
Assessment of potential drug
interactions by
characterization of human
drug metabolism pathways
using non-invasive bile
sampling
Jackie C. Bloomer,1 Mike Nash,1 Alison Webb,1 Bruce E. Miller,2

Aili L. Lazaar,2 Claire Beaumont1 & William J. Guiney1

1DMPK, GlaxoSmithKline R&D, Ware, UK and 2Respiratory Therapy Area, GlaxoSmithKline R&D, King of

Prussia, PA, USA

Correspondence
Ms Jackie C. Bloomer, DMPK,
GlaxoSmithKline R&D, Park Road, Ware,
Hertfordshire, SG12 0DP, UK.
Tel.: +44 1920 883695
Fax: +44 1920 884374
E-mail: jackie.c.bloomer@gsk.com
-----------------------------------------------------------------------

Key words
glucuronidation, non-invasive bile
sampling, victim drug interactions
-----------------------------------------------------------------------

Received
19 December 2011

Accepted
15 May 2012

Accepted Article
Published Online
1 June 2012

AIM
Characterization of the biliary disposition of GSK1325756, using a non-invasive
bile sampling technique and spectrometric analyses, to inform the major routes
of metabolic elimination and to enable an assessment of victim drug interaction
risk.

METHOD
Sixteen healthy, elderly subjects underwent non-invasive bile capture using a
peroral string device (Entero-Test®) prior to and following a single oral dose of
GSK1325756 (100 mg). The device was swallowed by each subject and once the
weighted string was judged to have reached the duodenum, gallbladder
contraction was stimulated in order to release bile. The string was then retrieved
via the mouth and bile samples were analyzed for drug-related material using
spectrometric and spectroscopic techniques following solvent extraction.

RESULTS
Nuclear magnetic resonance spectroscopy (NMR) indicated that the
O-glucuronide metabolite was the major metabolite of GSK1325756,
representing approximately 80% of drug-related material in bile. As bile is the
major clearance route for GSK1325756 (only 4% of the administered dose was
excreted in human urine), this result indicates that uridine
5’-diphospho-glucuronosyltransferases (UGTs) are the major drug metabolizing
enzymes responsible for drug clearance. The relatively minor contribution made
by oxidative routes reduces the concern of CYP-mediated victim drug
interactions.

CONCLUSION
The results from this study demonstrate the utility of deploying the
Entero-Test® in early human studies to provide information on the biliary
disposition of drugs and their metabolites. This technique can be readily applied
in early clinical development studies to provide information on the risk of
interactions for drugs that are metabolized and eliminated in bile.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Inhibition of a drug clearance mechanism by another

co-administered drug can result in a victim drug
interaction. Understanding the enzymes and
transporters involved in the clearance of a drug,
generally derived from in vitro systems, can help inform
the drug interaction risk.

• Knowledge of the drug and metabolite excretion
profiles is required in human subjects to put
mechanistic enzyme and transporter information into
clinical context and this is generally limited to
metabolic investigations of urine and faeces following a
dose of radiolabelled drug during late clinical
development.

WHAT DOES THIS STUDY ADD?
• This clinical study demonstrates that human bile

samples collected for drug and metabolite analysis can
be used to inform the risk of victim drug interactions
for drugs in early clinical development.

• Using non-invasive bile sampling technology the biliary
disposition of GSK1325756, a drug being developed for
the treatment of chronic obstructive pulmonary disease
(COPD), was evaluated in healthy elderly subjects. This
showed that an O-glucuronide was the major
metabolite in bile, confirming that clearance of
GSK1325756 is mediated predominately by UGT
enzymes.

