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INTRODUCTION

Naftidrofuryl Oxalate is Tetrahydro-á-(1-

naphthalenylmethyl)-2-furanpropanoic acid 2-(di-
ethylamino) ethyl ester acid oxalate[1] as in Figure 1.

Several chromatographic methods have been rec-
ommended for the determination of NFL; these include
titrimetric method[1], HPLC[2-5], Capillary zone electro-
phoresis [6], electrochemical method [7] and
Phosphorimetry[8-12].

The NFL is an official in any pharmacopoeia. It
is desirable to develop a simple and fast procedure
that could be applied in quality control laboratories
for the selective determination of NFL in the pres-
ence of its alkaline degradation product. The utility
of the developed methods to determine the content
of drug in its pharmaceutical dosage form is also
demonstrated.
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EXPERIMENTAL

Instruments

1- Schimadzu instrument, equipped with a variable
wavelength detector and 20-µL volume injection

loop.
2- Column of shim. Pack shimadzu VP-ODS C

18
 (4.6

x 150 mm I.D.).
3- A double beam UV-Visible spectrophotometer

(SHIMADZU, Japan) model UV-1601 PC with
quartz cells of 1cm path length, connected to IBM
compatible computer and HP 680 inkjet printer.
The bundled software was UVPC personal spec-
troscopy software version 3.7. The spectra band-
width was 2nm and wavelength � scanning speed

2800 nm/min.
4- Ultrasonic, Bandelin electronic, Sonorex RK51OS,

HF-Frequency 35 KHz (10 liter capacity), Fed-

KEYWORDS

Naftidrofuryl Oxalate;
Nafronyl Oxalate;

Praxilane;
High Performance Liquid

Chromatography;
Genetic algorithm.

ABSTRACT

HPLC method with spectroscopic detection for determination of Nafronyl
(Naftidrofury)l Oxalate (NFL), a rapid separation could be achieved by a C

18

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
squares (PLS-1) and genetic algorithm based wavelength selection- partial
least squares (GA-PLS) regression methods. The suggested methods were
used to determine NFL in synthetic mixtures and 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
respect to accuracy and precision.  2009 Trade Science Inc. - INDIA
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eral republic of Germany.
5- Potentiometric measurements were made at 30

±1°C with a Hanna (Model 211) pH/mV meter. A

single junction calomel reference electrode (Model
HI 5412) was used in conjunction with the drug
sensor. A WPA pH combined glass electrode Model
CD 740 was used for pH measurements.

Reagents and solvents

All reagents used throughout this work were of ana-
lytical pure grade, and solvents were of spectroscopic
grade.
1. Methanol, water, chloroform, triethylamine, phos-

phoric acid and water (HPLC grade).
2. NaOH (ADWIC) - El Nasr Pharmaceutical &

Chemical Co. Egypt 1N NaOH.

Samples

Pure standard

NFL was kindly supplied by MINAPHARM-Egypt
under license of MERK France having a purity of
100.28 ± 1.119 according to the official method[1].

Pharmaceutical dosage form

Praxilene® film coated tablets (MINAPHARM-

Egypt under license of MERK France) labeled to con-
tain 200mg of NFL per tablet, batch number 6IE1312.

Degraded sample

Preparation of its alkaline degradation product of
NFL

It was prepared by dissolving 25mg of NFL in 9mL
water, and then 10ml methanol was added followed by
4 mL of 1N NaOH and refluxing for 4 hours. The solu-
tion was neutralized, evaporated to dryness on hot plate
and then the residue was dissolved in 20mL methanol.
The obtained solution was filtered into 25-ml volumet-
ric flask and the volume was completed with methanol
to have a concentration of 1 mg mL-1.

Standard stock and working solutions

a- Standard stock solution of NFL and its alkaline deg-
radation product (1 mg mL-1) of each.

b- Working standard solution of NFL and its alkaline
degradation product (100 µg mL-1) of each.

c- Working standard solution of NFL and its alkaline
degradation product (200 µg mL-1) of each.

d- Laboratory prepared mixtures of in different ratios
from 10 to 90%

Procedure

For HPLC method

Chromatographic conditions
Record the chromatograms of NFL and its its al-

kaline degradation product using a shimadzu instrument
operated under the following parameters:
 Flow rate: 1mL/min. at ambient temperature.
 Detector: adjusted at 283 nm.
 Column: Schimadzu ODS-C18 (4.6 X 150MM

I.D.).
 Mobile phase: 72% methanol: 1% triethylamine:

0.6% phosphoric acid. (The mobile phase was fil-
tered using 0.45 µm membrane filter and degassed

by ultrasonic vibrations for 10 min).
 Result output: chromatogram and peak area.

