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a b s t r a c t

A rapid, sensitive and accurate liquid chromatography–tandem mass spectrometry (LC–MS/MS) assay for
the simultaneous determination of tramadol and its active metabolite, O-desmethyltramadol in human
plasma is developed using propranolol as internal standard (IS). The analytes and IS were extracted
from 200 �L aliquots of human plasma via protein precipitation using acetonitrile. Chromatographic
separation was achieved in a run time of 2.0 min on an Aquasil C18 (100 mm × 2.1 mm, 5 �m) column
eywords:
ramadol
-desmethyltramadol
iquid chromatography tandem mass
pectrometry
rotein precipitation

under isocratic conditions. Detection of analytes and IS was done by tandem mass spectrometry, oper-
ating in positive ion and multiple reaction monitoring (MRM) acquisition mode. The method was fully
validated for its selectivity, sensitivity, linearity, precision and accuracy, recovery, matrix effect, ion sup-
pression/enhancement, stability and dilution integrity. A linear dynamic range was established from 1.0
to 600.0 ng/mL for tramadol and 0.5–300.0 ng/mL for O-desmethyltramadol. The method was success-
fully applied to a bioequivalence study of 200 mg tramadol tablet formulation in 27 healthy Indian male
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. Introduction

Tramadol hydrochloride is a centrally acting analgesic, used in
he treatment of moderate to severe acute and chronic pain [1].
t acts as an opiate agonist by selective activity at the �-opioid
eceptors [2]. It inhibits reuptake of norepinephrine and serotonin,
hich appears to contribute to the drug’s analgesic effect [3]. Tra-
adol (T) has been found to produce numerous positive responses

n vertebrates; antitussive, antidepressant, anti-inflammatory and
mmunostimulatory effects [4,5]. The therapeutic plasma con-
entration level of tramadol is in the range of 100–300 ng/mL
nd has plasma protein binding of about 20% [6]. Tramadol is
apidly absorbed after oral administration and has a bioavailabil-
ty of 65–70% due to first-pass metabolism [7]. It is extensively

etabolized in the liver by cytochrome P4502 isoenzymes D6 to
-desmethyltramadol (ODT) and N-desmethyltramadol (NDT). The
etabolite ODT is pharmacologically active and is mainly respon-
ible for the analgesic efficacy of tramadol [8]. About 10–30% of the
arent drug is excreted unchanged in the urine [9].

Several bioanalytical methods are reported to determine tra-
adol alone or in combination with its metabolites in a variety
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f biological matrices. Methods for estimating only tramadol have
een described employing HPLC with UV [10–13], fluorescence
13,14], diode array detector [15], GC with flame ionization detec-
ion [16], and mass spectrometry detection [17–20]. An interesting
tudy for the simultaneous determination of 11 opioids used in
alliative care, with five of their metabolites by an automated
C–MS/MS procedure has been reported by Musshoff et al. [21].
he analytes were extracted from blood plasma using solid phase
xtraction and separated under gradient conditions.

Simultaneous quantification of tramadol and its metabolites
n brain tissue of mice and rats [22], saliva [23], urine [23,24],
mniotic fluid [25] and plasma [22,26–39] are reported using dif-
erent analytical techniques. Tao et al. [22] have presented a gas
hromatographic method using nitrogen–phosphorous detector to
easure tramadol and its active metabolite O-desmethyltramadol.
stereospecific high performance liquid chromatographic anal-

sis of tramadol and its O-demethylated and N, O-demethylated
etabolites has been described using fluorescence detection [37].
n improved HPLC method for T and ODT in human plasma is
iven by Gu and Fawcett [35] with a sensitivity of 3 and 1.5 ng/mL

espectively. Other HPLC methods [23,27,31,32,36] reported for
imultaneous determination of T and ODT have lower limits of
uantification in the range of 2.5–50 ng/mL, with high chro-
atographic run time of 5–20 min per sample analysis. Three

imultaneous stereoselective methods for tramadol and its main

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:pranav_shrivastav@yahoo.com
dx.doi.org/10.1016/j.jpba.2008.10.030
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Table 1
Comparison of selected analytical methods developed for simultaneous determination of tramadol (T) and O-desmethyltramadol (ODT) in human plasma.

Sr. no. Extraction procedure (human
plasma volume); mean
recovery (T/ODT)

Elution; mobile phase;
injection volume

Maximum
on-column
loadinga (ng)

Analytical run
time (min)

Detection technique LLOQ (ng/mL) Reference no.

1b LLEc with ethyl acetate
(0.12 mL);(89.55/82.1%)

Isocratic; methanol:H2O
19:81), pH 2.5 with PAd; 100 �L

30 for T and ODT 7 HPLC-fluorescence 2.5 for T and ODT [23]

2 SPEe (1.0 mL); (94.36/93.52%) Isocratic; ACNf:phosphate
buffer:TEAg (30:70:0.1 v/v);
20 �L

1400 for T and 200
for ODT

2 HPLC-UV 50 for T and ODT [31]

3 LLEc with TBMEh (1.0 mL); (–/–) Gradient; ACNf-0.01 M
phosphate buffer pH 2.8;
100 �L

16.6 for T and ODT 18 HPLC-fluorescence 2.5 for T and ODT [32]

4 LLEc with DEEi-DCMj-hexane
(1.0 mL); (87.2/89.8%)

Isocratic; ACNf:buffer, pH 3.9
(35:65, v/v); 100 �L

384 for T and 192
for ODT

15 HPLC-fluorescence 3.0 for T and 1.5 for
ODT

[35]

5k LLEc with EAl (0.25 mL);
(77.75/82.1%)

Isocratic; methanol:H2O
(13:87, v/v), pH 2.5; 100 �L

50 for T and ODT 5 HPLC-fluorescence 2.5 for T and 1.25
for ODT

[36]

6 LLEc with EAl (0.7 mL);
(78.18%/80.04%)

Gradient;
PAd-TEAg-ACNf-methanol;
90 �L

103.23 for T and
51.27 for ODT

27 HPLC-fluorescence 4.078 for T and
3.271 for ODT

[38]