• The relatively low levels of oxidative metabolites in
human bile indicate a lesser contribution of CYP
enzymes to the elimination of GSK1325756. The risk of
victim drug interactions with co-medications in COPD
patients is therefore low, thus facilitating recruitment in
forthcoming clinical trials.
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Introduction

Biliary secretion is often a major route of elimination of
drugs and their metabolites from the body. Knowledge of
the biliary disposition of a drug is essential to understand-
ing the relative importance of different routes of metabo-
lism and their relationship to overall clearance [1]. As the
clearance of a drug can be modulated by co-administered
therapies resulting in clinically significant drug interac-
tions, understanding the drug-related material in bile can
help to assess this risk [2].

There is a wealth of published information illustrating
how drug interactions can be attributed to modulation of
the clearance mechanism of drugs. The most significant
drug interactions in terms of both magnitude and clinical
impact are mediated by the cytochrome P450 enzymes
(CYPs), i.e. when CYP mediated pathways of metabolism
are inhibited by the co-administration of a CYP inhibitor
resulting in elevated concentrations of circulating victim
drug which may be associated with adverse drug reactions
[3].

The risk of victim drug interactions can be inferred by
combining a mechanistic understanding of the enzymes
and transporters involved in drug clearance, as determined
by in vitro studies, with knowledge of the relative propor-
tion of drug and metabolites excreted in human urine and
faeces. Where biliary elimination is a significant route of
drug clearance, understanding the composition of drug-
related material in the bile is essential to understanding
the risk of a victim drug interaction. However, since collec-
tion of bile from human subjects is generally recognized to
be a complex and invasive process,biliary disposition infor-
mation is rarely available.

The drug under investigation (GSK1325756, molecular
weight 441, partition coefficient [log P] 3.9, see Figure 1) in
the current study is intended for the maintenance treat-
ment of chronic obstructive pulmonary disease (COPD).
Many COPD patients are elderly and are frequently
exposed to many other concomitant medications includ-
ing some known to cause clinically relevant drug interac-
tions by inhibiting drug metabolizing enzymes and
transporters. An understanding of the risks of drug inter-
actions is therefore important in the medical management
of COPD patients. An analysis of co-medications has been
conducted in the GSK-funded ECLIPSE study (Evaluation of
COPD Longitudinally to Identify Predictive Surrogate End-
points [4]) which had over 2000 enroled COPD patients
and captured patient-reported medication use. This analy-
sis confirmed that CYP3A4 inhibitors are of most concern
in this patient population. For example at the time of
screening for the study 9% and 6% of patients reported
using the CYP3A4 inhibitors, atorvastatin and amlodipine,
respectively. Diltiazem and verapamil have been shown to
result in the greatest drug interaction due to CYP3A4 inhi-
bition, where an increased plasma exposure of approxi-
mately 5-fold has been observed for CYP3A4 metabolized

drugs like simvastatin [5, 6]. Understanding the enzymes
involved in the metabolic clearance of GSK1325756 is
therefore critical to assess the risk of victim drug interac-
tions with co-administered CYP inhibitors.

Preclinical excretion and metabolism studies (unpub-
lished data) in the rat indicated that bile is a major
elimination route for GSK1325756. In rat bile and urine
the major components were parent drug and the
O-glucuronidated metabolite (M11, see Figure 1). The
metabolism pathways were well predicted using in vitro
methodologies in this species i.e. O-glucuronidation was
also identified as a major metabolite in rat hepatocytes.
The contribution of drug transporters to the elimination of
GSK1325756 and its metabolites is currently unknown.
Although O-glucuronidation was considered a likely
pathway of metabolism in humans, the turnover in human
hepatocytes was too low to substantiate this. Furthermore,
other human data [unpublished] indicated a potential for
oxidative metabolism as GSK1325756 was metabolically
unstable when incubated with CYP1A2, 2C9, 2D6 and 3A4
recombinant enzymes and the only observed drug-related
material in human blood (in addition to unchanged
parent drug) was an oxidative metabolite i.e. there was no
evidence of the O-glucuronide metabolite. In human
urine, parent drug represented approximately 50%
observed drug-related material and the predominant
metabolite was the O-glucuronide (M11), which repre-
sented approximately 30% of observed drug-related
material, with the remaining drug-related material consist-
ing of oxidative metabolites. However, as the total drug-
related material in urine accounted for merely 4% of the
total administered dose, only a small proportion of the
total elimination of GSK1325756 was understood, there-
fore prompting this investigation of biliary elimination in
human subjects.

