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KR Prasanna tive strategies are required to enhance their therapeutic

efficacy and patient compliance.

DOLI: https://doi.org/10.46796/ijpc.v6i4.753 One promising approach is the development of herbal
nanoformulations, which involve the encapsulation or

incorporation of phytoconstituents into nanocarrier sys-

Introduction tems. These nano-sized delivery systems, typically in the
Herbal medicine, which involves the therapeutic use of range of 1-1000 nm, improve solubility, enhance perme-
bioactive compounds derived from plants, has been prac- ability, prolong circulation time, and facilitate controlled
ticed since ancient times and continues to play a crucial release of herbal actives [3]. Nanoformulations also pro-
role in primary healthcare systems worldwide. Phytocon- vide protection from enzymatic or environmental degra-
stituents such as flavonoids, alkaloids, terpenoids, and dation and enable site-specific delivery, thereby reducing
polyphenols are widely acknowledged for their antioxi- the required dose and potential side effects [4]. Among the
dant, anti-inflammatory, hepatoprotective, anticancer, and diverse fabrication methods, two major categories are
antimicrobial activities [1]. Despite this vast therapeutic widely reported: (i) lipid-based nanocarrierssuch as lipo-
potential, the clinical translation of herbal drugs remains somes, solid lipid nanoparticles (SLNs), and nanostruc-
limited due to several pharmacokinetic and physicochemi- tured lipid carriers (NLCs), which mimic biological mem-
cal challenges, including poor aqueous solubility, low oral branes and enhance absorption across biological barriers;
bioavailability, rapid metabolism, chemical instability, and and (ii) polymeric nanoparticles made from biocompatible
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and biodegradable polymers such as poly(lactic-co glycolicacid) (PLGA), chitosan, and gelatin, which offer
sustained release and improved protection of sensitive phytoconstituents [5,6]. However, herbal nanoformulations face sev-
eral critical challenges. These include the complexity of large-scale manufacturing, potential nanocarrier-associated toxicity,
batch-to-batch variability, and high production costs. Additionally, regulatory hurdles and the absence of harmonized quality
control standards for herbal nanomedicines further restrict their progression from laboratory research to clinical application
[7, 8]. Another evolving strategy for phytoconstituent delivery is the use of herbal transdermal patches. This system enables
the delivery of active plant-derived compounds through the skin, providing advantages such as non-invasive administration,
avoidance of first-pass metabolism, controlled and sustained drug release, and improved patient compliance9. The preparation
methods commonly employed include solvent casting and hot-melt extrusion, where the herbal extracts are dispersed or em-
bedded within a polymeric matrix. The performance of these patches is determined by key parameters such as polymer type
and ratio, skin permeability enhancers, patch adhesion, mechanical strength, and dose uniformity10. Despite these benefits,
the transdermal route presents notable challenges, particularly limited permeability of certain hydrophilic or large-molecular-
weight phytoconstituents, possible skin irritation or sensitization, chemical instability of herbal compounds within the matrix,
and the need for dose standardization to ensure reproducible therapeutic outcomes [9,11].

To further improve the therapeutic profile, nano-enhanced herbal transdermal patches have recently been developed. These
advanced systems combine the advantages of nanocarriers with the benefits of transdermal delivery. By incorporating nano-
formulatedphytoconstituents (e.g.,, curcumin, resveratrol, cannabidiol), these patches facilitate enhanced penetration through
the stratum corneum, improve drug retention in deeper skin layers, and sustain systemic delivery [12]. Critical formulation
aspects include optimization of particle size, zeta potential, encapsulation efficiency, drug-polymer compatibility, adhesion
properties, and storage stability. These nano-transdermal systems have demonstrated superior pharmacokinetic profiles and
therapeutic efficiency compared to conventional patches [13]. However, their development is still constrained by several chal-
lenges such as ensuring uniform distribution of nanoparticles within the patch, maintaining mechanical integrity and flexibil-
ity, preventing aggregation or leakage of nanocarriers, and addressing regulatory and safety concerns regarding the long-term
effects of nanomaterials [14,15].

In summary, the integration of nanotechnology with herbal medicine has opened new frontiers in phytopharmaceutical re-
search. While herbal nanoformulations, transdermal patches, and nano-enhanced transdermal systems hold great promise for
improving the delivery and efficacy of plant-based therapeutics, further research is required to overcome the existing formula-
tion, scalability, cost, and regulatory challenges. Future advances are likely to focus on green nanotechnology approaches, pa-
tient-centric designs, and harmonized global regulations, thereby paving the way for successful clinical translation of these
innovative drug delivery systems.

