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Abstract
We have developed and validated a fast and sensitive ultra high‐performance liquid chromatog-

raphy with positive ion electrospray ionization tandem mass spectrometry method for determin-

ing N‐butylscopolamine levels in human plasma using propranolol as an internal standard. The

acquisition was set up in the multiple reaction monitoring mode with the transitions

m/z 360.3→ 138.0 for N‐butylscopolamine and m/z 260.2→ 116.1 for IS. This method uses a

liquid–liquid extraction process with dichloromethane. The analyte and IS were

chromatographed on a C18, 50 × 2.1mm, 1.7 μm column through isocratic elution with acetoni-

trile–5mM ammonium acetate (adjusted to pH 3.0 with formic acid). The method was linear in

the 1–1000 pg/mL range for N‐butylscopolamine and was selective, precise, accurate and robust.

The validated method was successfully applied to perform a bioequivalence study of the

reference (Buscopan®, from Boehringer Ingelheim) and the test sample coated‐tablet formula-

tions (from Foundation for Popular Remedy), both containing 10mg of N‐butylscopolamine

bromide administered as a single dose. Using 58 healthy volunteers and accounting for the high

intra‐individual variability confirmed by statistical calculations (38%), the two formulations were

considered bioequivalent because the rate and extent of absorption (within 80–125% interval),

satisfying international requirements.
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1 | INTRODUCTION

N‐Butylscopolamine, which is also known as hyoscine butylbromide, is

a quaternary ammonium compound and semi‐synthetic derivative of

scopolamine used worldwide as an antispasmodic for the treatment

of abdominal pain and a visceral‐relaxing agent in diagnostic processes

involving the gastrointestinal tract and the management of labor

(Samuels, Christie, Roberts‐Gittens, Fletcher, & Frederick, 2007;

Tytgat, 2007; Weiser & Just, 2009). This drug's potent anticholinergic

effect reflects a high affinity for not only the antimuscarinic receptors

located on the smooth muscle cells of the gastrointestinal tract but

also the lead in nicotinic receptors that produces a ganglionic blocking

effect (Weiser & Just, 2009).
; SPE, solid‐phase extraction.

wileyonlinelibrary.com/jour
The pharmacokinetics of N‐butylscopolamine is impaired by the

presence of quaternary ammonium, which imbues the molecule limited

systemic absorption and high variability. However, this behavior

increases the safety of N‐butylscopolamine applied to treat local

effects (antispasmodic and relaxing effects) by limiting the occurrence

of central side effects (Tytgat, 2008).

Hüller, Barthel, Klatt, and Houstein (1993) developed a

high‐performance liquid chromatography (HPLC)‐based method to

determine N‐butylscopolamine in human urine and plasma and

achieved a quantification limit of 5 ng/mL. In 2009, Manfio et al. devel-

oped and validated an analytical methodology involving HPLC‐MS/MS

with a lower limit of quantification (LLOQ) of 0.1 ng/mL. John, Binder,

Höchstetter, and Thiermann (2010) and Yu et al. (2012) developed

methodologies for dosing six alkaloids, including butylscopolamine, in

human plasma and urine using different techniques that involved
Copyright © 2016 John Wiley & Sons, Ltd.nal/bmc 1

mailto:cnakaie@unifesp.br
http://dx.doi.org/10.1002/bmc.3823
http://wileyonlinelibrary.com/journal/bmc


2 SUENAGA ET AL.
protein precipitation with acetonitrile and ‘offline’ solid‐phase extrac-

tion (SPE), followed by detection via liquid chromatography coupled

with mass spectrometry (LC‐ESI‐MS/MS) and capillary electrophoresis

coupled with time‐of‐flight mass spectrometry. They reported LLOQs

of 0.8 and 0.5 ng/mL, respectively. These concentrations are still

higher than those expected for therapeutic levels and would be

detected in only poisoning cases. In 2012, Favreto et al. developed

and validated a bioanalytical method using UHPLC–MS/MS, attaining

a LLOQ 0.03 ng/mL.

