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An HPLC system using a new, simple and rapid liquid–liquid extraction and high-performance liquid chromatography–diode arra
ethod (HPLC–DAD) detection was validated to determine tramadol concentration in rabbit plasma. The method described w

o a pharmacokinetic study of intravenous tramadol injections in rabbits. The extraction with ethylacetate yielded good resp
ecovery of tramadol from plasma averaged 90.40%. Serial plasma samples were obtained prior to, during and after comple
nfusion for determination of tramadol concentrations. Tramadol concentrations were measured using reverse-phase high-perform
hromatography and pharmacokinetic application with intravenous tramadol in rabbits revealed that tramadol followed one-compar
odel. Maximum plasma concentration (Cmax) and area under the plasma concentration–time curve (AUC) for tramadol were 14.3�g mL−1

nd 42.2�g h mL−1, respectively. The method developed was successfully applied to a simple, rapid, specific, sensitive and accur
ethod for investigation of the pharmacokinetics of tramadol in rabbit plasma.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Tramadol hydrochloride, (1RS,2RS)-2-[(dimethylamino)
ethyl]-1-(3-methoxyphenyl) cyclohexanol HCl (Fig. 1), is
centrally acting opioid analgesic in wide spread clinical use

hroughout the world[1]. It is a synthetic analogue of codeine
ut has a relatively low affinity for opiate receptors and has
ot been classified as a controlled substance[2].

The tramadol contains a weakly absorbing chromophore
n its molecule and it has been determined by high-
erformance liquid chromatography (HPLC) with UV de-

ection[3–8], fluorescence detection[9,10] or electrochem-
cal detection[11] and in pharmaceutical[4], urine [8] or

∗ Corresponding author. Tel.: +90 442 2311536; fax: +90 442 2360962.
E-mail address:ykadiogli@yahoo.com (Y. Kadıŏglu).

blood plasma[9,7]. Gas chromatography with nitroge
selective detector[12], gas chromatography–mass sp
trometry [13,14], capillary electrophoresis[15,16] or UV-
spectrophotometry[17] was also used for determining t
madol. Although, the pharmacokinetics of tramadol has
described in rabbit plasma by capillary gas chromatogr
[18], pharmacokinetics of tramadol not has been desc
in rabbits by HPLC. But no HPLC method with diode ar
detection (DAD) system for the investigation of the phar
cokinetics and the quantitation of tramadol in rabbit pla
has been reported in the literature.

The aim of this work was to improve a method usin
sensitive and specific DAD system, and to validate the w
analytical method, according to international guideline
order to obtain an efficient tool for further pharmacokin
studies in rabbit plasma.

570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structure of tramadol.

2. Experimental

2.1. Instruments

The HPLC system consisted of a Thermoquest Spectra
System P 1500 isocratic pump coupled with a Spectra System
UV 6000 LP photodiode array detection system, a Spectra
System AS 3000 autosampler, a SCM 1000 vacuum mem-
brane degasser, a SN 4000 system controller. The detector
was set to scan from 200 to 500 nm and had a discrete channel
set at 218 nm, which was the wavelength used for quantifica-
tion.

2.2. Chromatographic conditions

The analytical column was a Phenomenex Bondclone
reversed-phase C18 column with particle size of 10�m
(300 mm× 3.90 mm i.d.). The column temperature was
30◦C. The control of the HPLC system and data collection
was by a Vestel computer equipped with Chromquest soft-
ware. The flow-rate was 1 mL min−1 and an injection volume
of 25�L was used.

The percentage of the mobile phase organic solvents was
varied using different combinations of acetonitrile–0.01 M
phosphate buffer (40:60, 30:70, 25:75, 20:80, 15:85 and
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Fig. 2. Chromatogram of tramadol standard of 10�g mL−1 in HPLC–DAD
system.

determined as 5.82 min for our HPLC–DAD system (see
Fig. 2).

2.3. Reagents and standards

Tramadol HCl standard was a gift from Grünenthal
(Aachen, Germany). Contramal ampoules were obtained
from Department of Anaesthesia, Faculty of Medicine,
Atatürk University. HPLC grade methanol, acetonitrile and
triethylamine were purchased from Merck. All other chemi-
cals were obtained from commercial sources and were of an-
alytical grade. Buffer solution (potassium dihydrogen phos-
phate, KH2PO4) was prepared with deionised water.

