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RP HPLC method for the quantification of coal tar in topical foam
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ABSTRACT

Coal tar isabrown or black liquid of high viscosity, smellslike naphthalene
and hydrocarbons. Coal tars are complex and variable mixtures of phenols,
polycyclic aromatic hydrocarbons (PAHS), and heterocyclic compounds. A
unigue stability- indicating HPL C method was devel oped for the quantita-
tive determination of % coal tar by quantification of marker peaksviz Phenan-
threne Anthracene and Pyrene in pharmaceutical dosage formsin the pres-
ence of degradation products and excipients. Phenomenex Hypersil BDS
150 mmx 4.6 mm, 3 um column was used to achieve separation using gradi-
ent method. The mobile phase A contains deionised water and the mobile
phase B containsacetonitrile. The flow rate was 0.8 mL min and the detec-
tion wavelength was 240 nm. The retention time of phenathrene, anthracene
and pyreneare21.7, 23.8 and 29.7 minutes respectively. Thetotal runtimeis
60 minuteswithin which three marker peaks and degradation productswere
separated. Calibration showed that the response of phenathrene, anthracene
and pyrene was alinear function of concentration over the range 0.25-0.75
pug mL1(r> 0.999) and the method was validated over this range for preci-
sion, intermediate precision, accuracy, linearity and specificity. The method
was developed and validated successfully and applied to the quantitative
determination of coal tar marker peaksin coal tar foam product.
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INTRODUCTION

Cod tar can be used in medi cated shampoo, soap
and ointment, asatreatment for dandruff and psoriasis,
aswell asbeing used to kill and repel headlice. It has
been used for decadesto hel p treat the scaling, itching
and inflammation of psoriasis, eczema, and other skin
disorders. When used asamedicationintheU.S,, coa
tar preparations are considered an OTC (over-the-
counter drug) pharmaceutical and are subject to regu-

lation by the United States Food and Drug Administra:
tion. Themain groups of compoundsmaking up crude
coal tar are 48% hydrocarbons, 42% of other carbon
compounds and 10% water.

Itissuppliedintheform of Coal Tar Topica Solu-
tion USP, which consistsof a20% wi/v solution of coal
tar inacohoal, with an additiona 5% wi/v of polysorbate
80;!4 thismust then bediluted inan cintment base such
aspetrolatum. Thegravimetric estimation of cod taris
published in USP. Presently thereisno reported method
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for the quantification of % cod tar estimation in phar-
maceutica dosages. Semi quantification methodswere
devel oped for theestimation of codl tar dyesinvarious
food industriesby TLC“®!, Various other chromato-
graphic methodswere avail able for the estimation of
cod tar component in coa tar with hyphenated detec-
torg®l.

A uniquegtahility-indicating HPL C method wasde-
veloped for the quantitative determination of % coa tar
by quantification of marker peaks phenathrene, an-
thracene and pyrene (PAP) in pharmaceutical dosage
formsin the presence of degradation productsand ex-
cipients.

Coal Tar Foam product isassayed for threeknown
components- PAPusing an HPLC method that usesa
reverse phase Hypersil BDS, C18 column with UV
detection at 240 nm. Samplesarequantified using an
external standard technique. PAP were chosen as
marker peaksasthey have UV chromophoreand are
eadly availablewith high purity.

EXPERIMENTAL

Chemicalsand reagents

Deionized water, HPLC gradeAcetonitrile (ACN),
suitable reference standards of Phenanthrene, An-
thraceneand Pyrene.

Equipment

HPLC analysis was performed with a Waters
HPL C system 2695 equipped with aquaternary sol-
vent manager, samplemanager, column-hesting com-
partment, Photodiode Array detector 2996 and UV
detector 2487. This system is controlled by Waters
Empower software.

Hypersil BDS column, 150 mm x 4.6mm, 3um
(Phenomenex, USA) was employed for chromato-
graphic separation. ClassA volumetric glassware, 10-
mL Syringes, Transfer tubeHarvester, Digposabletubes,
Whatman Nylon 0.45 um Syringe Needle, were used
during theexperimenta work.

Sandard and samplepreparation
(2) Diluent

A mixtureof Acetonitrileand water intheratio of
(65:35) V/v. respectively.

—= Fyll Paper
(2) Sandard stock solution

Accurately weigh gpproximately 0.02 g each of the
reference standardsinto separate 200-mL volumetric
flasksand add 13 mL ACN. Sonicatefor 5 minutes.
Then add 7mL deionized water and diluteto volume
with diluent and mix by inversionto prepareasolution
of concentration 100ug/mL.

I ntermediate standar d stock solution

Pipette5.0mL each of the standard stock solutions
intoa25mL volumetric flask and diluteto volumewith
diluent (20ug/mL).

