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ABSTRACT

A rapid and highly sensitive reversed phase higtiop@ance liquid chromatographic method was devetbfor
guantitative estimation of tapentadol hydrochloriote pharmaceutical preparations. The method wasdeatd
according to ICH, FDA and USP guidelines with respe accuracy, precision, specificity, linearitpbustness,
sensitivity and system suitability. The method weseloped by using an isocratic condition of molglease
comprising with 60% buffer [potassium di-hydrogérogphate (0.03 molar) and n-heptane sulphonic-ada salt
(0.002 molar)] and 40% acetonitrile at a flow raté 1.0 mL/min over C-18 (ODS, 250 x 4.6 mm) colahn
ambient temperature. The retention time was foondetat 3.7+ 0.1 min. The recovery was found as%3hich
demonstrated the accuracy of the protocol. Intradag inter-day precision studies of the new metvede less
than the maximum allowable limit (RSE%2.0 according to FDA). The method showed lineapomse with
correlation coefficient @) value of 0.999. Therefore, it was found to beuaate, reproducible, sensitive and less

time consuming and can be successfully appliedhf@rassay of tapentadol hydrochloride in any phareudical
formulations.
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INTRODUCTION

Tapentadol  hydrochloride  chemically is  3-[(1R,2R{d8methylamino)-1-ethyl-2-methylpropyl]phenol
hydrochloride [1]. It is an analgesic and actsrasgonist of thei-opioid receptor and as a norepinephrine reuptake
inhibitor [2]. Tapentadol shows more tolerable siffects with respect to other opoids.

OH
Fig.1: Chemical structure of tapentadol hydrochlorde

Although tapentadol has two chiral centers and eguently four enantiomers namely S, S; R, R; Sh& R, S,
only the R, R stereoisomer is commercially avaéads drug [3, 4].
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Like other drugs tapentadol also requires some lates@arameters like quality, potency etc. to setsebest
activities. It is obvious that change in the foratidn or variations in the manufacturing procesuse of low
quality materials can affect the stability and eHfiy of the product. Therefore, quality and qugndissessment
ensure their safety and efficacy which can be easby analyzing the products during and after mactufing and
at various intervals during the shelf life of theoguct. Effective process validation contributegndicantly to
assuring drug quality. The basic principle of giyalissurance is that a drug should be producedgHdtfor its
intended use and does not expose the consumeas&dd5].

Although several methods have been reported prslidior determination of tapentadol in the pharmeical
formulations, herein we developed a completely ie-HPLC method with better resolution, minimum peak
tailing, less time consuming and improved accuracg¢ision and specificity.

MATERIALS AND METHODS

Working standard of tapentadol HCI (potency 99.2184gs a kind gift of Drug International Ltd., Dhaka,
Bangladesh. HPLC grade acetonitrile was obtaineh fActive Fine Chemicals Ltd., Bangladesh.

Apparatus

HPLC system

High Performance Liquid Chromatographic system rf&lizu-UFLC Prominence), equipped with an auto sampl
(Model- SIL 20AC HT) and UV-Visible detector (ModSPD 20A) was used for the analysis. The data was
recorded using LC-solutions software.

Column
Analytical reversed phase C-18 column [Luna C-18%R) 250 x 4.6 mm, Phenomenex, Inc.] was used to aealy
the standard and samples.

Preparation of mobile phase

2.72 g of potassium di-hydrogen phosphate and @fBngheptane sulphonic acid- Na salt were dissbiae900 mL of

nano pure water. pH was adjusted to 4.2+ 0.1 diltite potassium hydroxide or dilute Ortho-phosjghacid. Then

volume up to 1000 mL with water of same qualityeftthis buffer and HPLC grade acetonitrile wereaditogether at
a ratio of 60:40 v/v, filtered through a 0.22umlipdre filter and degassed.

Preparation of standard solutions

Stock solution of the standard drug was preparediggolving 25.2 mg of tapentadol HCI powder (eqiéwnt to 25
mg tapentadol HCI) in a 50 mL volumetric flask wilfstilled water to get a concentration of 0.5 mig/fhen 5
mL of this solution was taken in another 50 mL woétric flask and adjusted the volume to get nominal
concentration of 0.05 mg/mL. Appropriate volumenfretock solution was further diluted to get 80%~%26f
nominal concentration (40, 45, 50, 55, §9mL).

