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Determination of tramadol in pharmaceutical
preparations by GC-MS method

ABSTRACT

In this study, a gas chromatography-mass spectrometry (GC-MS) method was developed to analyze tramadol in
both pure form and pharmaceutical formulations. Diclofenac served as the internal standard. The linearity of the
GC-MS method was validated within a concentration range of 0.05-5.0 pg mL™. The intra- and inter-day relative
standard deviations were found to be below 1.18% and 3.51%, respectively. The detection and quantification
limits for the GC-MS method were determined to be 0.015 and 0.045 ug mL?, respectively. Stability testing
revealed that tramadol remained stable in solutions after 24 hours of incubation at room temperature or after
72 hours of storage at 4 °C and -20°C. Under the selected assay conditions, tablet excipients did not cause any
interference. Furthermore, the method proved to be effective in quantifying tramadol and ensuring the
consistency of formulation content in commercial tramadol dosage forms.
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INTRODUCTION

For more than 40 years, tramadol has been prescribed often throughout the world; nonetheless, there
is a chance that it will be abused and trafficked. Because of this, drug analysis is a crucial component
of contemporary analytical chemistry and has several legal and socially significant ramifications.
Tramadol is an analogue of codeine that is 2-(dimethylaminomethyl)-1-(3-methoxyphenyl)
cyclohexanol or 4-phenylpiperidine. The effectiveness of tramadol, a commonly prescribed analgesic,
in reducing moderate to severe pain has drawn a lot of attention in the field of pain treatment.!
Large oral dosages of tramadol may have a euphoric affect similar to that of oxycodone. Prevalent
reasons of tramadol poisoning have been shown to be attempted suicide (52-80 %), abuse (18-31 %)
and inadvertent intoxication (1-11 %). A history of chronic tramadol usage or opioid dependency was
linked to at least 20% of cases of tramadol poisoning.?

Tramadol is metabolized extensively in the liver as a prodrug. Forensic investigation, therapeutic
monitoring, medication interactions, and pharmacokinetic evaluation of tramadol all depend on an
understanding of its metabolic metabolism.3 It is usually administered orally, and within two hours, it
is distributed after being fully absorbed. The therapeutic range for TD blood concentrations is 0.1-0.3
mg L. Furthermore, it has been said that blood readings of 1 and 2 mg L?, respectively, have the
potential to be lethal and harmful 4>

Due to the early stage of metabolism and the fact that 6% of the population has slow-acting CPY2D6,
which has a little diminished analgesic effect, the bioavailability ranges from 65% to 70%. Compounds
N and O-desmethylated from tramadol are produced.®™®

Tramadol and its metabolites were determined using a variety of analytical techniques, such as mass
spectrometry detection!®?? or gas chromatography with nitrogen selective. Recently, novel
separation techniques have been introduced, such as capillary electrophoresis!® and performance
liquid chromatography (HPLC) approaches with electrochemical®®, mass spectrometry®>& or
fluorescence detection.?®2*

As of right now, there is no published technique for identifying tramadol in pharmaceutical
formulations using GC-MS. Therefore, the current study's goal was to create a GC-MS method that is
specific, sensitive, accurate, and precise for analyzing tramadol in pharmaceutical formulations. The
International Conference on Harmonization (ICH) criteria were followed in the complete validation of
the proposed technique with regard to detection and quantification limits, precision, accuracy,
linearity, specificity, stability, and recovery parameters.?
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METHODS

Chemicals

Tramadol hydrochloride and diclofenac were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Contramal Retard tablet
drug (100 mg tramadol hydrochloride) was obtained from the
pharmacy (Erzurum, Turkey). Every chemical was of the
analytical variety.

GC-MS System and chromatographic conditions

Agilent Technologies, Palo Alto, California, provided the Agilent
6890N gas chromatography system, which was outfitted with an
Agilent chemstation, a 7673 series autosampler, and a 5973
series mass selective detector for the chromatographic study.
The separation was performed using an HP-5 MS column (30 m
x 0.25 mm 1.D., USA) with a film thickness of 0.25 um. Splitless
injection was utilized with helium as the carrier gas at a flow rate
of one milliliter per minute, and the injector had a capacity of
one pL. The solvent delay was set to two minutes, the electron
energy for the MS detector was set to 70 eV, and the transfer
line temperature was set to 280°C.

The MS detector's characteristics included an electron energy of
70 eV, a solvent delay of 3 minutes, and a transfer line
temperature of 290°C. The MS was employed in scan mode (m/z
40-500) for qualitative analysis and in selected ion monitoring
(SIM) mode (m/z 214 for internal standard (IS) diclofenac and
m/z 58 for tramadol) for quantitative analysis.

