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1. Introduction 
Stroke is one of the main factors contributing to death and 
disability in India. In the US, there are more than 795,000 
stroke victims annually. Stroke is an abrupt loss of brain 
function that is a primary caused of death and disability. 
It is primarily brought on by a blockage in blood flow to 
the brain or by bursting of blood vessels or capillaries in 
the brain(that is, hemorrhagic stroke) (Khan et al., 2020; 
Andersen et al., 2009). Neurons of the impacted brain 
regiondie due to blood supply interruption or blood vessel 
rupture. Despite the fact that there are numerous medical 
treatments for restoring cerebral blood flow, including 
thrombolytic and endovascular therapy, the majority of 
stroke patients continue to be largely incapacitated (Iadecola 
& Anrather, 2011). When a vascular obstruction causes 
an ischemic stroke, the cerebral blood flow is disrupted, 
resulting in a multistage, complex pathophysiologic 
process known as an ischemic cascade at the cellular and 
tissue levels. In addition to chemical medications, herbal 
compounds that are relatively safe could be employed 

to treat complex illnesses like stroke. Additionally, these 
herbal remedies enhance brain microcirculation and 
shield cells from harm and apoptosis (Andersen et al., 
2009). Cerebral ischemia, a vascular-induced neurological 
disorder in which a series of pathophysiological events, 
known as the ‘ischemic cascade, because neuronal cell 
death. These events include energy failure, oxidative stress, 
inflammation, apoptosis, etc. reduced/blocked blood flow 
causes these adverse effects (Grewal et al., 2020; Iadecola 
& Anrather, 2011).

For the brain to operate normally, it requires a constant 
source of glucose and oxygen via blood flow, which can be 
disrupted, resulting in irretrievable brain injury. Ischemic 
brain injury occurs due to a series of molecular and cellular 
changes initiated by a rapid blood loss followed by reperfusion 
of the ischemic area. Brain damage occurs faster and more 
severely in the epicenter of the ischemic zone, where blood 
flow is the lowest, in ischemia caused by obstruction of the 
cerebral arteries, primarily the most typical type of stroke 
is caused by the middle cerebral arteries. (Tuo et al., 2022; 
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Moskowitz et al., 2010). A severely ischemic core focus 
and an ischemic penumbra zone make up ischemia. Any 
investigation into the aetiology of ischemia lesions must focus 
on energy depletion. In the ischemic core area, neuronal cell 
death frequently results from energy loss. This is because 
neurons cannot manufacture adenosine triphosphate (ATP) 
without oxygen and glucose, which is required to supply 
energy to the ionic pumps that keep the membrane’s ionic 
gradient of the neuron, primarily the Na+-K+ ATPase. As a 
result of the large Na+ and Ca2+ cytoplasmic buildup, brain 
edema and neurodegeneration develop (necrotic cell death) 
(Zhang et al., 2022; Iadecola & Anrather, 2011).Thus, some 
herbal medicines can lessen the intracellular Ca2+ overload 
brought on oxidation.

2. Herbal Phytoconstituents and Stroke 
Scientists are becoming more and more interested 
in conventional and alternate remedies, primarily of 
plant origin, which have amassed a large number of 
observational and anecdotal experiences over thousands 
of years, due to the lack of adequate and widely applicable 
pharmacological strategies for treating ischemic stroke 
(Wu et al., 2021; Gong & Sucher, 1999). Herbal remedies 
are tailored and precise medicines, whereas western 
medicine is a therapy with a single objective. Western 
medicine is a therapy with a single goal, whereas herbal 
remedies are specialised and precise therapies. Depending 
on the patient’s symptoms, herbal treatments might have 
several formulations for the same ailment; as a result, they 
can be thought of as a form of precision medicine. On  
the other hand, Western medicineis frequently delivered 
in fixed doses of particular medications, such as a tablet 
or capsule, and is not designed for individualised or exact 
therapy. (Roy & Datta, 2021; Bai & Zhang, 2021; Gaire 
et al., 2014; Wing et al., 2012).

