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ABSTRACT

A simple, sensitive and reliable method is desdriloe simultaneous quantification of Carvedilol aitsl
metabolite 4-Hydroxyphenyl Carvediloin human plasma by using High-throughput liquid
Chromatography—tandem mass spectrometric methog .nféthod was carried out by on-line coupling
of extraction with Cyclone P (50 mm x 0.5 mm 50 h).C(High-throughput liquid Chromatography)
column by injecting 10 plasma sample and chromatographic separation peaformed with ACE C18
(50X4.6 mm, 5um), followed by quantification withss detector in multi reaction monitoring usirgl E
as an interface. The method was linear over a ammadon range 0.1 to 250 ng/mL with a limit of
Quantification of 0.1 ng/mL for both Carvedilol adeHydroxyphenyl Carvedilol. Intra— and inter-day
precision were less than 15%, respectively, andattmiracy was in the range of 91.6-106.2%. Stabilit
assessment was also included. The total run timenafysis was 2.5 min. The validated method was
successfully applied to bioavailablility and Bioégalence study.

Keywords: Carvedilol; 4-Hydroxyphenyl Carvedilol; High-thrghput liquid Chromatography;
MS/MS; Human plasma; Validation.

INTRODUCTION

Carvedilol phosphate ¢gH26N204 H3POpe1/2 H,0O) (M.W. 513.5) is chemically basic, lipophilic
and antihypertensive agent described as (2RS)-ig@iazol-4-yloxy)-3-[[2-(2-
methoxyphenoxy) ethyl] amino] propan-2-ol phosphsaé (1:1) hemihydrate. Carvedilol is a
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racemic mixture in which nonselectifeadrenoreceptor blocking activity [1, 2] is presenthe

S (-) enantiomer andl-adrenergic blocking activity is present in both(R and S (-)
enantiomers [3, 4] at equal potency. Carvedilol hasintrinsic sympathomimetic activity.
Carvedilol is more than 98% bound to plasma prateprimarily with albumin. The plasma-
protein binding is independent of concentrationrahe therapeutic range. Carvedilol is used in
the treatment of mild to moderate hypertensionjreng@ectoris [5], congestive heart failure [6,
7, 8] and possess antioxidative effects in vivo [dje plasma concentrations of the Carvedilol
are very low due to its extensive metabolism follgyvoral administration in humans and the 4'-
hydroxyphenyl metabolite is approximately 13 timasre potent than Carvedilol f@rblockade.
Therefore, the quantification of Carvedilol in Rtes requires a Bioanalytical method with high
sensitivity. The actual plasma concentrations ake/®adrug and/or metabolite(s) are of major
interest in pharmacokinetic studies. However, thetdfdolite of Carvedilol, which is the more
abundant and circulates in blood, was used to dentinthe pharmacokinetic profile of
Carvedilol.

Carvedilol had been determined in plasma and dilwdogical fluids such as high performance
liquid chromatography coupled to fluorometric détae [6, 10-18], high performance liquid
chromatography coupled to ultra-violet detectioB][Jand capillary electrophoresis coupled to
ultra-violet detection [18-19], capillary electraplesis coupled with laser-induced
fluorescence[20], high performance liquid chrongaaphy coupled to electrochemical detection
[21], high performance liquid chromatography codpie tandem mass spectrometry [22,23].

This present work reports the first automated higbughput liquid chromatography tandem
mass spectrometric method developed and validabed Simultaneous quantification of
Carvedilol and its metabolite 4-Hydroxyphenyl Call@ in human plasma using Propranolol as
an internal standard. Robotic liquid handling systevere employed to all liquid transfer steps
including the sample preparation procedure as a&lto the addition/removal of the organic
solvent. The current method includes a simple,drag@mple preparation and extraction as a
result of robotic systems utilization that enabpadallel processing as well as shorter analysis
run time with simultaneous quantification of Cameldand its metabolite 4-Hydroxyphenyl
Carvedilol in human plasma when compared to preshlyopublished methods.