7 PPm with PA (0.2 mL);
(102.7/92.0%)

Isocratic; 0.2% TFAn:ACNf

(90:10, v/v); 2 �L
0.3056 for T and
0.3143 for ODT

4 LC–MS/MS 2.0 for T and ODT [39]

8 PPm with ACNf (0.2 mL);
(97.2/95.8%)

Isocratic;
methanol:H2O:ATFo:FAp

(700 + 300 + 1 + 0.1 mL); 5 �L

0.250 for T and
0.125 for ODT

2 LC–MS/MS 1.0 for T and 0.5 for
ODT

Present method

a At ULOQ level.
b Including N-desmethyltramadol and O,N-di desmethyltramadol.
c Liquid–liquid extraction.
d Phosphoric acid.
e Solid phase extraction.
f Acetonitrile.
g Triethylamine.
h tert-butyl methyl ether.
i Diethyl ether.
j Dichloromethane.
k Including N-desmethyltramadol.
l Ethyl acetate.

m Protein precipitation.
n Trifluoroacetic acid.
o Ammonium trifluoroacetate.
p Formic acid.
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hase I metabolites in human plasma by on-line capillary zone
lectrophoresis-electrospray ionization mass spectrometry [29]
nd HPLC-fluorescence [33,34] have been proposed. Very few
ethods are available so far for the determination of tramadol

nd its active metabolite using liquid chromatography tandem
ass spectrometry in human plasma. An enantiomeric determina-

ion of tramadol and its main metabolite O-desmethyltramadol in
uman plasma is presented by Ceccato et al. using LC–MS/MS [28].
he method involves an automated SPE procedure for extraction,
ollowed by separation on normal phase chiral column in the pres-
nce of other metabolites such as N-desmethyltramadol (NDT) and
,O-desmethyltramadol (NODT). The limits of quantitation for the
nantiomers were 0.5 ng/mL using 1.0 mL human plasma. Zhao et al.
25] have reported an LC–MS/MS method employing atmospheric
ressure chemical ionization as interface detection for T and ODT.
he calibration curves were linear in the range of 8.0–800 �g/mL in
uman plasma and 1.0–400 �g/mL in amniotic fluids. Very recently,
lase et al. [39] have presented a sensitive LC–MS/MS method

or T and ODT using protein precipitation. The linear dynamic
ange established was 2–300 ng/mL for both the analytes in human
lasma. The salient features of some selected methods for simul-
aneous determination of tramadol and O-desmethyltramadol are
omplied in Table 1.

Thus, there is a need to develop rapid, rugged and adequately
ensitive methods for simultaneous determination of T and ODT.
he method presented in this study using LC-ESI-MS/MS is rapid
nd sensitive for routine subject sample analysis. The chromato-
raphic separation of the analytes and IS was achieved in a run
ime of 2.0 min, giving a high turnaround for the analysis. The

ethod was successfully applied to study the pharmacokinet-
cs/bioequivalency of 200 mg tramadol tablet formulation in 27
ealthy Indian male subjects under fasting condition.

. Experimental

.1. Chemicals and materials

Reference standard material of tramadol (99.0%) and O-
esmethyltramadol (95.5%) were procured from Cadila Healthcare
td. (Ahmedabad, GUJ, India) and SynFine Research Inc. (Toronto,
nt., Canada), while propranolol (IS, 99.0%) was procured from

PCA Laboratories Ltd. (Ratlam, MP, India). HPLC grade acetonitrile
nd methanol were procured from S.D. Fine Chemicals Ltd. (Mum-
ai, MAH, India). Ammonium trifluoroacetate used in mobile phase
as of Acros Organics (Springfield, NJ, USA) while AR grade formic

cid (99%) was obtained from S.D. Fine Chemicals Ltd. (Mumbai,
AH, India). Water used for the LC–MS/MS was prepared using
illi Q water purification system from Millipore (Bangalore, KAR,

ndia). Control buffered (K3 EDTA) human plasma was procured
rom Clinical Department, BA Research India Limited (Ahmedabad,
UJ, India) and was stored at −20 ◦C. Centrifuge was of Eppendorf
810 (Hamburg, Germany).

.2. LC–MS/MS instrumentation and conditions

The liquid chromatography system from Shimadzu (Kyoto,
apan) consisted of a LC-10ADvp pump, an autosampler (SIL-HTc)
nd an on-line degasser (DGU-14A). Chromatographic column
sed was Aquasil C18, 100 mm length × 2.1 mm inner diameter,

ith 5.0 �m particle size. The mobile phase consisted of 700 mL
ethanol + 300 mL deionized water + 1.0 mL, 1.0 M ammonium tri-

uoroacetate + 0.1 mL formic acid. Separation of analytes and IS was
erformed under isocratic condition at a flow rate of 400 �L/min.
he autosampler temperature was maintained at 4 ◦C and the injec-

p
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ion volume was 5 �L. The total LC run time was 2.0 min. Detection
f analytes and IS was performed on a triple quadrupole mass spec-
rometer, API-4000 equipped with Turbo Ion spray®, manufactured
y MDS SCIEX (Toronto, Ont., Canada) operating in the positive
on mode. Quantitation was done using multiple reaction mon-
toring (MRM) mode to monitor protonated precursor → product
on transition of m/z 264.2 → 58.1 for tramadol, 250.2 → 58.1 for
-desmethyltramadol and 260.2 → 116.1 for IS (Fig. 1). All the
arameters of LC and MS were controlled by Analyst software ver-
ion 1.4.1.

For tramadol, O-desmethyltramadol and propranolol (IS) the
ource parameters maintained were Gas 1 (GS1): 40 psi, Gas 2
GS2): 60 psi, ion spray voltage (ISV): 1500 V, turbo heater temper-
ture (TEM): 500 ◦C, interface heater (Ihe): ON, entrance potential
EP): 10 V, collision activation dissociation (CAD): 8 psi, curtain gas
CUR): 20 psi. The compound dependent parameters like declus-
ering potential (DP), collision energy (CE) and cell exit potential
CXP) were optimized at 40, 45 and 5 V for tramadol, 45, 37 and
V for O-desmethyltramadol and 65, 26 and 10 V for propranolol

espectively. Quadrupole 1 and quadrupole 3 were maintained at
nit resolution. Dwell time set was 400 ms for both the analytes
nd IS.

