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A simple and rapid high-performance liquid chromatographic (HPLC) method was established for simultaneous deter-
mination of butorphanol tartrate and ondansetron hydrochloride in analgesic mixture samples used for patient-controlled
analgesia (PCA). The separation of butorphanol tartrate and ondansetron hydrochloride in PCA solution was carried out
on phenomenex C18 column (4.6 mm × 150 mm, 5 μm) using 50 mM sodium acetate (pH 4.0) buffer and acetonitrile
(72:28, v/v). Flow rate was 1.0 mL min−1 with a column temperature of 30 °C, and detection wavelength was carried
out at 280 nm and 306 nm. Validation of the method was made in terms of specificity, linearity, accuracy, and intra-
and inter-day precision, as well as quantification and detection limits. The developed method was successfully used to
evaluate the chemical stability of butorphanol tartrate and ondansetron hydrochloride in analgesic mixtures at the usual
concentration used for PCA.
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Introduction

Butorphanol tartrate (Figure 1a) is a mixed agonist–antagonist
opioid with strong κ-receptor agonist and weak μ-receptor antag-
onist activity. Chemically, it is morphinan-3,14-diol,17-(cyclobu-
tylmethyl)-, (–)-, [S-(R*,R*)]-2,3-dihydroxy butanedioate (1:1)
(salt). Butorphanol tartrate is commonly used for the manage-
ment of cancer, postoperative, gynecologic, and obstetric pain.
As with other opioid analgesics, patient-controlled analgesia
(PCA) butorphanol tartrate is associated with troublesome side
effects such as nausea and/or vomiting, somnolence, and dizzi-
ness [1, 2].

Ondansetron hydrochloride (Figure 1b) is a selective type 3
serotonin (5-HT3) receptor antagonist. Chemically, it is 4H-carba-
zol-4-one,1,2,3,9-tetrahydro-9-methyl-3-(2-methyl-1H-imidazol-1-
yl) methyl-, monohydrochloride, (±)-, dihydrate. Ondansetron
hydrochloride is an effective and potent antiemetic drug which
is used in the treatment of vomiting and nausea induced by can-
cer chemotherapy and anesthetics [3, 4]. Literature survey has
revealed that coadministration of butorphanol tartrate with
ondansetron hydrochloride via PCA for postoperative pain pro-
duces favorable analgesic effect and is efficacious decrease the
incidence of postoperative nausea and vomiting [5]. However,
there are no commercially available drug mixtures, and they must
be prepared in the hospital pharmacy departments for clinical
use. To our knowledge, no method was reported for the estima-
tion of butorphanol tartrate and ondansetron hydrochloride in
PCA solution by using high-performance liquid chromatographic
(HPLC), and stability of this mixture in infusion solutions has
not been reported in the literature. Hence, the objective of the
current study was to develop and validate an HPLC method to
determine the stability of mixtures of butorphanol tartrate and
ondansetron hydrochloride in PCA solutions.

Experimental

Chemicals and Reagents. The working standards of
butorphanol tartrate and ondansetron hydrochloride were
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purchased from the National Institutes for Food and Drug
Control (Beijing, China) and stored at 4 °C. The pharmaceutical
formulations used in this study were butorphanol tartrate
injection 1 mg/1 mL (Hengrui Medicine Co., Ltd., Jiangsu,
China) and ondansetron hydrochloride injection 8 mg/4 mL
(Qilu Pharmaceutical Co., Ltd., Shangdong, China). Sodium
acetate and acetic acid of AR grade were obtained from Jinlu
Chemical Ltd. (Shanghai, China). HPLC grade acetonitrile was
purchased from Fisher Scientific International (St. Louis, MO,
USA). Ultrapure water was purified using a Milli-Q system
(Millipore, Bedford, MA, USA).

HPLC Instrumentation and Chromatographic Conditions.
A UltiMateW 3000 Standard LC systems (Dionex, Germany)
composed of an UltiMate 3000 quaternary gradient pump, an
ASI- 100 auto sampler, a TCC-100 thermostat column oven, an
ultraviolet (UV) detector (diode array detector [DAD]) equipped
with ChromeleonW software was used. HPLC separations were
performed on a phenomenex C18 column (4.6 mm × 150 mm,
5 μm). The mobile phase contained a mixture of 50 mM
sodium acetate buffer (pH 4.0) and acetonitrile in the ratio 72:28
(v/v). The pH was adjusted to 4.0 using diluted acetic acid, and
the mobile phase was filtered through a 0.22-μm filter. The flow
rate of the mobile phase was kept at 1.0 mL min−1. The selected
detection wavelengths for butorphanol and ondansetron were
280 nm and 306 nm, respectively. The assay was performed at
30 °C, and injection volume was 20 μL.

