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Purpose. The purpose of this study was to explore the feasibility of linking the pharmacokinetic profile

of a drug with its gastrointestinal behavior by simultaneously monitoring plasma and intraluminal drug

concentrations. Fosamprenavir, a phosphate ester prodrug of the poorly water-soluble HIV-inhibitor

amprenavir, was selected as model compound.

Methods. A single tablet of fosamprenavir (Telzir\) was administered to 5 volunteers in the fasted and

fed state (simulated by intake of a nutritional drink). Gastric and duodenal fluids were aspirated in

function of time and characterized with respect to the concentration of (fos)amprenavir, inorganic

phosphate and pH. In parallel, blood samples were collected and analyzed for amprenavir.

Results. The observed plasma concentration-time profiles suggested a food-induced delay in the

absorption of amprenavir: in the fed state, mean tmax increased by more than 150 min compared to the

fasted state. A similar delay was seen in the duodenal appearance of fosamprenavir (concentrations in

mM-range) and, after dephosphorylation, amprenavir (concentrations below 160 mM). This observation

could be related to the behavior of fosamprenavir in the stomach. In the fasted state, gastric dissolution

of fosamprenavir started immediately, resulting in a Cmax of 4 T 2 mM after 43 T 15 min; however, in the

fed state, the fosamprenavir concentration remained below 20 mM for the first 90 min after drug intake.

The postponed gastric dissolution may be attributed to a food-induced delay in tablet disintegration.

Conclusion. For the first time, the pharmacokinetic profile of a drug was monitored in parallel with its

gastrointestinal concentrations. The observed food effect in the plasma concentration-time profile of

amprenavir after intake of its phosphate ester prodrug could be related to a food-induced delay in gastric

dissolution of fosamprenavir.

KEY WORDS: (fos)amprenavir; food effect; intraluminal drug behavior; pharmacokinetics; tablet
disintegration.

INTRODUCTION

The absorptive phase of the plasma concentration-time
profile after oral drug administration is determined by drug
and formulation behavior inside the gastrointestinal tract; in
addition, hepatic first-pass extraction can further modulate
drug absorption into the systemic circulation. Insight in
gastrointestinal and hepatic mechanisms is therefore essential
to tackle issues related to the bioavailability of orally
administered drugs or drug candidates. Gastrointestinal
behavior is the result of various simultaneously ongoing
processes, including transit, disintegration of the dosage
form, dissolution and transepithelial transport.

In order to explore the gastrointestinal behavior of drugs
in vivo, various methods have been applied. Transit and

disintegration of dosage forms can be investigated by imaging
techniques including gamma-scintigraphy using radiolabeled
markers (1) and magnetic marker monitoring (2). Gastroin-
testinal intubation with the Loc-I-Gut\ catheter has been
applied to study drug permeability, dissolution, metabolism
and secretion in humans (3–6). Another approach which has
been explored to understand gastrointestinal behavior is the
aspiration and characterization of gastrointestinal fluids after
oral administration of the real dosage form. This allows
monitoring intraluminal conditions, including drug and excipi-
ent concentrations, that are the result of the concerted action of
the above mentioned gastrointestinal processes. Using this
method, intestinal theophylline concentrations in man have
been determined in function of time after the intake of an
immediate and a slow release formulation in man (7). Also,
intestinal solubilization of the poorly water-soluble protease
inhibitor amprenavir (Agenerase\) by the excipient TPGS has
been reported; the results of this in vivo study were further
integrated in in vitro permeability studies for amprenavir (8).

Until now, intraluminal drug concentrations were only
determined in fasting conditions. The intake of food may
significantly alter the gastrointestinal behavior of dosage forms
as it affects various aspects of gastrointestinal physiology (e.g.
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transit, composition of intraluminal fluids...). Furthermore,
intraluminal drug concentrations have not yet been related
to plasma concentrations to explore the impact of intraluminal
drug behavior on the pharmacokinetic profile. In the present
study, the intraluminal behavior of the prodrug fosamprenavir
(Telzir\), selected as model compound, was assessed in the
fasted as well as in the fed state. In parallel, plasma drug con-
centrations were monitored. Fosamprenavir is a phosphate
ester prodrug of amprenavir with improved aqueous solubil-
ity (9); the use of the calcium salt of this prodrug results in a
reduction of the pill burden as compared to the standard for-
mulation of amprenavir (10,11). Due to the limited trans-
epithelial transport of fosamprenavir, intestinal absorption
requires gastrointestinal dephosphorylation of the prodrug to
amprenavir, mediated by intestinal alkaline phosphatase. A
previous in vitro study showed that the conversion of prodrug
to parent drug in real intestinal media leads to supersaturated
solutions of amprenavir, resulting in an enhanced flux across
Caco-2 monolayers (12). The conversion rate was reduced in
function of decreasing pH and increasing inorganic phosphate
concentration.

