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Overcoming the skin barrier: Advances in efficient transdermal
delivery of traditional Chinese medicine
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Abstract: The transdermal delivery system of traditional Chinese medicine (TCM) has emerged as a vital
alternative to conventional administration routes, particularly for chronic disease management, owing to its
advantages in avoiding hepatic first-pass effects, maintaining stable blood drug concentrations, improving patient
compliance, and enabling sustained release. However, the efficiency of TCM transdermal delivery is significantly
constrained by the "brick-and-mortar structure" barrier of the stratum corneum and the inherent complexity of
TCM components, which also complicates quality control and mechanistic studies. To address these challenges,
innovative strategies have been developed in recent years, including microneedles, nanocarriers (liposomes,
nanoemulsions, polymeric nanoparticles, nanocrystals and self-assembled nanomicelles), permeation enhancers,
iontophoresis, and sonophoresis. Synergistic permeation-enhancing strategies further overcome limitations of
single-technique approaches. These technologies demonstrate substantial clinical value in dermatological therapy,
pain management, wound healing, and related fields.
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Table 1 Key factors influencing transdermal absorption efficiency of traditional Chinese medicine. SC: Stratum corneum

Category Key factor Impact mechanism/characteristy Ref.

Skin physiology SC thickness Eyelid/post-auricular < forehead < forearm < palm/sole; thickness increases inversely correlating [17]
with permeation efficiency

Skin integrity Compromised barrier function in wounded / diseased skin substantially increases permeation [17]

Hydration level
Skin temperature

Increased hydration expands corneocytes and disorders intercellular lipids, enhancing permeation [17]
Elevated temperature increases cutaneous blood flow, lipid fluidity, and molecular diffusion [17]

coefficients, collectively improving permeation

Disease state
Drug factors Age
exhibits decreased absorption

Molecular weight Less than 500 Da

Lipophilicity (log P) LogP 1-3 optimal for stratum corneum penetration; high logP causes stratum corneum retention;
low logP limits lipid partitioning

Dissociation state
Melting point Less than 200 °C

Patches/cataplasms

Infantile skin (thinner barrier) shows higher permeation; aged skin (atrophic, reduced perfusion)

Non-ionized molecules penetrate better; ionized drugs require iontophoresis

High drug-loading capacity and strong adhesion; occlusive effect promotes skin hydration

Altered skin structure and permeability (e.g., hyperkeratosis in psoriasis; barrier defect in eczema)  [17]

[17,18]

[17,18]
[17,18]

[17,18]
[17,18]
[17,18]

Dosage form Ointments/creams Oleaginous bases facilitate lipophilic drug delivery; oil-in-water emulsions enhance hydrophilic [17,19]
drug release

Gels Hydrophilic matrix enables easy application and favors hydrophilic drug release [17,19]

Liniments Ethanol content disrupts stratum corneum lipids; enables rapid drug onset [17,19]
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Figure 1 A schematic of five different microneedle types. A: Solid microneedle; B: Hollow microneedle; C: Coated microneedle; D:

Dissolving microneedle; E: Hydrogel swelling microneedle. MNs: Microneedles; ISF: Interstitial fluid. Adapted from Ref. 26 with permis-

sion. Copyright © 2025 Wiley-VCH GmbH
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Figure 2 Schematic representation of liposome
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Figure 3  Schematic representation of biphasic nanoemulsions,
oil-in-water (O/W) and water-in-oil (W/O), compared with multiple
nanoemulsions, oil-in-water-in-oil (O/W/O) and water in-oil-in-
water (W/O/W). Adapted from Ref. 44 with permission. Copyright
© 2022 Elsevier
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Figure 4 Structural representation of the two main types of polymeric nanoparticles: nanocapsules and nanospheres. Adapted from Ref. 44

with permission. Copyright © 2022 Elsevier
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Figure 5 The administration mechanism of cationic drug
iontophoresis therapy. Adapted from Ref. 95 with permission.
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