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ABSTRACT

Alpinia galanga (L.) willd., commonly known as greater galangal, is a prominent rhizomatous herb belonging to
the Zingiberaceae family with a rich history of integration into traditional medical systems, including Ayurveda,
Unani, and Traditional Chinese Medicine. While historically revered for managing gastrointestinal distress,
respiratory ailments, rheumatic pain, and metabolic weakness, modern phytochemical and pharmacological
screening has unveiled a complex matrix of bioactive secondary metabolites that validate and expand upon these
ethnobotanical claims. This comprehensive review synthesizes the current scientific understanding of Alpinia
galanga, focusing on its primary pharmacophores—most notably 1'S-1'-acetoxychavicol acetate (ACA), galangin,
eugenol, and 1,8-cineole. Extensive in vitro and in vivo investigations demonstrate a robust spectrum of therapeutic
activities, encompassing potent broad-spectrum antimicrobial, antiviral, and antifungal properties, alongside
profound anti-inflammatory and free-radical scavenging capabilities that actively mitigate cellular oxidative stress.
Furthermore, the review details emerging evidence of its specialized pharmacological roles, notably its
neuroprotective effects through acetylcholinesterase inhibition and protection against amyloid-induced cognitive
decline, its gastroprotective and nephroprotective tissue defense mechanisms, and its notable anticancer and
chemo-preventive potential driven by apoptosis induction and the modulation of detoxification enzymes.
Additionally, recent studies highlight its metabolic benefits, demonstrating promising anti-diabetic, hypolipidemic,
and immunomodulatory effects. While emphasizing the plant's generally favorable safety profile and its immense
potential as a foundational source for functional therapeutics, this review also addresses critical contemporary
translational challenges. Specifically, it highlights the poor systemic bioavailability of its key flavonoid
constituents and emphasizes the urgent necessity for advanced drug delivery systems such as nanoemulsions and
phytosomes coupled with rigorous, double-blind human clinical trials to seamlessly transition Alpinia galanga
from a traditional herbal remedy into a standardized, evidence-based modern pharmacotherapy.
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INTRODUCTION

Botanical and Geographical Context

Alpinia galanga (L.) Willd. is a member of the Zingiberaceae (Ginger) family, within the genus Alpinia, which
comprises over 230 species. It is frequently confused with its smaller relative, Alpinia officinarum (Lesser Galangal);
however, Alpinia galanga is distinguished by its significantly larger stature and distinct phytochemical markers.™ In
botanical nomenclature, it is synonymous with Maranta galanga L. and Languas galanga (L.) Stuntz. Locally, it is
known by various names that reflect its regional importance: Lengkuas (Indonesia/Malaysia), Greater Galangal
(English), Kulanjan (Hindi), and Kha (Thailand).

Morphological Characteristics

The plant is a robust, rhizomatous perennial that exhibits a specialized architecture designed for survival in tropical

understories:

» The Rhizome: The therapeutic "heart" of the plant is its subterranean stem. Unlike the soft, yellow interior of
common ginger (Zingiber officinale), the galangal rhizome is cylindrical, branched, and remarkably hard. Its
exterior is covered in reddish-brown circular scales, while the interior is creamy white or pale pink with a fibrous,
woody texture. It emits a sharp, spicy, and camphoraceous aroma when cut.

» Foliage and Stem: The plant produces erect, leafy shoots known as "pseudo-stems,” formed by the tightly
overlapping leaf sheaths. The leaves are large, sessile, and oblong-lanceolate, typically measuring 30—60 cm in
length. They possess a glossy, deep green upper surface and a distinct, prominent midrib.

» Inflorescence: The flowers are borne on dense, erect terminal panicles about 15-30 ¢cm long. The individual
flowers are greenish-white with a distinct, fan-shaped white labellum (lip) marked with red or pink veins, which
serves as a biological guide for pollinators. The fruit is an oblong or globose capsule, turning from orange to wine-
red when fully ripe, containing small, spicy seeds.

T Y ot

Figure 1: (A) Alpinia galanga plant wityh flower, (B) Root of Alpinia galanga

Geographical Distribution and Ethno-Ecology
While indigenous to the monsoon forests of Southeast Asia—specifically Indonesia, Malaysia, and Thailand—Alpinia
galanga has naturalized across the broader Indo-Malayan region. It is now widely cultivated in the Western Ghats of

India and the tropical regions of China and Vietnam.

Its secondary metabolite production is highly sensitive to its environment (a phenomenon known as chemical

polymorphism). The plant thrives in well-drained, sandy-loam soils rich in organic matter. It requires a high annual
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rainfall (over 2000 mm) and filtered sunlight. Research suggests that variations in altitude and soil pH significantly
influence the concentration of 1,8-cineole and ACA within the rhizome, meaning that galangal harvested from the wild
in mountainous regions may possess a different pharmacological potency than commercially farmed varieties in
lowland plains.”) This geographical sensitivity makes the standardization of extracts a critical focus for modern

pharmaceutical applications.

