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ABSTRACT

HPL C method with spectroscopic detection for determination of Nafronyl
(Naftidrofury)l Oxalate (NFL), arapid separation could be achieved by aC
column using mobile phases of 72%methanol-1% triethylamine -0.6%
phosphoric acid. The eluate was monitored at 282.4. Two chemometric
techniques were applied for determination of NFL namely partial least
sguares (PLS-1) and genetic algorithm based wavel ength selection- partial
least squares (GA-PLS) regression methods. The suggested methods were
used to determine NFL in synthetic mixturesand in commercial tablets. The
validity of the proposed methods was further assessed by applying
standard addition technique. The obtained results were statistically
compared with official method, showing no significant difference with

KEYWORDS

Naftidrofuryl Oxalate;
Nafronyl Oxalate;
Praxilane;

High Performance Liquid
Chromatography;
Genetic algorithm.

respect to accuracy and precision.

INTRODUCTION

Naftidrofuryl Oxalate is Tetrahydro-o-(1-
naphthal enylmethyl)-2-furanpropanoic acid 2-(di-
ethylamino) ethyl ester acid oxdaté™ asin Figure 1.

Several chromatographic methods have been rec-
ommended for the determination of NFL; theseinclude
titrimetric method™, HPLC2%, Capillary zonedectro-
phoresis®, electrochemical method” and
Phosphorimetry(®12,

TheNFL isan official inany pharmacopoeia. It
isdesirableto develop asimpleand fast procedure
that could be applied in quality control |aboratories
for the selective determination of NFL inthe pres-
ence of itsalkaline degradation product. The utility
of the devel oped methodsto determinethe content
of drug in its pharmaceutical dosage form isalso
demonstrated.

© 2009 Trade Sciencelnc. - INDIA

EXPERIMENTAL

Instruments

1- Schimadzu instrument, equipped with avariable
wavelength detector and 20-pL volume injection
loop.

2- Columnof shim. Pack shimadzuVP-ODSC , (4.6
x150mmI.D.).

3- A double beam UV-Visible spectrophotometer
(SHIMADZU, Japan) model UV-1601 PC with
quartz celsof 1cm path length, connected to IBM
compatible computer and HP 680 inkjet printer.
The bundled softwarewas UV PC personal spec-
troscopy softwareversion 3.7. The spectraband-
width was 2nm and wavel ength — scanning speed
2800 nmymin.

4- Ultrasonic, Banddindectronic, Sonorex RK510S,
HF-Frequency 35 KHz (10 liter capacity), Fed-
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erd republic of Germany.

5- Potentiometric measurements were made at 30
+1°C with a Hanna (Model 211) pH/mV meter. A
snglejunction caome referencedectrode (Modd
HI 5412) was used in conjunction with the drug
sensor. AWPA pH combined glasse ectrode M odd
CD 740 was used for pH measurements.

Reagents and solvents

All reagentsused throughout thiswork were of ana-
Iytical puregrade, and solventswereof spectroscopic
grade.

1. Methanol, water, chloroform, triethylamine, phos-
phoric acid and water (HPLC grade).
2. NaOH (ADWIC) - El Nasr Pharmaceutical &

Chemica Co. Egypt 1IN NaOH.

Samples
Purestandard

NFL waskindly supplied by MINAPHARM-Egypt
under license of MERK France having a purity of
100.28+ 1.119 according to the official method™.

Phar maceutical dosageform

Praxilene® film coated tablets (MINAPHARM-
Egypt under license of MERK France) |abel ed to con-
tain 200mg of NFL per tablet, batch number 61E1312.

