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bstract

A high-performance liquid chromatographic method for the determination of trimetazidine dihydrochloride (TMZ) in spiked human plasma
s described. The method is based on the pre-column derivatization with 9-fluorenylmethyl chloroformate (FMOC-Cl) using the fluorimetric
etection technique. Fluoxetine HCl (FLX) was used as internal standard. Both, TMZ and FLX were completely derivatized after heating at
0 ◦C for 20 min in borate buffer pH 8.0. Samples were analyzed by high performance liquid chromatography (HPLC) using Zorbax-TMS column

250 mm × 4.6 mm, i.d., 5 �m) and mobile phase consist of acetonitrile, methanol and 20 mM sodium acetate pH 4.7 (44:6:50; v/v/v). Fluorescence
etector (FLD) was adjusted at excitation and emission wavelengths; 265 and 311 nm, respectively. The linearity of the method was in the range of
.5–200 ng/ml. Limits of detection (LOD) and quantification (LOQ) were 1.5 and 4.5 ng/ml, respectively. Trimetazidine recovery was 96.5 ± 1.3%
n = 6; RSD = 2.1%).

2007 Elsevier B.V. All rights reserved.
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. Introduction

Trimetazidine [1-(2,3,4-trimethoxybenzyl)-piperazine dihy-
rochloride] regulates ionic and extracellular exchanges,
orrects ischemia-induced abnormal flow of ions across the cell
embrane, and prevents cellular edema caused by anoxia [1–4].
he modified release TMZ tablet is used for the management of

ong-term angina pectoris [5]. Derivatives of 9-fluorenylmethyl
hloroformate (FMOC-Cl) have been widely used for HPLC
etermination of a large variety of amines [6] but not applied
or TMZ or FLX. Courte and Bromet described an HPLC
ethod for the determination of TMZ with fluorescence detec-

ion [7]. The method was based on derivatization of TMZ

ith dansyl chloride. The calibration range of dansylated TMZ
as from 10 to 500 ng/ml plasma. Other reported methods

or determination of TMZ in biological fluids included gas

∗ Corresponding author.
E-mail address: akhedr@kau.edu.sa (A. Khedr).
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hromatography–mass spectrometry (GC–MS) [8] and HPLC
ith UV detection at 240 nm [9]. In addition, TMZ has been
etermined using spectrophotometric methods based on charge
ransfer complexes formation using, 2,3-dichloro-5,6-dicyano-
-benzoquinone (DDQ), 7,7,8,8-tetracyano-quinodimethane
TCNQ), p-chloranil, and complexation with iron(III) chlo-
ide [10,11]. Other reported methods have been adopted for
he analysis of TMZ in bulk or pharmaceutical dosage forms
hich include voltammetry and HPLC with UV detection

12–15]. With the exception of the HPLC-fluorescence pro-
edure [7], all other analytical methods do not confer enough
ensitivity for monitoring low TMZ levels in plasma. The
ritish Pharmacopoeia cited an HPLC method with UV detec-

ion at 240 nm for purity testing of TMZ in bulk form
16].

Therefore, the current work was designed to develop a

ighly sensitive and selective procedure for determining TMZ
n plasma using 9-fluorenylmethyl chloroformate as a deriva-
izing reagent and subsequent measurement using HPLC with
uorescence detection.

mailto:akhedr@kau.edu.sa
dx.doi.org/10.1016/j.jchromb.2007.06.036
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. Experimental

.1. Chemicals and reagents

All solvents were of HPLC grade, Merck, Darmstadt,
ermany. All other materials were of analytical grade. 9-
luorenylmethyl chloroformate (97%) purchased from Sigma–
ldrich, Germany. Trimetazidine dihydrochloride was obtained

s a gift from Servier Laboratories, France. Fluoxetine HCl
N-methyl-γ-[4-(trifluoromethyl)phenoxy]benzenepropana-
ine] was obtained as a gift from Eli Lilly Company, Indi-

napolis, IN, USA. Blank drug-free human plasma was obtained
rom the internal plasma bank of King Abdulaziz University
ospital, Jeddah, Saudi Arabia.

