
Acta Poloniae Pharmaceutica ñ Drug Research, Vol. 69 No. 6 pp. 1009ñ1016, 2012 ISSN 0001-6837
Polish Pharmaceutical Society

Trimetazidine hydrochloride (1-[(2,3,4-
trimethoxyphenyl)methyl]piperazine), (CAS:
13171-25-0, TRI) is an antiischemic drug, which has
been used as an anti-anginal agent (1, 2). Liquid
chromatography with UV, fluorescence and mass
spectrometry detection were used (3) to measure
trimetazidine concentration in biological samples.
Previously, a squarewave voltammetry (SWV)
method has been described for trimetazidine analy-
sis in urine samples with a limit of quantitation of
1.7 µg/mL (4), as well as a time consuming deriva-
tization method with fluorescence detection (5). In
addition, more sensitive methods using mass spec-
trometry have been developed but they require
expensive and sophisticated equipment (6ñ9).
Surprisingly, trimetazidine analysis using simple
electrochemical detection techniques, despite a large
number of bioequivalence studies, is still relatively
limited (4). In the present study, we report the devel-
opment and validation of the method for the deter-
mination of trimetazidine levels using uncomplicat-
ed and fast electrochemical detection. Given the

large number of samples in the trimetazidine bioe-
quivalence study in which it was planned to be used,
the bioanalytical method developed had to retain its
accuracy, precision and stability in large sets of
analysis. Therefore, a non-labor intensive and non-
material consuming method was devised, using a
one-step liquid-liquid extraction process without a
shaking phase. The method described herein
enabled the refinement of more than 3500 samples
obtained in the bioequivalence study of trimetazi-
dine. The study was performed on 24 healthy volun-
teers after oral administration of a single dose of two
preparations of trimetazidine (35 mg) in fasting and
postprandial conditions as well as at a steady state
i.e., after p.o. administration of 35 mg of trimetazi-
dine twice daily for four days and 35 mg on day five.

MATERIALS AND METHODS

Chemicals and reagents. 
Reference trimetazidine (CAS: 13171-25-0),

was purchased from Nivedita Chemicals Pvt. Ltd.
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(Mumbai, India). Trimetoprim (CAS: 26807-65-8,
IS), was purchased from LGC GmbH (Wesel,
Germany). Methanol, acetonitrile and water (HPLC-
grade), ammonium acetate, ammonium hydroxide,
acetic acid and phosphoric acid (85%) were pur-
chased from J.T. Baker. (Mallinckrodt Baker,
Deventer, Netherlands). Dichloroethane was pur-
chased from Fluka (Sigma-Aldrich, PoznaÒ,
Poland). 

Instrumentation

All liquid transfers, including plasma samples
transfer, were made from 2 mL Eppendorf
microfuge tubes into 13/100 mm glass tubes
(PyrexÆ, Charleroi, USA). IS additions were per-
formed using a pipette controller PipetusÆ

(HirschmannÆ Laborger‰te, Eberstadt, Germany).
All solutions were prepared using automatic volu-
metric pipettes 10-100 µL and 100-1000 µL
(Socorex Isba, Lausanne, Switzerland). Centrifuge
MPW 350 R, (MPW Med. Instruments, Warszawa,
Poland) was utilized during sample preparation.
Analytical balance WAX-40/160, (RADWAG,
Radom, Poland) were used for standard prepara-
tions. pH 302 pH METER (Hanna Instruments,
Woonsocket, USA) were used for buffer solutions.
Vortex TTS-2, and magnetic stirrers Big Squid,
(both from IKAÆ Verke, Staufen, Germany) were
used. Evaporation was performed into a Zymark
TurboVap LVÆ (Caliper Life Sciences, Hopkinton,
USA) in 99.995% nitrogen atmosphere in accor-
dance with PN-C-84920-97, (Amco Gaz Bia≥ystok,
Poland). All analytical samples were filtered by
Syringe filter Spartan RC, 12 mm/0.45 µm,
(Schleicher & Schuel MicroScience GmbH, Dassel,
Germany). Analyses were performed using Total
Recovery Vials, (Waters Corporation, Milford,
USA). For HPLC analysis, the electrochemical
detector Waters 2465 and separation module
Alliance Waters 2695 (Waters Corporation),
equipped and operating under Empower Pro (Waters
Corporation) software was used. Validation of the
bioanalytical method was confirmed for all concen-
tration levels obtained during 3 subsequent assay
days. All calculations were processed by Validation
ManagerÆ version 2.18I (VWR International S.A.S.,
Fontenay-sous-Bois, France). Pharmacokinetic
analysis was performed using WinNonLin 5.0.1
Professional software (Pharsight Corporation,
Mountain View, USA).

