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ABSTRACT 

Varnya Karma, a fundamental concept in Ayurvedic dermatology, refers to the therapeutic action of substances that enhance 

skin complexion and promote healthy skin color. The classical Ayurvedic text Charaka Samhita describes Varnya 

Mahakashaya, a group of ten herbs specifically designated for complexion enhancement. Despite centuries of traditional 

use, the scientific validation of Varnya Karma through modern experimental models remains an evolving field that bridges 

traditional Ayurvedic knowledge with contemporary dermatological research. 
This comprehensive review aims to evaluate the scientific validation of Varnya Karma through modern experimental 

models, including in vitro, in vivo, and clinical approaches. We examine the correlation between Ayurvedic parameters and 

modern biomarkers of skin pigmentation, providing evidence-based insights into the mechanisms of action of Varnya 

Dravyas. 

Modern experimental models provide substantial evidence validating the traditional concept of Varnya Karma. The multi-

modal approach incorporating in vitro tyrosinase inhibition assays, in vivo animal models, and clinical studies offers a 

comprehensive framework for evaluating complexion-enhancing properties of Ayurvedic herbs. Future research should 

focus on standardized protocols and molecular mechanisms to establish Varnya Karma as an evidence-based therapeutic 

modality.. 

Keywords: Varnya Karma, Ayurveda, Tyrosinase inhibition, Melanogenesis, Hyperpigmentation, Herbal medicine, Skin 

lightening 
How to cite this article: Zodage SS, Ninad N, Smita C, Pallavi P.. Evaluation of Contemporary Experimental Models of 

Melanogenesis as Tools for the Scientific Validation of Varnya Karma .Int J Drug Deliv Technol. 2026;16(61s):1124-1131. 

DOI: 10.25258/ijddt.16.61s.127 

Source of support: Nil.  

Conflict of interest: None 

 

INTRODUCTION 

Definition of Varnya Karma 

Varnya Karma is a classical Ayurvedic concept denoting the 

therapeutic action of substances that enhance and maintain 

the natural complexion of the skin. The term "Varna" refers 

to color or complexion, while "Karma" indicates the 
pharmacological action or therapeutic effect [1]. In 

Ayurvedic dermatology, Varnya represents one of the 

essential therapeutic categories (Karma) specifically 

targeting the improvement of skin color, clarity, and 

radiance [2]. 

The classical Ayurvedic text Charaka Samhita, in its Sutra 

Sthana (Chapter 4), describes Varnya Mahakashaya a 

curated group of ten herbs specifically designated for 

complexion enhancement [3]. These herbs are believed to 

act through multiple mechanisms including Raktaprasadana 
(blood purification), Pittashamana (pacification of Pitta 

dosha), Twakprasadana (skin clarification), and 

Srotoshodhana (cleansing of microchannels) [4]. 

 

Concept of Varna, Twak and Twak Prasadana 
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In Ayurvedic physiology, the skin (Twak) is considered one 

of the seven Dhatus (tissue layers) and serves as the seat of 

the sense of touch [5]. The term "Varna" encompasses not 

merely skin color but the overall complexion, including 

brightness, clarity, and radiance. Twak Prasadana refers to 
the process of enhancing skin texture and appearance 

through various pharmacological interventions [6]. 

The concept of Varna extends beyond aesthetic 

considerations to encompass the overall health status of an 

individual. According to Ayurvedic principles, optimal 

Varna reflects balanced Agni (metabolic fire), proper 

functioning of the Rakta (blood tissue), and equilibrium of 

the Doshas, particularly Pitta, which governs color and 

complexion [7]. 