A simple method for the collection of duodenal bile
in human subjects has been previously reported by Guiney
et al. [7] and has demonstrated that the Entero-Test®, a
commercially available device, could be used reliably to
collect human duodenal bile in order to determine
metabolites of the lipid lowering drug simvastatin. The
work described herein demonstrates a further application
of the Entero-Test® technique to aid the assessment of
victim drug interaction risk by characterization of the
biliary disposition of GSK1325756.

Methods

Materials
Entero-Test® devices (adult version, 140 cm) were pur-
chased from HDC Corporation (Milpitas, USA). GSK1325756
(N-[4-chloro-2-hydroxy-3-(3-piperidinylsulfonyl)phenyl]-
N’-(3-fluoro-2-methylphenyl)urea) was synthesized in
GlaxoSmithKline, Stevenage, UK. High performance liquid
chromatography (HPLC) grade acetonitrile and acetic acid
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were obtained from Fisher Scientific (Loughborough, UK).
Analytical grade ammonium acetate was purchased from
BDH (Poole, UK). Formic acid was purchased from Sigma-
Aldrich (Gillingham, UK). De-ionized water was generated
in the laboratory using a Millipore Mill-Q water filter unit
(Molsheim, France). Deuterium oxide was purchased from
GOSS Scientific Ltd (Essex, UK).

Entero-Test® procedure
The Entero-Test® is a commercially available diagnostic
tool consisting of a gelatin capsule containing 140 cm of a
highly absorbent nylon string which is capable of absorb-
ing approximately 15 ml of fluid per 1 cm of line. The
capsule is swallowed and one end of the string is taped to
the corner of the mouth. The capsule dissolves in the
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Figure 1
Structure of GSK1325756 and metabolites identified in human bile captured using the Entero-Test®. Percentage of observed drug related material in pooled
bile shown in parenthesis (estimated by semi-quantitative NMR)
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stomach and the string, which is weighted at its distal end
is allowed to pass into the duodenum over a period of 3.5
to 4 h, as recommended by the device manufacturer. Fol-
lowing a period of approximately 5 h, the string and any
adsorbed gastro-intestinal fluid is withdrawn through the
mouth. During withdrawal the small steel weight which is
attached to the distal end of the string detaches once it
encounters resistance at the pyloric sphincter and is elimi-
nated in the stool.

Study design
The results reported here were from a study designed to
assess the pharmacokinetics and pharmacodynamics of
GSK1325756 (100 mg twice daily) in healthy male and
female volunteers (registered at http://www.clinicaltrials.
gov, Id NCT01267006, GSK study number CX3114922). Only
the elderly cohort was administered the Entero-Test® and
therefore the results in this report are from these volun-
teers only. The clinical study was conducted at Hammer-
smith Medicines Research Ltd, London, UK in accordance
with Good Clinical Practice and the principles of the Dec-
laration of Helsinki. The protocol was reviewed and
approved by the Edinburgh Independent Ethics Commit-
tee for Medical Research (Edinburgh, Scotland, UK).Written
informed consent was obtained from all subjects prior to
any protocol-specific procedures. A total of sixteen sub-
jects (eight males and eight females) with an age range of
65–80 years participated in this study.

