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ABSTRACT

A rapid, sensitive and reproducible HPL C method using C ;. monolithic and
conventional column was developed and validated for the analysis of
Ibuprofen and its degradates including; acid degradate, oxidative and ther-
mal degradates. Chromatographic separation was achieved using amixture
of methanol: 0.05M Phosphate buffer (75:25 v/v) (pH=6.5) asamobile phase
at aflow rate of 2.0 ml/min with fluorescence detection at Aex =224 nm and
Aem =290 nm on the monolithic column and flow rate 1.0 ml/min on conven-
tional column. Calibration curveswere obtained in the concentration range
of 0.25-0.55 pg/ml on both monolithic and conventional column. Limit of
quantitation (LOQ) = 0.00017 pg/ml and 0.0025 pg/ml for monolithic and
conventional column respectively. Theintra-day R.S.Dsand inter-day RSDs
were al less than 2.5 %. The total run was reduced by 30% by using C,
monolithic column. In conclusion, by this developed method, Ibuprofen
and its degradates can be determined rapidly with good precision and accu-
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racy in pharmaceuticals.

INTRODUCTION

Monolithic columnswere devel oped recently with
potential of achieving separation faster than conven-
tional columns. Monolithic columnsconsist of asingle
rod of silica—based material*3. The porousstructure
of monoalithicrodsof silicahave bimodal porestruc-
tures, that is, macro pores (2 um) and mesopores (12
nm)E4, Theformer alow rapidflow of themobile phase
at low pressure. Whilethelatter createthelarge uni-
form surface on which adsorption takes place®®.

© 2011 Trade Sciencelnc. - INDIA

Monolithic columns have been used in environmental
and pharmaceutical areasof application#,

Quadlity by design (QbD) devel opment programme
usesasystematic approach that fully utilizes designed
experimentsand multivariatesatistica toolsto assemble
aproduct and process design space wherecritical pa
rametersaredefined and wherepossible, linked to the
demonstrated product safety and efficacy. Appropiate
measurement systemswill berequired to gain greater
understanding of the product and process and to es-
tablish this product and process design space.
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Animportant tool in the application of QbD ap-
proachisdesign of experiment. DOE isstatistical ap-
proachtha simultaneoudy changesdll experimenta pa-
rametersto get useful information about thesignificance
of experimenta parametersand moreimportantly their
interactions.

A comprehens ve assessment of robustnessduring
anaytical method validationisamajor activity ingain-
ing theunderstanding of quality by design (QbD). QbD
facilitates continua improvement by establishingasys-
tematic framework to scientifically assesstheimpact of
any proposed changes.®

Robustnesstestingisdonein thiswork either on
the conventional column or themonolithiccolumnwith
theuseof design of experiment (DOE), when perform-
ing arobustnesstest of amethod; the objectiveisto
ascertain that the method isrobust to small fluctuations
inthefactor leves, to understand how to dter thebounds
of thefactorsso that robustness may still be claimed.™
With robustnesstesting design, it ispossibleto deter-
minethe sensitivity of theresponsestosmall changesin
thefactors.

Wheresuchminor changestothefactor levelshave
little effect on theresponseva ues, theand ytica system
isdetermined to be robust!**12

Ibuprofen isapotent achiral non-steroidal anti-
inflammatory drug (NSAID) used to relieve moderate
pain, acutearthritis, non-rheumatic inflammation, fever
and dysmenorrhed®3.

Analytica methods described for Ibuprofen in-
cludes. Liquid chromatography with fluorescence de-
tection for determination of enantiomersin human
plasma*., In dosage forms, Ibuprofen hasbeen de-
termined using HPL.C and derivative spectroscopy!617
and chemometric assi sted spectrophotometric meth-
0ds8, Previous studiesdescribed astability indicating
method designed to investigate the degradation of
Ibuprofen in tablet dosage form but nothing wasre-
ported on gpplication of monolithic column technology
onevaudtion of sability indicating method of Ibuprofen

In this paper, acomparison is made between the
performanceof monolithic and conventiona columnin
the development of a validated HPLC method for
Ibuprofen in presenceof itsdegradation products. DOE
isimplemented inthe study of method devel opment on
themonoalithic columnasitisknownfor faster separa-
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tion and short analysistime so can be used for method
development stepsin R& D laboratories.

