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Abstract:
Traditional medicines aid in several health issues leading 
to the use of green technology towards the treatment 
of numerous health complications. Medicines from 
plant sources are regarded as safe and easy sources for 
consumption. Tulsi leaves (Ocimum sanctum) are considered 
one of the most remarkable leaves in traditional medicine 
due to their potential properties and benefits. This review 
deals with one of the most important properties of Tulsi 
leaves, the antioxidant properties, which help in combating 
oxidative stress and preventing diseases that can be caused 
by an imbalance between free radicals and antioxidants, thus 
causing chronic diseases. Tulsi leaves are also well known for 
their bioactive compounds such as eugenol, rosmarinic acid 
and others, which exhibit strong antioxidant activities and 
thus enhance the body’s defence mechanisms. Recent studies 
have shown that Tulsi leaves enhance enzymatic antioxidants 
such as glutathione peroxidase, catalase and others, thus 
helping in enhancing cellular adaptability. Tulsi leaf extract 
has been used in conventional treatments and has proven 
to have potential in modern medical practices. Therefore, 
this review focuses on the effectiveness of Tulsi leaves as a 
natural and cost-effective antioxidant source that can benefit 
oxidative stress-related health concerns. It also explains the 
molecular mechanisms and therapeutic applications in the 
nutraceutical and pharmaceutical industries.
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Introduction
Traditional medicines have been an integral part of healthcare 
system since centuries, one of them being Tulsi (Ocimum 
sanctum), for their therapeutic benefits. In recent years, there 
has been more focus on plant-based medicines due to their 
potential health benefits and less side effects as compared 
to modern medicinal drugs (Bhattarai et al., 2024). Amongst 
them, Tulsi is very well known and holds a traditional place 
in Ayurvedic medicine because of its known properties such 
as antimicrobial properties, antioxidant properties as well as 
anti-inflammatory benefits (Cohen, 2014).
Antioxidants help in maintaining cellular health by reacting 
with free radicals and neutralizing them, thus reducing 
oxidative stress and damage. The molecules which are unstable 
and are produced as a by-product cellular metabolism and 
with some external factors such as radiation or poor diet, 
are known as free radicals. If they get accumulated in the 
body in excess, they can lead to oxidative stress, which can 
ultimately damage proteins, lipids or DNA and other cellular 
components (Baliga et al., 2013). It can then lead to various 
chronic diseases such as cardiovascular disease, diabetes, 
cancer or even brain damage in extreme cases. The human 
body has their own antioxidant defence mechanisms but if 
free radicals are in excess, then can increase oxidative damage 
which may get uncontrollable even with body’s defence 
mechanisms. Thus, antioxidants from diet are essential for 
body (Sharma et al., 2022).
Tulsi is considered as a source of potent antioxidant properties, 
as it contains many bioactive components such as eugenol, 
rosmarinic acid, flavonoids and others, which can bind up 
with body’s free radicals and prevent it from oxidative stress 
and damage (Sankar et al., 2025). This review, therefore, aims 
to understand the antioxidant properties of Tulsi, its bioactive 
compounds and its potential applications in healthcare, 
nutraceutical and pharmaceutical industries. 
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Bioactive compounds in Tulsi and their antioxidant 
properties
Tulsi (Ocimum sanctum) contains various phytochemicals, 
which are the bioactive components, such as eugenol, 
rosmarinic acid, flavonoids, tannins, polyphenols and 
others. Eugenol is the most important and major available 
component of essential oil found in Tulsi. It is well-known 
for its antioxidant and anti-inflammatory properties. It helps 
in protecting the cell-membrane from oxidative damage 
by preventing lipid peroxidation. It also helps in reducing 
oxidative stress-induced damage in brain cells (Singh et al., 
2025).
Rosmarinic acid is a powerful phytochemical. It has a strong 
free radical scavenging activity. It enhances the activity of 
few antioxidant enzymes such as glutathione peroxidase 
and also dismutase. It is well-known for its effect against 
neurodegenerative diseases and cardiovascular diseases 
(Saini et al., 2025).
Flavonoids are another well known antioxidant compounds 
that help in stabilizing free radicals, thus reducing oxidative 
cellular damage. They can be apigenin or luteolin. Not only 
this but they also contain anti-inflammatory properties as 
well as immune-modulating properties which can help in 
preventing many chronic diseases (Wicaksana et al., 2025). 
Polyphenols and tannins can contribute as an antioxidant 
component as they can chelate metal ions, thus preventing 
the formation of free radicals and reducing cellular damage 
that can be caused by oxidative stress. They also help in 
maintaining the stability of cell membrane and integrity of 
DNA (Ezeorba et al., 2024).
The antioxidant activity of all these bioactive compounds 
work through multiple mechanisms, such as direct free 
radical scavenging, inhibiting lipid peroxidation and others. 
By neutralizing oxidative stress, Tulsi plays crucial role in 
preventing chronic diseases and maintaining overall health 
(Jamwal et al., 2025).