 

Varnya Mahakashaya and Varnya Dravyas 

The Varnya Mahakashaya comprises ten herbs selected by 
Acharya Charaka for their complexion-enhancing 

properties [3]: 

Chandana (Santalum album Linn.) - White sandalwood 

Punnaga (Calophyllum inophyllum Linn.) - Ironwood tree 

Padmaka (Prunus cerasoides D. Don.) - Himalayan cherry 

Ushira (Vetiveria zizanioides (Linn.) Nash.) - Vetiver 

Madhuka (Glycyrrhiza glabra Linn.) - Licorice 

Manjistha (Rubia cordifolia Linn.) - Indian madder 

Sariva (Hemidesmus indicus R. Br.) - Indian sarsaparilla 

Vidarikand (Pueraria tuberosa DC.) - Indian kudzu 

Durva (Cynodon dactylon (L.) Pers.) - Bermuda grass 
Lata (Cynodon linearis) - Creeping grass 

 

These herbs are traditionally employed either individually 

or in complex formulations for the management of various 

skin discoloration disorders, including Vyanga (melasma), 

Nyasha (freckles), and other hyperpigmentation conditions 

[8]. 

 

Need for Scientific Validation 

Despite the extensive traditional use of Varnya Dravyas in 

Ayurvedic practice, the scientific validation of their efficacy 

and mechanisms of action through modern experimental 
models remains essential for several reasons [9]: 

Evidence-based integration: Establishing pharmacological 

validation enables the integration of Ayurvedic dermatology 

into mainstream healthcare 

Standardization: Modern analytical methods facilitate 

quality control and standardization of herbal formulations 

Mechanism elucidation: Understanding molecular 

mechanisms provides insights into drug discovery and 

development 

Safety profiling: Rigorous toxicological evaluation ensures 

the safe use of traditional preparations 
Global acceptance: Scientific validation facilitates the 

acceptance of Ayurvedic therapies in international markets 

This review aims to comprehensively evaluate the scientific 

validation of Varnya Karma through modern experimental 

models, examining the convergence between traditional 

Ayurvedic concepts and contemporary dermatological 

research. 

 

Literature Review 

Modern Understanding of Skin Pigmentation 

 

Melanin: The Primary Determinant of Skin Color 

Melanin represents the primary pigment responsible for the 

coloration of human skin, hair, and eyes. It is synthesized 
by specialized dendritic cells called melanocytes, which are 

located in the basal layer of the epidermis [10]. Two major 

types of melanin exist: eumelanin (brown-black pigment) 

and pheomelanin (yellow-red pigment), with the ratio of 

these pigments determining the specific skin color 

phenotype [11]. 

The biochemical synthesis of melanin, termed 

melanogenesis, involves a complex cascade of enzymatic 

reactions with tyrosinase serving as the rate-limiting 

enzyme [12]. Tyrosinase catalyzes the hydroxylation of L-

tyrosine to L-DOPA (3,4-dihydroxyphenylalanine) and the 

subsequent oxidation of L-DOPA to dopaquinone, which 
then undergoes a series of spontaneous and enzymatic 

reactions to form melanin [13]. 

 

Melanocytes and Melanogenesis Pathway 

Melanocytes are neural crest-derived cells that constitute 

approximately 10% of the basal layer of the epidermis [14]. 

These cells possess dendritic processes that extend into the 

upper epidermal layers, facilitating the transfer of melanin-

containing organelles (melanosomes) to neighboring 

keratinocytes [15]. 

The melanogenesis pathway involves several key enzymes: 
- Tyrosinase (TYR): Catalyzes the initial and rate-limiting 

steps of melanin synthesis - Tyrosinase-related protein 1 

(TYRP1): Functions in the stabilization of tyrosinase and 

eumelanin synthesis - Tyrosinase-related protein 2 

(TYRP2/DCT): Catalyzes the tautomerization of 

dopachrome to 5,6-dihydroxyindole-2-carboxylic acid 

(DHICA) [16] 

 

Role of Tyrosinase in Pigmentation 

Tyrosinase is a copper-containing metalloenzyme that plays 

a pivotal role in melanogenesis. The enzyme requires two 

copper ions in its active site for catalytic activity [17]. The 
inhibition of tyrosinase activity represents the most 

common mechanism for achieving skin lightening effects, 

as this enzyme controls the initial and rate-limiting steps of 

melanin synthesis [18]. 

Structural studies have revealed that tyrosinase contains a 

binuclear copper active site coordinated by six histidine 

residues. Inhibitors can act through various mechanisms 

including copper chelation, competitive inhibition at the 

active site, or interference with enzyme maturation and 

glycosylation [19]. 

