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AIMS
HM30181 is a third generation P-glycoprotein (P-gp) inhibitor currently under
development. The objectives of this study were to evaluate the effects of a
single dose of HM30181 on the pharmacodynamics and pharmacokinetics of
loperamide, a P-gp substrate, and to compare them with those of quinidine.

METHODS
Eighteen healthy male subjects were administered loperamide alone (period 1)
or with loperamide plus quinidine or HM30181 in period 2 or 3, respectively. In
period 3, subjects randomly received one of three HM30181 doses: 15, 60 or
180 mg. Changes in pupil size, alertness, oxygen saturation and the oral
bioavailability of loperamide were assessed in each period. In addition, the
pharmacokinetics of HM30181 were determined.

RESULTS
Pupil size, alertness and oxygen saturation did not change over time when
loperamide alone or loperamide plus HM30181 was administered while
HM30181 significantly increased the systemic exposure to loperamide, i.e. the
geometric mean ratio (90% confidence interval) of AUC(0,tlast) for loperamide
with and without HM30181 was 1.48 (1.08, 2.02). Co-administered quinidine
significantly increased the systemic exposure to loperamide 2.2-fold (1.53, 3.18),
which also markedly reduced pupil size, resulting in a decrease of 24.7 mm h in
the area under the effect curve of pupil size change from baseline compared
with loperamide alone.

CONCLUSIONS
HM30181 inhibits P-gp mainly in the intestinal endothelium, which can be
beneficial because pan-inhibition of P-gp, particularly in the brain, could lead to
detrimental adverse events. Further studies are warranted to investigate
adequately the dose–exposure relationship of HM30181, along with its duration
of effect.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• The inhibition of P-glycoprotein (P-gp) has

been a target of drug development
programmes.

• Because P-gp is found in many different
tissues, non-specific P-gp inhibition may
cause unexpected adverse effects due to
pan-inhibition of P-gp in unintended tissues
such as the brain.

• HM30181, a third generation P-gp inhibitor
under development, has been shown to
inhibit P-gp in in vitro and animal studies.

WHAT THIS STUDY ADDS
• HM30181 increases the systemic exposure

to loperamide, a P-gp substrate.
• HM30181 appears to act mainly on the P-gp

in the intestinal endothelium, which may
lead to less adverse effects
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Introduction

P-glycoprotein (P-gp) is a trans-membrane efflux protein
that removes xenobiotics from cells by ATP hydrolysis, pro-
tecting the human body from exogenous substances [1].
P-gp exists in various tissues including the intestine, liver,
kidney and brain. P-gp interferes with the absorption of
several drugs into enterocytes, whereas it facilitates drug
excretion from hepatocytes and renal proximal tubular
cells via the bile or urine, respectively. In addition, P-gp in
the brain endothelial cell acts as a blood–brain barrier by
preventing xenobiotics from entering the cerebral tissue.
P-gp is overexpressed in cancer cells, which results in
multidrug resistance [2, 3].

Because P-gp plays an important role in drug absorp-
tion and disposition, inhibition of its function has been a
target of drug development programmes. Compared with
the first and second generations, the third-generation
P-gp inhibitor has been known to be more selective and
less interacting with other transporters, leading to fewer
side effects [4–6]. However, because P-gp is found in many
different tissues in the body, unexpected adverse effects
can still occur due to the unintended inhibition of P-gp
elsewhere, of which, adverse effects in the central nervous
system (CNS) can be serious.

HM30181 (N-(2-(2-(4-(2-(6,7-dimethoxy-3,4-dihydro-
isoquinolin-2(1H)-yl)ethyl)phenyl)-2H-tetrazol-5-yl)-4,5-
dimethoxyphenyl)-4-oxo-4H-chromene-2-carboxamide) is
a third generation P-gp inhibitor currently under develop-
ment to enhance the oral absorption of P-gp substrates. In
an in vitro study, HM30181 showed a high selectivity for
P-gp and its potency was 20–50 times higher than that of
tariquitar, another third generation P-gp inhibitor [7]. In
addition, HM30181 increased the oral bioavailability of
co-administered paclitaxel by >12 times in rats [7].
However, the P-gp inhibitory effect of HM30181 has not
been investigated in humans.

