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Studies on Oral Absorption of Piperacillin Pivaloyloxymethyl Ester
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Pivaloyloxymethyl ester of piperacillin was synthesized by reacting sodium piperacillin with chioro-
methyl pivalate, and its chemical structure was determined by infrared and 'H nuclear magnetic reson-
ance spectroscopic methods. The pharmaceutical properties of the ester were investigated to assess its
potential as a novel prodrug of piperacillin. The interface transfer of piperacilin and the ester was stu-
died in a two-phase irn vitro system composed of aqueous pH buffers and n-octanol. The ester was more
lipophilic, and less water soluble above pH 4.0 than piperacillin. Significant antibacterial activity was
not observed in the ester in vitro, but the ester was hydrolyzed into the parent drug in the rat liver homo-
genate. The serum levels of orally administered ester suspension containing 0.1% Tween 80 were mea-
sured in rabbits. It was found that the ester showed higher blood level, comparing with no observation
of piperacillin in serum, but the time reaching the maximum serum concentration was 5 hr.
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Scheme 1—Synthetic process of piperacillin pivaloyloxy-
methyl ester
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Scheme 2—Apparatus for rotating cell used for in vitro
interface transfer study.

Key: A, rotating shaft; B,n-octanol phase; C, aqueous
phase
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Figure 1— Solubility properties of peperacillin (e ) and
peperacillin pivaloyloxymethyl ester (o) at 25°C and va-
rious pHs.

Table I —Partition Coefficients for the Interface
Transfer of Piperacillin and Piperacillin
Pivaloyloxymethyl Ester (PPE) in a Two-Phase
System at Various Temperatures.

Partition coefficients

Compound pH of buffers

25°C 30°C  36.5°C
PIP 1.2 0.3564 0.3712 0.3661
2.3 0.3401 0.3520 0.3429
3.0 0.3253 0.3272 0.3238
PPE 1.2 4.310 4297 4.381
2.3 9.801 9.431  9.562
3.0 17.031 17.201 17.324
4.0 5017 5.125 5.616
5.6 4.142 4213 4310
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Figure 2.—Dissolution profiles for piperacillin (@) and
piperacillin pivaloyloxymethyl ester (0) in the first fluid
(pH 1.2) at 37 £ 0.5°C.
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Figure 3-—Semilogarithmic plots for the hydrolysis of
piperacillin pivaloyloxymethyl ester in liver and intestine
homogenates, and blood at 37+0.5°C.
Key: e, liver homogenate; o, blood; ®, intestine
homogenate
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Table I —Serum Concentration (4g/mi) of Piperacillin (PIP) after Oral Administration of PIP and its Pivaloyloxymethy!

Ester (PPE) in Rabbits.

c d Time (hr)
ompoun
P 0.5 1 2 4 5 6 8 12 24
PIP - - - - - - - — —
PPE 0.45 0.64 2.01 8.36 18.90 15.01 9.65 3.21 0.30
+0.05 +0.09 +0.10 +0.52 +1.18 +1.18 +0.92 +0.81 +0.02

—: Not observed. Compounds were administered at the dose of 150 mg/ kg as PIP. Data represent the mean + SE (n=3).
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