.2. Equipment

The HPLC system consisting of an Alliance Waters separa-
ions module 2695, waters 2996 Photodiode array detector, and

aters 2475 multi � fluorescence detector (Milford, MA, USA)
as used. Column heater was set to 30 ± 2 ◦C. HPLC system

ontrol and data processing was performed by Empower soft-
are (Build 1154, Waters). Screw capped V-shaped vials 300-�l,
ith PTFE liners were used (Alltech, GmbH, Unterhaching,
ermany). Heating oven (Heraeus, Kendro, Hanau, Germany)
as adjusted at 50 ◦C. Calibrated digital micro-transfer pipettes
–250 �l, Brand, Wertheim, Germany was used.

.3. Chromatographic conditions

Analytes were separated isocratically on a Agilant Zorbax-
MS column (4.6 mm i.d. × 25 cm, 5 � particle diameter)
rotected with Agilent Zorbax TMS pre-column (Agilent Tech-
ologies, Palo Alto, CA). The mobile phase was a mixture of
cetonitrile, methanol and 20 mM sodium acetate buffer pH
.7 (44/6/50, v/v/v) and the flow rate was 1 ml/min. The fluo-
escence detector was set at 265 and 311 nm as excitation and
mission wavelengths, respectively. The column was washed
fter each 10 repetitive injections with a mobile system consist-
ng of acetonitrile:methanol:water (40:40:10, v/v/v) for 30 min.

.4. Derivatization reagent, internal standard solution and
uffer solution

Ten milligrams of 9-fluorenylmethyl chloroformate (FMOC-
l) was accurately weighed into 10-ml volumetric flask,
issolved in about 5 ml acetonitrile, and diluted to the volume
ith acetonitrile. A volume of 0.50 ml from this solution was

urther diluted to 10-ml with acetonitrile and 50 �l from final
iluted solution was used for derivatization.

Internal standard solution was prepared by dissolving 10 mg
f fluoxetine HCl (FLX) in 100 ml water. One milliliter from
his solution was further diluted to 100 ml to give a final con-

entration of 1 �g/ml. A volume of 50 �l from this solution was
sed as an internal standard.

Borate buffer pH 8.0 ± 0.1 was prepared by mixing 100 ml of
solution containing 1.238 g of boric acid, 1.490 g of potassium

T
p
c
t

. B 856 (2007) 337–342

hloride and 8.0 ml of 0.2 M sodium hydroxide. This mixture
as then diluted to 400 ml with water and the pH was checked
y calibrated pH-meter.

.5. Standard solutions and quality control samples

Trimetazidine dihydrochloride (TMZ) 0.4 mg/ml aqueous
olution was prepared and used for calibration and quality con-
rol samples preparation. Appropriate dilutions in water were
repared from this stock solution to obtain calibration standards
n the range of 90–4000 ng/ml and quality control samples of
.5, 100 and 200 ng/ml.

Dilutions for calibration standards were prepared daily, while
uality control (QC) samples were prepared in plasma, divided
n small aliquots and stored at −20 ◦C until use. A sample vol-
me of 1 ml of QC sample was extracted and analyzed at time
ntervals of 0, 10 and 30 days using FLX as an internal standard.

.6. General derivatization procedure

A volume of 50 �l from the TMZ standard solution and
0 �l the FLX solution were transferred to an autosampler glass
ial (capacity = 300-�l) using digital micropipette. A volume of
50 �l borate buffer pH 8.0 and 50 �l FMOC-Cl solutions were
dded. The vial was capped, swirled, and left to stand in hot air
ven at 50 ◦C for 20 min. The vial was then cooled, and a volume
f 10 �l was injected for HPLC analysis.

Blank experiments were carried out to identify any under-
vatized TMZ or FLX by HPLC-FLD by using water instead of
ample solution and acetonitrile instead of FLX or FMOC-Cl
olution.