EXPERIMENTAL

Materialsand reagents

Ibuprofen standard was obtained from El- Kahira
for pharmaceutical and chemica Industries.

HPL C grade methanol was obtained from Sigma-
Aldrich (Germany).

Anaytica gradedi-potissum hydrogen orthophos-
phate, orthophosphoric acid, hydrogen peroxide
(30%v/v), hydrochl oric acid and methanol were pur-
chased fromAdwic (Cairo, Egypt).

Doubledistilled water was used throughout the ex-
periment.

Brufen® tablet was manufactured by El- Kahirafor
pharmaceutical and chemica Industries; it waslabeled
to contain 400 mg of Ibuprofen (Batch No. 82220 and
87834).

Equipment and chromatogr aphic conditions

Chromatographic experiments were performed
withaHPL C system equipped with anisocratic pump,
fluroscent detector agilent 1200. Chromatographic Sig-
nals were acquired and processed by Agilent LC
chemgtation software 1200. A chromolith® performance
RP-18 e(100mm x 4.6 mm) column (M erk, Germany)
and Y MC- pack ODS (250 mm x 4.6 mm, 5 um) were
used for separation. The optimized mobilephasewasa
mixture of methanol: phosphate buffer (0.05M) (pH=
6.5) (75:25v/v). Theflow ratewas set at 1.0and 2.0
ml/minfor conventiona and monolithic column repec-
tively, detector wavelength at (Aex =224 nm, Aem =
290 nm). Theinjection volumewas20 L.

Prepar ation of solutions

Sandard solutions

Standard sol ution of Ibuprofenwasprepared at 100
pg/ml using methanol as a solvent and is protected from
light. Working standard sol ution of 1buprofenwas pre-
pared at 1 ug/ml using methanol as solvent. Calibration
solutionswere prepared with appropriate aiquots of
theworking standard solution were diluted with the
mobile phaseto obtain concentration range of (0.25-
0.55 pg/ml).
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Analysisof dosageform

Twenty tabletsof Brufen® 400 mg Ibuprofen were
weighed and finely powdered. An accurately wei ghed
powder equivalent to 10 mg Ibuprofenwasplacedina
100 ml volumetric flask and diluted to volume with
methanol. The sol ution was ultrasonicated for 30 min.
andfiltered. Thefilterate washaving the concentration
of 100 ug/ml. Severa dilutionsweremade, thenandi-
quot wastaken (0.4 pg/ml) diluted with the mobile phase
andinjected.

For ced degradation studies
Acidicdegradation
10 mg of Ibuprofen weredissolvedin 10ml of 2M

HCIl and kept at 100 °C on a boiling water bath for 90
hours.

Oxidativedegradation

10 mg of Ibuprofen were dissolved in 10 ml of
10%v/v of H,O, and kept a 100 °C on a boiling water
bath for 90 hours.

Thermal degradation

Fivetabletsof Brufen® wereleft for 140 hours at
ovenat 80 °C.

M ethod devel opment

Eleven experimentsweredonein which different
factorsaffecting chromatographi ¢ separation. Method
parameterswere changed according to thefollowing
parameters. Flow rate of (3.0 ml/min) and wavelength
of detection (A _ =224 nm, A _ =290 nm), Phos-
phate buffer (pH= 6.5). Different ratios of methanol
and buffer until thechosen systemis(Methanol: Phos-
phate buffer) (80:20). The First design of experiment
(DOE 1) used a Plackett-Burman design involving
changein pH, Flow rate, methanol and wavelength of
excitation and emission. As for pH (-1=6.3, 0=6.5,
+1=6.7), Flow rate (-1=2.8, 0=3.0, +1=3.2), metha-
nol (-1=70, 0=80, +1=90), A _ (-1=223, 0=224,
+1=225) and . __ (-1=289,0=290,+1=291) asshown
inTABLE 1.