Degraded sample

Preparation of itsalkalinedegradation product of
NFL

It was prepared by dissolving 25mg of NFL in9mL
water, and then 10ml methanol wasadded followed by
4mL of IN NaOH andrefluxingfor 4 hours. Thesolu-
tionwasneutraized, evgporated to drynesson hot plate
and thentheresiduewasdissolved in 20mL methanal.
The obtained sol ution wasfiltered into 25-ml volumet-
ric flask and the volumewas compl eted with methanol
to haveaconcentration of 1 mgmL-,

Standard stock and working solutions

a- Standard stock solutionof NFL anditsakainedeg-
radation product (1 mg mL™?) of each.

b- Working standard solution of NFL anditsakaline
degradation product (100 pg mL™?) of each.

c- Working standard solution of NFL anditsalkaline
degradation product (200 pg mL™?) of each.

Hnalytical CHEMISTRY o

d- Laboratory prepared mixturesof indifferent ratios
from 10to 90%

Procedure
For HPL C method
Chromatogr aphicconditions

Record the chromatograms of NFL anditsitsal-
kainedegradation product using ashimadzu instrument
operated under thefollowing parameters:

e Howrate: ImL/min. at ambient temperature.

o Detector: adjusted at 283 nm.

e Column: Schimadzu ODS-C18 (4.6 X 150MM
1.D.).

e Mobilephase: 72% methanol: 1% triethylamine:
0.6% phosphoricacid. (The mobile phasewasfil-
tered using 0.45 um membrane filter and degassed
by ultrasonic vibrationsfor 10 min).

e Result output: chromatogram and peak area.

Construction of calibration graph for determina-
tion of NFL by HPL C method

Aliquotsof NFL working standard solution (100
ug mL1) equivaent to 100-600 pg were accurately
transferredinto aseriesof 10-ml volumetricflasks, the
volume was compl eted to the mark with the mobile
phase.

Andyzethe prepared samplesusing the previoudy
menti oned chromatographic conditionsand record the
peak areathen construct acalibration curve correlating
the peak areas of NFL to the corresponding concen-
trations. Compute the corresponding regression equa-
tions
Deter mination of NFL in presenceof itsitsalka-
line degradation productn laboratory prepared
mixturesby the proposed methods

Aliquotsof 6to 1 ml were separately transferred
from NFL working standard solution (100ug mLY) into
10-ml volumetric flasks. To the previous solutions,
aliquotsof 1to9ml of I and Il working standard solu-
tions (100 pg mL?*) were added separately and the
volumewas compl eted to the mark with mobile phase.
Mixturesof different ratioswere obta ned and the peak
areas at 282.4 nm were measured in presence of I1.
Using the procedure described under 2.5.2, the con-
centration of theintact drug was calculated from its
corresponding regression equations.
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For Geneticalgorithm
Construction of thetraining set

Preparedifferent mixturesof NFL anditsakaline
degradation product by transferring different volumes
of NFL and itsakaline degradation product stock so-
[utioninto aseriesof 25-ml volumetricflasks.

Completethevolumewith methanol and scanthe
absorbance of these mixtures between 200 and 400
nm with respect to ablank of methanol.

Pre-processingthedata

Reject the regions from 200-230 nm and above
320nm. Mean centering of the datawas performed.

Validation

Externd vdidation set of 13 sampleswas prepared
to check the performance of the constructed model.

Deter mination of NFL in phar maceutical dosage
form by the proposed method

Film coat of ten tabletswereremoved using afilter
paper moistened with methanol, and aweight equiva
lent to 100 mg of NFL dissolvedin 20 mL methanal,
sonicated for 8 min, mixed well and thenfiltered. The
general procedureswerefollowed.

RESULTSAND DISCUSSION

The stability of NFL was studied according to the
ICH guiddinesfor:

Stress, acid and alkaline

Reflux with 0.21N HCI /0.1N NaOH for 8 hours,
IN HCl for 12 hours, 2N HCI for 24 hoursfinally 6N
HCI for 24hours.

Oxidativecondition

Reflux with 3% H,O, for 24 hoursand 10%for 24
hours.