Ethnomedicinal Legacy and Socioeconomic Importance

The utilization of A. galanga is not merely anecdotal; it is a documented pillar in several codified traditional

pharmacopeias. Its heating and stimulating properties have defined its therapeutic application for millennia:

»  Ayurvedic Philosophy: In India, the rhizome is celebrated for its Ushna (hot) virya and Katu (pungent) rasa. It is a
key ingredient in "Rasnapanchaka Kwatha," a traditional decoction used to treat systemic inflammation and
sciatica. Ayurveda recognizes it as a powerful Vajikarana (aphrodisiac) and a "brain tonic" used to clear phlegm
from the respiratory and digestive tracts.!

» Unani Medicine (Graeco-Arabic): Known as Khulanjan, it is categorized as a "second-degree hot and dry" herb.
Unani practitioners prescribe it for strengthening the stomach and kidneys, treating incontinence, and as a remedy
for "cold diseases" of the nerves.

»  Southeast Asian Folk Medicine: In Malay "Jamu" traditions and Thai traditional medicine, Alpinia galanga is
applied topically as a paste to treat fungal skin infections (tinea) and internally to expel gas (flatulence) and treat

cholera.™

Socioeconomic and Global Market Dynamics

The transition of Alpinia galanga from a localized garden herb to a globally traded commodity highlights its increasing

socioeconomic footprint:

»  Agricultural Value: For many small-scale farmers in Indonesia, Thailand, and India, Galangal is a "cash crop" that
requires relatively low maintenance compared to more delicate herbs. It serves as a vital source of income for
rural communities, with global demand rising as Western markets seek natural alternatives to synthetic food
preservatives.

» Food and Beverage Industry: It is a cornerstone of the multi-billion dollar Southeast Asian food export industry.
The rhizome provides the "signature" citrus-pine note in curry pastes and soups. Beyond flavor, its antimicrobial
properties act as a natural bio-preservative, extending the shelf life of processed foods without the need for
artificial nitrates.!

»  Cosmeceutical and Fragrance Industry: Due to its high content of 1,8-cineole and methyl cinnamate, the essential
oil of Alpinia galanga is increasingly used in the high-end fragrance industry to provide "spicy-oriental” top notes.
In the skincare sector, it is being researched for "anti-pollution” creams due to its ability to shield skin cells from

oxidative stress.

Cultural Significance and Modern Integration

Beyond its chemistry, the plant carries symbolic weight. In many Asian cultures, it is viewed as a "warming" plant that
brings vitality to the body a concept now being validated by modern science as thermogenesis (the metabolic
production of heat). As the global "Wellness Economy" grows, Alpinia galanga is being repositioned as a "superfood"

or "adaptogen," appearing in health supplements, energy drinks, and herbal teas worldwide, thus cementing its role as a
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cross-cultural therapeutic bridge.>®!

Modern Research Trajectory

The contemporary scientific interest in Alpinia galanga has evolved through three distinct phases: Isolation,
Mechanistic Validation, and Synergistic Application. While traditional use provided the "what," modern research is
explaining the "how." The current trajectory is heavily focused on the plant's role in "green chemistry"—using its
extracts as safe, biodegradable alternatives to synthetic drugs and industrial chemicals. The most significant milestone
in modern galangal research was the isolation of 1'S-1'-acetoxychavicol acetate (ACA). Researchers have discovered
that ACA is not just a pungent principle but a potent bio-modulator. It has demonstrated the ability to inhibit the NF-xB
(Nuclear Factor-kappa B) pathway, which is the "master switch" for inflammation and cancer cell survival. This has
moved A. galanga from the spice rack into oncology and immunology labs.!"®!

Comparative Analysis of Bioactive Potential

To understand its research value, scientists often compare Alpinia galanga with other members of the Zingiberaceae
family. While common ginger (Zingiber officinale) is superior for anti-emetic (nausea) purposes, Alpinia galanga

shows higher potency in anti-fungal and specific anti-tumor assays.

Table 1: Comparison of Primary Bioactive Markers in Alpinia galanga vs. Related Species.

Feature Alpinia galanga (Greater Galangal) (Zéggrl]t;?;n Ginc;zf;t):male gjurrcrt:]r:r?c)longa
Primary Marker 1'S-1'-acetoxychavicol acetate (ACA) Gingerols & Shogaols Curcuminoids
Key Essential Oil 1,8-Cineole Zingiberene Turmerone

Lea_d Pharmacological Anti-tumor & Anti-fungal Anti-emetic & Digestant _Strong Anti-
Action inflammatory
Research Hotspot Neuroprotection (AChE inhibition) Metabolic Syndrome Wound Healing

Recent Pharmacological Breakthroughs
The following table summarizes key studies from the last decade that have defined the current research landscape:

Table 2: Modern Pharmacological Validations of Alpinia galanga.

