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ABSTRACT 

Phytomedicines derived from therapeutic herbs present an enormous repository of active pharmacological moieties. However, their clinical deployment faces 

serious hurdles due to poor aqueous solubility, thermodynamic instability, macromolecular size, rapid metabolic degradation, and low systemic bioavailability. 

Green nanotechnology has emerged as a disruptive, eco-friendly framework utilizing non-toxic plant extracts, microbial matrices, and biodegradable biomolecules 

to engineer targeted nanoscale delivery vehicles. This comprehensive review highlights structural and technical advancements across 18 core dimensions of 

phytomedicine optimization. By exploring phyto-nanomicelles, green lipid-based nano-architectures, metallic nanoparticles biosynthesized via green routes, and 

functional polymer-biomolecule conjugates, this paper demonstrates how green nanotechnology systematically enhances transmembrane permeation, prolongs 

biological half-life, and minimizes off-target toxicities. Concurrently, modern analytical methodologies including UHPLC-MS/MS, high-throughput dynamic light 

scattering (DLS), and advanced bio-layer interferometry are evaluated for their utility in validating quality control parameters. Finally, this review delineates the 

current global regulatory barriers, manufacturing constraints, safety aspects, and future commercial translation of green nano-phytomedicines into mainstream 

clinical protocols. 

Keywords: Phytomedicines; Green Nanotechnology; Bioavailability Enhancement; Phytochemical Standardization; Green Nano-carriers; Targeted Drug 

Delivery; Green Synthesis; Nanotoxicity. 

1. Introduction 

Traditional phytomedicines often demonstrate poor systemic pharmacokinetics due to their complex, multi-component chemical structure. [1] 

The presence of multiple lipid-soluble structures restricts the passive diffusion of botanical therapeutic compounds across intestinal epithelial barriers. 

[2] 

Green nanotechnology addresses these challenges by encapsulating sensitive herbal extracts into stable, bio-compatible nanoscale systems. [3] 

The field utilizes biological matrices, including plant decoctions and enzymes, as primary reducing and stabilizing agents during nanocarrier synthesis. 

[4] 

This eco-friendly synthesis approach avoids harmful toxic residues associated with conventional chemical reduction methods. [5] 

Enhanced surface area to volume ratios of nanoscale carriers exponentially accelerate the dissolution rates of poorly soluble phytomedicines. [6] 

http://www.ijarpr.com/
mailto:shraddhajagtap1283@gmail.com


International Journal of Advance Research Publication and Reviews, Vol 3, Issue 10, pp 130-144, October, 2026                              131
 

 

Surface modifications of green nanoparticles can bypass extensive hepatic first-pass metabolism, directly increasing therapeutic concentration in blood 

plasma. [7] 

Phyto-nanocarriers have been demonstrated to protect unstable secondary plant metabolites from acidic gastric degradation. [8] 

The targeted delivery offered by nano-formulations minimizes the required therapeutic dosage, thereby reducing potential systemic adverse effects. [9] 

Developing standardized nano-phytomedicines bridges the gap between historical empirical traditional medicine and modern evidence-based clinical 

pharmacology. [10] 

2. Phytomedicines: Overview 

Phytomedicines encompass a vast array of secondary plant metabolites including polyphenols, alkaloids, flavonoids, terpenoids, and glycosides. [11] 

Flavonoids like quercetin and epigallocatechin gallate (EGCG) possess potent antioxidant and anti-inflammatory properties but suffer from poor oral 

absorption. [12] 

Alkaloids such as berberine and curcumin exhibit significant therapeutic efficacy across metabolic, neoplastic, and chronic inflammatory diseases. [13] 

The structural complexity of multi-component plant extracts often results in synergistic therapeutic pathways that outperform isolated pure compounds. 

[14] 

Despite multi-target efficacy, the therapeutic windows of crude botanical extracts are highly unpredictable due to inconsistent chemical profiles. [15] 

Hydrophilic plant components suffer from restricted cellular uptake due to their low lipid solubility and large molecular sizes. [16] 

Lipophilic phytochemicals face severe dissolution rate limitations in the aqueous environment of the human gastrointestinal tract. [17] 

Intestinal p-glycoprotein efflux pumps active export many absorbed polyphenols back into the intestinal lumen, lowering systemic bioavailability. [18] 

Rapid glucuronidation and sulfation in the liver rapidly convert active parent phytochemicals into inactive metabolites for excretion. [19] 

Standardized chemical profiles are mandatory to transform crude botanical extracts into reproducible, internationally accepted pharmaceutical products. 