Thedegradation processunder the previoudy men-
tioned conditionswasfollowed usng TLC and thecom-
pound was found to be stable under acidic condition
butitisliableto degradationinakainecondition giving
onecomponent whichisconfirmed withapreviousstudy
on stability of NFLE,

To detect the complete degradation of NFL, a
TLC procedurewas suggested. Different syssemswere
tried, where compl ete separation of NFL fromitsal-

—> Fyll Poper

kaline degradation product wasachieved usng metha:
nol-chloroform (20-80 by volume) as the mobile
phase. The R, valueswere 0.79 for NFL and 0.71for
degradate me.

Using other systems such as methanol-chloro-
form-ammonia and butanol-chloroform-
ammonia,butanol-ethyl acetate ammonia, methanol -
ethyl acetate-ammoniaand methanol-ethyl acetate-
acetic acid in different ratios were not efficient for
separating NFL from its alkaline degradation prod-
uct, except methanol-ethyl acetate-ammoniain the
ratio (5-5-0.1 by volume) and methanol -chloroform
intheratio (2-8 by volume),the second system was
used from the economic point of view. Spotting of
Sug at different successive times of reflux and after
evaporation, showed compl ete alkaline degradation
after four hours and the obtained degradate unaf-
fected during evaporation. Under alkaline-induced
degradation condition; one component was produced
as indicated by the appearance of one spot of its
alkaline degradation product after complete degra-
dation that al so confirmed by IR.

A suggested structuresfor akaline degradatesasin
Figure 2,

Elucidation of IR spectroscopy of the degradate
confirmitsstructure; wherethe oxalategroup in the
drug (that appeared at 1636.43 cnt) was di sappeared
and anew carboxylate group corresponding to theits
akalinedegradation product was appeared at1729.94
cm™.Also, (C=0) and (OH) of thefree carboxylicacid
appearsat 1573.16 and 3326.24 cm, respectively as
inFigures3-5.

Upon scanning the absorption spectraof each of
NFL and itsakaline degradation product, it was ob-
served that NFL hasai__ at 272.6 and 282.6nm, at
thiswavdengths, itsalkaine degradation product show
complete overlapping asshownin Figure6. Thusun-
ableto use of zero-order absorption spectrafor the
sdlective determination of thedrug.

Thiswork concerned with thedetermination of NFL
inpresenceof itsdegradate.

For HPL C method

Thiswork concerned with thedetermination of NFL
in presence of its degradate by applying HPL C tech-
nique.
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Different mobile phasesweretried for the chro-
matographic separation of the componentsand the
best resol ution was achieved using amobile phase
composed of 72%methanol-1% triethylamine-0.6%
phosphoric acid. Using the specific chromatographic
conditionsretention timeswerefound to be 2.95 and
4.90 for NFL and its alkaline degradation product,
respectively.

Statistical analysis of the parameters required
for system suitability test of HPLC method indi-
cates good resol ution of the two componentsasin
TABLE 1.

TABLE 1: Parametersrequired for the system suitability
test of theHPL C method

Par ameter Obtained Reference values”
value
Resolution 237 R>15
T(tailing factor) 195 T=1for atypica symmetric
peak
A(relatlve retention 168 >1
time)
K (column capacity) 1.095 1-10acceptable
N(column efficiency) 1301 Increases with eff_| ciency of
the separation

HETP=L (Iength of
column in cm)/N

The smaller the value, the

0.049 higher the column efficiency

A linear rel ationship was obta ned between the pesk
areaat wavelength 282nm and the corresponding con-
centration.

Theregress on equationwas cd culated and found
tobe:

A =11801.4957C + 46477.4000 r =0.9999

Where, “A” is the peak area, “C” is the concentration in pg
mL-*and “r” is the regression coefficient.

The mean percentagerecoveriesand standard de-
viationsof the puredrug were calculated asshownin
TABLE 2.

TABLE 2: Determination of pureNFL by theHPL C method.