In various forms, such as spices, herbs, and meals, 
plants provide an inexhaustible supply of promised 
compounds that can be used to improve human health. 
The ethnobiological strategy is a popular method for 
finding new neuroactive natural compounds in plants 
using as medicinal herbs, spices, or cuisines by various 
cultural groups (Rehman et al., 2019; Joshee et al., 2019). 
Some herbal remedies or derivatives have been shown to 
increase  microcirculation in ischemic stroke patients is 
justified by the fact that it reduces ischemia/reperfusion 
injury, has neuroprotective properties, and prevents 
apoptosis. (He & Wang, 2021; Khan et al., 2021; Green 
2008) (Figure 1). However, unlike the active (potent) 
components of industrially produced pharmacological 
drugs used in Western medicine, herbal medicines’ active 
(potent) components are frequently not specified and 

comprehensively described, despite recent attempts by 
some governments to regulating dosages and use of these 
medications. Several potent phytochemicals generated 
from traditional medicinal herbs work on various 
pathways and direct targets (Saklani et al., 2022; Thapa 
et al., 2021; Wu et al., 2010). Given the complex and 
cumulative pathophysiological events in cerebral ischemia, 
medicines that bind to numerous targets or combination 
of medications that primarily operate on a single target 
may be more successful in treating ischemia and associated 
neurological diseases. Many herbal treatments have 
recently been tested for their potential neuroprotective 
effectiveness.

Figure 1: Pathophysiology of Cerebral Ischemic Injury.

3. Herbal Phytoconstituents Used for the 
Treatment of Stroke
The following table provides a summary of the various plants, 
their active ingredients, and their mechanisms of action 
(Table 1).The plants listed below have hepatoprotective, 
analgesic, anti-inflammatory, antioxidant, antithrombotic, 
detoxifying, anti-aging, antidepressant, and memory-
stabilizing characteristics. The research listed above evaluated 
the beneficial effects of herbal remedies in minimising brain 
damage through several mechanisms, including antiplatelet 
and anti-inflammatory actions, and enhancing brain 
perfusion. (Figure 2).
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Table 1: List of various plants and its constituents with their mechanism of action.

S.NO. PLANT NAME ACTIVE CONSTITUENTS MOA REFERENCE

1. Boerhaaviadiffusa b-sutosterol, hexacosonoic, Ester of 
b-sitosterol, Tetracosanoic, palmitic acid,
stearic, Arachidic acid, Urosolic acid, 
b-ecdysone and tricontanol, Hentriacontane 

Antioxidant activities, 
Anti-inflammatory, 
Immunomodulatory, 
Immunosuppressive, 
Hepatoprotective, Analgesic

(Tilak et al., 2004)

2. Bacopa monnieri Bacosides, cucurbitacin and
plantainoside B.

Total adenine nucleotides, ATP 
content, energy charge, nitric 
oxide level, Na+K+ATPase, and 
Ca2+Mg2+ATPase activity were all 
measured in the brain

(Ghasemi et al., 2013)

3. Nardostachys
jatamansi

Angelicin, beta-eudesemol, Alpha-
patchoulenese,
beta-patchoulenese, betasitosterol, calarenol, 
calarene

Prevent lipid peroxidation and 
suppresses oxidative stress.

(Dwivedi et al., 
2018) 

4. Allium sativum Alliin, S-methyl cysteine and S-allyl 
cysteine),sulfur-containing amino acids 
(Leucine, methionine)

Suppression of free radical 
burst caused by reperfusion 
antioxidant enzyme preservation, 
Blood pressure reduction and 
platelet aggregation inhibition.