.7. Calibration curves

.7.1. Standard solutions for calibration curve
Six standard solutions of TMZ were prepared spanning the

ange 0.09–4.00 �g/ml. A volume of 50 �l from each TMZ
oncentration with 50 �l of FLX solution were derivatized as
escribed under general derivatization procedure. A volume of
0 �l was injected for HPLC analysis. The percentage of peak
rea ratio of FMOC-TMZ to FMOC-FLX was plotted versus
he TMZ concentration in pg/�l of the final dilution. The cal-
bration curve was constructed using a least-square regression
quation for the calculation of the slope, intercept and correla-
ion coefficient. The calibration range was 15–667 ng/ml of the
nal injected solution.

.7.2. Calibration curve of plasma extract
Six serial spiked plasma samples were prepared to contain

MZ spanning the range of 4.5–200 ng/ml. A volume of 1 ml
rom each spiked plasma sample was extracted and derivatized
s described in Section 2.8. The calibration curve was produced
y linear regression of percentage of peak-area ratios (FMOC-

MZ to FMOC-FLX) against their respective concentrations in
icogram per microliter of the final dilution. The calibration
urve was constructed using a least-square regression equa-
ion for the calculation of the slope, intercept and correlation
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oefficient. The regression line was used to calculate the con-
entrations of TMZ in spiked plasma based on the percentage
f peak-area ratios.

.8. Extraction and derivatization of spiked plasma

A volume of 1 ml human plasma was transferred to 10-ml
entrifuge tube and spiked with 50 �l TMZ standard solution
90–4000 ng/ml). This mixture was vortexed for 30 s, a volume
f 100 �l 2 M sodium hydroxide was added, vortexed for 30 s,
nd extracted three times by vortexing each time with 5 ml of
-hexane-dichloromethane (3:1, v/v) for 15 min. The organic
hases were separated, collected and evaporated under gentle
tream of nitrogen gas. Before the last evaporation, 50 �l of FLX
olution (internal standard, 1 ng/�l) was added and dried. The
esidue was reconstituted in 150 �l borate buffer pH 8.0, 100 �l
ater and 50 �l FMOC-Cl solutions. The tube was capped, vor-

exed for 2 min and left to stand in a hot air oven at 50 ◦C for
0 min. Then the tube content was cooled, transferred to 300 �l
utosampler vial with pasture pipette and a volume of 10 �l was
njected for HPLC analysis. Blank experiment was carried out
sing 1 ml control plasma spiked with 50 �l water instead of
MZ solution.

.9. Calculations

The peaks eluted at 9.09 and 12.08 min are corresponding to
erivatized fluoxetine (FMOC-FLX) and trimetazidine (FMOC-
MZ), respectively. The peak-area ratio of FMOC-TMZ to
MOC-FLX was used to calculate the amount of TMZ as ng/ml
rom the calibration curve. The calculated amount of TMZ was
ultiplied by 0.30 to get the concentration as ng/ml plasma,

onsidering the percentage recovery factor of 100/96.5.
. Results and discussion

The UV spectrum of TMZ in acidic pH is characterized by
wo �max at 231 and 269 nm and A (1%, 1-cm) value of 424

t
o
t
i

Fig. 1. Proposed reaction pathway of FM
. B 856 (2007) 337–342 339

17]. This absorptivity does not confer adequate sensitivity for
he determination of TMZ in biological fluids. It was neces-
ary to develop a more sensitive procedure for determination of
MZ in plasma. The ratio of the response factor of derivatized
MZ monitored by HPLC-fluorescence to underivatized TMZ
onitored by HPLC-UV was 7400.0 ± 5.2. The proposed reac-

ion pathway via formation of the fluorescent reaction product
s shown in Fig. 1.

.1. Chromatographic variables

To obtain the best overall chromatographic conditions, the
obile phase was optimized by examining the effect of pH, con-

ent of acetonitrile or methanol, and the effect of counter ions
including tetrabutylammonium bromide, and n-hexanesulfonic
cid sodium salt). Other chromatographic variables were inves-
igated including column temperature, column type, flow rate
nd the setting of the gradient elution program. The opti-
al chromatographic conditions were achieved as described in

he experimental part. The fluorescence response of TMZ was
ecreased or abolished upon using any of the above mentioned
ounter ions. Methanol was used to give better resolution and
ymmetric peaks.