These advanced delivery systems, summarized in Tables 01-03, highlight the marketed products, compositon characterization
and applications of herbal nanoformulations, transdermal patches, and nano-enhanced patches, which together hold promise
for improving phytopharmaceutical therapy and clinical translation.

Table 1 provides an overview of marketed herbal nanoformulations, describing the phytoconstituents used, formulation types,
and techniques applied. These nano-delivery systems, including liposomes, phytosomes, nanoemulsions, and polymeric
nanoparticles, are designed to overcome solubility and bioavailability limitations while enhancing therapeutic efficacy in con-
ditions such as inflammation, liver disorders, and cancer.

Table 01: Marketed Herbal Nanoformulations

H 1 Ex- Mark P
S.N erbal Ex Formula- Technique Ap- Applica- ar eted. r oduct Particle Size /
o tract / Phy- tion Type lied tions (Composition — PDI / Zeta / EE Ref
toconstituent yp P Manufacturer, Place)
Anti-
Curcumin Phosphatidyl inﬂarrlnlma Meriva® — curcumin ~130 nm; PDI
1 (Turmeric) Phytosome cholinz com ylex torv. anti + phosphatidylcholine ~0.2; Zeta = -40 16
P ¥' (IndenaS.p.A., Italy) mV; EE >80%
oxidant
Hepato- . .
Silybin (Milk Nanoemul Oil-in-water rotective SilymarinNanoemul- Pl
2 ?histle) sion nanoemulsion pantioxi , sionSoftgels (Ayush <0.3; Zeta -25mV; | 17
Herbs, USA/India) EE ~85%
dant
Antioxi-
L dant, im- Liposomal Quercetin ~120 nm; PDI
Thin-film hydra-
3 Quercetin Liposomal tiol: +leI:(1trl}1,si:j1 mune (Core Med Science, <0.1; Zeta= -5 18
modula- USA) mV; EE ~95%
tion
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. Cardiopro- NovaSOL® Resvera- ~30 nm; uniform
. NovaSOL® mi- . . .
4 Resveratrol Micellar celle dispersion tective, trol (AQUANOVA AG, dispersion; Zetax | 19
P anti-aging Germany) -20 mV; EE >90%
Polymeric Biodegradable Antioxi- Teavigo® Nano (DSM 80-150 nm; PDI
EGCG (Green ) . e
5 Tea) Nanoparti- polymer encap- | dant, anti- Nutritional Products, | ~0.2; Zeta-18 mV; | 20
cles sulation cancer Switzerland) EE ~75-85%
Anti-
Boswellic Solid Lipid | Hothomogeni- | _ ﬂalrlnlma Boswellia SLN Cap- | 200-300 nm; PDI
6 acids (Bos- Nanoparti- zation torv. ioint sules (Arjuna Natural | <0.3;Zeta-25mV; | 21
wellia) cles (SLN) | &ultrasonication hza ]lth Pvt. Ltd,, India) EE ~70-80%
Ash dhaNio-
Withaferin A Thin-film hydra Adapto- S(jmv;,?giz er?si(l)(; ~180 nm; PDI
7 (Ashwa- Niosomes . y gen, stress . p . ~0.25; Zeta -20 22
tion . (Indian Nutraceutical-
gandha) relief . mV; EE ~75%
Startups, India)
Piperine Nanosus High-pressure Bcie(:)re I:Illiln - sli)(i)lt)le(rignesli?:so(?asgi::a 250-350 nm; PDI
8 | (Black Pep- , gi-pressu cen psuies | ~035; Zeta-15 | 23
er) pension homogenization | inflamma- Corporation, mV: EE ~80%
P tory USA/India) ' 0
Skin AmlaNanoemulsion
N 1- ~1 ; PDI
Amla (Embli- 'fmoemu High-shear ho- brighten- Serum (Biotique Ad- 00 nm;
9 L sion (cos- L . . ~0.2; Zeta-22mV; | 24
caofficinalis) . mogenization ing, anti- vanced Ayurveda,
metic) ) s EE ~85%
oxidant India)
Nanoencap- . .
Lipid - 40-60 nm; PDI
Cannabidiol sulation 'pld nanocarrl Pain relief, | NanoCelle™ CBD (MGC m
10 (CBD) (Lipid ers (Nano- anxiolytic Pharma, Australia) <02;Zeta-25mV; | 25
P Celle™) ¥ ’ EE >90%
based)
Rapid sub-
li 1 N ™ QOral
Curcumin + Nanoemulsion albnsilll‘a an:frtzirlir?ia isperray ~60-80 nm; PDI
11 . Nano Spray spray technol- ) p_ ) . pp ~0.2; Zeta~ -18 26
Piperine tion, anti- ine (Inventia Health-
ogy . i mV; EE >85%
inflamma- care, India)
tory
Enhanced
Nanocrvs Sorav-drvine of dissolution | CurcuminNanocrystal | ~200-300 nm; PDI
12 Curcumin tals 4 rr)lan};)cr ystagls and Capsules (Research- ~0.25; Zetax= -30 27
y bioavail- based formulation) mV; EE ~90%
ability
Improved
Nanomi Self-assembled solubility | CurcuminNanomicelle ~30-50 nm; PDI
13 Curcumin celles micelles using and Capsules (Formulation ~0.2; Zeta = -25 28
surfactants bioavail- under development) mV; EE ~85%
ability