.3. Preparation of standard stocks and plasma samples

The standard stock solutions of 100 �g/mL were prepared by
issolving requisite amount of tramadol, O-desmethyltramadol and
ropranolol in methanol. These stock solutions were further diluted

n methanol:water (50:50, v/v) to get an intermediate concentra-
ion of 12.0 and 6.0 �g/mL for T and ODT respectively. Combined
orking solutions of tramadol and O-desmethyltramadol, required

or spiking plasma calibration and quality control samples were
ubsequently prepared using the standard and intermediate stock
olutions in methanol:water (50:50, v/v). IS working solution of
5.0 ng/mL was prepared using the stock of 100 �g/mL in acetoni-
rile. All the standard stock, intermediate stock and working stock
olutions were prepared and stored at 4 ± 6 ◦C until use. Drug free
lasma, i.e. control (blank) plasma was withdrawn from the deep
reezer and allowed to get completely thawed before use. The cal-
bration standards (CS) and quality control (QC) samples (LLOQ,
ower limit of quantitation; LQC, low quality control; MQC, mid-
le quality control; HQC, high quality control; ULOQ, upper limit of
uantitation) were prepared by spiking blank plasma with respec-
ive working solutions (5% of total volume of plasma). Calibration
tandards were made at 1.00, 2.00, 5.00, 20.0, 40.0, 90.0, 150.0,
00.0, 500.0 and 600.0 ng/mL for T and 0.50, 1.00, 2.50, 10.0, 20.0,
5.0, 75.0, 150.0, 250.0, 300.0 for ODT. Quality controls were pre-
ared at 1.00 ng/mL (LLOQ), 3.00 ng/mL (LQC), 37.5 ng/mL (MQC),
50.0 ng/mL (HQC) and 600.0 ng/mL (ULOQ) for T and 0.50 ng/mL
LLOQ), 1.50 ng/mL (LQC), 18.75 ng/mL (MQC), 225.0 ng/mL (HQC)
nd 300.0 ng/mL (ULOQ) for ODT. The spiked plasma samples at all
he levels were stored at −20 ◦C for validation and subject sample
nalysis.

.4. Protocol for sample preparation

Prior to analysis, spiked plasma samples were withdrawn from
20 ◦C freezer and thawed for 30–45 min at room temperature.
he samples were vortexed adequately using a vortex mixer
efore pipetting. Aliquots of 200 �L plasma were transferred into

olypropylene micro centrifuge tubes, 10 �L deionized water along
ith 400 �L working solution of IS in acetonitrile (75.0 ng/mL) was

dded. The tubes were capped and vortexed for 60 s vigorously.
urther, the samples were centrifuged for 3 min at 17,949 × g. The
upernatant (100 �L) was taken in labeled riavials and 300 �L of
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Fig. 1. Product ion spectra of (a) tramadol (264.2 → 58.1, scan range 50–300 amu), (b) O-desmethyltramadol (250.2 → 58.1, scan range 50–300 amu) and (c) propranolol (IS,
260.2 → 116.1, scan range 100–360 amu).
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obile phase was added. After through mixing, the samples were
ransferred to labeled autoinjector vials and 5 �L was used for injec-
ion in LC–MS/MS, in partial loop mode.

.5. Validation methodology

A thorough and complete method validation of tramadol and
-desmethyltramadol in human plasma was done following the
SFDA guidelines [40]. The method was validated for selec-

ivity, sensitivity, interference check, carryover check, linearity,
recision and accuracy, recovery, matrix effect, ion suppres-
ion/enhancement, cross specificity, stability and dilution integrity.

Test for selectivity was carried out in 10 different lots of blank
lasma collected with K3 EDTA as anticoagulant. The samples
ere processed through the protein precipitation extraction pro-

ocol and analyzed to determine the extent to which endogenous
lasma components might contribute to the interference at the
etention time of analytes and the internal standard. In this exper-
ment, from each of these 10 different lots, two replicates each of
90 �L were spiked with 10 �L methanol–water (50:50, v/v) solu-
ion. In the first set, the double blank plasma was directly injected
fter extraction (without analyte and IS), while the other set was
piked with only IS before extraction (total 20 samples). Further,
ne system suitability sample (SSS) at CS-2 concentration and two
eplicates of LLOQ concentration (CS-1) were prepared by spiking
lank plasma with combined working aqueous standards of tra-
adol and O-desmethyltramadol (5% of total volume of plasma).

he blank plasma sample used for spiking of SSS and LLOQ were
hosen from one of these 10 lots of plasma. Check for interfer-
nce due to commonly used medications in human volunteers was
one for paracetamol, chlorpheniramine maleate, caffeine, acetyl-
alicylic acid and ibuprofen. Their stock solutions (100.0 �g/mL)
ere prepared by dissolving requisite amount in methanol. Fur-

her, working solutions (100.0 ng/mL) were prepared in the mobile
hase and 5 �L was injected to check any possible interference at
he retention time of analytes and IS.

Carry over experiment was performed to verify any carry over
f analytes, which may reflect in subsequent runs. The design
f the study comprised of the following sequence of injections,
.e. double blank plasma sample → two samples of LLOQ → double
lank plasma → ULOQ sample → double blank plasma → ULOQ
ample → double blank plasma to check for any interference due
o carry over.

The linearity of the method was determined by analysis of stan-
ard plots associated with a ten-point standard calibration curve.
ive linearity curves containing ten non-zero concentrations were
nalyzed. Best-fit calibration curves of peak area ratio versus con-
entration were drawn. The concentration of the analytes were
alculated from calibration curve (y = mx + c; where y is the peak
rea ratio) using linear regression analysis with reciprocate of the
rug concentration as a weighing factor (1/x2) for T and ODT respec-
ively. The regression equation for the calibration curve was also
sed to back-calculate the measured concentration at each QC level.
he peak area ratio values of calibration standards were propor-
ional to the concentration of the drugs in plasma over the range
ested.