Bioactive Fraction | Targeted Condition | Mechanism ldentified Research Impact
. S Inhibits  Acetylcholinesterase | Potential for memory-
Ethanolic Extract | Alzheimer's Disease (AChE) enzyme. enhancing supplements.
Induction of apoptosis via | Candidate  for  adjuvant
ACA (Isolated) Colorectal Cancer mitochondrial pathways. chemotherapy.
Essential Oil Multidrug-Resistant | Disruption of bacterial quorum | Alternative to failing
Bacteria sensing. antibiotics.
. Increases sperm count and | Development of reproductive
Aqueous Extract Male Infertility motility (in vivo). health tonics.
. . Inhibition of alpha-glucosidase | Management of postprandial
Galangin Type 2 Diabetes and alpha-amylase. hyperglycemia.

Standardization and Quality Control Markers

The therapeutic efficacy of Alpinia galanga is highly dependent on its chemical consistency. Modern research has
moved toward Marker-Based Standardization, where high-performance analytical techniques are used to ensure that
every batch of the herb contains a specific concentration of active molecules. This is vital because factors like soil pH,

harvest time, and drying methods can radically alter the plant’s potency.[g]
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Analytical Fingerprinting

To ensure pharmaceutical grade quality, researchers utilize High-Performance Liquid Chromatography (HPLC) and

Gas Chromatography-Mass Spectrometry (GC-MS). These tools create a "chemical map" of the rhizome.

»  Primary Chemical Marker: 1'S-1'"-acetoxychavicol acetate (ACA) is the gold-standard marker for Alpinia galanga.
If a sample lacks ACA, it is likely an adulterant or a different Alpinia species.

» Volatile Marker: 1,8-Cineole is used to standardize the essential oil fraction, ensuring the aromatic and respiratory
benefits are present.l'”!

Table 3: Quality Control Parameters for Alpinia galanga Rhizome.

Parameter Specification / Limit Significance

Foreign Matter Not more than 2% Ensures absence of soil, stones, or other plants.

Total Ash Not more than 5% Indicates the purity and mineral content.
Acid-Insoluble Ash Not more than 0.5% Measures presence of silica or earthy matter.
Alcohol-Soluble Extractive | Not less than 6% Reflects the yield of flavonoids and phenylpropanoids.
ACA Content (HPLC) Minimum 0.5% — 1.5% | The primary "active" potency indicator.

Moisture Content Not more than 10% Prevents fungal growth and enzymatic degradation.

Challenges in Standardization: Adulteration
A major hurdle in the modern research trajectory is the intentional or accidental substitution of Alpinia galanga with
related species. Modern quality control protocols are specifically designed to differentiate "Greater Galangal” from its

look-alikes.

Table 4: Differentiation of A. galanga from Common Adulterants.

... | Alpinia alanga | Alpinia officinarum (Lesser | Kaempferia alanga
Characteristic (AEthentic) ’ ’ Gaﬁangal) ( (Arompatic Ginger) ’ ’
Rhizome Size | Large, 2-5 cm diameter Small, 1 cm diameter Disc-shaped, very small
Internal Color | Creamy white / Pale pink Reddish-brown Pure white / Starchy
Key Marker ACA (High) Galangin (Very High) Ethyl cinnamate
Odor Profile Camphoraceous/Spicy Pungent/Bitter Strongly Floral/Sweet

Preservation and Storage Science

Current research indicates that the bioactive ACA molecule is thermally unstable. Modern processing now favors
Freeze-Drying (Lyophilization) over traditional sun-drying. Studies show that freeze-dried rhizomes retain up to 92%
of their phenylpropanoid content compared to only 45% in sun-dried samples. This technological shift is essential for
the development of high-potency "Green Medicine" capsules and supplements.[*!

Phytochemistry

The therapeutic efficacy of Alpinia galanga is a direct result of its sophisticated secondary metabolite profile. The
chemical architecture of the rhizome is dominated by three major classes: phenylpropanoids, flavonoids, and volatile
terpenoids. While many members of the Zingiberaceae family share similar compounds, the high concentration of

specific acetoxy-derivatives gives A. galanga its unique pharmacological edge.

Phenylpropanoids: The Lead Bioactives
Phenylpropanoids are a diverse family of organic compounds synthesized by plants from the amino acids phenylalanine
and tyrosine. In A. galanga, these compounds represent the most significant "chemical markers" for pharmacological

standardization.
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» ACA is the most researched constituent of Greater Galangal. It is a sharp, pungent-smelling liquid that serves as
the plant's primary defense against fungal pathogens.

»  Molecular Mechanism: ACA acts by inhibiting the activation of NF-kB (Nuclear Factor-kappa B). Since NF-«xB
regulates the expression of genes involved in inflammation and tumor growth, ACA is viewed as a potent "master-
switch" inhibitor.