(Wattanathorn et al., 
2011;
Farhana et al., 2014)

5. Curcuma
longa

Diarylheptanoids, Curcuminoids, Curcumin, 
Demethoxycurcumin and
Bisdemethoxycurcumin

Anti-inflammatory, 
antithrombotic and anti-
oxidative

(Banjare et al., 2012)

6. Withaniasomnifera Withanine, pseudowithanine, tropin, 
pseudotropin, hygrin, isopellederine, 
anaferine, anahygrine and steroid lactones 
(withanolides), somniferine

Inhibiting Platelet Activating 
Factor (PAF) pathogenic 
manifestations, such as calcium 
overload and subsequent brain 
injury in the penumbra

(Balkrishna et al., 
2017)

7. Rauwolfia serpentine Ajmaline, ajmalicine, reserpine, and 
serpentine

Antioxidant (Ayyappan et al., 2016)

8. Hygrophilia
ariculata

Oleic acid, elaidic acid, isopropylester, 
5-(hydroxymethyl),
5-
(hydroxymethyl)-2 (dimethoxymethyl) furan 
and methyl, 2-furancarboxaldehyde,
2,6-difluorobenzoate

Neuroprotective and antioxidant (Sahu et al., 2016)

9. Ocimum
sanctum

Cirsilineol, circimaritin, eugenol, methyl 
eugenol

Anti-stress, Detoxification 
antidepressant,
memory stabilizer, anti-aging and 
cognitive
activities

(Laird et al., 2010)

10. Plumbago zeylanica 3-chloroplumbagin, 3’-
biplumbagin, Chitranone, zeylinone, 
isozeylinone,
elliptinone, droserone, Plumbagin

It regulated the expression of 
transcription factor Nrf2 in 
neuroblastoma cells.

(Bhanumathy et al., 
2010)

11. Celastruspaniculatus Triterpene (lupeol), sesquiterpenepolyol
ester and angulatueoid C

Antioxidant properties by 
decreasing the lipid
peroxidation

(Ulpulwar et al., 2013)
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12. Catharanthus roseus Actineoplastidemeric, Vinblastine, 
Vincristine, Vindesine, Vindeline and 
Tabersonine

Enhancing cerebral blood 
circulation, Increasing mental 
productivity, supporting brain 
metabolism, reducing memory 
and concentration issues, 
improving memory and thinking 
abilities, and preventing early 
brain cell aging

(Viswanatha et al., 
2019)

13. Punica granatum Icosanoic, Linolenic, Oleic, Palmitic,
Punicic, Stearic, Citric and Malic acid

Inhibit the generation of nitrite, 
ROS, and TNF-α

(Girdhar et al., 2015)

14. Zingiber officinalis linoleic, linolenic, palmitic, oleic, 
β-besabolene and zingiberene

Antiplatelet aggregation 
(inhibition of thromboxane 
synthesis), inhibiting HMGCoA 
reductase

(Sakina &Dandiya, 
1990)

15. Centella asiatica Polyacetylenes, triterpenoids,
asiaticosides, centellin, asiaticin and 
centellicin

Reduce permeability of the 
blood-brain barrier and 
mitochondrial damage to protect 
against glutamate or beta-
amyloid-induced neurotoxicity

(Winkler et al., 1995)

16. Nicotiana
tobacum

Palmitic, oleic, and linoleic 
acids),triglycerides, sterol esters, and free 
sterols (Sitosterol).

Protect against 
neurodegeneration by inhibiting 
neuronal nitric oxide synthase.

(Schulz et al., 2001)

Figure 2: Summarization of the role of Herbal Phytoconstituents 
in Stroke.

4. Merit and Demerits of Herbal 
Phytoconstituents in Stroke 
The stroke  patient tolerates most herbal medicines/
preparations well, significantly fewer unwanted side effects 
compared to medication treatments. Herbs, on the whole, 
have fewer adverse effects than allopathic treatment and may 
be harmless to take over time. Herbal medicine also have the 
advantage of being less expensive and more readily available 
(Tewari et al., 2018; Iriti et al., 2010; Ernst, 2007; Wachtel-
Galor et al., 2011). However, to properly evaluate their 
bioactivity, interpret laboratory results, and devise novel 
techniques, a greater understanding how bioavailable dietary 
phytochemicals is required, mostly in the central nervous 
system (CNS). Pharmacokinetic evidence to support 
their absorption, distribution, metabolism, and excretion 
(ADME) in the human body is still absent contempt several 
investigations on their bioactivities in experimental reports 
(Singh et al., 2021; Garg et al., 2021; Grewal et al., 2019).