Loperamide is an anti-diarrhoeal agent, which reduces
gut motility by acting on the opiate receptor in the large
intestine [8]. Because loperamide is a sensitive substrate of
P-gp [9], it is pumped out of the gut endothelium and the
brain (i.e. the blood–brain barrier) by P-gp. This is why
loperamide in the blood–brain barrier [10] is not associ-
ated with CNS effects even though it is a potent opioid [9].
Therefore, if the P-gp in the blood–brain barrier is inhib-
ited, the CNS effects of loperamide such as reduced pupil
size and respiratory depression will become apparent.
Loperamide is removed by hepatic metabolism mainly by
CYP3A4 with minor contributions from CYP2C8 [10].

The objectives of the present study were (i) to evaluate
the effects of a single oral dose of HM30181 on the
pharmacodynamics, particularly CNS opioid effects, and
pharmacokinetics of loperamide, which is used as a probe
drug for P-gp and (ii) to compare them with those of qui-
nidine, a well-known P-gp inhibitor. The pharmacokinetic
profiles of HM30181 at various doses were also evaluated.

Methods

Study population
Healthy Korean male volunteers 20–50 years of age with
80–120% of the ideal body weight were enrolled in the
present study if they were without any marked past
medical or medication history, based on physical examina-
tion, vital signs, 12-lead electrocardiogram and clinical
laboratory tests. Subjects with dyscoria, uveitis and cata-
ract were excluded because these conditions might
obstruct or interfere with ophthalmological examination.

Study design
This study was conducted in an open label, fixed sequence,
three treatment, three period, crossover design with a
random assignment to a HM30181 dose in period 3.
Because HM30181 has been known to have a very long
half-life of 75.7–169.3 h after a single oral dose, a fixed
sequence design was used in the present study such that
HM30181 was administered in period 3 [11]. Eligible sub-
jects were admitted to the Clinical Trials Center at Seoul
National University Hospital 1 day prior to each period.
In period 1, subjects received a single oral dose of lope-
ramide at 16 mg. In period 2, a single oral dose of quinidine
at 600 mg was administered, followed by a single oral dose
of loperamide at 16 mg 1 h later. In period 3, subjects ran-
domly received a single oral dose of HM30181 at 15, 60
or 180 mg in a 1:1:1 ratio, with a single oral dose of
loperamide at 16 mg 1 h later. Each period was separated
by a 3 day washout, enough to ensure full clearance of
loperamide given in the previous period [12]. P-gp inhibi-
tion by quinidine and HM30181 was investigated in
periods 2 and 3, respectively, while period 1 was used as
a no treatment control. Quinidine was chosen as a positive
control because it is a proven P-gp inhibitor [13–16].
The effects of P-gp inhibition were assessed using phar-
macodynamic (changes in pupil size, alertness and oxygen
saturation) and pharmacokinetic (oral bioavailability of
loperamide) endpoints. Food or drinks containing caffeine,
grapefruit or alcohol were not permitted throughout
the study. Smoking was not allowed during the study
either.

The Institutional Review Board of Seoul National Uni-
versity Hospital approved the study protocol (IRB No.
H-0711-014-224) and informed consent was obtained
from all subjects prior to study enrolment. All procedures
were performed in accordance with the recommendations
of the Declaration of Helsinki [17]. Furthermore, the study
was conducted in compliance with the current Good Clini-
cal Practices and other applicable laws and regulatory
requirements in South Korea.