[20] 

3. Challenges in Phytomedicine Standardization 

The inherent batch-to-batch chemical variation of source medicinal herbs is a primary obstacle to global phytomedicine standardization. [21] 

Environmental factors including geographical soil properties, microclimatic variations, and seasonal harvesting times significantly alter phytochemical 

yields. [22] 

Post-harvest processing operations such as drying techniques, thermal exposure, and solvent extractions induce chemical transformation or degradation. 

[23] 

Standardization requires identifying and quantifying specific bioactive chemical markers, which may not completely represent holistic therapeutic 

efficacy. [24] 

The absence of verified chemical reference standards for rare or novel botanical compounds limits strict quality control implementations. [25] 

Conventional thin-layer chromatography (TLC) provides insufficient resolution to separate structurally similar isomers within complex herbal matrix 

pools. [26] 

Heavy metal contamination, pesticide residues, and mycotoxin presence in raw plant matter require sensitive, high-cost detection systems. [27] 

Adulteration of premium botanical raw materials with economically viable morphologically similar species compromises clinical safety and consistency. 

[28] 
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Regulatory agencies worldwide lack harmonized operational standards, presenting conflicting guidelines for maximum allowable impurity limits. [29] 

Encapsulating multi-component extracts into nanocarriers introduces physical challenges in maintaining stable, uniform core-shell payload ratios. [30] 

4. Bioavailability of Phytomedicines 

Oral bioavailability remains the ultimate limiting metric determining the structural and functional efficacy of therapeutic phytomedicines. [31] 

The absolute oral bioavailability of free curcumin is recorded below one percent due to low water solubility and aggressive systemic clearing. [32] 

Resveratrol demonstrates rapid absorption across gastrointestinal walls but suffers nearly ninety percent metabolic inactivation during initial hepatic 

passage. [33] 

Poorly soluble crystalline phytochemical structures require excessive energy to break crystal lattices before solvation and absorption can take place. [34] 

The thick, mucus-rich unstirred water layer of human intestinal villi acts as a major physical barrier to large hydrophobic aggregates. [35] 

Chemical instability within fluctuating physiological pH gradients across the stomach and intestine triggers premature decomposition of active plant 

principles. [36] 

Co-administered dietary components and individual variations in gut microbiota composition dynamically alter the metabolic fate of phytomedicines. 

[37] 

The rapid systemic clearance of free herbal small molecules necessitates frequent, high-dose administrations to maintain effective therapeutic windows. 

[38] 

Low plasma protein binding properties cause some highly active hydrophilic plant fractions to undergo immediate renal filtration and excretion. [39] 

Nano-encapsulation fundamentally alters systemic biodistribution profiles, favoring long-circulating properties and structural preservation of active 

phytochemical payloads. [40] 

5. Green Nanotechnology in Phytomedicine 

Green nanotechnology utilizes biological principles to engineer therapeutic materials without generating hazardous secondary chemical pollutants. [41] 

Plant extracts serve as natural multi-functional bioreactors containing rich mixtures of sugars, amino acids, proteins, and organic molecules. [42] 

Biomolecules extracted from green sources function concurrently as active reducing agents and steric stabilizers during nanoparticle nucleation. [43] 

The integration of green nanotechnology into phytomedicine eliminates the risk of toxic organic solvent entrapment inside therapeutic matrices. [44] 

Green nanoprocesses show excellent scalability, low energy requirements, and operational simplicity compared to physical or chemical engineering. [45] 

The outer biomolecular capping layer on green nanoparticles prevents uncontrolled nanoparticle aggregation through electrostatic and steric repulsion. 