2.4. Preparation of plasma standards and controls

A standard stock solution containing tramadol was
prepared monthly in methanol at a concentration of
100�g mL−1 and kept stored at 4◦C. The eight standard
solutions from 0.5 to 40�g mL−1 (0.5, 1, 3, 5, 10, 20, 30
and 40�g mL−1) in methanol were made by a serial dilu-
tion. A calibration graph was constructed in the range of
0.5–40�g mL−1 for tramadol (n= 6). Then, plasma stan-
dard solutions were prepared by spiking into drug-free rabbit
plasma with different working standard solutions, which were
t een
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0:90). The 0.01 M phosphate buffer was chosen bec
t was sufficient in concentration to avoid peak taili
he best combination of the mobile phase, consistin
cetonitrile–0.01 M phosphate buffer (25:75, v/v) with the
ition of 0.1% triethylamine was chosen and filtered thro
0.47-�m nylon membrane filter and degassed ultras

ally before use for 20 min. Because the drug standard
good peak shape and symmetry and plasma sample

ood examples of peak tailing in the mobile phase co
ation. The pH of the mobile phase was adjusted to 3

he solution was prepared fresh daily. In addition, we
erved excellent base line for the mobile phase in our c
atograms. pH 3.0 was selected giving the best area

or drug with the least band tailing as the pH of the m
ile phase. Besides, the washout period was used i

ime interval 15 min (methanol–water mobile phase, 70
/v). Adding triethylamine (TEA) reduced asymmetry a
etention on the column. Retention time for tramadol
hen further diluted to give final concentrations of betw
.5 and 40�g mL−1 of tramadol for the calibration curv
lasma control samples were prepared from a separate
olution at concentrations of 3, 5, 20 and 40�g mL−1.

.5. Plasma sample preparation procedure

Rabbit plasma (0.2 mL) was placed in a 12 mL capa
lass tube. The plasma was alkalinised by adding a few d
f 0.1 M NaOH. Thus, the pH of the mixture was adjus

o 11 with NaOH, followed by vortexing. Standard solut
1 mL) was added into the plasma and the solution was
ughly vortexed. Then, 4 mL ethylacetate was added int
lasma and the solution was vortexed for 15 min. The sa
as centrifuged for 20 min at 4000 rpm. The organic ph
as transferred into another glass tube and evaporated t
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ness at 40◦C under a stream of nitrogen. The dried residue
was reconstituted in 1 mL of methanol. All samples were
filtered through a Phenomenex membrane of 0.45-�m pore
size (25 mm filter) before injection. The sample of 25�L was
injected into the HPLC system.

2.6. Application of the method

This validated method was then applied to determination
of tramadol concentrations in two rabbits after intravenous
administration of 100 mg of tramadol in ampoules of Contra-
mal. These two male New Zealand white rabbits (approved)
in weighing approximately 3.2 and 3.75 kg obtained from
Atatürk University, The Medical Experimental Research
and Application Centre, were used for the rabbit plasma
samples. After placing the animals in a restraining box,
cannulations of the auricular artery and vein in the opposite
ears were done. A 1 mL volume of blood was obtained from
the artery at time zero and at 15, 25, 40, 60, 120, 180, 240,
300 and 480 min after 10 mg/kg intravenous administration
of tramadol to rabbits[19]. However, the other rabbits were
died in 30 min–1 h after 30 mg/kg i.v. administration of
tramadol [18]. The blood was collected into heparinized
tubes. Rabbit plasma were obtained by centrifugation at
6000 rpm for 15 min and immediately frozen at−20◦C
until assay. Frozen rabbit plasma samples were left on the
b use.
A wn
i ples
c ous
a

2

ana-
l t of
m n
1 cule
a

n-
i hat
t of
t mate-
r the
a ime
a

ali-
d bbit
p ion,
r

2

con-
c ssing
o was
p e.

Fig. 3. Chromatograms obtained from (a) drug-free rabbit plasma; rabbit
administrated an infusion of tramadol at (b) 60 min and (c) 480 min postin-
fusion.

2.9. Precision and accuracy

The precision of a quantitative method is the degree of
agreement among individual test results when the procedure
is applied repeatedly to multiple samplings. It is measured by
repeatedly injecting a ready-made sample pool and expressed
as relative standard deviation of the results. The accuracy
of this analytic method was determined by a method calcu-
lated as percent of mean deviation from known concentration
[(concentration found− known concentration)× 100/known
concentration].

3. Results and discussion

3.1. Linearity

The linearity of calibration graphs was demonstrated
by the good determination coefficients (r2) obtained for
ench to thaw naturally and were vortexed prior to their
typical chromatogram of blank rabbit plasma is sho

n Fig. 3a. The typical chromatograms of plasma sam
ollected from rabbit at 60 and 480 min after intraven
dministration of tramadol is shown inFig. 3b and c.

.7. Validation

The criteria established for the development of our
ytical procedure include: (1) using the smallest amoun

obile phase possible; (2) restrictingk′ values to betwee
and 10; (3) ionization suppression between drug mole
nd residual silanol groups on the surface of silica.