Intra-batch and inter-batch (on three consecutive days) accuracy
nd precision were evaluated at five different concentrations lev-
ls (LLOQ, LQC, MQC, HQC and ULOQ) in six replicates for both the
nalytes. Mean values were obtained for calculated drug concentra-

ion over these batches. The accuracy and precision was calculated
nd expressed in terms of % bias and coefficient of variation (% CV)
espectively.

Recovery of the analytes from the extraction procedure was
erformed at LQC, MQC and HQC levels. It was evaluated by com-

o
w
H
[
e
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aring peak area of extracted samples (spiked before extraction)
o the peak area of unextracted samples (quality control working
olutions spiked in extracted plasma).

To evaluate the magnitude of matrix ion suppres-
ion/enhancement effects on the MRM LC–MS/MS sensitivity, post
olumn analytes infusion experiment was conducted. A standard
olution containing 100 ng/mL of T and ODT in methanol:water
80:20, v/v) was infused post column via a ‘T’ connector into the

obile phase at 5 �L/min employing Harvard infusion pump.
liquots of 5 �L of extracted control plasma were then injected

nto the column by the autosampler and MRM LC–MS/MS chro-
atograms were acquired for both the analytes and IS. Any dip in

he baseline upon injection of double blank plasma would indicate
on suppression, while a peak at the retention time of T, ODT and
S indicates ion enhancement. To study the effect of matrix on
nalyte quantitation with respect to consistency in signal, matrix
ffect was checked in six different lots of K3 EDTA plasma. Four
eplicates, each at LQC and HQC levels were prepared from these
ots of plasma (total 48 QC samples) and checked for the accuracy in
erms of % bias in all the QC samples. Cross specificity experiment
ere conducted for T, ODT and IS at ULOQ level by comparing the
eak area at their respective retention times.

Stability experiments were performed to evaluate the analyte
tability in stocks solutions and in plasma samples under different
onditions, simulating the same conditions, which occurred during
tudy sample analysis. Stock solution stability was performed by
omparing area response of stability sample of analytes and inter-
al standard with the area response of sample prepared from fresh
tock solutions. The results should be within the acceptable limit of
10% change for stock solution stability experiment. Bench top sta-
ility (BTS), room temperature stability (SBM), refrigerated stability
f extracted sample (RSS), freeze thaw stability (FTS) and long term
tability (LTS) were performed at LQC, MQC and HQC levels using
ix replicates at each level. To meet the acceptance criteria the %CV
hould be within ±15%.

The dilution integrity experiment was performed with an aim
o validate the dilution test to be carried out on higher analyte con-
entrations (above ULOQ), which may be encountered during real
ubject samples analysis. Dilution integrity experiment was carried
ut at 5 times the ULOQ concentration, i.e. 3000 ng/mL for tramadol
nd 1500 ng/mL for O-desmethyltramadol and also at HQC level for
oth the analytes. Six replicate samples each of 1/10 of 5 × ULOQ
300.0/150.0 ng/mL) and 1/10 of HQC (45.0/22.5 ng/mL) concen-
ration were prepared and their concentrations were calculated,
y applying the dilution factor of 10 against the freshly prepared
alibration curve for tramadol and O-desmethyltramadol.

.6. Bioequivalence study design

The design of study comprised of “An open label, randomized,
wo period, two treatment, two sequence, balanced, single dose,
rossover, comparative evaluation of relative bioavailability of test
200 mg tramadol hydrochloride extended release tablet) and refer-
nce formulations (TOPALGIC® L.P., 200 mg tramadol hydrochloride
xtended release tablet) in 27 healthy Indian human subjects under
asting conditions”. All the subjects were informed of the aim and
isk involved in the study and written consent were obtained. The
ork was approved and subject to review by Institutional Ethics
ommittee, an independent body comprising of five members
hich includes a lawyer, medical doctor, social worker, pharmacol-
gist and an academician. The procedures followed while dealing
ith human subjects were based on International Conference on
armonization, E6 Good Clinical Practice (ICH, E6 GCP) guidelines

41]. Health check up for all subjects was done by general physical
xamination, ECG and laboratory tests like hematology, biochem-
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stry and urine examination. All subjects were negative for HIV,
BSAg and HCV tests. They were orally administered a single dose of

est and reference formulation after recommended wash out period
f 9 days with 240 mL of water. Drinking water was restricted (at
east) from 1 h before dosing and up to 2 h after dosing while supine
osition was restricted 4 h post dose. Blood samples were collected

n vacutainers containing K3 EDTA before (0.0 h) and at 1.0, 2.0,
.0, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 9.0, 10.0, 12.0, 16.0, 24.0,
6.0 and 48.0 h of administration of drug. Blood samples were cen-
rifuged at 2061 × g for 10 min and plasma was separated, stored at
20 ◦C until use. An assay reproducibility experiment was also con-
ucted by computerized random selection of subject samples (5%
f total samples analyzed). The selection criteria included samples
hich were near the Cmax and the elimination phase in the pharma-

okinetic profile of the drug and metabolite. The results obtained
ere compared with the data obtained earlier for the same sample
sing the same procedure. According to USFDA the percent change
hould not be more than ±20% [42].

. Results and discussion

.1. Method development

As the literature reveals (Table 1), there is a need to develop
C–MS/MS methods which can encompass all the merits of an opti-
um bioanalytical method applicable for routine sample analysis.

hus, in the present study method development was initiated to
ealize a rugged, sensitive, and specific LC-ESI-MS/MS method with
short overall analysis time for the simultaneous quantification of

ramadol and O-desmethyltramadol in human plasma. To accom-
lish this aim it was imperative to have a simple, inexpensive and
n efficient extraction procedure, with a short chromatographic run
ime. Also, the sensitivity should be adequate enough to monitor at
east five half lives of tramadol concentration with good accuracy
nd precision for subject samples.