Chromatographic conditions

The isocratic HPLC elution mobile phase was
composed of: 65% water, 20% 0.1 M ammonium

acetate buffer pH = 5.4 and 15% acetonitrile. The
flow rate was 1.2 mL/min. Phenomenex Synergi 4u
Fusion-RP, C-18 polar ebmbedded, 80 � (4.6/150
mm, 4 µm) column was used for sample analysis
(PhenomenexÆ). The column was maintained at an
ambient temperature (22OC), while the autosampler
temperature was set at 10OC. The injection volume
was 100 µL and the total run time was set for 10
min. Retention times were 4.57 and 5.28 min for
trimetazidine and trimetoprim, respectively.

Electrochemical detector working and cleaning

conditions

Working carbon electrode was operated at
35OC. The tuning parameters were optimized for
both: trimetazidine and the internal standard.
Working potential was + 1.15V , time constant
equaled 0.5 s, the range was 50 nA, data rate was 2
points per second and auto zero function equaled 4
min. Before each sample analysis, a 5 min working
electrode cleaning was performed using working
potential + 1.1V. Sequence of cleaning was [time
(min)/working potential (V)]: 0.05/Auto Zero; 0.10/
ñ0.05; 2.00/ ñ0.05; 3.00/0.40; 3.10ñ5.00/Auto Zero
and mobile phase flow was 1.2 mL/min. All data
were acquired using the Empower Pro v. 4.0 soft-
ware (Waters Inc.). 

Preparation of the calibration standards and

quality control samples

Stock solutions of trimetazidine hydrochloride
[103.93 µg/mL (TRI1) and trimetoprim [102.96
µg/mL (TMP1) were prepared by dissolving accu-
rately weighed amounts of each of the reference
compounds in methanol. Intermediate standard solu-
tions of 20.79 µg/mL (TRI2)] and 1.03 µg/mL
(TMP2)] were prepared by dilution of the stock
standard solutions with methanol. Working concen-
trations of TRI were: 204.53, 153.81, 128.04, 76.49,
51.55, 30.76, 25.77, 15.38, 9.98 ng/mL and working
standard concentration of IS was: 1.03 µg/mL.
Working standard solutions of TRI and TMP were
prepared by diluting TRI1, TRI2 and TMP1 with
methanol. Working standard solutions were used to
prepare 3 levels of QC samples. The lowest concen-
tration levels (the lowest quality control samples,
LQC) for TRI and IS were 25.77 ng/mL and 1.03
µg/mL, respectively. Medium concentration levels
(medium quality control samples, MQC) for TRI
and IS were 51.55 ng/mL and 1.03 µg/mL, respec-
tively. High concentration levels (high quality con-
trol samples, HQC) for TRI and IS were 153.81
ng/mL and 1.03 µg/mL, respectively. All working
solutions were prepared in 25 mL volumetric flasks
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and were stored along with the stock and intermedi-
ate standard solutions at 4OC. Calibration standards
and LQC, MQC, HQC samples were prepared in the
same matrix (human plasma). The calibration curve
consisted of one blank sample and nine calibration
standards covering the expected range of concentra-
tions to be quantified.

