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Saquinavir is a selective HIV protease inhibitor with
limited systemic bioavailability (4% for the hard gelatin
capsule (Invirase®), and about 12% for the soft gelatin
capsule (Fortovase®) [1]) as a result of extensive phase
I metabolism by CYP3A in the gut and liver. Moreover,
saquinavir bioavailability is characterized by substantial
interindividual variability [2], a feature which is com-
mon to other CYP3A substrates [3] and which could
only be partly explained by drug interactions with
inducers and/or inhibitors of CYP3A4 or by disease
[4-6]. Unlike other CYP enzymes (e.g. CYP2D6,
CYP2C19), there is no evidence for a CYP3A4 null
allele. However, polymorphically expressed CYP3AS5
might account for some of the pharmacokinetic variabil-
ity seen with CYP3A substrates [7], because many of
them are also substrates of CYP3AS as well as CYP3A4
[8]. If expressed, CYP3AS is present mainly in the gut
and contributes to only a minor extent to hepatic drug
metabolism [9]. Hence, CYP3AS5 might be expected to
modulate the bioavailability and metabolism of its sub-
strates, whereas systemic clearance would not be
affected to any extent. This hypothesis is supported by
the recent finding of a significantly higher oral clearance
(CL/F) of the protease inhibitor indinavir in patients
expressing CYP3AS [10], which may be due to a larger
systemic clearance (CL), a decreased bioavailability (F)
or by a combination of both.

During the course of two different drug interaction
studies we have characterized the plasma and urine
pharmacokinetics of saquinavir and the urine pharma-
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cokinetics of its hydroxylated metabolites after admin-
istration of Invirase® to 7 [5] and Fortovase® to
12 healthy individuals, respectively [6]. The concentra-
tions of parent compound and metabolites were deter-
mined by LC/MS/MS [11] and because of their identical
mass, the concentrations of the two hydroxy metabolites
are reported as the sum of M2 and M3. The ratios of the
area of saquinavir to M2 and M3 were calculated assum-
ing identical MS responses and recovery based on the
close structural similarities of parent compound and
metabolites [12]. Both studies were approved by the
Ethics Committee of the Medical Faculty of Heidelberg
and all participants gave written informed consent,
including consent for the analysis of genetic variants of
drug metabolizing enzymes. To evaluate the potential
role of CYP3AS in saquinavir pharmacokinetics, we
determined a newly described CYP3AS5 polymorphism
(A6986G in intron 3 of the CYP3A5 gene, CYP3A5*3
allele), which is associated with the production of an
inoperable truncated protein [13]. Genotyping was per-
formed by direct sequencing of purified PCR products
(20 ng) containing the polymorphic region using the
dideoxy chain termination method (DYEnamic ET Kit,
Amersham Biosciences, Freiburg, Germany) on a
MegaBACES00 sequencer (Amersham Biosciences,
Freiburg, Germany).

Fourteen participants were homozygote carriers of the
CYP3A5*3 allele (lacking functional CYP3AS), and five
participants (four given Invirase®) were heterozygous for
the CYP3A5*] allele (expressing functional CYP3AS).
There was no correlation between the CYP3A5%3 poly-
morphism and the plasma pharmacokinetics (#,.cs Craxs
AUC, t,,,) of saquinavir, but we found a statistically
significant (P =0.01, Mann—Whitney U-test) associa-
tion with the 24 h urinary metabolic ratio of saquinavir
to its hydroxy metabolites M2 and M3 (Figure 1). The
mean (95% CI) metabolic ratio in individuals with active
CYP3AS was 41.6 (19.4, 63.8) and 96.5 (76.1, 117) in
individuals deficient of functional CYP3AS5.

Our findings indicate that saquinavir is substantially
metabolized by CYP3AS5 in humans expressing a func-
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Figure 1

Association of the A6986G polymorphism of CYP3A5 (CYP3A5*3) with
the metabolic ratio of saquinavir to its M2 and M3 hydroxymetabolites in
urine. Data are shown as mean (x 95%Cl) and individual metabolic ratios
(O: participants receiving Invirase®; A: participants receiving Fortovase®)

tional enzyme, but that other enzymes are also involved.
In accordance with its preferential expression in the gut,
the absence of CYP3AS had no significant influence on
the elimination half-life of saquinavir. Because bioavail-
ability differences between Invirase® and Fortovase® are
substantial, and only one individual expressed CYP3AS
in the Fortovase® group, these data lack the power to
assess the influence of the polymorphism on bioavail-
ability. To this end a larger population should be inves-
tigated and should include sufficient numbers of
subjects who do and do not express CYP3AS.
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