Following oral administration, the maximum concentration (Cmax)

of N‐butylscopolamine is between 0.25 and 1.5 h. However, no phar-

macokinetic data about the single‐dose administration of Buscopan®

(10mg) in patients or healthy volunteers exist. Manfio, dos Santos,

Favreto, Hoffman, and Mertin (2009) and Favreto et al. (2012)

obtained Cmax values of 1.61 ± 1.22 ng/mL and 0.29 ± 0.23 ng/mL at

2:85 ± 1:35 h and 4:26 ± 1:48 h, respectively, after the administration

of two tablets of Buscopan® (10mg) in 24 healthy volunteers. Prior

to these studies, pharmacokinetics data were collected following the

oral administration of 500mg of this drug in clinical research

conducted by the patent holder (Tytgat, 2007).

The aim of the present study was to describe a sensitive and

robust methodology to determine the pharmacokinetic parameters

after the oral administration of a single 10mg tablet of Buscopan®

and apply these findings to bioequivalence studies.
2 | EXPERIMENTAL METHODS

2.1 | Chemicals and reagents

N‐Butylscopolamine bromide and propranolol hydrochloride (Figure 1)

were used as European Pharmacopoeia and Brazilian Pharmacopoeia ref-

erence standards, respectively, and were obtained from Sigma‐Aldrich

Co. and Fiocruz (Rio de Janeiro, RJ, Brazil). Acetonitrile, methanol and

formic acid (all HPLC grade) and analytical‐grade ammonium acetate

were purchased from Merck (Darmstadt, Germany). Dichloromethane

was HPLC grade and was purchased from Tedia Brazil (Rio de Janeiro,

RJ, Brazil), and a Milli‐Q (Millipore Co, USA) water‐purification system

was used to obtain purified water for all experimental procedures.

Blank human plasma were obtained from clinical center Nudfac/UFPE

(Recfife, PE, Brazil).
2.2 | Apparatus and instrument conditions

An Agilent 1290 UHPLC system (Agilent Technologies, Inc., USA)

coupled to a 5500 QTrap mass spectrometer (ABSciex, Canada) was
FIGURE 1 Chemical structures of N‐butylscopolamine and
propranolol
used in this study. The analytical column was a 50 × 2.1mm, 1.7 μm

Acquity® CSH C18 column (Waters, Milford, MA, USA). The mobile

phase used in isocratic mode was prepared by mixing acetonitrile with

5mM ammonium acetate solution (adjusted to pH 3.0 with formic acid)

at a ratio of 25:75 (v/v) with a flow rate of 350 μL/min. The analytical

data were processed using Analyst version 1.5.6 software.
2.3 | Procedures

2.3.1 | Calibration standards and quality control samples

N‐butylscopolamine bromide salts and propranolol hydrochloride were

prepared at a concentration of 1mg/mL as free bases in acetonitrile

solution–water (50:50, v/v) and stored at 4°C for 7 days. The N‐

butylscopolamine solution was used to prepare the calibration curve

in human blank plasma using serial dilutions: 1, 5, 10, 50, 100, 500,

750 and 1000 pg/mL. Quality control (QC) samples were also prepared

in blank plasma at concentrations of 1 pg/mL (LLOQ), 3 pg/mL (low),

10 pg/mL (medium 1), 400 pg/mL (medium 2), 800 pg/mL (high) and

1600 pg/mL (super high). A propranolol (IS) working solution was

prepared at a concentration of 2.5 ng/mL.
2.3.2 | Sample preparation

To each 300 μL plasma sample (calibration standards, QC samples and

volunteers' samples), 50 μL of IS working solution and 3.0mL of

dichloromethane were added. After being vortexing for 40 s, the sam-

ples were centrifuged at 3220 g at 4°C for 5min. Subsequently, the

samples were frozen, and the organic phase was transferred to another

glass tube and hub‐dried at 40°C. The residue was resuspended with

150 μL of the mobile phase. The samples were passed through a

13mm× 0.22 μm polytetrafluoroethylene filter (Strata®, Phenomenex,

California, USA) and transferred to 96‐well plates with 500 μL volumes

(Agilent Technologies Inc., Denmark), which were sealed with silicone

rubber before loading onto the auto‐injector.
2.4 | Bioanalytical method validation