Sample extraction and preparation

All plasma samples were thawed at room tem-
perature and vortexed. After opening the Eppendorf
tubes, 0.5 mL volumes of plasma samples were
transferred into glass tubes and 50 µL of TMP work-
ing standard solution of 1.03 µg/mL was added to
each of them. During mixing on vortex at 1400 rpm,
2.5 mL of denaturation solution was added (acetoni-
trile:ammonium hydroxide 96:4, v/v). Afterwards,
samples were centrifuged for 20 min at 4.075 ◊ 103

g at 21OC. After centrifugation, the upper layers
were transferred into new glass tubes and 3.0 mL of
dichloroethane was added to each of them. The
organic layers were evaporated at 50OC under the
stream of nitrogen. The dry residues were re-consti-
tuted in 500 µL of the mobile phase and filtered by
Spartan RC, 12 mm/0.45 µm syringe filter into
autosampler vials.

Method validation

Standard curve
The current analytical method was fully vali-

dated according to the FDA (US Food and Drug
Administration) and EMEA (European Medicines
Agency), bioanalytical method validation require-
ments (10ñ16). A calibration curve containing nine
non-zero standards for each analytical run was pre-
pared (Tab. 1). This range of linearity was optimal
for a bioequivalence study after multiple per os
administration of a 2 ◊ 35 mg daily in 24 healthy
volunteers per sequence. Representative chro-
matograms obtained from blank blood plasma and
spiked plasma sample from the pharmacokinetic
study are shown in Figure 1. Linearity in the valida-
tion procedure was assessed for all calibration stan-
dards. Study of linearity was conducted for 3 subse-
quent days. For each calibration curve, the following
parameters were calculated: comparison of the vari-
ance due to the regression with the residual variance
(test F) and the correlation coefficient r. The linear-
ity of the method was accepted when: the coefficient
of correlation r = 0.990, test F (F calculated > F
table). Zero and a blank plasma samples were also
prepared for each analytical run during the study to
confirm the absence of any interference. 

Table 1. The results of method precision analysis for trimetazidine (data obtained with the use of 3 calibration curves).

Trimetazidine Repeatability Intermediate Acceptance Acceptance
No. concentration precision precision criteria for the criteria for the

(ng/mL) RSD (%) RSD (%) repeatability intermediate precision 

1. 9.98 9.26 13.01 ≤ 15% ≤ 20%

2. 15.38 7.21 8.93 ≤ 10% ≤ 15%

3. 25.77 6.83 7.33 ≤ 10% ≤ 15%

4. 30.76 9.35 9.60 ≤ 10% ≤ 15%

5. 51.55 4.94 4.94 ≤ 10% ≤ 15%

6. 76.49 3.18 3.18 ≤ 10% ≤ 15%

7. 128.04 2.69 2.69 ≤ 10% ≤ 15%

8. 153.81 2.18 4.03 ≤ 10% ≤ 15%

9. 204.53 2.08 2.45 ≤ 10% ≤ 15%

Table 2. The results of method linearity analysis for trimetazidine (data obtained with the use of 3 calibration curves).

Calibration curve parameters Correlation coefficient Test F
Day 

of study Slope Y-intercept r calcul. r table F calcul. F table

I 0.0096 ñ0.0202 0.9980 0.990 10934.20 4.00

II 0.0094 0.0028 0.9976 0.990 8941.41 4.00

III 0.0098 ñ0.0257 0.9974 0.990 8119.52 4.00  
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Accuracy
Accuracy was established over the range of lin-

earity based on the data from the linearity study per-
formed during 3 days. Back calculated concentra-
tions of trimetazidine were obtained from calibra-

tion standards with the use of equations relevant for
each of the calibration curves obtained for each of
the 3 days (Tab. 4). A fitting line for the calculated
concentrations of trimetazidine versus the known
concentrations was validated by the Studentís test of

Figure 1. Representative chromatograms of trimetazidine (retention time 4.57 min) and internal standard (retention time 5.28 min), from
subject plasma sample (A) and blank plasma sample (B).

Table 3. The results of calibration curves quality analysis during fed, fasted and steady state study (n = 24).