[46] 

Green nano-synthesized materials possess inherent biological compatibility, minimizing structural cellular stress and immediate immune system 

activation. [47] 

Various agricultural waste byproducts, such as fruit peels and seed matrices, are successfully repurposed as green synthesis raw inputs. [48] 

Eco-friendly nano-formulations demonstrate superior structural stability when exposed to extreme industrial storage temperatures and humidity changes. 

[49] 

Applying green nanotechnological principles aligns modern pharmaceutical production lines with strict environmental sustainability and green chemistry 

standards. [50] 
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6. Green Synthesis of Nanoparticles 

Green synthesis depends on optimizing primary operational conditions including precursor salt concentrations, pH, temperature, and reaction duration. 

[51] 

Adjusting the pH of the reaction mixture directly influences the ionization states of plant biomolecules, altering reducing velocities. [52] 

Elevated reaction temperatures enhance nucleation rates over crystal growth, promoting the formation of highly uniform, ultra-small nanoparticles. [53] 

Hydroxyl and carbonyl functional groups found in plant polyphenols supply electrons for the reduction of metallic cations to neutral atoms. [54] 

Fourier-transform infrared (FTIR) spectroscopy identifies the precise plant proteins and functional groups involved in nanoparticle surface capping. [55] 

Bioreduction processes utilize living microbial cultures, fungi, and microalgae alongside higher plant decoctions to produce target nanomaterials. [56] 

Intracellular synthesis within microbes requires complicated extraction steps, making cell-free plant extract paths more commercially viable. [57] 

The green synthesis of noble metal nanoparticles creates stable structures with specialized electronic, optical, and biomedical capabilities. [58] 

Green-synthesized zinc oxide nanoparticles exhibit powerful intrinsic antimicrobial, tissue-healing, and non-toxic drug-delivery characteristics. [59] 

Optimizing biosynthesis parameters ensures highly reproducible polydispersity indices, meeting stringent international standards for pharmaceutical 

distribution. [60] 

7. Nanocarriers for Phytomedicines 

Selecting specialized nanocarrier architectures depends heavily on the specific solubility profiles and therapeutic targets of phytomedicines. [61] 

Phyto-nanomicelles self-assemble from amphiphilic block copolymers to isolate and protect intensely hydrophobic plant payloads within their cores. [62] 

Solid lipid nanoparticles (SLNs) provide a robust solid lipid matrix that offers controlled, extended release profiles for lipid-soluble extracts. [63] 

Nanostructured lipid carriers (NLCs) incorporate liquid lipids into solid matrices to increase overall drug payload space and prevent leakage. [64] 

Liposomes composed of natural phospholipids safely encapsulate hydrophilic plant fractions in aqueous cores and lipophilic molecules in outer bilayers. 

[65] 

Polymeric nanoparticles fabricated from biodegradable chitosan or PLGA polymers show excellent mucosal adhesion and cellular endocytosis properties. 

[66] 

Nanoemulsions provide structurally stable isotropic systems that significantly increase the surface area available for intestinal lipid digestion. [67] 

Inorganic green nanoparticles serve as rigid core substrates for surface-functionalized herbal active molecules and targeted targeting ligands. [68] 

Carbon-based quantum dots synthesized from organic plant components provide advanced diagnostic tracking and simultaneous drug delivery. [69] 

Cyclodextrin-based nanosponges trap volatile essential plant oils inside porous molecular cavities, preventing structural volatilization and degradation. 

[70] 

8. Standardization Techniques 

Advanced standardization techniques are essential to verify physical quality, structural integrity, and chemical dosing uniformity of nano-phytomedicines. 

[71] 

Dynamic light scattering (DLS) measures hydrodynamic particle diameters and surface charge properties, predicting colloidal physical shelf-stability. 

[72] 

Zeta potential measurements above positive thirty millivolts or below negative thirty millivolts confirm strong electrostatic repulsion between 



International Journal of Advance Research Publication and Reviews, Vol 3, Issue 10, pp 130-144, October, 2026                              134
 

 

nanoparticles. [73] 

Transmission electron microscopy (TEM) provides high-definition spatial visualizations of particle morphology, core-shell borders, and internal structural 

matrixing. [74] 

High-performance liquid chromatography (HPLC) combined with tandem mass spectrometry provides unmatched accuracy in quantifying complex 

chemical marker recovery. [75] 

X-ray diffraction (XRD) confirms the amorphous or crystalline structural nature of phytomedicines locked inside engineered nanocarrier matrices. [76] 

Thermogravimetric analysis (TGA) evaluates the precise thermal stability and degradation thresholds of bio-capped nano-formulations under heating 

cycles. [77] 

Gas chromatography-mass spectrometry (GC-MS) isolates and identifies active chemical markers within volatile green-synthesized oil nanoemulsions. 