Pupil size measurement
Trained study personnel measured horizontal pupil diam-
eter using a photo slit-lamp (FS-3, Nikon, Tokyo, Japan)
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at 0 (i.e. pre-dose), 1, 2, 4, 6, 8, 24 and 48 h after
loperamide administration while keeping the illuminance
in the room constant at 0.09 lux. Before measurement,
≥2 min were allowed for subjects to adapt to the lighting
conditions in the room. To stabilize accommodation, sub-
jects were asked to see a point 100 cm away in front of
them. The average of three measurements, taken 20 s
apart, was regarded as the pupil size at each measure-
ment time. All of the measurements were carried out in
the same eye of each subject. Changes in pupil size from
pre-dose were plotted vs. time after loperamide adminis-
tration, and the area under the effect–time curve (AUEC)
was calculated using the trapezoidal rule. The inter-
and intra-day precisions were 4.6–7.4% and 7.0–16.9%,
respectively.

Alertness measurement
Alertness was measured at 0, 1, 2, 4, 6, 8, 24 and 48 h after
loperamide administration using a visual analogue scale
(VAS). Subjects were asked to indicate the degree of their
alertness level using a scale of 0 (full alertness) to 10
(extreme drowsiness).

Measurement of oxygen saturation
Oxygen saturation was measured in the blood at 0, 1, 2, 4,
6, 8, 24 and 48 h after loperamide administration using a
bedside cardiac monitor (Solar® 8000, GE Healthcare, Little
Chalfont, Buckinghamshire, UK).

Phamacokinetic blood sampling
In each period, blood samples (5 ml) were obtained at 0, 1,
2, 3, 4, 5, 6, 8, 12, 24, 36, 48, 60 and 71 h after loperamide
administration. In periods 2 and 3, additional blood
samples (4 ml) were taken at the same time for the analysis
of quinidine or HM30181, respectively. Blood samples for
loperamide and HM30181 were collected in sodium
heparin tubes and those for quinidine were collected
in serum separator tubes. Plasma for the analysis of
loperamide and HM30181 and serum for the analysis of
quinidine were obtained by centrifugation at 1600 g and
stored in polypropylene tubes at −20°C until concentra-
tions were determined.

Determination of concentrations
Plasma concentrations of HM30181 were determined
using a validated liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method with docetaxel as an
internal standard. Briefly, plasma 200 μl, methyl tert-butyl
ether (MTBE) 1 ml and docetaxel 50 μl at 150 ng ml−1 were
mixed thoroughly and centrifuged at 5000 g for 5 min.
Supernatant (1 ml) was evaporated; the residue reconsti-
tuted with 200 μl of 30% acetonitrile and injected into the
LC-MS/MS system. The lower limit of quantification (LLOQ)
for HM30181 was 0.5 ng ml−1 with a linear calibration
range of 0.5–50 ng ml−1. Each analytical batch had six

quality control (QC) samples of known values, i.e. two for
low, intermediate and high concentrations, respectively.
The analytical results were accepted only if the concentra-
tions of >four out of the six QC samples were determined
within 15% of the known values. Intra- and inter-day accu-
racy was 90−108% and intra- and inter-day precision
varied at <12.5 CV%.

Plasma concentrations of loperamide were determined
using a validated LC-MS/MS method with glipizide as
internal standard. Briefly, plasma 100 μl, acetonitrile
400 μl, and glipizide 20 μl at 400 ng ml−1 were mixed thor-
oughly and centrifuged at 16 430 g for 5 min. The super-
natant was injected into the LC-MS/MS system. LLOQ for
loperamide was 0.05 ng ml−1, with a linear calibration
range of 0.05–20 ng ml−1. The same QC criteria described
above for HM30181 were used for the determination of
loperamide concentrations. Intra- and inter-day accuracy
was 94.2–103.2% and intra- and inter-day precision varied
at <9.0 CV%.

Serum concentrations of quinidine were determined
using TDxFLx® (Abbott laboratories, IL, USA).

