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ABSTRACT KEYWORDS
Cleaning validation isanintegral part of current good manufacturing prac- Cleaning validation;
tices in any pharmaceutical industry. Now a days, Bosentan monohydrate Qantitative determination;
and several other pharmacologically potent pharmaceuticals are manufac- Liquid chromatography;
tured in same production area. Carefully designed cleaning validation and Bosentan monohydrate
its evaluation can ensure that residues of Bosentan monohydrate will not residues;
carry over and cross contaminate the subsequent product. The aim of this Production area.

study was to validate simple analytical method for verification of residual
Bosentan monohydrate in equipments used in the production area and to
confirm efficiency of cleaning procedure. The HPL C method wasvalidated
onal C systemusing Cosmosil C8 (4.6mmx150 mm, 5um) and methanol—
water—acetic acid (40:60:1, v/v/v) as mobile phase at a flow rate of 1.0 mLmin’
. UV detection wasmade at 220 nm. The calibration curve waslinear over a
concentration rangefrom 2.0 to 22.0 ugmL-* with acorrel ation coefficient of
0.999. Thedetectionlimit (DL) and quantitation limit (QL) were0.08 and 0.28
ugmL, respectively. The intra-day and inter-day precision expressed as
relative standard deviation (RSD.) were bel ow 2.0%. The mean recovery of
method was 99.09%. The mean extraction-recovery from manufacturing
equipmentswas 85.5%. Thedeveloped UV spectrophotometric method could
only be used as limit method to qualify or reject cleaning procedure in
production area. Nevertheless, the ssmplicity of spectrophotometric method
makes it useful for routine analysis of Bosentan monohydrate residues on
cleaned surface and as an alternative to proposed HPL C method.
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INTRODUCTION the effect of anatural compound called endothelin,

which issomething the body makesto tighten blood

The Bosentan monohydrate belongsto aclassof  vessels. Blocking the effect of endothelin allowsthe
medication called endothelin receptor antagonists.  blood vessalsto relax, which decreasesthe blood pres-
Bosentanisused to treat pulmonary arterial hyperten-  sure between the heart and lungs*2. Bosentan mono-
sion, whichishigh blood pressureof theblood vessdls  hydrateischemicaly 4-(1,1-Dimethylethyl)-N-(6-(2-
between the heart and lungs. Bosentanworkstoblock  hydroxyethoxy)-5-(2-methoxyphenoxy)(2,2'-
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Figurel: Chemical structur eof Bosentan monohydrate

bi pyrimidin)-4-yl) benzenesulfonamide monohydrate
CAS No.: 157212-55-0. Molecular formula:
C,,H,,N.O.S.H,O Molecular weight: 569.63.The
chemical structure Bosentan monohydrateisillustrated
inFigurel.

For the production of Bosentan monohydrate, pro-
duction areasof larger complexity isnecessary dueto
the numerous risks associated to occupational expo-
sureand related to cross contamination. The produc-
tion and cleaning operationsinvolved inthe production
areashould follow strict good manufacturing practices.
Amongthesearecleaning vaidations, whichiscritical
for patients’ safety and person involved in the produc-
tion. Moreover, the cleaning vaidationisintegra part
of quality assurance that embodiesall the necessary
stepsto guarantee the quaity of medicationsbeinside
the adopted standards, be safe and effectivefor thera-
peutic application®. Theobjectiveof cleaningvalida-
tionisto prove, through validated anal ytical method,
that thecleaning procedureisefficient inremoving prod-
uct resduesand excipients, degradation products, clean-
ing substanceand other possible contaminants. Thisway
crosscontamination risk in production areacan bere-
duced substantidlyi. Duringthed eaning vdidationfol-
lowingfactorsshould betaken into cong deration: equip-
ment construction materia, sealing part and partsthat
offersgreater risk of contamination. Itisimportant to
standardi ze cleaning proceduresand cleaning materid,
verification of residueschemical products and post-
cleaning microbid load. Other factorssuch astimethat
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TABLE1: Linear regresson datain theanalysisof Bosentan
monohydrate

Statistical parameters Obtained values
Concentration range (ugmL™) 2.0-22.0
Regression equation Y=1235.4x — 214.94
Correlation coefficient (r) 0.999
DL (ugmL™) 0.08
QL (ugmL™) 0.28

the equipment can be consi dered clean, sampling pro-
cedure and anaysis of contaminating residuesinthe
equipment should also be considered. The analysis
method and sel ected sampling procedure should be
validated and presents adequate extraction-recovery
tofavor theanalysis of possible contaminating resi-
dues®.