[78] 

Inductively coupled plasma mass spectrometry (ICP-MS) quantifies elemental metal concentrations and eliminates trace toxic heavy metal contaminants. 

[79] 

Validated dissolution tests using simulated gastric and intestinal fluids establish accurate in vitro-in vivo correlation profiles for systemic tracking. [80] 

9. Bioavailability Enhancement Mechanisms 

Nano-phytomedicines enhance oral bioavailability by drastically changing processing steps at the intestinal mucosal interface. [81] 

Ultra-small particle dimensions facilitate paracellular transport through tight junctions or transcellular uptake via specialized M-cells in Peyer's patches. 

[82] 

The functionalized surfaces of nano-formulations escape recognition by active P-glycoprotein efflux proteins, maximizing cellular accumulation. [83] 

Surfactants utilized in formulating nanoemulsions alter cellular membrane fluidity temporarily, encouraging passive absorption of complex plant 

fractions. [84] 

Controlled, continuous drug release profiles maintain steady therapeutic blood levels, preventing sharp peaks and sudden systemic washouts. [85] 

Lipid-based nanocarriers enter the intestinal lymphatic system via chylomicron pathways, entirely avoiding initial destructive liver metabolism. [86] 

Mucoadhesive polymer coatings extend physical retention times against the intestinal wall, providing more time for complete drug absorption. [87] 

Nano-sized dimensions prevent gravity-driven particle sedimentation, maximizing surface exposure to biological absorption windows along the tract. 

[88] 

Increased solubility inside the amphiphilic core structures provides immediate molecular dispersion, preventing recrystallization within intestinal fluids. 

[89] 

Endocytic uptake mechanisms internalize intact nanocarriers, protecting vulnerable plant small molecules from extracellular destructive enzymatic 

degradation. [90] 

10. Applications in Drug Delivery 

Green nano-phytomedicines demonstrate impressive therapeutic versatility across oncological, infectious, chronic cardiovascular, and metabolic 

disorders. [91] 

Targeted nano-formulations loaded with paclitaxel or curcumin leverage leaky tumor vasculatures through enhanced permeability and retention (EPR) 

effects. [92] 

Surface-tethered transferrin or folate ligands direct green nanocarriers straight to overexpressed receptor sites on malignant cellular membranes. [93] 
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Green nanocarriers cross the blood-brain barrier to deliver neuroprotective flavonoids like epigallocatechin gallate for neurodegenerative treatment. [94] 

Inhalable polymeric nano-formulations safely deposit anti-inflammatory plant compounds into deep pulmonary tissues for chronic asthma management. 

[95] 

Transdermal phyto-nanogels provide steady systemic absorption while bypassing gastrointestinal systems completely for chronic pain alleviation. [96] 

Intravenous nano-formulations of unstable plant glycosides deliver uniform therapeutic outcomes without causing significant red blood cell lysis. [97] 

Smart stimuli-responsive nanocarriers release targeted herbal active principles only when triggered by specific microenvironmental pH or temperature 

drops. [98] 

Ophthalmic nano-suspensions provide sustained ocular surface contact, maximizing topical therapeutic benefits for complex glaucoma conditions. [99] 

Oral green nano-formulations deliver targeted anti-inflammatory action to damaged colonic mucosal tissues for ulcerative colitis mitigation. [100] 

11. Advantages 

The primary advantage of green nano-phytomedicines is their exceptional bio-compatibility, which significantly reduces systemic toxicities. [101] 

Combining multiple synergistic plant extracts within one single nanocarrier permits multi-target therapies for complex diseases. [102] 

Green synthesis approaches lower industrial manufacturing costs by substituting toxic chemical catalysts with sustainable agricultural plant inputs. [103] 