Many herbal medicines have been shown to be effective; 
however, this is not true of many others due to a dearth 
of adequate scientific trials. Furthermore, because herbal 
remedies are natural, many individuals believe that they 
are risk-free. On the other hand, several natural treatments 
have been linked to severe toxicity. Another safety concern 
is the sometimes-unregulated quality of herbal medicines 
(Ernst, 2007). Furthermore, contamination of herbal 
remedies is possible, resulting in negative consequences. 
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Dietary phytochemicals/nutraceuticals, contrasted with, 
dietary phytochemicals/nutraceuticals must be absorbed to 
exhibit their pharmacological effects, and several human 
investigations have shown clear proof that these chemicals 
are absorbed and eliminated by the urine following 
delivery.

Furthermore, one of the essential properties of 
phytochemicals as a neuroprotective agent is their capacity to 
cross the blood-brain barrier (BBB) and influence CNS target 
areas. Even though various phytochemicals have been shown 
to have good benefits on neuroprotection after stroke insult 
in laboratory models, few exhibit the same effects in humans 
(Mantz et al., 2010). Because several drugs are difficult to 
transfer over the BBB, determining their actual neuroprotective 
effects is problematic. More consideration must be given to 
phytochemicals’ therapeutic time windows. The majority 
of researchers continue to focus on “preconditioning” or 
preventive care for ischemic disorders rather than actual 
treatment, which has a concise therapeutic time window. 
Post-ischemic therapy has greater significance for ischemic 
stroke patients, as it is tempting to explore the therapeutic 
properties of desirable phytochemicals. Phytochemicals may 
also have remarkable therapeutic effects in the treatment of 
ischemia; nevertheless, therapeutic concentrations may cause 
cellular toxicity, resulting in serious side effects. Finally, The 
precise procedures and target are still described, based on the 
properties of various multi-component herb resource agents. 
As a result, determining whether the single- or coordination-
compound technique is more compelling is complex (Wu et 
al., 2010). Lack of availability, expiration dates, regulatory 
requirements, lack of dose instructions, lack of quality control, 
poison risk connected with wild herbs, and combinations 
with other pharmaceuticals are some of the major downsides 
of herbal medicine, ambiguous health efficacy claims, self-
medication, and so on (Ernst & Pittler, 2002; Capasso et al., 
2000; Pinn, 2001). Animal research enabled most medicinal 
breakthroughs in stroke care in the previous century. Animal 
models of cerebral ischemia are widely used in toxicity testing 
and experimental/biomedical research to identify therapies 
for human disorders based on the notion that they are 
reasonably predicting of human outcomes. It is not easy to 
extrapolate findings from animal studies to human conditions 
due to evident and subtle variations in physiology, anatomy, 
and metabolism between people and animals. As a result, 
changes in gene regulation, gene expression, genes/alleles 
present,  proteins and protein activity, proteins and protein 
activity, environmental revelations, evolutionary history, and 
other factors may be present. Furthermore, the complexity of 
brain vascularity and BBB (blood-brain barrier)penetrability 
restricts herbal medicine’s therapeutic potential for various 
CNS illnesses, including stroke.

Conclusion
Herbal chemicals have much medicinal potential and are 
used to cure strokes. Several herbs used to prevent strokes 
and treat typical post-stroke symptoms are included in 
the review Natural medicine may have a promising future 
in the treatment of strokes given the extensive effects 
of herbal medicine and its active constituents on stroke 
pathophysiology. However, regulating the safety of herbal 
remedies for human use has greatly benefited from the 
translation of laboratory animal studies into clinical trials. 
Phytochemicals/natural compound that can cross the BBB 
(blood-brain barrier)  and has been long therapeutic time 
windows, specific pharmacological targets and common 
adverse effects should be given more consideration. Yes, 
herbal medicine has a bright future as a therapy for stroke.