The acceptablelimit for residuein the equipments
isnot establishedinthe current regulations. However,
Food and DrugAdminigtration (FDA) mention that the
limit should bebased onlogica criteria, involvingthe
ri sk associated to residues of adetermining product®.
The caculation of acceptableresidua limit for active
productsin production equi pments should be based on
thergpeutical doses, pharmacologica activity and toxi-
cological index. Several mathematical formulaswere
proposed that can be used to establish acceptablere-
sidual limit®°l, Theaim of thisstudy wasto validate
simpleanaytica method anditsapplicationinthede-
termination of residual Bosentan monohydratein pro-
duction areaequipments and to confirm efficiency of
cleaning procedure,

MATERIALSAND METHODS

Reagents

The Bosentan monohydrateraw material wasre-
celved fromloca pharmaceutica industry and wasused
as standard (99.5%). Methanol (HPLC grade) and
aceticacid (analyticd grade) wereobtained from Merck
(India). High purity water was prepared by using Wa-
tersMilli-Q® plus purification system. The extraction-
recovery sampling was done with “Alpha® Swab”
(6.8mmx16.8 mm) model TX761 TEXWIPE® and
stainlessstedl standard platesAlSI 316 (25 cm?) were
used to Ssmulate equipment surface.
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TABLE 2: Precison resultsand statistical data obtained in the deter mination of Bosentan monohydr ate extr acted samples

ACAIJ, 15(6) 2015 K.Balamurugan et al.

Intra-day Intra-day Intra-day Intra-day Between analysts
Number of samples 03 01 10 1 10 (5 each)
Number of injections 06 10 6 10 1
R.SD 0.83 0.75 5.83 1.07 6.01
Extraction-recovery (%) 83.5 79.2 79.3

TABLE 3: Resultsobtained intherecovery of Bosentan monohydr ate sandar d added tothe samplesolution and analysed by

proposed HPL C method
Amount added (ug mL™) Amount found (ug mL™) Recovery (%) M ean recovery
2.00 1.97 98.50
4.00 3.96 99.00 99.00+0.50
6.00 5.97 99.50
Equipment at 50+2°C. Sampling was done with polyester swab

High performanceliquid chromatographic system,
Agilent 1200 serieswith UV detector

Chromatographic condition

Anaytical conditionswereoptimized throughthe
LCsysemusing Cosmos| C8(4.6mmx150 mm, 5um).
The mobile phasewas congtituted of methanol—water—
aceticacid (40:60:1, viviv), at aflow rateof 1.0mLmin
1, UV detection was made at 220 nm. Thevolume of
injectionwasfixed at 20 uL. All analyses were done at
room temperature 25+2°C, approximately. The mo-
bile phase was prepared fresh each day, vacuum-fil-
teredthrougha0.45 um Millex® (HV) hydrophilic mem-
brane and degassed by ultrasonication for 20 min.

Sandard solution preparation

Amount of Bosentan monohydrate standard,
equivaent to 25.0 mgwasaccurately we ghed and trans-
ferred to a100mLvolumetric flask. Approximately,
40mL of methanol wasadded and content of theflask
wasultrasonicated for 10 min. Thesolutionintheflask
wasdiluted to volumewith the same solvent. Thefinal
concentration of solutionwas 250.0 ugmL* of Bosentan
monohydrate. All sol utionswerestored refrigerated until
injection (2-5°C). Appropriate dilutions were made with
mobile phaseto obtain solution containing 50.0, 20.0
and 10.0 ugmL"* of Bosentan monohydrate.

Recovery of samplefrom stainless plates

Stainless sted standard plates (25 cm?) were con-
taminated with 1mL of solution containing 10.0 pgmL*
of Bosentan monohydrateand platesweredriedinoven

previoudy humidifiedwith purified weter. Inbrief, swvab
was passed on the board in zig-zag manner from right
toleft, returning fromleft to right, from top to bottom
and returning upwards. For recovery of residuesre-
moved from plate, the sampling swabwasimmersedin
2.0mL of mobile phaseand the solution with swabim-
mersed was put in ultrasonication bath for 10min. The
resulting solutionswerefiltered through Millex® filtra-
tion unitsand injected into the chromatographic sys-
tem.

Samplesolution for determination of inter and in-
tra-day repeatability

The sample sol utionswere prepared as described
in procedurefor recovery of samplesfrom stainlesssted
plates. The precision, intermediate precision and re-
producibility were determined by inter and intra-day
repeatability of responses and are expressed as stan-
dard deviation (S.D.) and rel ative standard deviation
(RSD).