In this study, a simple extraction method with n-
exane:dichloromethane (3:1, v/v) was used for sample
reparation, since it gave the highest %recovery (96.5%) with
inimal interfering peaks due to endogenous plasma substances.

nitially, a trials of liquid–liquid extraction process was per-
ormed using chloroform, ethyl acetate, or ether after spiking
nd made alkaline with 0.1 ml 2 M NaOH. However, these
rials were not reproducible, and the extraction recovery was
ess than 20%. Several protein precipitating solvents such as
cetonitrile, methanol, or acetone were also tested for sample
reparation. The results showed that deproteinization using ace-

onitrile gave poor recovery (64%) in addition to co-extraction
f plasma endogenous substances. In the present study, fluoxe-
ine hydrochloride was chosen as the internal standard because it
s commercially available and it is quantitatively derivatized by

OC-Cl with both TMZ and FLX.
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MOC-Cl under the same conditions required for TMZ. More
mportant, the derivatized FLX has the same excitation and emis-
ion fluorescence maxima, and has shown good resolution and
ood chromatographic profile with the applied chromatographic
onditions. Two additional C18 columns were tried including;
gilent Zorbax-C18 Eclipse XDB (4.6 mm i.d. × 25 cm length,
�m particle diameter) and �-Bondapak C18 column (3.9 mm

.d. × 300 mm length, 5 �m particle diameter). Upon using these
olumns, the derivatized FLX was early eluted at 3.5 min with
ar separation of TMZ at 12.0 min. The endogenous plasma
onstituents were co-eluted with the investigated drug. Repre-
entative chromatograms of the extraction of blank plasma or
piked plasma are shown in Fig. 2 using Agilent-TMS C18
olumn. No interferences with endogenous substances were
een.

.2. Optimization of derivatization procedure

The completeness of derivatization was investigated at dif-
erent temperatures (25, 40, 50, 60, and 70 ◦C) and different
eaction time. Both TMZ and FLX were completely deriva-
ized in borate buffer pH 8.0 after heating at 50 ◦C for 10 min.
mong borate buffer pH 7.5–9.0, no significant difference
f peak area was observed, thus borate buffer pH 8.0 was
elected. The same results were obtained upon using 150 �l
r 200 �l of borate buffer solution with total volume of reac-
ion mixture of 300 �l. The peak area of the derivatized TMZ
nd derivatized FLX reached a maximum after 10 min and
ends to decrease after 40 min. Therefore, the derivatization
ime of 20 min was selected. The amount of derivatization
eagent was also studied. The reagent concentration was inves-
igated using spiked plasma. The amount of 2.5 �g of reagent
as sufficient for complete derivatization of TMZ (≤0.5 �g),
LX (≤0.5 �g) and plasma extract. The underivatized TMZ
r FLX was monitored by HPLC-UV at high concentration
evels.

.3. Selectivity, precision, and performance parameters

The precision of %recoveries of TMZ and FLX from plasma
ere calculated from the corresponding calibration curve of

ach TMZ and FLX. The calculated %recoveries of TMZ and
LX from plasma were, 96.5.0 ± 1.3% (n = 6; RSD = 2.1%) and
00 ± 0.05% (n = 6; RSD = 0.02%), respectively.
The blank experiments carried out in aqueous and plasma
xtract solutions showed the peaks due to the derivatized bio-
enic materials and absence of any peaks at the retention time
f interest. Typical chromatograms obtained from blank plasma

w
t

able 1
hromatographic parametersa of TMZ spiked in human plasma, 23 ng/ml, n = 6

ame RT, min (RSD) Area (RSD) Width

losest plasma peak 6.95 (1.30) Not considered 0.30
MOC-FLX 9.09 (0.01) 3450930 (0.55) 0.56
MOC-TMZ 12.08 (0.05) 1769835 (0.15) 0.60

a k’, capacity factor; α, selectivity coefficient; R, resolution; and As, peak asymmet
ig. 2. Representative chromatograms of derivatized; TMZ-spiked plasma
xtract, 23 ng/ml (upper) and blank plasma (bottom).

nd TMZ spiked plasma are shown (Fig. 2). This figure showed a
omplete separation of derivatized TMZ and FLX from reagent
nd endogenous plasma constituents. The chromatographic per-
ormance parameters of the TMZ and FLX are presented in
able 1.