Another experimental designwasmadetoreacha
better understanding of thefactorsinfluencingthe chro-
matographic separation of Ibuprofen and theacid deg-
radation products Sotrid sweredoneinvolvingthechange
of the concentration of buffer and changingtheflow rate

—— Fyll Peper

and ratio of methanol to buffer. To ensuretheresolution
of thismixture, asecond design of experiment (DOEII)
was done. As for pH(-1=6.3, 0=6.5, +1=6.7), Flow
rate (-1=2.0, 0=2.5, +1=3.0), buffer concentration (-
1=0.01, 0=0.03, +1=0.05), A (-1=223, 0=224,
+1=225) and ), (-1=289, 0=290, +1=291) asshown
INTABLE 1. Theexperimenta resultsof DOE | and |1
werecomputed usng MODDE 9.0trid versonwithre-
spect to resol ution between Ibuprofen’s peak and the
peaks of the acid degradation products.

Method validation

Method validation parametersstudied were: Lin-
earity, precision, accuracy and limit of quantitation and
robustness.

Specificity

Different diquotsof acidic, oxidativeand thermal
degradateswereinjected.
Repeatability

Therepeatability of the method was studied by
preparing six replicate samples solution for Brufen®
tablet. From the same powder (described under dos-
ageform preparation) injections of each samplewas
donein duplicates.

Intermediateprecision

Intermedi ate precision of the method was studied
by repeating the repeatability experiment inthree dif-
ferent days.

Linearity

Assay of linearity was studied by preparing seria
dilutionsfromtheworking standard solutionwithinthe
rangeof 0.25-0.55 pg/ml for both monolithic and con-
ventiona columnwhichistherange covering 80-120%
of thetarget concentration.

Accuracy

Accuracy and recovery of the method was studied
by ana yzing data obtai ned from standard sol utions dur-
ingtherangeportion of validation. Different concentra:
tions covering different parts of the calibration range
(0.25, 0.35, 0.40, 0.45, 0.55 pg/ml). Each concentra-
tionwasinjectedintriplicate.

Limit of quantitation (LOQ)
The LOQ wasdefined asthelowest concentration

—— a%a['yttaa[’ CHEMISTRY
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that could be determined with acceptableaccuracy and
precision under thestated experimenta conditions.

Robustness

Robustnesstesting done on themonoalithic column
and onthe conventiona column. Different factorsare
changed including: methanoal ratio, pH, Flow rateand
theexcitationand emissonwavelengths. All arechanged
through asmall range using Plackett-Burman design.
As for pH (-1= 6.3, 0=6.5, +1=6.7), Flow rate (-
1=1.8, 0=2.0, +1=2.2) (-1=0.8, 0=1.0, +1=1.2) for
monolithic and conventional column respectively,
Methanol (-1=70, 0=75, +1=80), » _ (-1=223,
0=224, +1=225) and ) (-1=289, 0=290, +1=291)
asshowninTABLE 1.

TABLE 1: Design of experiment (DOE) for method develop-

ment (DOE | and DOE 11) & method robustnessof ibuprofen
on monolithicand conventional column.

R
1 1 A -1 1 -1
2 1 1 -1 -1 1
3 1 1 1 -1 -1
4 -1 1 1 1 -1
5 1 -1 1 1 1
6 -1 1 -1 1 1
7 -1 - 1 -1 1
8 -1 -1 -1 -1 -1
9 0 0 0 0 0
0 0 O 0 0 0
1 0 0 0 0 0

RESULTSAND DISCUSSIONS

Method development

The concept of quality by design (QbD) and de-
sign of experiment (DOE) was used to reach the opti-
mum conditionsfor resolution of Ibuprofenfromits
degradation products. Thefirst design of experiment
(DOE) used consder thechangeinfivefactorswhich
arepH (X,), Flow rate (X,), percentage of methanol
(X,) andexcitationwavelength (X ) andemissonwave-
length (X,). Theranges examined were small devia-
tionsfromthe center pointsand the corresponding re-
sponses which are resolution between the adjacent
peaks (YY) wereobserved. Experimenta resultswere

computed by MODDE 9.0trial version. The Coeffi-

cientsof themode wereestimated by themultiplelin-

ear regression (MLR). Themode equationforY was

asfollows:

Res 2:

Y =3.1836+2.33X - 0.055X - 0.055X -+ 0.055X - 2.33X,

Res 3:

Y,=3.1582+ 2.728X - 0.05X - 0.05X - 0.229X - 3.006X

Res 4:

Y= 1.358- 0.383X, + 1.293X ,+ 1.293X ,+0.548X - 1.458X

Res 5:

Y = 1.574 +0.799X,- 0.566X - 0.301X , + 0.566X - 0.534X,
Themaximum resolution obtained inthisexperi-

mental condition rangewas not enoughto give satis-

factory resolution (resol ution between the 2 critical

pairswhich are two peaksin the degradation prod-

uct with lowest resol ution). So another factor was

added which isthe buffer concentration, a second

design of experiment (DOE I1) wasdone considering

changeinsix factorswhich are pH (X,), Flow rate

(X,), Buffer concentration (X,), excitation wavelength

(X,), emissionwavelength (X)) and methanol (X ) and

the corresponding responseswere resol ution of dif-

ferent peaks(Y).

Res 2:

Y =3.309-0.198X, + 1.018X - 1.461X ;+ 1.133X + 1.466X +

0.686X

Res 3:

Y =0.816 + 1.123X - 1.123X - 1.123X + 1.123X + 1.123X -

1.123X,

Res 4.

Y =0.902 + 1.24X - 1.24X + 1.24X + 1.24X + 1.24X - 1.24X,

Res 5:
Y =0.325+0.448X - 0.448X + 0.448X + 0.448X + 0.448X -
0.448X

DOE | and Il were done on monolithic columnto
show the effect of the studied factors. In DOE I, all
factorsarefound to be non-significant (P>0.05) ex-
cept flow rate and methanol. So DOE Il was doneto
optimizethesetwo factorsuntil al the studied factors
arefound to be non-sgnificant asshowninthe Coeffi-
cientplotinFigures1.

Alsovauesof R?, R?adj. and Q*for DOE | and 1
areshownin TABLE 2.
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Investigation: DOE | of lbuprefen on monslithic column (MLR)
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Figurel: Thecoefficient plot of (a) DOE | and (b) DOE 11 of ibupr ofen on monolithic C ,column.

Method validation
Specificity

Aims to show the separation of Ibuprofen peak
from other degradation peaks.

Figures 3 and 4 showsthe separation of Ibuprofen
fromacidic, oxidativeand thermal degradation prod-
ucts, furthermore, the purity of thelbuprofen pesk was
further checked by the diode array detector. Noimpu-
ritiesin the peak were detected.

Precision
Repeatability

Therepeatability of themethod for assay wasdem-
onstrated by preparing six samplesfor Brufen® tablet.
The sampleswereanalyzed according to theandytica
method and the percent |abel claim for Ibuprofen was
determined for each sample. Resultsare presentedin
TABLE 3. TheRSD% vauesfor sx samplesof 1buprofen
at each of the concentration of 0.25, 0.40 and 0.55 pg/
ml. Theresultsof repestability for both conventiond and
monolithiccolumnwereshownin TABLE 3.

I ntermediate precision
Intermediate precision of the method wasdemon-

TABLE 2: Thesummary lis of DOE | and DOE |1 of ibuprofen
on monolithic C ;column

R? R?adj Q* SDY RSD N Reproducibility

fes2 DOE| 0572 0.145 -3.145 3.896 3.603 11 0.9972

DOE Il 0.563 -0.094 -15.75 3.182 3.327 11 0.999

DOE| 0.681 0.362 -2.849 4.407 3518 11 0.967
Res3 DOEIl 0.825 0.563 -4.869 2.708 1.791 11 1

DOE| 0.922 0.845 0.108 2.266 0.892 11 0.990
Resd DOE Il 0.825 0.563 -4.869 2.991 1.978 11 1

DOE| 0.319 -0.360 -1.932 2.034 2.373 11 0.0901
Ress DOEIl 0.825 0.563 -4.869 1.079 0.714 11 1

strated by repesting the repestability experiment witha
different day. Intermediate precision wasdoneon both
conventional and monolithic columns as shown in
TABLE3.
Linearity