Curve points concentration parameters (ng/mL) Equation values

No. 9 8 7 6 5 4 3 2 1 a b r2

M 200.81 156.46 132.95 72.05 53.83 30.13 25.68 14.24 10.42 1.01 ñ3.45 0.995

SD 5.02 5.40 4.94 3.64 2.22 2.00 1.59 1.06 0.89 0.07 2.70 0.003

RSD
(%) 2.50 3.45 3.72 5.05 4.13 6.65 6.18 7.44 8.52 6.76 ñ78.35 0.315

No. = number of calibration curve points, M = arithmetic mean, SD = standard deviation, RSD% = relative standard deviation, a = inter-
cept, b = slope, r2 = coefficient of determination.

Table 4. The results of method accuracy analysis for trimetazidine (data obtained with the use of 3 calibration
curves).

Day Test F Mean recovery Mean confidence

of study F calculated F table (80ñ120%)  interval (%)

I 10934.20 4.00 99.81 2.08

II 8941.41 4.00 99.23 2.55

III 8119.52 4.00 100.91 2.47

A

B
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the compatibility of the calculated slope with the
value 1 and the compatibility of the y-intercept with
the value 0. The confidence interval of the mean
recovery over the range of linearity was expected to
include 100% of the values. 

Precision
Precision was estimated for all calibration stan-

dards based on the linearity data obtained during 3
days (Tab. 1). The repeatability and intermediate pre-
cision were estimated by calculating intra- and inter-
group variance. The following acceptance criteria
were used: the repeatability coefficient of variation in
percentage (RSD%) should be = 10, expected at the
lowest limit of quantitation (LLOQ) = 15. The inter-
mediate precision coefficient of variation in percent-
age (RSD%) should be = 15, expected at LLOQ = 20.

Extraction recovery and the lowest limit of quantita-
tion 

Data from nine runs were used in order to
assess the extraction efficiency of the analytical

method. Samples from all calibration standards
extracted according to the developed method
(extracted samples) were compared with samples of
calibration standards for each concentration
obtained by diluting working solutions directly in
the mobile phase (unextracted samples). Recovery
was evaluated by calculating the mean peak area and
dividing the extracted sample mean by the unex-
tracted sample mean of the corresponding concen-
tration. 

Stability studies
Stability experiments were performed as part

of the method validation protocol in order to evalu-
ate the following types of stability: freeze and thaw
cycles, post-preparative, working standard solution.
To evaluate stability, plasma samples containing
LQC, MQC and HQC concentrations of TRI were
used in all studies. The acceptable variation in sta-
bility tests was RSD% < 15%. In freeze-thaw stabil-
ity tests, samples were frozen at ñ75OC. Three sub-
sequent cycles of freeze and thaw were performed.

Table 5. Selected bioequivalence parameters and confidence intervals (CI) at steady state and under fed and fasted conditions.

Cmax Cmin AUCτ PTFPharmacokinetics parameters (n = 24) 
(ng/mL) (ng/mL) (ng ◊ h/mL) (%)

91.7 45.8 514.1 109.4

Arithmetic
T  

± 20.9 ± 11.0 ± 122.0 ± 27.8

Steady
mean ± SD 

R
96.2 46.6 523.8 120.0

state ± 21.6 ± 13.2 ± 148.5 ± 39.8

High CI (%) 101.35 108.46 108.34 105.33
90% CI

Low CI (%) 89.27 90.73 90.67 82.33

Pharmacokinetics parameters (n = 24) 
Cmax tmax AUC(0-t) AUC(0-∞∞)

(ng/mL) (h) (ng ◊ h/mL) (ng ◊ h/mL)