The bioanalytical method was validated according to Brazilian Sanitary

Surveillance Agency (ANVISA, 2012) criteria, and the following param-

eters were determined: linearity, recovery, precision, accuracy, selec-

tivity, matrix effects, and pre‐ and post‐processing stability.
2.4.1 | Linearity and carryover

Calibration curves were established based on a correlation between

the inverse of the analyte concentration, which was considered the

independent variable (1/x2), and the ratio between the areas under

the chromatographic peaks of the analyte and an internal standard,

which was considered the dependent variable (y). The correlation

parameters were estimated using the least squares method.

At least 75% of the replicas must present a deviation ≤20% rela-

tive to the nominal concentration to constitute an LLOQ and a devia-

tion ≤15% relative to the nominal concentration to be otherwise

included in the calibration curve.

Carryover effect was assessed injecting one blank sample before

and two blank samples after a superior limit of quantification (SQC)



TABLE 1 LC–MS/MS instrumental parameters

Parameters Value

Ionization mode Positive electrospray

Ion spray voltage (V) 4000

Source temperature 600°C

Gases (curtain/CAD/GS1/GS2) 25/medium/60/60

Analyte IS

Precursor ion (m/z) 360.3 260.2

Product ion (m/z) 138.0 116.1

Dwell time (ms) 150 150

Declustering potential (V) 50 50

Entrance potential (V) 10 10

Collision energy (V) 35 30

Collision cell exit potential (V) 15 15
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sample. Peak area of analyte must be >20% of peak area of LLOQ and

5% of peak area for IS.

2.4.2 | Selectivity and matrix effects

To determine the selectivity and matrix effects, 16 samples of eight

different sources of human plasma were evaluated (four normal

plasma, two lipemic plasma and two hemolytic plasma samples), ‘with’

and ‘without’ concomitant drugs (other medications and comedications

(diclofenac, 1500 ng/mL; dimenhydrinate, 80 ng/mL; metocloplamide,

80 ng/mL; paracetamol, 15 μg/mL; orphenadrine, 150 ng/mL;

methylamino antipyrine, 15 μg/mL; omeprazole, 500 ng/mL; and

nimesulide, 6 μg/mL) and potential interfering agents (nicotine,

50 ng/mL and caffeine, 5 μg/mL) that may be present.

To assess the matrix effects we added standard solution of analyte

and IS (in LQC and HQC concentrations) for each extracted biological

matrix, and the peak areas of analyte and IS were compared with those

of the standard solution alone of analyte and IS. Normalized matrix

factors (NMFs) relative to IS were obtained for low‐QC (LQC) and

high‐QC (HQC) concentrations. (NMF = Relative Response in Matrix

Analyte/IS / Relative Response in solution Analyte/IS).

2.4.3 | Recovery

Analytical results with at least five replicates of the extracted samples

at two levels (low and high) were compared with those obtained from

standard, unextracted solutions, which represented 100% recovery.

The coefficient of variation between the replicas should not exceed

15% for LQC and HQC samples.

2.4.4 | Precision and accuracy

The intra‐ and inter‐batch precisions and accuracies of the

method were assessed by evaluating six replicates per

concentration: LLOQ =1 pg/mL, LQC = 3 pg/mL, MQC1 = 10 pg/mL,

MQC2 = 400 pg/mL, HQC= 800 pg/mL and SHQC =1600 pg/mL.