The purpose of the present study was to monitor the
gastrointestinal behavior of fosamprenavir in vivo and to
evaluate the influence of the fed state on this behavior.
Gastric and intestinal fluids were aspirated after oral intake
of the formulation in the fasted and fed state and character-
ized with respect to the concentrations of amprenavir and
fosamprenavir, inorganic phosphate and pH. In order to
evaluate whether the absorptive part of the pharmacokinetic
profile can be related to the gastrointestinal behavior of the
drug, plasma concentrations of amprenavir were monitored
in parallel to intraluminal concentrations.

MATERIALS AND METHODS

Materials

Amprenavir (505.64 g/mol) and fosamprenavir calcium
(623.64 g/mol) were kindly provided by GlaxoSmithKline
(Middlesex, UK). Acetonitrile, methanol and dichloromethane
were purchased from Fisher Scientific (Leicestershire, UK).
BDH Laboratory Supplies (Poole, UK) provided KH2PO4,
NaOH, HCl and NaCl. Ammonium molybdate tetrahydrate and
propyl-p-hydroxybenzoate were obtained from Sigma-Aldrich
(St. Louis, MO, USA). Certa (Brain-l_Alleud, Belgium) sup-
plied ascorbic acid. Water was purified with a Maxima system
(Elga Ltd., High Wycombe Bucks, UK).

Scandishake Mix\ (Nutricia) was used to simulate a high-
fat meal. Preparation as instructed resulted in a nutritional
drink (300 ml) of 2,505 kJ, consisting of 46% fat, 46% carbo-
hydrates and 8% proteins. The osmolarity amounted to 890
mOsm/l and the pH was 6.7.

Immediate release tablets (Telzir\), containing 700 mg of
the calcium salt of fosamprenavir (corresponding to 568 mg
amprenavir), were used as dosage form of fosamprenavir.

In Vitro Release of Fosamprenavir

The in vitro release of fosamprenavir from the Telzir\-
formulation was studied in media simulating gastric condi-
tions in the fasted and fed state. A single tablet was included

in 400 ml of USP simulated gastric fluid (SGF) without
pepsin (pH 1.2), phosphate buffer (KH2PO4 50 mM, pH 6.7)
or Scandishake Mix (pH 6.7) in a USP apparatus II with
rotating paddles at 100 rpm and 37-C. Samples were taken at
5, 10, 15, 20, 30, 45 and 60 min and filtered through Chromafil
GF/PET-45/25 filters (consisting of a glass fibre pre-filter with
pore size 1 mm and a polyester filter with pore size 0.45 mm;
Machery-Nagel, Düren, Germany). A 10 ml-sample of the
filtrate was diluted 100 times in a solution of KH2PO4 (25
mM, pH 6.5) and methanol (40:60 v/v). After centrifugation
(5 min, 14,000 g), 30 ml of the supernatant was injected into
the HPLC-system for analysis (see below).

In addition to the dissolution experiments, the equi-
librium solubility of fosamprenavir calcium was determined
in the different media described above. An excess of
fosamprenavir calcium powder was added to the medium
and mixed on a 3D Rocking Platform STR9 (Stuart
Scientific, Staffordshire, UK) at 37-C. After 24 h, samples
were centrifuged (15 min, 14,000 g, 37-C) and filtered using
Chromafil GF/PET-45/25 filters, after which the filtrate was
diluted and analyzed as described above.

In Vivo Studies

To study the influence of the fasted and fed state on plasma
and intraluminal concentrations of (fos)amprenavir, a crossover
study was performed in five healthy volunteers (two men, three
women; aged between 23 and 39 years). The procedure
followed the tenets of the Declaration of Helsinki and was
approved by the Committee of Medical Ethics of the University
Hospitals Leuven, Belgium (ML3101/ML3242). All volunteers
provided written informed consent to participate in this study.

