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HIGH PERFORMANCE LIQUID
CHROMATOGRAPHIC DETERMINATION OF

EPIRIZOLE AND TIARAMIDE IN
PHARMACEUTICAL PREPARATIONS

E. Mikami,* T. Goto, T. Ohno, Y. Miyazaki

Aichi Prefectural Institute of Public Health
7-6 Nagare

Tsuji-machi, Kita-ku
Nagoya 462-8576, Japan

ABSTRACT

Rapid, accurate and reliable high performance liquid chromato-
graphic methods for the determination of non-steroidal anti-
inflammatory drugs epirizole and tiaramide in pharmaceutical
preparations were developed using triethylamine, a modifying
agent to the mobile phase.  Extraction was carried out with
methanol-water (1:1,v/v) after grounding tablet and granule
preparations.  The methods utilized reversed phase C18 column,
UV monitoring at 250 nm, ethyl p-hydroxybenzoate as an internal
standard for epirizole, and at 295 nm, methyl p-aminobenzoate as
an internal standard for tiaramide.  Regression analyses of three
standard plots in concentration ranges of 0.05-0.4 mg/mL for epi-
rizole and 0.18-1.44 mg/mL for tiaramide gave respective corre-
lation coefficients >0.99998 and >0.99997.  Relative standard
deviations of the slopes were 0.180% and 0.888%, respectively.
Percentage recoveries of these compounds for four commercially
available drugs ranged between 99.06 and 103.14 and between
99.15 and 99.71 of the labeled amounts of epirizole and
tiaramide, respectively.  The methods were successfully applied to
determine contents of epirizole and tiaramide in marketed drugs.
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INTRODUCTION

Epirizole [4-methoxy-2- (5-methoxy-3-methyl-1-pyrazolyl)-6-methyl-
pyrimidine]1 and tiaramide hydrochloride [2-(5-chloro-2-oxobenzo (1,3) thia-
zolin-3-yl)-N-(4-(2-hydroxyethyl)-1,4-diazacyclohexyl) acetamide mono-
hydrochloride]2 are non-steroidal anti-inflammatory drugs (Figure 1) currently
widely used for the treatment of musculoskeletal disorders and inflammation in
Japan.3

In spite of wide-spread use of these drugs, only a few procedures for the
analysis and measurement of these drugs have been described.4-8 To the best of
our knowledge, there is only one method for the determination of epirizole in
pharmaceutical dosage forms by high performance liquid chromatography
(HPLC),4 and only a few methods for the determination of tiaramide in biolog-
ical fluids by gas chromatography5 and HPLC,6 and in pharmaceutical prepara-
tions by UV spectrophotometry7 and HPLC.8 However, the HPLC method6 was
performed using an ODP column with a mobile phase containing salt modifiers
undesirable to column maintenance.
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Figure 1. Structures of epirizole and tiaramide.
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Triethylamine, a modifying agent to the mobile phase, was evaluated as a
competing base for the retention control and peak shape improvement in the
reversed phase HPLC analysis of selected basic drugs.9-12 Its effect is due to the
shielding of free silanol groups in silica based columns, which otherwise strong-
ly interact with especially basic analytes.13 In addition to their ability to reduce
peak tailing, triethylamine is also useful as selectivity-enhancing agents.14

On the basis of the information regarding to the influence of this amine
modifier, we tried to develop simple, rapid and reliable HPLC methods for rou-
tine and accurate determination of the drugs epirizole and tiaramide in phar-
maceutical preparations.  

The newly developed HPLC methods were applied to four commercial
preparations marketed in Japan to evaluate the accuracy of the methods. 

EXPERIMENTAL

Chemicals and Reagents

Epirizole and tiaramide hydrochloride for determination were of the
Japanese Pharmacopoeia, thirteenth edition (JP XIII) quality.  Epirizole con-
tained not less than 99.0% of C11H14N4O2 (mol. wt.: 234.26), when dried.
Tiaramide hydrochloride contained not less than 99.0% of C15H18ClN3O3S.HCl
(mol. wt.: 392.31), when dried.  Ethyl p-hydroxybenzoate, triethylamine and
HPLC-grade acetonitrile were purchased from Wako Pure Chemical Industries
(Osaka, Japan).  Methyl p-aminobenzoate was purchased from Tokyo Kasei
Kogyo (Tokyo, Japan).  All other reagents were of analytical grade.