The subjects were admitted to the study unit on the
evening prior to dosing and each subject swallowed an
Entero-Test® capsule with the proximal string taped to the
face. Ingestion was assisted by drinking approximately
200 ml water. The subjects retired to bed with the devices
left in situ in order to facilitate overnight collection of
control bile. The following morning (approximately 12 h

later) the Entero-Test® string was withdrawn through the
mouth and processed as described below (see Sample
processing). The purpose of this sample was to provide a
baseline bile sample in the absence of any administered
drug. Each subject was subsequently dosed with a single
oral administration of GSK1325756 (100 mg tablet) with
240 ml water within 30 min following a light breakfast.Two
hours post dosing, when the oral dose was judged to have
transitioned from the stomach to the duodenum, each
subject swallowed a second Entero-Test® as described
above and was permitted up to 500 ml water over the
subsequent period prior to string removal. Four hours later
each subject was given a food stimulus (a sausage sand-
wich) in order to stimulate bile release from the gallblad-
der. One hour later, the strings were withdrawn from each
subject and processed as described below (see Sample
processing). The timings (summarized in Figure 2) were
designed to ensure sufficient time for transit of the string
from the stomach into the duodenum and adequate expo-
sure to released bile, prior to withdrawal.

Sample processing
Following removal from each subject, all Entero-Test®
strings (pre and post dose) were placed immediately into
individually labelled 50 ml Falcon tubes. A record was
made of those strings which had obvious bile staining and
those which had little or no obvious colouration. The
strings were frozen over solid carbon dioxide and then
stored at -80°C until use. On the day of processing, the
strings were allowed to defrost at room temperature. Each
bile-soaked string was individually placed into the barrel of
a 10 ml hypodermic plastic syringe before the plunger was
reinserted and hand pressure applied in order to squeeze
the sample from the string into a labelled glass vial.
Acetonitrile (approximately 2 ml) was drawn into the

ET swallowed

Dose 1

ET swallowed

‘Light lunch’ food
stimulus to prompt

gallbladder emptying

Fasted state (water allowed) Time

19.00 7.00 8.00 10.00 14.0015.00 20.00

ET removed 7 hr post dose, capturing bile sample

Dose 2

Samples snap frozen and transferred
for processing and analysis

ET removed
capturing
control bile
sample

Meal eaten 30 min
prior to dose 1

Figure 2
Time and events schedule for collection of Entero-Test® samples in the GSK1325756 clinical study. ET, enterotest
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syringe containing the string which was then agitated by
hand before being eluted into the glass vial as above. The
sample was eluted with two further washes of acetonitrile.
The final string wash was used to rinse the appropriate
50 ml Falcon tube which had originally contained the
string before being combined with the other washes.

The extracted samples were concentrated to near
dryness using a Genevac DD4-X solvent evaporator
(Genevac, Ipswich, Suffolk, UK) at 37°C. The concentrated
extracts were individually reconstituted to a volume of
1 ml with 0.2 M ammonium acetate. Aliquots (approxi-
mately 75 ml) were taken for individual analysis by ultra
performance liquid chromatography-mass spectrometry
(UPLC-MS) to compare qualitative (due to the lack of avail-
able authentic standards) metabolite profiles across the
subjects. Quantitative information was obtained using the
remaining extracts from strings with obvious bile staining
(approximately 900 ml) which were pooled for fractiona-
tion by preparative HPLC prior to analysis by nuclear mag-
netic resonance spectroscopy (NMR). An aliquot of pooled
bile (approximately 75 ml) was also taken for analysis by
UPLC-MS to aid with identification of the metabolites.

In addition, control (pre dose) bile samples collected
from each subject were processed as per the post dose
samples, pooled and analyzed by UPLC-MS to assist with
discrimination of drug-related material from endogenous
components in the bile.

UPLC-mass spectrometry analysis
UPLC separation was carried out on a Thermo Accela LC
system (Thermo Scientific, San Jose, CA, USA) using an
Acquity BEH C18 column (100 ¥ 2.1 mm, 1.7 mm; Waters,
Milford, USA). The column temperature was maintained at
40°C. The mobile phase consisted of 20 mM ammonium
acetate adjusted to pH 3.0 with 10% formic acid (solvent A)
and acetonitrile (solvent B). This was delivered at a con-
stant flow of 0.3 ml min-1 with an initial gradient of 5% B
increasing linearly to 20% B over 1 min followed by a linear
increase to 50% B over the next 10 min, then a linear
increase to 95% B over 1.5 min. Injections of individual and
pooled bile samples (10 ml) together with an appropriate
control sample were made.