After an overnight fast (12 h), one double-lumen
polyvinyl catheter [(Salem Sump Tube 14 Ch (external
diameter 4.7 mm), Sherwood Medical, Petit Rechain, Bel-
gium] was introduced via the mouth and positioned into the
duodenum (D2/D3). A second catheter was positioned into
the stomach. The position of both tubes was checked by
means of fluoroscopy. It has previously been reported that
the presence of gastric or transpyloric tubes does not
influence gastric emptying or duodenogastric reflux (13).

For the experiments in the fasted state, a single tablet of
Telzir\ was administered with 180 ml of water. For the
experiments in the fed state, 300 ml of a nutritional drink
(Scandishake Mix\) simulating a high-fat meal was ingested,
20 min prior to intake of the fosamprenavir tablet. Immedi-
ately after drug intake, the volunteers were asked to walk
around for 5 min, after which they were sitting in upright
position in a bed during the sampling procedure. Samples of
human gastric fluid and human intestinal fluid (sample
volume between 1.5 and 4 ml) were aspirated every 10 min
during the first hour and subsequently every 15 min for up to
4 (fasted state) or 5 h (fed state). The gastrointestinal
aspirates were immediately filtered through Chromafil GF/
PET-45/25 filters. The filtrate was collected on ice and the
procedure to determine the concentrations of fosamprenavir
and amprenavir was initiated (see below). After measuring
the pH (Hamilton Slimtrode, Bonaduz, Switzerland), the
filtrate was stored at j30-C. Neither amprenavir nor
fosamprenavir did adsorb to the catheters or the filter
material used (data not shown).
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The amount of drug (fosamprenavir and amprenavir)
sampled from the gastrointestinal tract was estimated based
on the volume and the measured drug concentrations per
sample. Cumulated amounts from all samples varied between
6.3 and 9.3% of the administered dose in the fasted state and
between 1.2 and 5.8% in the fed state.

In parallel to the sampling of gastrointestinal fluids,
venous blood samples were collected in heparinized tubes
(BD Vacutainer systems, Plymouth, UK) at 0, 20, 40, 60, 80,
100, 120, 150, 180, 210, 240, 300, 360 and 420 min after drug
intake. Blood samples were stored at j30-C until analysis.

Analysis of Fosamprenavir and Amprenavir
in Gastrointestinal Fluids

After aspiration and filtration of the gastrointestinal fluid
samples as described above, 10 ml of the filtrate was imme-
diately diluted 100 times in an ice-cold solution of KH2PO4

(25 mM, pH 6.5) and methanol (40:60 v/v), thereby arresting
the possible conversion of fosamprenavir to amprenavir. After
centrifugation of the diluted solution (5 min at 14,000 g),
fosamprenavir and amprenavir concentrations in the superna-
tant were measured by reversed-phase HPLC and fluorescence
detection. A volume of 50 ml was injected into a Waters HPLC
system consisting of a 600E controller and pump, a 717plus
autosampler and a Novapak C-18 column (Waters, Milford,
MA). Fluorescence signals (excitation 268 nm, emission 347 nm,
gain 10) were detected on a Jasco FP-1520 fluorescence
detector (Tokyo, Japan). The column was equilibrated with a
mobile phase consisting of 25 mM KH2PO4-buffer (pH 6.5)
and methanol (70:30 v/v). After injection, the concentration
of methanol was increased up to 60% over 1 min. Retention
times of fosamprenavir and amprenavir amounted to 7.9 and
11.5 min, respectively. Between elution of fosamprenavir and
amprenavir, the gain of the fluorescence detector was
increased from 10 to 100. After elution, the column was
flushed with acetonitrile:water (80:20 v/v) during 3 min and re-
equilibrated with mobile phase during 4 min. The flow was
maintained at a rate of 1.3 ml/min.

Calibration curves were made using a solution of KH2PO4-
buffer and methanol (40:60) supplemented with blank intestinal
fluid 1/100 and spiked with fosamprenavir and amprenavir.
They were linear between 0.08 and 30 mM for fosamprenavir
and between 0.008 and 3 mM for amprenavir. Samples were
diluted to fit in this range. Precision and accuracy were assessed
by analyzing standard samples (n = 5) at 0.08, 0.8, 8 and 30 mM
for fosamprenavir and at 0.008, 0.08, 0.8 and 3 mM for
amprenavir. The determination of the intraday repeatability
resulted in relative standard deviations below 5.6% at all
concentrations, both for fosamprenavir and amprenavir. The
relative error remained below T2.5% for fosamprenavir (except
for j9.2% at 0.08 mM) and below T5.0% for amprenavir. The
intraday repeatability of the whole analytical procedure was also
assessed by repeated analysis (n = 3) of selected aspirated gastric
and intestinal samples, resulting in relative standard deviations
below 5% for both amprenavir and fosamprenavir.