Chromatographic conditions

All analyses were done at ambient temperature uisderatic condition. The mobile phase was run fdw rate of
1.0 mL/min for 7 minutes. The injection volume wh8 pL for standard and samples. Before analysisryev
standard and sample were filtered through 0.2 |lter fips. The column eluate was monitored with téfection at
215nm.

Method validation [6-10]

Specificity

The specificity of the LC method was evaluated nsuge that there was no interference from the diegian
products, excipients present or other impuritieshim pharmaceutical formulation. The specificitysvsudied by
injecting the unstressed and stressed standartios@uexcipients and pharmaceutical preparatidnsygentadol
HCI.

Specificity-stability indication

Solution stability

Stability of tapentadol HCI in solution was check®drendering the test solutions in tightly cappés at room
temperature and in refrigerator 4C5or 48 hr. The solutions were analyzed by HPLO ht, 24 hr and 48 hr.
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Forced degradation

In this stage, forced degradation studies were makien to degrade the sample (e.g., drug producARi)
deliberately. These studies are used to evaluasamalytical method’s ability to measure an activgrédient and its
degradation products without interference. Samplesirug product (spiked placebo) and drug substamees
exposed to heat (105°C for 3 hr), acid (1IN HCl o24 hr), base (1IN NaOH up to 24 hr), oxidizing ragd.0%
H,0, solution up to 24 hr), reducing agent (10% Na lpisite solution up to 24 hr) and water (up to 24 tar
produce 10%-30% degradation of the active. Theatkmt samples are then analyzed using the mettaetdomine
if there are interferences with the active or edatompound(s).

Linearity

Five different concentration levels (4@/mL, 45pug/mL, 50ug/mL, 551g/mL and 60ug/mL) were prepared from
stock solution. Then 10 pL from each solution wgedted into HPLC using auto-injector and the asedywere
monitored at 215 nm and repeated three times. Vheage peak areas were plotted against concemisatiche

linearity of the proposed method was evaluated sipgucalibration curve to calculate coefficientaafrrelation,

slope and intercept values.

Accuracy

The accuracy of an analytical method expresses¢heness between the expected value and the alud.flt is
expressed by calculating the percent recovery (86Rjpalyte recovered. In this case, to evaluatatuoarracy of the
proposed method, successive analysis (n = 3) faretldifferent concentrations (4/mL, 50 ug/mL and 60
pug/mL) of standard tapentadol HCI solution were iearout using the proposed method. The data oéxperiment
were statistically analyzed using the formula [%c®ery = (Recovered conc. /Injected conc.) x 100§tudy the
recovery and validity of the proposed method.

Precision

Precision of the assay was assessed with respdmbtto repeatability and reproducibility. The prémis of an
analytical method is the degree of agreement anadigiduals test results where the method is applepeatedly

to multiple samplings. The precision of the progbseethod was checked by intra- and inter-day reybddy of
responses after replicate injections and expressedRSD% amongst responses using the formula [RSD% =
(Standard deviation/Mean) x 100 %]. In the curnmethod development and validation protocol, theisien was
determined by five replicate analyses at the camnagon of 40 pug/mL of standard tapentadol HCI sohs using

the proposed method.

Robustness

Robustness measures the capacity of an analytiedlad to remain unaffected by small but delibevatéations in
the parameters of the method. Robustness provies #ndication of reliability of the analytical nhetd during
normal usage [9].The effect of the following chamge chromatographic conditions will be determirediow rate

+ 50%, solvent ratio + 30%, pH of buffer solutior0£, temperature + 1T and detector wavelength * 3. If these
changes are within the limits that produce accdptahromatography, they will be incorporated in thethod
procedure.

System suitability

System suitability tests will be performed on b&tRLC systems to determine the accuracy and precidhe
system by injecting six injections of a solutionntaining analyte at 100% of test concentration. Tdilwing

parameters will be determined: theoretical platent, tailing factors and reproducibility (percé&D of retention
time, peak area, and tailing factor for six injens).

Limit of detection (LOD)

It is the lowest amount of analyte in a sample tzat be detected but not necessarily quantitatdérue stated
experimental conditions. The detection limit is alfu experimental conditions and usually expresssdthe
concentration of analyte [e.gg/mL, %, ppm or ppb] in the sample. The ICH refeemthat signal-to-noise ratio
should be 3:1.