The UPLC was coupled to a Thermo Accela photodiode
array detector (Thermo Scientific, San Jose, CA, USA) and a
Thermo LTQ Orbitrap XL (Thermo Scientific, San Jose, CA,
USA) mass spectrometer controlled with XcaliburTM version
2.07 software (Thermo Scientific, San Jose, CA, USA) with
electrospray ionization in positive and negative ionization
modes. Capillary voltages of 12 and -42 V (positive and
negative ion), respectively, normalized collision energies of
20 eV, and source and HESI probe temperatures of 275°C
and 150°C, respectively, were employed. Orbitrap mass
resolution was set at 15000. A combination of accurate
mass and MS/MS data on the molecular ions was used for
structural identification of individual metabolites. Peak
areas for metabolites of interest were automatically gener-

ated on the relevant ion traces using XcaliburTM integration
tools in order to give an estimate of the relative propor-
tions of metabolite to parent drug across the individual
samples.

Preparative HPLC
The pooled bile extract (approximately 5 ml) was sepa-
rated by preparative HPLC using an Agilent series 1100
Preparative-LC system (Waldbronn, Germany). Separations
were carried out on an Xbridge Prep-Phenyl HPLC column
(250 ¥ 10 mm i.d., Waters, Manchester, UK) at ambient
temperature with a mobile phase of 20 mM ammonium
acetate adjusted to pH 3.0 with formic acid (solvent A) and
acetonitrile (solvent B) at a constant flow rate of 4 ml min-1

with an initial gradient of 5% B increasing linearly to 20% B
at 4 min. This then increased linearly to 50% B at 35 min,
and finally increasing linearly to 95% B at 37 min. The gra-
dient was held at 95% B for a further 8 min before return-
ing to initial conditions. HPLC eluent was collected into
fractions, in a time-slice mode, into two 96 deep well plates
using a frequency of 15 s per fraction. This resulted in 204
fractions, each containing 1 ml of column eluent.The HPLC
flow was split 100:1 into a Micromass ZQ mass spectrom-
eter (Waters, Manchester, UK) fitted with an electrospray
source operated in both positive and negative ionization
modes. System control was mediated through MassLynx™
and FractionLynx™ (Waters, Milford, USA). The fractions
were taken to dryness under nitrogen at 37°C within the 96
deep well plates using a Micro DS96 dry down station
(Porvair Scientific Ltd, Shepperton, UK) and then reconsti-
tuted in approximately 0.6 ml of deuterium oxide : ac-
etonitrile (1:1) before being transferred to 5 mm NMR
tubes.

Nuclear magnetic resonance spectroscopy
NMR spectroscopy was performed on all 204 fractions
using a Bruker AVII+ spectrometer equipped with an
inverse 5 mm TFI CryoProbe™ (1H/13C/19F) operating at
564.89 MHz (for 19F) under the control of TopSpin version
2.1 (Bruker, Rheinstetten, Germany). 19F NMR spectra were
acquired using a standard 19F proton decoupled pulse
sequence. In these experiments, 256 transients were
acquired into 128 K data points over a spectral width of
113636 Hz (201 ppm) with an inter-scan delay of 2 s giving
a pulse repetition time of 2.6 s. 1H NMR spectra were
acquired using a standard NOESY presaturation pulse
sequence for solvent suppression with time shared double
pre-saturation of the water and acetonitrile frequencies. In
these experiments, 256 transients were acquired into 48 K
data points over a spectral width of 12019 Hz (20 ppm)
with an inter-scan delay of 3 s giving a pulse repetition
time of 5 s. Prior to Fourier transformation, an exponential
line broadening function of 1.0 Hz was applied to each
spectrum to improve the signal to noise ratio. Appropriate
peaks in the 19F NMR spectra were quantified using the
signal integration feature of TopSpin 2.1 software.
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Results

Identification of metabolites
All sixteen elderly subjects underwent the bile sampling
procedure twice,before and after dosing with GSK1325756.
Based on colour assessment by visual inspection, nine out
of the sixteen post dose Entero-Test® strings appeared to
be soaked in duodenal bile. No observed drug-related
material (oDRM) was detected by UPLC-MS on the strings
that were not soaked in bile. Thirteen successful sampling
occasions were noted for the pre-dose bile collection.

