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Abstract: Tulsi (Ocimum sanctum), revered in Ayurveda as the "Queen of Herbs,”" has been extensively studied for its
remarkable immunomodulatory properties, positioning it as a potent natural immune booster. This review consolidates
contemporary scientific research and traditional wisdom to evaluate Tulsi’s multifaceted role in enhancing immune function.
Rich in bioactive compounds such as eugenol, ursolic acid, rosmarinic acid, and g-caryophyllene, Tulsi exerts its immune-
enhancing effects through antioxidant, anti-inflammatory, antimicrobial, and adaptogenic mechanisms. Preclinical and clinical
studies demonstrate that Tulsi augments innate and adaptive immunity by modulating key immune cells, including macrophages,
neutrophils, T-cells, and natural killer (NK) cells, while also enhancing antibody production. Its ability to mitigate oxidative
stress and suppress pro-inflammatory cytokines (e.g., TNF-a, IL-6) further supports its role in maintaining immune
homeostasis. Additionally, Tulsi’s adaptogenic properties help counteract stress-induced immunosuppression by regulating the
hypothalamic-pituitary-adrenal (HPA) axis, thereby bolstering overall immune resilience. Emerging evidence suggests its
efficacy against viral and bacterial infections, making it particularly relevant in the post-pandemic era. Despite promising
findings, further well-designed clinical trials are needed to standardize dosage and optimize therapeutic protocols. This review
underscores Tulsi’s potential as a safe, holistic, and evidence-based immune booster, bridging the gap between traditional
medicine and modern scientific validation.
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L. INTRODUCTION
The immune system serves as the body’s primary defense mechanism against pathogens, environmental toxins, and chronic
diseases. In recent years, there has been a surge in interest toward natural immunomodulators, particularly in the wake of global
health challenges such as the COVID-19 pandemic, which underscored the need for safe and effective immunity-boosting agents ™.
Among the plethora of medicinal herbs, Ocimum sanctum Linn., commonly known as Tulsi or Holy Basil, has emerged as a
prominent candidate due to its extensive historical use in Ayurveda and growing scientific validation @ Revered in traditional
medicine as an “elixir of life,” Tulsi has been employed for centuries in the management of respiratory disorders, fever,
inflammation, and stress-related conditions—all of which are intricately linked to immune dysfunction ¥*
Modern pharmacological studies have identified Tulsi as a rich source of bioactive compounds, including eugenol, ursolic acid,
rosmarinic acid, and p-caryophyllene, which contribute to its antioxidant, anti-inflammatory, antimicrobial, and adaptogenic
properties . These compounds collectively enhance immune function by modulating cellular and humoral immunity, scavenging
free radicals, and improving resistance to infections ! Preclinical and clinical studies suggest that Tulsi extract can upregulate the
activity of macrophages, natural killer (NK) cells, and T-lymphocytes while suppressing pro-inflammatory cytokines such as TNF-a
and 1L-6 " Furthermore, its adaptogenic effects help mitigate stress-induced immunosuppression by regulating the hypothalamic-
pituitary-adrenal (HPA) axis, thereby maintaining immune homeostasis " Despite its widespread traditional use, the systematic
evaluation of Tulsi as an immune booster remains fragmented across studies. While in vitro and animal models demonstrate
promising immunostimulatory effects, human clinical trials are limited and often lack standardization in dosage and formulation
This review aims to consolidate existing evidence on Tulsi’s immunomodulatory potential, elucidate its mechanisms of action, and
identify gaps for future research. By integrating traditional knowledge with contemporary scientific findings, this article seeks to
provide a comprehensive assessment of Tulsi’s role in immune enhancement, offering insights for both therapeutic applications and
preventive healthcare strategies.
Il. PHYTOCHEMICAL COMPOSITION OF TULSI (OCIMUM SANCTUM) AND ITS IMMUNOMODULATORY
ROLE
Tulsi (Ocimum sanctum Linn.) is a pharmacologically rich herb with a diverse array of bioactive compounds that contribute
significantly to its immune-boosting properties. The major phytochemicals include phenolic compounds, terpenoids, flavonoids, and
essential oils, which synergistically enhance immune function through antioxidant, anti-inflammatory, and antimicrobial
mechanisms
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The primary immunomodulatory constituents are eugenol (a phenylpropanoid), ursolic acid (a pentacyclic triterpenoid),
and rosmarinic acid (a polyphenol), which have been extensively studied for their ability to modulate immune responses %"
Eugenol, the most abundant compound in Tulsi essential oil, exhibits potent anti-inflammatory and antimicrobial effects by
suppressing pro-inflammatory cytokines (e.g., TNF-a, IL-6) and enhancing macrophage activity “®" Ursolic acid, another key
component, demonstrates antiviral and immunostimulatory properties by upregulating T-cell proliferation and interferon-gamma
(IFN-y) production ©”- Additionally, rosmarinic acid contributes to Tulsi’s antioxidant capacity by scavenging free radicals and
reducing oxidative stress, which is crucial for maintaining robust immune defense ©- Other notable constituents include linalool, p-
caryophyllene, and apigenin, which further support immune regulation by enhancing natural killer (NK) cell activity and antibody
production “** The combined action of these phytochemicals makes Tulsi a multifaceted adaptogen capable of strengthening
innate and adaptive immunity, as evidenced by both traditional use and modern pharmacological studies *2*%"

