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ABSTRACT

A sensitive capillary eectrophoresis method has been developed and optimized for the determination of various
organic acid present in the pharmaceutical drug substances. The organic acids under study are Formic acid,
Succinic acid, Methanesulfonic acid, Acetic acid, Trifluoro acetic acid and Pivalic acid. These organic acids are
potential impurities in various drug substances and causes undesirable by product. The method was developed in
such a way that to enhance the detection by employing an indirect UV-mode, and minimizing acquisition time by
using suitable electrolyte of potassium phthalate and flow modifier Cetylammonium bromide in water. To prove the
performance characteristic of the optimized method, the study was extended toward validation parameters as per
the ICH guideline requirement for selectivity, sensitivity (limit of detection and quantification), linearity, precision,
robustness, and accuracy. The limit of detection and limit of quantification for the six organic acids were found to
bein between 1.6 and 2.6,09/mL  and 4.9 and 7.84g/mL respectively.

Keywords: Capillary electrophoresis, Formic acid, Aceticdadiethanesulfonic acid, Succinic acid, Pivalicdaci
and Trifluoroacetic acid, Pharmaceutical matrices

INTRODUCTION

A great number of organic acids are present in duigstances, which are used during the manufagtpriocess of
the pharmaceutical drug substances. Generallyrgenic acids are used for pH-controlled reactionntroduced
in to side chain of the drug molecules. Organidsghay be by-product during the synthesis of dulgstsnces,
which make important contributions to residual imiguin the drug substances. These residual orgaciits tends
to react with the basic drug molecules or basiagrm the drug substances and form a undesirabléupt which
will be hammering the quality of the drug productdnich act as catalyst to facilitate the decompmsiof the drug
substances during the storage.

Simple organic acids have been quantified by capilelectrophoresis [CE] in a variety of sampleetypncluding
fruit juices and wines [1-3]. These organic aciéserally have limited UV activity and are often etged in CE
using indirect UV detection. However, use of shdyt wavelengths such as 190 nm can allow direct @téction
of selected simple organic acids [4, 5]. The rezmignts of a method to routinely quantify the orgaagids are
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speed, and simplicity. Traditionally ion chromaiaginy (IC) has been used for this type of analy$isvever it was
expected that CE might offer a simple and inexpensilternative to IC for determination of organimdadrug
counter-ion and residual organic acids. CE is gaglgaining acceptance as an alternative and comg@htary
technique to high performance liquid chromatogragRyLC) for the pharmaceutical analysis. The pplei
advantages of CE include, among others, high séparefficiency, improved selectivity, low operatia cost and
speed of analysis. The CE method has been recalyaiza promising technique for the separation arhtigation
of organic acids in various matrices [6-8]. Compéenary to established chromatographic methods, itke
exclusion chromatography (IEC) [9-10], CE providmivantageous features, including short analysig, tilow
buffer quantity, sample consumption and low detectimits [11]. In this work, it was proposed tesass the use of
CE with indirect UV detection as a suitable metffardstable, repeatable content of organic acide ifikdirect UV
detection has been used with various backgrountdrelgtes such as chromate [12], 3,5-dinitrobenzmim [13],
salicylic acid [14] and 2,6- pyridinedicarboxylicid (PDC) [15].

In this paper we describe the simple CE method fisethe determination of some short chain orgadids in
pharmaceutical drug substances, which are usedeirmianufacturing process of the drug substances.Jeéry
important for the manufacturer to monitor the levkhnticipated process related and degradatiomiiiitigs present
in the drug substance before commercial releapeotee the consistency of the manufacturing proeesgloyed, by
using appropriate analytical techniques. In addijtreaction of organic acid with basic drug substs or a basic
group present in the drug substances is also pgagsible during the storage which leads to undesiray product.
Therefore, short chain organic acids are obsemvdutta potential impurity of drug substances, anblet monitored
during stability storage as well. The ICH guidelion impurities describes that any impurity otheant active
moiety is to be controlled with suitable limitstime drug substance irrespective of its harmful rea}i6].

