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Abstract

The gastroesophageal reflux and/or peptic ulcer diseases are clinical conditions that occur usually
accompanied of symptomatic pain. Lansoprazole, a proton pump inhibitor class drug is widely
used in clinical practice for treatment of these diseases. However, its efficacy can be improved by
combining with spasmolytic and/or visceral analgesic such as hyoscine butylbromide. Since hyos-
cine butylbromide is barely absorbed and exerts some local effects at gastrointestinal tract which
may modify the absorption of lansoprazole, it is important to establish if there is a pharmacoki-
netic interaction after the oral concomitant administration of both drugs. For this objective, twen-
ty-five subjects received under a crossover design an oral administration of lansoprazole (15 mg)
plus placebo or a fixed-dose combination with hyoscine butiylbromide (15 mg + 10 mg, respec-
tively). Plasma samples were obtained at different times during 10 hours. Lansoprazole plasma
concentrations were determined by a high performance liquid chromatography method coupled
to tandem mass spectrometry. Fixed-dose combination was well tolerated. Lansoprazole pharma-
cokinetic parameters were: Cmax 621.81 * 212.79 and 450.38 + 192.14 ng/mL; AUCo-: 1941.36 *
845.57 and 1454.66 * 757.28 ng-h/mL; tyax 2.83 + 0.99 and 3.40 *+ 1.82h; t;,2 1.35 £ 0.39 and 1.45 +
0.51 h, for alone and combined fixed-dose formulation, respectively. Pharmacokinetic parameters
were compared by analysis of variance and ratios of AUCo-t, Cmax and 90% confidence intervals
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obtained. Since confidence intervals exceed the 80% - 125% limits for these parameters, we con-
clude that there is a significantly pharmacokinetic interaction of lansoprazole when it is adminis-
tered concomitantly with hyoscine butylbromide.
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1. Introduction

The acid-related disorders (ARD) include gastroesophageal reflux disease, peptic ulcer disease and stress-related
erosive syndrome [1]. The typical symptoms of these disorders include primarily heartburn and acid regurgita-
tion, whereas dispepsia, motility disorders, chest and epigastric pain are symptoms that appear in majority of
cases [2]. It has been established that for a major control of ARD symptoms, the effective suppression of gastric
acid production must be achievable [1] [3]. Under this scenario, the administration of anti-secretory agents for
the treatment for patients with ARD is the basis of medical treatment [4]. The proton pump inhibitors (PPI) are a
class of prodrugs widely used to treat ARD symptoms [1]. Lansoprazole is a PPI that has demonstrated efficacy
and tolerability in the treatment of gastroesophageal reflux disease and hypersecretory disorders [5]. Its me-
chanism of acid suppression occurred in the final step of the gastric acid secretion by the inactivation of the
H*/K* ATPase enzyme [5] [6]. The conversion to its active form (a sulphenamide derivative) occurs after ab-
sorption into circulation at the gastric parietal cells especially when they are actively secreting acid [1] [7]. Lan-
soprazole is well absorbed after an oral administration. The peak plasma concentration occurs at 1.5 - 2.2 hours and
the maximal concentration (Cna) is ranged from 0.75 to 1.15 mg/L, additionally it has been established that this
parameter is dose proportional from 15 to 60 mg [5] [7]. Lansoprazole is metabolized in the liver to 5-hydrox-
ylansoprazole and lansoprazole sulfone by CYP2C9 and CYP3A4, respectively [8]. Additionally, it has a short
elimination half-life (t;) = 1 hour, however, this value is not related with the duration of gastric acid suppression
[3][9] [10] which is a pharmacological aspect that promotes the use of lansoprazole in the therapeutic field.

However, under some situations patients have a poor therapeutic response for ARD symptoms with the use of
a PPI like lansoprazol. For these situations, the medical treatment can be improved trough the concomitant ad-
ministration of drugs with therapeutic effects focused to reduce transient lower esophageal sphincter relaxation
rate or decrease esophageal pain perception by using visceral analgesics [11]. Hyoscine butylbromide is an older
antispasmodic drug related to atropine and derivative of hyoscine indicated for the symptomatic treatment of
pain and discomfort associated with functional abdominal disorders [12]. In comparison with hyoscine molecule,
this drug has a quaternary ammonium structure that enables to have anticholinergic activity and a limited sys-
temic absorption, additionally, no central action is observed with this drug due hyoscine butylbromide do not
pass across the blood brain barrier. Regarding the elimination of this drug, after an oral administration is mainly
excreted unaltered via faecal with minor participation of renal excretion [13]. The gastrointestinal therapeutic
effect of hyoscine butylbromide is due to its high affinity for muscarinic receptors located on the smooth muscle
cells of the gastrointestinal tract. The inhibition of acetylcholine action at these sites is essential for the spamo-
Iytic effect and abdominal pain relief. Considering these pharmacodynamic characteristics and the low systemic
availability, hyoscine butylbromide exerts a local effect [13]. Thus, hyoscine butylbromide possesses pharma-
cological properties that confer a suitable efficacy/safety profile. However, as another anticholinergic drug its
use in ARD is controversial [14].