Analysis of Amprenavir in Blood Samples

Before HPLC/fluorescence analysis, amprenavir was
extracted from the venous blood samples. After dilution of

300 ml blood sample with 450 ml KH2PO4 (0.1 M pH 6.0),
60 ml internal standard solution (propyl-p-hydroxybenzoate
10 mg/ml) was added. After extraction with 8 ml dichloro-
methane and centrifugation (4,000 g, 10 min), the water layer
was discarded and the organic layer evaporated to dryness
under a gentle stream of air. The residue was dissolved in
200 ml of a solution of KH2PO4 (25 mM, pH 6.5) and meth-
anol (40:60 v/v). The suspension was centrifuged (14,000 g,
5 min) and the supernatant was injected into the HPLC
system and analyzed in the same way as described above.

To determine concentrations, a calibration curve was
generated with spiked blank human blood and treated in the
same way as the samples. Linearity was obtained between
0.06 and 12 mM. Interday precision and accuracy were
assessed with 5 replicates of standard samples at 0.06, 1 and
12 mM. The mean relative error amounted to j6.9, j1.0 and
+1.7% at 0.06, 1 and 12 mM, respectively. Determination of
the interday repeatability resulted in relative standard
deviations below 9% over the linear concentration range.

Analysis of Inorganic Phosphate in Intestinal Fluid

The determination of inorganic phosphate concentra-
tions in human intestinal fluids was based on the formation of
a blue phosphate–molybdate complex. Intestinal fluid sample
(100 ml) was diluted in 900 ml HCl 1 M and centrifuged for
5 min at 14,000 g. After addition of 150 ml of the supernatant
to 1 ml of HCl 1 M, the complex-forming reaction was
initiated by adding 150 ml ammoniummolybdate solution
(2.5% in water) and 150 ml ascorbic acid solution (4% in
water). After 90 min at room temperature, the absorbance
was measured at 820 nm. The calibration curve, made with
KH2PO4 in water, was linear over the concentration range of
0.2–10 mM. The assessment of intraday repeatability resulted
in a relative standard deviation (n = 5) of 5.3% at 0.3 mM and
1.1% at 9.0 mM. Deviations from the theoretical concentra-
tion amounted to +7.5% at 0.3 mM and +1.8% at 9.0 mM.

Data Presentation and Statistical Analysis

All concentration-time profiles are presented as mean T sd
for five subjects, except for duodenal profiles in the fed
state (n = 4). The duodenal profile of one volunteer in the fed
state was omitted due to movement of the catheter back into
the stomach (as observed by fluoroscopy). The parameters
tmax, Cmax and AUC of the concentration-time profiles in the
fasted and fed state were compared using paired t-tests.
Differences were considered statistically significant at
p < 0.05. As a full pharmacokinetic analysis was beyond the
scope of this study, the study design did not allow the
calculation of further pharmacokinetic parameters (limited
sampling time).

RESULTS AND DISCUSSION

Plasma Concentration-time Profiles

Figure 1 illustrates the mean plasma concentrations of
amprenavir in function of time after oral intake of an
immediate release tablet containing fosamprenavir calcium
(700 mg) in fasting and fed conditions. Fosamprenavir could
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not be determined in plasma: it has been reported that the
gastrointestinal tract is the primary site for fosamprenavir
hydrolysis and that the systemic exposure to intact prodrug is
less than 3% of the exposure to amprenavir (9). In the fasted
state, absorption appeared to be relatively fast: maximum
plasma concentrations (between 1.1 and 6.4 mM) were
obtained after 82 min (range 40–150 min). After the intake
of the nutritional drink, no amprenavir could be detected in
the systemic circulation during the first 60 min after drug
intake, resulting in a significant increase in tmax (240 min;
range 180–300). Neither Cmax nor AUC0–7h was significantly
altered by the intake of food. Taking into account the
administered dose in the present study (700 mg instead of a
normal dose of 1,400 mg), these plasma concentration-time
profiles are in agreement with previously reported pharma-
cokinetic studies (10,11). However, the delay in amprenavir
absorption after intake of a standard high-fat meal was less
pronounced (up to 105 min, (10)) compared to the present
study.

