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ABSTRACT

Three novel, simple, accurate and rapid methodshmen developed and validated for estimation périgadol
hydrochloride in bulk and in laboratory tablet salmpin RP- HPLC methoalution was achieved in isocratic mode
using combination of 50mM phosphate buffer pH 3a@2 acetonitrile in ratio of 70:30 (% v/v) with Q4
triethylamine and using HiQ Sil C8 column havingdafication, 250 x 4.6 mm and 5um patrticle sizee filbw rate
was 1 ml/min and detection was done at 285 nm. pAttBophotometric estimation of tapentadol was ieatrout
at 272 nm. Third method consists of quantificatbtapentadol using Folin-Ciocalteu reagent in pgese of 20%
sodium carbonate solution. The blue colour chrommofggmed is measured at wavelength of maximum akisar
750 nm for tapentadol against reagent blank. Aleth developed methods were validated accordingCid |
guidelines. Furthermore assay results obtainedhogd methods were compared statistically as well.
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INTRODUCTION

Agonists of thep-opioid receptor are being used conventionally tfee treatment of moderate to severe pain.
Tapentadol hydrochloride (TAP) is novel centralbfiag oral analgesic.

Chemically it is 3-[(1R, 2R)-3-(dimethyl amino)-1hgl-2methylpropyl] phenol monohydrochloride. It ot
official in any pharmacopoeia. [1-3]

Up till now only few methods are reported for esttian of TAP which includes, estimation of tapemtaand its
metabolite N-desmethyl tapentadol in urine and drdts by using ultra pressure liquid chromatodmapvith
tandem mass detection (LC-MS/MS).[4] Furthermore study is reported which discusses about detetimmaf
four stereoisomers of TAP by X-ray crystal struetanalysis.[5]

Literature survey revealed that no method has begorted for estimation of TAP in bulk as well adarmulation.
Hence it was endeavored to develop various analytitethods like, RP-HPLC and UV- Spectrophotometric
methods for estimation of TAP in bulk drug. So fisarketed formulation of TAP is not available in igxa market.
Hence a laboratory sample of tablet dosage formdeasloped to check applicability of developed rodth
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EXPERIMENTAL SECTION

Instrumentation

HPLC system (Jasco, Japan) consists of binary purPhs2080, and solvent mixing module- MX-2080, ipged
with Photo Diode Array (PDA) Detector, MD-2015 Pli#asco Japan), and Borwsnftware was used for the data
acquisition and data collection.

UV/Vis double beam spectrophotometer, 2400 PC s¢Bhimadzu, Japan) with spectral width of 1 nmyelength
accuracy of 0.5 nm and a pair of 10 mm matched tgueells were used for development of UV-Visible
spectrophotometric method. pH meter (111E / 10ABalabs Scientific Instruments Ltd, India) and raraj pH 0
to 14 with resolution = 0.01 pH, accuracy + 0.01 wHs used. All weighing was done on analytical iheda(CX
220, Citizen India Ltd).

Materials and Reagents

Working standard of TAP (99.9% pure) was used; A&dg Potassium dihydrogen phosphate, Sodium Casona
Methanol, triethylamine and glacial acetic acid evpurchased from S.D. Fine Chemicals (Mumbai, ndtalin-
Ciocalteu Reagent was procured from Sisco Resdaabbratories Pvt. Ltd, (India). HPLC grade methaaot
acetonitrile was purchased from Rankem (MumbaijandMVillipore water was used for RP-HPLC methodl an
double distilled water was used for UV-VIS spectropmetric method.

Chromatographic Conditions for RP-HPLC Method

The separation was carried out in isocratic modagusliQ Sil C8 column (250 x 4.6 mm, 5um) at ambien
temperature. Mobile phase composition was acetlenind 50mM phosphate buffer in the ratio of (80wv)
throughout study. Phosphate buffer was preparedidsplving 3.4 gm KEPQ, in 500 ml of millipore water. pH of
this buffer was adjusted to 3.60 with glacial aceitid. Triethylamine (0.1% v/v) was added as niedifThe
mobile phase was filtered through a nylon 0.45 gfmm membrane filter and degassed before usefldheate
was 1 ml/min. Injection volume was 20throughout study and detection was done at 285 Nixture of
acetonitrile and water (50:50 v/v) was used asedilihroughout the RP-HPLC analysis.

UV- Spectrophotometric Method

For selection of detection wavelengthusdml solution of TAP in methanol was scanned in theyeaof 200 — 400
nm using UV- visible spectrophotometer. Wavelengthmaximum absorption was selected for quantifaatof
TAP in standard as well as in sample solutions.

