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ABSTRACT: A sensitive and specific liquid chromatography with ultraviolet detection was developed for the
estimation of drotaverine hydrochloride (DH), in human plasma. Drotaverine hydrochloride and internal
standard diclofenac sodium were extracted from plasma by a mixture of dichloromethane–isopropyl alcohol
(80:20, v/v). The compounds were separated on a Thermo BDS Hypersil C8 (250 X 4.6 mm, 5 mm, Thermo)
column. The mobile phase containing a mixture of acetonitrile and 0.02 M ammonium acetate buffer (55:45)
at pH = 3.5 was pumped at a flow rate of 1 mL min-1 with UV detection at 230 nm. Recovery from plasma was
98.68%.
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INTRODUCTION

Drotaverine hydrochloride, (DH; 1-[(3,4-Diethoxy
phenyl) methylene]-6,7-diethoxy-1,2,3,4-tetra
hydro isoquinolene, (Fig. 1) is an analogue of
papaverine [1]. It acts as an antispasmodic agent
by inhibiting phosphodiesterase IV enzyme,
specific for smooth muscle spasm and pain, used
to reduce excessive labor pain [2]. Drotaverine
hydrochloride is official in Pharmacopoeia of
Poland [3].

Various articles [4-11] on UV
spectrophotometric estimation of drotaverine in
pharmaceuticals are published. Other reported
analytical techniques include computer aided
spectrophotometry [12], potentiometry [13-16] and
polarography [17]. RP-HPLC [18-26] methods for
estimation of drotaverine in pharmaceuticals and
in biological samples are published.

Reported method by Panigrahi et al. [18] do
not use internal standard where as described
method uses internal standard for enhanced
accuracy. Further, the same method analyze
the drugs with mobile phase flow rate of 1.5 mL
min-1, proposed method is economically viable with
a flow rate of 1 mL min-1.

Thorough literature survey revealed HPLC
methods [20-22] using perchlorate ions, with
shortcomings of longer system equilibration
(30-45 min) time and reduced column efficiency
over a period. Proposed method avoids use of
perchlorate in mobile phase and is suitable for
pharmacokinetic study. Work reported by Mezei
et al. [23], Girgis et al. [24] and Lalla et al [25]
have estimated drotaverine with a lower limit of
quantitation being 50 ng mL -1 where as the
proposed method has a LLOQ of 32 ng mL-1.

Articles published so far, do not comment on
stability of drotaverine in plasma, on the other
hand proposed method established short term and
long term stability of drotaverine. This method
confirms sensitivity, enhanced chromatographic

Figure 1: The Chemical Structure of Drotaverine
Hydrochloride
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column life, economical viability, better accuracy
and shorter run time by abiding US Food and Drug
Administration (FDA) bioanalytical method
validation guidance [27].

EXPERIMENTAL

Materials

Drotaverine hydrochloride and diclofenac sodium
(internal standard) were supplied by Glen–Mark
Pharmaceuticals (Nasik, India). All solvents were
of HPLC grade (E–Merck, Mumbai). HPLC grade
water was obtained by double distillation in glass
and purification through a RO water purification
system (Canpex, Mumbai). Water was filtered
through 0.22 mm filters (Millipore, Mumbai). Blood
samples were collected from healthy volunteers and
separated plasma was stored at –20 °C.

Standard Solutions

The stock solutions of IS, and drotaverine
hydrochloride were made up in methanol to a
concentration of 50, 1036.15 µg mL-1. HQC, MQC,
LQC and linearity range dilutions were obtained
by serially diluting stock solution with mobile
phase. The amount of internal standard, diclofenac
sodium was 2500 ng in each sample tube.
Drotaverine hydrochloride was determined by the
ratio of the peak areas for each concentration to
the peak areas of internal standard plotted against
concentration of drug.

Apparatus and Chromatographic Conditions

HPLC method was performed using a Jasco HPLC
system (Mumbai, India) comprising of an
Intelligent UV–Vis detector (UV-1575), a 3–line
degasser (DG–1580–53), an Intelligent HPLC
pump (PU–1580) and Borwin Chromatograph
software. Chromatograms were run at ambient
temperature on a steel column, C8 Thermo BDS
Hypersil (250 X 4.6 mm, 5 µm, Thermo). The
mobile phase containing a mixture of acetonitrile
and 0.02 M ammonium acetate buffer (55:45) at
pH = 3.5 was pumped at a flow rate of 1 mL min-1

with UV detection at 230 nm. Organic solvent
system used for extraction was dichloromethane–
isopropyl alcohol (80:20, v/v).

Choice of Internal Standard

To select a suitable internal standard (IS) for
analysis, seven drug substances, viz. ketoprofen,

ibuprofen, chlorzoxazone, acetaminophen, caffeine
and diclofenac sodium, were examined. Internal
standard, diclofenac sodium met all the typical
requirements of a compound to be used as an IS,
i.e. it was stable during the analysis, readily
available, was well resolved from drotaverine
hydrochloride, its peak shape was good (tailing
factor 1.25), and its elution time was shorter than
that of drotaverine hydrochloride (saving run time
per sample).