Assay linearity wasdemonstrated by preparing se-
rid dilutionsfrom theworking standard solution, where
linearity was assessed in therange of (0.25—0.55 pg/
ml) for both monoalithic and conventiona columnwhich
iscovering (80%-120%) of the target concentration.
Linear regression anaysisdataweretabul ated for both
columnsasinTABLE 4.

s Analytical CHEMISTRY
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Accuracy

Accuracy and recovery of the method for assay
wasdemongtrated by andyzing detaobtained from stan-
dard sol utions during the range portion of thevalida-
tion. Theaverage percent recovery at each concentra-
tion was determined at the concentration of 0.250,
0.350, 0.400, 0.450 and 0.550 pg/ml respectively (n
=3)asinTABLEA4.

Limit of quantitation (L OQ)

The LOQ wasdefined asthelowest concentration
that could be determined with acceptableaccuracy and

TABLE 3 : Repeatability and intermediate precision of
ibuprofen.

precision under the stated experimental conditions.

Thelimit of quantitation wasfound to be 0.0025
pg/ml of Ibuprofen on conventional column and 0.00017
pg/ml on monolithic column which shows higher sensi-
tivity obtained onthe monoalithic column.

Robustness

Robustness was done on monolithic and conven-
tional columnsconsdering fivefactors: pH (X,), Flow
rate (X,), methanol (X,), excitation wavelength (X,)
and emissionwavelength (X,). Thecorresponding re-
sponsesisthe resolution between adjacent peaks con-
sidered (Y).

TABLE 4: Linear regression datafor analysisof ibuprofen
on monolithic& conventional column

Parameter ~ Monolithic column  Conventional column Par ameter Mor;olithic Convlentional
column column
Repeatabilit % R.S.D % R.S.D
P y ° ° Linearity 0.25— 055 ug/ml 0.25— 0.55 pg/ml
0.25 pg/ml 0610 0139 Correlation coefficient 0.9995 0.9995
0.400 pg/ml 0.172 1.472 (@) ' '
0.550 pg/ml 0.323 0.471 Intercept coeff. + S.E 10.297 £ 0.673 4,240 £ 0.222
Ir:gr;jgcrillate % R.SD % R.SD Slope coeff. + S.E 158.45+1.633 55.57 +0.538
b Standard error 0.432 0.142
0.250 pg/ml 0.823 0.733
Accuracy 99.43 + 1.426 99.99 + 1.298
0.400 pg/ml 1.191 0.800 . _
Limit of quantitation 0.00017 ug/ml 0.0025 Le/ml
0.550 pg/ml 0.900 0.545 (LOQ) : Hg/m 0025 pg/m
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Figure2: Thecoefficient plot of robustnesstesting of ibuprofen on (a) monolithic C ,(b) conventional C , columns.
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TABLES5: Thesummary list of robustnessof ibuprofen on conventional and monolithic column;

R? R? adj Q? SDY RSD N Reproducibility
Res 2 Monolithic 0.610 0.221 -2.709 2.802 2.473 11 0.999
Conventional 0.649 0.299 -2.803 8.098 6.777 11 0.999
Res3 Monolithic 0.924 0.848 0.0589 4.682 1.825 11 0.999
Conventional 0.697 0.3%4 0.197 10.947 8.522 11 -0.047
Res4 Monolithic 0.373 -0.254 -3.619 4,237 4,745 11 0.971
Conventional 0.568 0.137 -2.377 4,536 4,214 11 0.127
Res5 Monolithic 0.178 -0.643 -2.659 5.424 6.951 11 0.941
Conventional 0.861 0.723 0.028 9.562 5.036 11 1
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Figure3: HPL C chromatogram of acidic, oxidativeand ther -
mal degradation of ibupr ofen under the specified chromato-
graphic conditionsusing monalithic column.