Preparation of Stock and Working Solutions. One hundred
milligrams of butorphanol tartrate and 80 mg of ondansetron
hydrochloride working standards were accurately weighed and
transferred into 100 mL volumetric flask; then, about 60 mL
of deionized water was added, sonicated to dissolve it
completely, and the volume was made up to the mark with the
same solvent to obtain the final concentration of 1.0 mg mL−1

of butorphanol tartrate and 0.8 mg mL−1 of ondansetron
hydrochloride, respectively. The solutions were kept at −20 °C
until use. Fresh working standard solutions were prepared by
diluting the stock solution with deionized water to the
required concentrations before use.
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Figure 1. Chemical structure of butorphanol tartrate (a) and ondansetron hydrochloride (b)

Determination of Butorphanol and Ondansetron
Preparation of Butorphanol-Ondansetron Solutions. In
order to mimic the concentration relevant to clinical practice,
10 mg butorphanol tartrate injection (10 mL) and 8 mg
ondansetron hydrochloride injection (4 mL) were transferred to a
100-mL polyolefin bags (Kelun Pharmaceutical Co., Sichuang,
China) and filled with 0.9% sodium chloride solution. The
combinations were prepared under aseptic conditions in laminar
flow hoods and kept in the dark at 4 °C and 25 °C.

Validation of the Method. The developed analytical method
was subjected to validation with respect to various parameters
such as linearity, intra- and inter-day precision, accuracy, limit
of quantification (LOQ), limit of detection (LOD), and
reproducibility for each analyte.

Stability Study of the PCA Solutions. In the stability study,
a 5-mL sample was collected from the polyolefin bags after
storage for 0, 1, 2, 3, 5, and 7 days. At each time point, the
changes in appearance and pH value of the mixture were
evaluated. Moreover, the concentrations of the drugs were
determined at each analysis by the above described HPLC–
DAD method. In the concentration analysis, samples were
diluted 1:1 in deionized water before injection into HPLC
system and analyzed in triplicate (total n = 3).
Results and Discussion

Optimization of Chromatographic Conditions. The present
study is aimed at developing a chromatographic system
capable of eluting the individual drugs, permitting their
separation and simultaneous determination in PCA solutions.
On the basis of the literature consulted [6–15], an acidic
aqueous medium and acetonitrile were selected to start the
optimization of mobile phase composition. Trials showed that
an acidic mobile phase with reverse phase C18 column gives
symmetric and sharp peaks. The best resolution and analysis
time was obtained through isocratic elution using a mobile
Figure 2. Typical chromatogram of ondansetron hydrochloride (1) and buto
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phase consisting of 50 mM sodium acetate buffer (pH 4.0)–
acetonitrile 72:28 (v/v) at a flow rate of 1.0 mL min−1. Buffer
pH was evaluated in the range from 2.0 to 6.0, and good
resolution and peak shapes were achieved at pH 4.0. Figure 2
displays representative HPLC profiles of mixtures detected at
280 nm for the two components. Under these chromatographic
conditions, the average retention time for ondansetron
hydrochloride and butorphanol tartrate was found to be 7.98 and
9.30 min, respectively. DAD was used because it has advantages
over conventional UV detection. It enables peak purity to be
checked and simultaneous recording at the wavelength of
maximum absorbance. The absorption maximum of butorphanol
and ondansetron at 280 nm and 306 nm was selected for
detection (Figure 3).

Linearity, Limit of Detection (LOD), and Limit of
Quantitation (LOQ). Linearity was performed by preparing
mixed standard solutions of butorphanol tartrate and
ondansetron hydrochloride and at six concentration levels.
The linearity of detector response for butorphanol tartrate and
ondansetron hydrochloride was demonstrated by prepared
solutions of over the concentration range of 5.0–150.0 μg
mL−1 and 4.0–160.0 μg mL−1, respectively. The peak area
ratio of each sample against respective concentration of
butorphanol tartrate and ondansetron hydrochloride was found
to be linear. The correlation coefficient for both drugs was
greater than 0.998. Linearity results were presented in Table 1.
The LOD and LOQ for butorphanol tartrate and ondansetron
hydrochloride were determined based on the standards/
baseline signal-to-noise (S/N) ratio. Two standard stock
solutions were initially prepared. Dilutions and injections of
two standards were then made until an HPLC chromatograph
showed that the three peaks' height reached an S/N of
approximately 10:1 and 3:1 for LOQ and LOD solutions,
respectively. The LOD and LOQ for both drugs were
determined as shown in Table 1.
rphanol tartrate (2)
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Table 1. System suitability parameters for butorphanol tartrate and
ondansetron hydrochloride