In the bile samples, a total of 13 metabolites were
detected by UPLC-MS comprising oxidations, cyclizations
and glucuronide conjugations of GSK1325756. 1H NMR
data, accurate mass MS of the molecular ions and/or
MS/MS data were used for definitive structural assignment
of individual metabolites. For other metabolites, compari-
son of retention time, MS and MS/MS data with those
metabolites previously reported for human blood and
urine were used (unpublished data). No significant qualita-
tive differences in metabolite profiles were observed by
MS for individual bile strings which contained drug-related
material.

Six drug-related components (shown in Figure 1) were
detected by 19F NMR: GSK1325756 (P), M7 formed by dechlo-
rination, cyclization and O-glucuronidation, a piperidinone
O-glucuronide conjugate (M10), an O-glucuronide conjugate
of GSK1325756 (M11), hydroxymethyl GSK1325756 (M14)
and M16 formed by oxidation and glucuronidation. Several
additional minor metabolites were detected by MS only and
are not discussed in this manuscript as the remit of these
investigations was to determine the major metabolites
excreted in bile. The summed reconstructed ion chromato-
grams for GSK1325756 and the five major metabolites in
pooled bile extract is shown in Figure 3 together with the
pre dose bile for comparison.

Quantitative evaluation of major metabolites
Relative concentrations of the major metabolites in the
pooled bile sample were estimated from the 19F NMR data
by integration of the 19F signal using similar methodology
to that described by Dear et al. [8]. The quantification limit
by 19F NMR for an individual component was approxi-
mately 1% of total drug-related material which corre-
sponded to approximately 100 ng of material.
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Reconstructed ion chromatograms for major human metabolites in (A) pooled bile from humans dosed orally with GSK1325756 at 100 mg and (B) pre dose
pooled bile
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The O-glucuronide conjugate (M11) was the major
metabolite accounting for approximately 80% of the total
observed drug-related material detected by NMR. The
metabolite formed by oxidation to a piperidinone and
O-glucuronidation (M10) accounted for approximately 6%
oDRM. The remainder of oDRM was made up of
unchanged parent drug, M14, M16 and M7 which individu-
ally contributed approximately 6%, 5%, 3% and 2% oDRM,
respectively.

Safety and tolerability of the Entero-Test®
The procedure was very well tolerated in healthy elderly
volunteers and no adverse events associated with the use
of the Entero-Test® device were reported.

Discussion

Drug–drug interactions (DDIs) are an important considera-
tion in the discovery, development and clinical use of new
pharmaceuticals as there are several historical examples of
serious harm leading to withdrawal from the market
resulting from DDIs caused by inhibition of metabolic
clearance (mibefradil [9] and terfenadine [10]). Under-
standing the clinical risk associated with drug interactions
is therefore essential when developing new therapeutic
agents in order to aid internal decision making and under-
stand the potential impact on clinical safety in a target
patient population. Ideally a drug should have minimal
interaction liability as a victim otherwise a wide therapeu-
tic index is required to minimize any clinical consequence
of increasing drug concentrations. There is also a regula-
tory requirement to understand drug interaction risks and
the FDA [11] and EMA [12] recommend that the underlying
mechanisms for drug interactions are explored in advance
of drug registration. Both regulatory agencies request an
understanding of the enzymes involved in metabolic path-
ways contributing to >25% of a drug’s elimination.