 
Hyperpigmentation Disorders 

Hyperpigmentation disorders represent a significant 

dermatological concern, affecting individuals across 

diverse ethnic backgrounds. Common conditions include 

[20]: 

Melasma (Vyanga): Characterized by symmetrical, 

hyperpigmented patches on the face, particularly the malar 

areas, forehead, and upper lip. The condition is exacerbated 

by UV exposure and hormonal factors. 
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Post-inflammatory hyperpigmentation (PIH): Results from 

inflammatory skin conditions such as acne, eczema, or 

injury, leading to increased melanin deposition in affected 

areas. 

Solar lentigines: Age spots or liver spots caused by 
cumulative UV exposure. 

Freckles (Nyasha): Small, concentrated areas of increased 

melanin, genetically determined and UV-inducible. 

 

Mechanisms of Varnya Karma in Modern Context 

Modern research has identified several mechanisms 

through which Varnya herbs exert their skin-lightening 

effects [21]: 

Direct Tyrosinase Inhibition: Many Varnya herbs contain 

polyphenolic compounds that inhibit tyrosinase activity 

through competitive or non-competitive mechanisms. 

Antioxidant Activity: Free radical scavenging prevents 
oxidative stress-induced melanogenesis. 

Anti-inflammatory Effects: Reduction of inflammatory 

mediators decreases melanocyte stimulation. 

Melanosome Transfer Inhibition: Interference with the 

transfer of melanin to keratinocytes. 

MITF Downregulation: Suppression of microphthalmia-

associated transcription factor, the master regulator of 

melanogenesis. 

 

Materials & Methods 

Search Strategy 
A comprehensive literature search was conducted across 

multiple electronic databases including PubMed, PMC, 

Google Scholar, and Scopus. The search strategy employed 

the following keywords and combinations: "Varnya 

Karma," "Ayurvedic skin herbs," "tyrosinase inhibition," 

"melanogenesis," "hyperpigmentation," "herbal skin 

lightening," "melasma treatment," and "clinical trials 

botanical." The search was limited to English-language 

publications from 2010 to 2024. 

 

Selection Criteria 

Studies were included if they met the following criteria: 1. 
Evaluation of Ayurvedic herbs traditionally classified as 

Varnya 2. In vitro assessment of tyrosinase inhibition or 

melanogenesis modulation 3. In vivo animal studies on skin 

pigmentation 4. Clinical trials on hyperpigmentation 

disorders 5. Mechanistic studies on melanogenesis 

pathways. 

 

Data Extraction 

Data extracted from selected studies included: study design, 

experimental models, test compounds, outcome measures, 

IC₅₀ values (where applicable), clinical efficacy parameters, 
and safety data. 

 

Modern Experimental Models 

In Vitro Models 

Mushroom Tyrosinase Inhibition Assay: This assay utilizes 

mushroom tyrosinase as a surrogate for human tyrosinase. 

The enzyme activity is measured spectrophotometrically by 

monitoring the conversion of L-DOPA to dopachrome at 

475 nm [22]. 

Cellular Tyrosinase Activity Assay: Melanocyte cell lines 

(B16 murine melanoma cells, normal human epidermal 
melanocytes) are treated with test compounds, and 

intracellular tyrosinase activity is measured using cellular 

lysates [23]. 

Melanin Content Assay: Melanin content in treated cells is 

quantified after solubilization in alkaline DMSO or NaOH, 

with absorbance measured at 405 nm [24]. 

Cell Viability Assay: MTT or XTT assays are performed to 

assess cytotoxicity and ensure that observed effects are not 

due to cellular toxicity [25]. 

Antioxidant Assays: DPPH, ABTS, and FRAP assays 

evaluate free radical scavenging capacity [26]. 

 
In Vivo Models 

Zebrafish Pigmentation Model: Zebrafish embryos offer a 

transparent, high-throughput model for evaluating 

melanogenesis. The embryos develop externally, allowing 

direct visualization of melanophore development and 

distribution [27]. 

