International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 31, Issue 7, July 2025 ijppr.humanjournals.com ISSN: 2349-7203

Pharmacognostic and Pharmacological Investigation of Alkanna tinctoria: A
Medicinally Valuable Plant

Ayushi Rai, Dr. Pawan Tiwari, Dr. Arvind Kumar Srivastav, Ishika Kumari

Shambhunath Institute of Pharmacy, Prayagraj, U.P, India

Received: 2025-06-25 Revised: 2025-07-10 Accepted: 2025-07-25

ABSTRACT

Alkanna tinctoria (L.) Tausch, commonly known as dyer’s alkanet, is a perennial herb of the Boraginaceae family, renowned for its
vibrant red roots and extensive use in traditional medicine across the Mediterranean, Middle East, and South Asia. This review
comprehensively examines the pharmacognostic features, phytochemical profile, and pharmacological potential of A. tinctoria.
Pharmacognostic analysis details its macroscopic/microscopic characteristics including root morphology, cork cell layers, calcium
oxalate crystals, and vessel arrangements alongside physicochemical standards (ash values, extractive yields) essential for quality
control. Phytochemical studies reveal abundant naphthoquinones (alkannin, shikonin), flavonoids, terpenoids, and phenolic acids,
isolated via HPLC, GC-MS, and NMR. These compounds underpin diverse pharmacological activities: antimicrobial, wound
healing, anti-inflammatory, antioxidant, and anticancer effects. Mechanistic insights highlight alkannin’s role in promoting
angiogenesis and collagen synthesis, alongside shikonin’s modulation of NF-kB and MAPK pathways. Despite robust preclinical
evidence, clinical trials and toxicity profiling remain scarce. This review advocates for standardized extraction protocols, human
studies, and regulatory integration to harness A. tinctoria’s full therapeutic potential in evidence-based medicine.
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1. INTRODUCTION

Alkanna tinctoria (Boraginaceae), a herbaceous perennial native to the dry and temperate zones of Southern Europe, Turkey, and
Iran, has long held a significant place in both traditional medicine and botanical sciences. Widely known in Ayurveda as "Ratanjot"
and in Unani medicine as "Henna-el-ghali," this plant is especially prized for its vibrant red root, which contains an array of bioactive
compounds and serves as a natural dye. Traditionally, it has been employed across various systems of folk and classical medicine
for the treatment of skin conditions such as burns, ulcers, eczema, and wounds, as well as for gastrointestinal complaints and
inflammatory disorders. The therapeutic efficacy of A4. tinctoria is primarily attributed to its rich content of naphthoquinone
derivatives, notably alkannin and shikonin, which are known for their antimicrobial, anti-inflammatory, antioxidant, and wound-
healing activities.

The roots of A. tinctoria contain secondary metabolites that interact with cellular targets to promote tissue regeneration, reduce
oxidative stress, and inhibit microbial growth. With the increasing interest in phytomedicine and natural product-based therapies, 4.
tinctoria has become a focal point for researchers aiming to develop alternative treatments for skin and inflammatory diseases.
Despite its historical relevance and proven bioactivity in preclinical settings, its clinical application remains limited due to the lack
of standardized extract preparations, insufficient human trials, and incomplete regulatory frameworks. This review endeavors to
comprehensively consolidate pharmacognostic, phytochemical, and pharmacological evidence surrounding A. tinctoria, while
identifying gaps in scientific knowledge and highlighting opportunities for its integration into modern drug discovery and
development frameworks.