Preparation of the standard and quality control solutions

A 100 pg mL* methanol concentration was used to generate the
tramadol stock solution, which was then chilled to -20°C. After
that, the mixture was gradually diluted with methanol to provide
standard working solutions with tramadol concentrations of
0.05, 0.10, 0.25, 0.5, 1, 2, 3, 4 and 5 pg mL*. A stock solution
containing 50 ug mL-1 of IS was produced in methanol. Before
being used, all of the solutions were allowed to come to room
temperature from their 4°C storage. The standard working
solution of tramadol was added to aliquots to create the quality
control (QC) solutions at final concentrations of 0.75, 2.5 and 4.5
ug mL?, containing 0.1 mLIS (1 pg mL?).

Procedure for pharmaceutical preparations

Using the mass of the Contramal Retard tablets, the average
tablet mass was computed. Following that, they underwent
homogenization, fine grinding, and meticulous weighing of a
portion of the powder. The necessary amount of methanol was
then poured to them in a 100 mL brown measuring flask in order
to dilute the powder. After sonicating the mixture for a minimum
of fifteen minutes to facilitate dissolution, it was filtered using a
Whatman No. 42 paper. After a suitable amount of filtrate was
further diluted with methanol to ensure that the final solution's
tramadol concentration was within the working range.

Data analysis

A computer program, SPSS 15.0, (SPSS Inc., Chicago, IL, USA) was
utilized to perform the statistical analyses. The tramadol
standard curve and subsequent calculations were derived using

regression analysis techniques. The mean and standard
deviation of the results were provided.

RESULTS

Method development and optimization

Based on its chemical properties, the tramadol assay method
was developed. The capillary column used in this experiment,
coated with 5% phenyl and 95% dimethylpolysiloxane, is an
excellent choice for separation because the analytes elute as
symmetrical peaks throughout a broad concentration range. For
the GC oven, various temperature ranges were examined.

The ideal temperature program for a successful separation was
identified at the study's conclusion. The temperature programs
for the GC oven were as follows: The increases in temperature
were as follows: first, from 70°C to 250 °C at 35°C min™, which
was held for one minute; next, to 290°C at 20°C min!, which was
kept for one minute.

It was decided to use the splitless injection mode. Early accuracy
and linearity studies of the method also demonstrated the
reproducibility of the 1 L injection volume and the significance
of the peak response at the selected analytical concentration.

Validation of the method

The goal of method validation is to prove that the approach is
appropriate for the purpose for which it was designed, as
specified in ICH guidelines. The technique was verified for
linearity, accuracy, precision stability, recovery and system
applicability.?®

Specificity

To assess the specificity of the method, potential interferences
between tramadol and the excipients were investigated. For the
guantitative analysis using GC-MS, electron impact ionization
with selected ion monitoring (SIM) was applied, targeting the ion
at m/z 58 for tramadol. The mass spectrum of tramadol is shown
in Figure 1. The retention time of tramadol in the GC-MS analysis
was approximately 7.4 minute, with a clear and distinct peak, as
illustrated in Figure 2.
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Figure 1. MS spectrum of tramadol (1.0 mg mL?)

Linearity
An analytical procedure is considered linear when the test
results are directly related to the analyte concentration in the
sample within a specific range, either in a straightforward
manner or through a well-defined mathematical transformation.
Initially, linearity should be assessed visually by analyzing a plot
of the signal against the analyte concentration. If the
relationship appears linear, the test results should be validated
NanoEra
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Figure 2. GC-MS chromatogram of tramadol (0.05, 0.10, 0.25,

0.5,1,2,3,4and 5 mgmL?Y) and IS (1.0 mg mL?)

using appropriate statistical methods, such as calculating a
regression line using the least squares method. In some cases, a
mathematical adjustment of the test results may be required to
ensure linearity between the analyte's response and its
concentration.

For the purpose of estimating the degree of linearity
mathematically, information from the regression line itself may
be useful. It is necessary to present the regression line's slope,
residual sum of squares, y-intercept, and correlation coefficient.
Analysis was done on standard solutions containing 1.0 pg mL?
of IS and 0.05 - 5.0 ug mL? of tramadol. The standard curve (Fig.
3) was created by plotting the concentration of ramadol on the
X-axis and the peak area ratio of tramadol and IS on the Y-axis.
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Figure 3. The standard curve of tramadol (0.10-5.0 pg mL™)

Using the least squares regression approach to construct the
linear regression analysis, the linearity was assessed. The
regression equation was computed from the calibration graphs
(Table 1).

