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ABSTRACT

Cleaning validation isanintegral part of current good manufacturing prac-
tices in any pharmaceutical industry. Nowadays, Phenylephrine Hydro-
chloride and several other pharmacologically potent pharmaceuticals are
manufactured in same production area. Carefully designed cleaning valida-
tion and its evaluation can ensure that residues of Phenylephrine Hydro-
chloride will not carry over and cross contaminate the subsequent product.
Theaim of this study wasto validate simple analytical method for verifica-
tion of residual Phenylephrine Hydrochloride in equipments used in the
production areaand to confirm efficiency of cleaning procedure. TheHPLC
method wasvalidated on aL C system using Cosmosil C18 (4.6mmx250 mm,
5pm) and methanol-water—acetic acid (30:70:1, v/v/v) as mobile phase at a
flow rate of 1.0 mLmin. UV detection wasmadeat 257 nm. The calibration
curvewaslinear over aconcentration range from2.0t0 22.0 ugmL*with a
correlation coefficient of 0.999. The detection limit (DL) and quantitation
limit (QL) were0.08 and 0.28 ugmL?, respectively. Theintra-day and inter-
day precision expressed asrelative standard deviation (R.S.D.) were below
2.0%. The mean recovery of method was 99.09%. The mean extraction-
recovery from manufacturing equipments was 85.5%. The developed UV
spectrophotometric method could only be used as limit method to qualify
or reject cleaning procedure in production area. Nevertheless, the simplic-
ity of spectrophotometric method makes it useful for routine analysis of
Phenylephrine Hydrochl oride residues on cleaned surface and as an alter-
native to proposed HPLC method.  © 2010 Trade Sciencelnc. - INDIA
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The Phenylephrine Hydrochlorideisan o, -adren-
ergic receptor agonist used primarily asadeconges-
tant, as an agent to dilate the pupil, and to increase
blood pressure. Theprimary side-effect of phenyleph-
rineishypertension. Patientswith congestion and hy-

pertension aretypically advised to avoid products con-
taining phenylephring®3. Prostatic hyperplasiacandso
be symptomatically worsened by use, and chronic use
can lead to rebound hyperemia.l® Patientswith ahis-
tory of epilepsy and on anti convul sant medi cation should
not tekethissubstance. The drug interaction might pro-
duce seizures. Some patients have been shownto have
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an upset stomach, severe abdominal cramping, and
vomiting i ssuesconnected to taking thisdrug. Phenyle-
phrine Hydrochlorideischemicaly (R)-3-[-1-hydroxy-
2-(methylamino)ethyl]phenol. Itsmolecular weight is
203.67.Thechemica structure Phenylephrine Hydro-
chlorideisillustratedin Figure 1.

OH

H =
HsC”
HCl

OH
Figurel: Chemical gructureof phenylephrinehydrochloride

For the production of Phenylephrine Hydrochl o-
ride, production areas of larger complexity isneces-
sary dueto the numerous risks associated to occupa-
tional exposureand rel ated to crosscontamination. The
production and cleaning operationsinvolved inthepro-
duction areashould follow strict good manufacturing
practices. Among theseare cleaning validations, which
iscritica for patients’ safety and person involved in the
production. Moreover, thecleaning validationisinte-
grd part of quality assurancethat embodiesall thenec-
essary stepsto guarantee the quality of medicationsbe
insidetheadopted standards, be safeand effectivefor
thergpeutic goplication®. Theobjectiveof cleaning vai-
dationisto prove, through validated anaytica method,
that thecleaning procedureisefficient inremoving prod-
uct resi duesand excipients, degradetion products, clean-
ing substanceand other possible contaminants. Thisway
cross contaminationrisk in production areacan bere-
duced substantially*.

During the cleaning validation following factors
should betakeninto consi deration: equipment construc-
tion materia, sealing part and partsthat offers greater
risk of contamination. It isimportant to standardize
cleaning proceduresand cleaning materid, verification
of residues chemical products and post-cleaning mi-
crobia load. Other factors such astimethat the equip-
ment can be considered clean, sampling procedureand
analysis of contaminating residuesin the equipment
should also be considered. Theanalysis method and
selected sampling procedure should be validated and
presents adequate extraction-recovery to favor the
andysisof possible contaminating residues®.

Theacceptablelimit for residuein the equipments

Hnalytical CHEMISTRY o

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®.
Theca culation 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-
sdud limitl®. Theamof thisstudy wastovdidatesmple
analytical method anditsapplicationinthedetermina
tion of residua Phenylephrine Hydrochloridein pro-
duction areaequipments and to confirm efficiency of
cleaning procedure,

MATERIALSAND METHODS

Reagents

ThePhenylephrine Hydrochlorideraw materia was
received fromlocal pharmaceutical industry and was
used as standard (99.5%). Methanol (HPLC grade)
and acetic acid (andytical grade) wereobtained from
Merck (India). High purity water was prepared by us-
ingWatersMilli-Q® plus purification system. The ex-
traction-recovery sampling wasdone with “Alpha®
Swab” (6.8mmx16.8 mm)model TX761 TEXWIPE®
and stainless steel standard platesAlSI 316 (25 cm?)
were used to Simulate equi pment surface.