Spectrophotometric Method using Folin-Ciocalteu Regent [6,7]

Folin-Ciocalteu reagenCR) was diluted with distilled water in the ratid 1:3 with distilled water in present
study. To each aliquot of standard as well as ta@mple, 1 ml FCR and 3 ml 20% sodium carbonate adaled
and kept aside for 15 minutes at room temperatdotume was made up to 10 ml with distilled watetarik
solution was also prepared simultaneously by ongttfAP. For selection of detection wavelength 2¢/ml
solution of TAP previously treated with FCR wasrsted in the range of 400 — 800 nm against reagdankusing
UV-Vis spectrophotometer. All the prepared standard sample solutions were analyzed at 750 nm.

Preparation of Standard Stock Solution

Standard Stock solution of TAP having concentrabbrimg/ml was prepared in methanol. Appropriaiqualts
from stock were diluted using respective diluengéd working standard concentration of | 2%ml for RP-HPLC,
50 pg/mlfor UV method and 2ug/ml for FCR method, respectively.

Laboratory tablet sample Preparation

Laboratory tablet sample (50 mg of TAP per tablefis prepared using directly compressible microaiise
cellulose as a diluent as well as binder. EacB.b% of Magnesium stearate and talc used as aetiedhand
glident respectively. Average weight of tablet vegproximately 200 mg. Placebo tablet were prepaxetliding
TAP. Twenty tablets of the laboratory sample wegggived, powdered and powder quantity equivaleritO® mg
of tapentadol hydrochloride was transferred to b@lOvolumetric flask. Tablet powder was dissolved6@ ml
methanol and the sample was sonicated for 20 nsnwith intermittent shaking. Sample was furtheotit! up to
mark with methanol, and filtered through 0.45um rheane filter. From this filtrate appropriate aliqueas taken
and diluted with respective diluent to get finahcentration of 251g/ml for RP-HPLC, 50ug/ml for UV and 20
pa/ml for FCR method respectively. All the samples waralyzed as described in experimental conditions.
Amount of TAP was calculated from response of statichnd test sample as well as from linearity olghiby
respective method.
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Developed RP- HPLC, UV-Vis spectrometric and FCRthods were validated in terms of various validation
parameters such as precision, accuracy, specifititgarity, robustness and solution stability asr pCH
guidelines.[8]

Validation

System suitability

System suitability of developed RP-HPLC method wasessed by injecting six replicate injections tahdard
solution of 25ug/ml of TAP. Relative standard deviation (RSD) of peada; peak parameters such as asymmetry,
theoretical plates, and retention time were catedla

Linearity

1. For RP-HPLC

To construct calibration curve, solutions havingl8,25,50,75 and 10@g/ml of TAP was prepared individually
from standard stock solution. An aliquot (R0 of each solution was analyzed as described innchtographic
conditions. Calibration curves were constructeglojting the peak areas versus the concentratib&\B and the
regression equations were calculated.

2. For UV- Spectrophotometric Method

TAP solution containing 20, 40, 50, 60, 80 and Lu@dml was prepared individually from standard stock soiu
The solutions were analyzed at 272 nm in quantgathode. Calibration curve was constructed by ipigtt
absorbance versus concentration of TAP and thessigm equations were calculated.

3. For FCR Method

5 ml of aliquot from standard stock was pipettetl aecurately in 50 ml volumetric flask and volumasamade up
to the mark with distilled water. From this solutif.5, 1, 1.5, 2, 3, and 3.5 ml of aliquot was ditwn in separate
10 ml volumetric flask. To each flask, 1 ml of F@GRd 3 ml of 20% sodium carbonate was added andasi for

15 minutes at room temperature. Finally volume wasle up with distilled water to get concentratié 010, 15,
20, 30, and 3%g/ml of TAP. Absorbances of colored solutions were réed against reagent blank at absorption
maxima of 750 nm. Calibration curve was construcbgdplotting absorbance versus concentration ard th
regression equations were calculated.

For All the three methods the each response waavihiage of six determinations.

Method Precision

The intraday and interday precision of the proposedhods were determined by estimating the corretipg
responses three times on the same day and ondlifeent days respectively. Three different corcaions of
TAP were selected to perform precision study of HRR-C (5, 10 and 25 pg/ml), UV- Visible (20, 40, a&d
pa/ml) and FCR (5, 10, and 15 pg/ml). Repeatabjfitgcision) was assessed by analyzing tablet sengpk times
having concentration of 50 pg/ml, 20 pg/ml, andu2@ml for UV-Spectrophotometry, RP-HPLC and FCR moeit
respectively. Results of repeatability study wexpressed in terms of % RSD.