Figure4: HPL C chromatogram of acidic, oxidativeand ther -
mal degradation of ibuprofen under thespecified chromato-

graphic conditionsusing conventional column.
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Monoalithiccolumn

Res 2:

Y, =2566+1.29X +1.65X, + 0.065X, - 0.089X, - 1.265X,
Res 3:

Y,=4+2.82X, +2.39X,- 1.55X, - 2.82X, + 1.163X,

Res 4:

Y,=5.367-0.544X, - 0.746X,, + 1L.474X ,—2.296X, - 0.279X
Res 5:

Y,=5.126-0.553X, - 1.218X, - 1.943X_ + 0.55X, — 0.84X,
Conventional column

Res 2:

Y,=5.11-2.95X +2.43X,+2.16X,+3.13X, - 4.92X,
Res 3:

Y,=10.39+5.35X, +4.93X, + 0.406X ,— 7.074X,, + 1.141X,
Res 4:

Y,=2.772-1.876X, +0.661X,-2.651X, + 1.679X , +0.904X,,
Res 5:

Y,=4.512 +4.801X - 5.866X,—2.86X, + 5.139X, - 2.52X,
WhereY istheresolution between different peaks of
the acidic degradation product. This DOE was done
for robustnesstesting on both monolithic and conven-
tiond columns. All factorsarefound to be non- signifi-
cant (P>0.05) asshown in Coefficient plotin Figure 2.
Vauesof R?, R?adj. and Q* which are best indicators
for model fitnessareshownin TABLES.
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Chromatography

Compl ete separation of Ibuprofen fromitsdegra-
dation products on conventiona and monolithic col-
umn can be seen in Figures 3 and 4. Relevant chro-
matographic dataobtained arereported . Theseresults
show that the devel oped method meetsthe separation
and system suitability requirements.

For comparison, the chromatographic data in
TABLE 6 was obtained on conventional C18 particle-
packed column us ng the samemobile phase, with chro-
matogram shownin Figure5, dthough thelength of the
monalithiccolumn

Was shorter than that of the conventional column
(10Vs15cm) and flow ratewas higher (2.0 ml/min
versus 1.0 ml/min). Separation efficiency was compa-
rablefor both columnsjudged from the number of theo-
retical plates(N) and resolution (Rs).

TABLE 6 : Chromatographic data for the separation of

ibuprofen and itsdegradation productson amonalithic col-
umn and aconventional particle- packed column.

Monolithic Conventional

Parameter column column
Resolution (Ry) 3.94 21.53
Relative retention time(a) 7.58 11.14
Capacity factor(K) 0.64 1.76
Tailing factor (t) 0.83 0.87
Number of theoretical plates (N) 2076 22542
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Figure5: HPL C chromatogram of standard ibupr ofen using monalithicand conventional C_, column.

TABLE 7: Application of theproposed HPL C method on mono-
lithicand conventional C,, column.

Parameter Monolithic column Conventional column
Mean 100.06 99.01
% R.S.D 1.225 0.652

Analysisof ibuprofen in Brufen®tablets
The application of themethod for the determina-

tion of Ibuprofenin Brufen® tablets. The assay results
arelistedin TABLE 7. The contentsof |buprofenwere
al withintherecommended limits.

CONCLUSIONS

AnHPLC method for determination of 1buprofen
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in presenceof itsdegradation productswas devel oped
and vaidated onamonoalithic C , and conventiond C
column. Theandys swasmuch shorter whilethe sepa-
ration efficiency remained equival ent to that on acon-
ventional C18 particle-packed column asomonoalithic
columnswerefound to perform the separation with suf-
ficient resolution and better peak symmetry ascom-
pared to the conventiona column. When higher flow
rates were applied on monolithic column, therewas
someminor dow lossinresolution.

Theseparation efficiency of monolithic columnwas
found to decrease slowly when theflow ratewasin-
creased, in contrast to traditional particul ate column.
Thiscould be explained by improved masstransfer of
monolithic over conventiona columnat highflow rates.

Themethod isapplicablefor rapid quantitation of
Ibuprofen and itsdegradation productsby applying QbD
and DOE concepts. Furthermore; the method could be
useful for stability testing for Ibuprofenformulations. A
clear advantage of themonolithic columnistheability
of using high flow rates regardless of back pressure.
Monoalithic columns have been shown asan excellent
dternativeto conventiona silicabased columns.
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