.4. Linearity and sensitivity
A linear fluorescence-HPLC response of peak areas of TMZ
as observed over the range, 15–667 ng/ml of the injected solu-

ion which was equivalent to 4.5–200 ng/ml of drug spiked in

(min) k’ R (RSD) α As (RSD)

2.47 Not considered
3.54 4.96 (0.01) 1.43 1.12 (0.02)
5.04 5.16 (0.01) 1.42 1.23 (0.11)

ry.
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Table 2
Within and between day precision and accuracy for determination of TMZ in spiked plasma

Nominal concentration (ng/ml) Within-day Between-day

Observed concentrationa

(ng/ml)
CVb (%) Relative error (%) Observed concentrationa

(ng/ml)
CVb (%) Relative error (%)

4.5 4.46 (0.05) 1.1 −0.8 4.47 (0.08) 1.8 −0.7
100 99.12 (0.12) 0.1 −0.9 98.80 (0.16) 0.2 −1.2
200 198.00 (1.32) 0.7 −1.0 197.6 (1.44) 0.7 −1.2
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a Mean (standard deviation), n = 5.
b CV, coefficient of variation.

lasma. The squared regression coefficient was 0.9995, and val-
es of the slope and intercept were 0.2425 and 0.02, respectively.
he response factor of TMZ was 22290 peak-area unit per each
ne pictogram injected. The lower limit of quantitation (LOQ)
as estimated by satisfying two criteria: the S/N ratio was not

ess than 10 and the percent relative standard deviation (%RSD)
f five replicate injections of the LOQ solution was less than 6%.
OQ of TMZ was 4.5 ± 0.02 ng/ml, and the limit of detection

LOD) value was 1.5 ± 0.21 ng/ml.

.5. Precision and accuracy

Within- and between-day precision and accuracy were eval-
ated by analyzing five replicates of quality control samples
t three different concentrations of TMZ (Table 2). Precision
as expressed as the coefficient of variation, though accuracy
as presented as a relative percentage error = [(observed concen-

ration − nominal concentration)/nominal concentration] × 100
%). Within- and between-day relative standard deviations were
ess than 1.1% and 1.8%, respectively. Accuracy was within
.5% when compared with nominal concentrations. The results
ndicate that the method is reliable, reproducible, and accurate.
he system suitability solution containing both FMOC-TMZ
nd FMOC-FLX was analyzed after standing time of 0, 2, 5,
nd 10 h, in autosampler. The data of the derivatized products
evealed enough precision and stability. The relative %errors of
he peak areas (last injected sample to the first one) were negli-
ible. Also, the chromatographic data showed no further foreign
eaks.

.6. Recovery and stability

Recovery was calculated by comparing the peak areas
btained from the quality control (QC) samples to those from
he standard solutions containing the same amount of TMZ.
he mean recoveries of TMZ from plasma performed at three

epresentative concentrations of 4.5, 100.0, and 200.0 ng/ml
ere 94.6% [relative standard deviation (RSD) = 1.7%], 96.7%

RSD = 1.2%), and 98.1% (RSD = 1.0%), respectively. The sta-
ility of TMZ in human plasma was investigated through three

reeze–thaw cycles of the QC samples during the storing period
f 1 month at −20 ◦C. TMZ was considered to be stable in human
lasma after three freeze–thaw cycles. The mean concentrations
ollowing this storage period were 100.1% (RSD = 1.1%), 96.5%

[

[

RSD = 2.0%), and 97.4% (RSD = 2.6%) of TMZ concentrations
n freshly prepared samples, respectively. Results of the stabil-
ty experiments indicated that TMZ in the plasma samples was
table for at least 1 month when stored at −20 ◦C.

. Conclusion

The described HPLC method is simple, specific, and suf-
ciently sensitive for the analysis of TMZ in human plasma
fter derivatization with 9-fluorenylmethyl chloroformate. The
imple extraction process for sample preparation and HPLC
nalyses with only a 15-min run time enhanced the efficiency of
he procedure. The developed method is also characterized by
dequate selectivity, enough %recovery and precision.
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