EXPERIMENTAL SECTION

2.1. Chemicals and reagents

Carvedilol Phosphate and 4-Hydroxyphenyl Carveditete commercially procured from Zach

system (S.P.A., Italy) and Vivan life sciences (Muan India). Propranolol was supplied by
Toronto research Chemicals (Mumbai, India). Theapsontents of Carvedilol Phosphate, 4-
Hydroxyphenyl Carvedilol and Propranolol were 996/®8.0% and 99.90% (on as is basis). All
the solvents used were of HPLC grade. HPLC grae@¢oaitrile and methanol were obtained
from J.T.Bakers (Mumbai, India). Formic acid, Amman formate, isopropyl alcohol and

acetone were obtained from Merck (Worli, Mumbaidi&). Drug free and Healthy human

plasma was obtained from Clinical Research (I) katwy (Hyderabad, Andhra Pradesh, India).
Water was deionized, filtered and purified on a@ars apparatus.
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2.2. Data processing

Chromatograms were acquired on a TSQ tandem mas@metry (Thermo Finnigan, Sanjose,
CA, USA) equipped with Electrospray ionization (E&hd connected to a PC runs with the
standard software Xcalibur 2.0.7 and LC Quan 2.3Mss spectroscopic detection was
performed on a Triple quadrapole instrument (Therfi®Q Quantum Discovery Max). Robotic
liquid handling system was operated using the softwpackage supplied from the cohesive
technologies Arid". The calibration curve was constructed by weaight/¥ least-square
linear regression analysis of the peak area rdtoug/IS) vs. the concentration of drug and
(metabolite/IS) vs. the concentration of metabolite

2.3. Standard solutions preparation

2.3.1. Stock solution preparation

Approximately 2 mg of Carvedilol (A)/ 2 mg of 4-Hsakyphenyl Carvedilol (B)/2 mg of
Propranolol (ISTD) working standard was weighed @adsferred to 10.0 mL volumetric flask,
to this 5.0 mL of Methanol was added and sonicttemid dissolution and the final volume was
made up with Methanol.

2.3.2. Preparation of internal standard dilution
The Propranolol internal standard (ISTD) dilutioh athout 100ng/mL from the ISTD stock
solution(lS stock) using (70:30 methanol: waterjheesdiluent was prepared.

2.3.3. Preparation of calibration curve (CC) stamds.and quality control (QC) samples
Appropriate dilutions of the stock solutions witlluént were made subsequently in order to
prepare the working standard solution in the raofg@0 - 12.5 pg/ml for A and B respectively.
All the Solutions were stored in a refrigeratorvibetn 2°C and 8°C. Calibration standards (0.1,
0.7, 1.6, 5.8, 15.0, 55.0, 126.0 and 252.0 ng/nmid) guality control Samples (200.0, 100.0, 1.25
and 0.5 ng/mL) for A and B were prepared for calitan. Accuracy and precision, quality
control and stability assessment were done by m@pilkd.1 mL of drug free plasma with
appropriate volume of working solution.

2.4. Solutions used for robotic on-line sample aotion system

Pure Acetonitrile was used in pump A, 0.15% formaid was used in pump B, 10 mM
ammonium formate buffer was used in pump C and imgs$olution in the ratio of 10:20:70
(Acetone: IPA: Acetonitrile) was used in pump D.

2.5. Sample preparation

Thefrozen CC, QC and subject samples from the deegzdrewere retrieved, thawed in water
bath maintained at room temperature and vortexethe caps were removed from the
polypropylene tubes.

0.100 mL (100uL) of CC, QC and subject samples aligsioted into pre-labelled HPLC vials.