2. International Significance of Herbal Therapeutics

The global healthcare landscape is witnessing a resurgence in the use of herbal therapeutics, driven largely by the challenges posed
by antibiotic resistance, adverse drug reactions, and the increasing prevalence of chronic and lifestyle-related disorders. According
to the World Health Organization (WHO), more than 80% of the global population relies on traditional medicine for some aspect of
primary healthcare. In this context, botanicals like Alkanna tinctoria are gaining renewed scientific attention for their potential to
serve as safe and effective alternatives or complements to synthetic drugs. The key phytoconstituents of A. tinctoria, particularly
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alkannin and shikonin, have demonstrated activities in alignment with major public health needs, such as wound management, skin
infections, and inflammatory conditions. The European Union and India's Ministry of AYUSH have acknowledged the therapeutic
promise of naphthoquinones and have emphasized their inclusion in pharmacopoeial standards and herbal monographs. As part of
the growing demand for evidence-based phytotherapy, A. tinctoria stands out as a candidate for translational research and
pharmaceutical formulation due to its wide distribution, cultural acceptability, and diverse pharmacological properties. Furthermore,
its role in traditional systems aligns well with the WHO's strategy to integrate traditional medicine into national health systems
through policies and validated research.

3. Intersection of Traditional Knowledge with Evidence-Based Pharmacology

Traditional medicine systems such as Ayurveda, Unani, and Mediterranean folk practices have long recognized the healing potential
of A. tinctoria roots. In Ayurvedic medicine, it is known for its wound-healing ("Vrana ropana") and anti-inflammatory properties,
while Unani physicians have applied its root paste for treating burns, ulcers, and dermatitis. These ethnopharmacological uses are
now finding scientific validation through modern pharmacological and biochemical studies. Recent in vitro and in vivo
investigations reveal that alkannin stimulates fibroblast proliferation, angiogenesis, and extracellular matrix remodeling—
mechanisms that underpin wound repair and tissue regeneration. Shikonin and its derivatives have been shown to inhibit key
inflammatory mediators such as TNF-q, interleukin-6 (IL-6), and NF-«B, thereby reducing inflammation and promoting healing.
These findings corroborate traditional uses and open avenues for developing phytopharmaceuticals based on A. tinctoria root
extracts. Bridging traditional knowledge with contemporary research methodologies enhances the credibility of herbal remedies and
supports the rationale for their inclusion in modern therapeutic regimens.

4. Alkanna tinctoria as a Source of Drug Leads

Natural products have historically served as a cornerstone for drug discovery, offering chemically diverse scaffolds that serve as
templates for novel therapeutic agents. In this regard, Alkanna tinctoria is a promising reservoir of bioactive compounds, particularly
its signature naphthoquinones alkannin and shikonin which constitute approximately 5—7% of the dry root weight. These compounds
exhibit a spectrum of pharmacological activities, ranging from antimicrobial and anti-inflammatory effects to cytotoxicity against
cancer cell lines.

Shikonin derivatives have demonstrated inhibition of topoisomerase-I, an enzyme critical in DNA replication and a target for
anticancer therapies. Additionally, their role in modulating oxidative stress and apoptosis pathways positions them as viable
candidates for oncology drug development. The chiral structure of alkannin enhances its bioavailability and receptor affinity, making
it attractive for structure-activity relationship (SAR) studies and semi-synthetic drug development. Preclinical studies have reported
that acetylshikonin induces apoptosis via mitochondrial ROS generation, while alkannin-rich formulations significantly accelerate
wound healing in diabetic rat models. These findings suggest that 4. tinctoria not only holds ethnopharmacological importance but
also embodies the pharmacological versatility needed for modern drug pipelines. Continued research into extraction methods,
molecular targets, and formulation strategies will further define its potential as a lead compound source for dermatological,
oncological, and anti-infective therapies.