The tuning of MS parameters was carried out in positive as well
s negative ionization modes for tramadol, O-desmethyltramadol
nd propranolol (IS) using 100.0 ng/mL tuning solution. The
esponse observed was much higher with low background noise
n positive ionization mode for all the three compounds compared
o the negative mode. The analytes and IS gave predominant singly
harged protonated precursor [M+H]+ ions at m/z of 264.2, 250.2
nd 260.2 for T, ODT and IS respectively in Q1 MS full scan spec-
ra. Further, fragmentation was initiated using sufficient nitrogen
or collision activated dissociation and by applying 15 V collision
nergy to break the precursor ions. The most abundant ions found
n the product ion mass spectra were m/z 58.1, 58.1 and 116.1 at 45,
7 and 26 V collision energy for T, ODT and IS respectively. To attain
n ideal Taylor cone and a better impact on spectral response, neb-
liser gas pressure (GS1) was optimized at 40 psi. Fine tuning of
ebuliser gas and CAD gas was done to get a consistent and stable
esponse. It was observed that ion spray voltage had a significant
ffect on the response of both the analytes and IS. At high voltage
4500 V), the response was drastically reduced and hence an opti-

um potential of 1500 V was kept which gave consistent and stable
ignal. The ion source chamber temperature had little effect on the
ignal and thus was maintained at 500 ◦C. A dwell time of 400 ms
as adequate and no cross talk was observed between the MRMs
f analytes and IS.

Most of the methods reported have employed either

iquid–liquid extraction [23,27,32,35,36] or solid phase extraction
31] to extract T and ODT from human plasma. So far only one
rocedure [39] has applied protein precipitation with perchloric
cid for quantitative extraction of T and ODT from human plasma.
hus, the extraction was initiated using a simple, quick and inex-

t
a
m
s
b
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ensive protein precipitation technique using common solvents
ike methanol, acetonitrile and acetone. Quantitative and precise
ecoveries were obtained using acetonitrile as the precipitating
gent compared to other solvents with negligible ion suppression.
he mean recoveries for T, ODT and IS obtained were 97.2%, 95.8%
nd 104.0% respectively. Moreover, the validation results and
ubject sample analysis support this extraction methodology and
ence was accepted in the present study.

The chromatographic conditions were aimed at getting ade-
uate response, sharp peak shape and a short run time per
nalysis for the analytes and IS. This included mobile phase
election, flow rate, column type and injection volume. Different
olume ratios of methanol–water and acetonitrile–water com-
inations were tried as mobile phase, along with formic acid,
mmonium trifluoroacetate and ammonium acetate buffers in
arying strength on Aquasil C18 (100 mm × 2.1 mm i.d., 5 �m),
ypurity cyano (50 mm × 4.6 mm i.d., 5 �m) and Betabasic cyano

100 mm × 2.1 mm i.d., 5 �m). It was observed that 1.0 mL, 1 M
mmonium trifluoroacetate and 0.100 mL of formic acid in
ethanol:water (70:30, v/v) as the mobile phase was most appro-

riate for faster elution, better efficiency and peak shape. The use
f Aquasil C18 chromatography column helped in the separation
nd elution of all three compounds in a very short time. The elution
rder/retention mechanism on the reversed phase C-18 column was
ased on the polarity of analytes, similar to the trend observed in
arlier reports [23,31,32,36], i.e. metabolite (0.84 min) followed by
elatively less polar tramadol (0.96 min). The maximum on-column
oading of T and ODT per sample injection was 250 and 125 pg
espectively. The total chromatographic run time was 2.0 min for
ach run using 400 �L/min flow rate.

A general internal standard was used to minimize analytical
ariation due to solvent evaporation, integrity of the column and
onization efficiency. Thus, propranolol was selected as an inter-
al standard which had similar chromatographic behaviour and
as easily precipitated with acetonitrile along with the analytes.

here was no significant effect of IS on analyte recovery, sensitivity
r ion suppression. Also, the validation results obtained from this
C–MS/MS methodology encouraged its selection as an IS for the
resent study.

.2. Selectivity, sensitivity, interference and carryover check

The aim of performing selectivity check with 10 different types
f plasma samples was to ensure the authenticity of the results for
tudy sample analysis. Figs. 2 and 3 demonstrate the selectivity
esults with the chromatograms of double blank plasma (with-
ut IS), blank plasma (with IS), and the peak response of T and
DT at LLOQ (1.00 ng/mL for T and 0.50 ng/mL for ODT) concentra-

ion. Also, the real subject sample chromatograms are presented
or T and ODT at 5.5 and 7.5 h respectively after oral administra-
ion of 200 mg tramadol in these figures. The protein precipitation

ethod in combination with mass spectrometry gave very good
electivity for the analytes and IS in the blank plasma. The chro-
atograms show excellent peak shape for both the analytes and IS.
o endogenous interferences were found at the retention times of
(0.96 min), ODT (0.84 min) and IS (1.14 min) in the blank plasma.
he retention time was short for both the analytes, which makes
t suitable for routine analysis. The area observed at the retention
ime of T and ODT was less than 20% of their LLOQ area whereas,
t was less than 5% IS area observed in the LLOQ sample. Though

he present method was intended for T and its pharmacological
ctive metabolite ODT, the potential interference of another major
etabolite of tramadol, N-desmethyltramadol (NDT) was also con-

idered. Like ODT, NDT too has the same precursor ion at m/z 250
ut a different product ion at m/z 45. Thus, the possible interference
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Fig. 2. Chromatograms for tramadol (264.2 → 58.1) and propranolol (IS, 260.2 → 116.1) in (a) double blank plasma, (b) blank+ IS, (c) LLOQ and (d) real subject sample at 5.5 h.
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Fig. 3. Chromatograms for O-desmethyltramadol (250.2 → 58.1) and propranolol (IS, 260.2 → 116.1) in (a) double blank plasma, (b) blank + IS, (c) LLOQ and (d) real subject
sample at 7.5 h.