Accuracy

The accuracy of the method was performed by coimtyicecovery studies using standard addition metKodwn
amount of standard TAP was added at three diffdesels approximately 80%, 100% and 120 % of premheined
amount respectively. Samples were analyzed byha#let developed methods. The % recovery and % averag
recovery of TAP was calculated.

Specificity

Specificity was checked by checking the interfeeefilom placebo for both UV and FCR methods. In ocafse
HPLC, specificity was confirmed by performing pgakity test by checking homogeneity of peak at ops] apex
and downslope of peak using Borwin PDA software.

Robustness

Robustness of method was confirmed by making sdlldeliberate changes in the optimized HPLC camit
like, change in detection wavelength (£ 2 nm), fiate (x 0.2 ml), pH of mobile phase (+ 0.05). Hffect of these
changes on system suitability parameters as wetinathe estimation of TAP was determined. In cas&\é-
spectrophotometric method and FCR method robustmassassessed by making change in detection wagtbley
+ 2 nm and results were compared.
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Solution stability

Solution stability was checked by reanalyzing poegly analyzed sample after 24 hrs and results aoedpwith
initial samples. Standard solution stability wasifoned by comparing response of old standard agdneshly
prepared standard solution.

RESULTS AND DISCUSSION

RP-HPLC Method

To optimize various RP-HPLC parameters such as phake, peak symmetry and run time, several twalse

taken. Promising results obtained using C-8 colama mobile phase consist of acetonitrile and 50ntidsphate
buffer in the ratio of (30:70 v/v). Triethylamin8.1% v/v) was used as modifier to reduce peakngitind to get
symmetrical peaks. Optimum wavelength for detecti@s 285nm at which good detector response for WaR

obtained. Retention time of TAP in developed metivad found to be 5.4 minutes (Fig. 1).
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Fig.1: RP- HPLC chromatogram of TAP having concentation of 50ug/ml in methanol.

The proposed HPLC method showed acceptable systiabitity parameter with symmetrical peak shap& AP.
The value of relative standard deviation 0.7 % edlparea was found to be within limits which indécajection
repeatability of the method. System suitabilitygraeters such as, asymmetry, theoretical platesyedadtion time
were well within its acceptance criteria as degiétetable 1.

Table No 1 - System suitability Parameters for deveped RP —HPLC Method

Parameter Observation
Retention time (min) 5.40
% RSD of Peak Area (n =6 0.7
Theoretical Plates 4396
Asymmetry 1.33

UV-Spectrophotometric Method
Scanned UV spectrum of 50y/ml of TAP gave showed in absorption maxima at ab@atram in methanol, which
was selected for quantification of TAP. A typica/dpectrum of TAP is presented in fig. 2.

FCR Method

A thought was given to increase the sensitivitynathod by chemical derivatization of TAP. It is ogjed that FCR
can react with phenols and non phenolic reducingstsumces to form chromogen that can be detected
spectrophotometrically.[6,7TAP possess free phenolic group which reacts wihRCR in the alkaline medium,
which results in blue colored produdte blue color formation by FCR with drug is almssnilar to Folin phenol
protein reaction. [9,10]The colored product is due to oxidation of the Tadl the reduction of FCRhe color
formation is due to the reduction of 1, 2 and 3getyatoms of FCP reagent and the formation of ndaghhm blue

or tungsten blue which shows absorption maximabatiim (Fig. 3) for TAP. Colored chromogen was fotmde
stable for almost 3hrs at room temperature.
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Fig. 3: UV-Visible Spectra of TAP 2Qug/ml derivatized with FCR shows absorption maxima at 78nm.

Method Validation
Developed three methods were validated as pertafgdidelines.[8]

Table No 2 - Summary of Linearity Study

Parameter HPLC Method UV Method FCR Methpd
Concentration range (ug/l 5-100 20 - 100 5-35
Slope(m) 6838.6 0.0063 0.026
Intercept (c) 5663.9 0.0065 0.010
Correlation co-efficient (r) 0.9998 0.9995 0.9990

*(n =6)

Linearity
For RP-HPLC method linear correlation was obtaibetiveen peak area and concentration for TAP inahge of
5-100 pg/ml  In case of UV spectrophotometric method cori@tatwas obtained between absorbance and
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concentration for TAP in the range of 20-100/ml. For FCR Method linearity was obtained in the aarttation
range of 5- 3%1g/ml. Linearity of the three methods is summarizedalvie 2.