Samplepreparation for recovery test

A standard solution was prepared separately as
described above to obtain solution containing 20.0
ugmL?! of Bosentan monohydrate. Thesamplesolution
containing 10.0 pgmI* wasobtained from stock solu-
tion containing 50.0 ugmL* of Bosentan monohydrate.
For that, analiquot of 2.0mL wastransferredtoa10mL
volumetric flask and volumewas compl eted with mo-
bile phase. A polyester swab wasimmersed into the
flask and ultrasonicated during 20 minin order tosmu-
late samplesto beanalyzed. Three separate diquots of
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sample solution (2.0 mL) were spiked with 1.0, 2.0
and 3.0mL of standard solutionsinthree separate 10mL
volumetric flasks. Thevolumeswere completed with
mobilephaseto obtain solutionscontaining 4.0, 6.0 and
8.0ugmL-1 of Bosentan monohydrate, approximately.
Method accuracy was assessed by determining the
agreement between the measured standard concentra-
tion and known concentration of standard actualy used
to spikethe sample solutions (TABLE 3). All determi-
nationsweremadein triplicate at three concentration
levels. All standard and sampl e solutionswerefiltered
through 0.45um Millipore® (Millex HV) hydrophilic
membrane, beforeinjectioninto the system.

RESULTSAND DISCUSSION

Acceptancelimit calculation (LA)

Theacceptancelimit was cal cul ated based on total
production line equipmentsareafor Bosentan mono-
hydrate, theleast unit thergpeutical dosethat promotes
effect, maximumdaily dosesand sizeof produced batch
in question®l, For Bosentan monohydrate, least unit
therapeutical dose (DT) is4mg while minimum pro-
duction batch sizeis 25,500,000 mg, taking into con-
Sideration production of reduced batches, which can
be50% of the origind batch size. Themaximum daily
dose (LD) is 600 mg with a safety factor of 1/1000.
The safety factor depends on route of administration
and thetoxicity of theproduct. For an ora formulation,
the safety factor is generally set at 1000 or a higher
valu€e®. The cal cul ated maximum acceptableresidue
(MA) valuewasfound to be 170.7 mg. Thesimulated
standard sampling area (A) wasastainlessstedl plate
surface of 25 cm? and simulated total production line
area(AT) was 76,651.33 cm?. Asthe sampling method
recovery factor isyet unknown, avalue of 30% was
used®. An acceptancelimit vaue of 16.7 ug of residue
in each swab analyzed was obtained. Therefore, the
initial valuefor the recovery testswith swab will be
10.0pg, so that interferences below standardized con-
centration (16.7pg) could be verified. The calculation
was made using Equations. (1) and (2). Thelot size,
daily dose are expressed in milligram units, total sur-
face areaisexpressed in cm? units. Whilethe accep-
tancelimit for residue (LA) isexpressedin ug/cm?.
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Where M Aisthe maximum acceptableresdue, DT the
least unit thergpeutical dose, B theminimum production
batch size, f the safety factor, LD the maximum daily
dosesof the subsequent product, Athesampling area,
fr therecovery factor of sampling method, AT isthe
total productionlineareaand LA isacceptancelimit.

Validation of proposed method
Linearity

Linearity of method was studied by anayzing stan-
dard solutions at seven different concentration levels
ranging from 2.0to 22.0ugmL*, with triplicate deter-
mination at each level. Thecdibration curvewascon-
structed by plotting mean response areaagainst corre-
sponding concentrationinjected, usingtheleast square
method. The calibration curvevalues of dope, inter-
cept and correlation coefficient for Bosentan monohy-
dratearepresentedin TABLE 1 andindicategood lin-
earity.
Detection limit (DL ) and quantitation limit (QL)

Thedetectionlimit (DL) and Quantitationlimit (QL)
were determined based on the standard deviation
amongst response and slope of the curveat low con-
centrationlevels™. TheDL and QL were0.08 and 0.28
ugmL?, respectively (TABLE 1). The obtained theo-
retical valuesfor DL and QL were actualy prepared
and were cross checked by actual analysisusing pro-
posed methods. At QL standard deviation and relative
standard deviation amongst responseswas 30.1 and
1.7%, respectively.

Precision

Theprecision of themethod waseva uated by inter
and intraday repeatability. Intermediate precisonwas
determined by two analysts. Theintra-day repeatabil -
ity was determined by analyzing 10 replicates of ex-
traction-recovery samplesand isexpressed intermsof
R.S.D. Theresultsare presentedin TABLE 2. Thein-
ter-day repesatability (reproducibility) was determined
by analyzing same sampl e sol utionson 2 consecutive
days, at the same concentration level. Theinter-day
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Figure2: Chromatogram of 10 ng mL*Bosentan monohydr ate

repeatability isexpressed intermsof R.S.D. valuesand
indicatesagood reproducibility of method (TABLE 2).
Two different anaysts used the samemethod and same
equipment to andyzesamesampleand R.S.D. amongst
responses on same day was cal cul ated. The method
presented good intermedi ate precision amongst ana-
lysts(TABLE 2).
Specificity

Specificity istheability of themethod to accurately
measuretheana yteresponsein the presenceof dl po-
tential sample components (excipients). Inthiscase,
sampl e solutions containing 10.0ugmL* of Bosentan
monohydrate were prepared using 50 mg and were
anayzed using proposed method (Figure 2). There-
sultswere compared with those obtained in the analy-
sisof placebo and standard solution (10.0 pgmL?). No
interferencefrom excipientswasobserved within5min
chromatographicrun.