Gastrointestinal Concentration-time Profiles

In parallel to blood sampling, gastrointestinal samples
were aspirated after intake of fosamprenavir in the fasted or
fed state. Figures 2 and 3 show gastric and duodenal
concentration-time profiles of fosamprenavir and amprena-
vir, respectively. Table I reports the tmax, Cmax and AUC-
values of these profiles

Fosamprenavir

In the fasted state, gastric dissolution of fosamprenavir
started immediately (consistent with a conventional immediate
release formulation) and resulted in maximum fosamprenavir
concentrations (ranging from 2.4 to 6.2 mM) within one hour
after drug intake (Fig 2a). After 10 min, fosamprenavir was
observed in the duodenum (Fig. 2b), where maximum concen-
trations were slightly lower (up to three times) as compared to
these observed in the stomach. This can be attributed to dilution

by bile and pancreatic secretions and intestinal conversion of
fosamprenavir to its parent drug (see below).

In the fed state, the gastric fosamprenavir concentration
remained below 20 mM for 60–90 min after drug intake,
which was accompanied with a significant increase in tmax

(ranging from 90 to 160 min). The observed lag-time clearly
indicates a food-induced delay in gastric dissolution. A
similar delay was observed in the duodenal appearance of
fosamprenavir. This intraluminal behavior may contribute to
the postponed amprenavir absorption in the fed state, as
observed in the plasma concentration-time profile (Fig. 1).

In three out of five volunteers, gastric, but not duodenal,
fosamprenavir concentrations were significantly lower in the
fed state compared to the fasted state. This suggests that
dissolution of fosamprenavir was incomplete before gastric
emptying and continued in the duodenum. The comparable
duodenal fosamprenavir concentrations in fasted and fed
conditions may contribute to the similar extent of amprenavir
absorption in these two conditions (Fig. 1).

Amprenavir

Compared to intraluminal fosamprenavir concentrations
(mM-range), the observed amprenavir concentrations were
much lower (mM-range, Fig. 3). In the fasted as well as in the
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fed state, the gastric concentration of amprenavir remained
below 10 mM (Fig. 3a); only in one subject a concentration up
to 30 mM was reached, which might be attributed to limited
reflux of intestinal fluids. In the duodenum (Fig. 3b), the
amprenavir concentration was higher (up to 160 mM in the
fasted state), corresponding to conversion of fosamprenavir
to its parent drug by intestinal alkaline phosphatase (9). In
the fed state, the intestinal appearance of amprenavir was
delayed by more than 90 min, corresponding to the food-

induced time-shift of the duodenal concentration-time profile
of fosamprenavir. Despite peak-flattening, no statistically
significant food-effect could be observed for the Cmax and
AUC0–4h of the amprenavir concentration-time profiles.

Previously, the creation of a supersaturated amprenavir
solution by dephosphorylation of fosamprenavir in aspirated
human intestinal fluids was shown in vitro (12). The present
study cannot confirm the creation of supersaturated con-
ditions in vivo, as the observed intraluminal amprenavir
concentration never exceeded the amprenavir solubility in
human intestinal fluids [ca. 160 mM (12)]. However, the
present study was not designed to precisely investigate the de-
phosphorylation process in vivo. Conversion of fosamprenavir
to amprenavir at the intestinal mucosa, which is the major
dephosphorylation site, may result in local high amprenavir
concentrations followed by immediate transepithelial trans-
port; hence, intraluminal amprenavir concentrations may
remain moderate. It is also important to mention that, in the
present study, the amprenavir concentration was only mea-
sured in the upper part of the small intestine; as phospha-
tase is present along the whole intestine, the amprenavir
concentration might increase further down the gastrointes-
tinal tract.

Inter-subject Variability

As depicted in the plasma concentration-time profiles
(Fig. 1), considerable inter-subject variability was observed in
the rate and extent of amprenavir absorption. Looking at the
individual concentration-time profiles, the variability in the
absorption rate can be related to the gastrointestinal behavior
of fosamprenavir. Figure 4 illustrates that the time to reach the
maximum plasma concentration of amprenavir is related to
the time to reach the maximum duodenal concentration of
fosamprenavir. This indicates that the duodenal appearance of
fosamprenavir is a major rate-determining step in the absorption
of amprenavir. As the duodenal appearance of fosamprenavir
depends on tablet disintegration, dissolution and gastric
emptying, these processes are likely to have a large impact
on the rate of amprenavir absorption. In addition to a food-
induced effect, variability in disintegration and dissolution
may be related to differences in gastric hydrodynamics. For
instance, the intragastric location of tablets has been reported
to affect drug absorption (14).