56.7 6.0 999.0 1377.2

Arithmetic
T

± 19.4 ±2.8 ± 397.0 ±529.4 

Feed
mean ± SD 62.7 5.4 1069.4 1413.7

study
R

± 17.5 ± 2.7 ± 436.3 ± 643.2

High CI (%) 84.89 125.0 103.08 108.85
90% CI

Low CI (%) 94.60 70.0 85.71 90.73

50.7 6.3 814.2 1147.5

Arithmetic
T

± 22.0 ± 2.0 ± 367.7 ± 487.1

Fasted
mean ± SD

R 
58.2 5.6 874.0 1122.4

study ± 16.9 ± 1.5 ± 422.5 ± 574.0

High CI (%) 92.25 125.0 107.99 120.99
90% CI

Low CI (%) 78.82 70.0 81.96 90.63  

Cmax = maximal observed concentration. Cmin = minimal observed concentration. tmax = time to reach maximal concentration. AUCτ ñ area
under the curve measured throughout the dosing interval at steady state. PTF (%) =peak trough fluctuation calculated as 100 ◊ (Cmax -
Cmin)/average concentration. AUC(0-t) = area under the curve measured between zero and last observed concentration. AUC(0-∞∞) = area under
the curve measured to infinity. T = test formulation. R = reference formulation.
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Stability was estimated based on the equation (ana-
lyte area/IS area ◊ IS concentration) after each
freeze and thaw cycle. 

Quality assurance during bioequivalence study

Quality of chromatograms has been estimated
with the chosen parameters of System Suitability
Test (SST) using Empower Pro v. 4.0 software. The
whole chromatogram (column conditions), analyte
and internal standard peaks were estimated.
Parameters taken for this estimation were tailing
factor (TF), theoretical plates number (N), resolu-
tion (Rs). Separation was correct (accepted) when:
TF < 2, N > 2000 and Rs > 2 for all peaks of TRI
and IS. Quality control samples were analyzed in

triplicate. For each batch in the study, the LQC,
MQC and HQC samples constituted more than 5%
of the total sample number per batch. 

Application to bioequivalence study

The study was approved by the Independent
Ethics Committee in RzeszÛw, Resolutions: nr
35/2003, nr 47/2003, nr 27/2004 and nr 51/2004.
The study was harmonized with the ethical princi-
ples that have their origins in the Declaration of
Helsinki. The clinical part of the study was per-
formed according to Good Clinical Practice (GCP)
rules, analytical part was conducted under Good
Laboratory Practice (GLP) rules. A single dose slow
release formulation of 35 mg of trimetazidine

Figure 2. Mean plasma concentration of trimetazidine in 24 healthy volunteers after multiple per os administration of 2 ◊ 35 mg daily (for
4 days) and single 35 mg dose (on the 5th day) of the tested drug (A ñ at steady state; B ñ under fed and fasted conditions after single 35
mg dose). 
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hydrochloride tested was administered to male and
female subjects aged between 18 to 45 years, with a
body mass index = 20 to = 27 kg/m2 under fasted and
fed conditions and in the steady state study. Study
was performed using healthy volunteers. All volun-
teers signed an informed consent before entering the
trial. Presented method was applied to the analysis
of plasma samples obtained from 24 healthy volun-
teers per sequence participating in the bioequiva-
lence study. The methodology of the study was 2 ◊
2 period cross-over study with a 14-day wash out
period in a sequence test drug ñ T (Coreductal MR,
LEK-AM Ltd., batch number: 011203, obtained
from the respective manufacturer) and reference
drug ñ R (Preductal MR, Servier, batch number:
3J16604), TR and RT. Sampling time was 0 (before
drug administration), 1.0; 2.0; 3.0; 4.0; 5.0; 6.0; 7.0;
8.0; 10.0; 12.0; 14.0; 24.0, 36.0 h after drug admin-
istration in fasted and fed study and 12.0; 24.0; 36.0;
48.0; 60.0; 72.0; 84.0; 96.0; 96.5; 97.0; 97.5; 98.0;
99.0; 100.0; 101.0; 102.0; 103.0; 104.0; 106.0;
108.0; 110.0; 116.0; 120.0; 126.0 and 132.0 h after
drug administration in the steady state study.

RESULTS

The extraction method used, i.e., fast liquid-
liquid extraction without shaking, proved to be very
effective giving very clean extracts. The analysis of
> 3500 samples showed that the retention times for
TRI and IS were stable. Furthermore, the column
backpressure measured during the analysis of the
last samples increased by only 5ñ10% compared
with the initial values, which indicates that the effect
of the sample on the analysis was of minor signifi-
cance. The range of more than 3500 analyses using
the same column without backpressure growing was
performed. 

