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Abstract

A simple, precise and accurate spectrophotometric method has been developed for
simultaneous estimation of sulfanilamide and furosemide in their mixture by using first and
second order derivative method in the ultraviolet region. The method depends on first and
second derivative spectrophotometry, with zero-crossing and peak to base line and peak area
measurements. The first derivative amplitudes at 214, 238 and 266 nm were selected for the
assay of sulfanilamide and 240, 260, 284, 314 and 352 nm for furosemide. Peak area at 201-
222, 222-251 and 251-281 nm sclected for estimation of sulfanilamide and at 229-249, 249-
270, 270-294, 294-333 and 333-382 nm for furosemide. The second derivative amplitudes at
220, 252 and 274 nm for sulfanilamide and 248, 272, 292, 334, and 364 nm for furosemide.
Peak area at 209-229, 239-262 and 262-285 nm for sulfanilamide and at 238-253, 262-281,
281-303, 315-353 and 353-383 nm for furosemide. The first derivative absorption at 270.5 nm
(zero cross point of furosemide) was used for determination of sulfanilamide and 322.5 and 352
nm (zero cross point of sulfanilamide) for determination of furosemide. The second derivative
absorption at 261 and 283.3 nm (zero cross point of furosemide) was used for determination
of sulfanilamide and 266, 334 and 364 nm (zero cross point of sulfanilamide) for
determination of furosemide. The linearity was established over the concentration range of 1-35
ug/ml and 1-60 pg/ml for sulfanilamide and furosemide with correlation coefficient R? 0.9991
and 0.9995 respectively. Accuracy and precision of the determination method on the various
amounts of sulfanilamide and furosemide with known concentrations were evaluated in their
binary mixtures. The proposed method has been successfully applied to the estimation of
sulfanilamide in its synthetic samples and furosemide in its drug tablets.
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Introduction

Sulfanilamide chemically is 4-amino benzene sulfonamide (Figurel), it is a medicinal
compound used to guard against certain bacterial infections. It is frequently used in the form
of a topical cream or powder to treat surface infections, as well as a pill for internal infections.
It falls into the category of sulfonamide antibacterial drugs, common infections treated by
sulfanilamide include urinary tract infections, vaginal infections, strep throat, and some staph
infections. Depending on the type of infection, either a cream or a pill will be prescribed [1].

Furosemide chemically is 4-chloro-N-furfuryl-5-sulfamoyl-anthranillic acid, (Figure 2) an
effective diuretic, has been widely used in the treatment of chronic renal failure, hypertension,
congestive heart failure and cirrhosis of the liver. Furosemide is often classified as a loop
diuretic due to its predominant action in the nephron, where the drug interferes with the
tubular re-absorption of sodium on Henle’s loop. Furosemide acts inhibiting the co-
transportation of sodium, potassium and chloride, and further cause’s excretion of calcium,
magnesium and bicarbonate ions. Intense and fast dieresis may also mask the ingestion of
other doping agents by reducing their concentration in urine [2].

Various methods such as, spectrophotometric [3,4], HPLC [5-7], flow injection [8], ion-
selective electrodes [9] have been reported in the literature for the determination of
sulfanilamide in pharmaceutical preparations and water samples. On the other hand many
publications described for the determination of furosemide include spectrophotometric
[10,11], potentiometry [12,13], voltammetry [14], HPLC [15-17], GC [18], TLC [19], flow
injection [20], fluorimetry [21,22] in pharmaceutical formulations and biological samples.

The beginning of derivative spectrophotometry is dated on 1953 when the first analogue
spectrophotometer was built by Singleton and Cooler [23]. But the fast development of this
technique started in 70-s of the twentieth century, when new generation of spectrophotometers
controlled by computers were constructed. An apogee of its popularity was occurred in 80-s
of last century. Nowadays, it is only additional technique, rarely used, though it is fully
available as a build-in function in software of modern spectrophotometers [24].

Derivative spectra can be obtained by optical, electronic, or mathematical methods. Optical
and electronic techniques were used in early UV-Vis spectrophotometers, but have largely
been superseded by mathematical techniques. The advantages of the mathematical techniques
are that derivative spectra may be easily calculated and recalculated with different parameters,
and smoothing techniques may be used to improve the signal-to-noise ratio [25,26]. A
narrowing of new signals is observed during the generation of consecutive derivative spectra.
This feature leads to narrowing bands and as a consequence to separate the overlapped peaks
[24] and allow the assay of certain analytes from complex mixtures or matrices via
mathematical interpretation of the absorption signal [27].

The purpose of the present study was to investigate the utility of derivative
spectrophotometry in the assay of sulfanilamide in its synthetic samples and furosemide in its
drug tablets without the necessity of sample pre-treatment.

Experimental

Instruments

U.V.-Visible double beam spectrophotometer with 10 mm quartz cell shimadzu 1800,
Windows 7 computer (DELL).

Chemicals and reagents

Pharmaceutical grade sulfanilamide and furosemide powder received in pure form
(99.99%) were provided as a gift from the State Company for Drug Industries and Medical
Appliances Samara-Iraq (SDI), sodium hydroxide (99.9 %) was provided by Panreac . All
chemicals used were of analytical grade.
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Preparation of standard sulfanilamide and furosemide stock solution (100
ng.mL™)

The standard solution of sulfanilamide and furosemide were prepared by dissolving
accurate weighted 10 mg of pure drug in 1-2 mL of 1 M sodium hydroxide and further diluted
to 100 mL with distilled water.