In our work, indirect detection with potassium hygen phthalate as background electrolyte and
Cetyltrimethylammonium bromide (CTAB) as electrormdic flow (EOF) modifier was chosen. The optimiZed
method has been validated according to ICH guidslifil7] to prove its suitability and reliability rfahe
determination of short chain organic acids suchasnic acid (FA), Succinic acid (SA), Methanesulfoacid
(MSA), Acetic acid (AA), Trifluoroacetic acid (TFAand Pivalic acid (PIA), in various drug substansash as
Cefazolin sodium, Lamivudine, Atorvastatin calciuamd Lopinavir during routine as well as during #iability
storage analysis.

EXPERIMENTAL SECTION

Chemicals and Reagents

All the reagents and standards used in the studg wieanalytical reagent grade, unless otherwiseifipd were
purchased from E. Merck, India, Pivalic acid prexliform Fluka, USA, Methanesulfonic acid was pusgtafrom
CDH, India, Propionic acid was supplied by Lobar@éj India and water is double distilled and pudfley using
Milli Q purification system (Millipore, BillericaMA). Drug substance and their related known compisuwere
prepared at Aurobindo Pharma Research Centre, Hiyddrindia.

Preparation of Internal standard solution
Dissolve 50mg of Propionic ac{@®RA) in a mixture of 2000ml water and Acetonitrile irethatio of 1:1v/v.

Preparation of standard solution

Stock solutions of organic acids were preparedviddally by accurately weighed quantity of 100mgleaf FA,
AA, MSA, SA, PA and TFA in separate 100mL volumetiiask and each of the organic acids were in tissim
internal standard solution and made into 100mL withinternal standard solution. A blend of orgaag solution
is prepared at the concentration ofigbnl with appropriate dilution with internal stamdaolution.

Preparation of Sample solution

Sample solution is prepared by accurately weighsith®y of the each drug substances in 10ml of intestaadard
solution (2%ug/ml) of PRA solution except Atorvastatin calciumug substance. Due to the poor solubility of
Atorvastatin calcium, the concentration of the skmgolution was reduced to 10mg/mL in internal dtad
solution.
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Instrumentation and Procedure

An Agilent instrument CE system equipped with adéi@rray detector along with Chemstation softwaredata
acquisition and processing was used. Separationcesaied out in fused silica capillary with exteddéght path
length (Agilent, Germany) of effective length ofcs6 and i.d. of 5am.

The Background electrolyte used was 6-mmole potas$ydrogen phthalate buffer, and 1.2mmole of CTAB
adjusted to pH 6.5 with 0.1M molar sodium hydroxgtdution. The sample and standard solutions wereduced
by hydrodynamic pressure of 50 mbar for 5 sec,thedseparation was carried out with constant agpltage of

(-) 20kV at ambient temperatur€20°C). Before introducing the sample solution, tagillary was conditioned
with background electrolyte for 3 min at the inpeessure of 3 bars for 3min.The analyte signal detected by
indirect UV photometric method, the wavelength vea$ at 330 nm against reference signal at 220 new N
capillaries were rinsed with water for 5min andrtbemin with 0.1M sodium hydroxide solution, follod/éy
background electrolyte for 10 min.

RESULTS AND DISCUSSION

Optimization of experimental variable for effectiveseparation of organic acids

Short chain organic acids are available as anispecies in aqueous solution and are inert to U\tgshetric
absorption. Therefore, it is difficult to determitize content of short chain organic acid by usingventional
analytical techniques like HPLC, where UV photornuetietection is employed. However, this kind ofoaic
species can be determined either by lon chromagtbgrar by CE. In-direct UV photometric detectiongieatly
employed in zone electrophoresis technique for batiive substances. The organic acids are easilyable in
agueous solution and acquire a negative chargeeimioiety. The negative species are analyzed easiBE by
reversing the EOF (electro osmotic flow) by meahistvoducing a long chain cationic surfactant.

