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ABSTRACT

High Performance Liquid Chromatographic tandem msssctrometric method for the estimation of Carbimine

in human plasma has been developed and validated) U3arbocisteine 13 C 3 as internal standard. Skemp
preparation process was accomplished by solid phas&action technique. The processed sample was
chromatographed and analyzed on Luna 5u HILIC 20030 x 4.6 mm) column using mobile phase [Acetdne-
Buffer-1(40:60% v/v)] and diluent as [Acetone-M: #&8fa(90:10% v/v)] .Carbocisteine was chromatogragtand
analyzed by MS Detector. The analytical methodriteest is valid the determination of Carbocisteioedr a range

of 52.27 pg/ml to 5301.83 pg/ml) using as Carbedigt 13 C 3 internal standard in human plasma. &ifrom the
detector were captured in a computer and process#ag MassLynx SCN 4.1 v software. This methodfovaxd
suitable to analyze human plasma samples for tipliGgtion in pharmacokinetic and BA/BE studies.

Key words; Carbocisteine, Carbocisteine 13C3, LC-MS/MS, anarflacokinetics etc.

INTRODUCTION

Carbocisteine is chemically described as (2R)-2rand-[(carboxymethyl) sulfanyl] propanoic acid (&ig 1)is a
mucolytic expectorant. It diminishes the viscosityd increases the volume of pathologically thickesputum,
thereby facilitating expectoration [1]. In clinicpfactice carbocisteine has gained acceptancesanded in the
management of respiratory diseases characterizealctymulation of excessive secretions [1]. Carlteicie is
administered orally in liquid or solid dosage forinsluding syrup, tablet and capsule.[2] Carboaistds rapidly
well absorbed after oral administration and theseglient kinetics fit a one-compartment open mddal.[Peak
serum concentrations are reached between 1 anldr 20d peak values were 10.8 to 13.9 mg/L afteb@Img
dose[3,4]. Cmax of 8.2/mL at 3.0 hr was observed after administratioms® mg of carbocisteine in capsule [5].
Cmax of about 13.Qg/mL was observed after administration of 1000 rhgasbocisteine in granule or suspension
[6]. The plasma half-life was estimated to be 1hB&nd the apparent volume of distribution was apipnately 60
L. There is no information on intravenous studiesaiow bioavailability determination [1]. There i® reported
work on first-pass metabolism or protein bindiny Rarbocisteine appears to penetrate well intg lissue [7] and
respiratory mucus, [8] suggesting local action. rehare no data to suggest a relevant relationsbipvden
concentration and effect [1]. Significant variatibatween the patterns of metabolism in humans andads has
been noted [9, 10]. There are no reports of phaotogizally important activity in these metabolitdhe majority
of the drug is eliminated unchanged by urinary etion [9, 10]. Only limited methods have been réguabiin the
HPLC and GC. The objective of the work was to depehnd validate LC-MS/MS method for quantification
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Human Plasma. The method shows more sensitive difdetection and Limit of Quantification is verysks to the
previous reported methods.

HO

NH-

Figure 1: Structure of Carbocisteine

MATERIALSAND METHODS

Chemicals and reagents

Carbocisteine with purity 98.87% w/w (Figure 1) Bagisteine 13 C 3 and as internal standard witityp88.24%
w/w working standards were used. HPLC grade Aceddneas manufactured by Qualigens Fine Chemicals.
Formic acid AR grade manufactured by S.D. Fine dhals, Human Plasma ¢(EDTA), Plastic container,
Propionic anhydride (GR Grade), Perchloric acid (Gfade), Liquid ammonia (GR Grade) and Water HPL#tlg
from Milli-Q RO system was used throughout the gsial

Preparation of Reagents

Buffer-1- (0.5% formic acid in water), Mobile Pha&eetone-M: Buffer-1 (40:60, v/v), Diluent- Acetod: Water
(90:10, v/v), Reconstitution solution (1% Propio®ichydride in acetone-M), Rinsing Solution-AcetaveWater
(70:30, v/v), Strong Wash Solution-Acetone-M: Wat80:10, v/v), Weak Wash Solution-Acetone-M: Water
(50:50, v/v), Washing Solution- (0.2 % Formic AdidWater) and Elution Solution-2% Ammonia in Acetei
(v/v) were used.