A large number of drug interactions have been attrib-
uted to the inhibition of CYPs which play a significant role
in oxidative drug metabolism. In the CYP superfamily, the
CYP3A4 enzyme is responsible for the metabolism of circa
50% of therapeutic drugs and is most frequently impli-
cated in clinical DDIs [13]. Co-administration of a CYP3A4
inhibitor (perpetrator) with a drug whose clearance routes
are predominately mediated by CYP3A4 can result in
elevated and potentially toxic concentrations of the
victim drug [14]. In comparison, drugs that are predomi-
nately metabolized by direct conjugation, for example
glucuronidation (mediated by uridine 5’-diphospho-
glucuronosyltransferase enzymes, UGT), are less sensitive
to drug interactions. This can be attributed to the low
affinity of substrates to UGT enzymes, the involvement of
multiple UGT enzymes with over-lapping specificities and
the limited potency of UGT inhibitors [15, 16]. Williams
et al. [16] report that the exposure increases of a glucuro-

nidation substrate rarely exceed 2-fold in the presence of
a UGT inhibitor. This is a small magnitude of change com-
pared with CYP3A4 victim drug interactions which can
result in over 20-fold increases in the plasma concentra-
tion of drugs like midazolam [17].

In vitro methods to understand the major enzymes and
transporters involved in drug elimination are widely imple-
mented. However this information needs to be considered
along with knowledge of the parent drug and metabolites
eliminated in vivo to enable an accurate assessment of the
clinical drug interaction risk [18]. A traditional approach to
this involves dosing radiolabelled drug to humans and col-
lecting urine and faeces to assess the routes of excretion
and identify the major components. Owing to the consid-
erable investment and enabling studies required to
support a human radiolabel study [19, 20], these studies
are often conducted too late in clinical development to
impact on the co-medication strategy. Also bile is typically
not collected in these studies thereby missing a potential
key route of drug elimination [7]. Biliary elimination can
sometimes be inferred by the drug-related material in
faeces. However investigating this latter matrix is often
technically challenging and may provide misleading infor-
mation, e.g. for drugs that are poorly absorbed or those
which undergo biliary secretion as conjugates (e.g. glu-
curonides) which are then subject to hydrolysis by gut
microflora.

The human metabolism data obtained in the current
study with duodenal bile collection, has significantly con-
tributed to the assessment of the drug interaction risk for
GSK1325756. The hypothesis of O-glucuronidation being
the major elimination route (based on in vitro and preclini-
cal data) was supported, as indicated by the metabolite
M11 representing 80% of the observed drug-related
material in bile. Therefore concerns of victim drug interac-
tions are reduced in proposed patient studies. It can be
speculated that CYP enzymes are responsible for the pro-
duction of the oxidative metabolites observed in bile
(<15% oDRM) and in urine (<16% oDRM).This is supported
by the previous data obtained with CYP recombinant
enzymes. However the current data put this oxidative
metabolism into context as a likely minor elimination route
in vivo. Using extrapolation techniques it can be estimated
that contribution of CYP enzymes would need to comprise
more than 50% total drug elimination to result in a 2-fold
increase in drug exposure with a CYP inhibitor [21].

Understanding the relative proportion of metabolism
and direct secretion of parent drug in bile (mediated by
drug transporters [22]) may further mitigate CYP mediated
victim drug interaction risks. This has minimal impact for
GSK1325756 as the proportion of parent drug in bile rep-
resented only 5% observed drug-related material. The
potential for contamination by unabsorbed parent drug
on the bile string should be acknowledged. However the
estimated ratios of metabolite to parent drug in bile were
similar across subjects in this study (data not shown) which
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tends to support biliary secretion of parent drug rather
than contamination by unabsorbed drug. This conclusion
is supported by the observation that parent drug was not
detected on the strings retrieved without a bile sample.
Proving that clearance is predominately via secretion of
unchanged parent drug may help mitigate victim drug
interaction risk for other drugs, for example where
metabolism is mediated primarily by CYP enzymes. Using
the Entero-Test® to collect bile following an intravenous
dose may be one approach to investigate this, i.e. any
drug-related material detected on the string can be
directly linked to biliary secretion of parent drug and/or
metabolites.

