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Synthesis of a water-soluble prodrug of paliperidone and investigation into its
transdermal delivery in vitro
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Abstract: Objective To synthesize a water-soluble prodrug of paliperidone (PPD) in order to make it rapidly penetrate the skin by
iontophoresis. Methods The water-soluble prodrug of PPD, i.e., f-alanine ester of PPD (PPD--Ala), was synthesized, and the
structure of the prodrug was confirmed. The analytical method to quantify PPD and PPD-B-Ala was developed by high performance
liquid chromatography (HPLC), and the method was validated. The saturated solubility of PPD and PPD-B-Ala was determined, and
the oil-water partition coefficient (P, ) and pKa of PPD-f -Ala were investigated. Transdermal delivery of PPD-f -Ala was
investigated in vitro, including passive and iontophoretic transdermal delivery studies. In the iontophoretic study, the effects of
matrix [pure water, HEPES solution (pH 5.5) or HEPES solution (pH 6.5)] in the donor compartment, the drug concentration (10, 20,
and 30 mmol-L™") in donor compartment and the current density (0.1, 0.3, and 0.5 mA-cm™) applied on the transdermal delivery of

PPD- B -Ala were investigated in vitro. Results The structure of PPD- f -Ala was confirmed by proton magnetic resonance
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spectroscopy. The analytical method using HPLC can simultaneously quantify PPD and PPD-f-Ala, and the method specificity,
precision and limit of detection meet the experimental requirements. The saturated solubility of PPD-f-Ala in pure water was
of PPD-B-Ala was less than that of PPD. PPD-
-Ala can be fully protonated and has a positive charge. PPD has no easily dissociated or protonated groups. PPD-f-Ala was not

approximately 33.46 mmol-L™', which was much higher than that of PPD. The Ig P,
well absorbed via the skin, but appreciable amounts of PPD-f-Ala can be detected in the receiver compartment under iontophoresis.
For example, the cumulative transdermal delivery of PPD-B-Ala could reach 250 nmol-cm™ when a current of 0.5 mA-cm™ was
applied in the donor compartment containing 30 mmol-L™" of PPD-B-Ala for 7 h. The selected media in donor compartment did not
impact the cumulative delivery of PPD--Ala significantly, but the increase in applied drug concentration and current intensity could
enhance the cumulative delivery of PPD-B-Ala. It was found that appreciable amounts of PPD and PPD-B-Ala were deposited in the
skin in each group. For example, the amount of PPD and PPD-[3-Ala retained in the skin attained (144.21 + 41.73) and (890.61 +
106.40) nmol-cm™, respectively, when a current of 0.5 mA-cm™ was applied in the donor compartment containing 20 mmol-L™" of
PPD-B-Ala (HEPES solution as medium, pH 5.5) for 7 h. Conclusion The water-soluble, ionizable PPD prodrug, i.e., PPD-B-Ala,
can rapidly penetrate the skin by electromigration effect during iontophoresis. In theory, an iontophoretic transdermal patch with

moderate size can be used to deliver minimum daily dose of PPD.

Key words: paliperidone; transdermal drug delivery; iontophoresis; water-soluble prodrug; schizophrenia
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SE . i (A Diamonsil C, (250 mm X
4.6 mm, 5 pm) ; f& # # Jy EasyGuard C,  f&
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Table 1 Saturated solubility of PPD and PPD--Ala in different aqueous solutions (x+s,n=3)

T AIVE AR FE /(mmol-L™)

tEw
ati 7k HEPES ¥ (pH 5.5) HEPES ¥ (pH 6.5) 7% 30% PEG 400 4= B £5 /K 7
PPD 0.57+£0.04 2.07+0.09 1.850.08 32.3943.37
PPD-p-Ala 33.46+1.83 34.23+2.47 41.51£2.06 56.48+1.92

243 pKa [ il 5 i H ACD/ChemSketch #X
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Fig. 3 Net charge number of PPD-f-Ala molecule with
change of pH value, calculated according to Henderson-
Hasselbalch equation
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Fig.4 Schematic diagram of transdermal iontophoresis
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Fig. 6 Effect of drug concentration on cumulative
delivery of PPD-f-Ala
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