Pharmacokinetic analysis
A non-compartmental pharmacokinetic analysis was
performed using WinNonlin (version 5.1, Pharsight Corpo-
ration, Mountain View, CA, USA). The peak plasma concen-
tration (Cmax) and time to Cmax (i.e. tmax) were directly
obtained from the observed values. The terminal elimina-
tion rate constant (λz) was estimated by linear regression
using the log-linear decline portion of the individual
plasma concentration-time data. The terminal elimination
half-life (t1/2) was calculated as the natural log of 2 divided
by λz.

The area under the concentration–time curve (AUC)
from time 0 to the last measurable time (AUC(0.tlast) was
calculated using the trapezoidal rule. AUC extrapolated to
infinity (AUC(0,∞)) was calculated by adding Clast/λz to
AUC(0,tlast), where Clast is the last measurable concentration.

Statistical analysis
Baseline demographic characteristics were compared
among HM30181 dose groups using the Kruskal–Wallis
test. Repeated measures ANOVA was used to compare
the differences between periods (treatments) in the
pharmacodynamic endpoints. To compare AUC(0,72 h) of
loperamide between period 1 (i.e. loperamide alone as
baseline) and the other periods, we performed a mixed
effects analysis, in which subject was a random effect while
dose, period, and the interaction between dose and period
were fixed effects. SAS® 9.3 (SAS Institute Inc., NC, USA)
was used for statistical data analysis and the level of statis-
tical significance was two-sided 0.05 unless specified oth-
erwise, which was adjusted for the multiplicity of statistical
tests.
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Results

Study participants
This study enrolled 18 males, all of whom completed the
study (Figure 1). Their mean ± SD in age and body weight
were 24.1 ± 2.3 years and 68.1 ± 8.9 kg, respectively. There
was no significant difference among HM30181 dose
groups in age (P = 0.196) or body weight (P = 0.144).

Effects of HM30181 and quinidine on the
pharmacodynamics and pharmacokinetics
of loperamide
Pupil size Pupil diameter was slightly decreased or
remained almost the same over time when lopera-
mide was administered alone or co-administered with
HM30181, respectively, whereas it was markedly de-
creased when quinidine was co-administered (Figure 2A).
As a result, difference in the mean change in pupil diam-
eter was statistically significant between when lopera-
mide was co-administered with quinidine and when it
was administered alone (4, 6, 8 and 24 h post-dose)
or co-administered with HM30181 (all measurement
times). Likewise, the mean decrease of AUEC in pupil dia-
meter was significantly lower when quinidine was co-
administered than when loperamide was administered
alone or it was co-administered with HM30181 (−44.4 vs.
−19.7 or −11.4 mm h, P < 0.05, Table 1). Significant differ-
ences in the mean change in pupil diameter between
quinidine co-administration and loperamide alone or
HM30181 co-administration were also noted in all of the
HM30181 dose groups although dose–response relation-

ship was not apparent (Figure 2B, C and D). In addition, no
significant difference in the mean change in pupil diam-
eter was noted between loperamide alone and HM30181
co-administration throughout the entire period of meas-
urement after loperamide administration except for up
to 4 h post-dose in the HM30181 60 mg dose group
(Figure 2C).

Alertness score No significant difference in the mean
AUEC of alertness score was noted between when
loperamide was administered alone and when it was
co-administered with quinidine or HM30181 (Table 1).

Oxygen saturation The mean AUEC of oxygen saturation
was significantly greater when HM30181 or quinidine was
co-administered with loperamide than when loperamide
was administered alone (4714.1 or 4698.9 vs. 4684.5% h,
Table 1).

Systemic exposure to loperamide The systemic exposure
to loperamide was significantly increased when quinidine
was co-administered (Figure 3). For example, the peak
concentration of loperamide was increased almost three
times when co-administered with quinidine compared
with when administered alone. (11.4 vs. 4.3 μg l−1, Table 2).
Likewise, the geometric mean ratio (90% confidence inter-
val) of the AUC(0,tlast) of loperamide with and without qui-
nidine was 2.20 (1.53–3.18). Co-administered HM30181
also increased the systemic exposure to loperamide by
35–63%, but this increase was not in a dose-dependent
manner.