25.0 pL of ISTD Dilution (100 ng/mL) was added @lled by 50.0 pL of 210mM Ammonium

formate buffer of pH 7.8 into HPLC vials. The HPMals were capped, vortexed to mix and
transferred to auto sampler.
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RESULTS AND DISCUSSION

3.1. Chromatographic and mass spectrometric cooroiti

The LC/MS/MS system consisted of four pumps fodgrat solvent delivery, and a divert valve
to direct LC effluent to the mass spectrometerhi@ &nalyte elution window. The analytical
column effluent is directed through the divert \eate a thermo electron TSQ quantum discovery
mass spectrometer. Source specific and compounifisgerameters are presented in Table 1.

Table 1: Source specific and Compound specific maspectrometric parameters

Parameters ‘ MS/MS (MRM)
Source Specific
Spray voltage 4500
Auxiliary Gas 45 Psi
Spray Gas 8 cimin*
Capillary Temperature 300 °C
Carvedilol 4“%2:32;%2?”“ Propranolol (IS)
Collision energy (CE) 22 15 38
Tube lens offset 95 70 61
Skimmer offset 06 08 09

The instrument was operated in the positive iondendThe precursor [M-HJions at m/z
407.113, 423.528 and 260.200 for Carvedilol, 4-ldygphenyl Carvedilol and Propranolol
respectively were selected by the first quadrug@le). After collision-induced fragmentation in
Q2, the product ions at m/z 224.503, 100.344 argl1DD for Carvedilol, 4-Hydroxyphenyl
Carvedilol and Propranolol, respectively, were naneid in Q3.A resolution of one unit (at half
peak height) was used for both Q1 and Q3. The rhdss spectra’s for the Carvedilol, 4-
Hydroxyphenyl Carvedilol and Propranolol are showfrig.1.
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Fig.1. Full mass spectra for the Carvedilol, 4-Hydoxyphenyl Carvedilol and Propranolol

3.1.1. Steps involved in on-line robotic methodettgyment
A typical two-column setup featuring two six-powtiching valves as described by Herman [24]
was employed for method development. The procechumsisted of four steps:

(1) The eluent loop was filled with 50% acetonétrih 10 mM ammonium formate.

(2) 10pL sample was loaded onto the Cyclone P (50 0.5 mm, 50 pum) HTLC(High-
throughput liquid Chromatography) column at a fi@ate of 2 mL/min during 30 s.

(3) The eluent loop was discharged at 0.5 mL/min 30 s to transfer the analytes from
HTLC(High-throughput liquid Chromatography) coluran to the ACE C18 (50 mm x 4.6 mm
i.d., 5 um) column and 0.15% aqueous formic aci@l2imL/min in added post column.

(4) LC-MS/MS was performed using ballistic gradiant2.0 mL/min (10—90% acetonitrile in
0.15% formic acid).
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3.2. On-line sample extraction

The gradient program accomplished a Cyclone HTLGi(Hhroughput liquid Chromatography)
column for sample extraction, elution with four ppsras reported in Table 2. TLX turbo flow
on-line technique was employed for separation oélye from sample molecules. The
mechanism involved in sample preparation may kaigff The small drug molecules bind to the
HTLC(High-throughput liquid Chromatography) columand molecules that have lower
binding affinity quickly diffuse into the column gecles and large sample molecules are flushed
to waste, then the mobile phase elutes the anatgiecules that are bound at HTLC(High-
throughput liquid Chromatography) column to anabjitcolumn, from this analytical column
analytes are entered to mass detector. To achexygred chromatograms with consistency
performed different combinations of the solventsl gnadient system. Finally succeeded with
the solution combinations as mentioned in Tabla® analyzed more than 150 samples with out
overloading of the chromatographic columns withiayed real throughput efficiency.