5. Traditional Uses in Ethnomedicine

Traditional Uses in Ethnomedicine of Alkanna tinctoria

Alkanna tinctoria, commonly known as alkanet, has a long history of use in various traditional medicinal systems, especially for
treating skin-related conditions and internal disorders. Across different cultures, its roots have been the most commonly used part,
either in the form of extracts, pastes, or oils. In the Unani system of medicine, the roots are primarily used to treat burns, ulcers, and
dermatitis, owing to their soothing and healing properties. Similarly, in Ayurveda, the roots are applied for wound healing and
managing digestive disorders, highlighting their dual role in external and internal healing. The Mediterranean folk tradition employs
both the roots and their oil for anti-inflammatory purposes and also as a natural dye for textiles, showcasing its utility beyond
medicine. In Iranian traditional medicine, A. tinctoria roots are valued for their antiseptic properties and are used in poultices to treat
skin infections. Turkish medicinal practices utilize root extracts for their gastroprotective effects and as liver tonics, indicating
benefits for internal organ support. Moroccan folk medicine, on the other hand, uses a root paste as an antiseptic remedy against
snake bites and to alleviate eczema. These diverse uses underline the ethnopharmacological significance of Alkanna tinctoria and
support its continued exploration for therapeutic applications.
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Table 1: Ethnomedicinal Applications of Alkanna tinctoria

Medicinal System Part Used Traditional Use

Unani Roots Burns, ulcers, dermatitis

Ayurveda Roots Wound healing, digestive disorders
Mediterranean Folk Roots/Oil Anti-inflammatory, dye for textiles
Iranian Traditional Roots Skin infections, antiseptic poultices
Turkish Medicine Root extract Gastroprotective, liver tonic
Moroccan Folk Root paste Antiseptic for snake bites, eczema

6. Phytochemical Constituents

Alkanna tinctoria is a rich source of diverse bioactive compounds that contribute to its wide range of pharmacological activities.
The most notable class of compounds found in this plant is the naphthoquinones, with alkannin and shikonin being the primary
representatives. These compounds are well-known for their potent wound healing, anticancer, and antimicrobial properties. In
addition, A. tinctoria contains flavonoeids such as kaempferol and quercetin, which are renowned for their strong antioxidant and
anti-inflammatory effects, aiding in cellular protection and reducing oxidative stress. Terpenoids, including rosmarinic acid and
p-sitosterol, add neuroprotective and antiviral benefits to the plant’s profile. The plant also harbors phenolic acids, notably caffeic
acid and chlorogenic acid, known for their radical scavenging activities and hepatoprotective effects, which support liver health.
Lastly, alkaloids like intermedine and lycopsamine contribute antispasmodic and analgesic actions, making them valuable for pain
relief and muscle relaxation. Together, these phytochemicals highlight the multifaceted therapeutic potential of Alkanna tinctoria
and provide a biochemical basis for its traditional and modern medicinal applications.

Table 2: Key Phytochemicals in Alkanna tinctoria

Class Examples Reported Activities

Naphthoquinons Alkannin, Shikonin Wound healing, anticancer, antimicrobial
Flavonoids Kaempferol, Quercetin Antioxidant, anti-inflammatory
Terpenoids Rosmarinic acid, B-Sitosterol Neuroprotective, antiviral

Phenolic Acids Caffeic acid, Chlorogenic Radical scavenging, hepatoprotective
Alkaloids Intermedine, Lycopsamine Antispasmodic, analgesic

7. Pharmacological Activities and Mechanisms

The pharmacological profile of Alkanna tinctoria demonstrates its wide therapeutic potential, supported by both in vitro and in vivo
studies. One of its most prominent activities is wound healing, attributed to alkannin-based gel formulations that enhance collagen
synthesis and promote angiogenesis, particularly effective in diabetic rat models. The plant also exhibits strong antimicrobial
activity, where the root extract has been shown to disrupt microbial cell membranes, effectively acting against pathogens like
Staphylococcus aureus and Candida albicans. In terms of anti-inflammatory effects, shikonin works by inhibiting COX-2 enzyme
activity and suppressing the NF-«xB signaling pathway, as evidenced in carrageenan-induced edema models. The anticancer potential
of Alkanna tinctoria is reflected in the actions of acetylshikonin, which induces apoptosis in cancer cells through the generation of
reactive oxygen species (ROS), particularly in MCF-7 and HepG2 cell lines. The plant’s antioxidant activity is associated with its
ethanolic extract, which boosts the levels of endogenous enzymes like superoxide dismutase (SOD) and catalase (CAT) while
reducing lipid peroxidation, as shown in DPPH and FRAP assays. Additionally, rosmarinic acid from the plant exhibits significant
hepatoprotective effects by lowering ALT and AST levels and enhancing glutathione synthesis, especially in CCls-induced liver
injury models. These findings underline the scientific relevance of A4. tinctoria in modern pharmacology and its potential as a source
of novel therapeutic agents.