Owing to above described, it is important to have alternatives in the treatment of ARD disorders mainly in
cases where the fixed-dose drugs combination can improve the treatment. However, it is important to understand
the pharmacokinetic behavior of the designed formulation for that purpose before to evaluate its potential thera-
peutic use. Since the possible influence of hyoscine butylbromide on lansoprazole pharmacokinetics has not yet
been determined, in this study we evaluate the possible pharmacokinetic interaction between these drugs when
are administered concomitantly in a fixed-dose combination in comparison with an equal formulation of lanso-
prazole plus placebo.
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2. Subjects and Methods
2.1. Subjects

A total of twenty-five (17 males, 8 females) young Mexican healthy volunteers of 33.0 + 11.21 years of age
(mean * standard deviation), 162.2 + 1.1 cm in height and weighing 64.4 + 10.5 kg, were included in this study.
They were in good health as assessed by medical history, clinical examination and suitable laboratory tests. The
volunteers gave written informed consent for participation in the study, according to the protocol approved by
the Institutional Ethics Committee.

2.2. Study Design and Drug Administration

A single-dose, open-label, two randomized-sequence, two-period crossover design was used in this study. De-
mographic data of healthy volunteers are given in Table 1. Volunteers arrived to the clinical facilities the day
before the study began and were randomly assigned through a table random numbers to each of the two-se-
quences in a 1:1 ratio. After at least 10 hours fasted, an indwelling cannula was inserted in a suitable forearm
vein. As result of the drug-sequence order assigned by randomization, the subjects received a single oral dose of
15 mg of lansoprazol plus placebo or the fixed-dose tablet containing 15 + 10 mg of lansoprazol and hysocine
butylbromide, respectively, with 250 ml of water. Heparinized blood samples (6 mL) were obtained before

Table 1. Demographic data and sequence of administration of the healthy volunteers that participated in the study. A cor-
responds to lansoprazole alone and B to the fixed-dose combination.

Subject Gender Age (years) Height (m) Weight (kg) BMI (kg/m?) Sequence
1 Male 21 1.747 88.05 29.10 B-A
2 Female 55 1.469 52.55 24.70 A-B
3 Male 26 1.700 77.30 26.70 B-A
4 Male 43 1.677 63.00 22.60 B-A
5 Male 43 1.627 70.05 26.70 B-A
6 Female 31 1.646 59.00 21.90 A-B
7 Male 55 1.698 78.30 27.40 B-A
8 Male 24 1.818 70.85 21.60 B-A
9 Male 32 1.697 67.00 23.50 A-B
10 Male 34 1.708 65.00 22.50 A-B
11 Male 33 1.728 72.40 24,50 A-B
12 Female 47 1.454 49.10 23.40 B-A
13 Male 49 1.628 65.85 25.10 A-B
14 Female 40 1.476 56.45 26.10 A-B
15 Male 26 1.716 77.00 26.30 B-A
16 Male 22 1.685 77.00 27.30 A-B
17 Female 26 1.389 48.60 25.50 A-B
18 Female 25 1.551 53.30 22.20 A-B
19 Male 29 1.620 59.20 22.50 B-A
20 Male 18 1.704 60.40 20.90 A-B
21 Female 35 1.522 55.35 24.00 A-B
22 Male 50 1.578 67.50 27.40 B-A
23 Male 20 1.585 68.65 27.50 B-A
24 Male 22 1.684 60.85 21.60 A-B
25 Female 36 1.454 48.10 22.90 B-A
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(predose) and at 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 2.75, 3, 3.5, 4, 6, 8 and 10 hours after drug administra-
tion. Plasma was obtained by centrifugation of blood samples and stored frozen at temperature below —50°C un-
til analyzed for drug concentration determination.