Table 1. Linearity of tramadol

Parameter GC-MS
Linearity (ug mL™) 0.05-5.0
Regression equation y=3.638x-0.1684
Correlation coefficient 0.9927

LOD (ug mLY) 0.015

LOQ (ug mL™) 0.045

2Based on six calibration curves, y=peak area ratio, x=concentration of tramadol
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Accuracy and precision

Accuracy is described as how closely test results produced by the
procedure resemble the actual value. By using known, added
amounts of analyte in the experiment, it is frequently stated as
the percent recovery. The exactness of the analytical process is
gauged by accuracy. The true values were utilized to determine
the variances of the obtained results, which were then reported
as a % accuracy.

Precision is the ability to reproduce an analytical process across
multiple homogeneous sample samplings. The standard
deviation or relative standard deviation of a set of
measurements is typically used to represent the precision of an
analytical procedure. A measure of precision could be the
analytical method's repeatability or degree of reproducibility
under typical operating conditions.

By analyzing the QC samples six times, the assay method's
accuracy for intra- and inter-day fluctuations was assessed. The
precision and accuracy results for the QC samples both within
and between day runs are displayed in Table 2. Between 1.18%
and 3.51% ranged the precision, and between 0.67% and 3.20%
the accuracy.

Table 2. Precision and accuracy of tramadol

Intra-day Inter-day
Added Found +SD? Precision Found + SD* Precision
Accuracy® Accuracy*®
(ng mL?) (ng/mL) % RSDP (ng/mL) % RSDP
0.75 0.77+0.027 3.51 2.67 0.74 £0.014 1.89 -1.33
2.5  2.42+0.070 2.89 -3.20 2.52+0.037 1.47 0.80
45  4.53+0.053 1.18 0.67 4.51+0.067 1.49 2.22

SD2: Standard deviation of six replicate determinations, RSDP: Relative standard deviation, Accuracy®: %
relative error: (found-added)/addedx100

Limits of detection (LOD) and quantification (LOQ)

Tramadol's LOD and LOQ values were ascertained by evaluating
various tramadol solutions and calculating the signal-to-noise
ratio for every analyte. The concentration providing a signal-to-
noise ratio of roughly 3:1 is the LOD, while the concentration
providing a signal-to-noise ratio of roughly 10:1 with an RSD of
less than 10% with triplicate analysis is the LOQ. The GC-MS
technique yielded LOD and LOQ values of 0.015 and 0.045 pg mL
1, respectively.

Stability

Standard solutions representing the lowest, middle, and highest
points of the calibration curves were prepared independently to
evaluate the stability of tramadol under varying temperatures
and time conditions. The stability tests revealed that the samples
remained stable for 8 hours at room temperature, for short-term
storage at 4°C and -20°C, and for 72 hours at these lower
temperatures for long-term storage. The stability study results,
shown in Table 3, indicated no significant degradation, with
values falling within the acceptable range of 90 to 110 percent.
The findings are detailed in Table 3.
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Table 3. Stability of tramadol in solution (n=6)

Intra-day Inter-day
Conc. Room temperature Refrigeratory Frozen Refrigeratory Frozen
(ng mLY) 24h 4°C, 24 h -20°C, 24 h 4°C,48 h -20°C,48 h
0.5 100.7 £ 2.76 99.4+£3.78 99.2+2.41 99.4 +3.47 98.5+3.43
2.5 101.7 +2.17 100.6 + 3.57 97.3+3.75 98.2 +2.17 101.2+2.78
5.0 99.3£3.473 101.3+2.74 98.4+3.46 100.2+2.71 99.4+2.74
Table 4. Recovery of tramadol in pharmaceutical preparation
Intra-day Inter-day
Pharmaceutical Added Found £ SD? % Recovery Found £ SD? % Recovery
preparation (ug mLY) (ug mL?) % RSD" (ug mL?) % RSD"
0.5 0.49 £0.019 98.7 (4.07) 0.49 £0.016 97.9 (3.27)
Contramal Retard 0.0 99. 0 g
+ +
(1.5 ug mLY) 1.5 1.49 £ 0.071 .2 (4.78) 1.46 + 0.040 98.7 (2.77)
3.5 3.51+0.145 100.3 (4.13) 3.47+£0.178 99.2 (5.12)

SD?: Standard deviation of six replicate determinations, RSD®: Relative standard deviation

Recovery

Recovery values were obtained by adding different amounts of
pure drug to tablet samples, which had already been pre-
analyzed, within the analytical concentration range of the
proposed method. The additional doses of each drug were then
determined using the described procedure. The results from the
recovery tests were considered satisfactory and are presented in
Table 4.

