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ABSTRACT

A simple, rapid, precise, accurate and low-cosb#itg-indicating HPLC method with diode array detion (DAD)

has been developed for the simultaneous estimafidtlemantine (MEM) and Donepezil (DPZ) in the preseof
their degraded products. The chromatographic caodg used herein were inertsil ODS (4.6 x 250mm), &hd

acetonitrile with 0.1% orthophosphoric acid at aicaof 10:90 as the mobile phase, with 271 nm aswthvelength
of estimation, using DAD detector and 1.0 ml/miawfrate. Chromatographic separation of the drugs \wehieved
within 3.2 minutes from all the degradants. Thedirity concentration for this method was found ¢oibthe range
of 10-50ug/ml for both drugs. The validation of tw@posed method was performed as per the Internati
Conference on Harmonization (ICH) guidelines forelarity, accuracy, precision, robustness, limitdefection and
limit of quantification. The sample drugs were ab¢d to various forced degradation methods suchcis and
base hydrolysis, oxidation, thermal, and photolytegradation by sunlight. The drug substances umeet mild

degradation irrespective of the induced stress. praposed method can be used to quantify targegdian a
regular basis in tablet formulations.
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INTRODUCTION

Memantine (MEM), chemically 1-amino-3, 5-dimethydadantane hydrochloride, is a tricyclic amine usedhie
treatment of Parkinson’s disease, movement dissrfie}, dementia syndrome [2], pervasive developaient
disorders [3], alcoholism and its withdrawal [4].nlike other non-competitive NMDA antagonists such a
phencyclidine and ketamine, MEM has few adversectdflike agitation, confusion and psychosis [5.8ewise,
donepezil (DPZ), chemically 2, 3-dihydro-5, 6-ditmaty-2-[[1-(phenylmethyl)-4-piperidinyl] methyl]-1#hden-1-
one hydrochloride, is aacetyl cholinesterasmhibitor that acts by increasing the concentratid acetylcholine,
leading to an increase in the cholinergic functidherefore, it is well indicated for treating mitd moderate
dementia in Alzheimer’s patients [7,8].

Several analytical methods have been reported diantifying MEM and DPZ, either as a single entityio
combined dosage forms using high-performance ligaittomatography (HPLC) with Mass/Ultraviolet-
visible/fluorescence detectors for MEM. These d&tedechniques all require derivatization of theiety either by
using chromophores or fluorophores, which are tegliand time-consuming, limiting their use for regul
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quantification of MEM  [9-14]. The spectroscoptinods reported were also with derivatization pdoces [15].
Simple HPLC with UV has also been reported in sditeeature [16, 17]. In the case of DPZ formulatiothe
quantification of DPZ from human plasma [18-28]ng either HPLC or HPLC-MS, enantiomeric estimatof the
DPZ by LC-MS [21], an electro-analytical method fPZ** and single entity quantification from various dgsa
forms [23,24] were reported previously. Recenthe tJS FDA approved the combined dosage form of MiEd
DPZ. Also some simultaneous estimation procedureseweported recently. Among them, Noetzti al and
Bhateriaet. al., reported simultaneous UPLC-MS/MS [25] and LC-MS/§28] methods of estimation for MEM
and DPZ drugs. Some simultaneous HPLC methods waaee reported for the simultaneous estimation using
HPLC-RI detection and UV detection. Refractive Ind&l) detection by HPLC is a rarely used and espan
procedure [27]. Further, it is easily affected by Rodifying agents that may be used as additivesdme
formulations. In cases of HPLC reported using Utedgon, acetonitrile was used as an ion pairirgaoic phase
in high concentrations (70% to that of the totalbite phase), which is not cost effective or ecesidly [28].
Further, the drugs to be estimated are moderate#byr pnd could be easily eluted by low molar acidébow molar
buffers that have not been studied yet. Use of paids or alkalies should be avoided due to thesidenations of
column life and performance. Hence, in this studg, aimed to develop a simple, rapid and validatedHRLC
method using low molar phosphoric acid with acetdaeiat a low ratio as the mobile phase and DD#edgon for
accurate estimation.