Assessed for eligibility
n = 22

HM30181A 15 mg
n = 6

Received medication
n = 6

Completed
n = 6

HM30181A 60 mg
n = 6

Received medication
n = 6

Completed
n = 6

HM30181A 180 mg
n = 6

Received medication
n = 6

Completed
n = 6

Excluded
n = 4

Not meeting inclusion criteria n = 3
Back-up n = 1

Randomized
n = 18

Figure 1
Flowchart of study participants
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Figure 2
Mean changes in pupil diameter over time after loperamide administration. Plots are separately drawn for all doses (A) or each dose of HM30181 (15, 60 and
180 mg in B, C and D, respectively). *P < 0.05 between loperamide plus quinidine vs. loperamide plus HM30181, +P < 0.05 between loperamide plus quinidine
vs. loperamide alone and ∧P < 0.05 between loperamide plus HM30181 vs. loperamide alone. A) , loperamide alone; , quinidine + loperamide; ,
HM30181 + loperamide; B) , loperamide alone; , quinidine + loperamide; , HM30181 15 mg + loperamide; C) , loperamide alone; ,
quinidine + loperamide; , HM30181 60 mg + loperamide; D) , loperamide alone; , quinidine + loperamide; , HM30181 180 mg + loperamide

Table 1
Pharmacodynamic effects of loperamide by co-administered drug

Period
Co-administered
drug

Dose,
mg

Number of
subjects

AUEC of change
in pupil diameter (mm*h)

AUEC of alertness
score (VAS score*h)

AUEC of oxygen
saturation (%*h)

1 None NA 18 −19.7 ± 26.7 944.7 ± 694.7 4684.5 ± 27.1
2 Quinidine 600 18 −44.4 ± 35.3† 945.7 ± 619.2 4698.9 ± 31.5†

3 HM30181 15 6 −24.2 ± 32.3 767.8 ± 309.5 4711.9 ± 20.6

60 6 1.4 ± 13.4 794.6 ± 832.8 4713.0 ± 24.3

180 6 −11.4 ± 13.2 1166.0 ± 701.9 4717.5 ± 39.2

All 18 −11.4 ± 23.0* 909.4 ± 641.9 4714.1 ± 27.5*,†

Data are mean ± SD. AUEC (the area under the effect–time curve), *P < 0.05 vs. quinidine co-administration; †P < 0.05 vs. loperamide alone.
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Pharmacokinetics of HM30181
The plasma concentration of HM30181 peaked at 13–37 h
post-dose and then declined slowly with half-lives of 85.0
± 92.4 (mean ± SD), 55.9 ± 19.5 and 88.0 ± 57.4 h in the
15, 60 and 180 mg dose groups, respectively (Figure 4,
Table 3). Although the Cmax and AUC values of HM30181
were increased as the dose increased, they were not dose-
proportional. The 90% confidence intervals for the coeffi-
cients of the slopes in the power model were 0.1446,
0.5012 and 0.2991, 0.5590 for Cmax and AUC(0,tlast), respec-
tively, similar to those seen in a previous study [11].

Discussion

Our results show that co-administered HM30181 does not
enhance the CNS opioid effects of loperamide, such as
the decrease in pupil size and respiratory depression
while it moderately increases the systemic exposure to
loperamide 1.48-fold (90% confidence interval 1.08, 2.02,

Table 2) although it was dose-independent. In contrast,
co-administered quinidine significantly increased the sys-
temic exposure to loperamide by >two times, which was
also associated with a markedly decreased pupil size.
Several studies have reported that the CNS opioid
effects of loperamide could be enhanced by the
co-administration of a P-gp inhibitor. For example,
loperamide showed respiratory depression which was
measured by the respiratory response to carbon dioxide
rebreathing when the quinidine was concomitantly
received [13]. In another study, co-administered quinidine
and loperamide resulted in a significant decrease in pupil
size [18], which is consistent with our results. In this study,
the genetic polymorphism of P-gp also affected the
pharmacokinetics of loperamide and its CNS opioid effects
[18].

