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Abstract: Urtica dioica (stinging nettle) is a medicinal plant rich in bioactive phytochemicals, particularly polyphenols, flavonoids, 

phenolic acids, and coumarins, which contribute to its diverse therapeutic properties. This review examines the potential of U. dioica as 

a multi-target phytotherapeutic agent, with particular emphasis on its butyrylcholinesterase (BChE) and tyrosinase inhibitory activities. 

BChE inhibition is of therapeutic interest in neurodegenerative disorders, especially Alzheimer’s disease, whereas tyrosinase inhibition 

has important applications in hyperpigmentation, photoaging, and other melanin-related skin conditions. Available evidence indicates 

that U. dioica extracts possess significant BChE inhibitory activity, with compounds such as chlorogenic acid and caffeic acid 

derivatives contributing to enzyme–ligand interactions. Evidence for tyrosinase inhibition is comparatively limited, although studies on 

the related species Urtica urens demonstrate mixed-type inhibition and photoprotective activity. The review also highlights the 

antioxidant and potential anti-inflammatory properties of nettle phytochemicals, which may complement enzyme inhibition and 

contribute to broader therapeutic effects. Extraction methods, bioavailability, formulation stability, safety, standardization, and 

regulatory considerations are discussed as important factors for clinical translation. Despite promising preclinical findings, limitations 

include insufficient direct evidence for U. dioica tyrosinase inhibition, limited in vivo pharmacokinetic data, and a lack of well-designed 

clinical trials. Future research should focus on molecular mechanism validation, standardized extract development, bioavailability 

studies, and controlled clinical investigations. Overall, U. dioica shows promise as a multi-target natural therapeutic candidate for 

neurodegenerative and pigmentation-related disorders, although further rigorous validation is required before clinical 

recommendations can be established. 
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1. Introduction 
 

1.1 Background and Botanical Overview 

 

Urtica dioica (stinging nettle) is a perennial herbaceous plant 

widely distributed across temperate regions worldwide and 

has been traditionally used for centuries in ethnomedicine. 

The plant contains a diverse array of bioactive 

phytochemicals, including abundant polyphenols such as 

rutin, quercetin, kaempferol, and chlorogenic acid [1], along 

with sterols, vitamins, and carotenoids. This rich 

phytochemical composition underlies its emerging 

therapeutic potential against age-related diseases and 

metabolic disorders. 

 

1.2 Significance and Scope of Enzyme Inhibition 

Research 

 

This review synthesizes current evidence on 

butyrylcholinesterase (BChE) and tyrosinase inhibition by 

Urtica dioica extracts. These two enzyme targets represent 

critical therapeutic opportunities: butyrylcholinesterase 

inhibition is relevant to neurodegenerative disease 

management (particularly Alzheimer's disease and 

Parkinson's disease), while tyrosinase inhibition has 

applications in melanin-related disorders and cosmetic 

dermatology. Understanding how U. dioica modulates these 

enzymes provides mechanistic insights into its therapeutic 

versatility and supports its development as a multi-target 

phytopharmaceutical agent. 

 

2. Phytochemical Composition and Enzymatic 

Targets 
 

2.1 Major Bioactive Constituents 

 

Urtica dioica contains at least 130 identified secondary 

metabolites, including phenolic compounds, flavonoids, 

organic acids, and specialized alkaloids [1]. The 

predominant polyphenolic constituents—chlorogenic acid, 

caffeic acid, and coumarins—serve as primary inhibitors of 

both BChE and tyrosinase enzymes. Scopoletin, a coumarin 

abundant in U. dioica, is a known inhibitor of 

acetylcholinesterase and monoamine oxidase, suggesting 

broader cholinesterase inhibition potential [2]. 

 

2.2 Phytochemical-Enzyme Interaction Profiles 

 

Advanced chromatographic and docking studies have 

identified multiple phytochemical classes that interact with 

enzymatic targets. Chlorogenic acid and caffeic acid 

derivatives demonstrate dual affinity for both cholinesterase 

and tyrosinase binding sites, while flavonoid glycosides 

exhibit mixed-type inhibition patterns [3]. The synergistic 

action of multiple constituents in nettle extracts likely 

accounts for the observed potency, as individual compounds 

may not fully explain the total inhibitory capacity observed 

in crude extracts. 

 

3. Butyrylcholinesterase Inhibition 
 

3.1 BChE in Neurodegenerative Pathology 

 

Butyrylcholinesterase is a serine esterase that plays a crucial 

role in acetylcholine degradation and becomes progressively 

more important in Alzheimer's disease (AD) as 
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acetylcholinesterase activity declines with neuronal loss. 

Elevated BChE levels and activity are associated with 

amyloid-β plaque formation and neuroinflammation, making 

BChE inhibition an attractive therapeutic target for cognitive 

decline and dementia management. 

