OFDSSsN%2FyMjOCi8j7WRCkD%2BDEIEryyUjKGYilKdWWtWLgmJHZAfuQlKKQsisebrEe5kx95GDGtLscF0owxb5jHApKpCJe0Ugv87oGwdkLS4OoDvGBIB6Kg5jRoM2wRdyyIAO0HqymnyIzuUSMg51uGkN5abH8sC0IUShrcKjdOshBJwhAENBz9Uwywxj4Aad65Nk36ERMwUB5MsUcHcHarGiRSobWRoAQnHv8hUA2bRX5iY2bZXOGNflOv8hP9Mu234qfgRORvoua3TN1IGbQGv8OkBvOPf%2Fbjco3FCsnc5SAh01hDVAuYKYGwgoLrTrLLgspVdRVN51F1q%2FSLXRbEs2NagCvVIWQMi%2F5pwD96Yf25DBwUdZZMOoOTQyqvpKJNuUNqq8cciEb7l4Zd2l%2BLMznE6KoEILUg1cZxW1MRN6p0km8m6UvqI4ZhkO2lrCvteG956R38ksVAnuwYw8iAUJ9QDeUvLuGpuyGqeeycyjLnJqeJ1DRFro1UCvISfaMkkKynn658Hfz0%2FEZDLRnfOn55PPallk2al4s4tudtHNLrrZRf%2FHLjJycAbpJ1ljy%2Fny7u5i2aCPiMVD%2FtCW7nzyYSUTpubDGwP9YEN9jz%2Fn9Wp6d05gPNEnFDkaMo%2FYNc4Q%2FEWhXDuTGvq0vcr2zCmJe%2BeTW9wC%2BQtpKzqffAD3wiNHOPni9l%2B1gf0vPpt8c9hWqP0nIrWVTb5RlrJh0%2Btfa%2BngDGwn9Zyt9ig9eU%2FYcS40hOmnkMO2OPWM0xhW%2FpC4d2lbYPGMxzh6ySdMW%2Bs%2BQbExsPolqTpBBdsyPr3IWL1OFvPbivFay3RMtnBjoGIdMCelHcfFfLq3dzCfFZjFYjU%2FWCzuL%2BCLwr7J7rBveblc3N9d3tt7XTuYRxo6Oz1erebL%2Ffv7%2B4uFbhvW9d7B3t7qYHXvZBjvoI4TqGO1Oz%2FYXc6bNhWGAzQ0CuTWgPJs%2BjxLPC9hbrFDpe%2FFE%2FyPHSHuo%2FFCNuOhxX6PeHdOPQXoW9HP3pw9qGNswzezWdd100a3PMVuml1BnS1Ws4NZbmXW6vIBNk3eb98u7gH14u5ysV%2BFVMS%2BzVSdSh9ZGXqFr7cQRa78Ceq4fkzAZHrEGsV4Ch%2F1j%2FN7%2BREWaQnfwMT6GI9yGE4%2F%2F20U95kZ2tt9tbH0eHA0WPrhxtKPLy19tNniw%2Fs2vLaHl5vr4pHHk5130ovN2hbfeVlG17IKb3Ru6mOVQNGXlxRhylPnq9n7Jv0v
https://dummy-citation.com/citation?d=z%3A7VfJbhtHEKWzOAESIMckQA59dABySIq2ZBlIDDmKEcMLDEuxzz3dNTMt9nRPeuHikwzkQ%2FIb%2Bol8S%2B655HUPSSlecsxJAKllVF316tWr19Sbi8EnlXWqVuYz%2Bi3aQOub%2FiQ4OyemPONME5fK1Ezw6InZiknioRkybU09CuRaJpXnpdIqrIeMG8m8FcqSsMa2SjBhffBD1qi60XiHlCs0xKKryQRmiCQDAEZVRSKoBbHgUKHFHwt2HF2K5yIGYl3DPQ2ZMsHxBRkbAU%2B2yiiPB0FZk9A5FG5LZThyB%2BV9xDnNPcIs6iETSvCAerfC86PvARhgHE5YvQ5AyxOovg0y0i64F1FztwkCQNuu2a2fX57moy2JhhsluE6oyAFVxhEscASnCN0IbVP%2F3KExtG2NXrOHx0cj3nXOLtD8rl3fnxuRD7zUyjdMkKPSIXuprQVN2i4TJ8hkUd031qHJhhzvKCb0QbXElgrAl7mFRDrrMFPAQhan%2FDxxtEvbUGuda9B06karVgUAMhGduhTY8w56kxo6cJxRlmSoUoFVoISBxasDAzNQikEM68hhri0SLlVoFLg3jFbAIlPTl0iHrIyB%2BSiaf5MI9V2myLQhxw5EysmsEDr6HIz0DIOqyaXpYcLQHtc4hA6BxdmVatHxZqAh4mFiCEUEd5gUSgAFB5COBMgKa9CU4PiCvaCaO6nJ%2B0RKmmJLobEyaRHH%2B7VAAwIRVQTPBAq4Vq%2BzKhHlBZhWfOQodbRFfBbdGrGdI59bAj9cSpXOACmUpTWZmgr2MLo05WEmG9vmYpfEAhxZFyPMEkDK3IfLJNYO27ht0FB0NoAAAWrqGssDXNiqd9EU7Bk3tuMOYtI0KtGaZFmoHB141mDvct1LTUGJQjkR2zQ2rD7GuuGIl5A36mMFU28SxrEgbbv3rhwegfuNcrZbDZnCTXhFGGNJa4scKfFVlSfneEuCxwpO4lJOHrCDEBfqAxMsYdcaACUBaG%2BROHFBq05DKChgr%2BBsow6qigamkWfyAdxZB9vR9bv5PlNJ3cEVQxrWla31vfZ5LwCwOlKm0rxtk01lS0XalZL4PuxnOYaKLYYSesMcMpAAdcPCYZV9LVVQ0Zsb6tQGHrzFUbBTcFhZAfvMk4JCHC0ULZNWAH7n1OkwtM3lghtIOyHEkyRZLFD2oN5ILl0S3fUk5ESqzQ4HB8Q0k0diw2DOyAQC3jKVgrwA%2F3%2Ff%2F%2FOvm%2BeDwUAurZtfDL5qeJncXYTrW%2Bn6Vrq%2Bla5vpetb6fpW%2Bv9uJc3z%2BpA8Ru56b7K3P5rstRu6yD0ylb0YfFrziMVz%2Fhxe1cHLH%2BJtnZwV%2B1PKSvuYggqa9AOFQlIJnPXVwurY0hfdLtsTKxK5F4MbqgMpLzjW7GLwkaqU8%2BE5nnz78ZcNbo3tzzqdzFJC7d8RKQ1v04mq4q3S6%2BrU6jNuqMY0DD3mTlvprKbBu6F0BNue95HqyETfOIjgQ9HzJ7xMt15YQq999pe4yeSH4utfovepxT7%2F04KdNPw1b%2Ft4oaQHiUJatfpuOilms8PJuLzC1HQ6mU0O7k7gMaU5x1dv3qi9vb2D0eHkzmFjO8IW0Gr%2B6vZsbzabTu%2Fsz2TXKtnM9g8PDg%2FuHJ7lIeQZnmGGs9EEr9ttF%2FN9th3jjYx6VTxN64UqQnWQCIcbHuO%2F4wClPO8PJEE%2FMtBuwBLP4ZM2OkG%2FOr36sQmh8%2FfG4%2BVyWbSyUwWUNd5BHU%2Bn49kYnYw7Wd1fwMUhyh%2Bm%2Bwd38Tqc7dc%2BlmHdJebmG0s4xa83EEW2egxvufqYAEmvEatFuiAfrH%2By0YSv4TnZaATJV%2FgM5fPTb%2F7oFbi6m6wUG9oYq22dL6%2F%2BY9U99gy7dgrP1ptr7AQ3k4Zzn2BJINdgO7jCuUwAPxcR3Q633WJyhXX1%2BL%2BG9w8%3D