Limit of quantitation (LOQ)

It is the lowest amount of analyte in a sample thay be determined with acceptable accuracy antigiwa when
the required procedure is appliéithe limit of quantitation for chromatographic medls has been described as the
concentration that gives a signal- to-noise ragigpéak with height at least ten times as high ad#seline noise
level) of 10:1.In many cases limit of quantitation is approximgatilo or three times of the limit of detection.
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RESULTS AND DISCUSSION

Method development and validation

To develop a HPLC method, firstly, solubility piefianc pKa of tapentaddHCI was investigate Tapentadol HCI
was found to be water solubléhich indicatd that buffer would be comprisedajor portion of mobile phase. Age
pKa of tapentadol HCl wasifind 9.: which suggested medium having a pH less than 7. Ujthis assumption
initially a phosphate buffefpH 6) was tried with methanol and acetonitriledifferent ratic on a C-1§250 x 4.6
mm, 51, Phenomenex) colum&atisfactory peak was not fourC-18 and C-&olumnsof other brand (Prontosil,
Zorbax Eclipsed etpwere also tried buresolution of peak and tailing factarere found to be unaccepta. Then
pH of buffer solutiorand the ratio of acetonitrile wegradually changed. Finallgt pF of 4.2 of the buffer and at
60:40 of the ratio of buffer anctetonitrile, better resolution of the peak was obseremrreduce the tailinof the
peak, a small amount ofreptane sulphonic acid sodium ¢(0.002 M) was added ithe buffer and well-resolved
and absolutelpymmetry peak was four No peak was detected closethe retention time ctapentadol HCI. The
developed method was describe(Table 1.

Table 1. HPLC method of tapentadol HCI

Method Buffer (0.02M KHPQ, + 0.002M nheptane sulphonic acid Na ¢) and
acetonitrile in a ratio of 60:40nder isocratic conditic

Column C18, 5um , 250 x 4.6 mm, Phenomenex

Diluting solution Distilled water

Temperature Ambient

Flow rate 1.0 mL/min.

Injection volume 10 pL

Monitoring wave lengt 215 nm

Retention time 3.7 £0.1 min.

Tailing factor (USP) 1.02

Peak purity 1.0000

) _ T'apentad ol Std.lcd
Y0000 g
=
E
&
200000 ~
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100000
0
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Fig. 2. HPLC chromatogram of tapentadol HCI standard
Specificity

The specificity was studied by injecting the unsdexd and stressed standsolution,excipient: and pharmaceutical
preparation of tapentadol HEéveral times on several daNo interference of placebsas observe

Specificity-stability indication

Solution stability

Two vials were prepared by dissolving the drug istited wate. One vial waskep! in room temperature and
another in refrigerator a8. Area change w: investigated and it was deduced from the resutttiq@entad¢ HCI
was fairly stable in dilutingolvent % RSD of area changes were found <1.0 in both ¢

Forced Degradation

Solidstate degradation (elevated temperature105°C for 3 hr)

To estabish specificity, practical tesiwere madaunder stressed and unstressed conc employing - placebo (all
the ingredients except activapentadoHCI), sample (tapentadol #hg tablet) and active tapentacHCI. It was
revealed that there wano interference of peak in ttapentadol region for the stressed sanplacebo and active.
Hence the method was considespecific for the produc
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Liquid state degradation

In this study it was found that tapentadol HCI wlagraded significantly in acidic environment. Sanitlegradation
was observed in oxidation with 10%®} solution and in reduction with 10% Na-bisulphitéusion. There was no
significant degradation in basic condition anddheg was found most stable in water (Table 2).

Table 2. Summary of liquid state degradation

Concentration of fresh sample| Degradation Reactionl Recovered concentration after forced degradation  %.0ss Remarks
50 pg/mL Acid hyrolysis 44.85 pg/mL 10.3 Most sénsi
50 pg/mL Base hydrolysis 47.59 pg/mL 4.8] Lessiteas
50 pg/mL Oxidation 46.26 pg/mL 7.48 More sensitive
50 pg/mL Reduction 45.64 pg/mL 8.72 More sensitive
50 pg/mL Water hydrolysis 49.64 pg/mL 0.72 Leasisgére
Linearity

Linearity of tapentadol HCI was examined on testitsmn 80 ~ 120% of nominal concentration. The @egvered
was 40 to 6Qug/mL to analyze by the proposed method. The cdioglaoefficient was found as 0.999 indicating
good linear of calibration curve.