Precision
Interday and intraday variations in estimation @fPTwere studied for all the three methods (Tabl&l®) % RSD
value for all the three methods found less than PBese low values of RSD indicate good precisiodefeloped
methods.

Table No. 3 - Summary of Precision Study

Parameter HPLC Method UV Method FCR Method
Repeatability
(% RSD} 0.62 0.48 0.39
Intraday Precision
(% RSDJ 0.59 0.50 0.45
Interday Precision
(% RSDJ 0.70 0.65 0.55
Specificity Specific Specific Specific
Solution Stabilit Stable for 24 Hrs Stable for 24 Hrs Colored Chromogen stable
Y| atroom temperaturg¢ at room temperaturg for 3Hrs at room temperaturg.

An=6,Cn=

Accuracy

The accuracy study reveals the positive and negatiluence of additives which usually present asage forms,
on the quantification parameters. The recovery ystddta is depicted in table 4. The mean % recowdry
guantification of TAP was more than 99.3 %, 99.9 &9.6% for RP-HPLC, UV Spectrophotometric and FCR
method respectively.

Table No. 4 - Results of recovery studies of TAP hyroposed methods

Proposed method Amount of TAP PresehtAmount of standard TAP addéd Mean % Recovery + SO
25 20 99.3+0.22
RP-HPLC 25 25 99.7 +0.42

25 30 99.4 +0.28
50 40 100.0 +0.57

UV Spectrophotometrig 50 50 99.93 +0.15
50 60 100.1 £0.32
20 16 99.8 +0.42

FCR Method 20 20 99.7 +0.47

20 24 99.6 +0.57

2 ug/ml for RP-HPLC, UV Spectrophotometric and FCRhog:.
P Average of three determinations.

Specificity

For RP-HPLC method peak purity of TAP was assebgedomparing their respective spectra at peak, sipex
and end position of peak. Peak purity value of Twd&s more than 990 at upslope, apex and downslopeak
which confirms homogeneity of peak. No interferen@s observed at the retention of TAP in sampletiwi.

For UV spectrophotometric method placebo showedbenrbance near the detection wavelength of TARwhi
indicate the method is specific for estimation éfPTat 272nm. For FCR method placebo and reagenk lidaalso
treated in same way like sample. Placebo and réddemk didn’t show any characteristic colour wherated with
FCR method which proves specificity of FCR methodestimation of TAP.

Robustness

The system suitability parameter and results ofyss changed condition were found within acceptatimits
(with in + 2% of optimized condition) which assumbustness of method. In case of UV spectrophotéomeethod
and FCR method assay was calculated by estimatitigy dt £ 2 nm of absorption maxima of respectivehuoét
Results of assay found within acceptable range lwbdmfirms robustness of the method.

Solution Stability

Solution stability was checked by analyzing solusi@fter 24 hours. Difference in the result is l#ss1 2% when
compared with freshly prepared standard for botlh€&Bnd UV method which indicates; prepared solutan be
analyzed within 24 hrs. In case of FCR colouredostogen found stable up to 3 hours hence it is ¢ssen
analyze samples within 3 hrs.
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Comparison of proposed Methods

The assay results of TAP obtained using proposetiREC, UV and FCR methods (Table 5) were compasgagu
one way ANOVA test. P value found to be 0.3985hat .05 significance level. Therefore P value fognehter
than 0.05 indicates there is no significant diffexe with respect to accuracy and precision betwlerproposed
methods.

Table No. 5 - Assay results by developed three metths

Parameter HPLC Metho UV Method FCR Methpd
Mean Assay (%) (n=3 99.18 99.0 99.33
% RSD 0.09 0.25 0.26
CONCLUSION

The developed analytical methods; RP-HPLC, UV a@&Found to be simple, rapid, specific, accurate mmgged

for estimation of TAP. Statistical comparison shdhat there is significant difference with respectaccuracy and
precision of all three methods. RP-HPLC methodrsffeide linear range for estimation of TAP. Additadly FCR

method is more sensitive than UV spectrometric wabtivhich allows estimation of TAP in lower concenions.

Developed three methods can be used for routinétyjeantrol analysis of tapentadol in bulk as wa#l in its

finished pharmaceutical product.
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