Construction of calibration graph for   determina-
tion of NFL by HPLC method

Aliquots of NFL working standard solution (100
µg mL-1) equivalent to 100-600 µg were accurately

transferred into a series of 10-ml volumetric flasks, the
volume was completed to the mark with the mobile
phase.

Analyze the prepared samples using the previously
mentioned chromatographic conditions and record the
peak area then construct a calibration curve correlating
the peak areas of NFL to the corresponding concen-
trations. Compute the corresponding regression equa-
tions.

Determination of NFL in presence of its its alka-
line degradation productn laboratory prepared
mixtures by the proposed methods

Aliquots of 6 to 1 ml were separately transferred
from NFL working standard solution (100µg mL-1) into
10-ml volumetric flasks. To the previous solutions,
aliquots of 1 to 9 ml of I and II working standard solu-
tions (100 µg mL-1) were added separately and the
volume was completed to the mark with mobile phase.
Mixtures of different ratios were obtained and the peak
areas at 282.4 nm were measured in presence of II.
Using the procedure described under 2.5.2, the con-
centration of the intact drug was calculated from its
corresponding regression equations.
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For Genetic algorithm

Construction of the training set
Prepare different mixtures of NFL and its alkaline

degradation product by transferring different volumes
of NFL and its alkaline degradation product stock so-
lution into a series of 25-ml volumetric flasks.

Complete the volume with methanol and scan the
absorbance of these mixtures between 200 and 400
nm with respect to a blank of methanol.

Pre-processing the data
Reject the regions from 200-230 nm and above

320nm. Mean centering of the data was performed.

Validation
External validation set of 13 samples was prepared

to check the performance of the constructed model.

Determination of NFL in pharmaceutical dosage
form by the proposed method

Film coat of ten tablets were removed using a filter
paper moistened with methanol, and a weight equiva-
lent to 100 mg of NFL dissolved in 20 mL methanol,
sonicated for 8 min, mixed well and then filtered. The
general procedures were followed.

RESULTS AND DISCUSSION

The stability of NFL was studied according to the
ICH guidelines for:

Stress, acid and alkaline
Reflux with 0.1N HCl /0.1N NaOH for 8 hours,

1N HCl for 12 hours, 2N HCl for 24 hours finally 6N
HCl for 24hours.

Oxidative condition
Reflux with 3% H

2
O

2 
for 24 hours and 10% for 24

hours.
The degradation process under the previously men-

tioned conditions was followed using TLC and the com-
pound was found to be stable under acidic condition
but it is liable to degradation in alkaline condition giving
one component which is confirmed with a previous study
on stability of NFL[3].

To detect the complete degradation of NFL, a
TLC procedure was suggested. Different systems were
tried, where complete separation of NFL from its al-

kaline degradation product was achieved using metha-
nol-chloroform (20-80 by volume) as the mobile
phase. The R

f
 values were 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-ammonia and methanol-ethyl acetate-
acetic acid in different ratios were not efficient for
separating NFL from its alkaline degradation prod-
uct, except methanol-ethyl acetate-ammonia in the
ratio (5-5-0.1 by volume) and methanol-chloroform
in the ratio (2-8 by volume),the second system was
used from the economic point of view. Spotting of
5µg at different successive times of reflux and after

evaporation, showed complete 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 also confirmed by IR.

A suggested structures for alkaline degradates as in
Figure 2[3].

Elucidation of IR spectroscopy of the degradate
confirm its structure; where the oxalate group in the
drug (that appeared at 1636.43 cm-1) was disappeared
and a new carboxylate group corresponding to the its
alkaline degradation product was appeared at1729.94
cm-1.Also, (C=O) and (OH) of the free carboxylic acid
appears at 1573.16 and 3326.24 cm-1, respectively as
in Figures 3-5.

Upon scanning the absorption spectra of each of
NFL and its alkaline degradation product, it was ob-
served that NFL has a ë

max
 at 272.6 and 282.6nm, at

this wavelengths, its alkaline degradation product show
complete overlapping as shown in Figure 6. Thus un-
able to use of zero-order absorption spectra for the
selective determination of the drug.

This work concerned with the determination of NFL
in presence of its degradate.

For HPLC method

This work concerned with the determination of NFL
in presence of its degradate by applying HPLC tech-
nique.
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A linear relationship was obtained between the peak
area at wavelength 282nm and the corresponding con-
centration.

The regression equation was calculated and found
to be:
A = 11801.4957C + 46477.4000 r = 0.9999

Where, �A� is the peak area, �C� is the concentration in µg

mL-1 and �r� is the regression coefficient.

The mean percentage recoveries and standard de-
viations of the pure drug were calculated as shown in
TABLE 2.

Method validation was performed according to
USP 2007[13] for the proposed method as in TABLE 5.