Acknowledgments 
The authors are grateful to the Chitkara College of 
Pharmacy, Chitkara University, Rajpura, Patiala, Punjab, 
India for providing the necessary facilities to carry out the 
research work.

Funding
Nil.

Conflict of Interest
There is no conflict of interest.

Authorship Contribution
Conceived and Designed the Experiments: Thakur 
Gurjeet Singh, Heena Khan.
Analyzed the Data: Heena Khan, Thakur Gurjeet Singh.
Wrote the Manuscript: Vivek Rihal, Heena Khan.
Editing of the Manuscript: Thakur Gurjeet Singh.
Critically Reviewed the Article: Amarjot Kaur Grewal, 
Thakur Gurjeet Singh.
Supervision: Thakur Gurjeet Singh.

References
Andersen, K. K., Olsen, T. S., Dehlendorff, C., & 

Kammersgaard, L. P. (2009). Hemorrhagic and 
ischemic strokes compared: stroke severity, mortality, 
and risk factors. Stroke, 40(6), 2068-2072. 

 https://doi.org/10.1161/STROKEAHA.108.540112
Ayyappan, P., Palayyan, S. R., & Kozhiparambil Gopalan, 

R. (2016). Attenuation of oxidative damage by 



ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

p.64Thakur Gurjeet Singh et. al., J. Pharm. Tech. Res. Management Vol. 9, No. 2 (2021)

Boerhaavia Diffusa L. against different neurotoxic 
agents in rat brain homogenate. Journal of Dietary 
Supplements, 13(3), 300-312. 

 https://doi.org/10.3109/19390211.2015.1036186
Bai, X., & Zhang, M. (2021). Traditional Chinese Medicine 

Intervenes in Vascular Dementia: Traditional Medicine 
Brings New Expectations. Frontiers in Pharmacology, 
12, 689625. 

 https://doi.org/10.3389/fphar.2021.689625 
Balkrishna, A., & Misra, L. N. (2017). Ayurvedic plants 

in brain disorders: the herbal hope. J Tradit Med Clin 
Natur, 6(221), 2. 

 https://doi.org/10.4172/2573-4555.1000221
Banjare, L., Prasad, A. K., & Naik, M. L. (2012). 

Boerhaaviadiffusa from traditional use to scientific 
assessment-a review. International Journal of 
Pharmaceutical and Biological Archives, 3(6),  
1346-1354. 

Bhanumathy, M., Chandrasekar, S. B., Chandur, U., & 
Somasundaram, T. (2010). Phyto-pharmacology of 
Celastrus Paniculatus: An Overview. International 
Journal of Pharmaceutical Sciences and Drug Research, 
2(3), 176-181.

Capasso, R., Izzo, A. A., Pinto, L., Bifulco, T., Vitobello, 
C., &Mascolo, N. (2000). Phytotherapy and quality 
of herbal medicines. Fitoterapia, 71, S58-S65. 

 https://doi.org/10.1016/S0367-326X(00)00173-8
Dwivedi, V., & Maurya, H. (2018). A Comprehensive 

Overview of Celastrus paniculatus Seed Oil Intended 
for the Management of Human Ailments. Indian 
Journal of Pharmaceutical and Biological Research, 
6(02), 37-42. https://doi.org/10.30750/ijpbr.6.2.7 

Ernst, E. (2007, January). Herbal medicines: balancing 
benefits and risks. In Novartis Found Symp, 282, (154-
167). https://doi.org/10.1002/9780470319444.ch11

Ernst, E. and Pittler, M. H., (2002). Risks associated with 
herbal medicinal products. Wiener Medizinische 
Wochenschrift, 152(7-8), 183-189. 

 https://doi.org/10.1046/j.1563-258X.2002.01112.x
Farhana, K. M., Malueka, R. G., Wibowo, S., & Gofir, A. 