362 B.N. Patel et al. / Journal of Pharmaceutical and Biomedical Analysis 49 (2009) 354–366

Table 2
Summary of calibration curves for tramadol and O-desmethyltramadol with back calculated concentrations.

ID no. Tramadol, concentration in ng/mL

CS-1 CS-2 CS-3 CS-4 CS-5 CS-6 CS-7 CS-8 CS-9 CS-10 Regression Parameters

1.00 2.00 5.00 20.0 40.0 90.0 150.0 300.0 500.0 600.0 Slope Intercept ra

1 0.98 2.03 5.13 20.7 41.0 95.1 141.7 292.2 485.7 581.7 0.02673 0.00028 0.9992
2 1.02 1.92 5.01 20.3 40.0 89.2 150.1 308.6 503.2 587.6 0.02617 0.00073 0.9997
3 0.96 2.19 4.96 19.8 40.1 85.6 148.9 302.8 512.8 591.5 0.02800 −0.00120 0.9991
4 1.00 2.03 4.82 19.8 41.0 90.3 152.5 295.7 513.9 582.9 0.02749 0.00052 0.9997
5 1.05 1.79 4.94 20.6 39.6 91.7 152.8 303.6 499.5 598.1 0.02733 0.00292 0.9990

Mean 1.00 2.00 5.00 20.2 40.3 90.4 149.2 300.6 503.0 588.4 0.02714 0.00065 0.9993
S.D. 0.04 0.15 0.11 0.40 0.63 3.46 4.50 6.57 11.47 6.70 0.0007 0.0015 0.0004
%CVb 3.7 7.5 2.2 2.0 1.6 3.8 3.0 2.2 2.3 1.1
%biasc 0.0 0.0 0.0 1.0 0.7 0.4 −0.5 0.2 0.6 −1.9

ID no. O-desmethyltramadol, concentration in ng/mL

CS-1 CS-2 CS-3 CS-4 CS-5 CS-6 CS-7 CS-8 CS-9 CS-10 Regression parameters

0.50 1.00 2.50 10.0 20.0 45.0 75.0 150.0 250.0 300.0 Slope Intercept ra

1 0.50 0.99 2.55 10.1 20.5 47.0 72.2 146.3 248.3 294.8 0.02299 −0.00052 0.9996
2 0.51 0.96 2.46 10.0 19.9 44.3 74.6 155.6 259.0 296.3 0.02260 −0.00037 0.9996
3 0.48 1.10 2.45 9.8 19.9 42.4 74.2 154.6 257.1 300.3 0.02494 −0.00082 0.9989
4 0.49 1.04 2.46 9.8 20.1 44.8 75.7 148.5 259.2 294.5 0.02440 −0.00050 0.9997
5 0.51 0.96 2.47 10.1 19.6 45.4 75.3 152.3 250.9 303.1 0.02531 −0.00144 0.9998

Mean 0.50 1.01 2.48 9.94 20.0 44.8 74.4 151.5 254.9 297.8 0.02405 −0.00073 0.9995
S.D. 0.01 0.06 0.04 0.15 0.34 1.67 1.37 3.97 4.99 3.76 0.0012 0.0004 0.0004
%CVb 2.8 5.8 1.7 1.5 1.7 3.7 1.8 2.6 2.0 1.3
%biasc 0.0 1.0 −0.8 −0.6 0.0 −0.4 −0.8 1.0 2.0 −0.7
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a Correlation coefficient.
b Coefficient of variance.
c Standard deviation.

ue to NDT was eliminated as the MRM selected for ODT was m/z
50.2 → 58.1.

No interference was observed for commonly used medications
y subjects like paracetamol, chlorpheniramine maleate, caffeine,
cetylsalicylic acid and ibuprofen; this is evident from the ion chro-

atograms at LLOQ level and real subject sample chromatograms

f T and ODT at Cmax respectively. Almost negligible area (less than
% of LLOQ area) was observed in double blank plasma run after
ighest calibration standard (ULOQ), which suggests no carry over
f the analyte in subsequent runs.

T
fi
O
t
g

able 3
ntra-batch and inter-batch accuracy and precision for tramadol and O- desmethyltramad

evel Conc. added (ng/mL) Tramadol

Intra-batch

na Mean conc. foundb (ng/mL) % bias

LOQ 1.00 6 1.06 5.7
QC 3.00 6 2.96 −1.3
QC 37.5 6 35.9 −4.2
QC 450.0 6 421.1 −6.4
LOQ 600.0 6 565.8 −5.7

evel Conc. added (ng/mL) O-desmethyltramadol

Intra-batch

na Mean conc. foundb (ng/mL) % bias

LOQ 0.50 6 0.51 1.0
QC 1.50 6 1.47 −2.2
QC 18.75 6 17.93 −4.4
QC 225.0 6 214.7 −4.6
LOQ 300.0 6 285.7 −4.8

a Total number of observation.
b Mean of six replicate observations at each concentration.
c Coefficient of variation.
d Mean of eighteen replicate observations over three different analytical runs.
.3. Linearity, accuracy and precision

The calibration curves for T and ODT were linear from 1.00
o 600.0 ng/mL and 0.50–300.0 ng/mL with correlation coefficient
≥ 0.9990 and r ≥ 0.9989 respectively within five regression curves.

he standard deviation values obtained for slope and intercept from
ve linearties was 0.0007 and 0.0015 for T; 0.0012 and 0.0004 for
DT respectively. Their observed mean back calculated concentra-

ion with accuracy (%) and precision (% CV) of five linearties are
iven in Table 2.

ol.