UV-Induced Hyperpigmentation Models: UVB irradiation 

of brownish guinea pig or mouse skin induces 

hyperpigmentation, mimicking solar lentigines. Test 

compounds are applied topically, and pigmentation is 

evaluated using colorimetric methods [28]. 
Chemical-Induced Hyperpigmentation: Chemical agents 

such as α-MSH (melanocyte-stimulating hormone) or 8-

isoprostaglandin E2 are used to stimulate melanogenesis in 

animal models [29]. 

 

Clinical Evaluation Models 

Melasma Studies: Randomized controlled trials evaluate 

the efficacy of Varnya formulations in melasma patients 

using standardized assessment tools including MASI 

(Melasma Area and Severity Index), Mexameter readings, 

and digital photography [30]. 

Tanning Studies: UV-induced tanning studies assess the 
preventive effects of Varnya preparations on UV-induced 

pigmentation in human volunteers [31]. 

Objective Assessment Methods: - Mexameter MX 18: 

Measures melanin index and erythema index by reflectance 

spectroscopy [32] - Colorimeter: Provides objective color 

measurements (L, a, b values) [33] - Dermoscopy: Non-

invasive examination of skin pigmentary patterns [34] - 

VISIA Imaging: * Digital facial imaging for quantitative 

analysis of pigmentation [35] 

Results 

In Vitro Studies on Varnya Herbs 
Tyrosinase Inhibition Activity 

Analysis of published studies revealed significant 

tyrosinase inhibitory activity among Varnya Mahakashaya 

herbs (Table 1). 
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Table 1. Tyrosinase Inhibition Activity of Selected Varnya Herbs 

 

Herb Common Name IC₅₀ (μg/mL) Inhibition 

Mechanism 

Reference 

Santalum album White Sandalwood 171 ± 12 Competitive [36] 

Crocus sativus Saffron 67 ± 8 Non-competitive [37] 

Phyllanthus emblica Amla 247 ± 19 Mixed [38] 

Glycyrrhiza glabra Licorice 45 ± 5 Competitive [39] 

Rubia cordifolia Indian Madder 189 ± 15 Competitive [40] 

Hemidesmus indicus Indian Sarsaparilla 234 ± 22 Non-competitive [41] 

Vetiveria zizanioides Vetiver 312 ± 28 Mixed [42] 

 

The most potent inhibition was observed with Glycyrrhiza glabra (licorice), with an IC₅₀ of 45 μg/mL. The active 

compound glabridin showed particularly strong inhibition with an IC₅₀ of 0.43 μM, demonstrating 16-fold greater activity 

than hydroquinone [43]. 

 

Comparative Analysis with Standard Agents 

 

Table 2. Comparison of Tyrosinase Inhibition IC₅₀ Values 

 

Compound IC₅₀ (μM) Source Potency Relative to 

Kojic Acid 

Kojic Acid 70 ± 7 Synthetic 1.0 (Reference) 

Glabridin 0.43 Glycyrrhiza glabra 162.8 

α-Arbutin 1687 ± 181 Synthetic 0.041 

β-Arbutin 6499 ± 137 Synthetic 0.011 

Deoxyarbutin >8000 Synthetic <0.009 

Ascorbic Acid 200 Synthetic 0.35 

 

The data demonstrate that natural compounds from Varnya 

herbs, particularly glabridin from licorice, exhibit superior 

tyrosinase inhibitory activity compared to many synthetic 

agents [44]. 

 

Melanin Content Reduction in B16 Cells 

Studies on B16 murine melanoma cells revealed that Varnya 

herb extracts significantly reduced melanin content in a 

dose-dependent manner. Treatment with Santalum album 

extract at 100 μg/mL reduced melanin content by 45.2% 

compared to control, while Phyllanthus emblica extract 

achieved 38.7% reduction at the same concentration [45]. 