https://dummy-citation.com/citation?d=z%3A7VbLchw1FB3zSNixJYtUacXK0%2FOKH2GTckyAVJIiZUO8RSPd7pZHj0ZSe6apoirAV%2FknWPMXfAAbjrp7xh2SsMrSVfZMt3R17z3nnns1v12PPsmdV4Wyd%2Bnn2kVq7lycR%2B9WxFRgnJUUybuCLLk6sNBY6Z2hfcatZDLtGWWVLZhXYcVyLqLzOIbN6IlHQzbCrCIrA3OWxZJYqEioXAlW8Vi2ngMiuZyFNmzGzoaukFy%2FwQS3bJm%2BIhVI%2BReSjAdmnIQ3vtTUhrXO3qxk7KRAroE2XcKeC5pQLK0SKjaMe3rT%2Fk0UKfTSxRJEiJIMMk4%2B8OS8L3mB9y6xfbYuFQ6XTUU%2Bkg3KWQQ1bgVi9plUFLvwVdkEJbhmyiKEutrmwI0DgwG8JhoSRwgBoM5gQzfMU%2BXgWA6xDjPN2Itk70mAbthLCsKrJQ68oyqqKAgvO76RjNC1TN%2B55sZw2MKFCs5LGO6ndUK2CVPltK67x%2BRMcC8VBy3wClS7MzjS1TxVH4H6%2FVwtvdKaJwcZOwc5msap%2FoOThjdwWwegATP7YNuTVJEPU2oLA8pFuYOQlFp5ZZKd4VblFGIf56xlBeQE4h5HuA6OhRoshBhANo890b1CQGTKKSaBOt2gElWpggmt%2FBJHNVnR8w9sg0p1iQ%2BoRe1rYtF1KsI%2F%2BbcrsmuHHoshUQIBIkJDdUoYdu8i8Ns%2By94ZqsM93mvNPTSA1gKJa4XAZK%2BUh8xBQ6s9NG2Sn7M4k%2FhGT7UoBuoCLRaE0pVC17cKFK6wqeVQuC7PtAuPcMNKpJg481zDNncCNMjU7u%2FV6%2FO2Qk3fs0sqOSLheH8CLd71UI8%2FtVAqbWIGdWNpJnTtxQSF0FtbB7V1%2FSJrrG8ZTaH32bKOXe23u6nPtlXsatPq2V3x0JKYBEccBc3Y9%2B32ADE8pymk4GbXPkntKm9SUrv5l14MBJyaXjgLJXe0b4ENR0Y3UsEWpipMWmXCOdygkAMob0saJQWs%2FwqrV%2FGw1VOhdiz1CSuUqhML4nVObkbujrSB8Zo3IM8xVKQgbMdxe6pyFVhr8Q093JCWYSpBZv88%2BvPXVz%2BNRiO5dn51Pfq85MtEp4i3N8%2FtzXN789zePLc3z%2B3N82FvHs1FqhbJrxN38%2Bn8cDxdGNASuYJ4ntrcXY8%2BLXiNdHx4rZWpAOebFpJcZIcLUiHU9DFQRU3xVPlUp7YeZz0V%2BZXTtaEvNtXO7XMHNTl%2FPdpTFS%2FoLCnoevQRsPgQX2Ll3t5fpebb5791OonpWSci%2F4CltNykE3nOjdJN%2FthRaQjFBy51Ykgrzp5luBY1jd5h%2FiSQXfPOvDgt0ZwU3m%2BsIWrZGZsXKuLe0ZqdZ696%2F0LJcD26I6RTm%2FuzaTabHc4mAkRAC7zk6T1bTI8XD48h3qV9jc9gf1fT6fTh%2BGixmKrZwfzB%2BMHB0UwYXlzOD44PDqcHD6az0mFec02b1cXNoqyMkuX8eIaXh8eXLftt8S7n09nReDrHn6nqpVYB%2FdHVb6%2BFtLn%2FXFUV1OtiZBeYWYpjgn6ZHgEwrJCuq72gH73enJQxVuGryWS9XmcAcYkdpBIy54sJgE4qmU%2B2WE%2Bfnp2ePTk%2F%2Be5kgLUI9TKik0Dkqp2Bmn7A6x6UQS5%2FBkaHyxglGFOw1fgRQPJxc%2BpqG%2B%2FdPULH5rhuMN3lBX4UhW5971Gnt824H3ztz5NOlWjTfgrjKfXcy53a8%2BgqLL%2BWKbHPRA2g4y1QgGrB%2FW8B%2FwU%3D