Workingstandard

Pipette5.0mL of intermediate standard stock solu-
tionintoa200-mL volumetricflask, and diluteto vol-
umewithdiluent to obtain asolution of 0.5ug/mL.

Product

Remove and discard the plunger fromthe Transfer
tube Harvester. Attach the clear plastic tubeto thetip
of an unused foam can. Shakefoam can vigorously for
at least 15 seconds. Fill a10-ml plastic syringewith
foam, attach plunger and syringe needle. Accurately
weigh 0.5 g of sampleinto a250-mL volumetric flask.
Add 50 mL of diluent, sonicatefor 5 minutesand vor-
tex until sampleiscompletely dispersed. Diluteto vol-
umewith diluent, vortex and invert to mix well. Filter
through 0.45um Nylon filter.

Raw material (coal tar solution)

Accuratelyweigh 0.5gof cod tar solutionAPI into
a100-mL volumetric flask and diluteto volumewith
diluent, vortex, andinvert tomix well. Transfer 4.0 mL
of thissolutionto a100 mL volumetricflask and dilute
to volumewith diluent. Filter through a0.45 um Nylon
filter.

Chromatogr aphy

The analytes were separated on an HPLC Hypersil
BDScolumn, 150 mm x 4.6mm, 3um at column oven
temperature of 40°C withagradient run programat a
flow-rate of 0.8 mL min™. Deionized water and aceto-
nitrile were used as mobile phaseA and B respectively
which wasfiltered through a0.45 um nylon filter, be-
foreuse. The separation wasachieved by gradient elu-
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TABLE 1A : Force-degradation study coal tar API solution

TABLE 1B : Force-degradation study coal tar foam product

Concentration in % w/w

Concentration in % w/w

Marker Vis. IN IN 80°C

beaks Control H:0, UV light HCl NaOH

Control

Marker Vis. Control IN 1IN 80°C

peaks Control H,0, UV iy HCI NaOH

Phenanthrene 0.4945 0.40330.59900.5053 0.4707 0.51540.51240.5172
0.0966 0.06910.08480.0684 0.0928 0.0998 0.09920.1000
0.2225 0.18280.26850.2275 0.2151 0.23770.23550.2418

Anthracene

Pyrene

Phenanthrene 0.0488 0.04730.05020.0506 0.0486 0.0486 0.0469 0.048¢
0.0095 0.00620.00560.0067 0.0095 0.0094 0.0092 0.009z
0.0221 0.02150.02210.0222 0.0224 0.02240.02150.0224

Anthracene

Pyrene

tion startingwithisocratic modefor 15 minuteswiththe
mobilephaseratio of A: B as50:50. Thentheratiowas
changed linearly for A: B as 37:63 for next 20 minutes,
thereafter changingtheratio to 10:90 within 2 minutes.
Thesystemwasrunintheisocratic modefor 20 min-
utes. Theinitid ratio of 50:50 wasattainedin 3 minutes
and continuedisocraticaly for 15 minutes. UV detec-
tion was performed at 240 nm. The sample injection
volumewas50 pL.

Method validation

Themethod wasvdidated for specificity, precision,
accuracy, senditivity and linear range as per the Inter-
national Conference on Harmonization (ICH) guide-
linedy.

Specificity

The purpose of thisstudy wasto examinethedeg-
radation productsof cod tar foam productsusing the
three components PAPasmarkersto quantify cod tar
content inthe products aswell asto evaluate the cur-
rent analytical method used for cod tar quantification
for specificity and stability indicating. Thiswasdone by
subjecting individual reference materialsand the coal
tar productsto acid and base hydrolysis, heat, perox-
ide oxidation and photo degradation. Control Coa Tar
API solution, Foam sol ution and Placebo solutionwere
used to eliminate any background peaks.

Acid-treated solutions

0.5g each of placebo, foam product and 0.05g of
coal tar API solution weretreated with 2.5 ml of 1N
HCI. Themixturewasdlowed to stand for 72 hours. It
wasthen neutralized with 2.5 ml of 1IN NaOH.

Base-treated solutions

0.5g each of placebo, foam product and 0.05g of
coal tar API solution weretreated with 2.5 ml of 1N
NaOH. Themixturewasa lowed to stand for 72 hours.
It wasthen neutralized with 2.5 ml of IN HCI.

Hnalytical CHEMISTRY o

Heat-tr eated solutions

0.5g each of placebo, foam product and 0.05g of
cod tar APl solutionwereweighedintoa250 mL volu-
metric flask and placed in 80°C oven for 72 hours.