 

3.2 Urtica dioica as a BChE Inhibitor 

 

Comparative screening studies have demonstrated that 

Urtica dioica leaf extracts exhibit significant 

butyrylcholinesterase inhibitory activity, ranking among the 

most potent plant sources evaluated [4]. The inhibitory 

mechanism involves both reversible and mixed-type 

inhibition patterns, suggesting multiple interaction sites 

within the BChE active site. Docking studies reveal that 

chlorogenic acid and caffeic acid derivatives form hydrogen 

bonds with critical BChE residues, stabilizing the enzyme-

inhibitor complex. 

 

3.3 Synergy with Antioxidant Mechanisms 

 

The neuroprotective efficacy of U. dioica extends beyond 

simple BChE inhibition. The plant's polyphenolic 

constituents simultaneously exert antioxidant activity 

through radical scavenging [5], reducing oxidative stress- a 

secondary pathogenic mechanism in neurodegeneration. 

This dual action (enzyme inhibition + antioxidant defense) 

addresses multiple pathological pathways implicated in 

Alzheimer's and Parkinson's diseases, offering therapeutic 

advantages over single-target synthetic inhibitors. 

 

3.4 Tyrosinase Inhibition and Skin Health Applications 

 

3.4.1 Tyrosinase in Melanogenesis and 

Hyperpigmentation 
Tyrosinase is the rate-limiting enzyme in melanin synthesis, 

catalyzing the oxidation of tyrosine to 

dihydroxyphenylalanine (DOPA) and subsequently to 

melanin polymers. Excessive tyrosinase activity contributes 

to hyperpigmentation, melasma, and age-related 

pigmentation disorders. Conventional tyrosinase inhibitors 

(such as hydroquinone and kojic acid) have limited clinical 

use due to adverse effects including irritation and 

cytotoxicity. Plant-derived inhibitors with concomitant 

antioxidant and anti-inflammatory properties offer safer 

alternatives. 
 

3.4.2 Tyrosinase Inhibitory Activity in Urtica Species 
While direct studies on U. dioica tyrosinase inhibition are 

limited, closely related Urtica urens (dwarf nettle) 

demonstrates significant tyrosinase inhibitory activity with 

an EC₅₀ of 1,016 µg/mL and a mixed-type inhibition 

pattern[3]. The major active component identified is 

chlorogenic acid, though the inhibitory effect cannot be fully 

attributed to this single constituent alone, suggesting a 

synergistic contribution from multiple phytochemicals 

within the extract. Notably, the extract also showed UV-

induced lipid peroxidation inhibition (EC₅₀ = 44.4 µg/mL) 

and demonstrated photoprotective capacity, supporting dual 

utility in skincare applications. 
 

3.5 Mechanism of Tyrosinase Inhibition 
 

The mixed-type inhibition pattern observed in Urtica 

extracts indicates that phenolic compounds interact with 

both the active site and allosteric regions of tyrosinase. This 

mechanism differs from competitive inhibitors and may 

provide more sustained inhibition under varying 

physiological conditions. The combination of tyrosinase 

inhibition with antioxidant activity is particularly valuable, 

as it mitigates both melanin overproduction and the 

oxidative stress associated with UV exposure and aging. 
 

4. Integrated Multi-Target Therapeutic Model 
 

4.1 Dual-Action Phytotherapy Approach 
 

The therapeutic utility of Urtica dioica emerges from its 

capacity to simultaneously modulate two distinct enzyme 

targets with different clinical applications: 
• Cholinergic System: BChE inhibition supports cognitive 

function and neuroprotection in age-related 

neurodegeneration 

• Melanogenic System: Tyrosinase inhibition supports skin 

health, pigmentation control, and photoprotection 

 

This multi-target profile is particularly advantageous in 

aging populations, where cognitive decline and skin aging 

often coincide, and both conditions involve oxidative stress 

and inflammation. 
 

4.2 Comparative Advantage over Synthetic Inhibitors 

 

Unlike synthetic single-target drugs, U. dioica extracts 

provide: 

• Broad mechanism diversity: Simultaneous BChE and 

tyrosinase inhibition via multiple phytochemical 

constituents 

• Improved tolerability: The antioxidant and anti-

inflammatory co-activities reduce adverse effects 

associated with enzyme inhibition alone 

• Reduced drug-drug interactions: The plant matrix 

complexity may minimize competition for metabolic 

pathways compared to high-dose synthetic inhibitors 

• Accessibility: Traditional cultivation and sustainable 

harvesting support widespread availability and reduced 

cost compared to pharmaceutical synthesis 

• Bioavailability, Extraction, and Formulation 

Considerations 

 

4.3 Extraction Method Optimization 

 

The enzymatic inhibitory potency of U. dioica extracts 

depends critically on extraction methodology. Ethanol-based 

extraction (50-80% ethanol) yields superior polyphenolic 

content and enzymatic inhibitory activity compared to pure 

water or purely organic solvents. Advanced extraction 

technologies including ultrasound-assisted extraction, 

microwave-assisted extraction (MAE), and pressurized 

liquid extraction significantly improve yield and purity of 

bioactive constituents [1] while reducing solvent 

consumption and environmental impact. 
 