Table 2: Steps involved in on-line robotic method

Step| Start| Sec| Floy Grai %A %B %L %D Tee Ldop FlowGrad | %A | %B
1 | 00| 30| 20| step 1000 06 op obp | ot 1o  Siwo | 10
2 | 05] 30| 10| stegf 00/ 500 5000 0p T m 1o Stpo0 |910
3 | 10 30| 20| Stegf 00/ 00 0 1000 | Im 10 Ramp0 |910
4 | 15| 30| 20| steg 00/ 00 o0p 1000 | im 1o Stpo [910
5 | 20 30| 20| steff 500 00 500 0p | 10 Stpo0 |910
6 | 25| 30| 20| step 500 00 500 0p - Im 1o Stp0 |910
7 | 30] 30| 20| step 1000 006 op o0 | oht 1o  Slewo | 10

3.3. lon suppression

One important factor that can affect the quantieaperformance of a mass detector is ion
suppression. Sample matrix, coeluting compoundscaosis-talk can contribute to this effect.
lonization suppression typically observed in sangxigacts from biological samples is not likely
to be caused ionization suppression is the re$uliglh concentrations of nonvolatile materials
present in the spray with the analyte. The exaathaism by which the nonvolatile materials
inhibit release of analyte into the gas phasenloa®een clearly demonstrated, although a likely
list of effects relating to the attractive forcelding the drop together and keeping smaller
droplets from forming should account for a lapgetion of the ionization suppression observed
with ESI. Once nonvolatile materials have been nesdofrom sample preparation, there is no
guarantee that suppression of ionization will nagler be a problem; other mechanisms such as
impairing agents (e.g. trifluoro acetic acid) mdsypa role in ionization suppression. Bonfiglio
et al. [25] reported the effects of sample prepamainethods on the variability of ESI response.
According to their results precipitation method whd the greatest amount of ESI response
suppression followed by solid-phase extraction higuid—liquid extracts demonstrated the
least. In this study robotic liquid handling systevas employed for sample extraction from
plasma and 0.15% formic acid was employed as magtilase additive to minimize ion
suppression.
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3.4. Assay validation

The objective of validation of an analytical proaeslis to demonstrate that it is suitable for its
intended purpose” (International Conference on Heaization Guideline Q2A) [26] "Method
validation is the process of demonstrating thatlyaical procedures are suitable for their
intended use" (US Food and Drug Administration D@&iidance for Industry, 2000) [27].

3.4.1. Specificity and selectivity

Six human plasma samples from six individual hgatfionors receiving no medication were
extracted and analyzed for the assessment of jterierferences with endogenous substances.
The apparent responses at the retention time df, dnetabolite and internal standard were
compared to the response at the lower limit of ¢fieation (LLOQ) for drug, metabolite and to
the response at the working concentration for irgkestandard. Observed Retention times were
about 0.98 min (Carvedilol), 1.04 min (4-HydroxyplgeCarvedilol) and 1.24 min (Propranolol)
respectively. No additional peak due to endogersamlsstances that could have interfered with
the detection of the compounds of interest wasrobde Representative chromatograms from an
extract of human blank plasma spiked with intestahdard and from an extract of human blank
plasma spiked with drug, metabolite and interrahgard are shown in Fig.2A and B.
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Fig. 2. (A) Representative Chromatograms from an @ract of Human blank plasma spiked with Propranolol
as IS. (B) Representative Chromatograms from an esdct human blank plasma spiked with Carvedilol, 4-
Hydroxyphenyl Carvedilol and Propranolol (as 1S)

3.4.2. Linearity

Linearity means that the assay provides test ie$lidtt are proportional to the concentration of
the analyte in the sample either directly or vimathematical transformation. The relationship
between the experimental response value and knowceatrations of the analyte is referred to
as calibration curve. In this study calibrationv@iwas constructed by weighted 46f the peak
area ratio (drug/IS) vs. the concentration of damgl (metabolite/IS) vs. the concentration of
metabolite with the above calibration standardgeoerate a calibration curve. Linear calibration
curves were obtained with a coefficient of coriielat(’) usually higher than 0.998. For each
calibration standard level, the concentration wasklralculated from the linear regression curve
equation. The mean accuracy and precisions for balckilated concentrations of each standard
calculated from calibration curves are tabulate@atsle 3.