Equipment

High performanceliquid chromatographic system,
Agilent 1200 serieswith UV detector

Chromatographiccondition

Andytical conditionswereoptimized throughthe
LC sygemusng Cosmod| C18(4.6mmx=250 mm, Sum).
Themobile phasewas congtituted of methanol—water—
aceticacid (30:70:1, viviv), a aflow rateof 1.0mLmir.
UV detection wasmadeat 257 nm. Thevolumeof in-
jectionwasfixedat 20 pL. All analyses were done at
roomtemperature 25+2°C, gpproximately. Themobile
phase was prepared fresh each day, vacuum-filtered
througha0.45 pm Millex® (HV) hydrophilic membrane
and degassed by ultrasonication for 20 min.

Sandard solution preparation
Amount of Phenylephrine Hydrochloride standard,
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equivaent to 25.0 mgwasaccurately wel ghed and trans-
ferred to a100mLvolumetric flask. Approximately,
40mL of methanol was added and content of theflask
was ultrasonicated for 10 min. Thesolutionintheflask
wasdiluted to volumewith the same solvent. Thefinal
concentration of solution was 250.0 pgmL™* of Phe-
nylephrine Hydrochloride. All solutionswere stored
refrigerated until injection (2-5°C). Appropriate dilu-
tionswere made with mobile phaseto obtain solution
containing 50.0, 20.0 and 10.0 ugmL™* of Phenyleph-
rineHydrochloride.

Recovery of samplefrom stainless plates

Stainless stedl standard plates (25 cm?) were con-
taminated with ImL of solution containing 10.0 pgmL*
of Phenylephrine Hydrochlorideand platesweredried
inovenat 50+2°C. Sampling was done with polyester
swab previoudy humidified with purified weter. In brief,
swab was passed on the board in zig-zag manner from
right toleft, returning from left to right, fromtopto bot-
tom and returning upwards. For recovery of residues
removed from plate, the sampling swab wasimmersed
in 2.0mL of mobile phase and the sol ution with swab
immersed was put in ultrasoni cation bath for 20 min.
Theresulting solutionswerefiltered through Millex®
filtration unitsand injected into the chromatographic
system.

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

The sampl e sol utionswere prepared as described
inprocedurefor 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-
darddeviation (S.D.) and relative standard deviation
(RSD.).

Samplepreparation for recovery test

A standard solution was prepared separately asde-
scribed aboveto obtai n sol ution containing 20.0 ugmL
1 of Phenylephrine Hydrochloride. The sample solu-
tion containing 10.0 ugmL* was obtai ned from stock
solution containing 50.0 pgmL of Phenylephrine Hy-
drochloride. For that, an aliquot of 2.0mL wastrans-
ferredtoal0mL volumetric flask and volumewas com-
pleted with mobile phase. A polyester swab wasim-
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mersedinto theflask and ultrasonicated during 20 min
inorder tosmulate samplesto beandyzed. Threesepa
rate aiquotsof sample solution (2.0 mL) were spiked
with 1.0, 2.0 and 3.0mL of standard solutionsinthree
separate 10mL volumetric flasks. Thevolumeswere
compl eted with mobile phase to obtai n solutions con-
taining 4.0, 6.0 and 8.0pugmL-1 of Phenylephrine Hy-
drochloride, approximately. Method accuracy wasas-
sessed by determining the agreement betweenthe mea-
sured standard concentration and known concentra-
tion of standard actually used to spikethe samplesolu-
tions(TABLE 3). All determinationsweremadein trip-
licate at three concentration levels. All standard and
sample solutions were filtered through 0.45um
Millipore® (Millex HV) hydrophilic membrane, before
injectionintothe system.

RESULTSAND DISCUSSION

Acceptancelimit calculation (LA)

Theacceptancelimit was cal cul ated based on total
production lineequipmentsareafor Phenylephrine Hy-
drochloride, theleast unit therapeutical dosethat pro-
motes effect, maximum daily doses and size of pro-
duced batch in question’>¢. For Phenylephrine Hydro-
chloride, least unit thergpeutical dose(DT) isdmgwhile
minimum production batch sizeis 25,500,000 mg, tak-
ing into consi deration production of reduced batches,
which canbe50% of the original batch size. Themaxi-
mum daily dose (LD) is600 mgwith asafety factor of
1/1000. The safety factor depends on route of admin-
istration and the toxicity of the product. For an oral
formulation, thesafety factor isgenerally set at 1000 or
ahigher vaueg®. The cal cul ated maximum acceptable
residue (MA) valuewas found to be 170.7 mg. The
simulated standard sampling area (A) wasastainless
steel plate surface of 25 cm? and simulated total pro-
ductionlinearea(AT) was 76,651.33 cm?. Asthe sam-
pling method recovery factor isyet unknown, avalue
of 30% was used®. An acceptancelimit vaueof 16.7
ug of residue in each swab analyzed was obtained.
Therefore, theinitid valuefor therecovery testswith
swabwill be10.0ug, so that interferences below stan-
dardized concentration (16.7ug) could be verified. The
cdculationwasmadeusing Equations. (1) and (2). The
lot Sze, daily doseare expressed inmilligram units, to-
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tal surface areais expressed in cm? units. Whilethe
acceptancelimit for residue (LA) isexpressed in pg/