The long chain cationic surfactant, CTAB is addedhe electrolyte to form a positively charged aoef coating.
The addition of the cationic surfactants CTAB, lie tarrier electrolyte, at concentrations belowdtitical micelle
concentration (CMC), reverses the EOF by dynamjcadiating the inner capillary wall. The positivatharged
surface generates an EOF in the same directioheasiigration of the organic acids, which signifidanmproves
peak shapes and reduces analysis time. The reget#nEOF can reduce the analysis time for anispiecies.
Under such conditions, a negative power supply emagionic compounds to migrate in the same dineds the
electro osmotic flow.

A phthalate buffer of 5mmole was initially used, lzsckground electrolyte was adjusted pH to 8.0 withium
hydroxide. A constant level of EOF in this methedessential and relies upon a consistent positiaege on the
capillary wall, a 0.25mmole of CTAB were selectedflaw modifier for the separation of the organadain the
pharmaceutical drug substances and temperatur&°@f 8nd voltage applied was (-) 25kV. In this coiodi the
peaks of TFA and MSA were co-eluted with each otierimprove the resolution of peaks of organiaatihe
critical parameters such as pH and concentratibeteotrolyte were optimized.

The optimized method utilizes a phthalate additivéhe buffer in the concentration of 6mmole torpierindirect
UV detection, as the mobility of phthalate is walhtched with that of the organic acids. This isa8al in order to
ensure acceptable peak shapes and resolution. ABCDbAcentration of 0.5mmole is added to the elégiato
form a positively charged surface coating. A pHodf is selected for the separation of each acidvéver a system
peak was observed near the migration time of Plé.ikcrease in concentration of CTAB from 0.25mmide
1.25mmole the system peak near the PIA was graduathinished, while the peak of TFA and AA were
interchanged. As increase in pH the resolution betwTFA and AA was increased, while the resolubietween
FA and SA was decreased. At the pH 6.5, a maxireeparation of organic acids with the optimum cohegion
of 1.2mmole of CTAB was achieved. A short capilllggth, in combination with a relatively low vaia of 20kV,
was selected to give a low current while still ntaining a fast separation time. The production ddwa current
helps to flatten the baseline and reduces the bdépletion effects. This optimized CE method ttedaine the
content of organic acids in various pharmaceutiicalj substances has been validated according togl@dtelines
[17].
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Validation of the method

The experiments that have been demonstrated dudhdation studies were selectivity, sensitivity means of
limit of detection and quantification, linearityrgeision (system precision, method precision artdrinediate
precision), stability of sample solution and accyraand the results obtained from the experimergsevbriefly
summarized below.

Selectivity

The solution of blank, FA, SA, MSA, TFA, AA and PlMere prepared separately, and injected as peeguoe to
identify the migration time of each component ie 8ample matrix. The sample solution was spiketl wibcess
related impurity of short chain organic acid witther known impurities of each drug substances st¢glgrand
were prepared, injected as per procedure to cordiny co-elution of any peaks from the sample matrbhe

chromatograms obtained from the analyses show diiatie organic acids peaks were well resolvednftbat of

blank, sample and other related components of sampltrix as well, indicating the selectivity of theethod to
determine the content of organic acid in pharmacalutdrug substances. An overlay electropherografrislank

solution with internal standard and, standard smhutontaining all organic acid mixture at targetél are shown in
Fig. 1. The alphabetic “a, b, c, d, e, f and g'thie electropherograms denotes the peaks corresgptaliorganic
acids FA, SA, AA, MSA, TFA, PRA and PIA respectiyel

a d Fig.1 (a)

mAU

Fig 1.(b)

I 2 3 2 5 6 7 3 9 min
Fig 1: Representative Electropherogram of (a) Starard solution of all organic acids and (b) Diluent ontaining internal standard

Table 1: Experimental data obtained from linearity and sensitivity experiment.