Per oxidetreated solutions

0.5g each of placebo and foam productsand 0.05g
of coal tar API solution wereweighed into a250 mL
volumetric flask followed by addition of 5.0 mL of 30
%H,0,. Themixturewasallowedto standfor 16 hours.

UV-treated solutions

0.5g each of placebo, foam product and 0.05g of
coal tar API solution wereweighed into aquartz cru-
cibleand placed in UV chamber for 8.9 hours under
441.0 uyW/cm?.

Visiblelight treated solution

0.5g each of placebo, foam product and 0.05g of
coal tar API solution wereweighed into aquartz cru-
cibleand placedinvisiblelight chamber for 16.0 hours
under 842 LUX.

The percentage concentrations of threereference
markersin theforce degraded samplesof cod tar API
solution and coal tar foam products were quantified
against the reference standard sol ution of these com-
ponents. Theresultsof optimized conditionsare sum-
marizedin TABLE 1A and 1B.

System precision and method precision

Six assay specimensof product asfoamwerepre-
pared and analyzed according tothemethod. Therda
tive standard deviation of each marker peak PAPwas
0.1%, 0.2% and 0.1% respectively. Method precisions
therdativestandard deviationfor therecoveriesfor the
sum of coal tar peaksin foam was 1.40% which was
withinthelimit of 206 RSD.

Accuracy
To confirmtheaccuracy, product placebowas pre-
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TABLE 2: Robustness

Conditions Phenanthrene Anthracene Pyrene
Flow Column 12 sp® 12 4 sp° 12 5 sp® owiw
rate  Temperature P PT®  PA’ PR PT® PA’ P R PT® PA’ coal tar
0.8 40 0.6/1.1 189 054 04/11 24 6.67 002 1311 65 111 104 9.06
0.7 40 0911 206 048 11/12 22 562 094 04/12 6.1 986 0.8 8.91
0.9 40 07712 192 057 03/12 25 341 104 0512 6.7 110 116 8.85
0.8 35 0.2/1.2 19 055 0212 22 347 098 04/13 62 108 101 8.77
0.8 45 0.4/12 162 060 0212 26 382 12 0813 70 962 122 8.96

P Precision, T2 Tailing, SP®: Spectral purity, R* Resolution between Phenanthrene and Anthracene, R Resolution between

Anthracene and Pyrene, PTS; Purity Threshold, PA”: Purity angle

pared by omitting PAR All other ingredientswereadded
a thenormd formulationratios Triplicatevehicleswere
spiked at 80%, 100% and 120% of the method con-
centrationleve (0.5ug/ml PAP). About 0.5 gram of the
vehiclewasaccurately weighed out into ten 250-mL
volumetricflasks. Known concentrations of PAPwere
spikedinto each of the250-mL volumetricflasks. Each
volumetricflask wasdiluted to volumewith diluentsand
prepared as per method. A vehicle without PAPwas
also prepared as per method and used as a control.
Therecovery of each marker peak was about 99.0%
and the % RSD was > 1.0%.

Linearity of detector response

Linearity studieswere performed using PAPrefer-
encestandard a concentrations corresponding to 50%,
75%, 100%, 125% and 150% of the method target
levels (0.5 ug mL of PAP). The data shows that all the
marker peak responsewas linear. The correlation co-
efficient (r) for each peak was 0.9999.

Filter study and solution stability

Oneset of six replicate samples of Coa Tar Solu-
tion raw material were prepared and analyzed as per
themethod. The same sampleswerere-anayzed after
storage at room temperaturefor 24 and 48 hours. This
wasdoneto smulate unexpectedinstrument ddays. The
sum of % w/w Coal Tar Solution peskswasca culated
at each test point and was compared to theinitial re-
aults. A filter study was conducted on asamplesolution
of the Coal Tar Solution raw materid. The sample so-
|ution was passed through aWhatman 0.45 um nylon
filter, beforedispensing thefiltrateintoan HPLC vidl.
Anunfiltered raw material sample solutionwasalso
vailed. Thefiltered and unfiltered solutionswere as-

sayed as per the method.
Robustness

Robustness eval uationswere conducted for PAP
in Coal Tar Solution raw materia by varying thefol -
lowing method conditions: How Rate 0.8mL/minute+
10%. Column Temperature 40°C + 10%. The results
of robustnessaresummarized in TABLE 2.

Ruggedness

Intermediate precision wasa so studied using dif-
ferent column and performing anaysison different day.
Themean of n=18 determination of threeanalyst on
threedifferent day was 8.15% w/w with the %RSD of
1.68%.

Application of developed method

The Developed method isstability indicating and
can be used for the quantitative determination of the%
of coal tar in any formulated product with the help of
sum of areas of three major marker peaks (PAP) in
presence of degradation productsin stability by thein-
dustry. Onthe same concept other pharmaceutical for-
mulations contai ning the natural productscana so be
quantitatedininitial releaseand stability monitoring.