Table 02: Marketed Herbal Transdermal Patches: Highlights currently marketed herbal transdermal patches, which utilize
phytoconstituents for localized and systemic effects. These patches deliver active compounds through the skin in a controlled
manner, reducing gastrointestinal degradation and bypassing first-pass metabolism. They are widely applied in pain manage-

ment, stress relief, and sleep regulation.

S. Product . . Formulation | Technique | Applica- | Manufacturer / | Coun-
Active Ingredients . . Ref
No Name Type Applied tions Brand try
FlexiShoul-
deiXIl\IatZ;lal Wormwood, Men- Herbal Solvent Muscle &
1 thol, Methyl Salicy- Transdermal ) joint pain mLab USA 29
Shoulder lat Patch casting lief
Relief Patch ate ate refie
Relyon PA$+ Bosw-ellla, Eucaly?- Herbal Solvent Back I?a.m,
Herbal Pain tus Oil, Methyl Sali- arthritis, .
2 . Transdermal evapora- Relyon India 30
Relieving cylate, Menthol, . muscle
Patch tion .
Patch Camphor strain

(3]

CODEN (CAS-USA): IJPCOA




Prasanna KR, et al, Int Jou Phar Chem 6(4), 2025, 1-7
Viopatch Menthol, Methyl Herbal Joint & . )
Solvent 0) Life Sci-
3 Herbal Pain Salicylate, Eucalyp- | Transdermal chZier? muscular nex;nCL: “ India 31
Relief Patch tus Oil Patch & pain relief
Rest tch
estopate Lavender, Chamo- Herbal Aro- Sleep aid,
Herbal ) Solvent . )
4 mile, Eucalyptus, matherapy ) stress Essentium India 32
Transdermal Peppermint Patch casting relief
Patch pp
Phyto- Pain re-
Mary’s Medi- Matrix-
1ary's MeAl” | cpp THC, CBN, CBG, | cannabinoid AT Jief, sleep | Mary’s Medici-
5 cinals Trans- type diffu- ) USA 33
Terpenes Transdermal . aid, stress nals
dermal Patch sion .
Patch relief
Shallaki
allakiguggul, Chronic
Gangwal Gandhapura- . ,
) Ayurvedic back pain, Gangwal
Healthcare PatraTaila, Pepper- Solvent . .
6 , . Transdermal , neck pain, | Healthcare Pvt. India 34
Herbal Pain | mint Satva, Karpura, Patch casting muscular Ltd
Relief Patch Thailaparni, Katu- " .u )
pain
veera
Ishancare Herbal
Matri houl
7 Shoulder Artemisia, Ginger Transdermal . atr.1x 5 .ou de':r Ishancare USA 35
diffusion | pain relief
Patches Patch
Yakou Ti-
. Herbal .
betan Herbs Tibetan Herbal In- Solvent Localized )
8 , ) . Transdermal , i . Yakou India 36
Pain Relief gredients casting pain relief
Patch
Patch
Pressure- Recovery
The Good B Vitamins. Green Nutraceutical sensitive from
9 | Patch Rescue ’ Transdermal ,V over- The Good Patch USA 37
Tea Extract adhesive }
Patch Patch . indul-
layering
gence
N Solvent Weight
allosucura Herbal ingredients Herbal Slim- oven el )
10 Slim Patch . ) . evapora- loss sup- Naosucura India 38
for slimming ming Patch .
Formula tion port

