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ABSTRACT

Salvia officinalis L., commonly known as sage, is a medicinally
significant plant belonging to the Lamiaceae family, widely
recognized for its extensive  pharmacological and
phytochemical properties. The resurgence of interest in plant-
based therapeutics has positioned S. officinalis as a critical
candidte in modern pharmacological research. This review
comprehensively evaluates the phytochemical composition,
pharmacological activities, molecular mechanisms, and recent
advancements in clinical and experimental research related to
S. officinalis. The plant is rich in bioactive constituents,
including phenolic acids (rosmarinic acid), flavonoids,
terpenoids, and essential oils such as a-thujone and camphor,
which collectively contribute to its diverse biological effects.
studies highlight its antioxidant, anti-

Recent potent

inflammatory, antimicrobial, anticancer, neuroprotective,

antidiabetic, and cardioprotective properties. Mechanistically,

these effects are mediated through modulation of oxidative stress pathways, inhibition of

inflammatory mediators, regulation of glucose metabolism, and neurochemical interactions

such as acetylcholinesterase inhibition. Furthermore, emerging research demonstrates its

potential role in managing neurodegenerative disorders like Alzheimer’s disease, metabolic

syndromes, and microbial resistance. Despite its promising pharmacological profile,
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challenges related to standardization, dosage optimization, and toxicity due to compounds
like thujone require careful consideration. This review synthesizes current scientific evidence
and identifies future research directions to enhance the therapeutic application of S.
officinalis. The integration of traditional knowledge with modern pharmacology underscores

its potential as a natural therapeutic agent in contemporary medicine.

KEYWORDS: Salvia officinalis; Phytochemistry; Neuroprotection; Antioxidant activity;

Herbal pharmacology.

1. INTRODUCTION

The global shift toward phytotherapy has redefined the role of medicinal plants in modern
healthcare systems. Among these, Salvia officinalis has emerged as a cornerstone species due
to its extensive historical usage and scientifically validated pharmacological properties.
Belonging to the Lamiaceae family, it has been traditionally used for treating inflammation,

digestive disorders, and cognitive impairments.

Recent advancements in pharmacognosy and phytochemistry have revealed that S. officinalis
contains a diverse array of bioactive secondary metabolites, positioning it as a multi-target
therapeutic agent. These metabolites exhibit synergistic interactions that contribute to its wide

spectrum of pharmacological effects.

2. Botanical Description and Taxonomy
Kingdom: Plantae

Family: Lamiaceae

Genus: Salvia

Species: Salvia officinalis

The plant is a perennial, evergreen subshrub characterized by grayish leaves and aromatic
essential oils. Environmental conditions such as altitude, climate, and soil composition

significantly influence its phytochemical profile.

3. Phytochemical Composition
3.1 Major Phytoconstituents
The phytochemical richness of S. officinalis includes
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1. Phenolic Compounds
Rosmarinic acid

Caffeic acid

Salvianolic acids

These compounds are primarily responsible for antioxidant activity.

2. Flavonoids
Luteolin
Apigenin
Quercetin

Flavonoids contribute to anti-inflammatory and anticancer activities.

3. Terpenoids and Essential Oils
A-thujone

B-thujone

Camphor

1, 8-cineole

These volatile compounds are key contributors to antimicrobial and neuroactive properties.

4. Other Constituents

Alkaloids

Glycosides

Saponins

Steroids

A wide spectrum of phytochemicals including terpenes, flavonoids, and glycosides has been

identified across different plant parts.

3.2 Phytochemical Diversity and Variability
Over 100 secondary metabolites have been identified in S. officinalis, demonstrating its
chemical complexity and pharmacological potential. Variations in phytochemical composition

depend on extraction methods and environmental factors.
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4. Pharmacological Activities

4.1 Antioxidant Activity

S. officinalis exhibits strong antioxidant activity due to phenolic compounds that neutralize
free radicals and prevent oxidative stress-related damage. These effects are crucial in

preventing chronic diseases such as cancer and cardiovascular disorders.

4.2 Anti-inflammatory Activity
The plant inhibits pro-inflammatory mediators such as TNF-o and COX enzymes. Flavonoids
and terpenoids suppress inflammatory pathways, making it effective in conditions like

arthritis.

4.3 Antimicrobial Activity
Essential oils of S. officinalis demonstrate broad-spectrum antimicrobial effects against
bacteria, fungi, and viruses. Compounds like camphor and cineole disrupt microbial cell

membranes.

4.4 Neuroprotective and Cognitive Effects

One of the most significant pharmacological properties is its role in enhancing memory and
cognition. It acts through

Acetylcholinesterase inhibition

Reduction of B-amyloid aggregation

Clinical studies suggest its potential in managing Alzheimer’s disease .

4.3 Anticancer Activity
Phenolic diterpenes such as carnosic acid exhibit anticancer properties by inducing apoptosis

and inhibiting tumor growth.

4.4 Antidiabetic Activity
S. officinalis improves insulin sensitivity and reduces blood glucose levels, making it

beneficial in diabetes management.

4.5 Cardioprotective Activity
It reduces LDL oxidation and improves lipid profiles, thereby preventing cardiovascular

diseases.
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4.6 Antinociceptive and Analgesic Effects
The plant exhibits pain-relieving properties through modulation of central and peripheral

pathways.

5. Mechanism of Action

The pharmacological effects of S. officinalis are mediated through multiple pathways:
Antioxidant pathway: Scavenging free radicals

Enzyme inhibition: Acetylcholinesterase, a-glucosidase

Anti-inflammatory signaling: NF-«xB inhibition

Cell cycle regulation: Induction of apoptosis in cancer cells

These mechanisms highlight its multi-target therapeutic potential.

6. Clinical and Experimental Studies (Latest Updates)

Recent studies (2023-2024) emphasize

Role in functional foods and nutraceuticals

Application in food preservation due to antimicrobial activity

Potential in metabolic syndrome and obesity management

Additionally, clinical trials indicate improved cognitive function and lipid regulation.

7. Toxicological Considerations

Despite its benefits, S. officinalis contains thujone, which can be neurotoxic at high doses.
Therefore:

Controlled dosage is essential

Standardization of extracts is required

8. Industrial and Pharmaceutical Applications
Herbal medicines

Nutraceuticals

Cosmetics

Food preservatives

Its multifunctional role makes it a valuable plant in multiple industries.

9. Limitations and Research Gaps
Lack of standardized formulations
Limited large-scale clinical trials
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Variability in phytochemical composition

10. Future Perspectives

Future research should focus on

Nano-formulations of active compounds

Clinical validation

Drug development targeting neurodegenerative diseases

11. CONCLUSION

Salvia officinalis represents a convergence of traditional wisdom and modern pharmacology.
Its diverse phytochemical composition and multi-target pharmacological actions position it as
a promising candidate for future drug development. However, scientific rigor, clinical

validation, and safety profiling are essential to fully harness its therapeutic potential.
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