Apparatus

A Shimadzu (Kyoto, Japan) HPLC system was used consisting of the fol-
lowing components: Model LC-6A pump, a model CTO-2A column oven, a
model SPD-6A UV detector, and a model C-R6A integrator/recorder equipped
with a Rheodyne 7125 sample injection valve (20 µL).  Column temperature
was 40°C and chromatographic separation was carried out on Wakosil 5C18
column (5 µm, 150 × 4.6 mm I.D., Wako Pure Chemical Industries, Osaka,
Japan).  An ultrasonic bath (model B-42H, Branson Co, Shelton, CT, USA) was
used to dissolve the samples in methanol-water (1:1, v/v).

Standard Solutions

Standard stock solutions of epirizole (2.5 mg/mL), of tiaramide (9.1
mg/mL) and their respective internal standard solutions of ethyl p-hydroxyben-
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zoate (1.8 mg/mL) and methyl p-aminobenzoate (0.7 mg/mL) were prepared by
dissolving appropriate amounts of respective compounds in methanol-water
(1:1, v/v) at room temperature.

Chromatographic Conditions

After a series of preliminary experiments based on our previous experi-
ences4, 8 regarding the isolation of compounds which were chemically related to
epirizole and/or tiaramide, the following mobile phases were used in this study.  

The mobile phase for epirizole was a mixture of water, acetonitrile, tri-
ethylamine (750:250:1, v/v), and water, acetonitrile, triethylamine (800:200:1,
v/v) for tiaramide, each of which was adjusted to pH3.0 with phosphoric acid.
Flow-rate was 1.0 mL/min and 0.8 mL/min for epirizole and tiaramide, respec-
tively.  The column effluent was monitored for epirizole at 250 nm and for
tiaramide at 295 nm using a detector range of 0.32 absorbance unit of full scale
(AUFS) and a chart speed of 1 mm/min.  An aliquot of stock solution (5 µL)
was injected onto the analytical column with a manual HPLC injector.

Calibration Assay

Firstly, 0.5, 1, 2, 3, 4 mL of the epirizole or tiaramide standard stock solu-
tion were pipetted into 25 mL volumetric flasks, followed by the addition of 2.5
mL of the respective internal standard solutions to the corresponding flasks and
then made with methanol-water (1:1, v/v) up to the mark.  An aliquot (5 µL) of
each solution was then injected onto the analytical column.  All measurements
were performed in duplicate for each concentration in three different days over
one week.

The peak areas were measured and the peak area ratios of analyte to inter-
nal standard were then plotted against the respective concentration of epirizole
and tiaramide.  A least square linear regression analysis was used to determine
the slope, Y-intercept, and the correlation coefficients of the standard plots.

Sample Preparation

Ten tablets or 1 g weighed granules were finely ground and mixed well in
a mortar.  An accurately weighed powdered sample containing 20 mg of epiri-
zole or 80 mg of tiaramide was transferred to a 100 mL volumetric flask. Ten
mL of the internal standard solution for epirizole (ethyl p-hydroxybenzoate) or
for tiaramide (methyl p-aminobenzoate) was added to the corresponding flask,
followed by swirling by hand for 2-3 min.  
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The volume was adjusted with methanol-water (1:1, v/v) to 100 mL and
sonicated for 30 min in an ultrasonic bath.  The resulting solution was then fil-
tered  through a  0.5 µm  PTFE  filter (Toyo Roshi Kaisha, Tokyo, Japan).  An
aliquot (5 µL) of each filtered-solution was injected onto the column.  Four dif-
ferent types of commercially available pharmaceutical dosage forms (50
mg/tablet, 300 mg/g granules of epirizole, and 50, 100 mg/tablet of tiaramide)
were analyzed for statistical evaluation of the assay.