 
Table 3. Melanin Content Reduction in B16 Melanoma Cells 

Extract Concentration (μg/mL) Melanin Reduction (%) Tyrosinase Activity 

Reduction (%) 

Santalum album 100 45.2 ± 3.8 52.4 ± 4.1 

Phyllanthus emblica 100 38.7 ± 3.2 44.6 ± 3.5 

Glycyrrhiza glabra 100 58.3 ± 4.5 61.2 ± 4.8 

Rubia cordifolia 100 41.5 ± 3.6 48.3 ± 4.0 

Kojic Acid (Control) 100 35.2 ± 3.0 40.1 ± 3.2 

 

In Vivo Studies 
 

Zebrafish Pigmentation Model 

The zebrafish model has emerged as a valuable tool for 

evaluating Varnya activity. Treatment with Artemisia 

capillaris extract at 100 μg/mL reduced melanin 
pigmentation by 42.3% in zebrafish embryos without 

affecting viability [46]. Similar studies with Gastrodia elata 

extract demonstrated dose-dependent inhibition of 

melanogenesis [47]. 
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UV-Induced Hyperpigmentation in Animal Models 

Studies on UVB-induced hyperpigmentation in brownish 

guinea pigs demonstrated that topical application of 

Glycyrrhiza glabra extract (2%) significantly reduced UV-
induced pigmentation compared to vehicle control (p<0.01) 

[48]. Histological examination revealed decreased melanin 

deposition in the basal layer of the epidermis. 

 

Clinical Studies 

Melasma Treatment Trials 

A systematic review and meta-analysis of 12 randomized 

controlled trials evaluating botanical products for melasma 
revealed significant clinical efficacy [49]. 

 

Table 4. Clinical Efficacy of Botanical Products for Melasma 

Outcome Measure Effect Size 95% Confidence 

Interval 

p-value 

MASI Reduction SMD -0.79 -1.14 to -0.44 <0.00001 

Mexameter Reading SMD -0.52 -0.81 to -0.23 0.0005 

Melanin Index SMD -0.63 -0.95 to -0.31 0.0001 

 

Safety Profile 

Pooled data from clinical trials demonstrated that botanical products were well-tolerated, with no serious adverse events 

reported [50]. The incidence of adverse events was significantly lower in the botanical product group (3.2%) compared to 

active comparators (12.5%) (RR 0.37, 95% CI: 0.15-0.88, p=0.02). 

Table 5. Adverse Events in Clinical Trials 

Treatment Group Number of 

Patients 

Adverse 

Events (%) 

Relative Risk p-value 

Botanical Products 187 6 (3.2%) 0.37 0.02 

Active Comparators 160 20 (12.5%) Reference - 

 

Mechanistic Studies 

Molecular Targets 

Modern mechanistic studies have identified several molecular targets of Varnya herbs [51]: 
 

Table 6. Molecular Targets of Varnya Herbs 

Target Mechanism Herb Examples 

Tyrosinase Direct enzyme inhibition Glycyrrhiza glabra, 

Santal um album 

MITF Downregulation of transcription factor Phyllanthus 

emblica, Rub ia 

cordifolia 

TRP-1 Inhibition of related protein Hemidesmus 

indicus 

TRP-2 Inhibition of dopachrome tautomerase Vetiveria 

zizanioides 

MC1R Modulation of melanocortin receptor Crocus sativus 

 

Signaling Pathway Modulation 

Research has demonstrated that Varnya herbs modulate 

multiple signaling pathways involved in melanogenesis 
[52]: 

cAMP/PKA Pathway: Inhibition of cAMP production 

reduces MITF expression 

MAPK Pathway: ERK activation promotes MITF 

degradation 

PI3K/AKT Pathway: Modulation affects melanocyte 

survival and function 

Wnt/β-catenin Pathway: Regulation influences melanocyte 

development 

 

DISCUSSION 

Correlation of Modern Models with Ayurvedic Concepts 

The present review demonstrates a significant convergence 

between traditional Ayurvedic concepts of Varnya Karma 

and modern dermatological understanding of skin 
pigmentation mechanisms. The multi-modal experimental 

approach provides comprehensive validation of the 

traditional therapeutic claims [53]. 

 

Varnya Karma → Reduction in Melanin Synthesis 

The traditional concept of Varnya Karma as enhancement 

of skin complexion correlates directly with the modern 

understanding of melanin synthesis inhibition. The in vitro 

and in vivo studies demonstrate that Varnya herbs 

significantly reduce melanin content through inhibition of 

tyrosinase activity and modulation of melanogenesis 

pathways [54]. 
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Twak Prasadana → Improved Skin Texture 

The Ayurvedic concept of Twak Prasadana (skin 

clarification) aligns with modern observations of improved 

skin texture and barrier function following treatment with 

Varnya formulations. Clinical studies have demonstrated 
enhanced skin hydration, elasticity, and overall quality 

parameters [55]. 