MA=——0
D @
MAAfr
LA=
AT @

Where M Aisthe maximum acceptableresidue, DT the
least unit thergpeutica dose, B theminimum production
batch size, f the safety factor, LD the maximum daily
doses of the subsequent

TABLE 1: Linear regression datain theanalysisof phenyle-
phrinehydrochloride

Statistical parameters Obtained values
Concentration range (ngmL ™) 20-220
Regression equation Y=1235.4x — 214.94
Correlation coefficient (r) 0.999
DL (ugmL™) 0.08
QL (ugmL™) 0.28

product, A the sampling area, fr therecovery factor of
sampling method, AT isthetotal production linearea
and LA isacceptancelimit.
Validation of proposed method
Linearity

Linearity of method was studied by andyzing stan-
dard solutions at seven different concentration levels
ranging from 2.0to 22.0pgmL?, with triplicate deter-
mination at each level. The calibration curve was con-
structed by plotting mean response areaagainst corre-
sponding concentrationinjected, using theleast square
method. The calibration curvevalues of slope, inter-
cept and correl ation coefficient for Phenylephrine Hy-
drochloridearepresentedin TABLE 1andindicategood
linearity.
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-
centrationleveld™. TheDL and QL were0.08 and 0.28
ugmL?, respectively (TABLE 1). The obtained theo-
retical valuesfor DL and QL were actually prepared
and were cross checked by actual analysisusing pro-
posed methods. At QL, ssandard deviationand 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 presented in TABLE 2. Thein-
ter-day repestability (reproducibility) was determined
by analyzing same sampl e solutionson 2 consecutive
days, at the same concentration level. Theinter-day
repeatability isexpressedintermsof R.S.D. valuesand
indicatesagood reproducibility of method (TABLE 2).
Two different ana ysts used the same method and same
equipment to andyze same sampleand 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
measuretheanayteresponsein the presenceof al po-
tential sample components(excipients). Inthiscase,
samplesol utions containing 10.0ugmL* of Phenyleph-
rine Hydrochl oride were prepared using 50 mg

TABLE 2: Precision resultsand statistical dataobtained in
thedeter mination of phenylephrineextracted samples

Intra- Intra- Intra- Intra- Between
day day day day analysts
Number of samples 03 01 10 1 10 (5 ech)
Number of injections 06 10 6 10 1
R.SD 083 075 583 107 6.01
Extraction-recovery (%) 835 79.2 79.3
n
5 H
E
Phenylephrine
0 I/\.I
0 2 4 [ 8 0 » H 16 18 2 2 4
NEmuoes

Figure 2 : Chromatogram of 10 ug mL* phenylephrine
hydrochloride

tablet and were analyzed using proposed method (Fig-
ure2). Theresultswere compared with those obtained
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intheanaysisof placebo and standard solution (10.0
pngmL?). Nointerferencefrom excipientswasobserved
within 5min chromatographic run.

Accuracy

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

UV spectrophotometric method

A UV spectrophotometric method was a so devel oped
and validated (results not shown). The proposed UV
spectrophotometric for Phenylephrine Hydrochloride
presented promising resultsfor cleaning validation as
an aternative method to present HPLC method.

TABLE 3: Resultsobtained in therecovery of phenylephrine
hydrochloride standard added to the sample solution and

analysed by proposed HPL C method
Amount aqlded Amount fc_)lund Recovery M ean recovery
(ng mL™) (ngmL™) (%)
2.00 197 98.50
4.00 3.96 99.00 99.00+0.50
6.00 5.97 99.50

However, the UV spectrophotometric method was
unableto quantify Phenylephrine Hydrochl oride be-
low10.0 pg with precision (R.S.D. near 4%). Never-
theless, the method could be used asalimit method,
where concentration val ues above established limit
should be considered rejected.

CONCLUSIONS

The proposed method for quantitative determina-
tion of Phenylephrine Hydrochloride residue on pro-
duction areaequipmentsisefficient and sendtive. The
results showed that the proposed method issuitablefor
Quantitative determination of PhenylephrineHydrochlo-
ridein production areawel | below the calcul ated limit
of contamination. Thed eaning validation sampleimpu-
ritiesaswell asexcipientsof thecommercial sample

—— Fyll Peper

did not interfereintheanays's, which proved the speci-
ficity of the method. The ease of sample preparation
permitsfast and efficient application of the proposed
method in quantitation of Phenylephrine Hydrochloride
residue with precision and accuracy. The method can
be used in routine cleaning vaidation processesand for
quantitative determination of PhenylephrineHydrochlo-
rideincommercid samples. Thesmplicity of UV spec-
trophotometric method makesit useful for routineanay-
ssof PhenylephrineHydrochl orideresidueson cleaned
surface and can be used aslimit method to qualify or
reject cleaning procedurein production area.
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