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Progress in delivering biotechnology drugs on microneedles
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Abstract: As a new transdermal drug delivery system, microneedles can significantly improve skin permeability,
enhance drug transdermal delivery, and demonstrate unique advantages in breaking stratum corneum barrier of
skin. This feature enables microneedles to demonstrate enormous potential in delivering biotechnology drugs. The
traditional delivery method for biotechnology drugs is mainly injection, which brings problems such as pain and
skin redness to patients, leading to poor patient compliance. In addition, the production, transportation, and storage
of biotechnology drugs require strict low-temperature conditions to maintain their activity and increase cost output.
Microneedles, by contrast, have many benefits, providing new avenues and solutions for biomolecular delivery.
Accordingly, this review introduced the microneedle drug delivery system for delivery biotechnology drugs, and
summarized the research progress of microneedle systems in biotechnology drugs.
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Figure 1 Release modes of different microneedle. A: Hollow microneedle; B: Solid microneedle; C: Swelling microneedle; D: Dissolving

microneedle; E: Coated microneedle; F: Cryomicroneedle

Table 1 Microneedle types for transdermal drug delivery

Microneedle type Advantage

Disadvantage

Solid microneedle Good mechanical performance
Mature preparation technology
Versatile drug formulations

Coated microneedle Precise dosing
Short usage time
High delivery efficiency
Good long-term stability
Rapid dissolution of coatings to release drugs

Dissolving microneedle Biodegradation
High safety
High biocompatibility
High drug loading
Short usage time
Control drug release rate
Simple one-step application
No sharp waste
Room temperature storage
Hollow microneedle Delivering high-dose drugs
Controllable administration rate
High delivery efficiency
Use for molecules with high and low potency
Good mechanical performance

Swelling microneedle Continuous or controlled release
Regulating delivery characteristics
Can be removed after administration
Room temperature storage
Simple one-step application
No sharp waste
High safety
High biocompatibility
Delivering high-dose drugs
Cryomicroneedle Delivering live cells
Low invasiveness
Maintaining cellular activity
Short usage time

Possible safety hazards caused by broken or damaged needles
Inaccurate dosing

Sharp waste disposal

Fast pore closure

Inconvenient two-step usage method

Uneven and limited drug coating

The coating is prone to peeling off

Difficulty in controlling dissolution kinetics

High preparation cost

Non reusable

Risk of fracture

Sharp waste disposal

Temporary foreign body reaction

Drugs affect the mechanical strength of microneedles
Limited range of applicable materials

Possible blockage by skin tissue
Difficulty in processing

Complex administration
Inconvenient two-step usage method
Sharp waste disposal

Possible drug leakage

Slow release rate

Continuous attachment required

No accurate dosing

Limited range of swelling materials

Extremely low storage temperature (—80 °C or lower)
Limitations on cell delivery volume
Immature technology

FC AL 3D 4T ENAIVR AR s T T A TP B, 3G 1 2 O et T DAt R B 2R AE AR A ) B
Tk, AATIAE P 440 T AR AR AE 7B RORE, A RERARTY. BRAh, — IR X T ALRE SR )L EE B BT TSR
PR R Tt SEATLIT 2 A3 0 3RAIE T et A A e 3 ) AR W, 545 GRIE S D7 VR AR EE, S8 A O AV S R B R AT
R, R A BRC o MTB LR AE T AU MEBE R B Bk 2F SRBLE R & RS A (R P



