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Abstract: The microsphere drug delivery systems have been extensively exploited for providing controllable

drug release kinetics, enhancing drug stability and localized drug delivery. In past decade, dozens of microsphere

drug delivery systems have been developed for clinical therapy of cancer, schizophrenia and neurodegenerative

diseases (e.g., Alzheimer's disease and Parkinsonism). In this review article, we comprehensively summarized the

fabrication methods of drug delivery systems and highlighted their advances for clinical application. Furthermore,

we analyzed the potential and the challenges for clinical translation of the drug delivery systems.
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Figure 1 The advantages of microsphere drug delivery systems: promote cell proliferation, controllable size, sustained controlled release,

targeting and gradient release. The main clinical applications of microsphere drug delivery system: tumor, nervous system disease, respira-

tory disease, orthopedic disease and gastrointestinal disease. Picture was created with BioRender.com
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Table 1 The characteristics and core technology of methods to fabricate drug-loaded microspheres

Fabrication Encapsulation L
. Characteristic Core technology Ref.
method efficiency
Emulsion 85.30%-97.58% Simple operation and low cost The organic phase containing drug is added into ~ [12-14]
solvent Large amount of organic solvent used and non- aqueous phase to emulsify by mechanical force
evaporation uniform particle size
High-pressure ~ 91.00% Uniform particle size, simple operation, and The organic phase containing drug is added to [15,16]
homogenization suitable for continuous production aqueous phase, and colostrum prepared by high-
Not suitable for encapsulating thermolabile drugs ~ shear mixing.
The final emulsion is obtained by high-pressure
homogenization
Membrane 85.10% Uniform particle size with controllable distribution The coarse single emulsion containing drug is [17,18]
emulsification and good reproducibility extruded through the micro membrane with
High requirements for membrane material and uniform pores
hydrophilic drugs escape to external aqueous phase
Microfluidic 98.94% Uniform particle size with controllable distribution Continuous phase and dispersed phase form [19-21]
and good reproducibility microspheres through microchannels of
Difficulties in equipment cleaning and microfluidic chip
susceptibility to clogging in microchannels
Phase 80.00% Simple operation and suitable for large-scale Add non-solvent substance to the emulsion [22-24]
separation production containing drug to reduce the solubility of the
Relatively high residual level of organic solvents polymer
and microspheres aggregate easily,
Supercritical 50.40%-88.12% Mild fabrication condition and low residual levels ~ Mix the drug and polymer in the supercritical [25,26]
fluid of organic solvents fluid solution
High costs and time-consuming fabrication process Reduce the solubility of the polymer by adjusting
the temperature and pressure to form microsphere
structure
Hot melt 46.50%-92.24% No organic solvents required and high yield Polymeric materials and drug are heated and [22,27]
extrusion Not suitable for encapsulating expensive or melted in a hot melt extrusion apparatus
thermolabile drugs Then extruded through a screen, and cooled to
form strip-like solids, which are subsequently
pulverized into microspheres
Spray drying 82.00%-89.00% High encapsulation efficiency and suitable for The polymer solution containing drug is atomized [23,28]

large-scale production

Not applicable for the preparation of protein or

peptide-based microspheres
Spray freeze
drying encapsulating thermolabile drugs
Costly equipment

Electrospray
residual byproduct generation

Low production efficiency and microspheres

aggregate easily

85.60%—95.50% The microspheres are porous and suitable for

65.72%-74.14% Controllable particle size distribution and low

through a nozzle and injected into hot air
The atomized droplets are transformed into
microspheres by solvent evaporation

A solution containing drug and polymer is [29,30]
sprayed through a nozzle into a freezing
environment to form tiny ice crystals

The ice crystals are sublimed in a freeze dryer to
obtain dried microspheres

A certain voltage is applied between nozzle and [31,32]
collecting substrate to generate a high-pressure

difference

The ejected polymer solution containing drug

forms droplets and further atomize into particles

731 (El2B).
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Figure 2 A: Schematic diagram of the multicomponent micro-
spheres composed of DOX-loaded ALG shell and ALR-loaded
GelMA cores for postsurgical liver cancer treatment and liver
regeneration; B: Schematic of the artificial lymph node-like scaf-
fold. The scaffold is constructed with the aCD3 and aCD28 anti-
bodies-loaded porous microspheres for providing stimulatory and
co-stimulatory signals for T-cell expansion. MCM: Multicompo-
nent microspheres; DOX: Doxorubicin; ALG: Alginate; ALR: Aug-
menter of liver regeneration; GelMA: Gelatin methacryloyl; CD3:
Cluster of differentiation 3; aCD3: Anti-cluster of differentiation 3
antibody; IL-7: Interleukin-7; IL-7R: Interleukin-7 receptor; CAR-
T: Chimeric antigen receptor T cells. Adapted from Ref. 11 with
permission. Copyright © 2024 Elsevier. Adapted from Ref. 43
with permission. Copyright © 2024 Oxford University Press
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Figure 3 A: Schematic representation of DNA vaccine delivery
and immunization strategy using the magnetically controlled
GelMA microrobots; B: Schematic illustration of the inhaled
ACE2-engineered microfluidic microsphere for neutralization of
COVID-19 and calming of the cytokine storm. ACE2: Angiotensin
converting enzyme 2; Ves: Vesicles; M1: Classically activated
macrophages; HAMA: Hyaluronic acid methacryloy; COVID-19:
Corona virus disease 2019. Adapted from Ref. 52 with permission.
Copyright © 2024 Elsevier. Adapted from Ref. 53 with permis-
sion. Copyright © 2024 John Wiley and Sons Ltd
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Table 2 Certain drug-loaded microsphere formulations that have been marketed or entered IND phase in China in recent years. IND: Inves-

tigational new drug; PVA: Polyvinyl alcohol

Generic name

Primary indication

. Market approval date or clinical phase
Manufacturing company . .
(nmpa.gov.cn, chinadrugtrials.org.cn)

Risperidone microspheres for injection (II) Schizophrenia
Prostate cancer
Acromegaly

Breast cancer

Triptorelin acetate microspheres for injection
Octreotide acetate microspheres for injection
Goserelin microspheres for injection

PVA embolized microspheres Liver cancer
Rotigotine microspheres for injection Parkinsonism
Alarelin acetate microspheres for injection Endometriosis
Ropivacaine microspheres for injection
Triptorelin acetate extended-release Prostate cancer

microspheres for injection

Postoperative analgesia

Luye Pharmaceutical 2021
Livzon 2023
Qilu Pharmaceutical 2023
Luye Pharmaceutical 2023
Cardiolink Science 2023
Luye Pharmaceutical 2024
Livzon Phase I clinical trials

Humanwell Pharmaceutical Phase II clinical trials

Luye Pharmaceutical Phase III clinical trials
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Figure 4 The microspheres composed of dextran, tannic acid, probiotic (EcN) and postbiotic (IPA) prepared based on microfluidic tech-

nology have the ability of protected delivery, enhanced mucosal adhesion and colon-targeted enzymolysis ability, thus promoting probiotic

colonization and positively regulating microbial ecosystem. Dex-GMA: Dextran-glycidyl methacrylate; EcN: Escherichia coli Nissle 1917,

IPA: Indole-3-propionic acid; TA-GMA: Tannic acid-glycidyl methacrylate; PMX: Polydimethylsiloxane; TGF- f: Transforming growth

factor-f; TNF-a: Tumor necrosis factor-a. Adapted from Ref. 56 with permission. Copyright © 2024 Elsevier
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