The metabolites of loperamide such as desmethyl-
loperamide and didesmethylloperamide were not meas-
ured in the present study [19]. Therefore, the possibility
that the increased systemic exposure to loperamide might
have been caused by the inhibitory effect of HM3018 on
the CYP3A4, which is known to be the primary enzyme
system in the metabolism of loperamide [10], cannot be
ruled out. However, the inhibitory effect of HM30181 on
the gut P-gp could have been the primary driver for the
observed increase in the systemic exposure to lopera-
mide based on the following reasons. First, HM30181 did
not inhibit the CYP3A4 in human liver microsomes at such
a high concentration of 50 μM or 34 437 μg l−1, which is
>7100 times the mean Cmax in the highest HM30181 dose
group in the present study [20]. Second, HM30181 showed
a potent and specific inhibitory effect on P-gp in the
ATPase assay using membrane vesicles enriched in MDR1
or other ABC transporters [7]. Finally, the elimination
half-life of loperamide was comparable between lopera-
mide alone and HM30181 co-administration (Figure 3,
Table 2).

The results of present study suggest that P-gp in the
intestine and brain is inhibited much more by quinidine
than HM30181 while the latter is still able to increase sig-
nificantly the systemic exposure to a P-gp substrate. It has
been shown that P-gp inhibition in the brain, compared
with other tissues, requires higher doses or concentrations
of the inhibitor [21, 22]. Interestingly, HM30181 did not
inhibit the blood–brain barrier in rats after a single intra-
venous injection at 21 mg kg−1 [23], which is equivalent to
237 mg for a 70 kg adult. Because the bioavailability of
HM30181 is very low at only 0.3% [10], the highest oral
dose in the present study, i.e. 180 mg, will be certainly
much lower than the dose that might inhibit the murine
blood–brain barrier.Therefore, the absence of the CNS
opioid effects by loperamide in this study when HM30181
was co-administered may be because the HM30181 con-
centration was not sufficiently high enough to inhibit P-gp
in the brain. Furthermore, because HM30181 has a low
water solubility (i.e. 1 g in 4556 l, at pH 3.8) [7], the P-gp
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inhibitory action of HM30181 could be local, i.e. in the gut
lumen, which was also suggested in a previous study [24].
Collectively, the moderate inhibition of P-gp by HM30181,
thought to be primarily in the intestine, may be construed
as beneficial because it enables more specific P-gp inhibi-
tion, leading to fewer adverse events.

The present study also showed that HM30181 had a
rather flat dose–response profile over the range of 15 to
180 mg (Tables 1 and 2; Figures 2 and 3). This finding may
suggest that the P-gp inhibition effect of HM30181 was
saturated at doses lower than or equal to 15 mg. Further
studies are warranted to investigate adequately the dose–
response relationship profile of HM30181, particularly at
doses <15 mg.

The oxygen saturation results, i.e. oxygen satura-
tion was increased when quinidine or HM30181 was
co-administered compared with when loperamide alone
was administered (Table 1), were contrary to our expecta-
tion. Given the limited accuracy of the pulse oximetry
method [25] and the fact that the mean oxygen saturation
was within normal range in all the groups (i.e. 97.6–98.2%),
we speculated the clinical meaning of the differences was
minimal.

