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Abstract

Ocimum sanctum L. (Holy Basil), known as Tulsi, is a revered medicinal plant widely
utilized in traditional Indian medicine systems such as Ayurveda, Siddha, and Unani. This
review explores the pharmacological activities and therapeutic potential of Ocimum sanctum,
highlighting its use in modern medicine. The plant exhibits broad-spectrum bioactivity,
including immunomodulatory, antioxidant, anti-inflammatory, antidiabetic, hepatoprotective,
antimicrobial, and adaptogenic effects. These properties are attributed to its diverse
phytoconstituents like eugenol, ursolic acid, rosmarinic acid, linalool, and apigenin, which act
through various mechanisms such as enzyme inhibition, immune enhancement, and free
radical scavenging. Modern scientific investigations have validated many of its traditional
uses, especially in stress-related, metabolic, respiratory, and infectious disorders. Moreover,
its potential role in cancer prevention and supportive therapy adds to its pharmacological
significance. Despite promising results, several gaps remain—especially in clinical
standardization, toxicity profiling, and long-term human trials. There is an urgent need for
rigorous studies on extract standardization, bioavailability, and comparative efficacy with
conventional drugs. This review aims to provide a scientific foundation for future clinical
validation and rational therapeutic use of Ocimum sanctum in modern healthcare.

Keywords: Ocimum sanctum, phytoconstituents, pharmacological activities, traditional

medicine, clinical research.

1. Introduction
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Ocimum sanctum L., commonly known as Tulsi in Hindi and Holy Basil in English, is one of
the most revered medicinal plants in India. Belonging to the family Lamiaceae, it holds a
significant place in Ayurveda, Siddha, and Unani systems of medicine . It is classified
botanically as follows:

e Kingdom: Plantae

o Division: Magnoliophyta

e Class: Magnoliopsida

e Order: Lamiales

o Family: Lamiaceae

e Genus: Ocimum

e Species: Ocimum sanctum L. (syn. Ocimum tenuiflorum) [2]
Ocimum sanctum is an aromatic, erect, and branched perennial shrub that grows up to 60—90
cm in height. It is native to the Indian subcontinent and thrives well in tropical and
subtropical climates. The plant is characterized by its oval, green to purple leaves, small
purple flowers, and strong, clove-like aroma ¥/,
In traditional Indian medicine, O. sanctum has been extensively used for managing
respiratory disorders like asthma and bronchitis, fever, skin infections, stress-related ailments,
and inflammatory and metabolic conditions such as diabetes. Tulsi is considered a
"Rasayana" in Ayurveda, believed to enhance longevity, improve stress resistance, and
balance bodily systems. Modern scientific interest in Ocimum sanctum has increased
substantially, especially due to its immunomodulatory and adaptogenic properties. During the
COVID-19 pandemic, its role as a natural immunity booster and respiratory tonic gained
attention globally. Its rich phytochemical profile—including eugenol, ursolic acid, and
rosmarinic acid—offers strong antioxidant, anti-inflammatory, antimicrobial, and
hepatoprotective actions, making it a promising candidate for further pharmacological and

clinical exploration [**!,

2. Objectives
e To compile and critically analyze the pharmacological activities of Ocimum sanctum.
o To explore the bioactive phytoconstituents responsible for its effects.
o To summarize its modern therapeutic applications.

o To identify research gaps for clinical validation.

3. Pharmacological Activities of Ocimum sanctum
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Ocimum sanctum (Tulsi) exhibits a wide range of pharmacological activities validated by
traditional use and modern research. It shows potent immunomodulatory effects by enhancing
the activity of T-cells and natural killer (NK) cells, thus boosting immune defense [®. Its
antioxidant properties help neutralize free radicals and upregulate antioxidant enzymes like
superoxide dismutase and catalase. The plant possesses strong anti-inflammatory effects,
primarily through the inhibition of COX and LOX enzymes !, Tulsi’s anti-diabetic potential
is evident in both animal and human studies, improving insulin secretion and glucose
metabolism. Its antimicrobial activity spans antibacterial, antifungal, and antiviral effects due
to bioactive phytochemicals. It provides hepatoprotection by preventing chemical-induced
liver damage and maintaining liver enzyme levels ™°\. As an adaptogen, it helps reduce stress
by modulating cortisol levels and improving overall resilience. Tulsi also shows anticancer
potential, inducing apoptosis in cancer cells and inhibiting angiogenesis. Its anti-asthmatic

[10-12]

action includes bronchodilation and anti-allergic responses These diverse

pharmacological actions make Ocimum sanctum a multipotent medicinal herb.