Table 3: Pharmacological Profile of A. tinctoria

Activity Extract/Compound | Mechanism Models

Wound Healing Alkannin gel 1 Collagen synthesis, angiogenesis Diabetic rat models
Antimicrobial Root extract Disrupts microbial membranes S. aureus, C. albicans
Anti-inflammatory | Shikonin Inhibits COX-2, NF-kB pathway Carrageenan-induced edema
Anticancer Acetylshikonin Induces apoptosis via ROS MCF-7, HepG2 cells
Antioxidant Ethanolic extract 1 SOD, CAT enzymes; | lipid peroxidation | DPPH/FRAP assays
Hepatoprotective Rosmarinic acid | ALT/AST, 1 glutathione synthesis CCl4-induced liver injury
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8. Phytochemical Characterization Techniques

To explore the chemical complexity of Alkanna tinctoria, a variety of modern analytical techniques are employed, each offering
unique insights into its phytochemical profile. High-Performance Thin Layer Chromatography (HPTLC) is commonly used to
quantify naphthoquinones such as alkannin and shikonin, providing a rapid and reliable method for standardization. For profiling
volatile terpenoids, Gas Chromatography-Mass Spectrometry (GC-MS) is applied, effectively identifying compounds like p-
caryophyllene and limonene within essential oil fractions. Liquid Chromatography coupled with Electrospray Ionization Tandem
Mass Spectrometry (LC-ESI-MS/MS) is a powerful method used to detect polar phenolic compounds, including rosmarinic acid
and various flavonoids, allowing precise quantification even at low concentrations. Nuclear Magnetic Resonance (NMR)
spectroscopy plays a crucial role in structural elucidation, particularly in determining the stereochemistry of shikonin and other
complex molecules. Fourier Transform Infrared Spectroscopy (FTIR) is employed to identify functional groups, such as hydroxyl
and quinone moieties, aiding in compound verification. Lastly, UV-Visible (UV-Vis) spectrophotometry is utilized to quantify total
phenolic content, helping to assess the potency of standardized extracts. Together, these techniques provide a comprehensive
chemical fingerprint of 4. tinctoria, supporting its pharmacological and quality control applications.

Table 4: Analytical Methods for A. tinctoria

Technique Purpose Compounds Analyzed

HPTLC Quantify naphthoquinones | Alkannin, shikonin

GC-MS Profile volatile terpenoids | B-Caryophyllene, limonene
LC-ESI-MS/MS | Detect polar phenolics Rosmarinic acid, flavonoids
NMR Structural elucidation Stereochemistry of shikonin
FTIR Functional group analysis Hydroxyl, quinone moieties
UV-Vis Quantify total phenolics Standardized extract potency

9. Challenges and Future Prospects

Despite its promising pharmacological profile, Alkanna tinctoria faces several challenges that limit its full integration into
mainstream therapeutics. One major issue is standardization variability, as the concentration of key bioactives like alkannin and
shikonin can fluctuate depending on geographic and environmental factors. Addressing this requires the development of reliable
biomarkers based on specific compound ratios to ensure consistent quality. Another gap is the limited clinical data, particularly
human studies, which highlights the need for Phase II clinical trials to validate the efficacy of wound and burn formulations.
Additionally, toxicity uncertainties remain unresolved, especially regarding long-term use; hence, chronic exposure studies in
appropriate animal models are crucial. Regulatory approval also poses a hurdle due to the absence of standardized documentation.
Preparing detailed monographs compliant with EMA and WHO guidelines could facilitate regulatory acceptance. From an ecological
perspective, sustainable sourcing is vital to avoid overharvesting of wild populations. This calls for the development of cultivation
protocols that ensure steady and ethical production. Lastly, improving the drug delivery of A. tinctoria extracts, particularly for
topical applications, is a growing area of research. Innovative systems such as nanoemulsions offer enhanced skin penetration and
bioavailability. Together, addressing these research priorities can pave the way for the successful and sustainable utilization of
Alkanna tinctoria in modern medicine.

Table 5: Research Gaps and Opportunities

Challenge

Standardization variability
Limited clinical data
Toxicity uncertainties
Regulatory barriers
Sustainable sourcing

Drug delivery optimization

Research Priority

Develop biomarkers (e.g., alkannin/shikonin ratios)
Phase 11 trials for burn/wound formulations
Chronic exposure studies in models

Compile monographs for EMA/WHO compliance
Cultivation protocols to prevent overharvesting
Nanoemulsions for enhanced skin penetration

10. Conclusion
The comprehensive review on Pharmacognostic and Pharmacological Investigation of Alkanna tinctoria: A Medicinally Valuable

Plant underscores the significant therapeutic and ethnobotanical value of this ancient herb. Traditionally utilized across diverse
medicinal systems such as Unani, Ayurveda, Iranian, and Mediterranean folk medicine, Alkanna tinctoria has been employed
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primarily for the treatment of wounds, burns, ulcers, and various skin ailments. The plant's strong ethnomedical foundation forms
the basis for modern scientific inquiry into its pharmacological and chemical properties.

Phytochemical investigations reveal that 4. tinctoria is a rich reservoir of bioactive compounds, especially naphthoquinones like
alkannin and shikonin, which are primarily responsible for its wound healing, anticancer, and antimicrobial effects. In addition to
these, the presence of flavonoids, terpenoids, phenolic acids, and alkaloids broadens its therapeutic spectrum, offering antioxidant,
anti-inflammatory, hepatoprotective, and analgesic benefits. These compounds have been studied through advanced characterization
techniques such as HPTLC, GC-MS, LC-ESI-MS/MS, NMR, FTIR, and UV-Vis spectroscopy, which together provide a robust
phytochemical fingerprint critical for standardization and quality control.

The pharmacological profile of Alkanna tinctoria is both diverse and promising. Experimental studies have validated its efficacy in
promoting wound healing through enhanced collagen synthesis and angiogenesis, while also demonstrating significant antimicrobial,
antioxidant, anti-inflammatory, and anticancer properties. These findings not only support its traditional uses but also highlight the
plant’s potential in modern therapeutic applications. However, most of these studies are preclinical, and limited clinical data exist
to substantiate its safety and efficacy in humans.

Despite its promise, the full medicinal potential of A. tinctoria remains underutilized due to several critical challenges. These include
variability in phytochemical content, lack of standardization protocols, insufficient clinical trials, unresolved toxicity concerns, and
regulatory obstacles. Additionally, overharvesting poses a threat to its sustainability, making the development of cultivation
strategies imperative. Innovations in drug delivery systems, such as nanoemulsions and transdermal formulations, are emerging as
potential tools to enhance its bioavailability and therapeutic performance, especially in topical applications.

In conclusion, Alkanna tinctoria is a pharmaceutically important plant with a well-documented history of traditional use and a
scientifically validated pharmacological profile. Its rich phytochemistry and broad spectrum of biological activities make it a
valuable candidate for the development of novel natural therapeutics. Future research should focus on clinical validation, regulatory
standardization, sustainable cultivation, and formulation development to translate its traditional and experimental promise into
evidence-based clinical practice. With strategic interdisciplinary efforts, Alkanna tinctoria can be advanced as a safe, effective, and
sustainable medicinal resource in the global herbal pharmacopeia.
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