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Abstract: Ketorolac tromethamine (KT) is characterized by a short half-life and rapid systemic clearance,
necessitating frequent dosing when administered via traditional oral or injectable routes, and is associated with
pronounced first-pass metabolism and gastrointestinal adverse effects. To mitigate these limitations, this study
developed ketorolac tromethamine microneedles (KTMN) for buccal mucosal delivery and evaluated their analgesic
efficacy. The microneedle tips were fabricated using a photosensitive hyaluronic acid methacrylate solution as the
matrix, which was cast into polydimethylsiloxane molds, followed by drying and UV crosslinking to yield well-
formed KTMNs. Each microneedle exhibited a mechanical strength of 0.70 N and achieved a penetration depth of
120 pum in rat buccal mucosa. In artificial saliva, KTMNs demonstrated sustained and stable drug release, with an
in vitro release rate of 55.33% at 2 h and 76.77% at 12 h. Pharmacokinetic analysis revealed a peak plasma
concentration of 5.91 ug-mL™ at 2 h post-administration, with an average residence time extending up to 15.52 h.
In vivo, KTMN administration significantly attenuated pain responses in both the formalin-induced pain model and
the carrageenan-induced inflammatory pain model in rats. Overall, buccal mucosal delivery of KTMNs represents

a safe, rapid, and efficient formulation, offering a promising new strategy for fast-acting, long-lasting, and
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convenient analgesia.
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Figure 1 Schematic diagram of the preparation process of ketorolac tromethamine microneedle (KTMN). PVA 1788: Polyvinyl alcohol

1788; EC: Ethylcellulose; HAMA: Hyaluronic acid methacrylate
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Figure 2 Chemical structure characterization of HAMA. A: Fourier transform infrared spectroscopy (FTIR) spectra; B: "H NMR spectrum

Figure 3 Morphological features and mechanical simulation of KTMN. A: Scanning electron microscope (SEM) image of the backing

layer; B: SEM image; C: COMSOL mechanical simulation
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Figure 4 KTMN performance and ketorolac tromethamine (KT) state. A: Pressure-displacement curve; B: Hematoxylin-eosin (H&E) map

of oral mucosa insertion; C: Differential scanning calorimetric curve; D: X-ray diffraction pattern
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Table 1  Effects of ketorolac troamine oral microdose on pain
induced by formalin in rats. n = 6, x = 5. "P < 0.05 vs model. B-

MN: Blank microneedle

Duration of licking and biting foot in rats/s

Experimental group

Phase 1 Phase IT
Model 74.94 + 7.67 237.1+63.19
KT injection 81.83 +10.87 110.4 + 65.38
B-MN 80.65 + 12.95 229.8 + 74.88
KTMN 82.97 +13.55 127.07 £ 71.66
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Figure 5 Microneedle in vitro release, cross-linked carrageenan-induced pain, pharmacokinetic study. A: KTMN release curve of oral

microneedle in vitro. n = 3, x + s; B: Effect of KTMN on mechanical algesia induced by carrageenan. n = 8§, x+s 'P<0.05 "P<001,""P<

0.001 vs model; C: Plasma concentration-time curves of KT following a single intravenous injection and buccal microneedles administration in

rats. n==06
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Table 2 Comparison of the main pharmacokinetic parameters of KT in rats after intravenous administration and buccal microneedles

delivery. n=6,x+ s

Group ¢t . J/h C,./ng'mL" AUC,_/pg'h'mL" MRT, /h
KT IV injection 0.083 = 0.000 9.332+ 1.113 21.460 £ 3.986 3.097 £ 0.254
KTMN 2.000 +0.419 5.910+0.898 98.992 + 16.929 15.516 +0.732

kA SR A B, KTMIN 28 1 s 6168 45 24 52 300 tH AS (5] 14 30
JIFRHIE (R 2), Hor JEJ5 %2 h, C,, N5.91 pg'mL".
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