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ABSTRACT

A stability-indicating method by micellar electroktic chromatography (MEKC) was developed and waadid for
determination of milnacipran (MNC) hydrochloride ¢apsules. The MEKC separation was performed insad-
silica capillary (40 cm x 50 um i.d.), 30 kV volkkagpplied at 30 °C, using as background electropgkition 20
mM borate buffer (pH 8.8), 20 mM sodium dodecyfaseland detection at 210 nm with a PDA detectére T
parameters specificity, linearity (range 20-60 pb precision, accuracy, and robustness were evatliaThe
validation data showed that MEKC method is repradbies providing an accurate (100.3 % to 101.2 %)an
precise (RSD = 1.2 %) to quantify MNC hydrochloridecapsule. The results of accuracy and precisests were
compared to previously validated methods, seconderoderivative UV spectroscopic (UVADand liquid
chromatography (LC), by ANOVA and Tukey. The resiflaiccuracy showed non-significant differencevieen the
three methods. For precision, the statistical as@yetween MEKC method and LC method showed niisiont
difference. However, the comparison between MEK®adeand UV-B method showed significant difference.
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INTRODUCTION

Depression is characterized by the presence ofcwve symptoms, depressed mood and anhedonia (dedrea
pleasure or interest), and this disorder affectutiti21 million people worldwide [1,2]. Decreasewhcentration,
mental and physical slowing, loss of energy, laskf tiredness, and reduced self-care are all ®mgptelated to
reduced noradrenergic activity. Depressed moods @fsinterest or pleasure; sleep disturbances;faelihgs of
worthlessness, pessimism, and anxiety are relaiededuce activity of both serotonergic and noraelrgic
neurotransmission [3].

MNC is a selective serotonin reuptake inhibitor RBSand noradrenaline reuptake inhibitor (SNRI)hndt (1R,2S)-
2-(aminomethyl)-N,N-diethyl-1-phenylcyclopropanesdrboxamide chemical structure [4] (Figure 1). MiMCan
antidepressant drug and it is available in someian Countries and in Japan for the treatmenepfedsion. It
was approved by the Food and Drug AdministratioDA}J for the management of fibromyalgia syndrome,
characterized by widespread pain condition assetiatith fatigue, cognitive dysfunction, sleep dibance,
depression, anxiety, stiffness and decreased piyfsioction [5,6].

LC methods were developed for the determinatioMdiC in bulk drug [7], pharmaceutical formulatiorts, 7-9]
and MNC combined with other antidepressants in huptasma [10-14]. An UV-Bmethod was developed to assay
this drug in pharmaceutical formulation [5]. A gatwomatography-mass spectrometry (GC-MS) methodusad
for quantitative analysis of MNC in human plasmpgdd it is combination with others antidepressiogs [10]. A
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MEKC method was developed for separation MNC armtoantidepressants with their metabolites in blaod
urine [15]. Simultaneous determination of MNC armne antidepressants, in plasma, was carried outoloy
aqueous capillary electrophoresis-time of flightssmapectrometry [16].

Figure 1: Chemical structure of MNC hydrochloride

MEKC has proved to be a method that can compete @t with regard to efficiency and selectivity asljment. It
is a more scattered mode of electrokinetic chrogragshy in which the separation electrolyte contains
background electrolyte (BGE), mostly a buffer sgstand a surfactant dissolved in water or an aqueans
organic solvent mixture in a concentration higlnart critical micellar concentration (CMC) [17,18].

Presently, there is no published MEKC method foe tjuantitative analysis of the MNC hydrochloride in
pharmaceutical formulation. In this context, thgeative of this work was to develop and validatetability-
indicating method using MEKC for the determinatafrthis drug in capsules, according to the curtetgrnational
Conference on Harmonization (ICH) guidelines [19@6rforming a comparison with the previously vatield LC
and UV-D¥ methods developed, thereby contributing to theeligpment of new alternatives techniques for the
quality control of MNC.