Enhanced systemic stability extends the therapeutic shelf-life of delicate, light-sensitive, or easily oxidized botanical molecules. [104] 

Encapsulation effectively masks the bitter taste or unpleasant odors of highly therapeutic crude botanical extracts, improving patient compliance. [105] 

Precise control over release kinetics allows manufacturers to design both immediate-release and extended-release formulations. [106] 

Reduced therapeutic dose requirements conserve valuable, endangered medicinal plant species from destructive over-harvesting practices. [107] 

Green manufacturing processes lower occupational safety hazards for chemical factory workers by eliminating toxic organic solvents. [108] 

Nanocarriers can protect structural groups of phytomedicines, preventing unexpected toxic chemical conversions before reaching target tissues. [109] 

The versatility of green nano-carrier platforms supports seamless adaptation for oral, topical, pulmonary, and intravenous routes. [110] 

12. Limitations & Safety 

A major limitation is the potential long-term accumulation of non-biodegradable inorganic nanoparticle cores inside hepatic and splenic tissues. [111] 

High surface-energy profiles can cause engineered nano-formulations to undergo unexpected particle aggregation during extended storage periods. [112] 

Uncontrolled initial burst-release patterns can cause localized tissue irritation or transient systemic toxicities if structural design fails. [113] 

The specific toxicological profiles of biological surface-capping molecules require deeper investigation to exclude unexpected allergic reactions. [114] 

In vitro safety assessments often fail to predict complex in vivo immunogenic or inflammatory responses accurately. [115] 

High manufacturing costs for specialized high-throughput analytical instrumentation limit wide-scale research validation in developing countries. [116] 

The risk of industrial nanoparticle inhalation during large-scale manufacturing poses unique pulmonary health challenges for facility workers. [117] 

Detailed pharmacokinetics and absolute tissue elimination routes for green nanoparticles remain inadequately mapped across diverse patient 

demographics. [118] 

Potential interactions between nano-phytomedicines and concurrently administered synthetic prescription drugs require strict clinical screening. [119] 
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Environmental life-cycle analyses of biosynthesized nanomaterials must expand to ensure no negative impacts on aquatic ecosystems. [120] 

13. Regulatory Considerations 

Regulatory approvals for green nano-phytomedicines are delayed by the lack of dedicated, standardized international guidelines. [121] 

The complex, multi-component nature of plant extracts makes defining exact chemical composition requirements for regulatory applications highly 

challenging. [122] 

Regulatory agencies often categorize nano-formulations as completely new chemical entities, requiring exhaustive, repetitive preclinical validation trials. 

[123] 

Demonating consistent batch-to-batch structural reproducibility remains difficult under current Good Manufacturing Practices (cGMP) definitions. [124] 

Standardized protocols for evaluating the environmental toxicity profiles of nano-phytomedicine manufacturing waste are not fully established. [125] 

The lack of harmonized terminology across the US FDA, EMA, and international regulators complicates global commercial patent applications. [126] 

Patent frameworks struggle to define clear intellectual property boundaries for green synthesis techniques that rely on ancient traditional knowledge. 

[127] 

Post-market surveillance strategies must evolve to track specific delayed immunological or metabolic toxicities unique to nanomedicines. [128] 

Establishing definitive bioequivalence criteria between conventional herbal extracts and novel nano-counterparts remains open to debate. [129] 

The detailed characterization of surface biomolecular coatings is increasingly demanded by regulators to ensure chemical safety parameters. [130] 

14. Future Perspectives 

The future of green nano-phytomedicines depends heavily on transitioning from empirical laboratory setups to high-throughput smart manufacturing. 

[131] 

Integrating artificial intelligence into green synthesis can predict optimal plant-precursor ratios and target nanoparticle structural configurations. [132] 

Developing multi-functional theranostic nano-platforms will allow doctors to track real-time drug biodistribution while executing targeted therapies. 

[133] 

Large-scale randomized human clinical trials are essential to establish definitive safety profiles and true clinical efficacy. [134] 

Expanding clinical exploration into marine-derived botanicals will unlock unique biochemical molecules for eco-friendly nanomedicine applications. 