»  Stability: ACA is highly sensitive to moisture and heat. Under aqueous conditions, it readily hydrolyzes into 1'-
hydroxychavicol acetate and eventually chavicol, which possess significantly lower biological potency. This

makes the choice of extraction solvent (typically ethyl acetate or ethanol) critical.*!

1'S-1'-Acetoxyeugenol Acetate (AEA)

A structural analogue of ACA, AEA contains an additional methoxy group on the aromatic ring.

>  Pharmacology: AEA has been identified as a significant anti-ulcer agent. It works by inhibiting the H'K*-ATPase
enzyme (the "proton pump") in the stomach lining, providing a natural mechanism similar to modern

pharmaceutical PPIs (Proton Pump Inhibitors).

Other Phenylpropanoid Derivatives

» Methyl Cinnamate: A volatile phenylpropanoid that gives galangal its pleasant, strawberry-like undertone. It
possesses significant antifungal activity against Trichophyton species.

» p-Coumaryl Diacetate: A precursor in the biosynthetic pathway that contributes to the overall antioxidant pool of

the rhizome.

Flavonoids and Phenolic Acids

Flavonoids are polyphenolic compounds that provide the "antioxidant backbone™ of A. galanga. While the

phenylpropanoids provide the "kick" or pungency, the flavonoids provide the protective, radical-scavenging

stability.™

Galangin (3,5,7-Trihydroxyflavone)

Galangin is the signature flavonol of the Alpinia genus. It is a yellow crystalline powder that has been extensively

studied for its multi-target effects.

»  Neuroprotection: Galangin crosses the blood-brain barrier and protects neurons from oxidative stress-induced
apoptosis. It is specifically noted for its ability to inhibit Acetylcholinesterase (AChE), making it a subject of
interest in Alzheimer's research.

»  Enzyme Inhibition: It acts as a competitive inhibitor of several enzymes, including xanthine oxidase (relevant to

gout) and alpha-glucosidase (relevant to diabetes)."

Kaempferol and Quercetin
These are ubiquitous flavonoids but are present in significant concentrations in A. galanga.
Synergy: Research suggests that the presence of Kaempferol enhances the anti-inflammatory effect of ACA by

downregulating the production of Nitric Oxide (NO) and Prostaglandin E, (PGE,) in macrophage cells.
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Phenolic Acids

Beyond flavonoids, the rhizome contains simple phenolic acids that contribute to its total phenolic content (TPC):

>
>

Table 5: Summary of Key Phytoconstituents and their Molecular Targets.

Ferulic Acid: Known for its skin-protective properties and ability to absorb UV radiation.

p-Hydroxybenzoic Acid: A simple phenolic that acts as a natural antimicrobial agent within the plant tissue.

Compound Class

Specific Marker

Primary Molecular Target

Biological Outcome

Phenylpropanoid

ACA

NF-«kB / TNF-alpha

Anti-cancer / Anti-inflammatory

Phenylpropanoid | AEA H'K*-ATPase Gastroprotective (Anti-ulcer)
Flavonol Galangin Acetylcholinesterase (AChE) [ Neuroprotective (Memory)
Flavonol Kaempferol iNOS / COX-2 Analgesic / Anti-inflammatory

Volatile Ester

Methyl Cinnamate

Fungal Cell Wall

Antifungal

Biosynthetic Origin

The production of these compounds follows the Phenylpropanoid Pathway. The plant utilizes L-Phenylalanine and
converts it into cinnamic acid via the enzyme Phenylalanine Ammonia-Lyase (PAL). The divergence into ACA or
Galangin depends on the specific enzymatic "branching" at the p-coumaroyl-CoA stage, a process highly influenced by

the plant's maturity and environmental stress.

Essential Oils (Volatile Profile) in Detail

The volatile fraction of Alpinia galanga is a complex mixture of lipophilic, low-molecular-weight compounds that
provide the plant with its characteristic pungent, spicy, and camphoraceous aroma.™ This essential oil (EO) is
typically extracted via hydro-distillation or steam distillation, with yields varying between 0.2% and 1.5% based on the

freshness of the rhizome and the geographical origin.

The EO of A. galanga is unique because it combines monoterpenes (which provide the "top notes™) with

phenylpropanoid esters (which provide the "base notes" and therapeutic weight).

Major Chemical Constituents

The essential oil contains over 40 distinct compounds, but its pharmacological profile is dominated by four primary

markers:

« 1,8-Cineole (Eucalyptol)

»  Nature: A cyclic monoterpene ether.

»  Concentration: Typically the most abundant component (up to 40% of the oil).

» Role: It provides the "cooling™ sensation. Pharmaceutically, it acts as a potent mucolytic and expectorant, making
galangal oil effective for respiratory conditions like bronchitis and asthma. It also enhances the skin penetration of

other drugs.