MATERIALSAND METHODS

Chemicals and reagents
Memantine HCL (Sigma Aldrich), Donepezil HCL (SigrAd&drich), Potassium dihydrogen orthophosphate, HPC
grade Acetonitrile, Millipore water.

M ethodol ogy

Preparation of mobile phase

1 mL of orthophosphoric acid wasipette into 1000 mL of HPLC grade water and mixeellwith a magnetic
stirrer to give 0.1% v/v orthophosphoric acid. Tprepared solution was degassed using an ultragonifia 5

minutes. Then, a respective quantity of the sotuticas mixed with acetonitrile and filtered through0.45p

Whatman cellulose acetate membrane filter.

Preparation of Memantine HCI and Donepezil HCI standard stock solution

10 mg each of the MEM and DPZ working standardsevearcurately weighed and transferred into a 10 leanc
dry volumetric flask, and mobile phase was addedhasdiluent. The solution was sonicated to dissalv
completely then the volume was brought up to thekmth the diluent and used as the standard ssobhtion.

From the above solution, 3.0 mL was pipetted inttDamL volumetric flask and brought up to the maikh the

diluent. Again 3.0 mL of the above solution wasatied into another 10.0 mL volumetric flask anditditl up to the
mark with the diluent, and used for analysis.

I nstrumentation and chromatographic conditions

The high-performance liquid chromatography instromeas equipped with a diode array detection (HFRAD)
system (Waters, Alliance autosampler 2695 seri&A)Diode Array Detector (2487 series). The HPLGtem is
featured with a thermostated column compartmeteditvith a 100uL sample loop. The analytes were separated
with an Inertsil ODS (4.6 X 250mmufn) column. Ambient temperature was maintained enablumn oven. The
injection volume was 2L with 1.0 ml/min as flow rate.

Linearity and Range

The linearity was determined to establish the wagktoncentration ranges with the proportional refesthip with

the detectors’ response. Five increasing concémtreanges from 10 to 50ug/mL were prepared asheedSP and
ICH guidelines [29, 30]. The minimum specific rarfgethe assay was from 80 — 120% of the targetentmation.
The prepared solutions were subjected to lineamigasurements by injecting each solution with insirep
concentration. The acceptance criteria for thealiitg data is generally derived from the correlaticoefficient,

which was found through regression correlation.

LOD and LOQ
The detection limit (LOD) is the lowest absolutencentration of an analyte in a sample that maydieaed but
not quantified by the proposed method. LOD can &leutated from the signal to noise ratio obtainemhrf the
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baseline noise of the blank solution and the sigiéhined from the respective LOD solutions of ME&kd DPZ.
Likewise, the limit of quantitation (LOQ) is thevest target (drug of estimation) concentration saeple that can
be assayed with satisfactory precision and accuradgr the proposed conditions.

System suitability

The system suitability parameter is useful for fygmg whether the accuracy and precision of a systre
acceptable for the established method. Theoregilzdé count, tailing factor, and resolution were fharameters
measured and compared with standard specificafisnger the ICH guidelines. In this study, systeitability
studies were conducted with 3 pg/mL solution of MBMI DPZ.

Specificity

In establishing an HPLC method for analysis of plareutical active ingredients, it is crucial to ersfand the
sensitivity of the drug to degradation. Probablgrhdants that interfere with the established asstitod and the
interference of the chemical entities generateihdusample preparation or from the excipients effibrmulation.

Specificity can also be measured in the presendateftionally produced degradants that may ddierdssay
method. The degradants generated by the induoesksire discussed in the later part of this wookddtermine the
specificity of the method, reference standard nedteof both MEM and DPZ were injected to demoristthe ideal

separation from potential interference. Furtheis thterference in the assay was examined by iimggblacebo

prepared with the common excipients stated in t6@.U

Assay of formulation

About 20 tablets were weighed accurately and poedierell. From the powder, the weight equivaleni@mg
each of both drugs was weighed and transferredairitd® mL clean dry volumetric flask. 7.0 mL of tiebile phase
was added and sonicated to aid complete solulthigyn the volume was topped with the diluent andl e the
stock solution. From the above sample stock saolutb MEM and DPZ, 3.0 mL was pipetted into a 10 mL
volumetric flask and brought up to the mark witke thiluent. Again, 3.0 mL of the above sample stalkition was
pipetted into another 10.0 mL volumetric flask afildited up to the mark with the diluent then useddnalysis.
The results of the assay were compared with preljoveported methd®to determine its suitability and
adaptability.