The present study had several limitations. First, as
described above, the metabolites of loperamide were not
measured. Considering CYP2C8 and CYP3A4 metabolizing
enzymes are involved in the elimination of loperamide
[10], the increased systemic exposure to loperamide in the
present could have been partly because those enzymes
were inhibited by co-administered HM30181 or quinidine.
However, HM30181 did not inhibit the CYP enzymes in a
previous hepatic microsomal study [20], whereas quini-
dine is a weak inhibitor of CYP2C8 [26, 27]. Therefore, it
was less likely that co-administered HM30181 affected the
elimination of loperamide by inhibiting the CYP enzymes
while quinidine might have. In the latter, however, the
degree of inhibition would be still small, given that quini-
dine is a weak CYP2C8 inhibitor and another enzyme is
also involved (i.e. CYP3A4). This notion is further supported
by the fact that the half-life of loperamide was comparable
in the present study between when it was administered
alone and when it was co-administered with HM30181 or
quinidine (i.e. 14.6–18.4 h, Table 2). Another major limita-
tion is the small number of subjects in the present study. It
should be also noted that HM30181 was cleared very
slowly from the body with a very long half-life of 56–88 h.

Table 2
Pharmacokinetic parameters of loperamide by period

Period
Co-administered
drug

Dose,
mg n tmax (h) Cmax (μg l−1) t1/2 (h)

AUC(0,tlast)
(μg l−1 h)

Ratio* (90%
confidence interval)

1 None 18 2.0 [1.0, 6.0] 4.3 ± 2.1 18.4 ± 4.4 63.8 ± 27.4 1 (reference)
2 Quinidine 600 18 3.0 [2.0, 3.0] 11.4 ± 5.1 14.6 ± 1.9 139.2 ± 56.0 2.20 (1.53, 3.18)

3 HM30181 15 6 2.5 [2.0, 5.0] 6.7 ± 2.6 15.5 ± 1.7 98.7 ± 37.9 1.46 (0.96, 2.22)

60 6 4.5 [3.0, 6.0] 4.7 ± 1.5 18.5 ± 1.7 100.7 ± 37.6 1.63 (0.92, 2.91)

180 6 2.5 [2.0, 5.0] 4.8 ± 2.2 15.8 ± 1.6 79.7 ± 38.4 1.35 (0.68, 2.71)

All 18 3.0 [2.0, 6.0] 5.4 ± 2.3 16.6 ± 2.1 93.0 ± 37.0 1.48 (1.08, 2.02)

Data are mean ± SD except for tmax, for which median [min, max] is shown. *Geometric mean ratios of the area under the concentration–time curve from time 0 to the last
measurable time (AUC(0,tlast)) of loperamide for HM30181 or quinidine co-administration vs. loperamide alone.
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Figure 4
Mean plasma concentration–time profiles of HM30181.The error bars
denote SDs. , HM30181 15 mg; , HM30181 60 mg; , HM30181
180 mg

Table 3
Pharmacokinetic parameters of HM30181 by dose

Dose (mg) n tmax (h) Cmax (μg l−1) AUC(0,tlast) (μg l−1 h)

15 6 12.0 [8, 24] 2.06 ± 0.94 105.26 ± 46.59
60 6 30.0 [8, 74.8] 2.37 ± 0.88 157.73 ± 56.99

180 6 24.0 [8, 107.8] 4.85 ± 2.6 292.83 ± 41.7
All 18 24.0 [8, 107.8] 3.10 ± 2.03 185.27 ± 93.36

Data are mean ± SD except for tmax, for which median [min, max] is shown.
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Therefore, more studies need to be conducted to deter-
mine how long the P-gp inhibition effect of HM30181 will
be maintained.

In conclusion, P-gp inhibition by HM30181 appears to
occur mainly at the intestinal level. This specificity in the
location of P-gp inhibition is rather beneficial because
pan-inhibition of P-gp can be harmful [13, 28], as shown
not only previously, but also in the present study. For the
optimal use of HM30181 in various clinical applications,
however, further studies are needed to investigate thor-
oughly the dose–response relationship of HM30181, par-
ticularly at doses <15 mg. In addition, based on the long
half-life of HM30181, those studies should address
how long the P-gp inhibition effect of HM30181 will be
continued.
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