 

Raktaprasadana → Anti-inflammatory and Antioxidant 

Effects 

The traditional concept of Raktaprasadana (blood 

purification) corresponds to the modern understanding of 

anti-inflammatory and antioxidant mechanisms. Many 

Varnya herbs exhibit potent free radical scavenging 

capacity and modulation of inflammatory mediators, which 

indirectly affect melanogenesis [56]. 

 
Pitta-Rakta Balance → Melanogenesis Regulation 

The Ayurvedic concept of Pitta-Rakta balance in 

maintaining optimal skin color correlates with the modern 

understanding of melanogenesis regulation. The 

modulation of melanocyte function and melanin 

distribution represents the physiological basis for this 

traditional concept [57]. 

 

Efficacy and Safety Profile 

The clinical trial data demonstrate that botanical products 

derived from Varnya herbs are effective for treating 
hyperpigmentation disorders, with efficacy comparable to 

synthetic agents but with a superior safety profile [58]. The 

significantly lower incidence of adverse events with 

botanical products suggests they may be preferable for 

long-term use in chronic conditions such as melasma [59]. 

 

Mechanistic Insights 

The mechanistic studies reveal that Varnya herbs act 

through multiple complementary pathways, consistent with 

the Ayurvedic concept of polyherbal formulations and 

multi-target therapy [60]. This polypharmacological 

approach may explain the sustained efficacy and favorable 
safety profile observed in clinical studies [61].   

Challenges in Validation 

Despite the promising results, several challenges remain in 

the scientific validation of Varnya Karma [62]: 

Standardization: Lack of standardized extracts and 

formulations makes comparison across studies difficult 

Biomarkers: Absence of validated Ayurvedic biomarkers 

for Varnya effects 

Clinical Assessment: Variability in clinical outcome 

measures and assessment protocols 

Correlation: Difficulty in establishing direct correlations 
between traditional Ayurvedic parameters and modern 

biomarkers 

Quality Control: Variability in herbal raw materials and 

preparation methods 

Future Directions 

Future research should focus on [63]: 

Standardized Protocols: Development of validated 

protocols for Varnya evaluation incorporating both 

traditional and modern parameters 

Omics Approaches: Application of transcriptomics, 

proteomics, and metabolomics to understand the holistic 

effects of Varnya formulations 

AI-Based Analysis: Utilization of artificial intelligence for 

skin image analysis and correlation with Ayurvedic 
parameters 

Molecular Docking: Computational studies to identify 

potential bioactive compounds and their interactions with 

molecular targets 

Long-term Safety: Longitudinal studies to evaluate the 

safety and efficacy of prolonged Varnya therapy  

 

CONCLUSION 

This comprehensive review demonstrates that modern 

experimental models provide substantial evidence 

validating the traditional Ayurvedic concept of Varnya 

Karma. The multi-modal approach incorporating in vitro 
tyrosinase inhibition assays, in vivo animal models, and 

clinical studies offers a robust framework for evaluating the 

complexion-enhancing properties of Ayurvedic herbs. 

 

Key findings include: 

Varnya herbs exhibit significant tyrosinase inhibitory 

activity, with IC₅₀ values comparable or superior to 

synthetic agents 

Clinical trials demonstrate efficacy in hyperpigmentation 

disorders with a favorable safety profile 

Mechanistic studies reveal multi-target action consistent 
with Ayurvedic principles 

The convergence of traditional knowledge and modern 

science supports the integration of Varnya formulations into 

evidence-based dermatological practice 

Future research should focus on standardized protocols, 

molecular mechanisms, and long-term safety studies to 

establish Varnya Karma as a fully evidence-based 

therapeutic modality. The integration of Ayurvedic wisdom 

with modern scientific methodology holds promise for 

developing safe and effective treatments for 

hyperpigmentation disorders. 
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