RESULTS AND DISCUSSION

Chromatography

A reversed phase HPLC procedure was developed as a suitable method for
the analysis of epirizole and tiaramide in pharmaceutical preparations.  The
chromatographic conditions were adjusted in order to provide a HPLC proce-
dure capable of separating epirizole and tiaramide, and their respective internal
standards ethyl p-hydroxybenzoate and methyl p-aminobenzoate.  In the analy-
ses of these compounds, we had found that there was an unsymmetrical and
tailed epirizole peak without triethylamine, and there was  no tiaramide peak
without triethylamine.  We also found that pH and acetonitrile concentration of
the mobile phase substantially affected the retention of epirizole and tiaramide.
Accordingly, we examined the effect of pH of the mobile phase with the pH
range between 2.5 and 7.5, and found that the retention of tiaramide was weak-
er than that of its internal standard with pH smaller than 3.5; whereas that of
epirizole was virtually not affected (Figure 2).  As a result of the observations,
we had selected pH3.0 as optimal.  In order to determine an optimal concentra-
tion of acetonitrile  in the mobile  phase, we  examined  the acetonitrile con-
centration between 10 and 40%, and found that the retention time of epirizole and
tiaramide became shorter with the increasing concentration of acetonitrile (Figure
3).  According to these observations, we had selected the acetonitrile concentra-
tion of 25% for epirizole and 20% for tiaramide so as to assure complete separa-
tion of these compounds within 20 min.  After several series  of  these prelimi-
nary  experiments, a mixture of  water, acetonitrile, and triethylamine (750:250:1,
v/v) adjusted to pH3.0 with phosphoric acid, at a flow-rate of 1.0 mL/min with
UV detection at 250 nm was found to be an optimal condition allowing an ade-
quate separation of epirizole and the internal standard. A mixture of water, ace-
tonitrile, and triethylamine (800:200:1, v/v) adjusted to pH3.0 with phosphoric
acid, at a flow-rate of 0.8 mL/min with UV detection at 295 nm was found to be
an optimal condition allowing an adequate separation of tiaramide and the inter-
nal standard.  Figures 4 and 5 show typical HPLC chromatograms of epirizole
(0.2 mg/mL) and tiaramide (0.72 mg/mL) standard solutions, respectively.
Epirizole, tiaramide, and their respective internal standard ethyl p-hydroxyben-
zoate and methyl p-aminobenzoate were separated very well with respective
retention times of 8.6 min, 8.2 min, and 16.2 min, 12.5 min.  The resolution (Rs)
between the peaks for epirizole and its internal standard was 10.1, and for
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tiaramide and its internal standard was 5.7.  The relative standard deviation (RSD)
for six replicate injections of the standard preparation was 0.16% for epirizole
and 0.70% for tiaramide, respectively. 

Linearity and Precision

For all of these four compounds, sharp and symmetrical peaks were
obtained with good baseline resolution and minimal tailing, thus facilitating the
accurate measurement of the peak area ratios.  Calibration plots for the peak
area ratios of varying amounts of epirizole (0.05-0.4 mg/mL) and tiaramide
(0.18-1.46 mg/mL) to the constant amounts of respective internal standards
ethyl p-hydroxybenzoate (0.18 mg/mL) and methyl p-aminobenzoate (0.07
mg/mL) were highly linear, and the regression analyses of the data gave the
respective slopes and intercepts.  Three duplicate analyses of epirizole and
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Figure 2. Effect of pH of the mobile phase on retention times of epirizole and its internal
standard ethyl p-hydroxybenzoate, and tiaramide and its internal standard methyl p-
aminobenzoate.
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tiaramide were conducted on three different days over a one-week period.  The
results of this evaluation are summarized in Tables 1 and 2. 

The average correlation was 0.99998 and the RSDs of the slopes of the
each of three lines were 0.18% and 0.89%, respectively.  The results, thus con-
firmed the excellent linearity of the calibration plots and high reproducibility
of the assay.
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Figure 3. Effect of the concentration of acetonitrile in the mobile phase on retention times
of epirizole and its internal standard ethyl p-hydroxybenzoate, and tiaramide and its inter-
nal standard methyl p-aminobenzoate.
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Method Application

The newly developed method for the analysis of these compounds was
applied to measure the concentration of epirizole in commercially available
dosage forms of three tablets and one granules preparation, and that of
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Figure 4. Liquid chromatogram of epirizole. Column: Wakosil 5C18; mobile phase: a mix-
ture of water, acetonitrile, triethylamine (750:250:1, v/v) adjusted to pH3.0 with phos-
phoric acid; flow-rate: 1.0 mL/min; UV detection: 250 nm. Peaks: 1=epirizole (0.2
mg/mL), 2=internal standard ethyl p-hydroxybenzoate (0.18 mg/mL).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