The collection of bile samples was successfully con-
ducted in this clinical study in healthy, elderly volunteers.
There were no compliance or adverse events reported
with use of the Entero-Test® device and the presence of
food less than 3 h before administering the Entero-Test®
did not preclude the collection of bile samples in over half
the subjects, neither did food interfere with the analysis of
the bile samples using spectrometric techniques. As
reported previously [7] there appears to be wide variation
in the percentage of gallbladder contraction between
subjects and within an individual which may explain the
differences in successful pre and post bile collection in
this study.

Other potential caveats to the application of the
Entero-Test® technique should be considered. It is unclear
how changes in bile, pancreatic and intestinal flow may
impact on the sample collected and it should be remem-
bered that the bile sample collected represents a snapshot
in time of total biliary output, in this instance 7 h post-
dose. Therefore there is a risk that the metabolic profile
indicated may not represent the complete excretion of
drug via bile. To maximize the metabolic relevance of the
sample observed in this study, the biliary collection time
was optimized to coincide with the approximate half-life of
the drug (i.e. 7 h). It is worth noting that this limitation is
also common to other bile sampling techniques, e.g. duo-
denal intubation.

A further potential complication is the phenomenon of
entero-hepatic recirculation which may impact on the pro-
portion of drug cleared as glucuronide conjugates [23].
Drugs that are conjugated in the liver and secreted into
bile will enter into the intestinal lumen where they may be
hydrolyzed by gut microflora, e.g. b-glucuronidase, before
de-conjugated drug is reabsorbed into the bloodstream
and recycled to the liver. Entero-hepatic recirculation is
eventually terminated by the formation of oxidative
metabolites or by elimination of parent or metabolite in
the faeces or in urine, via the systemic circulation. Taking a
bile sample at any point during this process may partially
interrupt recycling and the biliary composition may not
accurately represent the contribution of a particular
human metabolic pathway in the absence of sampling.
This could be because less drug-related material may be

available for re-conjugation and subsequent biliary secre-
tion or, more significantly, the contribution of oxidative
metabolism may be less due to limited recycling through
the liver.That said, this situation is unlikely to present when
sampling using the Entero-Test® given the very low
volumes of bile that are sampled (�1 ml).

For GSK1325756 the impact of entero-hepatic recircu-
lation in human subjects is thought to be minimal due to
the lack of notable and consistent secondary input peaks
in the plasma concentration–time profiles, which are often
associated with this phenomenon, and the relatively short
apparent half-life of 7 h. Therefore the biliary profiles
obtained in this study (at 7 h post dosing) are likely to be
fairly reflective of the overall contribution of glucuronida-
tion (estimated 80%) to the clearance of GSK1325756 in
man and only major changes in this would alter the assess-
ment of drug interaction risk. It can be estimated that the
observed contribution of oxidative metabolism would
need to increase by >3-fold before any notable impact
on GSK1325756 exposure is observed following
co-administration with a CYP inhibitor [21].

This study has demonstrated that for drugs with high
biliary secretion, the Entero-Test® technique can be used
to obtain bile samples for the evaluation of metabolic
routes of clearance. For GSK1325756, which is predomi-
nately cleared by glucuronidation, this information has
reduced the concern of victim drug interactions with
CYP3A4 inhibitors. These data also prompt further mecha-
nistic investigations of GSK1325756 to understand the
UGT enzymes involved in glucuronidation and the drug
transporters involved in elimination of drug and metabo-
lites. Although further clinical investigations may be a
regulatory expectation for drug registration, this study has
provided confidence to co-administer GSK1325756 with
CYP inhibitors thereby enabling the progression of clinical
trials in a COPD patient population.
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