(2016). Effectiveness of gotu kola extract 750 mg and 
1000 mg compared with folic acid 3 mg in improving 
vascular cognitive impairment after stroke. Evidence-
Based Complementary and Alternative Medicine, 2016. 
https://doi.org/10.1155/2016/2795915 

Gaire, B. P., Moon, S. K., & Kim, H. (2014). Scutellaria 
baicalensis in stroke management: nature’s blessing 
in traditional Eastern medicine. Chinese Journal of 
Integrative Medicine, 20(9), 712-720. 

 https://doi.org/10.1007/s11655-014-1347-9
Garg, N., Singh, T. G., Khan, H., Arora, S., Kaur, A., 

& Mannan, A. (2021). Mechanistic Interventions 

of Selected Ocimum Species in Management of 
Diabetes, Obesity and Liver Disorders: Transformative 
Developments from Preclinical to Clinical Approaches. 
Bio Interface Res. Appl. Chem, 12(1), 1304-1323. 
https://doi.org/10.33263/BRIAC121.13041323 

Ghasemi, S., Darvishi, L., Maghsoudi, Z., Hariri, M., 
Hajishafiei, M., Askari, G., & Iraj, B. (2013). Dietary 
intake of minerals in the patients with stroke. Journal 
of Research in Medical Sciences, 18(1), 55.

Girdhar, S., Girdhar, A., Verma, S. K., Lather, V., & 
Pandita, D. (2015). Plant derived alkaloids in major 
neurodegenerative diseases: from animal models to 
clinical trials. J Ayurvedic Herb Med, 1(3), 91-100. 
https://doi.org/10.31254/jahm.2015.1307 

Gong, X., & Sucher, N. J. (1999). Stroke therapy in 
traditional Chinese medicine (TCM): prospects 
for drug discovery and development. Trends in 
Pharmacological Sciences, 20(5), 191-196. 

 https://doi.org/10.1016/S0165-6147(98)01276-0
Green, A. R. (2008). Pharmacological approaches to acute 

ischaemic stroke: reperfusion certainly, neuroprotection 
possibly. British Journal of Pharmacology, 153(S1), 
S325-S338. https://doi.org/10.1038/sj.bjp.0707594 

Grewal, A. K., Singh, N., & Singh, T. G. (2019). Effects 
of resveratrol postconditioning on cerebral ischemia in 
mice: role of the sirtuin-1 pathway. Canadian Journal 
of Physiology and Pharmacology, 97(11), 1094-1101. 
https://doi.org/10.1139/cjpp-2019-0188 

Grewal, A. K., Singh, T. G., & Singh, N. (2020). Potential 
herbal drugs for ischemic stroke: a review. Plant Arch, 
20(1), 3772-3783.

He, J., & Wang, J. (2021). Progress in Pathophysiological 
Mechanism of Global Cerebral Ischemia-Reperfusion 
Injury. In Sudden Death (pp. 49-64). Springer, Singapore. 

 https://doi.org/10.1007/978-981-15-7002-5_4 
Iadecola, C., & Anrather, J. (2011). The immunology 

of stroke: from mechanisms to translation. Nature 
Medicine, 17(7), 796-808. 

 https://doi.org/10.1038/nm.2399
Iriti, M., Vitalini, S., Fico, G., & Faoro, F. (2010). 

Neuroprotective herbs and foods from different 
traditional medicines and diets. Molecules, 15(5), 
3517-3555.

  https://doi.org/10.3390/molecules15053517
Joshee, N., Dhekney, S. A., & Parajuli, P. (Eds.). (2019). 

Medicinal Plants: From Farm to Pharmacy. Springer 
Nature. https://doi.org/10.1007/978-3-030-31269-5 

Khan, H., Kashyap, A., Kaur, A., & Singh, T. G. (2020). 
Pharmacological postconditioning: a molecular 
aspect in ischemic injury. Journal of Pharmacy and 
Pharmacology, 72(11), 1513-1527. 

 https://doi.org/10.1111/jphp.13336



ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

Thakur Gurjeet Singh et. al., J. Pharm. Tech. Res. Management Vol. 9, No. 2 (2021) p.65

Khan, H., Singh, A., Thapa, K., Garg, N., Grewal, A. K., 
& Singh, T. G. (2021). Therapeutic modulation of 
the phosphatidylinositol 3-kinases (PI3K) pathway in 
cerebral ischemic injury. Brain Research, 1761, 147399. 
https://doi.org/10.1016/j.brainres.2021.147399 