[135] 

Developing bio-inspired target ligands, like cell-membrane coatings, will further improve the immune-evasive capabilities of green nanocarriers. [136] 

Collaborations between traditional medicine scholars and nanotechnology engineers will accelerate the discovery of targeted therapeutic formulations. 

[137] 

Constructing modular, scalable green continuous-flow nano-bioreactors will help meet growing global commercial demands efficiently. [138] 

Using zero-waste green extraction techniques will lower the overall carbon footprint of modern pharmaceutical manufacturing operations. [139] 

Standardized commercial kits for green nanoparticle synthesis will soon streamline exploratory research across global academic laboratories. [140] 

15. Additional Comprehensive Analytical Parameters 

Green carbon dots provide excellent cellular tracking with negligible cytotoxicity compared to heavy-metal quantum dots. [141] 

Biotransformed nano-delivery matrices preserve fragile volatile fractions of essential plant oils from environmental oxidation. [142] 
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Superparamagnetic green iron oxide nanoparticles show dual utility in magnetic resonance imaging and hyperthermia cancer treatments. [143] 

Biosynthesized gold nanoparticles exhibit strong surface plasmon resonance bands helpful for localized photothermal ablation. [144] 

Eco-friendly polymeric nanosponges effectively encapsulate hydrophobic plant resins, providing uniform, reproducible physical distribution. [145] 

Chitosan-derived nanocarriers show specific adherence to the negatively charged mucosal lining of the gastrointestinal epithelium. [146] 

The application of high-pressure homogenization tools facilitates stable reduction of bio-capped nanoemulsion droplet distributions. [147] 

Plant-derived extracellular vesicles represent a promising category of naturally structured green nanocarriers for targeted RNA delivery. [148] 

Electrospun nanofibrous mats loaded with biosynthesized silver nanoparticles deliver long-lasting topical antimicrobial wound protection. [149] 

Solid lipid nanoparticles preserve active single-polyphenol structures against ambient UV radiation and moisture-induced decomposition. [150] 

Surface-bound phytochemical functional networks exhibit direct radical-scavenging actions that complement internal carrier drug payloads. [151] 

Targeted solid lipid carriers minimize systemic distribution to cardiac tissues, preventing off-target cardio-toxic drug side effects. [152] 

Green nanotechnology protocols minimize environmental chemical exposure risks by utilizing purified water as the universal processing solvent. [153] 

Surface optimization with polyethylene glycol or green carbohydrate equivalents effectively delays rapid clearance by systemic macrophages. [154] 

The physical entrapment of volatile botanical oils within silica nanostructures converts liquids into stable, flowable industrial solids. [155] 

High-throughput dynamic screening methods verify that bio-capped metal structures do not cause significant chromosomal aberrations. [156] 

The physical integration of botanical active complexes into nano-emulsified frameworks significantly increases dermal penetration depths. [157] 

Biomimetic nanocarriers coated with natural erythrocyte membranes exhibit prolonged intravascular survival times without triggering immune clearance. 

[158] 

The optimization of botanical nanoparticle freeze-drying parameters preserves long-term physical structures without using chemical cryoprotectants. 

[159] 

The integration of sustainable nanotechnological design principles helps modern phytopharmacy align completely with global eco-friendly expectations. 

[160] 

16. Conclusion 

Green nanotechnology presents a highly effective, eco-friendly framework to address the long-standing physical and biological limitations of conventional 

phytomedicines. By converting erratic, poorly soluble, and unstable botanical extracts into standardized, bio-compatible, and targeted nano-formulations, 

this approach bridges traditional herbal medicine and modern evidence-based clinical practice. Advanced nano-carriers significantly enhance systemic 

bioavailability by improving transmembrane permeation, prevent premature metabolic degradation, and utilizing alternate cellular absorption pathways. 

Concurrently, state-of-the-art analytical standardization techniques ensure rigorous quality control and batch-to-batch reproducibility. Although current 

global regulatory challenges, scale-up constraints, and long-term toxicity profiles require deeper investigation, the clinical translation of green nano-

phytomedicines holds immense potential to deliver safer, low-dose, and highly effective therapeutic outcomes across global healthcare systems. 
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