The coefficient of variation (CV) calculated from all replicates

should not exceed 15%, except for the LLOQ, for which values ≤20%

are permitted. At least 50% of replicates at each concentration must

have a deviation of <15% from the nominal value, except for the

LLOQ, for which values ≤20% are permitted.

2.4.5 | Sample stability

The stabilities of the analyte and IS in solution and in the biological

matrix were obtained by comparing the results of a set of samples

(three LQC and three HQC) that were freshly prepared from the stock

solution with samples subjected to the study conditions. We evaluated

the following short‐term stabilities: bench‐top stability, auto‐injector

stability, stability during freezing and thawing cycles, and long‐term

stability at −20 and −80°C. The samples were considered stable when

their deviations did not exceed 15%.

2.5 | Bioequivalence study

The protocol was approved by the local ethics committee, and 60

healthy volunteers (30 men and 30 women aged 18–50 years from

the metropolitan region of Recife, Pernambuco State, Brazil) were

evaluated. After being judged fit, these individuals were included in
the study, which followed a traditional, open, randomized, crossover

design (2 × 2 crossover) with two periods and two sequences, a wash-

out period of 7 days, and a single dose of 10mg tablet formulations of

N‐butylscopolamine bromide under fasting conditions.

Blood samples were collected at the following times: 00:00

(pre‐dose), 0:30; 1:00; 1:20; 1:40; 2:00; 2:20; 2:40; 3:00; 3:20; 3:40;

4:00; 4:20; 4:40; 5:00; 5:20; 5:40; 6:00; 8:00; 24:00 and 48:00 h after

drug administration. The blood samples were collected in tubes

containing ethylenediaminetetraacetic acid anticoagulant, centrifuged,

stored in duly labeled cryogenic tubes and frozen at −80°C until

further analysis.
2.6 | Pharmacokinetic parameters and statistical
analysis

The pharmacokinetic parameters area under the curve (AUC)0–∞,

AUC0–t and Cmax were obtained directly from the plasma concentra-

tion vs time curve and transformed into a natural logarithm to perform

the variance analysis (ANOVA). The bioequivalence calculations

between the two formulations were performed considering a

80–125% range of the ratio test/reference (T/R) and 90% confidence

intervals around the geometric mean AUC0–∞, AUC0–t and Cmax values.

Pharmacokinetic parameters were calculated and statistical analy-

ses performed using a noncompartmental pharmacokinetic model for

WinNonlin® software, version 5.3.
3 | RESULTS AND DISCUSSION

3.1 | Bioanalytical method

In the present study, a mass spectrometer with an ESI source operating

in positive mode and configured for reading MRMs of m/z 360.3 >

m/z 138.0 for N‐butylscopolamine and m/z 260.2 >m/z 116.1 for

the IS was used. The ideal conditions for ionization and descriptions

of the identified molecules are summarized in Table 1.

The great advantage of the bioanalytical method presented here is

its high sensitivity for the determination of N‐butylscopolamine, with

an LLOQ of 1 pg/mL. Additionally, we obtained the pharmacokinetic
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curve after the ingestion of a single Buscopan® tablet, which has never

been reported in the literature.

This method was successfully applied in a bioequivalence study

between two N‐butylscopolamine bromide formulations and was suffi-

ciently robust to analyze >3000 samples in this study.

3.1.1 | Linearity and carryover

The calibration curves constructed with eight double points were lin-

ear in the range from 1 to 1000 pg/mL, with 1/×2 weighting and slope

deviations of 10.85% in the angular coefficient of the curve. There was

no carryover into the blank samples injected immediately after in SLQ

samples.

