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Abstract: The permeation and pharmacodynamics of ocular drugs are influenced by the corneal barrier. Here,
a hard-soluble drug, brinzolamide, was selected as the model drug and used for preparation of minimally invasive
dissolving microneedles. Brinzolamide was dissolved in ethanol and polyvinylpyrrolidone (PVP) K90 was added
and dissolved. The mixture solution was casted into the dissolving microneedles mold and dried and brinzolamide
dissolving microneedles (BMN) were obtained after demolding. The stereoscopic and scanning electron microscopic
images showed that BMN were conical needles with the height of 750 um, the bottom diameter of 300 um, and the
inter-tip distance of 500 um. The dissolving microneedles patch was composed of 10x10 arrays with the area of
1 ¢cm? and the high drug load of 7.3 mg-cm?2 BMN showed a rapid in vitro drug release with 93% accumulative
release at 2 h and the high drug corneal permeation amount of 877 + 105 ug. BMN exhibited the high mechanical
strength of 0.32 N/needle, leading to easy rat corneal insertion with the depth of 200 um. Moreover, BMN were
rapidly dissolved in the cornea, and more importantly, the damaged cornea were quickly self-healed within 24 h.
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Animal experiments were approved by the Ethics Committee of Beijing Institute of Radiation Medicine, Academy
of Military Medical and the experiments were conducted in accordance with relevant guidelines and regulations.
Ocular minimally invasive dissolving microneedles have the advantages of corneal minimal wounds and rapid
healing, high drug loading, and high permeability, favoring the treatment of ocular diseases.
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Figure 1 Chemical structure of brinzolamide (BLZ)
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Figure2 Effects of polyvinylpyrrolidone (PVP) types and contents
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Figure 3  Force-displacement profiles of brinzolamide dissolving
microneedles (BMN)
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Figure 5 Invitro release profile of BMN at 37 °C in the simulated
tear fluid (n =3, x £ 5)

Table 1 Simulations of drug release from BMN

Parameter

Correlation
coefficient (r)

Release rate
constant (k)

Simulation model

Zero-order equation 0.387 0.827
Higuchi's equation 0.722 0.937
Ritger-Peppas' equation 0.590 0.969
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Figure 6 In vitro corneal permeation profiles of BMN and BLZ

eyedrops (BED) (A). BLZ in cornea after administration with
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insertion of BMN. The scale bars indicate 100 um
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