Different mobile phases were tried for the chro-
matographic separation of the components and the
best resolution was achieved using a mobile phase
composed of 72%methanol-1% triethylamine-0.6%
phosphoric acid. Using the specific chromatographic
conditions retention times were found 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 resolution of the two components as in
TABLE 1.

TABLE 2 : Determination of pure NFL by the HPLC method.

Taken (µg.mL
-1) Found (µg.mL

-1) 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 

The results shown in TABLE 3 contributed to the
good performance of the methods with high selectivity
to determine the studied drug in presence of its alkaline
degradation product.

TABLE 3 : Results of laboratory prepared mixtures of NFL in
presence of its its alkaline degradation product by the HPLC
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 methods were also applied for the
determination of NFL in its dosage form. Furthermore,
the validity of the methods were assessed by applying
the standard addition technique, as in TABLE 4, mean
percentage recovery revealed that there was no inter-
ference from any excipients, that may be found in the
pharmaceutical dosage forms.

TABLE 4 : Determination of NFL in Praxilane® film coated

tablets by the HPLC method and application of standard
addition technique

Praxilane® 

200 mg NFL/tablet 

(B.N:7HE1282) 

Standard addition technique 

M
et

ho
d 

Recovery%* ± S.D 
Pure added 
(µg.mL

-1) 
Recovery % 

20 98.13 

30 97.30 

40 98.96 H
PL

C
 

99.39 ± 1.551 

Mean ± S.D 98.13 ±0.830 

10 101.28 

20 102.11 

30 101.24 P
L

S1
 

105.32 ± 2.800 

Mean ± S.D 101.54 ±0.491 

10 96.34 

20 96.48 

30 97.34 

G
A

-P
L

S
1 

98.94 ± 2.489 

Mean ± S.D 96.72 ±0.541 

TABLE 1 : Parameters required for the system suitability
test of the HPLC method

Parameter Obtained 
value Reference values[1] 

Resolution 2.37 R > 1.5 

T(tailing factor) 1.25 
T=1 for a typical symmetric 

peak 
Á(relative retention 

time) 
1.68 >1 

K(column capacity) 1.095 1-10acceptable 

N(column efficiency) 1301 
Increases with efficiency of 

the separation 
HETP=L(length of 
column in cm)/N 

0.049 
The smaller the value, the 

higher the column efficiency 
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For PLS-1 Method

The quality of multi component analysis is depen-
dent on the wavelength range and spectral mode
used[14].

PLS procedures are designated to be full spectrum
computational procedures; however, using highly noisy,
scarcely informative wavelengths detracts from preci-
sion. This can be lessened by discarding particularly
noisy wavelengths. The wavelengths used were in range
230-320 nm in all cases. Wavelengths less than 230
nm were rejected due to the noisy content. Wavelengths
more than 320 nm were not used because correspond-
ing components do not absorb in these regions.

The multivariate calibration requires a careful ex-
perimental design of the standard composition of cali-
bration set for providing the best predictions. Multi-
level multi factorial design[15] was used for the construc-
tion of the calibration set. A calibration set consisting of
9 samples was used.

The concentrations of NFL and its alkaline deg-
radation product were varied over the range 40-60
µg.ml-1 for both in the calibration set. TABLE 6 shows
the composition of the calibration set. PLs-1 method
was run on the calibration data of absorption UV
spectra.

To select the number of factors in the PLS-1
algorithm, a cross-validation method leaving out one
sample at a time[16] was employed using calibration
set of 9 calibration spectra. PLS-1 calibration on 8
calibration spectra was performed and, using this
calibration, the concentration of the sample left 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 components in each sample
were compared with the actual concentrations in this
calibration samples and the root mean squares error
of cross-validation (RMSECV) was calculated as
follows:

RMSECV = 
n

PRESS

Where n is the number of calibration samples.

PRESS = Ó (Y
pred

 - Y
true

)2

Where Y
pred

 and Ytrue are predicted and true concentrations in
µg.ml-1, respectively.

The RMSECV was used as a diagnostic test for
examining the errors in the predicted concentrations.
It indicates both of the precision and accuracy of
predictions. It was recalculated upon addition of each
new factor to the PLS-1 model. Appropriate selec-
tion of the number of factors to be used to construct
the model is a key to achieving correct quantitation
in PLS-1 calibration. The most usual procedure for
this purpose involves choosing the number of factors
that result in the minimum RMSECV. However, this
criterion is subjected to some constraints since, oc-

(a)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.

TABLE 6 : The concentration of different mixtures of NFL
and its alkaline degradation product used in the training set

Mix. composition 
Mix. No. 