Precision

Precision is the parameter used to measure the@edmrepeatability for the developed analyticathod under a
normal condition, which is indicated as the percestative standard deviation (%0RSD). Ideally, thibfferent
levels are used for measuring the precision. Rapé#y results are obtained from repeating thehuodtwith the
same conditions over a short duration of time &ntlay assay precision). In this study, the stahdalution was
injected five times and the areas for all five reqtles were calculated for the %RSD.

Accuracy

Accuracy is used to check whether the method yieddsilts close to the true value or not. As fathas assay
method is concerned, the triplicate numbers forsihiked samples were prepared at three differeeidebetween
50% and 150%. The percentage of recovery was eabtmifrom the data.

Ruggedness

Ruggedness or intermediate precision tests whsthelar results for the established method areinbthwithin the
same laboratory with mild variations, for examgaalysis on different days, changing either angalgstcolumn or
instruments. The complete experimental setup isl@yad in the ruggedness measurement in order tatanche

effects of individual variables if any. The intrasay precision criteria for an assay method shbald 2%,

instrument precision for the impurity assay shood< 5% and the intra-assay precision should<b®0%. The
intermediate precision for this present study weteignined by using a different make of the columviib the same
dimensional parameters and evaluating the relgi@reent purity. 30 pg/mL of the solution was ingetfive times
and the %RSD was calculated.

Robustness

Robustness is used to measure the reliability efntiethod i.e., to ensure whether the developedadattmains
unaffected by slight, deliberate variations in thethod parameters. Robustness is measured in dheefdifferent
ways: by making deliberate changes to the methoahnpeters, by using multivariate statistical expermtal design
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to control method variables or by using softwake liheoretical modeling to predict the robustnbsshis study, 30
pg/mL solutions of MEM and DPZ were prepared anécted by changing method parameters such as &yrajt
the flow rate to £+ 10% and altering the mobile ghasmpositions. The plate count and the tailingdiagvere
calculated as the parameter criteria for robustness

Placebo interference

Placebo interference evaluates whether the interadsdy is free from the common excipients thatuse in
formulating oral dosage forms. A placebo will benfialated with the common excipients listed in thated States
Pharmacopoeia such as talc, magnesium stearatestamott. Solutions were prepared with the placebpea the
assay procedure and injected into the HPLC systersiX replicates.

Stress-induced degradation of MEM and DPZ

In order to elucidate the inherent stability of teig entities, forced degradation was carried asitper the
International Conference on Harmonization (I&H)n this accord, stress degradation studies wer®pned on the
MEM and DPZ using the proposed HPLC method. Froenstandard stock solution, 1.0 mL each of MEM aZD
was pipetted individually into a 10 mL volumetriagk and was diluted up to the mark with the ditughe mixture
was then subjected to various stress conditionessribed below.

Hydrolytic degradation under acidic condition

From the stock solution of individual MEM and DPdgions as well as the mixture, 3.0 mL was pipktteo a 10
mL volumetric flask and 3 mL of 0.1N HCL was add@&tiis mixture was kept at 60°C for 6 hours, neitea with
0.1N NaOH and brought up to 10 mL volume with tilgeht. Then the solution was filtered into vialgiwa 0.45u
syringe filter and used for injection into the HPE@Zstem.

Hydrolytic degradation under basic condition
The same procedure as in the acidic degradatialy stas followed for the basic condition by replacth1N HCL
with 0.1N NaOH.

Oxidative degradation

From the stock solutions of MEM and DPZ and thetorix, 3.0 mL was pipetted into 10 mL volumetricsia to
which 1 mL of 3% w/v of HO, was added and brought up to the volume with diluhe solutions were left
undisturbed at room temperature for 15 mins. Thetiem was filtered with 0.4% syringe filters and kept in vials
for HPLC measurements.

