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In this research work, proline ester prodrug of acetaminophen (Pro-APAP) was synthesized and evaluated
for its stability in PBS buffer at various pH and Caco-2 cell homogenate. The Pro-APAP is more stable at
lower pH than higher pH, with half-life of 120 min in PBS buffer at pH 2.0, half-life of 65 min at pH 5.0,
and half life of 3.5 min at pH 7.4, respectively. The half-life of Pro-APAP in Caco-2 cell homogenate is
about 1 min, much shorter than the half-life in PBS buffer at pH 7.4, indicating enzymes in the cell
homogenate contribute to the hydrolysis of the ester bond. Carboxypeptidase A was incubated with
Pro-APAP at pH 7.4 with half-life of 3.8 min which is very close to the half life in buffer itself. This clearly
indicates carboxypeptidase A is not one of the enzymes contributing to the hydrolysis of the prodrug.
Physicochemical characteristics such as melting point and stability of newly synthesized prodrug were
determined by MDSC technique.

� 2010 Elsevier Ltd. All rights reserved.
Acetaminophen is widely used as a non-opiate, analgesic, and
antipyretic drug. It is also known as N-acetyl-p-aminophenol
(APAP) or paracetamol outside of North America. Acetaminophen
is probably the most prescribed medicine in children for treatment
of fever and pain. There are a couple of problems associated with
acetaminophen which had been targeted by prodrug approach.
First, the unpleasantly bitter taste of acetaminophen makes it dif-
ficult to be formulated as a chewable dosage form for pediatric use.
The bitter taste could be masked by capping the hydroxyl group
with promoieties including tetrahydropyran and ethoxyethan.1,2

Secondly, orally administered phenols typically showed poor bio-
availability and hepatic toxicity due to first-pass metabolism in
the gastrointestinal tract and liver.3 These toxic effects have been
attributed to the formation of a toxic metabolite N-acetylquinone
imine, which is detoxified by reaction with glutathione leading to
glutathione depletion and cell death.4 Esterification of acetamino-
phen with amino acids and peptides (promoieties) was reported as
a means to overcome liver toxicity of the drug at high doses as well
as to enhance aqueous solubility.5 Transdermal delivery is another
ideal approach to avoid first-pass metabolism. Drugs with phenolic
functional groups are attractive candidates for topical drug deliv-
ery via prodrug approach. The phenolic OH group is very conve-
nient to attach a wide range of promoieties. Most of the previous
work on the phenols via a prodrug approach has focused on the
corresponding ester or ether.6–9 Sulfate and amino acid esters of
acetaminophen were also developed as potential prodrugs.10,11
ll rights reserved.
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In this study, proline prodrug of acetaminophen (Pro-APAP) was
synthesized and physicochemical characteristics were determined.
The purpose was to develop a prodrug of acetaminophen that
could mask the bitter taste for formulation of chewable dosage
form. Compared with other amino acids ester prodrugs, such as
isoleucine and valine ester prodrugs, proline ester prodrugs have
shorter half lives, which is appropriate for a chewable dosage
form.12 This prodrug could also be tested as a candidate for trans-
dermal delivery to avoid the liver toxicity caused by first pass
metabolism.

Acetaminophen prodrug was synthesized as shown in
Scheme 1.13 The purity of the prodrug was determined by HPLC.
Prodrug was 95% pure. The prodrug was easily separated from
parent drug by HPLC. Electrospray ionization mass spectra
(ESI-MS) were obtained on a Thermoquest LCQ electrospray ion-
ization mass spectrometer. The observed molecular weight of
the prodrug was found to be identical to that required by the
structure. Structural identity was also confirmed using proton
nuclear magnetic resonance spectra (1H NMR). 1H NMR spectra
were obtained with a 300 MHz Bruker NMR spectrometer.14

Acetaminophen and prodrug were analyzed by reversed phase
chromatography performed at room temperature. Detection
wavelength was 243 nm. Samples were injected into a C18 col-
umn (Symmetry� C18 3.5 lm, 4.6 � 75 mm column) and eluted
at a flow rate of 0.6 mL/min. Mobile phase consisted of 10% v/v
methanol and 1% v/v glacial acetic acid in HPLC water. The HPLC
equipment consisted of a Waters 717 plus autosampler, Waters
2695 separation module, Waters 2998 (Photodiode Array Detec-
tor) and Empower 2 software (Water Corporation) data handling
system.

http://dx.doi.org/10.1016/j.bmcl.2010.05.050
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Scheme 1. Synthesis of Pro-APAP.