Table 1: Pharmacological Activities of Ocimum sanctum '**!
S. Pharmacological Study Type Mechanism
No. Activity
1 Immunomodulatory In vivo, | Enhances immune cell activity (T-cells,
Clinical NK cells)
2 Antioxidant In wvitro, In | Scavenges ROS, increases antioxidant
Vivo enzymes
3 Anti-inflammatory In vivo Inhibits COX, LOX enzymes
4 Anti-diabetic In vivo, | Enhances insulin secretion, glucose
Clinical metabolism
5 Antimicrobial In vitro Active against bacteria, fungi, viruses
6 Hepatoprotective In vivo Prevents liver damage from toxins
7 Adaptogenic/Stress- Clinical Modulates cortisol, reduces stress
relieving
8 Anticancer In vitro Induces apoptosis, inhibits angiogenesis
9 Anti-asthmatic In vivo Bronchodilator, anti-allergic activity

4. Phytoconstituents Responsible for Pharmacological Activities
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The pharmacological potential of Ocimum sanctum (Holy Basil) is attributed to a diverse
range of phytoconstituents present in its leaves, stem, and essential oils. Eugenol, a major
phenolic compound, exhibits strong antimicrobial and analgesic actions, making it effective
in treating infections and pain '*). Ursolic acid, a triterpenoid, is well known for its anti-
inflammatory and anticancer effects by modulating inflammatory pathways and inducing
apoptosis in cancer cells. Rosmarinic acid, a potent polyphenol, shows antioxidant and
neuroprotective activity by scavenging free radicals and protecting neuronal integrity. The
essential oil component linalool, a monoterpene alcohol, contributes to anxiolytic and
antimicrobial properties by modulating the central nervous system and inhibiting microbial
growth. Apigenin, a flavonoid, demonstrates anti-inflammatory and anticancer effects by
inhibiting pro-inflammatory cytokines and promoting cell cycle arrest in tumor cells ',
Caryophyllene, a sesquiterpene, provides antibacterial and anti-inflammatory properties,
especially effective in bacterial skin infections. Ocimarin, a coumarin derivative, contributes
to the antioxidant and hepatoprotective effects by supporting liver function and reducing
oxidative stress. Together, these constituents act synergistically to offer a broad spectrum of
therapeutic benefits. The rich phytochemistry of Ocimum sanctum supports its traditional

15,16

usage and underlines its importance in modern pharmacology "'>'!. Further studies on these

constituents can help develop novel drugs with fewer side effects.

Table 2: Phytoconstituents Responsible for Pharmacological Activities [13-16]
S. No. | Phytoconstituent | Chemical Class Associated Activity
1 Eugenol Phenolic compound | Antimicrobial, analgesic
2 Ursolic acid Triterpenoid Anti-inflammatory, anticancer
3 Rosmarinic acid | Polyphenol Antioxidant, neuroprotective
4 Linalool Monoterpene alcohol | Anxiolytic, antimicrobial
5 Apigenin Flavonoid Anti-inflammatory, anticancer
6 Caryophyllene Sesquiterpene Antibacterial, anti-inflammatory
7 Ocimarin Coumarin derivative | Antioxidant, hepatoprotective

5. Potential Applications in Modern Medicine

Ocimum sanctum (Tulsi) exhibits a broad spectrum of therapeutic applications in modern
medicine due to its rich phytoconstituent profile. It acts as a potent immunomodulator by
enhancing the activity of immune cells such as T-cells and natural killer cells, which is

beneficial in both infections and chronic immune-related disorders. Its strong antioxidant
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properties help combat oxidative stress, making it valuable in preventing age-related and
degenerative diseases ['"). As an antidiabetic agent, Ocimum sanctum regulates blood glucose
levels and improves insulin sensitivity, offering support in diabetes management. It also
demonstrates hepatoprotective effects by reducing hepatic oxidative damage and protecting
liver tissues from toxin-induced injury. The plant’s anti-inflammatory action, mainly through
COX and LOX inhibition, is useful in treating conditions like arthritis and inflammatory skin
diseases. Moreover, its antimicrobial activity has shown effectiveness against various
bacterial, fungal, and viral pathogens, especially those affecting the respiratory tract and skin
(8] Its adaptogenic and neuroprotective roles help in reducing stress, anxiety, and depression
by modulating cortisol levels. In oncology, it is explored as an adjunctive therapy due to its
anticancer potential. Additionally, its bronchodilator and anti-allergic properties provide

respiratory support, especially in asthma and allergic rhinitis %,

6. Future Research Gaps for Clinical Validation

Future research on Ocimum sanctum should focus on developing standardized extracts with
quantified active compounds. There is a pressing need for large-scale, placebo-controlled
clinical trials to validate its therapeutic efficacy. Chronic toxicity and herb-drug interaction
studies remain insufficient. Understanding its mechanisms of action and improving
bioavailability is crucial. Moreover, comparative evaluations with standard allopathic drugs

are limited and warrant further investigation.

7. Conclusion

Ocimum sanctum 1s a versatile medicinal herb with scientifically validated pharmacological
actions. Its bioactive compounds exhibit immunomodulatory, antioxidant, antimicrobial,
antidiabetic, and adaptogenic effects. While traditional use is well-documented, more
rigorous human trials and pharmacokinetic studies are essential to establish its role in modern
medicine. Standardized formulations and integration into clinical protocols may enhance its

therapeutic utility.
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