It is known that HPLC–DAD is a highly effective scree
ng method. Criterion for idendification of the analyte is t
he maximum absorption wavelength in the UV spectrum
he analyte should be the same as that of the standard
ial within ±2 nm. The use of the photo-DAD also confers
dvantage of identifying the analyte both by retention t
nd UV spectrum.

The following parameters were determined for the v
ation of analytical method developed for tramadol in ra
lasma: linearity, precision, accuracy, limit of quantitat
ecovery and stability[20].

.8. Linearity

Five-level calibration series with six analyses at each
entration level were measured on-line statistical proce
f the calibration analyses by the least squares method
erformed automatically using the Chromquest Softwar
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Table 1
Summary of assay precision and accuracy data of the method for determination of tramadol in rabbit plasma (n= 6)

Intra-day Inter-day

Added concentration
(�g mL−1)

Found concentration
(�g mL−1)

R.S.D.
(precision, %)

Accuracya

(relative error, %)
Found concentration
(�g mL−1)

R.S.D.
(precision, %)

Accuracya

(relative error, %)

3 2.78 4.43 −7.33 2.81 8.85 −6.33
5 4.66 2.92 −6.80 4.50 3.20 −9.93

20 17.97 2.34 −10.15 18.76 4.34 −6.20
40 36.62 2.20 −8.45 36.18 1.51 −9.55

a Accuracy = [(found− added)/added]× 100; R.S.D.: relative standard deviation.

Table 2
Summary of assay recovery of tramadol in rabbit plasma (n= 6)

Added concentration (�g mL−1) Found concentration (�g mL−1) Recovery ratioa (%) Accuracy relative error (%) R.S.D. (%)

3 2.69 89.67 −10.33 7.50
5 4.51 90.20 −9.80 3.26

20 17.97 89.85 −10.15 4.70
40 36.74 91.86 −8.15 1.94

a Mean values.

the regression line. The mean regression equation is
y= 9× 10−6x− 1.757 (0.9909). The regression equations
were calculated from the calibration graphs, along with the
standard deviations of the slope (Sb) and intercept (Sa) on the
ordinate.Sa, standard deviation of intercept of regression line
is 1.6× 10−2 andSb, standard deviation of slope of regression
line is 5.2× 10−7.

3.2. Precision and accuracy

Precision and accuracy were determined on spiked rabbit
plasma samples at eight concentrations with respect to a cal-
ibration graph prepared every day (n= 6). The precision of
the method was evaluated as the intra- and inter-day R.S.D.
of the measured peak areas by assaying spiked plasma sam-
ples at four different concentrations. All samples for these
purposes were freshly prepared including preparing the stan-
dard solution from the same stock solution (100�g mL−1).
Six replicates from each pool were assayed on each of 3 days
so that both intra- and inter-day precision and accuracy could
be determined. The results for tramadol in rabbit plasma are
shown inTable 1. Precision and accuracy studies in plasma
showed an acceptable the R.S.D. values and the relative errors
were≤10% and high accuracy for both intra- and inter-day
(n= 6) studies (≤10%).
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fined, as a signal-to-noise ratio of 3, was 0.25�g mL−1 of
plasma.

3.4. Recovery

The extraction recovery of tramadol in rabbit plasma was
determined at all levels of the calibration graph by comparing
the data obtained by the direct injection of standard aqueous
solutions to those obtained after the whole extraction pro-
cedure. The one-step extraction procedure was fairly rapid.
Ethylacetate solvent was selected for our liquid–liquid extrac-
tion method. Ethylacetate is a very popular extracting solvent
because of its high polarity and volatility. The solvent ethyl-
acetate gave good recovery and the absolute recoveries of
tramadol from plasma were between 89 and 92% as shown
in Table 2. No interfering peak and ghost peak were detected
in the blank plasma and plasma samples from the animals in
analysis.

3.5. Stability

The stock solution was stable for at least 4 weeks when
stored at 4◦C. No change in the stability of the stock solution
over one month was observed. The stability of tramadol at
different temperatures indicated that it was stable at 4 and
2 The
r ed at
4

3

arent
d sma
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m us
.3. Limit of quantification and detection

The limit of quantification (LOQ), defined in the presen
xperiment as the lowest plasma concentration in the
ration curve that could be measured routinely with acc
ble precision (R.S.D. < 20%) and for all concentration
ompounds the accuracy was higher than 90%. The
f quantitation for tramadol determination in rabbit plas
as 0.4�g mL−1. The limit of detection for tramadol d
5◦C for at least 4 weeks (on day 0, 7, 14, 21 and 28).
esults indicated that no significant degradation occurr
weeks as shown inTable 3.