®,
°

beta-Pinene & alpha-Pinene
Nature: Bicyclic monoterpenes.

YV VvV

Role: These contribute to the "pine-like" scent. They possess significant anti-inflammatory properties by
inhibiting prostaglandins and are known to act as broad-spectrum antibiotics by disrupting bacterial cell

membranes.
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-

YV VYV

>

YV VvV

Methyl Cinnamate

Nature: A phenylpropanoid ester.

Role: It provides a sweet, balsamic aroma. Modern studies have identified it as a powerful antifungal agent,
particularly effective against Candida albicans and various skin dermatophytes. It also acts as a natural tyrosinase

inhibitor (skin whitening agent).

Terpinen-4-ol
Nature: A monoterpene alcohol.
Role: Known for its immunomodulatory effects, it increases the activity of white blood cells and provides the oil

with its "earthy" undertone.

Chemical Diversity and Chemotypes

The "Chemical Fingerprint" of A. galanga oil is not uniform. Researchers have identified different chemotypes

depending on where the plant is grown:

>

Type A (Cineole-Rich): Common in Thai and Indonesian varieties. Highly effective for respiratory and
antimicrobial applications.
Type B (Cinnamate-Rich): Often found in specific Indian regions. Highly valued in the fragrance industry and for

antifungal treatments.®!

Table 6: Quantitative Profile of A. galanga Essential Oil Components.

Compound Class Specific Compound Typical % Range [ Principal Pharmacological Action
Monoterpene Ether 1,8-Cineole 25% — 45% Expectorant, Anti-inflammatory
Phenylpropanoid Methyl Cinnamate 10% — 25% Antifungal, Tyrosinase Inhibitor
Monoterpene beta-Pinene 5% — 12% Antimicrobial, Bronchodilator
Monoterpenol alpha-Terpineol 2% — 8% Antioxidant, Sedative
Sesquiterpene alpha-Bergamotene 1% — 4% Pheromonal / Defense

Alcohol Geraniol Trace — 2% Fragrance, Insecticidal

Pharmacological Significance of the Volatile Fraction

The essential oil functions as a multi-target therapeutic agent:

>

Antimicrobial Synergy: While individual components like 1,8-cineole are effective, the whole oil shows higher
efficacy. This is due to the monoterpenes (like pinene) increasing the permeability of the bacterial cell wall,
allowing phenylpropanoids to enter and disrupt cellular metabolism.

Bioavailability Enhancer: In topical applications, the terpenes in A. galanga oil act as natural penetration
enhancers, allowing larger therapeutic molecules to pass through the stratum corneum (the outer layer of skin).
Aromatherapeutic Effects: Inhalation of the volatile components has been shown to modulate the autonomic

nervous system, potentially reducing stress and improving cognitive alertness.*”

Quality Control and Volatile Degradation

The volatile profile is highly sensitive to post-harvest handling.

>

Distillation Time: Extended distillation (over 4 hours) can lead to the thermal degradation of delicate esters like
methyl cinnamate.
Storage: The oil is prone to oxidation. If exposed to light and air, monoterpenes convert into hydroperoxides,

which can cause skin irritation. Therefore, medical-grade A. galanga oil must be stored in amber glass containers
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at temperatures below 25°C.

Beyond the well-known phenylpropanoids and volatile oils, Alpinia galanga contains a variety of non-volatile
secondary metabolites and nutritional components that contribute to its "entourage effect"—where the biological

activity of the whole plant exceeds the sum of its isolated parts.

While more characteristic of other Alpinia species (like A. zerumbet), A. galanga contains specific labdane
diterpenoids. These molecules are known for their:

»  Cytotoxic activity: They interfere with the cell cycle of rapidly dividing cells.

»  Antiviral properties: Specifically inhibiting the replication of the influenza virus and human cytomegalovirus in

laboratory assays.l*®

Sterols and Glycosides

The lipophilic fraction of the rhizome contains several phytosterols:

»  beta-Sitosterol: A well-documented plant sterol that helps modulate cholesterol levels and exhibits anti-
inflammatory effects by inhibiting the production of pro-inflammatory cytokines.

»  Daucosterol: A glycoside of beta-sitosterol that enhances the plant's immunomodulatory potential.

»  Saponins: Present in trace amounts, these contribute to the plant's ability to lower blood glucose and provide a

mild detergent-like action that may assist in the emulsification of other fats in the digestive tract.

Fatty Acids and Lipids

The rhizome yields a small amount of fixed oil (distinct from essential oil), which is rich in unsaturated fatty acids:

»  Palmitic Acid: A saturated fatty acid used for structural integrity.

» Oleic and Linoleic Acids: These omega-9 and omega-6 fatty acids are crucial for cardiovascular health and may
help in the systemic absorption of the plant's fat-soluble phenylpropanoids.™**!

Nutritional and Mineral Composition

As a functional food, the nutritional density of A. galanga supports its use as a metabolic tonic.