Components FA SA MSA AA TFA PIA
Correlation coefficient 0.9987| 0.9982 0.9985 0.9998 0.9987 0.9990
Concentration ranggug/ml) 5-40 5-40 5-40 5-40 5-440 5-40
Intercept 0.047 0.045 0.027 0.014 -0.005 0.085
Slope 0.0537 | 0.04z3 | 0.036C | 0.0271 | 0.03z7 | 0.03Z7
STEYX (Standard error) 0.0356  0.0209 0.0282 0.017%.0230 0.0183
CC 0.9987| 0.99926 0.9982P 0.99873 0.99851 0.99004
RSQ 0.9974| 0.9985 0.9964 0.997H 0.9970 0.9981
Limit of detection f1g/ml) 2.2 2.6 2.3 1.6 2.1 1.9
Precision for limit of detection, %RSD* 3.9 35 6.8 9.8 6.3 11.9
Limit of quantificatior (ug/ml) 6.6 7.8 7.0 4.9 6.5 5.6
Precision for limit of quantification, %RSD 2.3 63. 4.1 2.8 3.2 3.6

* Average of n=6 experimental determinations

Linearity

The linear relationship of analyte response agaiostentration was verified in the working concatitm range by
analyzing different level of solutions containingcd organic acid from abodug/ml to 4Qug/ml. The linear
regression line was plotted against analyte resporessus concentration. The correlation coefficiehtthe
regression line was found to be more than 0.99.sté&téstical analysis of linear regression line waaluated and is
summarized in Table land linearity plot of concatitin of each organic acid Vs area response is stiothe fig 2.
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Fig 2: Linearity plot of concentration of Organic acids Vs Area response of organic acids normalizeditv propionic acid.

. abcde g Fig.3 (b)
e _/\
L
2
1 2 3 4 5 6 7 8 9

Fig 3: Electropherogram obtained from (a) LOD levelconcentrations of organic acids and (b) LOQ levatoncentrations of organic
acids

Sensitivity
The limit of detection (LOD) and limit of quantifition (LOQ) were predicted using slope (S) andduedi standard

deviation (SD) that obtained from a linear regrsdine performed using organic acid solution predaat lower
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concentration levels betweerud@mL and 4@Qg/mL, is being one of the three approaches destribhelCH
guidelines [17] for the prediction of LOD and LO®he formula used for the prediction of LOD and L@@re
3.3x STEYX/ S and 18 STEYX/S respectivelyThe solutions were prepared at the predicted cdarateon of LOD
and LOQ levels, and analyzed for six times, &mel percentage relative standard deviations weyelated in
Table.l1. The representative electropherogram oddiairom the LOQ and LOQ concentrations are showthenFig
3.

Precision (system precision, method precision andtiermediate precision)

System precision/repeatability was demonstratedamglyzing six replicate injections of organic asthndard
solution of formic acid, succinic acid, trifluoragtc acid, methanesulfonic acid, acetic acid analjg acid as per
procedure. The percentage relative standard demiaif six replicate injections of each acid perfedmon six
different days was found to be less than 3.7.

Repeatability of the test method (method precisiway demonstrated by analyzing six separate sasgblgion
prepared using single batch of Cefazolin sodiumickviwvas spiked with each of 0.05%w/w of AA and PdAd
Lopinavir drug substance was spiked with FA, TFA &hSA at about 0.05%w/w. The lamivudine drug sutists
and Atorvastatin calcium was spiked with MSA at @th®.1%w/w. since these organic acids are not tkddo the
samples and SA and AA were detected in the samplealiove the LOQ level in Lamivudine and Atorvaista
calcium drug substances respectively. The pergentelative standard deviation of FA, SA, TFA, MS%¥ and
PIA content in six sample preparations were foundbé less than 6.1. The electropherogram obtainigd w
Atorvastatin Calcium, Cefazolin, Lamivudine and opinavir drug substance with appropriate organidsaare
shown in the Fig 4a, 4b, 4c and 4d respectively.