Table 3.Back calculated concentrations from calibrion curves

Carvedilol(ng/mL) 4-Hydroxyphenyl Carvedilol (ng/mL
Nominal Conc. | Mean Accuracy| Precision (%) Nominal Conc|{ Mean Accuracy| Precision (%)
0.1 1114 3.5 0.1 94.8 1.2
0.7 92.1 4.6 0.7 107 5.4
1.6 95.6 9.4 1.6 89.5 2.2
5.8 98.6 5.2 5.8 98.2 5.6
15.0 100.2 6.1 15.0 92.2 5.9
55.0 113.2 3.2 55.0 100.1 4.9
126.0 99.6 5.9 126.0 99.8 5.4
252.0 93.5 55 252.0 105.7 7.7

The LLOQ was defined as the lowest concentratiothénstandard curve that can be measured
with acceptable accuracy and precision, and wasdaa be 0.1 ng/mL for both Carvedilol and
4-Hydroxyphenyl Carvedilol in human plasma. The messponses for the analytes peaks at the
assay sensitivity limit (0.1 ng/mL for both Carvetliand 4-Hydroxyphenyl Carvedilol) were
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ten-fold greater than the mean responses for th&spm blank human plasma samples at the
retention times of the analytes, respectively.

3.4.3. Recovery

Recovery experiments should be performed by comgate analytical results for extracted
samples at three concentrations with unextractaddsrds that represent 100% recovery.
Recovery of the analyte need not be 100% but thenexf recovery of an analyte and an
internal standard should be consistent, precisagmaducible. The recoveries of Carvedilol, 4-
Hydroxyphenyl Carvedilol and Propranolol were ewedda with 6 replicates at 3 different

concentration levels. In this method 89%, 85% addb9recoveries were established for
Carvedilol, 4-Hydroxyphenyl Carvedilol and Propremaespectively, which were within the

acceptance criteria.

3.4.4. Precision and accuracy

Intra-day accuracy and precision were evaluatedamglysis of quality control samples at 4
different levels (n=6 at each level) on the same daese levels were chosen to demonstrate the
performance of the method and to determine therdiwét of quantification of the method. The
upper limit of quantification was given by the hegh level of the calibration curve. Samples
with concentration above this upper limit of quéadtion should be diluted prior to reanalysis.
To assure the interday accuracy and precisionintn@day assays were repeated on 3 different
days. The overall performance was calculated. €kalts were found to be quite comfortable as
per international guidelines. The accuracy andipi@t for inter day and intra day are tabulated
for both drug and metabolite in Table 4.

Table 4.Assessment of Accuracy and precision of tmeethod

Carvedilol 4-Hydroxyphenyl Carvedilol
Nominal Conc. (hg/mL) 200 100 1.25 0.5 200 100 1.25 0.5
Intra-day accuracy(%)(day1) 95.5 96.6 95.8 9048 897, 98.2 94.1 89.9
Intra-day precision(%)(dayl) 1.2 9.6 2.3 4.6 9.2 7 9. 93 1.8
Intra-day accuracy(%)(day?2) 101.4 94.2 89.9 97/9 4.81| 0945 89.1 114.2
Intra-day precision(%)(day?2) 3.4 9.5 4.1 6.5 7.6 53.| 75 3.2
Intra-day accuracy(%)(day3) 100.4 99.Y 94.8 113.4 07.2 96.2 98.3 107.8
Intra-day precision(%)(day3) 54 3.5 7.5 2.3 6.1 13| 23 1.5
Overall accuracy (%) 99.1 96.8 93.5 10047 106}2 496 91.6 102.1
Overall Precision (%) 3.3 7.5 4.6 4.5 7.6 5.4 64 22
Number of determinations 18 18 18 18 18 18 18 18