Table 7: Proximate and Mineral Analysis of A. galanga Rhizome.

Constituent Value (per 100g dry weight) | Biological Significance

Carbohydrates 65% — 75% Primarily starch; provides metabolic energy.
Crude Protein 4% — 7% Contains essential amino acids like Phenylalanine.
Crude Fiber 12% — 15% Aids in gastrointestinal motility.

Potassium (K) ~1200 mg Vital for cardiac function and electrolyte balance.
Magnesium (Mg) ~180 mg Co-factor for over 300 enzymatic reactions.

Zinc (Zn) ~1.5mg Supports immune function and wound healing.
Iron (Fe) ~5 mg Necessary for hemoglobin synthesis.

Starch and Polysaccharides

The rhizome is a significant source of starch, characterized by unique physical properties.

»  Microstructure: Galangal starch granules are typically larger than those of common ginger, providing a different
texture when used as a thickening agent.

»  Prebiotic Potential: Recent studies are investigating the non-digestible polysaccharides in galangal as prebiotics

that may selectively stimulate the growth of beneficial gut bacteria (Lactobacillus and Bifidobacterium).
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Pharmacological Activities

The therapeutic potential of Alpinia galanga is supported by a growing body of evidence from in vitro (cell-based), in

vivo (animal), and limited clinical studies. Its multi-target approach allows it to address several pathological pathways

simultaneously.

Antimicrobial and Antiviral Activity

Alpinia galanga is recognized as a superior natural antimicrobial within the Zingiberaceae family, often exhibiting

higher potency than ginger or turmeric against specific resistant strains. Its activity is derived from the synergistic

interaction between its volatile oils (monoterpenes) and its non-volatile phenylpropanoids (ACA and AEA). The

antibacterial profile of A. galanga spans both Gram-positive and Gram-negative bacteria.

>

Cell Membrane Disruption: The essential oil, rich in 1,8-cineole and beta-pinene, acts as a lipophilic agent. These
molecules insert themselves into the bacterial lipid bilayer, increasing permeability. This leads to the leakage of
essential intracellular ions (Potassium) and metabolites, eventually causing cell lysis.[?"!

Inhibition of Quorum Sensing: Recent studies suggest that galangal extracts can disrupt "quorum sensing"—the
communication system bacteria use to coordinate biofilm formation. By blocking this, the extract prevents
bacteria like Pseudomonas aeruginosa from forming protective shields, making them more susceptible to the
body's immune system.

Target Pathogens: It shows significant Minimum Inhibitory Concentrations (MIC) against:

Staphylococcus aureus (Skin and respiratory infections)

Bacillus subtilis (Food spoilage)

Escherichia coli and Salmonella typhi (Gastrointestinal distress)

Antifungal Activity

The rhizome is particularly noted for its efficacy against dermatophytes and yeasts, surpassing many synthetic topical

agents in in vitro assays.

>

Inhibition of Ergosterol Synthesis: Phenylpropanoids like ACA and AEA interfere with the biosynthetic pathway
of ergosterol, a vital component of the fungal cell membrane. Without ergosterol, the fungal cell wall loses

structural integrity.

Key Susceptible Strains

*

*

*

Candida albicans: The primary cause of thrush and systemic yeast infections.

Trichophyton longifusus: Responsible for athlete's foot and ringworm.

Aspergillus niger: A common black mold associated with respiratory issues.")

Antiviral Potential

The antiviral properties of A. galanga have moved to the forefront of pharmacological research over the last decade,

focusing on its ability to inhibit viral replication cycles.

>

Anti-HIV-1 Activity: Research has demonstrated that 1'S-1'-acetoxychavicol acetate (ACA) can inhibit the
replication of the Human Immunodeficiency Virus type 1 (HIV-1). It specifically blocks the nucleocytoplasmic
transport of viral Rev proteins, preventing the virus from replicating its genetic material within the host cell.

Anti-Influenza: Galangal extracts have shown inhibitory effects against the Influenza A virus. They prevent viral

entry into the host cell and inhibit the neuraminidase enzyme, which the virus uses to release new particles.??
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» SARS-CoV-2 (COVID-19) Research: During the 2020-2023 period, in silico molecular docking studies identified
Galangin and ACA as potential inhibitors of the SARS-CoV-2 main protease (MP®). These compounds show a
high binding affinity to the enzyme's active site, theoretically preventing the virus from processing functional

proteins.

Table 8: Antimicrobial Potency.