Sample Preparation

To glass 15 mL conical centrifuge tubes (J-sil
Borosil, Mumbai) added 1 mL blank plasma. 25
µL of drotaverine hydrochloride solution was
added separately. The mixture was vigorously
vortex mixed for 1 min. Added 50 µL of internal
standard and vortex-mixed for 30 sec. 1 mL buffer
solution was added, again vortex-mixed for 1 min.
Followed by addition of 5 mL extraction solvent.
The mixture was vigorously vortex mixed for 2 min
then centrifuged for 10 min at 3000 rpm.
Separated the organic layer (4 mL) and evaporated
it to dryness, with nitrogen sample evaporator
(Takahe Instruments, Mumbai) at 30 °C. The
residue was reconstituted with mobile phase (200
µL) and injected 20 µL aliquot on the HPLC
column.

Standardization and Validation

The method was validated for system suitability,
linearity, specificity, precision, accuracy, limit of
detection, limit of quantification. System-
suitability tests ensure adequate performance of
the chromatographic system. Retention time (RT),
number of theoretical plates (N), tailing factor (T),
and peak asymmetry (AS) were evaluated for five
replicate injections of the drug at a concentration
of 320 ng mL–1.

Drug-free plasma was obtained from healthy
volunteers who had not taken any drug at least 3
days before blood collection. To assess the
linearity, standard curves were prepared by
adding 25 µL of DH and 50 µL of IS, with
increasing amounts of DH to 1 mL of drug-free
plasma and extracting the samples as described
above. The final concentrations obtained were 32,
64, 160, 320, 480, 640, 800 and 960 ng mL -1.
Standard curves were evaluated by weighted
(1/x2) linear regression based on IS calibration and
were obtained by plotting peak-area ratios against
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the amount of DH. Specificity was assessed in the
presence of ranitidine hydrochloride, ibuprofen
and aceclofenac.

The precision and accuracy of the method was
established by analyzing quality control samples,
prepared by adding known amounts of DH to drug-
free plasma which were divided into aliquots and
stored at –20 °C. The final concentrations were
90, 450 and 750 ng mL–1. The intra-assay precision
and accuracy was assessed by measuring the
concentration of the analyte in five aliquots of the
three different quality control samples extracted
and analyzed on a single day. Inter-assay precision
and accuracy was determined from the results of
the three different quality control samples which
were extracted and analyzed five-fold on three
different days. The lower limit of detection (LOD)
was determined as three times of the baseline
noise, and lower limit of quantitation (LLOQ) was
determined with a CV and a bias of < 20% (n = 5).

Extraction recoveries were determined by
comparing the peak areas from extracted
standards in human plasma to the peak areas of
unextracted standards at three different
concentrations 90, 450 and 750 ng mL-1 (n = 5).

Stability

The stability of DH in human plasma was
evaluated with four studies: short-term stability
study, a long-term stability study, a freeze-thaw
study and stability in processed sample. Plasma
blank samples were spiked with DH at
concentration of 90, 450 and 750 ng mL-1 and each
concentration was measured five times. Plasma
samples were extracted and subsequent LC
analysis was carried out as described previously.
Short-term stability test was performed at room
temperature. Plasma samples spiked with DH
were kept at room temperature for 12 h, extracted
and then analyzed. The long-term stability study
was carried out with plasma blank sample spiked
with DH, which were stored at –80 °C for 3 months
and they were analyzed periodically 1 month
against a standard curve prepared on the analysis
day. For freeze-thaw stability spiked samples were
analyzed immediately after preparation and on
daily basis after repeated freeze-thaw cycles at –
80 0C on three consecutive days. Finally, the
proposed quality control samples ready for
injection on column were kept at ambient
temperature for 8 h before analysis.

RESULTS AND DISCUSSION

LC method

Extraction of drotaverine hydrochloride from
plasma was achieved by organic solvent mixture
of DCM & IPA, this result in easy, rapid, and
convenient separation. The chromatograms
obtained under the assay conditions used were
clean, despite injection of the sample on to the
column without pre-purification. This HPLC
method enabled rapid estimation of drotaverine
hydrochloride in plasma. Total analysis time,
including sample pretreatment and rapid elution,
was less than 40 min.

Assay Validation

We demonstrated the absence of interfering
endogenous compounds in blank plasma; a
representative chromatogram is shown in Fig. 2a
which confirms blank plasma peaks at 3.62, 4.26,
5.15 and 8.9 min. Addition of the drug and internal
standard to plasma samples showed they were well
separated; no interfering peaks were observed in
blank plasma samples. Retention times were 6.89,
and 8.21 min respectively, for IS and drotaverine
hydrochloride (Fig. 2b). In therapeutic treatment,
drotaverine hydrochloride is often co-administered
with ranitidine hydrochloride. When spiked with
the ranitidine hydrochloride no interference was
observed (Fig. 2c). Details of system suitability
parameters are presented in Table 1.