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Antioxidant mechanisms of Tulsi
Tulsi exerts its antioxidant mechanisms through both 
enzymatic and non-enzymatic actions. It can help in protecting 
cells from oxidative stress and preventing chronic diseases 
(Chaudhary et al., 2020). 
Enzymatic antioxidants enhanced by Tulsi:
a.	 Glutathione peroxidase: This enzyme helps to convert 
hydrogen peroxidase to water, thus preventing oxidative 
damage to cellular components, Tulsi enhances the activity of 
glutathione peroxidase and improves detoxification as well 
as cellular protection (Shafiq et al., 2025).
b.	 Catalase: The function of catalase is to break down 
hydrogen peroxide into water and oxygen. It helps in 
protecting cells from oxidative damage. There are different 
bioactive compounds present in Tulsi that stimulate the 
activity of catalase, thus reducing oxidative stress at cellular 
level (Saini et al., 2025).
c.	 Superoxide dismutase: It is responsible for converting 
superoxide radicals into less harmful molecules such as 
hydrogen peroxide. Tulsi helps in boosting the levels of 
superoxide dismutase. It, therefore, prevents excessive free 
radical accumulation and reducing the risk of chronic diseases 
(Baliga et al., 2013). 
Non-enzymatic antioxidants enhanced by Tulsi:
a.	 Direct free radical neutralization: The bioactive compounds 
in Tulsi, mainly eugenol and rosmarinic acid, directly 
scavenge free radicals, thus helps in preventing cellular and 
DNA damage (Ríos-Rodríguez et al., 2021).
b.	 Metal chelation and lipid peroxidation inhibition: Tulsi 
binds to metal ions and neutralizes them. It can thus generate 
free radicals through oxidative reactions. Some of the metals 
included here are copper and iron. Additionally, Tulsi prevent 
lipid peroxidation, which is a process in which free radicals 
attack cell membranes, leading to cell damage and ageing 
(Prangthip et al., 2023).
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Therapeutic applications in health and disease prevention
Tulsi has been widely recognized for its health benefits due to 
its strong antioxidant properties. By reducing oxidative stress, 
it plays a vital role in preventing many chronic diseases.
Cardiovascular protection: Oxidative stress is considered 
as the main factor for cardiovascular issues. Tulsi can 
lower LDL oxidation (low density lipoprotein oxidation) 
which is the major cause of atherosclerosis. Phytochemicals 
like flavonoids and polyphenols in Tulsi prevents plaque 
formation in arteries, thus reducing the risk of heart attacks 
and stroke (Sharma et al., 2022). 
Diabetes management: Oxidative stress plays a very important 
role in insulin resistance and diabetes complications. Tulsi 
helps in regulating blood glucose levels by improving insulin 
sensitivity and reducing oxidative stress in pancreatic cells. 
Flavonoids and polyphenols, the phytochemical components 
present in Tulsi, can enhance metabolism of glucose and 
prevent diabetes induced cellular damage, thus making it 
beneficial for diabetes (Jamwal et al., 2025). 
Neuroprotective effects: Neurodegenerative diseases such 
as Parkinson’s disease or Alzheimer’s disease are associated 
with oxidative stress and neuroinflammation. Due to 
presence of eugenol and rosmarinic acid in Tulsi, they reduce 
neuroinflammation and free radical damage in brain cells. 
Tulsi enhances cognitive functions and protects neurons 
from oxidative stress, thus making it a vital and beneficial 
neuroprotective agent (Ajmal et al., 2025).
Applications in nutraceuticals and pharmaceuticals
Tulsi is widely used in nutraceutical and pharmaceutical 
industries due to its strong antioxidant and therapeutic 
benefits. It is added to supplements, herbal teas as well 
as functional foods to reduce oxidative stress and boost 
immunity (Yamani et al., 2016). Its bioactive compounds 
like eugenol and rosmarinic acid are studied for managing 
diabetes, cardiovascular diseases and neurodegenerative 
disorders. Tulsi’s natural origin, safety and effectiveness 
make it a valuable ingredient in preventive and supportive 
therapies (Ajmal et al., 2025).
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Conclusion
Tulsi (Ocimum sanctum) is a potent natural antioxidant 
having many health benefits, which includes cardiovascular 
protection, diabetes management, neuroprotection as well 
as immune enhancement. Its rich bioactive compounds 
such as eugenol, rosmarinic acid and flavonoids, help in 
combating oxidative stress and inflammation, thus reducing 
the risk of chronic diseases. Its growing use in nutraceutical 
and pharmaceutical industries shows its role in preventive 
healthcare. However, more human trials and research on 
bioavailability as well as pharmacological interactions will 
strengthen its medical credibility. Being a cost-effective, 
easily available and sustainable antioxidant source, Tulsi has 
immense potential in global healthcare. With continuation in 
scientific advancements and regular support, it can contribute 
to plant-based antioxidant therapies and disease prevention, 
thus ensuring better health outcomes for future generations.
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