Table 3. Result of linearity

Concentration of tapentadol ig/mL) | % of Nominal concentration Response ( Peak area) Avage Peak area
40 80 706058 710501 703654 706738
45 90 789577 | 793292 788720 790530
50 100 874889| 872031  87566p 874195
55 110 965499 970199 95471p 963471
60 120 1053469 105456p 1056682 1054887
1200000 A
1100000 - y =17385x + 8725
R?=0.999
o 1000000 -
g
©
~ 900000 -
5]
7}
8 800000 -
700000 -
600000 T T T T Y
35 40 45 50 55 60

Conc. of active Tapentadol HCI (ug/mL)

Correlation Coefficient: R= 0.999 (Lt.>0.999)
Y intercept: 0.998% (Lt.: Area response of Y inépte0 to 5% of nominal concentration)

Fig.3. Linearity of range of proposed method

Accuracy
Percent recovery was found between the acceptamie (p8.5% ~101.5%) demonstrated the accuracyhef t
method. A linear graph was obtained for amountagdntadol HCL added vs. recovered (Table 4).

Table 4. Accuracy of the method for Tapentadol HCI

Sample added| Peak area| Average Peak area| Sample Recovered (ug/mLl) % Recovery
(Hg/ml)

706058

40 710501 706738 40 100.0
703654
874889

50 872031 874195 49.7 99.40
875665
1053468

60 1054560 1054887 60 100.0
1056632
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Precision (Repeatability and raggedness)

The repeatability and raggedness were measurednrstof %RSD of recovered concentration. The %R8Des
depicted in Table 5 showed that the proposed meghodided acceptable intra-day and inter-day vianafor
tapentadol HCI.

Table 5. Determination of precision

Intra-day precision

Day | Injected conc. fig/mL) | Area | Slope (m)| Intercept (c)| Recovered fig/mL) | Mean (ug/mL) | SD (|2/fr§§5y)
706058 40.11
710501 40.35
Day-1 40 703654 | 17385 8725 39.97 40.10 0.15 0.37
705044 40.05
704894 40.04
701210 39.83
713510 40.54
Day-2 40 711050| 17385 8725 40.34 40.09 0.33 0.83
700974 39.82
702607 39.91
Inter-day precision
Injected conc. Inter-day mean Mean sD %RSD
(ug/mL) recovered {ig/mL) (Inter-day)
Day-1 40 40.104
Day-2 0 20.088 40.10 0.01 0.02

System suitability

%RSD of system suitability parameters includingkoa@ea and retention time of tapentadol HCI weteutated as
1.046 and 0.213, respectively. Average theorefitak and tailing factor were found as 2427 an@,Ir€spectively.
All parameters were found well within acceptanaoaitliset by FDA or ICH (% RSD of peak are2.0%; % RSD of
retention time< 2.0%; theoretical plates4000 plates; tailing factor).

Robustness
Predetermined variations were performed under ¥perémental conditions to assess its robustnessulReare

shown in Table 6.

Table 6. Summarization of robustness

Parameter Theqretlcal Ac_tual Retentlpn time Tailing factor | Peak purity | Peak area
variance variance (min)
0.5 mL/min 6.707 1.391 1.00 2076149
0,

Flow rate 0% 5 mimin 1.948 0.901 1.00 695529
Solvent ratio 1300 |Buffer: ACN=70:30 6.544 1.457 1.00 1027743
- Buffer: ACN = 50:50 2.849 1.326 0.99998 1056822

) pH=4.4 4.888 1.342 0.9999 1076449
pH of Buffer Solution 02 pr=a0 4.236 1323 0.99999 1075073
Detector +3nm 218nm 4.386 1.325 1.00 981511
Wave length - 212nm 4.353 1.311 1.00 1056165
Temperature 110c |-20°C 4.382 1.324 1.00 1052187
p - 40°C 4.357 1.308 1.00 1055826

LOD and LOQ

The LOD and LOQ results were obtained as 0.010mugnd 0.0321 ug/mL, respectively.
CONCLUSION

As a part of new analytical method developmentapid and sensitive reversed phase high performbanoiel
chromatographic method was developed and validatedrding to the guidelines of FDA, ICH and USPeTh
sample recoveries were in good agreement with ttesipective label claims suggested non-interfereéncehe
estimation. The newly developed method was foundeiasimple, accurate, reproducible, efficient aggkltime
consuming. Hence, the method can be easily andecently adopted for routine analysis of tapentadil in bulk
and pharmaceutical formulations.
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