Laird, M. D., Sukumari‐Ramesh, S., Swift, A. E., Meiler, 
S. E., Vender, J. R., & Dhandapani, K. M. (2010). 
Curcumin attenuates cerebral edema following 
traumatic brain injury in mice: a possible role for 
aquaporin-4? Journal of Neurochemistry, 113(3),  
637-648. 

 https://doi.org/10.1111/j.1471-4159.2010.06630.x
Mantz, J., Degos, V., & Laigle, C. (2010). Recent advances 

in pharmacologic neuroprotection. European Journal 
of Anaesthesiology, 27(1), 6–10. 

 https://doi.org/10.1097/EJA.0b013e32832fa606
Moskowitz, M. A., Lo, E. H., & Iadecola, C. (2010). The 

science of stroke: mechanisms in search of treatments. 
Neuron, 67(2), 181-198.

 https://doi.org/10.1016/j.neuron.2010.07.002
Pinn G. (2001). Adverse effects associated with herbal 

medicine. Australian Family Physician, 30(11),  
1070–1075.

Rehman, M. U., Wali, A. F., Ahmad, A., Shakeel, S., Rasool, 
S., Ali, R., & Khan, R. (2019). Neuroprotective 
strategies for neurological disorders by natural 
products: an update. Current Neuropharmacology, 
17(3), 247-267. https://doi.org/10.2174/157015
9X16666180911124605 

Roy, A., & Datta, S. (2021). Medicinal Plants against Ischemic 
Stroke. Current Pharmaceutical Biotechnology. 

 https://doi.org/10.2174/1389201021999201209222132
Sahu, R., Dhongade, H. J., Pandey, A., Sahu, P., Sahu, V., 

Patel, D., & Kashyap, P. (2016). Medicinal properties 
of Nardostachys Jatamansi (a review). Oriental Journal 
of Chemistry, 32(2), 859-866. 

 https://doi.org/10.13005/ojc/320211
Sakina, M. R., & Dandiya, P. C. (1990). A psycho-

neuropharmacological profile of Centella asiatica 
extract. Fitoterapia, 61(4), 291-296.

Saklani, P., Khan, H., Gupta, S., Kaur, A., & Singh, T. G. 
(2022). Neuropeptides: Potential neuroprotective 
agents in ischemic injury. Life Sciences, 288, 120186. 
https://doi.org/10.1016/j.lfs.2021.120186 

Schulz, V., Hänsel, R., & Tyler, V. E. (2001). Rational 
Phytotherapy: a Physician’s Guide to Herbal Medicine. 
Psychology Press. 

 https://doi.org/10.1007/978-3-642-98093-0
Singh, G., Khan, H., Singh, T. G., Gupta, S., & Kaur, 

A. (2021). Preclinical And Clinical Perspectives of 
Curculigo Orchioides (Kali Musali) As Therapeutic 

Modulator. Plant Cell Biotechnology and Molecular 
Biology, 354-372.

Tewari, D., Stankiewicz, A. M., Mocan, A., Sah, A. N., 
Tzvetkov, N. T., Huminiecki, L., & Atanasov, A. 
G. (2018). Ethnopharmacological approaches for 
dementia therapy and significance of natural products 
and herbal drugs. Frontiers in aging neuroscience, 10, 3. 
https://doi.org/10.3389/fnagi.2018.00003 

Thapa, K., Khan, H., Singh, T. G., & Kaur, A. (2021). 
Traumatic brain injury: mechanistic insight on 
pathophysiology and potential therapeutic targets. 
Journal of Molecular Neuroscience, 1-18. 

 https://doi.org/10.1007/s12031-021-01841-7 
Tilak, J. C., Adhikari, S., &Devasagayam, T. P. (2004). 