mALU
Fig 4.(b)
d
2 f
1
f
Fig 4.(a)
d
o
c £
-1
; 2 3 4 S (&) 7 8 9. min

Fig 4a&4b: Electropherogram obtained from spiking mrresponding organic acids at target level to (a) #rvastatin Calcium (b)
Cefazolin drug substance

R Fig 4.(d)

2

1] a Fig 4.(<)
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Fig 4c&4d: Electropherogram obtained from spiking mrresponding organic acids at target level to (c) apinavir (d) Lamivudine drug
substance.
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Intermediate precision/reproducibility of the tesethod was demonstrated by analyzing six sepawteple
solution prepared using single batch of Cefazdlopinavir, Lamivudine and Atorvastatin calcium drsigbstances
and same amount of respective organic acids wekedjn the drug substances (that used for methedigion),
and the sample analysis were employed by diffeagratlyst, on different day with another lot of colunThe
percentage relative standard deviations were foohess than 5.58nd the results are summarized in Table 2.

Table 2 : Experimental summary data from precision

SYSTEM PRECISION (Repeatability) Arearatio of PRA with
S.No/Statistics FA AA SA TFA PIA
1 1.234 0.827 1.113 0.758 0.579
2 1.21( 0.82¢ 1.092 0.72¢ 0.60:
3 1.20¢ 0.80: 1.13¢ 0.77¢ 0.58¢
4 1.220 0.828 1.043 0.814 0.627
5 1.185 0.805 1.008 0.753 0.609
6 1.181 0.845 1.134 0.793 0.594
Average 1.206 0.822 1.087 0.770 0.599
SD 0.02 0.02 0.05 0.03 0.02
%RSLC 1.7 1.c 4.7 4.2 3.C
METHOD PRECISION (Reproducibility) in Y%ow/w
Drug substance Org. acid Average SD %RSD 95%CI (+
AA 0.17 0.009 5.3 0.007
Atorvastatin Calcium MSA 0.198 0.007 3.5 0.009
PIA 0.100 0.004 4.0 0.004
Cefazolin AA 0.0% 0.001 3.2 0.001
PIA 0.047 0.001 5.9 0.001
Lamivudine SA 0.319 0.011 35 0.013
MSA 0.096 0.002 2.1 0.002
FA 0.056 0.002 3.6 0.002
Lopinavir MSA 0.049 0.003 6.1 0.003
SA 0.051 0.001 2.0 0.001
INTERMEDIATE PRECISION (Reproducibility) in %w/w
Drug substance Org. acid Average SD %RSD 95%CI (+
AA 0.168 0.006 3.6 0.006
Atorvastatin Calcium MSA 0.186 0.003 1.6 0.003
PIA 0.101 0.003 3.0 0.003
Cefazolin AA 0.053 0.001 3.0 0.001
PIA 0.049 0.001 5.3 0.001
Lamivudine SA 0.311 0.014 4.5 0.016
MSA 0.091 0.003 3.3 0.003
FA 0.055 0.003 5.5 0.003
Lopinavir MSA 0.056 0.001 1.8 0.001
SA 0.047 0.001 2.2 0.001

3D stands for stanadard deviation, 95%CI stands for 95% confidence interval
MR, R and SD represent Mean % recovery, % recovery and Standard deviation respectively.

Accuracy

The accuracy of the method was verified by pregasample solution spiked with known amount of orgatid at
three different levels. The PIA and AA in Cefazoiadium and TFA, MSA and FA in Lopinavir were spikat
about LOQ, 0.05%w/w and 0.075%w/w level. SimilarnyLamivudine sample was spiked with SA and MSAhwit
about 0.05% 0.1% and 0.15%. In case of Atorvastadéiltium, sample was spiked with AA at about 0.18%8%
and 0.45% and MSA was a spiked with about 0.1%£60a2d 0.3%. Each concentration levels were prepiared
triplicate and analyzed as per the method. Theepgage recoveries of the individual organic aciéserevaluated
and it lies between 85% and 113% and results anersuized in the Table 3.