3.1.2 | Recovery, selectivity and matrix effects

The liquid–liquid extraction with dichloromethane (Manfio et al., 2009)

showed better results than the protein precipitation with acetonitrile

(Favreto et al., 2012), ‘online’ SPE or extraction with other solvents,

such as ethyl acetate and methyl tert‐butyl ether. We obtained a

recovery of 97.68%± 2.06 (mean ± SD).
FIGURE 2 Chromatograms of (A) blank human plasma and (B) N‐butylsco
LLOQ sample

TABLE 2 Intra‐ and inter‐batch precision and accuracy results for QC sam

Quality
control Batch

Mean concentration
found (pg/mL) RSD (%

LLOQ Day 1 1.1 4.6
Day 2 1.0 6.5
Day 3 1.2 3.8

LQC Day 1 2.9 4.2
Day 2 3.0 3.0
Day 3 2.6 −4.3

MQC1 Day 1 10.0 3.8
Day 2 10.5 1.5
Day 3 9.6 3.6

MQC2 Day 1 427.7 0.5
Day 2 377.3 1.0
Day 3 379.5 1.3

HQC Day 1 833.9 1.2
Day 2 834.0 2.0
Day 3 776.0 1.9

SHQC Day 1 827.7 0.9
Day 2 800.4 0.6
Day 3 761.1 2.4

LLOQ, 1 pg/mL; LQC, 3 pg/mL; MQC1, 10 pg/mL; MQC2, 400 pg/mL; HQC, 80
Figure 2 shows typical chromatograms obtained using the

bioanalytical method. No interference was noted in the retention times

of the analyte (0.92min) and IS (1.50min), and the total run time was

2min. The matrix effects on N‐butylscopolamine in the eight batches

of plasma had a matrix factor of 0.98 ± 0.02 (mean ± SD) normalized

by IS (NMF).

3.1.3 | Precision and accuracy

The LLOQ was defined as 1 pg/mL, with 6.84% precision and 9.67%

accuracy. The inter‐ and intra‐batch precision and accuracy results

and the dilution integrity test conducted after 2‐fold dilution with

blank plasma are shown in Table 2.

3.1.4 | Sample stability

Table 3 summarizes the stability results obtained for N‐

butylscopolamine in human plasma tested at two concentrations:

3 pg/mL (LQC) and 800 pg/mL (HQC). N‐butylscopolamine was stable

in plasma for a period of 219 days and after five freeze/thaw cycles

at both −20 and −80°C. The QC samples were stable after 4 h on the
polamine (m/z 360.3 >m/z 138.0) + IS (m/z 260.2 >m/z 116.1) in the

ples of N‐butylscopolamine in human plasma (n = 6)

Intra‐batch Inter‐batch

) Accuracy (%) RSD (%) Accuracy (%)

9.7 6.8 9. 7
5.4

15.5

−2.4 11.7 −2.0
8.5

−12.5

−0.4 4.6 0.4
5.4

−3.8

6.9 1.1 −5.4
5.7

−5.1

4.2 4.1 0.6
4.3

−3.0

3.5 3.0 −2.4
0.1

−4.9

0 pg/mL; and SHQC, 1600 pg/mL.



TABLE 3 Stability of N‐butylscopolamine in human plasma (n = 3)

Stability test Condition Quality control RSD% Biasa (%)

Bench top After 4 h at room temperature LQC 6.4 −7.6
HQC 1.7 2.3

Processed After 45 h in auto‐injector at 8 °C LQC 2.7 −6.0
HQC 3.4 −1.5

Freeze–thaw After five cycles from −20 °C to room temperature LQC 3.0 2.8
HQC 1.2 −1.7

Freeze–thaw After five cycles from −80 °C to room temperature LQC 6.0 13.7
HQC 0.8 0.3

Long term After 219 days at −20°C LQC 10.8 14.0
HQC 1.9 6.5

Long term After 219 days at −80°C LQC 10.9 6.0
HQC 12.4 −5.7

aBias = [(measured concentration – nominal concentration)/nominal concentration] × 100.