Taken (ug.mL™") Found (ng.mL")  Recovery%
10.00 10.21 102.10
20.00 19.78 98.90
30.00 29.87 99.57
40.00 40.15 100.38
50.00 49.90 99.80
60.00 60.09 100.15

Mean £ S.D 100.15+1.084

Theresultsshownin TABLE 3 contributed to the
good performance of themethodswith high selectivity
to determinethestudied drugin presenceof itsakdine
degradation product.

TABLE 3: Reaultsof laboratory prepared mixturesof NFL in
presenceof itsitsalkalinedegradation product by theHPLC
method

% degradation product Recovery % of NFL

16 98.51

33 100.83

50 99.12

67 96.74

83 100.08
Mean + SD 99.06 + 1.570

The proposed methodswere a so applied for the
determination of NFL initsdosageform. Furthermore,
thevaidity of the methods were assessed by applying
the standard addition technique, asin TABLE 4, mean
percentage recovery reveaed that therewasnointer-
ferencefrom any excipients, that may befound inthe
pharmaceutical dosageforms.

TABLE 4: Deter mination of NFL in Praxilane® film coated
tablets by the HPL C method and application of standard
addition technique

Praxilane®
8 200mgNFL/tablet Standard addition technique
=
T (B.N:7THE1282)
=
Pure added
Recovery%* £ S.D X Recovery %
- (ug.mL™) y”
20 98.13
O 30 97.30
T 99.39 + 1.551 '
T 40 98.96
Mean+S.D  98.13+0.830
10 101.28
A 20 102.11
n
105.32 + 2.800
T 30 101.24
Mean+S.D 101.54+0.491
7 10 96.34
1 20 96.48
o 98.94 + 2.489
< 30 97.34
© Mean=S.D  96.72+0.541

Method validation was performed according to
USP20071*3 for the proposed method asin TABLE 5.
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TABLE 5: Validation resultsof the HPL C method for the
deter mination of NFL

Parameters 'DD

Linearity
Slope 11801
I ntercept 46477
Correlation

. 0.9999
coefficient
Range 10.00-90.00

9 ug.mL'l
Accuracy
100.15+ 1.079

(MeantS.D)
Precision (RSD %)
Repeatability® 1.700
Intermediate
precision

(@)The intraday (n=3), average of three different concentra-
tions repeated three time within the day.

(b) The intermediate precision (n=3), average of three different
concentrations repeated three times in three days.

For PLS-1 Method

Thequality of multi component analysisisdepen-
dent on the wavelength range and spectral mode
used™,

PL Sproceduresaredesignated to befull spectrum
computationd procedures, however, usng highly noisy,
scarcely informativewave engthsdetractsfrom preci-
sion. Thiscan belessened by discarding particularly
noisy wavelengths. Thewave engthsused wereinrange
230-320 nmin all cases. Wavelengthsless than 230
nm werergected dueto thenoisy content. Wavelengths
morethan 320 nm were not used because correspond-
ing componentsdo not absorb intheseregions.

Themultivariate cdibrationrequiresacareful ex-
perimental design of the standard composition of cali-
bration set for providing the best predictions. Multi-
level multi factorid design™ wasused for the construc-
tion of thecdibration set. A cdlibration set consisting of
9 sampleswas used.

The concentrationsof NFL and itsa kaline deg-
radation product were varied over the range 40-60
pg.ml*for bothinthecalibration set. TABLE 6 shows
the composition of the calibration set. PLs-1 method
was run on the calibration data of absorption UV
spectra.

—> Fyll Poper

TABLE 6: Theconcentration of different mixturesof NFL
and itsalkalinedegradation product used in thetraining set

Mix. composition

Mix. No. - -
NFL Itsalkaline degradation product
1 452 50
2 60 452
3 452 54.8
4 45.2 60
5 54.8 54.8
6 60 50
7 50 60
8 60 40
9 40 54.8

To select the number of factorsin the PLS-1
algorithm, across-validation method | eaving out one
sampl e at atime*® was employed using calibration
set of 9 calibration spectra. PLS-1 calibration on 8
calibration spectrawas performed and, using this
calibration, the concentration of the sampleleft out
during the calibration process was predicted. This
process was repeated 9 times until each training
sample had been left out once. The predicted
concentrations of the componentsin each sample
were compared with the actual concentrationsinthis
calibration samples and the root mean squares error
of cross-validation (RMSECV) was calcul ated as
follows

PRESS
n

RMSECV =

Where n isthe number of calibration samples.