2754

A,

Z5% %4 Acta Pharmaceutica Sinica 2024, 59(10): 2751-2762

Table 2 Microneedle types for biotechnology drugs

Microneedle type Biotechnology drug Drug type Dosage Microneedle material Advantage Ref.
Hollow Insulin Protein 2U / Faster absorption [33]
microneedle speed
mRNA Nucleic acid 5 pg Ceramics Improving medication  [34]
acceptance
Dendritic cells Cell / Vat photopolymerization Delivering cells to [35]
target sites
Polio virus Vaccine 10 uL/5 DU Silica capillaries Enhancing immune [36]
effects
Solid Insulin Protein 03U Polylactic acid Accelerating drug [37]
microneedle absorption
Ovalbumin Protein 10.5 pg Dermaroller microneedle Inducing a strong [38]
immune response
Tetrapeptide, hexapeptide, Peptide 90 mmol-L" Silicon wafers Enhancing [39]
acetyl hexapeptide, oxytocin transdermal peptide
delivery
Hepatitis B virus Vaccine 50 pg Carbomer Enhancing immunity  [40]
Swelling Integrin alpha V beta 6- Recombinant / Polyvinyl alcohol, polyethylene  Rapid response [41]
microneedle blocking antibodies protein glycol diacrylate
Mesenchymal stem cell Exosomes / Polyvinyl alcohol Regulatory release [42]
miRNA Nucleic acid 300 pg Gelatin Anti fibrotic [43]
Alpha-melanocyte-stimulating  Peptide 20 mg Dextran methacrylate, Increasing [44]
hormone cyclodextrinadamantane based ~ pigmentation
host-guest supramolecules
Insulin Protein 18.2 wt% Hyaluronic acid polymers Intelligent release [45]
functionalized with dopamine
and 4-amino-3-
fluorophenylboronic acid
Platelet rich plasma Protein 20 wt% Gelatin methacryloyl Promoting hair [46]
regeneration
Growth hormone Protein 185 pg Silk Improving clinical [47]
treatment effectiveness
Fibroblast-derived exosomes  Exosomes / Hyaluronic acid methacrylate, Promoting healing [48]
polyvinyl alcohol
Insulin Protein 520U Silk fibroin Sustained release [49]
Bevacizumab Antibody 2.5mg Gantrez S-97, PEG 10000 Improving [50]
bioavailability
Dissolving Lysozyme Protein 2 ug Hyaluronic acid, polyvinyl Maintaining enzyme [51]
microneedle alcohol, sodium carboxymethyl activity
cellulose
DNA Nucleic acid / Chitosan oligosaccharide Storage stability and [52]
enhancing immunity
Plasmid Viral chimera 20 pg Hydroxyethylcellulose, sucrose, Enhancing immunity  [53]
polyvinyl alcohol,
polyvinylpyrrolidone
Insulin Protein 02U Polygamma glutamic acid, Rapid drug delivery [54]
polyvinyl alcohol,
polyvinylpyrrolidone
Endotoxin Protein 50 pL Polyvinylpyrrolidone, sodium Enhancing immunity — [55]
carboxymethyl cellulose, sorbitol
Vascular endothelial growth Growth / Chitosan Intelligent delivery [56]
factor factor
Recombinant human Growth 0.2 ug Hyaluronic acid Response release [57]
epidermal growth factor factor
Antigen Vaccine 10 pg Maltodextrin, sucrose, fish Enhancing immunity ~ [58]
gelatin
mRNA Nucleic acid 1 pg Polyvinyl alcohol, 3D printing [59]
polyvinylpyrrolidone
Ovalbumin Protein / Baiji polysaccharide Good stability and [60]

cell compatibility
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Continued
Microneedle type Biotechnology drug Drug type Dosage Microneedle material Advantage Ref.
Liraglutide Peptide 7/8 ng Hyaluronic acid Weight loss [61]
Extracellular vesicles Exosomes 50 pg Hyaluronic acid Long lasting effect [62]
Inactivated virus Vaccine S5ug Polyvinylpyrrolidone Enhancing immunity  [63]
Coated Recombinant adenovirus, Vaccine 6.5 uL Silicon Vaccine storage [64]
microneedle vaccinia virus stability
Human growth hormone Protein 167 pg Titanium Drug storage stability ~ [65]
and fast delivery
Insulin Protein / Stainless steel sheets Process stabilization [66]
Peptide A Peptide 196.8 pg Quid crystalline polymer High bioavailability [67]
and drug storage
stability
Parathyroid hormone 1-34 Protein 40 pg Titanium Drug storage stability  [68]
Cryomicroneedle TNF-o siRNA Nucleic acid  39.6 £ 1.29 ug  Trehalose Drug storage stability  [69]
Mesenchymal stem cells, Cell ~220 cells'-mm™ Hyaluronic acid methacrylate Accurate delivery of [70]
melanocytes, antigen-pulsed therapeutic cells
dendritic cells
Nanovesicles Exosomes / Hyaluronic acid methacrylate/ Keeping the [48]
polyvinyl alcohol bioactivity of the
nanovesicles
Nanozyme Protein / Iron ion, tannic acid, polyvinyl  Delivering the [71]
pyrrolidone nanozyme inside the
cornea
Insulin Protein 1.03+0.045 U Hyaluronic acid, mannitol Drug storage stability  [72]
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Degradation form

Drug-device interface
Drug concentration Coating and injection molding formulation
Temperature

Metal catalysis
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pH Composition and characteristics of coatings and injection molding

formulation

Pinholes, material properties, surface morphology, and drug formulation

Material polymerization, transition temperature, and drying process

Formulation ingredients and microneedle materials

Aggregation, adsorption, unfolding
Aggregation

Aggregation, chemical degradation, unfolding
Aggregation, oxidation

Aggregation, adsorption, oxidation, unfolding

Aggregation, chemical degradation, unfolding
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