2.3. Determination of Lansoprazole in Plasma

Plasma levels of lansoprazole was determined by a high performance liquid chromatography coupled to tandem
mass spectrometry method previously validated and all tests were carried out in accordance to the Mexican
Official Norm [15]. The extraction procedure consisted in a liquid-liquid extraction using a mixture of eter:
dichloromethane. Pantoprazole was added as internal standard. The separation of the compounds was carried out
using an Agilent Zorbax Eclipse Plus C18 eluted with a mixture of ammonium formate and acetonitrile as mo-
bile phase. The detection of the compounds was made by a APl 3200 mass/mass spectrometer (Applied Biosys-
tems, Inc). The samples were subsequntly analyzed with an ESI source and then quantified by multiple reaction
monitoring. No interferences were observed at the retention times of the compounds. The method was linear in
the range of 5 to 2000 ng/ml, with intra- and inter-day accuracy (measured as absolute deviation) between 3.25 -
11.25%, whereas the precision of the method (coefficient of variation) was lower than 5.78%.

2.4. Pharmacokinetic and Statistical Analysis

Individual plasma-level time curves were constructed for each formulation. The maximal concentration (Cyax)
and time to reach this maximum (t.) were directly obtained from these curves. The area under the plasma con-
centration versus time curve (AUC,;) was obtained by the trapezoidal rule up to the last measurable time [16].
Extrapolation to infinite (AUC,,) was determined by dividing the last concentration by the elimination rate con-
stant. The elimination half-life (t;,) was obtained by log-linear regression of the terminal decay phase.

The bioavailability parameters (C.x and AUC,;) were log transformed and compared by analysis of variance
for a cross-over design. Ratios and 90% confidence limits for Cn.x and AUC,_, with both formulations were
calculated and two-one sided tests were employed to evaluate if the confidence limits were within the accep-
tance criteria (80% - 125%) [17]. All pharmacokinetic analysis was carried out using WinNonlin Professional
software (Pharsight, Palo Alto, CA, USA).

3. Results and Discussion

Lansoprazole oral pharmacokinetics was characterized in all subjects enrolled and no important adverse events
were observed. Figure 1 depicts the plasma level-time course after administration of an oral dose of 15 mg of
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Figure 1. Lansoprazole plasma concentration against time curves

after administration of an oral dose of 15 mg in two pharmaceuti-

cal formulations, lansoprazole + placebo (white circles) and lan-

soprazole + hyoscine butylbromide 10 mg (black circles) to 25
healthy volunteers. Data are expressed as mean +s.e.m.
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lansoprazole plus placebo and the fixed-dose combination of 15 mg + 10 mg of lansoprazole plus hyoscine bu-
tylbromide. It can be observed that after administration of formulations lansoprazole plasma levels increased
reaching a maximum of around 2.5 to 3.5 hours. Thereafter, levels decayed with a half-life of about 1.4 hours.
Pharmacokinetic parameters obtained by non-compartmental analysis are shown in Table 2. In order to establish
if formulations tested are bioequivalent, ratios of AUC,_ and C.x for both formulations, as well as 90% confi-
dence intervals were obtained. The results of these ratios and confidence intervals, probability of exceeding lim-
its of acceptance and the power test are shown in Table 3.

It is well recognized that previous to evaluate the clinical effects of a fixed dose combination of drugs in a
new formulation, is necessary to verify the safety of its administration for a possible drug-drug interaction be-
tween the drugs in study, especially when at least one of them exerts a local effect on the site of administration
as is the case of hyoscine butylbromide. It has been established that pharmacokinetic drug-drug interaction re-
fers to an alteration of the concentration of one drug caused by the presence of a second drug through effects on
absorption, distribution, metabolism or excretion [18] [19]. Since hyoscine butylbromide is not significantly ab-
sorbed by oral route, in this study we evaluated the oral pharmacokinetics of lansoprazole after the administra-
tion of a single dose from fixed-dose combination tablets containing 15 mg of lansoprazole and 10 mg of hyos-
cine butylbromide in healthy volunteers under fasted conditions. The formulation studied contains two drugs
widely used for gastrointestinal disorders and there are no previous reports about the evaluation of the possible
pharmacokinetic interaction between lansoprazole and hyoscine butylbromide. In terms of tolerability, no im-
portant adverse events were observed with the formulations evaluated. In order to examine if the coadministra-
tion influences on the pharmacokinetic parameters of lansoprazole, similarly the oral pharmacokinetics of this
drug was studied when it was administered alone. The results obtained demonstrated that hyoscine butylbromide
significantly affects the oral bioavailability of lansoprazole. It was observed a decrease in the C,x and AUC
values with differences statistically significantly, as well as a delay in the time to reach the C,.x, although no
differences for ty, values were observed, the results indicate a pharmacokinetic interaction between hyoscine
butylbromide and lansoprazole. In that sense, we discarded a possible interaction at distribution or metabolism
processes, since hyoscine butylbromide is barely absorbed and is not a CYP2C19 or CYP3A4 inductor which is
enzymes responsibles of the metabolism of lansoprazole. Due hyoscine butylbromide acts locally on gastrointes-
tinal system, this allow to suggest that the mechanism of this drug-drug interaction occurs during the process of
absorption of lansoprazole.