Table 3 summarizes marketed nanoformulation-based herbal transdermal patches that combine nanocarriers with patch tech-
nology to enhance skin permeation, prolong release, and improve therapeutic outcomes. Such innovations demonstrate the
potential of integrating nanotechnology with transdermal systems for improved patient compliance and broader clinical appli-

cations.
Table 03: Marketed Herbal Nanoformulated Transdermal Patches
S.N Product Active Ingredi- Formulation .. Manufacturer Particle Size /
. Applications Ref
o. Name ents /Technique Country PDI / Zeta / EE
FlexiShoul- ~150 PDI
exi>hou Wormwood, Men- Nanoemulsion . nm /
1 der Natural thol. Methvl Sali Hich-enerev ul Muscle & joint mLab ~0.2 / Zeta= 39
Shoulder " lat}; tfasonica%?on pain relief USA ~40 mV / EE
Relief Patch y >80%
Rel
;A);(:_n Boswellia, Euca- Liposomal En- Back pain ~100-200 nm /
2 Herbal Pain lyptus Oil, Methyl capsulation arthriti: ml,lS- Relyon PDI <0.3 / Zeta 40
. Salicylate, Men- Thin-film hydra- " India -25mV / EE
Relieving ) cle strain
thol, Camphor tion ~85%
Patch
Ni 1E - ~120 PDI
Viopatch Menthol, Methyl tosoma ) neap . Unexo Life Sci- nm /
) ) sulation Joint & muscu- <0.1 /Zeta=
3 Herbal Pain Salicylate, Euca- . . . ences 41
Relief Patch lvptus Oil Ether injection lar pain relief India -35mV / EE
P method ~95%
4 Restopatch Lavender, MicellarNanocar- Sleep aid, Essentium ~30 nm / PDI 42
Herbal Chamomile, Euca- riers stress relief India ~0.2 / Zeta=

[4] CODEN (CAS-USA): [JPCOA



Prasanna KR, et al,

Int Jou Phar Chem

6(4), 2025, 1-7

Transder- lyptus, Pepper- Solvent evapora- -20mV / EE
mal Patch mint tion >90%
Mary’ Lipid N ti- ~40-60
a,lr?, S 1pid Nanopartl Pain relief, Mary’s Medici- nm /
5 Medicinals CBD, THC, CBN, cles sleep aid nals PDI <0.2 / Zeta 43
Transder- CBG, Terpenes High-pressure P N -25mV / EE
. stress relief USA
mal Patch homogenization >90%
Solid Lipid
Gangwal , ol 11.)1 Chronic back Gangwal ~200-300 nm /
Shallakiguggul, Nanoparticles .
Healthcare pain, neck Healthcare Pvt. PDI <0.3 / Zeta
6 , Gandhapura- (SLN) . 44
Herbal Pain PatraTaila Hot homogeniza- | P2 muscular Ltd. -25mV / EE
Relief Patch 108 pain India ~70-80%
tion
Ni 1E -
Ishancare loss:ll:tiorlzcap Shoulder pain Ishancare ~180 nm / PDI
7 Shoulder Artemisia, Ginger Thin-film hvdra- reliefp USA ~0.25 /Zeta-20 | 45
Patches , 4 mV / EE ~75%
tion
Lipid N ti-
Yakou Ti- Herbal ingredients " c?:sopar 1 ~100-150 nm /
8 betan Known fgor ain Solvent emulsifi Localized pain Yakou PDI ~0.2 / Zeta 46
Herbs Pain reliefp cation relief India -22mV / EE
Relief Patch . ~85%
evaporation
~50-80 nm /
The Good MicellarN - | R fi
€ hoo B Vitamins, Green e a.r anocar geovery from The Good Patch | PDI~0.2 / Zeta
9 Patch Res- riers over- 47
Tea Extract , USA -18 mV / EE
cue Patch Self-assembly indulgence
>85%
Polymeric ~80-120 nm /
Naosucura . . . .
10 Slim Patch Herbal ingredients Nanoparticles Weight loss Naosucura PDI ~0.2 / Zeta 48
for slimming Nanoprecipita- support India -15mV / EE
Formula )
tion ~80%
Conclusion

By enhancing the efficacy, safety, and accessibility of
herbal medicines, nanoformulations and transdermal
patches offer tangible benefits to society, providing pa-
tient-friendly alternatives for chronic and acute condi-
tions. Herbal nanoformulations improve solubility, stabil-
ity, bioavailability, and targeted delivery, while transder-
mal patches allow non-invasive, sustained, and controlled
release. The integration of nanocarriers into transdermal
systems further optimizes therapeutic outcomes and pa-
tient compliance. Despite challenges such as formulation
stability, manufacturing complexity, and regulatory hur-
dles, ongoing research is steadily overcoming these limita-
tions, positioning these advanced delivery systems to
revolutionize phytopharmaceutical therapy. This review is
socially significant as it bridges traditional herbal wisdom
with advanced nanotechnology, promoting safer, more
effective and affordable treatments.
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