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

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,
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].

and wvascular malformations.

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
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[18]. This glutamate surplus
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

causes over-

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 mitochondrial

dysfunction, which is depolarization, generation of

causes

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
Generation

The pathophysiology of stroke includes oxidative
stress and the formation of free radicals, which
cause serious cell destruction. Ischemic and

Stress and Free Radical

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
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

neuroinflammation is a critical

reactive oxygen species to be released and
activates nuclear factor kB 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
IL-6), chemokines,
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].

and and matrix

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].

Classification and Pathophysiology of Stroke
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Figure 1 : Diagram illustrating classification and
pathophysiology of stroke, divided into two
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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 labeled cellular
components and biochemical pathways.

excitotoxicity — using

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
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platelet cyclooxygenase inhibiting the production
of thromboxane A2, a platelet
aggregate[30]. Clopidogrel is another type of drug
which, like P2Y12 adenosine diphosphate
receptor, attaches irreversibly to the platelet
ADP-induced platelet
aggregation is inhibited. Ticagrelor acts in the
same way but is a more reversible P2Y 12 receptor
inhibitor. In addition, tirofiban, eptifibatide, and
abciximab are tirofiban, eptifibatide, and
abciximab, which are glycoprotein IIb/Illa
receptor antagonists that inhibit an important
platelet aggregation pathway. P2Y12- and TXA2-

powerful

surface and hence

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
I-dependent apoptosis. Stroke can be enhanced by
growth factors that decrease the damage by acting
as  anti-apoptotic anti-inflammatory.
Resveratrol also emphasizes neuroprotective
measures because of its antioxidative, anti-
inflammatory, and anti-apoptotic effects, which is
frequently achieved by strengthening the

and

endogenous cellular antioxidant mechanisms[35].
Since stroke is a complex pathology,
neuroprotective agent might not be sufficient, and
one might consider that a combination of the
agents will work together in a multifaceted

one

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.

approach  to  provide more  extensive The combination of these actions helps save the
protection[36]. 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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Mechanisms of Action of Anti-Stroke Agents

1. THROMBOLYTIC ACENTS -

Figure 2 : Diagram illustrating mechanisms of
action for five types of anti-stroke agents,
including thrombolytic, antiplatelet,
anticoagulant, = neuroprotective,  and
inflammatory & antioxidant agents. Each section
uses color-coded boxes with labeled pathways,
molecular targets, and effects such as clot
degradation, platelet inhibition, reduced neuronal

anti-

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
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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 effects, including
symptomatic intracerebral haemorrhage[44]. The
design of effective stroke therapeutic agents is an

serious  side

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
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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
skills and
cognitive abilities including spatial learning and
memory, in addition to protecting the brain and
reducing inflammation after a stroke[47].

demonstrated to enhance motor

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 wuse 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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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 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].

nto

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
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

in neurons.
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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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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
regeneration and repair by means of their
capability of self-renewal and multilineage
differentiation. Moreover, the Chinese traditional

tissue

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-1 trials
Gene Therapy Gene regulation Preclinical
miRNA Therapy RNA modulation Experimental
Mitochondrial Restore ATP production Experimental
Therapy
Nanotechnology Targeted drug delivery Early clinical development
Cerebral Organoids Brain tissue Preclinical
regeneration
Emerging Anti-Stroke Theraples and Novel Therapeutic Targets
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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 and

stimulation.

carriers, neurogenesis

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-
Also, synthesized
nanoparticles do not have comprehensive safety
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

effectiveness. most

studies

compounds, although they have potential, most of
the studies are preclinical
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

and cannot be

effective stroke treatment is urgently needed[7].

Table 3 : Challenges and Future Opportunities

Challenge Impact Future Solution
Narrow Low Extended-window
thrombolytic eligibility therapies
window
BBB Poor drug Nanocarriers
penetration delivery
Stem cell Reduced Biomaterial
survival efficacy scaffolds
Clinical Trial Better models
translation failures
Safety concerns | Delayed Long-term
approval monitoring
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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-
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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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