Thermal degradation

For the thermally induced degradation study, aral®eng portions of MEM and DPZ drug powders weaept in
a petri dish and kept in a Hot Air Oven at 110°€Z4 h. After the completion of thermally induceelgdadation, a
stock solution (10Qig mL™) of each drug was prepared by quantitative trariafe a 50 mL volumetric flask and
diluted well with the diluent. Around 1 mL of théb@e stock solutions of MEM and DPZ, individually o
combined, were transferred into 10 mL volumetriasks and diluted to the mark with the diluent faPLC
measurements. All the above degradation studies wairied out in the dark to avoid the possibleraggtion
effect of the light.

Photostability

Photodegradation study was performed by exposiad.@hmL volumetric flasks containing the stock solu (a) of
MEM and DPZ individually or combined to the sunligior 3 days. Later, the solution was subjectedHRLC
measurements and the samples protected from ligie used as a control.

Statistical analysis
Statistical analysis such as students ‘t’ test, ®R®d regression were calculated using Originp{®@8ginLab
Corporation, MA, United States) and SPSS versiafl {8PSS inc, Chicago, IL, USA).
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RESULTSAND DISCUSSION

M ethod development and optimization

The ideal chromatographic condition for the elutafrsamples from the closely related degradantsdeasloped.
Various trials were conducted to optimize the sot\aystem, flow rate and wave length detectionc&iooth drugs
are soluble in water, they were tested with 100%.Elgrade water as the mobile phase. However, elsitivere
detected very early in the chromatogram, which maydue to the fast elution of the drugs by waténcsthe

primary goal of our present work is to use the low pairing organic solvents for fast and accudstection of the
target components, we tested various combinatidnghosphoric acid and acetonitrile/methanol as biveary

solvent system and found that 0.1% v/v orthophosphacid and acetonitrile with the ratios of 90:d&ve ideal
results. Hence, finally, the above said solvent lmioation was used for further analysis of the teedemoieties.
The chromatogram with optimized conditions Fig ara the blank (solvent only) chromatogram Fig 1érev
given.
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Fig 1: Chromatogram of (a) Blank and (b) standard MEM and DPZ

M ethod validation

Linearity, LOD, and LOQ

In the present study, both drugs satisfied thealierequirements in the concentration range e6Qqg/ml with f
= 0.999. The linearity parameters for MEM and DP& given in Figure

2 and summarized in Tablel1OD and LOQ were also very low as compared to a@ipusly reported method [28]
Table 1, which confirms the high sensitivity of timethod.
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Fig 2: Linearity of MEM and DPZ
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Table 1: Optical propertiesof MEM and DPZ

Parameters MEM DPZ
Linearity (ppm) 10-50 10-50
Wavelength of detection (nm 270 270
Detection technique DAD DAD
Regression equation y=mx+g y=mx+c
Correlation co-efficient ¢ * 0.999 0.999
Slope (m) 32889.8: 5420.7¢
Standard Error on Slope 100.163 16.984
Intercept (c) * 32275.1 5382.4
Standard error on interct 3322.029: 561.6¢
LOD (pg/mL) 0.216 0.072
LOQ (pg/mL) 0.238 0.244
USP tailing factor (limit <2) 1.67 1.4t
Plate count ( limit not<2000)} 2524.84 3177.99

* Average of six values (n=6)

System suitability

The data obtained for system suitability paramesbimys that the tailing factor (T) and plate cofi) for MEM
and DPZ were within the recommended acceptancerierifTable 1).

Specificity and placebo interference
From the results obtained by injecting the standdEM and DPZ at specific concentrations, the chrmgiam
(Figure 3.a) confirmed that the drugs were notciéfé by any interfering materials, as individuahlewere eluted

from each standard. Further, the chromatogram (Ei@b) depicts the placebo chromatogram obtained the

placebo prepared using the common excipients iridimulation of tablets, demonstrating that the hmétwas not
affected by any of the excipients.
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Fig 3: Chromatogram of specificity solution (a) standard (b) placebo

Table 2: Assay resultsof MEM and DPZ

Label Claim Assay (%) % RSD Statistical confidence**|
Present Reported Presgnt  Reported t-test F-test
10 mg MEM/tab| 98.96+0.42 98.82+0.96 0.542 0.586 .329 1.078
10 mg DPZ/tab| 99.62+0.89 98.67+0.45 0.785 0.886 0.365 1.016

*Mean of 6 determinations
** Student's t-test and the F-test were values®onfidence level
and the theoretical values for the same was 2.364a86 respectively

Application of method to formulation (Assay)

From the results (Table 2) of the assay using thpgsed and reported HPLC with UV detector mett&8], [it was
evident that the method proposed herein was alsabdel for the regular analysis of the targetedydrin their solid
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formulations. The results of the student's ‘t’ tasid ‘F’ test showed that there is no significaiffiedence between
the calculated and theoretical values at the 958fidence level.