EXPERIMENTAL SECTION

Chemical and Reagents

The MNC hydrochloride (assigned purity, 99.7%) ussdreference substance (RS) was purchased frofin&yn
Research (Canada), salicylic acid (SA) RS (assigneiy, 99.9%), used as internal standard (IS) warchased
from United States Pharmacopeia (USP, RockvilleAlU8nd Dalcipran® (Pierre Fabre Médicament, Boukgn
Franga), containing 50 mg of MNC per dose was akthifrom commercial sources within their shelf |iferiod.
The excipients contained in the dosage form arasiibcalcium phosphate, povidone, carboxymethylimse
calcium, colloidal silicon dioxide, magnesium starand talc.

Both sodium dodecyl sulfate (SDS) and boric acidenecquired from Synth (S&o Paulo, Brazil). Forddlthe
analyses and sample preparation, ultrapure waterusad (Milli-Q Plus®, Millipore, Bedford, USA). Abther
reagents and chemicals used were of pharmaceatisglecial analytical grade.

Apparatus

The CE instrument used was HP3D CE instrument Agileechnologies (Santa Clara, USA) equipped with an
autosampler, a photodiode array (PDA) detectoen@perature controlling system (4-60 °C), and posugply able

to deliver up to 30 kV. The DAD was set at 210 firhe capillary temperature was maintained constaB0&C.

All experiments were carried out applying positimede. CE ChemStation software (version A 09.01) ugesl for
instrumentation control, data acquisition, and gsial The separation was carried out using a cdiored fused-
silica capillary (40 cm x 5@m i.d.) Agilent Technologies (Santa Clara, USA)eTolvents were filtered in a 0.45
um membrane filter Millipore (Belford, USA) and desgad daily.

The LC system consisted of a Shimadzu (Kyoto, Jap@il0ADVP liquid chromatography, SPD-M10AVP diode
array detector, Rheodyne® manual injection, DGU-ld€gasser, SCL-10AVP system controller and Class-VP
chromatography data system; a reversed phase cdlurmieosil C8 endcapped (150 x 4.6 mm, 100 fnbfrom
Macherey-Nagel (MN) and a guard column Phenomerene wsed in the study.
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The mobile phase contained a mixture of acetoejtilater and triethylamine (70:30:0.085, v/v/v),aatonstant
flow-rate of 1.2 mL.mift and at room temperature (20 + 2 °C). The pH valuhe aqueous phase was adjusted to
7.5 with phosphoric acid. Aliquots of 2@ were injected. The detector was operated at @&lgagth of 210 nm.

A double-beam UV-visible spectrophotometer (SHIMADZJapan) Model UV-1601 PC was used. The software
employed was UVPC personal spectroscopy softwamsjan 3.9. For all the tested solutions the seami/ative
spectra (B) was recorded over the range 280-250 nm agaifh&trgan a 1-cm quartz cells, fixing\ at 4 nm and
scaling factor at 200. The amplitude values dfA@re measured at 268.5 nm for MNC hydrochlorigeo zrossing

of inactive ingredients.

Photodegradation studied was carried out in a iaibdity UV chamber (1.0 x 0.17 x 0.17 m) with roirs and
equipped with an UV-C lamp (Orion®, 254 nm, 30 V801V) and UV cuvettes (Ultra Vette®, S&o Paulo,Adja
were used as a container for samples. The Ultralpatientiometer (Denver Instrument, Sao Paulo, iBrazas
used to determine the pH of all solutions.

Electrophoretic Procedure

At the beginning of each working day, the capillargs conditioned by rinsing with 0.1 M NaOH for 80nutes,

water for 15 minutes, and finally with the buffesligtion for 15 minutes. Between injections, the itafy was

conditioned with 0.1 M NaOH (3 minutes), water (lhates), and a running BGE solution (3 minutesnflas and
standards were injected using the hydrodynamiciige for 5 s at 50 mbar and a constant voltag8kV was

applied during the analysis. Since electrolysis change the electroosmotic flow (EOF) and affeet itigration

time, efficiency and selectivity, after each thiegctions the running electrolyte solution waslaepd by a fresh
solution.