Inter-batch

% CVc na Mean conc. foundd (ng/mL) % bias % CVc

1.7 18 1.04 4.0 5.5
1.4 18 2.93 −2.2 4.5
0.8 18 35.8 −4.5 5.2
0.5 18 434.1 −3.5 6.8
0.6 18 581.5 −3.1 4.4

Inter-batch

% CVc na Mean conc. foundd (ng/mL) % bias % CVc

3.2 18 0.51 1.9 4.2
1.1 18 1.47 −1.7 4.4
0.7 18 17.79 −5.1 4.9
0.6 18 222.2 −1.2 6.6
0.4 18 295.5 −1.5 4.4
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ig. 4. Representative post column analyte infusion MRM LC–MS/MS chroma
esmethyltramadol, propranolol and phospholipids. (b) Exact ion current (XIC) chr
d) XIC of propranolol (IS, 260.2 → 116.1) and (e) phospholipid precursor ion transit
The intra-assay precision and accuracy were evaluated in six
eplicate analyses for T and ODT at five concentration levels viz.
LOQ, LQC, MQC, HQC and ULOQ each on the same analytical run.
nter-assay precision and accuracy was calculated after repeated
nalysis in three different analytical runs. The QC concentrations

w
i
r
d
s

able 4
valuation of matrix effect in human plasma at LQC and HQC levels.

lasma lot Tramadol

LQC (3.00 ng/mL) HQC (450.0 ng/mL)

Mean calculated conc.a % bias Mean calculated conc.a % bi

ot-1 3.43 14.2 470.8 4.6
ot-2 3.29 9.7 496.2 10.3
ot-3 3.33 10.9 485.4 7.9
ot-4 3.38 12.8 503.8 12.0
ot-5 3.25 8.2 495.7 10.2
ot-6 3.43 14.2 451.5 0.3

a Mean of four replicate observations at each concentration.
s for (a) combined total ion current (TIC) chromatograms of tramadol, O-
grams of tramadol (264.2 → 58.1). (c) XIC of O-desmethyltramadol (250.2 → 58.1).
184.1, scan range 300–900 amu.
ere calculated from calibration curve and the intra-batch and
nter-batch precision was less than 6.9% for both the analytes. Accu-
acy expressed in terms of % bias was within −6.4 to +5.7%. The
etailed results for intra-assay and inter-assay accuracy and preci-
ion are given in Table 3.

O-desmethyltramadol

LQC (1.50 ng/mL) HQC (225.0 ng/mL)

as Mean calculated conc.a % bias Mean calculated conc.a % bias

1.60 6.5 237.7 5.6
1.61 7.5 247.2 9.9
1.59 5.7 250.2 11.2
1.64 9.3 256.7 14.1
1.56 4.3 251.6 11.8
1.53 2.3 229.9 2.2
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.4. Recovery, ion suppression and matrix effect

The overall mean recoveries for T at LQC, MQC and HQC levels
ere 98.0%, 97.9% and 95.8% and that for ODT was 98.0%, 95.8%

nd 93.6% respectively with variability (%CV) between them of 1.3%
or T and 2.3% for ODT. The recovery of IS was found to be 104.0%
ith %CV of 4.3. Thus, the consistency in recoveries of T, ODT and

S supports the extraction procedure for its application to routine
ample analysis.

Matrix effect may be defined as a composite of some undesirable
ffects that originate from a biological matrix. These components
ay result in ion suppression/enhancement, decrease/increase in

ensitivity of analytes over a period of time, increased baseline,
mprecision of data, drift in retention time and distortion or tailing
f a chromatographic output [43]. The extent of ion suppres-
ion/enhancement depends on the sample extraction procedure
nd it is also compound dependent. Protein precipitation has the
ost severe effect on ion suppression/enhancement compared to

olid phase extraction and liquid–liquid extraction. In the present
ork as the extraction procedure employed is protein precipita-

ion, it becomes extremely essential to assess matrix effect for
he proposed LC–MS/MS method. Post column infusion experiment
ndicates no ion suppression or enhancement at the retention time
f T, ODT or propranolol (IS) as evident from the MRM LC–MS/MS
hromatograms in Fig. 4. Fig. 4a gives the total ion current (TIC)
hromatograms of tramadol, O-desmethyltramadol, propranolol
nd phospholipid. The exact ion current (XIC) chromatograms
f tramadol (264.2 → 58.1), O-desmethyltramadol (250.2 → 58.1),
ropranolol (IS, 260.2 → 116.1) and TIC of phospholipid precursor

on transition at 184.1 (scan range 300–900 amu) are represented
n Figs. 4b–e. As shown in Fig. 4e, the phospholipid is eluted

ell before the analytes and IS at 0.7 min. The retention of T
t 0.96 min and ODT at 0.84 min was adequate to avoid the
nterference due to phospholipid. Assessment of matrix effect
as done with the aim to see the effect of different lots of
lasma on the back calculated value of QC’s nominal concentra-
ion. The results found were well within the acceptable range as

hown in Table 4. No ion suppression/enhancement was observed
or T and ODT at their respective retention times. Cross speci-
city experiment indicated no interconversion between T and
DT, as the area observed at the retention time of T in pres-
nce of ULOQ area of ODT and vice-versa was negligible (<0.1%).

d
t
o
t
p

able 5
tability results for tramadol and O-desmethyltramadol (n = 6).

tability Storage condition Level Tramadol

Aa (ng/mL

tability in biological
matrix (SBM)

Room temperature
(25 h)

LQC 2.96
MQC 35.7
HQC 410.7

efrigerator stability of
extracted samples
(RSS)

Autosampler (4 ◦C,
95 h)

LQC 2.75
MQC 35.0
HQC 400.4

ench top stability of
extracted samples
(BTS)

Room temperature
(95 h)

LQC 2.86
MQC 36.0
HQC 410.5

reeze and thaw
stability (FTS)

After 6th cycle at
−20 ◦C

LQC 2.91
MQC 36.9
HQC 425.7

ong term stability
(LTS)

72 days at −20 ◦C
LQC 2.97
MQC 38.9
HQC 457.7

= Number of replicates at each level.
a Mean comparison concentration.
b Coefficient of variance.
Biomedical Analysis 49 (2009) 354–366

hus, the extraction procedure was sufficiently rugged and gave
ccurate and consistent results when applied to real patient
amples.