Paper ID: SR26820210018 DOI: https://dx.doi.org/10.21275/SR26820210018 1639 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2025: 7.089 

Volume 15 Issue 8, August 2026 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

4.4 Stability and Formulation Requirements 

 

Polyphenolic compounds in nettle extracts are susceptible to 

degradation during storage, particularly under light and 

elevated temperature. Modified atmosphere packaging 

(MAP) and inclusion of natural preservatives enhance 

retention of bioactive compounds [6]. For therapeutic 

applications targeting BChE and tyrosinase, standardized 

extracts containing defined chlorogenic acid and total 

polyphenol content are essential for reproducible efficacy 

and dosing consistency. 
 

4.5 Safety, Tolerability, and Clinical Translation 

 

Toxicological Profile 

Acute oral toxicity studies using animal models demonstrate 

no adverse effects at doses up to 4 g/kg, indicating a 

favorable safety margin [7]. Cytocompatibility assessments 

across multiple human cell lines confirm minimal cytotoxic 

potential [8]. The long history of traditional use combined 

with modern safety data supports the development of U. 

dioica-based phytopharmaceuticals without major safety 

concerns. 
 

4.6 Regulatory and Clinical Development Pathway 

 

Regulatory pathways for herbal medicines typically require: 
• Standardized extract preparation with defined bioactive 

marker compounds (e.g., minimum 5-8% chlorogenic 

acid) 

• Pharmacokinetic studies establishing absorption, 

distribution, metabolism, and elimination (ADME) 

profiles 

• Clinical efficacy trials in relevant patient populations 

(e.g., mild cognitive impairment for BChE inhibition; 

melasma or sun damage for tyrosinase inhibition) 

• Long-term safety surveillance in target populations 

Current evidence supports initiation of Phase II clinical trials 

to evaluate efficacy in these conditions. 
 

5. Future Research Directions and Unanswered 

Questions 
 

5.1 Mechanistic Investigation Priorities 

 

Key research gaps requiring attention include: 
• Molecular docking confirmation of specific 

phytochemical-enzyme interactions using 

crystallographic structures 

• In vivo bioavailability studies quantifying systemic 

levels of active metabolites following oral administration 

• Gene expression profiling to assess whether BChE and 

tyrosinase inhibition occurs via transcriptional or post-

translational mechanisms 

• Comparative kinetics of nettle extracts versus synthetic 

reference inhibitors (e.g., donepezil for BChE, 

hydroquinone for tyrosinase) 
 

5.2 Clinical Translation Priorities 

 

Proposed clinical research agenda: 

• Phase II RCTs in mild cognitive impairment or early-

stage Parkinson's disease using standardized U. dioica 

extracts with enzyme inhibition assays as biomarkers 

• Dermatological efficacy studies in melasma and 

photoaging using validated pigmentation and quality-of-

life outcome measures 

• Combination therapy trials evaluating U. dioica as 

adjunct therapy alongside conventional agents (e.g., 

rivastigmine for AD; topical tretinoin for 

hyperpigmentation) 

• Pharmacogenomic studies identifying patient populations 

most likely to benefit based on genetic variation in drug 

metabolism enzymes 

 

5.3 Sustainable Production and Standardization 
 

• Cultivation optimization to maximize polyphenolic and 

cholinesterase inhibitor content 

• Establishment of phytochemical standards for 

commercial extract production and quality assurance 

• Supply chain development ensuring sustainable 

harvesting and equitable benefit-sharing with source 

communities 

 

6. Conclusion 
 

Urtica dioica represents a promising multi-target plant 

medicine with demonstrated potential to inhibit both 

butyrylcholinesterase and tyrosinase—two enzymes with 

distinct but clinically relevant targets. The convergence of 

traditional ethnomedicinal use, modern phytochemical 

characterization, and validated enzymatic assays provides 

compelling evidence for further clinical development. The 

plant's favorable safety profile, coupled with its antioxidant 

and anti-inflammatory co-activities, positions it as an 

attractive alternative or adjunct to synthetic single-target 

inhibitors for age-related neurodegeneration and skin aging-

related disorders. 
 

However, rigorous clinical trials, standardized extract 

development, and mechanistic investigation remain essential 

to translate these promising laboratory findings into 

evidence-based therapeutic recommendations. With 

appropriate regulatory pathway engagement and clinical 

validation, U. dioica-derived phytopharmaceuticals may 

contribute meaningfully to the management of both 

cognitive decline and pigmentation-related skin conditions, 

particularly in aging populations seeking natural, multi-

functional therapeutic options. 
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