The linearity of the method was confirmed
(Tab. 2), the quality of the calibration curves used
during the study (n = 24) is presented in Table 3.
The total recovery (efficiency of extraction) of TRI
was 98.25% with RSD% for all concentrations
equalling 4.95%. The LLOQ was determined exper-
imentally and it equalled 9.98 ng/mL (13.01% pre-
cision and 111.24% accuracy). Accuracy over the
range of linearity met the acceptable range.
Extracted samples of TRI and IS from biological
matrix were stable for 72 h during storage in the
autosampler in 10OC temperature. The working stan-
dard solutions of trimetazidine hydrochloride and IS
were stable under storage conditions of 0ñ8OC for a
period of 54 days. The results expressed by RSD%
after one freeze and thaw cycle (short term stability)

at the concentrations levels LQC, MQC and HQC
were equal to 6.55, 7.75 and 8.62, respectively.
Results expressed by RSD% after the third freeze
and thaw cycle at the concentration levels LQC,
MQC and HQC were equal to 3.13, 3.55 and 3.26,
respectively. Long term stability was performed
between the first and last day of the study (54 days).
The results expressed by RSD% after long term sta-
bility for plasma samples at the concentration levels
LQC, MQC and HQC were equal to 6.79, 4.47 and
2.10, respectively. The results expressed by RSD%
after the autosampler stability test at three concen-
tration levels LQC, MQC and HQC were equal to
8.07, 1.69 and 0.65, respectively. The results of
working standard stability expressed by RSD% at
the concentration levels LQC, MQC and HQC were
equal to 0.37, 9.11 and 3.08, respectively. No out-
liers from SST could be detected in a range of more
than 3500 analyses. Total number of quality control
samples was n = 296 for each concentration level.
The results expressed by RSD% at the concentration
levels LQC, MQC, HQC for all sample batches has
been 6.8, 4.9 and 4.6, respectively.

Figure 2 presents the concentration-time pro-
file of TRI obtained in fed, fasted and steady state
studies. Selected pharmacokinetic parameters in
steady state fed and fasted study is described in
Table 5. Value of TRI body clearance after single
administration in fasted state (Cl/F) was 35.4 ± 13.3
L/h for the test and 37.6 ± 14.8 L/h for the reference
drug. Value of TRI body clearance after single
administration in fed state (Cl/F) was 29.30 ± 11.10
L/h for the test and 29.50 ± 12.00 L/h for the refer-
ence drug. Value of half-life in elimination phase
(t1/2kel) was 15.50 ± 7.20 h for the test and 14.00 ±
5.40 h for the reference drug. Bioequivalence was to
be concluded for primary parameters when 90%
confidence intervals were within the range of
80ñ125%. In fed, fasted and steady state study T/R
ratio of geometric means for AUC(0-t), AUC(0-∞) and
AUCτ fell within the range of 80% to 125%. The test
drug met the bioequivalence criterion in fed, fasted
and steady state study (Tab. 5) and therefore can be
described as bioequivalent to the reference drug.

DISCUSSION

This newly reported analytical method was
fully validated according to the US Food and Drug
Administration guidelines. Also, the bioanalytical
part of the study was performed in accordance with
the Good Laboratory Practice (GLP) requirements.
The use of liquid-liquid extraction and HPLC
method with electrochemical detection for the quan-
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tification of trimetazidine in human plasma using an
internal standard was found to give satisfactory
results. Until now, only one method using voltamet-
ric detection has been described for the determina-
tion of trimetazidine concentration (17). However,
the detection limit for urine of this method was 1700
ng/mL, and this reported method was not validated
for other biological matrices like blood or blood
plasma. Additionally, three methods using double
mass spectrometry for trimetazidine studies have
been documented (18ñ20). These methods have an
excellent limit of quantitation value but have a nar-
row range. The presented electrochemical detection
method, with a short run time of analysis and small
number of steps in sample preparation stage pos-
sesses major advantages. Also, an inclusion of the
electrode cleaning sequence into the analytical
method allows for reproducible analysis. All in all,
the newly developed method has an excellent linear-
ity in a wide range of TRI concentrations and does
not need sophisticated equipment. Furthermore, it
was successfully used in the bioequivalence
trimetazidine study, in which more than 3500 sam-
ples were analyzed and with the use of only one
HPLC column.
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