I nstrumentation and Chromatographic Conditions

The chromatography was performed on WATERS XEVO S @vith cooling auto sampler and column oven
enabling temperature control of the analytical ootu Luna 5u HILIC 200 A (150 x 4.6 mm) column was
employed. The column temperature was maintainetb &iC and chromatographic separations were achiexsthd
isocratic elution using a mobile phase composddoétone-M: Buffer-1(40:60% v/v)] .The flow rate waet at 1.0
ml/min, run time was 4.00 minutes and retentionetifor Analyte and IS were 2.0+0.30 min and 2.0+0.38in
respectively. The auto sampler was conditioned58C1land the injection volume was 2Qusing Auto sampler
mode for sample injection.

Compound Setting
Tuning Parameters and MS/MS conditions are giveraiole 1 and Table 2.

Table 1: Tuning Parameters

Parameters Values
Capillary (kV) 1.5C
Desolvation Gas (L/Hr) 650
Cone Gas Flow (L/Hr) 150
Desolvation Temp.{C) | 350

Table2: MS/M S Conditionsin LC-MSM S

Molecule Parent (m/z) | Daughter (m/z) | D well (sec) | Cone (Volts) | Callision energy (eV)
Carbocisteine 234.20 142.20 0.2 30 10
Carbocisteine 13C3 237.40 143.20 0.2 30 10

Sample Preparation

Vortex the thawed samples to ensure complete mixihgontents. Add 50 pl of internal standard soluiti
(25pg/ml) to all the samples except blank. Pipg&@i@ pl of sample into respective vials containinigginal standard
solution and vortex well. Add 50 ul of Perchloriddato all the samples and vortex. Centrifuge tmgles at 14000
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rom for 10 minutes in a refrigerated centrifugevien 2C to &C. Collect the upper layer and keep the samples
aside for further processing. Equilibrate MCX 30oegtartridges of required numbers with 1 ml of Aetevi
followed 1 ml with washing solution. Load the abos@lected samples into respective cartridges aadhwthe
cartridges twice with washing solution. Transfez tartridges to respective labeled RIA vials andeethe sample
using 1 ml of Elution solution. Collect the eluteample and dry all the samples under nitrogen eetmoat 40C

and 15 (psi) pressure. Reconstitute the dried weswith 200 pl of Reconstitution solution. Vortemdakeep the
samples at room temperature for 20 minutes. Trarikfe samples into respective labeled auto-injectals and
load the samples into LC-MS/MS.

Validation Parameters

The Method was validated in accordance with FDAd8lines [11]. Blank screening (Figure 5), Seletyivi
Linearity, Accuracy, Precision, Recovery, Stabi(eyeeze thaw, bench top, long term, Auto sampteck solution
at RT and RF) and Matrix effect were performed. fEhatch of spiked plasma samples includes one aimpl
calibration curve (consisting of one blank plas@e blank plasma with internal standard and eigferént non-
zero concentration samples, six replicates qualitytrol samples includes six replicate quality coinsamples
LLOQ, LQC, INTQC, MQC and HQC (Figures 6-11) exc&znch top, freeze thaw stability, long term siapil
and Auto sampler stability in which four replicapeality control samples were used.

Linearity

The linearity of Carbocisteine was determined byigiveed least square regression analysis of stangdknd
associated with eight point standard curve (Fig)teThe calibration was shown to be linear from28p.g/ml to
7075.76ug/ml for Carbocisteine. Best —fit calibvatiines of chromatographic response versus coratent were
determined by weighted least square regressiolysiaabith weighting factor of 1/concentration. Téwefficient of
correlation (f) was consistently greater than or equal to 0.99nduthe course of validation for Carbocisteine,
which are within limits.

Compodnd name: CARBOCISTEINE

Correlation coefficient: r= 0997121, r2 = 0.994271

Calibration cumve: 0O.OO0Z72962 *x + -0.00290444

Response tvpe: Internal Std (Ref 23, Area T (1S Conc. /1S Area
Curve tvpe: Linear, Origin: Exclude, WWeidghting: 15002, Axis trans: HNone
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Figure 3: Representative Regression Analysis of a Calibration Curvefor Carbocisteine

Specificity and Selectivity

Specificity and Selectivity were evaluated by amalg a total of nine lots (six lots of blankBDTA human normal
plasma, one lot of haemolyzed plasma, one lotp#nliic plasma and one lot of heparin plasma) obdafnem

independent sources. No significant interferencesewobserved at the retention times of Analyte bmdrnal

Standard in nine out nine lots evaluated, dematmstracceptance criteria were met.
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Figure 4: Representative Chromatogram of an Ag. Standard Solution for Carbocisteine
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Figure5: Representative Chr omatograh of a Standard Blank foi’ Car bocistei-ne

Signal-to-Noise (S/N) Ratio

The signal-to-noise ratio was determined at Cadbeitie LLOQ concentrations in nine independent lots
K,EDTA human normal plasma including one lot of habmed plasma, one lot of lipemic plasma and oneofot
heparin plasma. Signal-to-Noise ratios ranged 6&#.090 to 3485.809 and 20.761 to 420.197, respgdgtacross
the matrix lots evaluated, demonstrating accept8h{eintensity.