Table 1
Half-life of Pro-APAP in different hydrolysis media at pH 7.4 and 37 �C (n = 3) (average ± S.D.)

Hydrolysis medium Caco-2 cell homogenate Carboxypeptidase A PBS pH 7.4 PBS pH 5.0 PBS pH 2.0

Half-life (min) 1.04 ± 0.01 3.88 ± 0.08 3.40 ± 0.20 68.00 ± 4.00 120.67 ± 3.06
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The chemical stability of the prodrug was determined in PBS at
pH 2.0, 5.0, 7.4 and at 37 �C in order to obtain the contribution of
non-enzymatic hydrolysis.15 Estimated half-lives of acetamino-
phen prodrug in phosphate buffers were calculated from linear
regression plots of prodrug concentrations versus time and listed
in Table 1. In PBS pH 2.0 medium, half-life of Pro-APAP was found
to be 120.0 min which is the longest half-life in all media. In PBS
pH 5.0 medium, half-life of Pro-APAP was found to be 65.0 min.
While in PBS pH 7.4, half-life was found to be 3.5 min. (Figs. 1–3)

The hydrolysis study of Pro-APAP was performed in Caco-2 cell
line.16 The hydrolysis of Pro-APAP incubated with carboxypepti-
dase A was carried out following the instruction of the enzyme
kit. Estimated half-lives of acetaminophen prodrug in Caco-2 cell
Figure 1. Hydrolysis of Pro-APAP in PBS pH 7.4 medium (n = 3).

Figure 2. Hydrolysis of Pro-APAP in PBS pH 5.0 medium (n = 3).
homogenates and carboxypeptidase A were calculated from linear
regression plots of prodrugs concentrations versus time and listed
in Table 1. In Caco-2 cell homogenate, half-life of Pro-APAP was
found to be 1 min. While incubated with carboxypeptidase A,
half-life of Pro-APAP was found to be about 4 min. As for the enzy-
matic stability, acetaminophen prodrug hydrolysis rate was signif-
icantly faster in Caco-2 cell homogenates compared to pH 7.4
phosphate buffer, suggesting specific enzymes play an important
role in the hydrolysis process (Figs. 4 and 5).

Differential Scanning Calorimetry (DSC) has many applications
in pharmaceutical field including determination of melting point
Figure 3. Hydrolysis of Pro-APAP in PBS pH 2.0 medium (n = 3).

Figure 4. Hydrolysis of Pro-APAP in Caco-2 cell homogenate (n = 3).



Figure 5. Hydrolysis of Pro-APAP incubated with carboxypeptidase A (n = 3).
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of compounds, confirmation of crystalline or amorphous nature of
powder, finding purity, and polymorphism of sample, etc. DSC is a
thermal analysis technique that has been used to measure thermo-
dynamic properties associated with transitions in materials as a
function of time and temperature. Modulated Differential Scanning
Calorimetry (MDSC) is modification of conventional DSC which
provides additional information for the compound of interest.
MDSC was used for physical characterization of acetaminophen,
Boc-L-proline, and Pro-APAP. MDSC thermograms of these samples
were recorded from 20 �C to 240 �C. Melting points of acetamino-
phen, Boc-L-proline, and Pro-APAP were determined. Also melting
point of Pro-APAP was determined three times over a period of
three months at room temperature to see its stability.17