Analytical parameter Butorphanol Ondansetron

Detection wavelength (nm) 280 306
Retention time (min) 9.30 7.98
Theoretical plate (mean ± SD) 16,468 ± 1219 14,441 ± 887
Linear range (mg L−1) 5–150 4–160
Linear equation Y = 128.7X − 0.832 Y = 1438.1X − 12.67
Coefficient of correlation (r) 0.9999 0.9997
Quantification limit (mg L−1) 1.0 0.2
Detection limit (mg L−1) 0.4 0.06

Figure 3. Overlaid UV spectrum of butorphanol tartrate (1) and ondansetron hydrochloride (2)

Figure 4. Drug concentrations (mean ± SD [%]; n = 3) of butorpha-
nol tartrate and ondansetron hydrochloride in PCA solution over
7 days at 4 °C

B.-x. Fang et al.
Precision. The precision (relative standard deviation
[RSD]) of the method was determined as intra-day precision
and intermediate precision. Intra-day precision was estimated
by assaying quality control samples at three concentration
levels (25, 50, and 100 μg mL−1 for butorphanol tartrate; 20,
40, and 80 μg mL−1 for ondansetron hydrochloride) with six
determinations per concentration at the same day. Inter-day
precision (6 days) was also estimated as the RSD calculated
from three quality control samples in the same way. The
calculated RSD values from repeated measurements were
summarized in Table 2.

Accuracy. The accuracy of the method was demonstrated at
three different concentration levels (80–120%) by spiking a
known quantity of standard drugs into PCA solutions sample
in triplicate. The results for accuracy of the method are given
in Table 3. Recoveries of butorphanol tartrate and ondansetron
hydrochloride in PCA solutions were between 98.0% and
102.0%, indicating the good accuracy of the developed
method.
Table 2. Precision of the method

Compound Concentration
tested (mg L−1)

Precision RSD (%)

Intra-day Inter-day

Butorphanol 20 0.85 1.88
50 0.63 1.43
100 0.20 1.22

Ondansetron 20 0.14 1.48
40 0.92 1.52
80 0.16 0.97

Table 3. Accuracy of the method

Compound Amount added
(mg L−1)

Amount recovered
(mean ± SD, mg L−1)

% Recovery
(mean ± SD, n = 3)

Butorphanol 40 39.879 ± 0.284 99.70 ± 0.71
50 50.106 ± 0.516 100.21 ± 1.03
60 60.552 ± 0.743 100.87 ± 1.24

Ondansetron 32 31.937 ± 0.230 99.80 ± 0.72
40 39.903 ± 0.262 99.76 ± 0.66
48 47.632 ± 0.531 99.23 ± 1.11
Chemical Stability of PCA Solutions. The chemical stability
results of butorphanol tartrate-ondansetron hydrochloride PCA
solutions stored under different conditions are presented in
Figures 4 and 5. There was no loss in butorphanol tartrate and
ondansetron hydrochloride concentrations in PCA infusions
stored at 4 °C or 25 °C for 7 days. The average pH of the
Figure 5. Drug concentrations (mean ± SD [%]; n = 3) of butorpha-
nol tartrate and ondansetron hydrochloride in PCA solution over
7 days at 25 °C
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Table 4. pH values (mean ± SD; n = 3) of butorphanol tartrate and
ondansetron hydrochloride in PCA solution over 7 days at different
storage conditions

Time (days) pH value

4 °C 25 °C

0 4.78 ± 0.01 4.78 ± 0.02
1 4.78 ± 0.02 4.77 ± 0.03
2 4.79 ± 0.03 4.78 ± 0.06
3 4.77 ± 0.04 4.79 ± 0.04
5 4.77 ± 0.06 4.78 ± 0.04
7 4.78 ± 0.03 4.81 ± 0.03

Determination of Butorphanol and Ondansetron
analgesic mixtures stored under different conditions
measurements is given in Table 4. The results show that the pH
of the drug mixture in both storage temperatures was similar. All
PCA infusions remained clear and colorless for the duration of
the study at both storage temperatures.

Conclusion

The developed HPLC–DAD method is simple, sensitive,
specific, and adequate to the simultaneous quantification of
butorphanol tartrate and ondansetron hydrochloride in PCA
solutions. The method was successfully applied to a study of
the chemical stability of this analgesic mixture under different
storage conditions for 7 days. The method might also be suit-
able for application to other analytical problems, for example,
quality control of pharmaceutical formulations or evaluation
of the chemical stability of referred drugs in mixtures for clini-
cal use. The results of the stability study showed that mixtures
of butorphanol tartrate 0.1 mg mL−1 and ondansetron hydro-
chloride 0.08 mg mL−1 in 0.9% sodium chloride injection and
46
stored in polyolefin bags were chemically stable for 7 days at
4 °C or 25 °C.
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