Carry Over Test

Carry over is calculated as the percentage peakabeerved in a processed blank plasma injectectdiately after
a processed ULOQ calibration standard used fromigtom and Accuracy batch samples. No significamtycover
observed for Carbocisteine and Internal standard.

Matrix Effect and Matrix Factor

The potential for co-extracted matrix componerninftuence the detector response of Analyte andhadeStandard
was evaluated in six independent lots of blanEBTA human normal plasma, one lot of heamolyzedmks one

lot of lipemic plasma and one lot of heparin plasmgueous standard equivalent to LQC and HQC level
concentration along with intended concentratiotntérnal Standard were spiked to the post extraotaak matrix
respectively for both LQC and HQC samples, respelsti

The matrix effect for IS normalized at LQC and H{@€el were found to be between 0.93 to 1.05 anfl th9.01,
respectively. The percentage CV of Matrix factarIf® normalized at LQC and HQC level were found&o3.75%
and 0.84%, respectively. The Matrix effect of Caiibteine for LQC and HQC were found to be 101.65% a
99.72%, respectively.

The matrix factor for IS normalized at LQC and H@el were found to be between 0.94 to 1.08 and 9.03,
respectively. The percentage CV of Matrix factarIf® normalized at LQC and HQC level were foundéo4.83%
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and 3.09%, respectively. The Matrix effect of Caiibteine for LQC and HQC were found to be 101.76% a
98.40%, respectively.

Precision and Accuracy

Assay Precision and Accuracy (inter batch and ibatch) values were determined across three poecisnd
accuracy batches by analyzing six replicates eddbOQQC, LQC, INTQC, MQC, and HQC samples in each
batch.

Recovery of Carbocisteine

The recovery of Carbocisteine determined by conmgattie detector response of Analyte at three distavels of
extracted low, medium and high quality control skewpagainst Precision and Accuracy with detectspoase
obtained from unextracted aqueous quality contabhes. The average recovery of Carbocisteine Wa8966.
The percentage CV for Carbocisteine recovery attldifferent QC level were 4.60%.

Recovery of Internal Standard

The recovery of IS determined by the average deteesponse of IS in extracted low, medium and lgjgality
control samples against Precision and Accuracy kssmpith average detector response obtained froextrercted
aqueous quality control samples. The mean recaMdmnternal Standard was 68.24%.

Stability Studies

Freeze-Thaw Stability

Six replicates of Carbocisteine samples at LQCHQL concentration in ¥£DTA human plasma were analysed
after four freeze-thaw (FT4) cycles (at both -7@°C5°C and -30°C + 10°C storage temperatures) stdislity was
determined by calculating the percentage nominaL@€ and HQC samples against freshly spiked, pezpbar
calibration curve standards.

The mean percentage nominal of FT4 (Fourth FredmewTcycle) stability samples calculated againsstie
spiked, prepared CC at LQC and HQC concentrations/D°C + 15°C and -30°C + 10°C were 96.14% & 19%
and 95.39 & 104.98%, respectively demonstratingpiable four freeze thaw stability cycles.

Wet Extract Stability

Wet Extract Stability in Refrigerator

Six replicates of LQC and HQC were processed aoonstituted with reconstituted solution. The siapgdamples
were transferred into injector vials and stored7#6r08 hours in refrigerator at 2-8°C. Stored ditgtsamples were
transferred to auto sampler and analysed agaistlfr spiked, prepared calibration curve standards.

The mean percentage nominal of wet extract stgliilitrefrigerator samples calculated against figphépared CC
at LQC and HQC were 91.88% & 99.34%, respectivedyndnstrating acceptable wet extract stability f6r08
hours in refrigerator.