Table 1
System Suitability Data Mean ± SD, n = 5

Property Value RSD (%) Required
Limits

Retention time (RT) 8.21 ± 0.05 0.61 RSD ≤ 1%
Theoretical 3860.90 ± 1.36 N > 2000
plates (N) 52.61
Tailing factor (T) 1.06 ± 0.02 1.87 T ≤ 2
Asymmetry (AS) 1.11 ± 0.02 1.80 As ≤ 1.5

Calibration standards spiked in plasma for
drotaverine hydrochloride were prepared at
concentrations of 32, 64, 160, 320, 480, 640, 800
and 960 ng mL -1. All calibration standards
contained 2500 ng mL-1 IS. Separate calibration
plot for the drug was constructed by plotting peak
area ratios, against respective concentrations.
Typical calibration plots for plasma extracts had
good correlation coefficient (0.9996; n = 8
calibration points).
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The limit of quantification, defined as the
lowest concentration that could be measured with
accuracy and precision, i.e. within ±20% of the
actual value, was 32 ng mL-1. The lower limit of
detection of drotaverine hydrochloride (three times
the baseline noise) was 11 ng mL-1.

Method performance was evaluated as intra-
assay accuracy and precision, determined by
replicate analysis of QC samples. The results
obtained are listed in Table 2. These results show
the repeatability of the method, including both
sample processing and chromatographic
measurement. The coefficient of variation (%) is a
ratio of standard deviation to mean in percent.
Small deviations from perfect accuracy were
observed (i.e. –2.44% at most) where as coefficient
of variation (%) was at most 4.64. Inter-assay
coefficients of variation determined from
experiments performed on three days (n = 5) was
at most 3.54. These statistics indicate good
precision.

Recovery was determined by dividing the peak
area obtained from analysis of drotaverine
hydrochloride added to plasma by that observed
for the same amount of standard injected directly
into the chromatograph. Recovery of drotaverine
hydrochloride from plasma was 98.68; and the
value was constant in the concentration range
studied.

The stability of DH in plasma was determined
under various conditions according to the
procedure described above. Short-term stability
test performed at room temperature showed that
three quality control samples were stable for 12 h
(mean recoveries were 99.2, 100.8 and 100.5%,
respectively). The long-term stability results
indicated that DH samples were stable during 3
months, with an average recovery of 101.4, 100.7

Figure 2: Chromatograms Obtained from (a) Blank Plasma,
(b) Plasma Spiked with 50 and 32 ng mL-1 of IS,
and Drotaverine Hydrochloride (DH),
Respectively, (c) Plasma Spiked with 50, 32 and
100 ng mL-1 of IS, Drotaverine Hydrochloride
(DH), and Ranitidine Hydrochloride, Respectively

Table 2
Intra-assay and Inter-assay Variability for Determination of Drotaverine

Hydrochloride in Plasma

Concentration Intra-assay variability Inter-assay variability
(ng mL-1) Mean SD CV% Accuracy % Mean SD CV% Accuracy %

90 87.8 4.08 4.64 –2.44 89.2 3.16 3.54 –0.89

450 451.2 3.94 0.87 0.27 445.3 4.45 0.99 –1.04

750 753.7 4.17 0.55 0.49 748.6 5.68 0.76 –0.19

SD standard deviation, CV coefficient of variation, C concentration of drug,

Accuracy % = [{(Amount found) – (Amount added)} / (Amount added)] ×100
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and 101.5%, respectively. No significant change
of DH concentration in plasma was detected after
exposing samples to three freeze-thaw cycles and
mean recovery were 101.9, 100.3 and 101.2%. The
stability in the processed sample ready for

injection was 99.8, 101.4 and 100.7%. Results
showed that three quality control samples were
stable at least for 8 h with CVs below 5%. Results
confirming stability of drotaverine hydrochloride
in plasma are presented in table 3.

Table 3
Stability of Drotaverine in Plasma

Stability conditions Period Theoretical amount Experimental amount, Relative error
(ng. mL-1)  Mean ± SD (ng. mL-1) (%)

n = 5

Short term stability at room 12 h 90 89.28 ± 0.43 – 0.8

temperature 450 453.6 ± 0.98 0.8

750 753.75 ± 1.42 0.5

Long term stability at – 800C 3 months 90 91.26 ± 1.03 1.4

450 453.15 ± 1.39 0.7

750 761.25 ± 2.38 1.5

Freeze-thaw study at – 800C and 3 cycles 90 91.71 ± 0.36 1.9
room temperature 450 451.35 ± 1.42 0.3

750 759.75 ± 2.04 1.3

Stability in processed sample at 8 h 90 89.82 ± 0.47 – 0.2
room temperature 450 456.3 ± 1.25 1.4

750 755.25 ± 2.21 1.2

CONCLUSION

In summary, an isocratic reversed-phase HPLC
method based on LLE with UV detection was used
for the determination of drotaverine hydrochloride
in human plasma. Compared to previous reports,
the proposed extraction procedure is efficient,
simple and rapid. Good precision, accuracy,
simplicity, shorter time of analysis and sufficient
sensitivity of the method makes it particularly
useful for processing of multiple samples in a
shorter time for pharmacokinetic studies.
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