RESULTSAND DISCUSSION

Devel oping amethod for natura product isagreat
challengeandistedious. Cod tar solutionistheliquid
carbonis detergent composed of coal tar (Coal tar or
crude cod tar isobtained by thedestructivedistillation
of bituminouscod at very hightemperatures). Itisbe-
lieved that over 10,000 different compounds make up
cod tar but only 400 or so havebeenidentified. Devel-
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opment of HPLC method was carried out with thetest
for solubility of various componentsinamixtureof or-
ganic solvent and aqueous solvent indifferent ratio. The
ratio of water: acetonitrileat 65:35wassdected. Chro-
matographic separations of individua pesksincluding
unknown peakswere established on reversed-phase
at 240nm. Phenanthrene, Anthraceneand Pyrenewere
the automati c choi ce as marker peaksbecause of their
maximum quantity inthe Cod Tar solutionwith respect
to the other small peaks. Apart fromthesethree marker
peaksadditiona pesk wasa so observedinthesample
preparations, whichwaswell separated from the peak
of interest and did not undergo any major degradation
indl thespecificity conditions. Thefourth pesk wasnot
cons dered for the quantifications astheavail able stan-
dards at thetime of development matcheswith only
three marker peaks PAP. However as already stated
that thefourth peak doesn’t impact the estimation of
coal tar in specificity experiments. The coal tar assay
reflects the sum of three marker peaksin the coal tar
solution usedin manufacturing of foam. Theformulation
product was prepared by addition of known amount of
cod tarintheformulation. The sum of thethreemarker
peaksinthecoa tar formulation reflectsthe amount
(%) of coal tar inthe compounded foam.

Coal tar % sum of coal tar peaksin foam
. %= - x100
solution % sum of coal tar peaksin API

After satisfactory method devel opment, it was sub-
jected to method validation asper ICH guidelines™.
Themethod wasvaidated to demonstratethat it issuit-
ablefor itsintended purpose by standard procedureto
evauate adequate vaidation characterigtics. Theresult
of system suitability parameter wasfound to be com-
plying with acceptancecriteria: rd ative standard devia:
tion of six replicateinjectionswas not morethan 2.0%

Hnalytical CHEMISTRY o
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and resol ution between three marker peaks phenan-
threne, anthraceneand pyrenewere2.4and 6.5. The
result of specificity sudy ascertained the separation of
degradation peaks from three marker peaks and the
spectrd purity of dl exposed sampleswerefound spec-
trally pureand dataof degradation studiesareshownin
TABLE 1A and 1B. Out of the three marker peaks
anthracene shows significant degradationinH,0,, UV
andvisblelight. Under UV andVisiblelight degrada
tion different time exposure has been optimized to
achievethejustified % degradation for method vaida
tion. Phenanthrene and pyrene does not undergo any
degradationin any conditions®. Thepeak purity of these
anayteswere detected by comparing the UV spectra
of the peaksintheformulation againgt thosein thestan-
dard. It showsthat the peaks are pureindicating that
these three markers can be used to track changeson
df lifegtability. In conclusion, theHPLC method could
be used as stability indicating assay method for assay-
ing three known components of the coal tar fromdrug
products.

The accuracy studieswere performed by spiking
PAPintotheplacebointriplicate at 80%, 100% and
120% of the method target concentration levels.The
percent recovery of the sum of PAPwasfoundto be
between 97% to 103%.The %RSD of the percent re-
covery for replicate determination waslessthan 3.0%.
The calibration curve of PAPwasobtained by plotting
the peak areaof individual marker versus concentra-
tion over therangeof about 0.25-0.75 pg/mL and were
foundto belinear (r =0.999). Thestandard and sample
solutionwasfoundto bestablein diluentsupto 48 hrs
andthereisnofilter interference. Thevariationinflow
rate and temperature had no significant impact onthe
resolution, tailing and purity of PAP. The applicability
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of themethod wasverified by thedetermination of PAP
inFoam stability ssampleof formulation (40°C/75%RH,
3Month). The% assay of PAPformulationswasfound
to besatisfactory in al stability conditions and there
wasno significant changewith respect to assay val ues.

CONCLUSION

The Developed method is stability indicating and
can be used for the quantitative determination of the %
of cod tar informulated product with the help of sum of
areas of three mgjor marker peaksin presence of deg-
radation. Thedeveloped method can only beusedina
quality control environment to monitor theamount of
coal tar inamanufactured product. Coal tarsare not
congsstent intheir composition and thismethod isonly
useful whentheparticular cod tar usedinaformulation
isavailableto prepare the standard.
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