Figure 4 illustrates that inter-subject variability in the
rate of amprenavir absorption could partly be related to the
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Table I. Parameters of the Gastrointestinal Concentration-time Profiles After Intake of the Fosamprenavir Formulation

Fosamprenavir Amprenavira

Stomach Duodenum Duodenum

tmax (min) Fasted 43 T 15 53 T 29 66 T 25

Fed 178 T 40b 165 T 44b 214 T 41b

Cmax (mM) Fasted 4 T 2 2.7 T 0.5 0.10 T 0.04

Fed 2 T 1b 2.0 T 0.4 0.06 T 0.03

AUC0–4h (mMImin) Fasted 275 T 102 255 T 48 10 T 5

Fed 141 T 118b 171 T 56 4 T 2

Results are expressed as mean T sd (n = 5, except for the duodenal profiles in the fed state where n = 4).
a Due to limited amprenavir levels in the stomach, no parameters were calculated for these profiles.
b Significantly different (p < 0.05) from the corresponding result obtained in the fasted state.
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intraluminal behavior. In an attempt to further explain
variability in the plasma concentration-time profiles, the
relation between the extent of amprenavir absorption
(plasma Cmax, AUC) and intraluminal drug concentrations
was investigated. However, no significant relation could be
observed. As amprenavir is a substrate of cytochrome P450
[mainly CYP3A4 (15)], variability in the extent of absorption
might be attributed to inter-individual differences in intesti-
nal and hepatic first-pass metabolism; however, the charac-
terization of first-pass extraction was beyond the scope of the
present study.

Delayed Gastric Dissolution of Fosamprenavir
in Fed Conditions

From the above mentioned results, it is obvious that the
delayed absorption of amprenavir in the fed state, as
reflected in the plasma concentration-time profiles (Fig. 1),
corresponds to the effect of food on the appearance of
fosamprenavir and amprenavir in the small intestine (Figs. 2b
and 3b). The gastric concentration-time profiles (Fig. 2a)
clearly indicate that this is not simply the result of delayed
gastric emptying, but rather of delayed gastric dissolution of
fosamprenavir in the fed state.

The delayed gastric dissolution of fosamprenavir may be
attributed to altered gastric conditions in the fed state. For
instance, it has been reported that the solubility of the
calcium salt of fosamprenavir decreases with increasing pH
(9), which implies the necessity of a rather acidic environ-
ment for dissolution of fosamprenavir calcium. This has
previously been related to the slow and limited absorption
of amprenavir from fosamprenavir calcium in dogs, as the
gastric pH in dogs can go up to 7 in the fasted state (9). Also
the decreased plasma exposure to amprenavir upon co-
administration of fosamprenavir with the histamine H2 recep-
tor antagonist ranitidine, might be attributed to an increased
gastric pH (16). In the present study, the gastric pH increased
significantly (up to 6.4) after intake of the nutritional drink
(pH 6.7), as can be seen in Fig. 5a. In about 2 h, the normal
gastric pH was restored. To investigate the role of the gastric
pH on the observed in vivo behavior of fosamprenavir, the

dissolution of fosamprenavir from its tablet formulation was
determined in vitro in media at pH 1.2 (USP SGF, simulating
the fasted state) or pH 6.7 (phosphate buffer and nutritional
drink, simulating initial conditions in the fed state). In ad-
dition, the equilibrium solubility of fosamprenavir calcium was
determined in these media. At pH 1.2, dissolution was rela-
tively fast and almost complete within 60 min (Fig. 6). In
phosphate buffer at pH 6.7, a plateau level of about 60%
dissolved drug was reached, consistent with the lower solubil-
ity of fosamprenavir calcium at increased pH (2.2 T 0.1 mM in
phosphate buffer versus 13.0 T 0.1 mM in SGF). In the
nutritional drink, however, dissolution of fosamprenavir was
almost negligible, despite an increased solubility (5.1T 0.6 mM)
compared to phosphate buffer.