Wet Extract Stability at Room temperature

Six replicates of LQC and HQC were processed aoonsituted with reconstitution solution. The slipsamples
were transferred into injector vials and stored8of5 hours on bench at room temperature. Thelisgabamples
were injected and analyzed against freshly prepspéaebd, calibration curve standards.

The mean percentage nominal of wet extract stghifitroom temperature samples calculated agairesthfy
prepared CC at LQC and HQC were 94.30% & 102.2@%pectively demonstrating acceptable wet extratility
for at least 8.75 hours at room temperature.

Bench-Top Stability

Bench top stability of Carbocisteine inEEDTA human plasma were evaluated at room tempera8ix replicates
of LQC and HQC samples were processed after kegpmgamples on bench for about 10.25 hours. Bésch
stability were assessed by calculating percent nalmat LQC and HQC level against freshly spikedsppred
calibration curve.

The mean percentage nominal of bench top stalsiitpyples calculated against freshly prepared COQ& and
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HQC levels were 93.23% & 96.88%, respectively dest@ting acceptable bench-top stability for at ieldx25
hours at room temperature.

Auto Sampler Stability for Carbocisteine

Six replicates of LQC and HQC samples processedPfecision and accuracy were retained after compglehe
batch analysis and kept stored in auto samplebdE for 77.57 hours. The auto sampler stability wetermined
against freshly spiked, prepared calibration csteedards.

The mean percentage nominal of auto sampler gtabdimples calculated against freshly prepared Q@& and
HQC levels after 77.57 hours at 15°C were 93.63%08.69%, respectively demonstrating acceptable sarwpler
stability for at least 77.57 hours at 15°C.

Auto Sampler Stability for Internal Standard

Six replicates of LQC and HQC samples processedPfecision and Accuracy were retained after cormgehe

batch analysis and kept stored in auto samples@ for 77.57 hours.The auto sampler stabilityndéinal standard
determined by comparing the Internal Standard efs#ability samples against internal standard afemparison
samples at LQC and HQC levels. The percentagetofsampler stability samples when compared withganson

samples at LQC and HQC levels were 99.59%, denutirgjracceptable auto sampler stability for attl@&s57

hours at 15°C.

Short-Term Stock Solution Stability for Carbocisteine

The stock solution of 1061.8056 pg/mL of the Carfteine was divided in two parts. One portion weitated at
two levels of low and high (LQC and HQC) concentmat placed on the bench at room temperature f&s®bours
and other portion in refrigerator until analysisieTstability of the Carbocisteine stock solutioageld on the bench
at room temperature for 45.50 hours (Low and higede compared against the freshly prepared stdakatis at
LQC and HQC level from other portion stored in th&igerator. The percentage stability of Analybe EQC and
HQC were 100.98% & 99.39%, respectively.

Short-Term Stock Solution Stability for Internal Standard

The stock solution of Internal Standard with coraion 1027.4928 pg/mL was divided in two portio@ne
portion were diluted to intended internal standesticentration (25.0023ug/mL) and placed on the lbe¢ap at
room temperature for 45.50 hours and other poriiomefrigerator until analysis. The stability ofethinternal
standard stock solution placed on the bench at teonperature for 45.50 hours were compared ag#irdreshly
prepared internal standard concentration from opwetion stored in the refrigerator. The percentagility of
Internal Standard for LQC and HQC were 99.61% &.40%, respectively.

Long Term Stock Solution Stability for Carbocisteine

Stock solution 1003.9432 pg/mL of Carbocisteine evkept in the refrigerator for 19 days.A fresh ktad
1061.8056pg/mL were prepared on the day of analith stocks were diluted to LQC and HQC equivilen
concentration of 7.4211pg/mL & 7.4029ug/mL and 28530 pg/mL & 264.3896 pug/mL for stored and fresithkt
respectively.The area ratio of stability stock siolu were compared against freshly prepared stokkisn. The %
stability of Carbocisteine were 99.84% and 99.9@eémonstrating stock solution stability for atleh8tdays.