1. IMMUNOMODULATORY MECHANISMS OF TULSI (OCIMUM SANCTUM) AS AN IMMUNE BOOSTER
Antioxidant and Free Radical Scavenging Activity Oxidative stress impairs immune function by damaging immune cells and
promoting chronic inflammation. Tulsi mitigates this through its high phenolic content, which enhances the activity of endogenous
antioxidants such as superoxide dismutase (SOD), catalase, and glutathione peroxidase ™" Eugenol and rosmarinic acid neutralize
reactive oxygen species (ROS), thereby protecting lymphocytes and macrophages from oxidative damage “®* Studies in animal
models demonstrate that Tulsi extract significantly reduces lipid peroxidation while increasing antioxidant enzyme levels,
suggesting its role in preserving immune cell integrity ®* 2. Anti-Inflammatory and Cytokine Modulation Chronic inflammation
suppresses immune surveillance, increasing susceptibility to infections. Tulsi modulates inflammatory responses by downregulating
pro-inflammatory cytokines (TNF-a, IL-6, IL-1B) and upregulating anti-inflammatory cytokines (IL-10) " Ursolic acid inhibits
nuclear factor-kappa B (NF-kB) and cyclooxygenase-2 (COX-2) pathways, reducing inflammation-induced immunosuppression
Clinical observations report reduced severity of respiratory infections in subjects consuming Tulsi, likely due to its ability to temper
excessive inflammatory responses “®* 3. Antimicrobial and Antiviral Actions Tulsi exhibits broad-spectrum antimicrobial activity
against bacteria (e.g., Staphylococcus aureus, Escherichia coli), viruses (e.g., influenza, herpes simplex), and fungi @ Its essential
oils disrupt microbial cell membranes, while flavonoids like orientin and vicenin interfere with viral replication ®- Additionally,
Tulsi enhances phagocytic activity of macrophages and neutrophils, improving pathogen clearance ®?" These properties make it a
valuable adjunct in preventing and managing infections. 4. Enhancement of Cellular and Humoral Immunity Tulsi augments both
cell-mediated and antibody-mediated immunity. Preclinical studies report increased proliferation of T-helper (CD4+) and cytotoxic
T-cells (CD8+), essential for adaptive immunity ®®. It also stimulates B-cell differentiation, elevating immunoglobulin (1gG, IgM)
production @*. In stress-induced immunosuppression models, Tulsi restores immune parameters by normalizing cortisol levels and
improving lymphoid organ weights ®- 5. Adaptogenic and Stress-Protective Effects Psychological and physiological stress impairs
immunity by dysregulating the hypothalamic-pituitary-adrenal (HPA) axis. Tulsi’s adaptogenic properties help maintain homeostasis
by modulating cortisol secretion and enhancing stress resilience ®®* This indirectly supports immune function by preventing stress-
related depletion of immune cells @".

