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Abstract: Objective To screen various commonly used microneedle matrix excipients and prepare dissolvable microneedles (DMN)
with suitable mechanical strength and flexibility for delivering Chinese cobra (Naja atra Laurenti)-derived neurotoxin (NT). Methods
The DMNs were prepared by using a two-step vacuum mold-filling method. Their morphological, mechanical and hygroscopic
properties were characterized by upright microscope, texture analyzer and gravimetric method respectively to select the optimal matrix

material. Then the DMN loaded with neurotoxin (DMN-NT) was prepared with the optimal matrix material, and the drug loading,
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mechanical properties, in vivo dissolving behavior, in vivo skin recovery, in vitro drug release, ex vivo transdermal permeation and
stability of the DMN-NT were evaluated. Results The optimal matrix materials for the needle body were 20% of polyvinylpyrrolidone
K90 (PVP K90) and 20% of hyaluronic acid (Mw 10 000), while the backing layer was composed of 7.5% of hydroxypropyl methyl
cellulose (HPMC, E5SLV) and 15% of polyvinyl alcohol (PVA-0588). Under the upright microscope and the stereomicroscope, the
DMN-NT needles were arranged neatly and vertically. Each DMN-NT patch had a drug loading of (172.22 + 1.30) pg or (17.38 £0.57)
pg. The mechanical properties evaluation results showed that the pressure applied to the DMN-NT needle tip could reach (39.88 +
3.09) N, exceeding the force required (0.05 N) for microneedle to penetrate the skin, indicating good mechanical strength. The results
of methylene blue staining experiments showed that the DMN-NT had desirable penetration property. In the in vivo dissolving
experiment, most of the DMN-NT dissolved within 10 min. The in vivo recovery experiment showed that the trace in skin induced by
DMN-NT were almost invisible 30 min after administration, indicating good biocompatibility and high safety. The in vitro release test
results showed that the cumulative released percent of DMN-NT in PBS with pH 7.4 reached (93.65 + 4.29)% in 8 min. The results of
the ex vivo skin permeation test showed that the transdermal permeated percent of neurotoxin from the DMNs reached (97.99 + 2.80)%
after 10 h, while almost no drug permeated across the skin from the drug aqueous solution. The preliminary evaluation results of
stability of the DMN-NT were acceptable. Conclusion The DMNSs prepared in this study can penetrate the skin stratum corneum,
have good dissolvability and biocompatibility, and can efficiently deliver macromolecular drugs transdermally.

Key words: Naja atra Laurenti; neurotoxin; dissolvable microneedle; mechanical properties; in vitro release; transdermal drug

delivery; ex vivo skin permeation
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Table 1 Evaluation results of physical properties of

microneedles prepared from a single matrix material
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Table 2 Evaluation results of physical properties of
microneedles prepared by complexing a single needle-body

material with a single backing layer material
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Table 3 Evaluation results of physical properties of microneedles prepared by complexing single or mixed needle-body

materials with mixed backing layer materials

¥

¥y ALt = 4 4
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20% PVP K90+20%3E M iR 7.5% HPMC+15% PVA 10 10 10 10 40
20% PVP K90+20%3&E M iR 7.5% HPMC+5% CMC 10 10 5 5 30
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A B @

A-PVP K90 RUEM LI G4 44; B-CS A PVP K90 I &%
45 C-CS FZ WL A A4

A-composite needle body of PVP K90 and hyaluronic acid; B-
composite needle body of CS and PVP K90; C-composite needle body
of CS and hyaluronic acid.
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Fig. 3 Morphology of microneedles with different needle-

body materials under upright microscope
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Fig. 4 Force-displacement curves of DMN with various

ratios of needle body matrix material (X £ S, n=3)
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Fig. 5 Flow diagram of preparation of DMN-NT
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A-upright microscope; B-stereomicroscope.
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Fig. 6 Appearance of DMN-NT
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Fig. 7 Methylene blue stained Wistar rat skin after
application of DMN-NT
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Fig. 8 Dissolving behaviour of DMN-NT after

administration
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Fig. 9 Recovery of rat skin after the administration of
DMN-NT
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Fig. 10 In vitro release curve of DMN-NT (X £ s, n=3)
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Table 4 Results of fitting in vitro release curve using
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Fig. 11 Qu-t curve and Qc-f curve of DMN-NT in vitro skin

penetration experiment (X £ S, n=4)
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Table 5 Results of fitting ex vivo skin permeation curve of

DMN-NT using various models
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