Pathogen Category | Representative Species Active Component Mode of Action
Gram-Positive S. aureus 1,8-Cineole / $\alpha$-Terpineol | Membrane lysis / lon leakage
Gram-Negative E. coli Ethanolic Extract (ACA) Metabolic inhibition

Yeast C. albicans Methyl Cinnamate Ergosterol depletion
Dermatophyte T. rubrum AEA / Eugenol Cell wall degradation
Retrovirus HIV-1 ACA Rev-protein transport block
Respiratory Virus Influenza / SARS-CoV-2 | Galangin Protease inhibition

Synergistic Potential with Antibiotics

Modern research is exploring "Synergy Testing,” where galangal extracts are combined with conventional antibiotics
(like Amoxicillin). The extracts often act as efflux pump inhibitors, preventing bacteria from pumping out the
antibiotic. This makes the bacteria "vulnerable" again, suggesting A. galanga could be a vital tool in combating the

global crisis of antimicrobial resistance (AMR).

Anti-inflammatory and Analgesic Effects

The anti-inflammatory properties of Alpinia galanga represent one of its most clinically relevant pharmacological

profiles. While inflammation is a natural defense mechanism, chronic activation leads to tissue damage in conditions

like osteoarthritis, asthma, and inflammatory bowel disease (IBD). A. galanga acts as a multi-pathway modulator,

targeting the chemical "messengers” of pain and swelling.*!

Molecular Mechanisms of Anti-inflammation

The plant's efficacy is driven primarily by 1'S-1'-acetoxychavicol acetate (ACA) and the flavonol galangin. They

inhibit inflammation at the genetic and enzymatic levels:

» Inhibition of the NF-kB Pathway: NF-kB is the "master switch" for the inflammatory response. ACA prevents the
translocation of NF-xB into the cell nucleus, thereby blocking the transcription of pro-inflammatory genes.

»  Dual Inhibition of COX-2 and iNOS:
COX-2 (Cyclooxygenase-2): This enzyme produces Prostaglandin E, (PGE,), the primary mediator of pain and
fever. Unlike synthetic NSAIDs (like Aspirin), which often inhibit the protective COX-1 enzyme (causing
stomach issues), A. galanga extracts show a preference for inhibiting the inducible COX-2.

& iNOS (inducible Nitric Oxide Synthase): This enzyme produces Nitric Oxide (NO), which in excess causes tissue
inflammation. Galangin and ACA significantly downregulate iNOS expression.

»  Cytokine Suppression: Extracts dose-dependently reduce the production of "pro-inflammatory cytokines,"
specifically TNF-alpha, IL-1beta, and IL-6.

Analgesic (Pain-Relieving) Activity
A. galanga exhibits both central and peripheral analgesic effects, meaning it acts on the nervous system and the site of
injury.

»  Peripheral Action: By reducing PGE, levels at the site of inflammation, it desensitizes pain receptors
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(nociceptors), providing relief from swelling and physical discomfort.
»  Central Action: Certain volatile components in the essential oil may interact with opioid receptors or modulate

neurotransmitters involved in the pain threshold, although more research is needed to fully map this pathway.

Application in Joint Health and Arthritis
The most promising clinical application for these effects is in the management of Osteoarthritis (OA) and Rheumatoid
Arthritis (RA).

Table 9: Comparison of A. galanga vs. Standard Anti-inflammatory Agents.

Parameter A. galanga Extract Conventional NSAIDs (e.g., Ibuprofen)
Primary Target NF-xB, COX-2, TNF-alpha COX-1and COX-2

Mechanism Multi-pathway modulation Enzyme inhibition

Gastro-toxicity Low (actually gastroprotective) | High (can cause ulcers)

Side Effects Minimal at standard doses Risk of renal and gastric issues

Onset of Action Gradual (cumulative) Rapid

Anti-Allergic and Respiratory Inflammation

Because A. galanga inhibits the release of histamine and beta-hexosaminidase from mast cells, it is highly effective

against allergic inflammation.

»  Asthma Management: By inhibiting the infiltration of eosinophils (white blood cells involved in allergies) into the
lungs, it reduces airway hyper-responsiveness and mucus production.

»  Allergic Rhinitis: Traditional use of the "galangal steam" is validated by its ability to stabilize mast cells,

preventing the "runny nose™ and sneezing response to allergens.
Research consistently shows that the ethanolic extract is superior to the aqueous (water) extract for inflammation,
as the key molecule, ACA, is lipophilic. For chronic pain management, A. galanga is often considered a "long-
term stabilizer" that reduces the patient's reliance on synthetic painkillers, thereby protecting the liver and kidneys
from long-term drug toxicity.!*?

Antioxidant and Cytoprotective Activity

Oxidative stress, characterized by an imbalance between reactive oxygen species (ROS) and cellular antioxidant

defenses, is a primary driver of chronic disease and aging. Alpinia galanga provides a two-tiered defense mechanism to

maintain redox homeostasis.

»  Direct Free-Radical Scavenging: The high phenolic and flavonoid content—specifically galangin and quercetin—
allows the plant to donate hydrogen atoms to neutralize superoxide anions, hydroxyl radicals, and hydrogen
peroxide (H,0,).*

»  Endogenous Enzyme Induction: Beyond direct scavenging, A. galanga extracts activate the Nrf2 pathway, which
triggers the body’s internal production of antioxidant enzymes.

