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Traditional Chinese medicine-derived sporopollenin microcapsules:
drug-carrying mechanism, drug delivery applications and their
challenges
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Abstract: As one of the classic Chinese herbs, spore powder has a long history of medicinal value, not only in
terms of therapeutic efficacy, but also through the defatting and removal of the contents can be constructed
sporopollenin (SP) cavity structure, which can be used as a highly efficient drug carrier. Compared with synthetic
carriers, sporopollenin, as a natural biomaterial, has demonstrated multiple applications in biomedical fields by
virtue of its excellent biocompatibility, physicochemical stability, and dimensional homogeneity, and has
successfully achieved efficient loading of anti-tumour drugs, proteins, and other active ingredients, and can be
further developed into a smart drug delivery system by surface modification technology. In this paper, we
summarise the preparation process, loading mechanism, drug delivery system design principle of sporopollenin
from traditional Chinese medicine, and its research progress on intelligent drug delivery system, such as targeted
delivery and responsive release, and discuss its development prospect, with a view to providing theoretical
references and technological support for the promotion of the wide application of traditional Chinese medicine-
derived sporopollenin microcapsules in the field of biomedicine.
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Table 1 Pollen classification according to palynology

Scanning electron

Classify Kind . Name
microscopy
Units Monad Lamium
galeobdolon
Polyad Cymbopetalum
aequale
Dyad Zeylanidium
olivaceum
Shape and Saccus, bisaccate Abies
polarity cephalonica
Outline Viola arvensis
polygonal
Heteropolar Limnanthes
douglasii
Cup-shaped Heliconia sp.
Aperture Inaperturate Phoebe
sheareri
Colpus/colpate, Galium
stephanocolpate lucidum
Pantoaperturate, Opuntia
pantocolpate basilaris
Porus/porate, Cobaea
pantoporate scandens
Ornamentation Granulum/ Clarkia
granulate purpurea
Reticulum/ Vigna speciosa
reticulate

Echinus/echinate

Bireticulate

Petasites albus

Ocimum
basilicum
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Structural similarity analysis diagram of sporopollenin and structure-extraction-application relationship diagram. A: Scanning

Figure 1
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electron microscopy (SEM) image of Lycopodium spores. Adapted from Ref. 13 with permission, copyright 2018 Springer Cham; B: SEM

image of pollen in the shape of sacs. Adapted from Ref. 13 with permission, copyright 2018 Springer Cham; C: Unprocessed Zea mays

pollen and severe rupturing (*) and buckling (#) after processing. Adapted from Ref. 16 with permission, copyright 2016 Scientific Reports;

D: SEM image of sunflowers. Adapted from Ref.18 with permission, copyright 2024 Bioactive Materials
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Figure 2 Schematic diagram of the method for preparing sporopollenin. A: Schematic diagram of the process from primordial pollen to

sporopollenin. Adapted from Ref. 3 with permission, copyright 2018 Scientific Reports; B: Schematic diagram of chemical extraction

method. Adapted from Ref. 36 with permission, copyright 2024 Journal of Food Measurement and Characterization; C: Schematic diagram

of chemical-enzymatic extraction method (Drawn using BioRender.com); D: Schematic diagram of ionic liquid extraction method. Adapted

from Ref. 37 with permission, copyright 2025 ACS Omega
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Table 2 Application of sporopollenin (SP) in drug-carrying. AuNPs: Gold nanoparticles

Application field Research content Ref.

Taste masking As a natural carrier, sporopollenin employing dual encapsulation technology can effectively mask the [53]

characteristic odor of cod liver oil when the drug-loading ratio (oil-to-sporopollenin) is maintained below 2:1
Enhanced drug

Sporopollenin carriers combined with surface modification and other technologies to improve the stability of [14,54-58]

stability active bacteria, combined with pH-responsive controlled release technology and SP-Au sensor substrates to

improve the stability of pantoprazole in gastric acid and AuNPs in biosensors

Sustained and The sporopollenin carrier can stably encapsulate some conventional drugs, anti-tumour drugs and [3,17,24,28,39,

controlled release biomolecules, and has good slow and controlled release performance after encapsulation 47,59-65]
Smart drug Sporopollenin, with its unique spike structure and technologies such as W/O/W emulsion loading and [18,66]
delivery micromotors, is a new solution for smart drug delivery that significantly enhances retention and delivery

efficiency
Surface Functionalized modification of sporopollenin optimizes its adhesion, stability and resistance to degradation. [11,36,67,68]
modification Sporopollenin was modified with sodium alginate to mask odour; complex reconstitution with column

aromatic molecules increased delivery efficiency and bioactivity
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