Precision

From the data for the results of intra-day precisibwas found that the % RSDs for MEM and DPZ eviw and
within the limits of intra-day assay precision tooth drugs (RSD should be <2 % RSD) as per the [ and
USP [30] guidelines for method validation (Table 3)

Table 3. Precision and accuracy of the method

Precision (Intra-day) Accuracy
i 0
Conc. (ng/ml) A?:fé;/':n?lgind % RSD Spll(((;))level (%) Recovery Rsé)l))
50 103.66+0.56| 0.35]
30 29.8+0.78 0.561 100 99.80+0.61 0.521
150 97.43+0.52 0.78]
50 100.59+0.32| 0.621
30 31.1+0.36 0.623 100 99.60+0.45 0.454
150 97.28+0.61 0.36(

* Mean SD of five replicates

Accuracy

Accuracy is used to check whether the method yietdslts close to the true value or not. As forthes assay
method is concerned, triplicates of the spiked dampiere prepared at three different levels betws@¥ and
150%. The percentage of the recovery was then leééclifrom the data (Table 3) and found to be withie limit.

Ruggedness
From the results of ruggedness, the % RSD fordimesecutive injections of MEM and DPZ was foundbéo0.612
and 0.502, respectively, which are within the |srof the acceptance criteria of ruggedness fontéthod.

Robustness

Table 4 presents the results of the plate count U8 tailing factor calculated after deliberaterdes in flow rate
and mobile phase composition as discussed in theriga and methods section. From the image,dvident that
the method portrayed herein is robust and was fiettad by the deliberate changes. In both chantpesplate
count and tailing factors observed were with theeptance criteria for the robustness as given by ¢@Gidelines
(plate count should be more than 2000 and taikigofr should not be less than 2).

Table 4: Results of Robustness

Variables MEM e DPZ —
Plate cour | Tailing factol | Plate cour | Tailing factol
0.¢ 2680.7: 1.6C 3200.¢ 1.7¢
Flow rate (ml/min) 1.0 2524.84 1.62 3177.99 1.41
1.1 2124.40 1.55 2973.70 1.40
10%less ACN 2573.86 1.66 3579.64 1.30
Mobile phase compositio Actual 2524.84 1.63 3177.99 1.42
10% more ACN 2124.41 1.50 2973.74 1.40

Stress-induced degradations

With reference to the ICH guidelines [29] for stdbiindicating assays, the target drug should b®idegraded by
more than 20% during the assay period for the laglikwvell as for the formulation used in the assagnithe
stability results depicted in Table 5, both thekbahd formulation samples were not degraded by rttaae 20%.
Further, there were no co-eluting peaks observed the main peaks under the stipulated stress wonsliselected
here. This suggests that the proposed method idyhégecific for the estimation of drug targetshie presence of
their degradation products and excipients.
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Table5: Results of degradation

Bulk drug Formulation
Degradation (% degradation) (% degradation)
Techniques MEM DPZ MEM DPZ
Acid 8.6¢ 9.71 10.€ 12.71
Base 9.01 10.01 12.41 11.95
Peroxide 211 3.85 2.33 4.05
Therma 3.0z 2.7¢ 3.C 2.€
Photo 2.89 3.96 3.19 4.06
CONCLUSION

From the results of the study, it was concluded titva developed HPLC method for the stability iradilcg assay of
memantine and donepezil in bulk or in a formulati®mapid, precise and accurate. Further, the ndefiootrayed
here was fully validated with reference to the paeters listed in ICH guidelines. Hence, we condlutteat the
method developed here can be used for the assalyanfnaceuticals containing memantine and donepéttibut

any interference. It can also be used for the arsbf stability samples.
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