V. ENHANCEMENT OF CELLULAR AND HUMORAL IMMUNITY

A. Cellular Immunity Enhancement

Tulsi enhances cell-mediated immunity by stimulating the activity of key immune cells. Studies indicate that eugenol, ursolic acid,
and rosmarinic acid in Tulsi promote macrophage phagocytosis, improving pathogen clearance™ In animal models, Tulsi extract
significantly increased natural killer (NK) cell cytotoxicity and CD4+ and CD8+ T-cell proliferation, crucial for antiviral and
antitumor responses™® Additionally, Tulsi modulates Th1/Th2 balance, favoring Thi-mediated immunity, which is essential for
combating intracellular pathogens®? A 2020 study reported that Tulsi leaf extract upregulated interferon-gamma (IFN-
y) and interleukin-2 (IL-2), critical cytokines for T-cell activation and immune surveillance ™

B. Humoral Immunity Enhancement

Tulsi also strengthens antibody-mediated (humoral) immunity. Experimental studies reveal that Tulsi supplementation enhances B-
cell differentiation and immunoglobulin (IgG, IgM) production™ In a randomized controlled trial, participants consuming Tulsi
extract exhibited higher serum antibody titers post-vaccination compared to controls, suggesting adjuvant-like effects*
The polysaccharides and flavonoids in Tulsi are believed to stimulate B-cell proliferation via Toll-like receptor (TLR) activation,
enhancing antigen-specific immune responses ¥
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C. Synergistic Adaptogenic and Immunostimulatory Effects

Beyond direct immunomodulation, Tulsi’s adaptogenic properties mitigate stress-induced immunosuppression. Chronic stress
elevates cortisol, which suppresses lymphocyte activity. Tulsi regulates the hypothalamic-pituitary-adrenal (HPA) axis, reducing
cortisol levels and preserving immune function This dual action—immunostimulation and stress resilience—makes Tulsi a
unique natural immune booster.

V. TRADITIONAL USE & PRACTICAL APPLICATIONS
Tulsi (Ocimum sanctum) has been an integral part of traditional medicine systems, particularly Ayurveda, Siddha, and Unani, for
centuries. Referred to as the "Queen of Herbs,” it has been extensively used to enhance immunity and combat infections. In
Ayurveda, Tulsi is classified as a Rasayana (rejuvenator) and is believed to balance Kapha and Vata doshas, thereby promoting
overall health and resistance to diseases ®* Classical texts such as the Charaka Samhita and Sushruta Samhita describe its use in
treating respiratory ailments (Kasa, Shwasa), fever (Jwara), and chronic inflammatory conditions—all of which are linked to
immune dysfunction ®” Traditionally, Tulsi leaves were consumed raw, as a juice, or in herbal decoctions (Kadha) to prevent
seasonal infections and strengthen the body’s defense mechanisms ©®
In addition to its systemic immune-boosting effects, Tulsi has been employed in folk medicine as a first-line remedy for colds,
coughs, and sore throats—often combined with honey, ginger (Zingiber officinale), or black pepper (Piper nigrum) to enhance
bioavailability and therapeutic efficacy ©°" Its antipyretic properties made it a common household remedy during febrile illnesses,
where it was administered as a tea or steam inhalation to alleviate symptoms and accelerate recovery “- Furthermore,
Tulsi’s adaptogenic role in reducing stress-induced immunosuppression has been recognized in traditional practices, where it was
prescribed to individuals under physical or mental strain to prevent illness “*:
Modern applications of Tulsi as an immune booster include standardized extracts (capsules/tablets), essential oils, fresh leaf
consumption, and herbal teas. Clinical studies have validated traditional preparations, demonstrating that daily consumption of Tulsi
tea (2-3 cups) or 300-600 mg of standardized extract significantly improves immune markers such as IgA, 1gG, and interferon-
gamma levels “?- Additionally, Tulsi’s synergistic effects with other immunomodulatory herbs—such as Ashwagandha (Withania
somnifera), Turmeric (Curcuma longa), and Amla (Emblica officinalis)—are increasingly utilized in integrative medicine to
formulate potent immunity-enhancing supplements “**