Preparation of Standard Solutions and Pharmaceutical Samples

The stock solution of MNC hydrochloride RS was el to have a final concentration of 106@mL™. All
solutions were prepared each day. The average ohasenty units of pharmaceutical dosage form walsudated.
An amount equivalent to 10 mg of MNC hydrochloridas transferred into a 10 mL volumetric flask. Afelding
5 mL of water, the solution was sonicated for alfbutinutes, the samples were made up to volume tivitltsame
solvent, and filtered. An aliquot of the filtrateasrdiluted to yield a final concentration of 5@.mL™. The solutions
were filtered through a 0.22 pm membrane filterlljpbire®). For all quantitative determination, anstant amount
of SA IS (20ug.mL™), previously solubilized in methanol was addeth®drug solution.

Preparation of BGE Solution

The optimized BGE solution used in this analysiss waepared by separately weighing boric acid an& SD
guantities, respectively equivalent to 20 mM. The was adjusted to 8.8 adding 0.1 M NaOH, and thHeme
completed to 50 mL with water. The solution wadydprepared and filtered. The sample dilutions waade with
boric acid pH 8.0.

Method Validation
Validation to demonstrate the suitability of thigtimod for pharmaceutical quality control was conddaccording
to the ICH guidelines [19-20] following the paraewst specificity, linearity, precision, accuracgdaobustness.

Specificity and Forced Degradation Studies

Electrophoretic runs of a placebo solution andddrdegradation studies were performed to evalbatspecificity
of the method. The placebo solution was preparedessribed in théPreparation of Standard Solutions and
Pharmaceutical Samplesection, using an amount of excipients without MRS. Their concentration in these
formulations was based on the literature [21] aaldwdated in relation of the median mass of theripla@eutical
form.

Forced degradations were performed to provide Igtabidicating properties of the analytical methdd MNC RS
solution (500ug.mL™) was subjected to accelerated degradation by tixédand photolytic conditions to evaluate
the interference in the quantitation of the drugidative degradation was induced by treating thieremce
substance solution with 3.0 %,0L at room temperature for 24 h, protected from ligblhotodegradation was
induced by exposing the reference substance sasghigion to UV-C radiation (254 nm) for 2 h, at mo
temperature. The samples were analyzed againsshlyrprepared control sample (without degraddtieatment).

Following the degradation period, all samples waepared for analysis as previously described badgpecificity
of the method was established by determining thek gmurity of MNC in the degraded samples using a&APD
detector.
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Linearity and limits of detection (LOD) and quantitation (LOQ)

Linearity was evaluated by constructing three catibn curves each one with 5 concentration leeéISINC RS
(20-60pg.mL™) on three different days. Five replicate injectiarf each reference substance solution spiked with
SA IS, were made to verify the repeatability of thetector response. The peak area ratio of MNCdRiBd IS,
against the respective reference concentrationsused for plotting the graph, and the linearityleated by the
least-square regression parameters (correlatidfficdert, slope, intercept). The LOD and LOQ valwesre math-
ematically determined through calibration curveke Bforementioned factors (3.3 and 10) were migdtipby the
ratio of the residual standard deviation and thees| according to guidelines [20].

Precision

The precision of the method was determined by tapddy (intra-day precision) and intermediate giséon (inter-
day precision) studies and was expressed baseleopercent relative standard deviation (RSD %) exkparea
measurements. To perform the repeatability studigssamples containing 5@.mL* of MNC and 20ug.mL™ of

SA, injected in duplicate, in the same day. Intediaie precision was tested of repeating the sameepure in two
different daysi = 12) and comparing the results between them.

Accuracy

The accuracy of the method was evaluated by adaikigown amount of MNC RS at three concentratiofs 20,

30 ug.mL?) corresponding to 75, 100 and 125 % of the nomamalytical concentration (568g.mL*%), and a fixed
aliquot of a SA IS. Each solution was preparediplitate and injected 3 times. The concentratiand recoveries
were calculated against the added concentration.

Robustness

Robustness of the proposed method was examinedsddyating the influence of small variations of threst
important procedure variables such as buffer canagéon (19.5 and 20.5 mM), SDS concentration (1&nh8 20.5
mM), BGE pH solution (8.6), voltage (28 KV), andriperature system (27 °C). Analyses were carriedwailt
MNC RS and SA IS solutions at 50 pg.fhand 20 ug.mt, respectively, in triplicate. Only one parametetlie
experiments was changed at a time, and the effeets studied based on RSD (%) values obtained arttong
parameters analyzed.