Acetaminophen shows characteristic endothermic peak at
171 �C and Boc-L-proline shows peak at 140 �C as it has been re-
ported in literature. Prodrug shows endothermic peak at 197 �C
(Fig. 6). Stability results of Pro-APAP also indicate similar melting
point of 197 �C with very minor variation. From overlay of thermo-
grams of prodrug stored over the time it is clear that no degrada-
tion had occurred (Figs. 6 and 7).
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In this study, proline prodrug of acetaminophen (Pro-APAP) was
prepared by esterification of the hydroxyl group. This is a com-
monly utilized prodrug strategy to improve certain drug proper-
ties. The chemical stability of Pro-APAP was studied in PBS buffer
at different pH. The stability of the prodrug in the presence of en-
zymes was also measured in Caco-2 cell homogenate, a cell line
that is commonly used to mimic small intestine absorption. Car-
boxypeptidase A, a common enzyme involved in prodrug hydroly-
sis, was incubated with Pro-APAP to determine if it is one of the
enzymes that contribute to the hydrolysis of the prodrug to acet-
aminophen. Some physicochemical properties such as melting
point and stability of the prodrug were also determined by DSC.
One purpose of this study is to develop an acetaminophen prodrug
which is suitable to be formulated as chewable dosage form by
masking the bitter taste of acetaminophen. The other purpose is
to develop a prodrug for transdermal delivery to reduce hepatic
toxicity by avoiding the first-pass metabolism.

The Pro-APAP is more stable at lower pH than higher pH, with
half-life of 120 min in PBS buffer at pH 2.0, half-life of 65 min at
pH 5.0 and half-life of 3.5 min at pH 7.4, respectively. This is con-
sistent with the stability of other amino acid ester prodrugs such as
valacyclovir, Ile-gemcitabine.18 Generally, the proline ester pro-
drug is not as stable as some other amino acid ester prodrugs such
as isoleucine and valine. The lower chemical stability of proline es-
ter prodrug could be due to the higher pKa of the secondary amine
of proline (pKa �10.6). The proline is readily ionized at pH 7.4 and
that makes the hydrolysis of the ester bond easier.12,19 The half-life
of Pro-APAP in Caco-2 cell homogenate is about 1 min, much short-
er than the half life in PBS buffer at pH 7.4. This result indicates en-
zymes in the cell homogenate contribute to the hydrolysis of the
ester bond. These enzymes could be esterase and peptidase which
are known to hydrolyze ester bond. Carboxypeptidase A was incu-
bated with Pro-APAP in PBS buffer at pH 7.4 with half-life of
3.8 min which is very close to the half life in buffer itself. This
clearly indicates carboxypeptidase A is not one of the enzymes
contributing to the hydrolysis of the prodrug. Other enzymes
including esterase will be tested as converting enzymes of Pro-
APAP.

Compared with other amino acids ester prodrugs, such as
isoleucine and valine ester prodrugs, proline ester prodrugs have
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significantly shorter half lives. The half life of Pro-APAP is only
about 4 min in PBS buffer at pH 7.4, which is appropriate for a
chewable dosage form. After swallowing, the prodrug is expected
to quickly convert into acetaminophen. Nevertheless, Pro-APAP
seems to be not stable enough to be used in a transdermal formu-
lation, because transdermal absorption is significantly longer than
other delivery systems due to its lag time. Other amino acid ester
prodrug of acetaminophen will be synthesized for a transdermal
formulation. Amino acids selected for synthesis should cover neu-
tral, acidic, and basic amino acids. It is reported that dipeptide es-
ter prodrugs of acetaminophen have better stability.5 Various
dipeptide promoieties should be used to synthesize acetamino-
phen prodrugs for transdermal delivery.

Pro-APAP synthesized here is in the form a TFA salt. To be for-
mulated as a chewable dosage form to mask the bitter taste of
acetaminophen, the TFA salt should be converted to HCL salt first.
To know if Pro-APAP is able to mask the bitterness of acetamino-
phen, human study is necessary for this information. The fact that
the phenol group of acetaminophen, which may contribute to the
bitter taste, is capped by proline-a natural amino acid, makes us
believe it may be less bitter than acetaminophen.1,2
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