FIGURE 3 Pharmacokinetic profiles of N‐butylscopolamine after the oral administration of a single table of the reference product (Buscopan®,
10mg) and test product (N‐butylscopolamine bromide, 10mg) to 58 healthy volunteers (median ± SE)

TABLE 4 Geometric mean values of pharmacokinetic parameters
after the oral administration of a single tablet containing 10mg of N‐
butylscopolamine bromide
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bench‐top and post‐processing for 45 days at 8°C. The standard solu-

tions of N‐butylscopolamine and IS were stable for 28 days when

maintained at 2–8°C.
Parameter Reference (Buscopan®) Test (FURP)

Cmax (pg/mL) 61.6 (± 103.2) 65.5 (± 91.8)

AUC0–t (pg h/mL) 348.7 (± 843.0) 382.8 (± 953.7)

AUC0–∞ (pg h/mL) 373.1 (± 860.4) 410.8 (± 974.6)

Tmax (h) 3.8 (± 0.5) 3.6 (± 0.8)

T1/2 (h) 6.3 (± 3.7) 5.8 (± 2.9)

FURP, Foundation for Popular Remedy; Cmax, maximum concentration;
AUC, area under the curve; Tmax, time to Cmax; T1/2, half‐life.
3.2 | Bioequivalence study

This validated methodology was successfully applied for sample

quantification in a bioequivalence study comparing the reference

formulation (10mg Buscopan®) and the test formulation [a 10mg

coated tablet of N‐butylscopolamine bromide obtained from the

Foundation for Popular Remedy of Sao Paulo, Brazil (FURP)].

Figure 3 shows the mean pharmacokinetic curves for the two formula-

tions, and Table 4 shows the mean pharmacokinetic parameters

obtained after the oral administration of a single test tablet and

reference formulation to 58 healthy volunteers (two volunteers

dropped out during the clinical phase).

The number of volunteers used in the present study was calculated

according to RE No. 1170/06‐ANVISA (2006) to ensure a power ≥ 80%

for bioequivalence testing. According to Midha, Rawson and Hubbard

(2005), Van Peer (2009) and Karalis, Symillides, and Macheras (2012),

highly variable drugs (variability >30%) should be tested with higher

numbers of subjects to ensure reliability. Confirmed by statistical
calculations, N‐butylscopolamine showed high intraindividual

variability: 37.85% for the Cmax and 38.10% for the pharmacokinetic

parameter AUC. In previously published studies (Hüller et al., 1993;

Favreto et al., 2012), only 24 subjects were enrolled.

Even between the two studies reported in the literature, Manfio

et al. (2009) and Favreto et al. (2012), performed in the same region

and the same dose (2 × 10mg), there was a high variation in Cmax

values. Comparing the results of those works with the present study,

we can take into account, in addition of different dose (10mg) and

the high intraindividual variability inherent in N‐butylscopolamine,
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that there may also be differences in the ethnicity of the population

studied, because the first studies were performed in southern

Brazil, and in this study the population was from northeast Brazil.

Another factor that may be proposed to explain the hude variation

in Cmax values is a nonlinear behavior for the absorption of

N‐butylscopolamine.

Both formulations (the 10mg coated tablets of FURP

butylscopolamine bromide and Buscopan®) were considered

bioequivalent with rates and extents of absorption of 106.39%

(94.96–119.19%) for Cmax and 109.76% (97.90–123.06%) for

AUC0–t, which are within the ranges established by

RE 1170/2006‐ANVISA (80–25%) (ANVISA, 2006).
4 | CONCLUSIONS

The bioanalytical method presented here for determining N‐

butylscopolamine in human plasma through UHPLC‐ESI‐MS/MS is

rapid, sensitive, selective, reproducible and robust, and the method‐

validation results satisfied the international criteria for application in

relative bioavailability/bioequivalence studies.

This method was successfully applied in a bioequivalence study

comparing the dosing of two N‐butylscopolamine bromide formula-

tions, providing useful data for subsequent pharmacokinetic calcula-

tions and determination of the bioequivalence of the two formulations.
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