RESULTS AND DISCUSSION

The conditions established for the MEKC method determination of MNC in capsules were chosen based
previously work published by Labat al [15]. In this article the author developed a MEK@thod for analysis of
MNC and other antidepressants with their metatwiiteblood and urine using a BGE solution of 20 reddlium
borate, pH 8.5, with 20 mM SDS, 15 % isopropanbiraoperating voltage of 25 kV, and capillary tengture 40
°C with diode array detection. Thus, we decidetésd these conditions with some modifications attiout use of
organic solvent in the BGE to determinate MNC ipszdes.

During the developed method, the pH of the BGE l@itdil a significant impact on the ionization of thikanol

group of the capillary wall and on the electroplicrenobility of the compounds. The effect of the plds studied
in the range from 7 to 10. The change of pH shothedl it interferes on the peak resolution and anrtigration
time of MNC. With the increase of the pH the migryattime reduced, however after pH 9.0 the resofutif the

peaks decreased. Under these conditions, onerémenged the best migration time and peak resolut@ms the one
with pH 8.8.

The capillary temperature is important in orderatmid unwanted changes in EOF, efficiency, eledtoogtic
mobility and migration time. A temperature of 30 &s chosen due to the short run time, peak symnaet
acceptable current. The effect of the voltage a&plptin the separation was studied through changes 26 to 30
kV. Raising the voltage led to shorter analysiseSnfMNC RS: 3.5 minutes, SA IS: 2.4 minutes) anthvan
acceptable current. The use of 20 mM borate bafifiek 20 mM SDS with pH value around 8.8 (at a teatpee of
30 °C, 30 kV) resulted in high sensitivity and gquehk symmetry of MNC.

A stability-indicating method is defined as an atiahl technique that accurately quantifies thavacingredients
without interference from degradation productscpss impurities, excipients, or other potential uniges [22].

Specificity of the method evaluated and shows that degradation products of MNC do not interferetba

measurement of the samples. MNC wabmitted under oxidative and photolytic stressdams. Other conditions
were not tested because as it was already beingilded MNC is stable to temperature, acid hydrelyasnd

radiation UV 352 [5].
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Runs of placebo solution were also performed anihtesference with the elution of MNC was founddiiie 2).
Figure 3A shows that oxidative condition resultedai decrease area with additional peak at 1.4 minlibe
photolytic condition stress exhibited decreasehef @area, and two additional peaks were detectdd3aand 2.1
minutes (Figure 3B). The MNC peak purity was anatiyavith PDA detector, demonstrating that the pregos
method is specific for the analysis.
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Figure 2: MEKC eletropherogram: (A) MNC hydrochlori de RS; (B) MNC capsules; (C) Placebo solution
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Figure 3: MEKC eletropherogram: (A) Oxidation; (B) Photolysis. MEKC conditions: electrolyte solution ® mM borate buffer (pH 8.8),
20 mM SDS, and detection at 210 nm

Linearity was evaluated in concentration range @@ mL™” for MNC RS and 2Qug.mL™ of SA IS was added as
IS in all cases. The calibration curves construfbedINC were found to be linear and the equatibtamed was y

= 0.0200 x + 0.1370, where y is the peak area @ftidNC to IS, and x is the concentration of MNCpig.mL™.
The correlation coefficient was 0.9991. The vajidif the assay was verified by means of analysisasfance
(ANOVA), which demonstrated that the regressionagigm was linear (Bicuaed= 5.5.16 > Fyitcar = 4.6;0. = 0.05)
with no deviation from linearity (Beuatea= 3.3.10" < Fuica = 3.7;0 = 0.05). The LOD and LOQ were estimated to
be 4.2 and 12.8g.mL", respectively, indicating suitable sensitivitytoé method.

The repeatability of the method was determinateddgulating the RSD for six determinations of MN&&rformed
on the same day and under the same experimentditioms. The inter-day precision was assessed biyaing six
samples on two different days. These results arengin Table 1. The low RSD (%) obtained for thiarday (<
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2.0 %) and inter-day precision (1.2 %) for capsutesifirmed good precision of the MEKC method.