Few previous reports have studied the effect of the coadministration of hyoscyne butylbromide on the oral
bioavailability parameters of some drugs or on the swallowing of oral pharmaceutical forms. Channer et al., [20]
evaluated the effect of previous administration of intravenous hyoscine butylbromide (20 mg) on the oesopha-
geal transit of hard gelatin capsules in healthy subjects. The drug treated groups exhibit a significantly reduced

Table 2. Pharmacokinetic parameters of lansoprazole after administration of an oral single dose of the formulations in study
to 25 healthy volunteers. Data are expressed as mean * s.e.m.

Parameter Lansoprazole 15 mg + placebo Lansoprazole 15 mg + hyoscine butylbromide 10 mg
Crmax (Ng/ML) 621.81 +212.79 450.39 +192.14
tmax (D) 2.83+0.99 3.40+1.82
AUC,, (ng-h/L) 1941.39 + 845.57 1454.66 + 757.28
AUC,, (ng-h/L) 2011.47 £ 915.67 1555.67 + 837.70
tu (h) 1.35+0.39 1.46 £0.51

Table 3. Comparison of 90% confidence limits of C,. and AUC,_ and probability of exceeding the limits of acceptance for
bioequivalence of two formulations of lansoprazole tested. Limits were fixed at 80% - 125% for Cp. and AUC.

Probability of exceeding

EETETTEET Geometric mean ratio 90% Confidence limits of acceptance Power
(Test/Reference) Interval (%) @a-p

P < 80% P >125%
Crnax 70.18 62.06 - 79.37 0.959 0.000 0.845
AUC,, 72.97 66.68 - 79.86 0.953 0.000 0.980
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transit may explained by the anticholinergic oesophageal effects by hyoscine butylbromide. El-Bahie et al., [21]
experimentally used intramuscular hyoscine butylbromide to simulate the delay in the gastric emptying observed
after an overdose of mefenamic acid. The effect of hyoscine butylbromide produced a significantly delay to
achieve maximal concentrations of mefenamic acid but without modifications on area under the plasma-con-
centration-time curve. For its part, Carrasco-Portugal et al., [22] demonstrated a lack influence of hyoscine bu-
tylbromide (20 mg) on the oral pharmacokinetics of ketorolac (10 mg) when were administered in an oral fixed
dose formulation. Similarly to our results, Ajima et al., [23] demonstrated a significantly effect of hyoscine bu-
tylbromide on the bioavailability of paracetamol (which has been demonstrated to be a marker of gastric empty-
ing/motility [24]). Previous to the administration of an oral dose of parecetamol (1 g), an oral dose of hyoscine
butylbromide (10 mg) was administered. The results showed a significantly decrease in Cyx value (=50%) as
well as the AUC values in comparison to those that received paracetamol alone. Additionally, the t..., value was
1 hr delayed, whereas the ty;, value was similar between the groups studied.

An important issue with potential to affect the oral bioavailability of drugs is the gastric emptying rate which
depends of some factors including the pH of the stomach and the intake of other drugs [25]. In that sense, it has
been established an active participation of acetylcholine in the generation of H* ions by the parietal cells of the
gastric mucosa by stimulation of the muscarinic M3 receptors on these cells, which supposses that an inhibition
of M3 receptors may cause a decrease of H* ions [1]. Therefore, the participation of an anticholinergic agent
such hyoscine butyloromide could decrease the generation of H and modify the pH of the stomach. Moreover,
one of the most studied effects of hyoscin butylbromide is its ability to decrease the gastric motility and/or emp-
tying rate which is in a dose-dependent manner [13] [20] [21] [23] [26]-[29]. By knowing the solubility and
permeability of lansoprazole after an oral administration it belongs to class Il of the Biopharmaceutical Classifi-
cation System (BCS) since has a low solubility and high permeability [30]. By this, lansoprazole exhibits a dis-
solution rate-limited absorption will have a significant impact in the blood concentration-time profile, therefore,
its bioavailability could be more susceptible to reduce when the gastric emptying/motility decrease.

4. Conclusion

Our results indicate that the concomitant oral administration of hyoscine butylbromide alter significantly the
pharmacokinetics of oral lansoprazole. Further studies are necessary in order to evaluate the clinical outcomes in
the symptomatology of ART that can be obtained by administering of this new formulation.
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