NFL Its alkaline degradation product 

1 45.2 50 

2 60 45.2 

3 45.2 54.8 

4 45.2 60 

5 54.8 54.8 

6 60 50 

7 50 60 

8 60 40 

9 40 54.8 

TABLE 5 : Validation results of the HPLC method for the
determination of NFL

Parameters 1DD 

Linearity  

Slope 11801 

Intercept 46477 

Correlation 

coefficient 
0.9999 

Range 
10.00-90.00 

µg.mL
-1 

Accuracy 

(Mean±S.D) 
100.15 ± 1.079 

Precision (RSD %)  

Repeatability(a) 1.700 

Intermediate 

precision(b) 
1.380 
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Values become smaller; the probability that each
additional factor is significant becomes smaller[18]. The
selected model is that with the smallest number of fac-
tors such that RMSECV for that model is not signifi-
cant greater than RMSECV from the model with addi-
tional factor.

In order to validate proposed PLS-1 method, a
validation set composed of 13 synthetic mixtures was
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 calcu-
lated as shown in TABLE 6. By plotting predicted
concentrations of each component versus actual
concentrations, a straight line is obtained. The data
of the straight line for each component including
slope, intercept and correlation coefficient is
collected in TABLE 7.

PLS-1 method was run on the validation set using
optimal number of factors and predicted concentration
of NFL is given in TABLE 8.

casionally; the RMSECV does not reach a sharp
minimum, but decreases gradually above a given
number of factors. For this reason, the method
developed by Haaland Thomas[17] was used for
selecting 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
the minimum RMSECV.

Number of factors used for each drug is shown in
TABLE 7. As the difference between the minimum
RMSECV and other RMSECV.

GA-PLS method

Constructing the PLS model after selecting the op-
timal variables (wavelengths) improves the prediction
capacity of the model[19]. GA can be used successfully
for wavelength selection in PLS calibration. GA for
wavelength selection consists of five steps (as mentioned
in the introduction): representation, initiation, evalua-
tion, genetic operators and genetic parameters. A criti-
cal issue of successful GA performance is the adjust-
ment of GA parameters. The parameters allowed for
adjustment in PLS-Toolbox are: the maximum number
of generations, the number of wavelengths in a win-
dow, percent genes included at initiation, the mutation
rate, breeding cross over rule and percent of popula-
tion the same at convergence.

Other parameters to be chosen by the user are:
maximum number of latent variables for the PLS, cross
validation type random or contiguous blocks, number
of subsets to divide data into for cross validation, num-
ber of interactions for cross validation at each genera-
tion. The configuration of GA parameters is shown in
TABLE 9.

Each solution (chromosome) is evaluated using the
PRESS value reached in the calibration. The GA

TABLE 8 : Results of the analysis of the mixtures of the
validation set of NFL by the proposed method

sample 
no. 

concentration of 
NFL (µg.ml

-1) 
PLS-1 GA 

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 

S.D  2.382 2.160 

RSD  2.371 2.165 

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

Parameter of interest 
PLS-1 

method 
GA-PLS 
method 

Concentration range (µg.ml
-1) (40-60) (40-60) 

No. of factors 7 6 

RMSECV 2.694 1.358 

Intercept -3.4 2.2738 

Slope 1.0736 0.9536 

Correlation coefficient (r) 0.9994 0.9998 
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searches for the minimum PRESS in the space of all the
possible chromosomes without establishing, a prioi, and
the latent structure of the calibration. The GA was run
for 91variables (in the range 230-320 nm) for NFL
using a PLS regression method with maximum number
of factors allowed is the optimal number of compo-
nents determined by cross-validation on the model con-
taining all the variables, and the selected variables were
used for running of PLS.

Figure 7 show the frequency with which each vari-
able (wavelength) was preselected for NFL. For ob-
taining the optimum set of wavelengths for determina-
tion of NFL, the GA procedure was repeated 10 times.
Finally a wave length was selected if the percent of se-
lection for that variable exceeds a critical value. The
thresholds of 80% were obtained for NFL, according
to minimum error of prediction for each analyte.

GA reduced the optimal number of factors for
NFL as shown in TABLE 7 also RMSECV was
slightly decreased indicating an increase in power of
prediction of GA-PLS model than PLS model. The
predictive ability of the method was further checked
on validation set, the results are shown in TABLE 8.
The comparison of GA-PLS results with PLS-1
shows, the GA-PLS is more suitable for simultaneous
determination of NFL.

The proposed methods were also applied for the
determination of NFL in its dosage form as shown in
TABLE 4.

CONCLUSION

Two methods were presented for the analysis of
NFL in pure powder and in Praxilane tablets. The first
method is PLS-1 using full spectrum and it was suitable
for determination of NFL in presence of its its alkaline
degradation product.

The second method was GA-PLS in which GA
function found in PLS-Toolbox was used as a way of
wavelength selection. GA-PLS had an advantage of
reducing variables and so increasing predictive ability
of PLS model.

The suggested methods are simple, fast and can be
used for routine and quality control analysis of NFL in
raw material and in pharmaceutical preparation without
interferences of excipients.
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