System suitability

Before each validation run, a system suitability test was
performed on the chromatographic system. Efficiency and area
relative standard deviation were calculated for each of the five
suitable injections. The five suitability injections' average was
used to quantify the check standard. The efficiency was 23562
and the %RSD was <1.47% for all sample analysis.

Procedure for pharmaceutical preparations

The 100 mg tramadol-containing Contramal Retard tablet was
precisely weighed and finely powdered. A measured amount of
the powder was dissolved in 50 milliliters of methanol. Then, the
solution was transferred to a 100 mL volumetric flask and filled
to the mark with methanol. After properly diluting the tablet
solutions, they were filtered using a Whatman filter to achieve a
final concentration within the linear range of the GC-MS method
(Figure 4). The tramadol concentration was determined using
the calibration curve.

DISCUSSION

In biological samples, GC-MS is a potent technology that can
assess low amounts of analytes quantitatively and with great
specificity. High-resolution capillary GC has not been utilized as
much as HPLC lately. Tramadol and O-desmethyltramadol could,
however, be detected simultaneously because to its naturally
high resolving power, high sensitivity, and outstanding precision

and accuracy. GC in conjunction with MS also reduced the
detection limits to ng levels. Through an investigation of the
peak interference from the exogenous chemicals, the specificity
of the approach was confirmed. Figure 2 displayed a
representative tramadol and IS chromatogram.

El-Sayed et al.l’® developed a GC-MS method for the
determination of tramadol and O-desmethyltramadol in human
urine following a-glucuronidase hydrolysis and liquid-liquid
extraction, utilizing positive electron impact ionization. The total
run time for the proposed method was 12.6 minutes. The
calibration curve was found to be linear within the 10-1000 ng
mL? range. Intra-assay precision for tramadol and O-
desmethyltramadol ranged from 1.29% to 6.48%, while inter-
assay precision ranged from 1.28% to 6.84%. The intra-assay
accuracy for both tramadol and O-desmethyltramadol was
between 91.79% and 106.89%.
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Figure 4. The chromatogram of Contramal Retard tablet
solution (1.0 and 4.0 ug mL?)
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Using solvent bar microextraction, Ghasemi!!, a GC-MS
technique has been developed for the determination of
tramadol in various biological samples. With a 4.5 % RSD, the
detection limit was 0.02 pg L. A solid phase extraction
technique was used to remove tramadol from plasma. In
addition to being the most thorough approach, this one can
extract tramadol in a single extraction process. The entire run
time of the procedure is 15 minutes.

Biological samples have low sensitivity and selectivity when it
comes to UV detection, even though tramadol and its metabolite
molecules include a benzene ring.?®® Currently, mass
spectrometry and fluorescence are the only two types of
detectors that have attained low quantification levels. The
lowest tramadol quantification level*?'%2! ysing any of them was
around 1.0 ng mL?, indicating a lower detection limit of 0.2 - 0.5
ng mL1.1210

Using tandem mass detection using LC techniques, the amount
of tramadol and O-desmethyltramadol in human plasma is
revealed.>® According to Ceccato et al.> tramadol and O-
desmethyltramadol in human plasma were evaluated using the
LC technique with tandem mass detection. The tramadol
calibration curve utilizing the LC-MS/MS method was linear
between 20 and 10,000 ng mL?. The RSD value indicated the
intra- and inter-day precision of less than 6.4%, and relative
error, or accuracy, was better than 6.1%. More sensitive would
be LC-MS/MS detection, although at the moment, not all
laboratories can afford it.

In the literature, tramadol was recovered from plasma using a
solid phase extraction technique.?® In addition to being the most
thorough approach, this one can extract tramadol in a single
extraction step. In comparison to the research published by
Ardakani et al.?” and Moore et al.?8, the mean recovery is higher.
The proposed method, with a total run time of 8.0 minutes, is
faster than the previously reported GC-MS methods for
tramadol and its metabolites.?®>3° Additionally, it achieves
adequate sensitivity for both O-desmethyltramadol and
tramadol without the need for derivatization, offering an
improvement over the methods previously published.?®

This method's sensitivity was found to be sufficient for
pharmacokinetic studies when applied to tablet samples. When
compared to the previously mentioned methods, the current
approach presents several advantages. It is either superior or at
least on par with the methods described in earlier studies.?327-30

CONCLUSION

In this study, a GC-MS method was developed and validated for
the determination of tramadol, offering a quick and
straightforward approach. The chromatographic method
satisfies all essential criteria, including accuracy, linearity,
recovery, and precision, making it a reliable and practical
technique. Due to the 9-minute run time, a large number of
samples can be analyzed in a short period. Therefore, this
method is suitable not only for routine formulation and raw
material analysis but also for analyzing samples during
accelerated stability studies.
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