EPIRIZOLE AND TIARAMIDE 713

Figure 5. Liquid chromatogram of tiaramide. Column: Wakosil 5C18; mobile phase: a
mixture of water, acetonitrile, triethylamine (800:200:1, v/v) adjusted to pH3.0 with phos-
phoric acid; flow-rate: 0.8 mL/min; UV detection: 295 nm. Peaks: 1=tiaramide (0.73
mg/mL), 2=internal standard methyl p-aminobenzoate (0.07 mg/mL).
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tiaramide in four commercially available tablets.  The powdered samples were
prepared by finely grounding in mortar as described above.  No interfering
peaks due to pharmaceutical excipients were found in chromatograms of all
preparations. 

Table 3 shows results of the measurements of epirizole using the methods
described above as a percentage of claimed content and the RSD of epirizole
measurements for each pharmaceutical preparation.  The RSD values were
obtained by repeating the measurements five times for each sample.  The per-
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centages of claimed contents or the mean recoveries and the RSDs were 99.06-
103.14% and 0.588-1.053%, respectively.  

Table 4 shows results of the measurement of tiaramide as the percentages
and the RSDs of the claimed contents.  The percentages of claimed contents or
the mean recoveries and the RSDs were 99.15-99.71% and 0.452-1.211%,
respectively.  These results confirmed the excellent precision and accuracy of
the newly developed method for the analysis of these compounds in the phar-
maceutical preparations.

CONCLUSIONS

The newly developed HPLC methods presented in this paper was demon-
strated to have the advantages of simplicity, precision, and convenience for the
determination of epirizole and tiaramide.  The methods also allow a direct
determination of these compounds, by eliminating several tedious steps
involved in other assay methods.  The methods reported here will, therefore, be
useful for routine analytical and quality control assays of epirizole and
tiaramide in pharmaceutical preparations.

REFERENCES

1.  The Japanese Pharmacopoeia, 13th Edition, The Ministry of Health and Wel-
fare, Tokyo, Japan, 1996, pp. 365-366.

EPIRIZOLE AND TIARAMIDE 715

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2.  The Japanese Pharmacopoeia, 13th Edition, The Ministry of Health and Wel-
fare, Tokyo, Japan, 1996, pp. 670-671.

3.  Drugs in Japan, Ethical Drugs, Japan Pharmaceutical Information Center, ed.,
Yakugyo Jiho Co., Tokyo, Japan, 1998.

4. E. Mikami, Y. Ito, T. Ohno, J. Hayakawa, Iyakuhin Kenkyu, 25, 459-464 (1994).

5.  H. H. C. Li, W. P. Feeny, J. Chromatogr., 232, 79-84 (1982).

6.  A. Takeda, T. Shinohara, J. Anal. Toxicol., 19, 435-442 (1995).

7.  Japanese Pharmaceutical Codex, The Ministry of Health and Welfare, Tokyo,
Japan, 1997, pp. 1426-1427.

8.  E. Mikami, Y. Fujii, N. Kawamura, J. Hayakawa, Iyakuhin Kenkyu, 24, 533-
538 (1993).

9.  L. C. Hsu, J. Liq. Chrom. & Rel. Technol., 21, 1685-1700 (1998).

10. M. Zilli, L. Zorzenon, J. Chromatogr. B, 708, 335-336 (1998).

11. R. J. M. Vervoort, M. W. J. Derksen, A. J. J. Debets, J. Chromatogr. A, 765,
157-168 (1997).

12. C-Z. Chuang, F. A. Ragan, Jr., C. Prasad, J. Liq. Chromatogr., 17, 2383-2394
(1994).

13. N. C. van de Merbel, G. Wilkens, S. Fowles, B. Oosterhuis, J. H. G. Jonkman,
Chromatographia, 47, 542-546 (1998).

14. R. W. Roos, C. A. Lau-Cam, J. Chromatogr., 370, 403-418 (1986).

Received April 10, 1999 Author’s Revisions October 12, 1999
Accepted May 18, 1999 Manuscript 5052

716 MIKAMI ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