3.4.5. Stability

According to FDA guidelines stability assessmergsfreeze—thaw, bench top, short-term, long-
term, stock solution and post preparative staeditivere evaluated as a part of bioanalytical
method validation. In this study quality controbpia samples were used subject to bench top
(22h), in injector (10-85 h), freeze—thaw (-60 B5+°C) cycles, short term (28 h) at room
temperature and long term (35 days) at deep frdazeB0 °C) tests were performed. The values
obtained for these stability studies are tabuldiegble 5), which were within the acceptance
criteria.
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Table 5.Stability results

Carvedilol 4-Hydroxyphenyl Carvedilol
. Accuracy Precision Accuracy Precision
Experiment
HQC LQC HQC LQC HQC LQC HQC LQC
Freeze-thaw stability 110.0 95.0 4.7 4.3 94.7 97.2 2.2 1.5
Bench top Stability 91.6 102.7 2.8 8.4 91/8 93.2 4.0 4.7
Auto sampler Stability 98.8 101.8 8.5 6.7 997 012 7.5 7.0
In injector stability 97.8 95.4 3.4 5.3 .83 | 105.9 8.3 2.8

3.5. Application of the method

The method was applied for a randomized, open ledhebalanced, single dose, two treatment,
two period, two sequence, two way crossover bioedence study with at least one week
washout period to compare Carvedilol phosphate 4@mugfrolled Release capsules (Test
formulation) with COREG CR' containing Carvedilol phosphate 40mg extendedasele

capsules (Reference formulation) in 18 healthy,ltadwman male volunteers under fasting

conditions.

Table 6.Pharmacokinetic parameters of Carvedilol &4-Hydroxyphenyl Carvedilol

Carvedilol Formulation 4-Hydroxy phenyl Carvedilol
Pk Parameters Test Reference Test Reference
Cmax (ng/mL) 32.421 37.821 5.845 6.494
AUCt (ng.h/mL) 239.95 248.616 39.872 43.44
AUCInf (ng.h/mL) 272.713 266.912 47.440 66.141
Tmax (hr) 5.173 5.049 5.136 5.073
kel (1/h) 0.125 0.143 0.097 0.093
t1/2 (hr) 5.857 5.348 7.326 9.146

Time vs. Mean

Analyte: Carvedilol

Carvedilol Phosphate 40mg ER Capsules

- Reference
—&-Test

Mean (ng/mL)

15 20

25 30
Time (hr)
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Time vs. Mean
Carvedilol Phosphate 40mg ER Capsules
Analyte: 4-Hydroxy phenyl Carvedilol

-=Reference
S-Test

Mean (ng/mL)

Fia}

Time (hr)

Fig.3. (A) Mean plasma concentration — time profile of Carvedilol. (B) Mean plasma concentration — the
profiles of 4-Hydroxyphenyl Carvedilol.

After single oral administration of the drug witd@:02 mL of drinking water, 23 blood samples
were collected at a suitable time intervals upQdburs. This method was successfully used to
measure the Plasma concentrations of Carvedilol &htydroxyphenyl Carvedilol. Various
Pharmacokinetic parameters established and comfardice both of the preparations are given
in Table 6. Plasma concentration- time profilesgiven as graph (Fig. 3A and B).

CONCLUSION

On-line coupling requires some modifications to difiine extraction techniques. The coupling
is most commonly performed with the help of multipealves and one or more pumps for the
dynamic extraction or transfer of the extract t® thromatographic system, the extraction can be
performed in either static or dynamic mode or asrabination of these so long as the extraction
system allows the on-line transfer of the extraxctttie chromatographic system. In on-line
systems, the whole extract is transferred to tmerohtographic column, in contrast to traditional
off-line techniques where only a small part is abgel. This means that the sensitivity of the on-
line method is much better. However, the high sty easily leads to overloading of the
analytical column. Miniaturisation of the extractieystem is often required to avoid this. In our
method miniaturisation is achieved with small esti@ in extraction vessels and the total
analysis means sample extraction, chromatogra@piaration and mass spectrometric detection
has been completed within 2.5 min for one sampétification.
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