Long Term Stock Solution Stability for Internal Standard

The stock solution of 1015.2315 pg/mL of Internedriflard were kept in the refrigerator for 19 day$resh stock
of 1027.4928 pg/mL were prepared on the day ofyaisl Both stocks were diluted to IS dilution eguent

concentration of 25.0424 pg/mL and 25.0023 pg/midimred and fresh stock respectively. The areia it

stability stock solution were compared againsthiggrepared stock solution. The % stability ofelmal Standard
were 98.57% and 99.72%, demonstrating stock soltiability for atleast 19 days.
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Figure 6: Representative Chromatogram of a Standard Zero for Carbocisteine
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Figure7: Representative Chromatogram of LOQQC Samplefor Carbocisteine
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Figure 10: Representative Chromatogram of MQC Samplefor Carbocisteine
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Figure 11: Representative Chromatogram of HQC Samplefor Carbocisteine

Phar macokinetic Application

This validated method was applied for an open labalanced, randomized, two-treatment, two period

sequence, single dose, two-way crossover bioedarigel study comparing a carbocisteine 375 mg capsub8

healthy, adult, human subjects under fasting cardit In each period, a total of 18 blood sampfesn{ each)
were collected. In the blood sampling, the firshpke was collected within 75 minutes prior to dadgministration
(0.00 hour) and subsequent samples were collette®%, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.083,22.67, 3.00,
4.00, 5.00, 6.00, 8.00, 10.00, 12.00 h after drdipinistration. All the samples were centrifugedaimefrigerated
centrifuge at 2°C to 8°C with a rate of 3500 rpm 1® min, as soon as possible to separate the plashe
statistical analysis was performed on the pharmaetic parameters of the carbocisteine capsuleguSiAS®,

statistical software Version 9.2; SAS Institute .JndSA. The study was initiated after the apprdpriathics
committee’s approval of the protocol and the infechtonsent documents.

The primary objective for this study was to demmatstthe bioequivalence between two carbocistenadlations

in 58 healthy, adult, human subjects under fastgditions on the basis of the pharmacokinetic (P&ameters:
Craxand AUG.. The secondary objective was to monitor the safésubjects and to assess other pharmacokinetic
data on the basis of PK parameters: Tmax, tl{gamd AUG_,,

The subjects were housed in the clinical faciliynfi at least 11.00 hours pre-dose to 12.00 howssdmse in each
period. The subjects have stayed for 1 day nigtitladay in the facility in each period. There wagashout period
of at least 5 days between the successive dosingm study duration was for 7 days. The subjeesevgerved
with dinner on day of check-in of each period. Hadter subjects were fasted for at least 08.00shpre-dose to
04.00hours post dose.Standard meals was provided @.00 hours of drug administration at apprdprigme
intervals (at around 04.00 and 09.00hours post)d&ater was restricted at least 01.00 hour pwoddsing until
01.00 post dose (Except for water given duringmigsiFree access to water was allowed after 01000 fmost dose.
Subjects were instructed to abstain from consuraféeine and/or xanthenes containing products ¢oéfee, tea,
chocolate and caffeine containing- sodas, cola3 fgc at least 24.00 hours prior to check in andtighout the
study grapefruit and/or its juice and poppy coritejrfoods for at least 48.00 hours prior to chethmd throughout
the study.

Studies in humans have demonstrated that carbimgsteduces goblet cell hyperplasia. Carbocistearetherefore
be demonstrated to have a role in the managematisafders characterized by abnormal mucus. Casteice is
rapidly absorbed from the Gl tract. In an in-hosgely, at steady state (7 days) carbocisteine tzgp8d5mg given
as 2 capsules t.d.s to healthy volunteers gavphtiemacokinetic parameters as given in table 3aivie 4.

Table 3: Pharmacokinetic parametersfor carbocisteine

Plasma Determinations | Mean Range

T max (HF) 2.0 1.0-3.0
C max (ng/ml) 5809.40 -

T 1.87 1.4-2.5
Ke HrY 0.387 | 0.28-0.50
AUC,.7(mcg.Hr.mI) 39.26 26.0-62.4
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Table4: Derived Pharmacokinetic parametersfor carbocisteine

Derived Phar macokinetic parameters | Observed values
*CLy(L.HrY) 20.2
CL¢(ml.min™) 331

V(L) 105.2
Vp(L.Kgh 1/7¢

*Calculated from dose for day 7 of study.

CONCLUSION

This analytical method is valid for determinationQarbocisteine (over a range of 52.27 pug/ml t01588 pg/ml)
using as Carbocisteine 13 C 3 internal standartuiman plasma. Signal from the detector were cagtimea
computer and processed using MassLynx SCN 4.1twanéd. This method for quantification of carbodiste in
human plasma is accurate, precise, rapid, andtseledt is a simple, practical, and economicakmiative for
studies of the bioavailability, bioequivalence, gatirmacokinetics of this drug in human plasma.
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