.6. Pharmacokinetic study

Pharmacokinetic parameters such as half-life, app
istribution volume, clearance and area under the pla
oncentration–time graph were calculated by standard
ulas[21]. Tramadol elimination after a single intraveno
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Table 3
Stability of tramadol stock solution under different storage conditions (at
10�g mL−1)

Temperature (◦C) Day

0 7 14 21 28

4 98 101 99 102 94
25 102 104 97 99 96

The data represents the recovery (%).

Fig. 4. Plasma concentration–time profile of tramadol for the mean of two
rabbits receiving intravenous tramadol.

injection was regarded a first-order reaction kinetic follow-
ing the equationC=C0e−kt, whereC represents tramadol
concentration in any time points,C0 is the concentration
when time (t) equals zero andkel is the first-order rate con-
stant expressed in units of concentration per hour. The elim-
ination rate constantkel and half-life t1/2 were calculated
from the slope of the linear regression line in the elimina-
tion phase of the semi-logarithmic plot of plasma concen-
tration versus time as logC= logC0 − kel t/2.3. Results were
expressed asVd, Cl, kel, t1/2 and AUC as they apply to one-
compartment open linear model. Half-lifet1/2 was calculated
as 0.693/kel. The area under the plasma concentration–time
curve AUC0–8 h was calculated on the experimental values
(trapezoidal rule) with extrapolation to infinity, obtained by
the elimination rate constant. Distribution volumeVd and
clearance Cl were calculated asD/C0 andVdkel, respectively.

Table 4
Pharmacokinetic parameters of tramadol in rabbit after intravenous tramadol
injection

Parameter Result Unit

Cmax 14.3 �g mL−1

t1/2 2.04 h
AUC0–8 h 42.2 �g h mL−1

Cl 824 mL h−1

k
V

C
u
r

4. Conclusions

It has good precision and accuracy that this sensitive
method has been studied in plasma. Plasma samples were
extracted with ethylacetate in a one-step liquid–liquid ex-
traction. And only one-step extraction procedure was fairly
rapid and advantage. In the developed method, 0.2 mL of
plasma was used in the sample preparation. With regard
to plasma samples, the extraction method is simpler and in
smaller volume of plasma sample than others reported previ-
ously [3,6,11–13]. Only 25�L of the reconstituted solution
(1 mL) was injected into the system. This method has been
utilized in the analysis of plasma samples collected from rab-
bits. The new method had been successfully applied to the
analysis of samples from a pharmacokinetic study consist-
ing of two rabbits. In particular, the data from rabbits were
satisfactorily fitted to a linear one-compartment open model.
Fig. 4represents the mean concentration–time profile of two
rabbits.

In the developed method, the maximum plasma concen-
trationCmax for tramadol was 14.3�g mL−1. Tramadol was
well tolerated after a single intravenous infusion. Plasma
tramadol concentration declined rapidly after the end of
the 1 h tramadol infusion. Tramadol began to disappear
from plasma after 8 h for plasma concentration–time pro-
fi as
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el 0.339 h−1

d 2430 mL

max: maximum plasma concentration;t1/2: half-live; AUC0–8 h: the area
nder the plasma concentration–time curve; Cl: clearance;kel: elimination
ate constant;Vd: distribution volume.
le fitting in previous report, but a longer half-life w
btained. The AUC0–8 h and t1/2 were 42.2�g h mL−1 and
.04 h, as different from that of previous report[18].
he major pharmacokinetic parameters are reporte
able 4.

In previous report, the capillary gas chromatographic
ay with flame ionisation detection was developed for
etermination of tramadol in human, rabbit, pig and
lasma. Pharmacokinetic application with i.v. tramado
umans and rabbits revealed that tramadol followed a
ompartment open model with one distribution phase
ne elimination phase. The distribution and elimination h

ives in humans were 1.02 and 141.9 min. The distribu
nd elimination half-lives in rabbits were 7.31 and 63.2 m
espectively[18].

The other method was developed for simultaneous
ermination of tramadol and its main active metaboliteo-
esmethyltramadol by high-performance liquid chroma
aphy with electrochemical detection after a 5-min
nfusion administration of tramadol to one rat. Phar
okinetic analysis of the data indicated a meanCmax of
0�g mL−1 for tramadol and of 850 ng mL−1 for the metabo

ite. The mean AUCs of tramadol and ODMT were 493
19�g mL−1 min, respectively[11].

We have developed a rapid, sensitive, precise and
ate HPLC–DAD method for determination of tramado
abbits. To our knowledge, this is the first description of
adol pharmacokinetics in rabbit plasma by HPLC–D
ethod in the literature. It can be very useful and an alte

o performing pharmacokinetic studies in determinatio
ramadol for clinical use.
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