.5. Stability and dilution integrity

The stability experiments were performed thoroughly to eval-
ate the stability of T and ODT in stock solutions and in plasma
amples under different conditions. The stability of spiked QC sam-
les was compared with freshly prepared quality control samples.
he results obtained were well within the acceptable limits. Stock
olution of T, ODT and IS were stable at room temperature for
h and at 4 ± 6 ◦C for 49 days for T, ODT and 16 days for IS with
ean % change well within 0.5 to −5.8%. The intermediate solu-

ion of T and ODT in methanol–water (50:50, v/v) was stable for
2 days. Both the analytes were found stable in controlled plasma
t room temperature up to 25 h and for at least six freeze and
haw cycles. The analytes in extracted plasma samples were stable
or 95 h under refrigerated condition of 4 ± 6 ◦C. Bench-top stabil-
ty of extracted samples was also up to 95 h. The values for the
ercent change for the above stability experiments are compiled

n Table 5.
The mean back-calculated concentrations for 1/10 dilution sam-

les were within 85–115% of their nominal values. The precision
%CV) for 1/10 dilution samples was ≤2.0 for both the analytes.

.6. Application of the method on human subjects

The proposed validated method was applied for a pharmacoki-
etic study of tramadol and O-desmethyltramadol in 27 healthy

ndian adult male subjects who received 200 mg test and ref-
rence formulations of tramadol under fasting condition. The
ethod was sensitive enough to monitor their plasma concentra-

ion up to 48.0 h. In all approximately 1506 samples including the
alibration, QC and volunteer samples were run and analyzed suc-
essfully. The precision and accuracy for calibration and QC samples
ere well within the acceptable limits. The % change in the ran-

omly selected subject samples for assay reproducibility was less
han 12%. This authenticates the reproducibility and ruggedness
f the proposed method. The mean pharmacokinetic profile for
he treatment, under fasting condition is presented in Fig. 5. The
harmacokinetic parameters, viz. maximum plasma concentration

O-desmethyltramadol

) % CVb % bias Aa (ng/mL) % CVb % bias

2.2 −1.3 1.45 2.7 −3.1
1.2 −4.7 17.74 1.4 −5.4
1.1 −8.7 209.4 1.0 −6.9

2.3 −8.2 1.36 2.0 −9.4
1.2 −6.6 17.28 1.6 −7.8
2.1 −11.0 201.9 1.8 −10.3

1.7 −4.5 1.40 1.8 −6.9
3.5 −4.2 16.99 2.2 −9.4
1.6 −8.8 203.7 1.2 −9.5

3.4 −2.9 1.48 1.7 −1.1
1.3 −1.7 18.00 1.9 −4.0
1.1 −5.4 211.1 1.1 −6.2

4.1 −1.0 1.54 3.5 2.7
0.7 3.7 20.01 2.8 6.7
2.2 1.7 235.6 1.8 4.7
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ig. 5. Mean pharmacokinetic profile of tramadol and O-desmethyltramadol after
ral administration of 200 mg tramadol tablet to 27 healthy subjects under fasting
ondition.

max, area under the plasma concentration–time curve from 0 h to
he last measurable concentration AUC0–t, area under the plasma
oncentration–time curve from 0 h to infinity AUC0–∞, time point of
aximum plasma concentration curve Tmax, elimination rate con-

tant Kel and half life of drug elimination during the terminal phase
1/2 were calculated for tramadol and O-desmethyltramadol. The

ean pharmacokinetic parameters obtained for the test and ref-
rence formulation are presented in Table 6. These observations
onfirm the bioequivalence of 200 mg test sample with the refer-
nce product in terms of rate and extent of absorption. Further,

here was no adverse event during the course of the study. Thus, the
ssay procedure for tramadol in plasma samples demonstrated the
inearity, precision and sensitivity needed for the pharmacokinetic
tudies of this drug.

able 6
harmacokinetic parameters of tramadol and O-desmethyltramadol in 27 healthy
ndian subjects following oral dose of 200 mg tramadol tablet formulation under
asting condition.

arameter Tramadol

Test Reference
Mean ± S.D. Mean ± S.D.

max (ng/mL) 429.93 ± 117.76 435.80 ± 89.95
max (h) 5.67 ± 1.24 5.57 ± 1.34
1/2 (h) 7.86 ± 1.45 7.71 ± 1.48
UC0–48 h (h ng/mL) 6964.74 ± 2267.39 6913.30 ± 1941.32
UC0–inf (h ng/mL) 7141.85 ± 2447.10 7071.59 ± 2094.42
el (1/h) 0.091 ± 0.015 0.093 ± 0.016

arameter O-desmethyltramadol

Test Reference
Mean ± S.D. Mean ± S.D.

max (ng/mL) 95.75 ± 36.05 98.58 ± 37.94
max (h) 7.63 ± 1.83 7.48 ± 1.73
1/2 (h) 8.49 ± 1.77 8.27 ± 1.43
UC0–48 h (h ng/mL) 1867.37 ± 697.51 1872.84 ± 700.02
UC0–inf (h ng/mL) 1931.57 ± 730.73 1928.58 ± 723.16
el (1/h) 0.085 ± 0.015 0.086 ± 0.014
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. Conclusion

The objective of this work was to develop a simple, cost effective,
ugged and a high throughput method for simultaneous estima-
ion of tramadol and its active metabolite O-desmethyltramadol
n human plasma, especially to meet the requirement for sub-
ect sample analysis. The simple protein precipitation employed
n the present work gave consistent and reproducible recoveries
or both the analytes. The run time per sample analysis of 2.0 min
uggests high throughput of the proposed method. The maximum
n-column loading of T and ODT was 250/125 pg for 5 �L injection
olume. This was considerably less compared to other reported pro-
edures, which helps in maintaining the efficiency and the lifetime
f the column. Moreover, the limit of quantification is low enough to
onitor at least five half-lives of T and ODT concentration with good

ntra- and inter-assay reproducibility (%CV) for the quality controls.
rom the results of all the validation parameters, the method can be
seful for therapeutic drug monitoring both for analysis of routine
amples of single dose or multiple dose pharmacokinetics and also
or the clinical trial samples with desired precision and accuracy.
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