Robustness

A systematic variation of the method parameter amaployed for robustness studies. The investigatedrpeters
are temperature, pH and applied voltage, buffeceotration, and flow modifier concentration (ab2tt0% as per
the method parameter) and evaluate the resolutedwden organic acid peaks. The variation of pHhews
remarkable decrease and increase in the resolatiothe peaks for trifluoroacetic acid and acetiedadhe

concentration of the CTAB is also playing an impattrole in the separation of the trifluoroaceticdaand acetic
acid.
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Table 3: Accuracy experimental data for organic ads with different drug substances

Organic Levelr Amount %w/w Statistical data™ Overall statistical data
acid Added | Found | MR SD | %RSD R SD | %RSD
L1 0.149 | 0.152| 1024 3.2 3.2
AA L2 0.298 | 0.312| 1029 1.94 1.9 10117 28 2.0
L3 0.44¢ | 0.44¢ | 99.t | 1.0¢ 1.C
L1 0.104 | 0.098| 94.0f 6.06
Atorvastatin Calcium MSA L2 0.209 | 0.197| 929 1.20 1.3 927 2.87 3.1
L3 0.313 | 0.285| 91.3] 1.30 15

[

D

Drug substance

L1 0.052 0.048 929 21
PIA L2 0.102 0.101 99.0f 2.0 2.0 96./ 2.p9 2.7
L3 0.15] 0.149 | 98.52 | 2.1C 2.2
L1 0.02¢ 0.03C | 103.£ | 0.2% 0.2

AA 2 0050 | 0051| 1013 30L 30| 1021 1B7 19
Cefazol 3 0071 | 0072| 1014 140 14
elazoiin (1 0.027 | 0027| 1014 438 43
PIA 0 0046 | 0045| 97.1] 621 64| 998 456 4
[3 | 007¢ | 0.07¢ | 1010 | 3.1¢ | 31
L1 | 005 | 0.04€ | 96.7 | 3.06 | 3.2
MSA 2 0.100 | 0.093| 933] 158 16| 968 6582 6.
Lamivud 3 0150 | 0143| 947] 306 32
amivudine (1 0.250 | 0.224| 909 237 2.6
SA 0 0499 | 0511] 1044 378 36| 949 271 29

L3 0.74% 0.70¢ | 95. | 2.71 2.8
L1 0.01¢ 0.01¢ | 110.4 | 3.5¢ 3.2

FA L2 0.051 0.055| 108.5 4.50 4.1 1073 517 4.8
L3 0.076 0.078| 103.1 5.4y 5.3
L1 0.020 0.018 88.3] 5.77 6.5
Lopinavir MSA L2 0.050 0.040 89.3| 4.16 4.7 936 6.46 6.9

L3 0.08C | 0.07C | 96.¢ | 5.41 5.€

L1 0.029 0.027| 94.3] 9.08 9.2

TFA L2 0.052 0.048| 91.7| 554 6.0 91p 6.04 6.4

L3 0.078 | 0.074| 94.9] 219 2.3

A L1,L2 and L3 represent target level concentration of 50%, 100% and 150% respectively.
M Average experimental result from n=3 determination at each level

MR, Rand SD represent Mean % recovery, % recovery and Standard deviation respectively.

CONCLUSION

The level of organic acid in drug substance is@abntrolled/ monitored during routine as well asirng stability

storage analysis to conform the desired purity afva moiety. This optimized CE is simple and u$esser

reagents, shorter acquisition time, very sensitind accurate. The results obtained freatidation experiments
prove that the CE method used to determine theeobmtf organic acid in drug substance is selecteasitive,

linear, precise and accurate. Hence, this optimZEdmethod is suitable and reliable to determireedbntent of
short chain organic acid in various drug substadcesg routine as well as during stability storagelysis.
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