PRESS=Z (Y, 0~ Y\

WhereY ored and Ytrue are predicted and true concentrationsin
pg.ml-1, respectively.

TheRMSECV was used asadiagnostic test for
examining the errorsinthe predicted concentrations.
It indicates both of the precision and accuracy of
predictions. It wasreca cul ated upon addition of each
new factor to the PLS-1 model. Appropriate selec-
tion of the number of factorsto be used to construct
themodel isakey to achieving correct quantitation
in PLS-1 calibration. The most usual procedurefor
this purposeinvolves choosing the number of factors
that result in the minimum RMSECV. However, this
criterion is subjected to some constraints since, oc-
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casionally; the RMSECV does not reach a sharp
minimum, but decreases gradually above agiven
number of factors. For this reason, the method
developed by Haaland Thomas'” was used for
sel ecting the optimum number of factors, which in-
volves selecting that model including the smallest
number of factors that results in an insignificant
difference between the corresponding RMSECV and
theminimum RMSECV.

Number of factorsused for each drugisshownin
TABLE 7. Asthe difference between the minimum
RMSECV and other RMSECV.

TABLE 7 : Satistical parameter values for smultaneous
determination of NFL using optimized PLS-1and GA-PLS
methods

Parameter of interest rslétﬁold (r;'nA(;tEIc;dS
Concentration range (ug.ml™) (40-60) (40-60)
No. of factors 7 6
RMSECV 2.694 1.358
Intercept -34 2.2738
Slope 1.0736 0.9536
Correlation coefficient (r) 0.9994 0.9998

Valuesbecome smaller; the probability that each
additional factor issignificant becomessmaller®. The
selected model isthat with the smallest number of fac-
torssuchthat RMSECYV for that model isnot signifi-
cant greater than RMSECV from themodel with addi-
tional factor.

In order to validate proposed PLS-1 method, a
validation set composed of 13 synthetic mixtureswas
analyzed with the proposed PLS-1 method.

PLS-1 method was run on the calibration data
using optimal number of latent variables. The
concentrations of NFL in calibration set were cal cu-
lated as shown in TABLE 6. By plotting predicted
concentrations of each component versus actual
concentrations, astraight lineisobtained. The data
of the straight line for each component including
slope, intercept and correlation coefficient is
collectedinTABLE 7.

PLS-1 method wasrun on thevalidation set using
optima number of factorsand predicted concentration
of NFLisgiveninTABLES8.

TABLE 8 : Results of the analysis of the mixtures of the
validation sat of NFL by theproposed method

smple conestralion ol pig)  oa
1 50 98.41 97.06

2 50 101.52 99.40
3 40 101.16 97.70
4 40 98.04 97.96
5 60 105.56 104.75
6 54.8 98.16 101.32
7 60 98.73 97.41
8 40 103.26 99.16
9 50 99.81 101.02
10 54.8 100.11 100.79
11 54.8 97.42 98.34
12 45.2 101.15 101.01
13 40 102.46 101.05
Mean 100.44 99.77
SD 2.382 2.160
RSD 2371 2.165

GA-PL Smethod

Congtructing the PLSmodd after selecting the op-
timal variables (wavel engths) improvesthe prediction
capacity of themode™. GA can be used successfully
for wavelength selectionin PLS calibration. GA for
wave ength sdection cons stsof fivesteps (assmentioned
intheintroduction): representation, initiation, eval ua-
tion, genetic operators and genetic parameters. A criti-
cal issueof successful GA performanceisthe adjust-
ment of GA parameters. The parametersallowed for
adjustment in PLS-Toolbox are: the maximum number
of generations, the number of wavelengthsinawin-
dow, percent genesincluded at initiation, the mutation
rate, breeding crossover rule and percent of popula
tionthesameat convergence.