VI. CLINICAL EVIDENCE

A growing body of clinical and preclinical research supports Tulsi’s immunomodulatory effects. In a randomized controlled trial,
daily consumption of Tulsi leaf extract (300 mg/day for 4 weeks) significantly increased CD4+ and CD8+ T-cell counts in healthy
volunteers, indicating enhanced adaptive immune response “* Another study reported that Tulsi supplementation (500 mg/day)
reduced the incidence of upper respiratory tract infections (URTIs) by 39% compared to placebo, suggesting its prophylactic
potential against common viral infections “®- Mechanistically, Tulsi enhances macrophage phagocytic activity and natural killer
(NK) cell cytotoxicity, as demonstrated in murine models exposed to immunosuppressive stressors “¢* Human studies also indicate
that Tulsi modulates pro-inflammatory cytokines (e.g., reduced IL-6 and TNF-a)) while upregulating anti-inflammatory IL-10, which
may help mitigate chronic inflammation-linked immune dysfunction “”- Additionally, a double-blind trial on patients with seasonal
allergies found that Tulsi extract (600 mg/day) alleviated symptoms and reduced IgE levels, further supporting its immunoregulatory
role “® These findings align with Ayurvedic claims of Tulsi as a rasayana (rejuvenating herb) that promotes Ojas (vital immunity).
However, larger multicenter trials are needed to standardize dosing and evaluate long-term efficacy.

VII. SAFETY & DOSAGE

Tulsi (Ocimum sanctum) is generally regarded as safe for consumption, with a long history of use in Ayurveda and traditional
medicine. However, its immunomodulatory effects necessitate careful consideration of dosage and potential contraindications.
Clinical and preclinical studies suggest that 300-600 mg of standardized Tulsi extract per day is effective for immune support
without significant adverse effects " Fresh leaves (2-3 leaves daily) or Tulsi tea (1-2 cups per day) are also commonly used in
traditional practices ®®. While rare, mild gastrointestinal discomfort, such as nausea or diarrhea, has been reported with excessive
intake B

Safety studies indicate that Tulsi does not exhibit significant toxicity in acute or subacute doses, but long-term high-dose effects
require further investigation 2.
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VIIl.  CONCLUSION

Tulsi (Ocimum sanctum) emerges as a scientifically validated and traditionally revered natural immune booster, with multifaceted
mechanisms that enhance both innate and adaptive immunity. Its rich phytochemical profile—including eugenol, ursolic acid, and
rosmarinic acid—confers potent antioxidant, anti-inflammatory, antimicrobial, and adaptogenic properties, making it effective in
combating infections, reducing oxidative stress, and modulating immune responses. Preclinical and clinical studies demonstrate that
Tulsi enhances macrophage activity, T-cell proliferation, antibody production, and NK cell function, while also mitigating stress-
induced immunosuppression by regulating cortisol levels. Traditional Ayurvedic applications further support its role in respiratory
health, fever management, and overall immune resilience. However, while existing evidence is compelling, more large-scale,
randomized controlled trials (RCTs) are needed to standardize dosage, evaluate long-term safety, and compare efficacy with
conventional immune-modulating agents. Given its safety, accessibility, and holistic benefits, Tulsi stands as a promising adjunct
therapy in preventive healthcare, particularly in an era where natural immunity enhancers are in high demand. Future research
should focus on bioavailability optimization, synergistic formulations (e.g., with turmeric or ashwagandha), and mechanistic studies
in human trials to fully harness its therapeutic potential.
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