The results of the in vitro dissolution tests clearly
indicate that, even though dissolution of fosamprenavir is
affected by the pH, the observed food-induced delay in
gastric dissolution in vivo can not be solely attributed to the
increased gastric pH in fed conditions. Tablet disintegration
should also be taken into account: visual inspection at the
end of the in vitro dissolution experiment in nutritional drink
showed that the fosamprenavir tablet was largely intact. The
impaired disintegration of the fosamprenavir tablet in
nutritional drink was not associated with the pH (6.7) or
osmolarity (890 mOsm/l) of this medium: disintegration was
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not affected in aqueous buffers of similar pH (Fig. 6) or
osmolarity (data not shown). Abrahamsson et al. reported
delayed disintegration of standard immediate release tablets
in a nutritional drink in vitro and in dogs (17). This was
attributed to the formation of a film of precipitated food
components (mainly proteins) around the tablets, slowing
down the water penetration into the tablet and preventing
particles to leave the tablet. A similar phenomenon may
explain the observed food-induced delay of gastric dissolu-
tion of fosamprenavir.

In contrast to well-established food effects, including
non-specific increase of gastric residence time, solubilization
and interactions with transport carriers and metabolizing
enzymes, a food-induced delay of the disintegration of
immediate release tablets is in general not considered during
formulation development and evaluation, or bioequivalence
assessment (e.g. granting biowaivers). However, the simulta-
neous assessment of gastric and plasma drug concentrations
in the present study supports the potential impact of this
effect on drug absorption. Delayed tablet disintegration may
result in postponed drug dissolution, gastric emptying and
finally drug absorption in fed conditions. These effects are
unexpected for immediate release dosage forms. Therefore, it
would be interesting to further explore the precise role of the
tablet composition as well as the composition and form of
food (e.g. nutritional drinks versus classic meals) in food
effects on tablet disintegration.

Intestinal pH and Inorganic Phosphate Concentration

Intestinal dephosphorylation of a phosphate ester pro-
drug to its parent drug is a prerequisite for absorption.
Previous in vitro studies in buffer medium and intestinal
fluids showed that the rate of fosamprenavir dephosphoryla-
tion by intestinal alkaline phosphatase is reduced by decreas-
ing pH and increasing inorganic phosphate concentration
(12). Both variables are affected by the intake of food.
Therefore, both pH and inorganic phosphate concentration
of the aspirated intestinal fluid samples were determined in
the present study.

The intestinal pH tended to be slightly reduced for up to
2.5 h upon intake of the nutritional drink (Fig. 5b). However,
as the reduction in intestinal pH was limited, no significant
effect on the dephosphorylation of fosamprenavir is expected.

The duodenal inorganic phosphate concentration was
significantly increased (up to 7-fold) in fed conditions (Fig. 7),
which is most likely attributed to the high level of inorganic
phosphate in the nutritional drink (32 mM). A similar increase
in inorganic phosphate resulted in a 2–4-fold reduction of
fosamprenavir dephosphorylation in vitro (12). In the present
study, however, the plasma and intestinal concentration-time
profiles of amprenavir (Figs. 1 and 3b) did not indicate a
significant reduction of amprenavir formation in the presence
of high phosphate concentrations. This can be explained by
the fact that maximum inorganic phosphate concentrations
are reached during the first 2 h after food intake, when
the amount of fosamprenavir in the intestine is limited due
to delayed gastric dissolution (see above).

CONCLUSION

In the present study, the gastrointestinal behavior of
fosamprenavir was investigated in the fasted and fed state by
monitoring gastric and duodenal (fos)amprenavir concentra-
tions after oral administration of fosamprenavir in man. For
the first time, intraluminal concentrations were determined in
parallel to plasma concentrations. This approach allowed
relating the food-induced delay of amprenavir absorption, as
observed in the plasma concentration-time profiles, to
postponed dissolution of fosamprenavir in the fed state. The
slower dissolution may be attributed to delayed tablet
disintegration. The potential impact of a food-induced delay
in disintegration of immediate release tablets requires further
research. In addition, inter-subject variability in the rate of
amprenavir absorption could be partly related to the var-
iations in the rate of duodenal fosamprenavir appearance.
Hence, the present study illustrates that the simultaneous
assessment of intraluminal and plasma drug concentrations
may increase insight in the impact of gastrointestinal drug
behavior on absorption.
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containing 700 mg fosamprenavir in USP SGF (pH 1.2, open circle),
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