Other parameters to be chosen by the user are:
maximum number of latent variablesfor the PLS, cross
validation typerandom or contiguous blocks, number
of subsetsto divide datainto for crossvalidation, num-
ber of interactionsfor crossvalidation at each genera
tion. Theconfiguration of GA parametersisshownin
TABLEO.

Each solution (chromosome) isevaduated using the
PRESS value reached in the calibration. The GA
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TABLE 9: Parameter sof thegeneticalgorithms

Parameter Value

Population size 256
Maximum generations 400
Mutation rate 0.005
The number of variablesin awindow 5
(window width)
Percent of population the same at 80
convergence
% wavelengths used at initiation 50
Crossover type 2 (double)
Maximum number of latent variables 4
cross validation option 0 (random)
Number of subsets to divide datainto for

e 5
cross validation
Number of iterations for cross validation at 1

each generation

searchesfor theminimum PRESSinthespaceof dl the
poss blechromosomeswithout establishing, aprioi, and
thelatent structure of the calibration. The GA wasrun
for 9lvariables (in the range 230-320 nm) for NFL
using aPL Sregress on method with maximum number
of factors allowed isthe optimal number of compo-
nentsdetermined by cross-vdidation onthemodd con-
taining all thevariables, and the sd ected variableswere
used for running of PLS.

Figure7 show thefrequency with which eech vari-
able (wavelength) was presel ected for NFL. For ob-
taining the optimum set of wavelengthsfor determina-
tion of NFL, the GA procedurewasrepeated 10 times.
Finally awavelengthwasselected if the percent of se-
lection for that variable exceeds acritical value. The
thresholds of 80% were obtained for NFL, according
to minimum error of predictionfor each analyte.

GA reduced the optimal number of factorsfor
NFL as shown in TABLE 7 also RMSECV was
dightly decreased indicating anincreasein power of
prediction of GA-PLS model than PLS model. The
predictive ability of the method wasfurther checked
onvalidation set, theresultsare shownin TABLE 8.
The comparison of GA-PLS results with PLS-1
shows, the GA-PLSismore suitablefor simultaneous
determination of NFL.

The proposed methods were al so applied for the
determination of NFL initsdosageformasshownin
TABLEA4.

—> Fyll Poper

Theresultsobtained by gpplying theproposed meth-
ods were statistically compared with the official
method™ and no significant differencewasfound re-
garding accuracy and precisonasin TABLE 10.

TABLE 10: Satistical analyssof theresultsof the proposed
methodsand theofficial method for deter mination of pureNFL

ITEMS HPLC PLS1 GA-PLS mcgﬂgid%'m
Mean+SD 10015+ 1.084 10044+2381 99.77+2.160 10028 1.119
%RSD 1.082 2.371 2.165 1.116
n 6 13 13 6
Variance 1175 5.669 4,666 1.203
Student'sttest 0204 (2.228) 042 (2.101)  0.74(2.101)

Fvaue 1.02 (5.05) 453(472)  373(472)

*Non-aqueous titration with 0.1 M perchloric acid, determin-
ing the end point potentiometrically.

- Figures in the parenthesis are the corresponding theor etical
values of t and F at 0.05 level of significance

CONCLUSION

Two methods were presented for the analysis of
NFL in purepowder andin Praxilanetablets. Thefirst
method isPLS-1 usingfull spectrumandit wassuitable
for determination of NFL in presenceof itsitsakaline
degradation product.

The second method was GA-PLS in which GA
functionfound in PLS-Tool box was used asaway of
wavelength sel ection. GA-PL S had an advantage of
reducing variablesand soincreasing predictive ability
of PLSmodd.

The suggested methodsare simple, fast and can be
used for routineand quality control analysisof NFL in
raw materid andin pharmaceutical preparationwithout
interferencesof excipients.
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