Table 1: Method repeatability/intermediate precisian for MNC hydrochloride

% Label claim (50 ug mL? Mean (%) | RSD}(%)
Day | 102.4| 101.3| 103.1 101.p 105}4 103.7 102.9 1.5
Dayll | 103.5| 101.2] 1013 1014 102{2 1015 101.9 0.8
Mean inter-assay (%) 0 = 12) 102.4
RSD (%) 1.2

*RSD: Standard Relative Deviation.

The accuracy was calculated as the percentagecovegy by the assay of known added amounts of MNECIrR
sample solutions using three concentration levidie. accuracy of the method ranged from 100.3 ta21@4d, with
RSD lower than 2.0 %, indicating that the assacturate (Table 2).

Table 2: Results for the recovery test for MNC hydochloride RS

. Amount added Amount found
Concentration (%) | ., entration (ug.mLY) | concentration (ug.mLY) Recovery (%)
75 10.0 10.0 100.3
100 20.0 20.2 101.2
125 30.0 30.3 101.1
Mean recovery (%) 100.9
RSD® (%) 11

*RSD: Standard Relative Deviation.

The RSD (%) of peak area ratio between MNC and $4& walculated for each parameter proposed (b8eg§
and BGE concentrations, pH and temperature). Thdtseof variables over the experimental rangeuatat were
within the acceptable deviation (RSD < 2.0 %). Eheere non-significant changes in migration timd paak area
ratios, as well as in the electropherogram pattempared to the optimized conditions, indicatinat tihe proposed
method is robust under the conditions tested. Hs¢em suitability was also tested during the anslp$ these
conditions and the parameters of tailing factoi2(0), theoretical plates (2000), resolutionX 2.0), and capacity
factor & 2.0) were within the specified limits.

The validated MEKC method was applied for the deteation of MNC in capsules and the results obhinéh
the accuracy and precision tests were comparetiadsetobtained using a previously validated U¥abd LC
methods [5].

The results of accuracy test obtained from MEKChuodtwere compared statistically with the UV-Bethod and
LC method by ANOVA, using--test, and showed non-significant difference betwds® methods. However when
the results of precision test obtained from MEKCthnd were compared statistically with the UV-Bethod and
LC method by ANOVA, the experimental values obtdineveals significant difference between the mesh@dble
3). Hence, became necessary to define which metredstatistically different.

Table 3: ANOVA for precision on determination of MNC hydrochloride in capsules by MEKC, UV-IF and LC method

Sum of

Variation source | DF® squares Variance | Feacuiated | Feritica (5%) | Feritical (1%0)
Between 5 10.14 5.07 5.30* 3.29 5.31
Inside 33 31.58 0.96 0.80

Total 35 41.72 1.19

*DF: Degree Freedom. * F for the 0.05 significanegé!.

The Tukey test was applied and did not reveal disamcy between the experimental values obtained\yp?
method and LC method, and between MEKC method @hankethod. However, when UVZOnethod and MEKC
method were statistically compared, the resultaiobtl showed significant difference between theltegTable 4).
But both methods, UV-band MEKC, showed to be equivalent to LC beingktast method to compare the results.

Table 4: Comparison between the MEKC, UV-B and LC method by Tuckey test

Mean (RSO %, Mean (RSO %
Method Accur;cy (n=9; Mean Precisi(on m=12)) Mean
uUv-D? 100.1 (1.1) A 101.1 (0.7) A
LC 99.7 (1.0) A 99.7 (1.0) A B
MEKC 99.7 (1.0) A 102.4 (1.2) B

®RSD: Standard Relative Deviation.
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CONCLUSION

The method developed by MEKC has been validateatiuadtablished conditions, proving to be lineagcHiz,
precise and accurate for the quantitative analg§i$INC in capsules. The comparative analysis betwdwe
proposed methods LC/UVAand LC/MEKC showed no statistically significantfeience between them, indicating
their equivalence for the quantitative determimatid MNC the capsules. The MNC in pharmaceuticainigdation
showed to be more sensitive to oxidation conditigith appearance of a peak corresponding to a neggradation
product.
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