Antioxidant properties of Plumbago zeylanica, an 
Indian medicinal plant and its active ingredient, 
plumbagin. Redox Report, 9(4), 219-227. 

 https://doi.org/10.1179/135100004225005976
Tuo, Q. Z., Zhang, S. T., & Lei, P. (2022). Mechanisms 

of neuronal cell death in ischemic stroke and their 
therapeutic implications. Medicinal Research Reviews, 
42(1), 259-305. https://doi.org/10.1002/med.21817 

Ulpulwar, S. B., Landge, A. D., & Bharne, A. P. (2013). 
Herbal drugs used in the treatment of stroke, 2(10), 
3899-2912.

Viswanatha, G. L., Venkataranganna, M. V., & Prasad, N. B. 
L. (2019). Methanolic leaf extract of Punica granatum 
attenuates ischemia-reperfusion brain injury in Wistar 
rats: Potential antioxidant and anti-inflammatory 
mechanisms. Iranian Journal of Basic Medical Sciences, 
22(2), 187.

Wachtel-Galor, S., Yuen, J., Buswell, J. A., & Benzie, I. F. 
(2011). Ganoderma lucidum (Lingzhi or Reishi). In 
Herbal Medicine: Biomolecular and Clinical Aspects. 
2nd edition. CRC Press/Taylor & Francis.

Wattanathorn, J., Jittiwat, J., Tongun, T., Muchimapura, 
S., & Ingkaninan, K. (2010). Zingiber officinale 
mitigates brain damage and improves memory 
impairment in focal cerebral ischemic rat. Evidence-
Based Complementary and Alternative Medicine, 2011. 
https://doi.org/10.1155/2011/429505 

Wing Shing Ho, J., Wan Man Cheung, M., & Wai Lam Yu, 
V. (2012). Active phytochemicals from Chinese herbs 
as therapeutic agents for the heart. Cardiovascular & 
Hematological Agents in Medicinal Chemistry (Formerly 
Current Medicinal Chemistry-Cardiovascular & 
Hematological Agents), 10(3), 251-255. 

 https://doi.org/10.2174/187152512802651033
Winkler, J., Suhr, S. T., Gage, F. H., Thal, L. J., & Fisher, L. 

J. (1995). Essential role of neocortical acetylcholine in 
spatial memory. Nature, 375(6531), 484-487. 

 https://doi.org/10.1038/375484a0



ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

pp.59-66Thakur Gurjeet Singh et. al., J. Pharm. Tech. Res. Management Vol. 9, No. 2 (2021)

Wu, P. F., Zhang, Z., Wang, F., & Chen, J. G. (2010). 
Natural compounds from traditional medicinal herbs 
in the treatment of cerebral ischemia/reperfusion 
injury. Acta PharmacologicaSinica, 31(12), 1523-1531. 
https://doi.org/10.1038/aps.2010.186 

Wu, X., Hu, X., Zhang, Q., Liu, F., & Xiong, K. (2021). 
Regulatory role of chinese herbal medicine in regulated 
neuronal death. CNS & Neurological Disorders-Drug 

Targets (Formerly Current Drug Targets-CNS & 
Neurological Disorders). https://doi.org/10.2174/187
1527319666200730165011 

Zhang, Z. T., Hu, C. Y., Dai, F. B., Tang, F., & Tang, C. 
L. (2022). Mechanisms and status of research on the 
protective effects of traditional Chinese medicine 
against ischemic brain injury. Tradit Med Res, 7(1), 6. 
https://doi.org/10.53388/TMR20211021250 

Journal of Pharmaceutical Technology, Research and 
Management

Chitkara University, Saraswati Kendra, SCO 160-161, Sector 9-C, 
Chandigarh, 160009, India

 Volume 9, Issue 2 November 2021 ISSN 2321-2217

Copyright: [©2021 Thakur Gurjeet Singh et. al.] This is an Open Access article published in Journal of 
Pharmaceutical Technology, Research and Management (J. Pharm. Tech. Res. Management) by Chitkara 
University Publications. It is published with a Creative Commons Attribution- CC-BY 4.0 International License. 
This license permits unrestricted use, distribution, and reproduction in any medium, provided the original author 
and source are credited.