Accuracy

The accuracy of the present method was deter-
mined by spiking sample solutionswith known stan-
dard. Theaccuracy of the method was checked at three
concentration levels, i.e. at 4.0, 6.0 and 8.0pgmL-1.
Triplicateanayseswere donewith HPLC method and
accuracy is expressed as percentage of standard re-
covered from sample matrix with corresponding
R.S.D.1®, Therecovery datais presentedin TABLE 3.

UV spectrophotometer method

A UV spectrophotometric method wasa so devel -
oped and vaidated (results not shown). The proposed
UV spectrophotometric for Bosentan monohydrate

presented promising resultsfor cleaning vaidation as
an alternative method to present HPL C method.

However, the UV spectrophotometric method was
unabl eto quantify Bosentan monohydrate below 10.0
ug with precision (RSD. near 4%). Nevertheless, the
method could be used as alimit method, where con-
centration va uesaboveestablished limit should be con-
Sidered rejected.

CONCLUSIONS

Theproposed method for quantitative determination
of Bosentan monohydrate residue on production area
equipmentsisefficient and sendtive. Theresultsshowed
that the proposed method issuitablefor quantitative de-
termination of Bosentan monohydratein production area
we | beowthecd culated limit of contamination. Thedean+
ing vaidationsampleimpuritiesaswel | asexcipientsof
thecommercid sampledid notinterfereintheanalysis,
which proved thespecificity of themethod. Theease of
samplepreparation permitsfast and efficient gpplication
of the proposed method in quantitation of Bosentan
monohydrate residuewith precision and accuracy. The
method can be used in routine cleaning vaidation pro-
cesses and for quantitative determination of Bosentan
monohydratein commercid samples. Thesmplicity of
UV spectrophotometric method makesit useful for rou-
tine analysis of Bosentan monohydrate residues on
cleaned surfaceand can be used aslimit method to quaify
or regject cleaning procedurein production area.

ACKNOWLEDGEMENT

The authors wish to thank National Test House
—— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



196

Full Peper ——

Quantification of Bosantan residue on manufacturing equipment surfaces

ACAIJ, 15(6) 2015

(SR), Chennal for the support of thestudy and hel pful
discussons.

[1]
[2]
[3]

[4]

Hnalytical CHEMISTRY o

REFERENCES

Raymond D.Harbison, Robert C.James, Stephen
M .Roberts; Toxicology, 69(3), 279-290 (1991).
Nevin Erk, Murat Kartal; 1l Farmaco, 30 August
1998, 53(8-9), 617-622 (1998).

Shen, Howard; Illustrated Pharmacology Memory
Cards: PharMnemonics, Minireview, ISBN 1-59541-
101-1, 3 (2008).

CANADA Health Products and Food Branch In-
spectorate, Cleaning Vaidation Guidelines, available
a: http://www.hc-sc.gc.caldhp-mps/compliconforny
gmp-bpf/validation/cleani ng-nettoyage e.html (09/
09/03).

[5]

[6]
[7]

8]

[9]

UNITED STATES Food and Drug Administration
(FDA), Guideto InspectionsValidation of Cleaning
Processes, available at: http://www.fda.gov/oral in-
spect ref/igs/valid.html (19/02/2003), (2003).
G.Bismuth, S.Neumann; Cleaning Validation, first
ed., Interpharm Press, Englewood, (1999).
International Conferenceon Harmonization Q2(R1):
Validation of Analytical Procedures. Text and Meth-
odology, available at: http://www.ich.org/ cache/
compo/363-272-1.html#Q2A (11/10/2006), (2006).
AOAC INTERNATIONAL, Official Methods of
Anaysisof AOAC International, 15th Ed., Arling-
ton, (1990).

Quantitative determination and sampling of Phenyle-
phrine Hydrochlorideresiduesfor cleaning valida-
tion in Manufacturing Environments, Analytical
chemistry an Indian Journal ACAIJ, ISSN : 0974-
7419, 9(1), 185-189 (2010).

Au Tudian Yournal


http://www.hc-sc.gc.ca/dhp-mps/compliconform/
http://www.fda.gov/ora/
http://www.ich.org/