» Lipid Peroxidation Inhibition: By stabilizing cellular membranes, the extracts prevent the oxidation of
polyunsaturated fatty acids, measured by a significant reduction in Malondialdehyde (MDA) levels in liver and

brain tissues.
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Table 10: Impact on Cellular Antioxidant Markers.

Marker Effect of A. Physiological Benefit

galanga
Superoxide Dismutase (SOD) | Increased Rapid neutralization of superoxide radicals.
Glutathione (GSH) Replenished Enhanced detoxification and cellular repair.
Malondialdehyde (MDA) Decreased Protection of cell membranes from damage.
Catalase (CAT) Increased Efficient breakdown of hydrogen peroxide.

Neuroprotective Potential

The central nervous system (CNS) is highly susceptible to oxidative damage due to its high oxygen consumption and

lipid content. A. galanga has emerged as a promising candidate for managing neurodegenerative disorders like

Alzheimer’s and Parkinson’s.

»  Acetylcholinesterase (AChE) Inhibition: Galangin acts as a natural inhibitor of AChE, the enzyme responsible for
breaking down acetylcholine. By maintaining high levels of this neurotransmitter, the extract improves synaptic
plasticity and memory retention.

»  Anti-Amyloidogenic Activity: In vivo studies suggest that A. galanga reduces the aggregation of Amyloid-beta
(A-beta) plagues, which are hallmark neurotoxic clusters found in the brains of Alzheimer's patients.?®

»  Attenuation of Neuro-inflammation: By inhibiting microglia activation and the release of TNF-alpha in the brain,

the plant prevents "inflamm-aging,” preserving cognitive function during senescence.

Anticancer and Chemo-preventive Activity

The oncological potential of A. galanga is primarily focused on the selective toxicity of 1'S-1'-acetoxychavicol acetate

(ACA).

> Apoptosis Induction: ACA triggers the "intrinsic" (mitochondrial) pathway of programmed cell death. It increases
the ratio of Bax (pro-apoptotic) to Bcl-2 (anti-apoptotic) proteins and activates Caspase-3, forcing cancer cells to
self-destruct without damaging surrounding healthy tissue.

»  Cell Cycle Arrest: Extracts have been shown to halt cancer cell division at the GO/G1 or G2/M phases, preventing
the rapid proliferation characteristic of malignancy.

» Inhibition of Epithelial-Mesenchymal Transition (EMT): Research indicates that galangal components can
suppress the migration and invasion (metastasis) of cancer cells by downregulating Matrix Metalloproteinases
(MMP-2 and MMP-9).2"]

Metabolic and Organ-Specific Protection

A. galanga exerts protective and regulatory effects across several vital organ systems, supporting its traditional use as a

systemic tonic.

>  Gastroprotective (Anti-ulcer): AEA and ACA protect the gastric mucosa by inhibiting the H'K*-ATPase "proton
pump" and increasing the production of protective gastric mucus. This makes it effective against ethanol and
stress-induced ulcers.

»  Nephroprotective (Kidney Defense): Modern research (2025) has demonstrated that the essential oil mitigates
drug-induced kidney injury (e.g., from Gentamicin) by reducing renal oxidative stress and blocking pro-apoptotic
pathways in the tubular cells.!”

»  Hypoglycemic (Antidiabetic): By inhibiting alpha-glucosidase and alpha-amylase, the plant slows the breakdown

of starches into glucose, preventing postprandial hyperglycemia (blood sugar spikes).
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»  Reproductive Health: Aqueous extracts have shown a statistically significant increase in testosterone levels, sperm

count, and motility in animal models, validating its use in traditional aphrodisiac formulations.?**"!

CONCLUSION

Alpinia galanga stands as a formidable therapeutic agent that successfully bridges the gap between ancient
ethnopharmacological wisdom and modern evidence-based medicine. Its sophisticated phytochemical profile—
characterized by the unique synergy of phenylpropanoids like 1'S-1'-acetoxychavicol acetate, potent flavonols such as
galangin, and a diverse array of volatile monoterpenes—enables it to modulate complex biological pathways involved
in inflammation, oxidative stress, and oncogenesis. The transition from its traditional use as a carminative and
respiratory stimulant to its modern recognition as a neuroprotective, anticancer, and antimicrobial agent highlights its
vast potential for integration into contemporary pharmacotherapy. However, to fully realize its clinical utility, future
research must prioritize overcoming the bioavailability challenges associated with its core bioactive compounds
through advanced nano-delivery systems and standardized extraction protocols. By validating its safety and efficacy
through rigorous, large-scale human clinical trials, Alpinia galanga is poised to evolve from a foundational botanical
staple into a cornerstone of multi-target phytomedicine, offering a natural and sustainable approach to managing

chronic and infectious diseases in the 21st century.
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