Preparation of synthetic sulfanilamide sample

1- To 20 mg of the bulk drug, 5 mg of interfering substance mixture (consisting of equal
weights of each substance, namely, glucose, fructose, lactose, soluble starch and sucrose)
were added.

2- 12.5 mg of the resulted mixture was dissolved in in 1-2 mL of 1 M sodium hydroxide and
further diluted to 100 mL with distilled water to obtain 100 ug.mL™".

Preparation of furosemide from drug tablets

The content of 10 tablets was grinded and mixed well. A 10 mg of the fine powder was
accurately weighted to and dissolve in 1-2 mL of 1 M sodium hydroxide then diluted to 100
mL in a volumetric flask with distilled water to obtain 100 ug.mL'. The solution was filtered
by using Whatman filter paper No.41 to avoid any suspended or un-dissolved material before
use, and the first portion of the filtrate was rejected.

General procedures

Assay procedure for the determination sulfanilamide or furosemide

1.0 mL aliquots, of sulfanilamide standard solution containing 10-350 pg (or furosemide
standard solution containing 10-600 pg), were transferred into a series of 10 mL volumetric
flask and diluted with distilled water. The spectrum for each solution was recorded against a
distilled water as blank. Zero order spectrum was then manipulated for each to get its first
derivative (D1) and second derivative (D2).

Assay procedure for the determination each drug in the presence of the other

1.0 mL aliquots, of sulfanilamide standard solution containing 10-350 pg (or furosemide
standard solution containing 10-600 pg), were transferred into a series of 10 mL volumetric
flask containing 1.0 mL of 10 pg of furosemide solution (or 1.0 mL of 50 pg of sulfanilamide
solution); the mixture was then diluted with distilled water. The spectrum for each solution was
recorded against a distilled water as a blank. The recorded spectra were then manipulated to get
DI and D2.

Results and discussion

Absorption spectra

The absorption spectra of sulfanilamide, furosemide and their mixture were recorded
against distilled water as a blank. The absorption spectrum of sulfanilamide which has
maximum wavelength of absorption at 252 nm, and the absorption spectrum of furosemide
which appears absorption maxima at 272.5 nm, in addition to the absorption spectrum of
mixture of two drugs which show a maximum wavelength of absorption at 270 nm which is
related to the absorption maxima of the two compounds. Figure (3) shows the absorption
spectrum of sulfanilamide and furosemide and theirs mixture.
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First and second derivative modes

Sulfanilamide and furosemide are shown broad and overlap spectrum when they are
present in the same solution, therefore; they cannot determine using zero order absorption
measurements. For this reason, the derivative spectroscopy method applied has the advantage
that it locates hidden peak in the normal spectrum. First and second order are demonstrated to
be adequate because they allow high amplitude and good spectra profile. The first and second
order derivative spectra of sulfanilamide and furosemide and their mixture are shown in
Figures (4 and 5) respectively.

Calibration curves for sulfanilamide

In order to determine the values of derivative spectra, three graphical techniques: peak to
baseline (peak height), area under peak and zero crossing have been used via UV-
spectrophotometric method for qualitative analyses of sulfanilamide individually and in its
mixture with furosemide.

The calibration curves were constructed by plotting the graphically measured (nm)
amplitudes of the first and second order derivatives spectra vs. the corresponding
concentrations of the examined drugs. Figure 6 shows first order spectra for sets of solutions
containing various amounts of sulfanilamide (1-35 pg.mL™) in the presence of (1 pg.mL™") of
furosemide.

In the first derivative techniques, the results indicated that when the concentration of
furosemide is kept constant and the concentration of sulfanilamide varied, the peak
amplitudes measured at peak to baseline, zero cross, area under peak were found to be in
proportion to the sulfanilamide concentration.

For the second derivative technique, the spectra recorded for the previous mixtures of
sulfanilamide and furosemide and the results of peak to baseline (peak height), zero cross and
peak area at the specified wavelength are used to determine the exact concentration of
sulfanilamide in the presence of furosemide. Figure (7) shows the measured second derivative
spectra of mixture of the examined drugs. Table 1 summarizes all the results for sulfanilamide
analysis by using first and second derivative technique.

Calibration curves for furosemide

Under the experimental conditions described, the graph obtained for UV, first and second
derivative spectra showed linear relationship when calibration curves of furosemide were
plotted. Peak to baseline, zero cross and area under peak techniques are also used for
quantitative determination.

Figure 8 shows the recorded spectra using first derivative UV spectrophotometry for
solutions containing (1-60 ng.mL™") furosemide with (5 pg.mL™") of sulfanilamide. Mixture of
furosemide (1-60 pg.mL™!) and (5 pg.mL™!") sulfanilamide of UV second derivetive spectra
are obtained and presented in Figure(9). The results calculated for the determination of
furosemide by proposed methods are listed in Table (2).

Accuracy and precision

To study the accuracy of the proposed method, the relative error percentage was carried
out for five replicate analyses of two different amounts of each of the examined drug (with
Beer's law). The techniques of derivative (peak to baseline, zero cross and area under the
peak) were selected to deal with the recorded spectra. To determine the precision of the
method, two drug solutions at studied concentration levels were analyzed each five times for
both first and second order derivative spectrophotometric method, and percent coefficient of
variation was calculated, Table (3) shows all results.
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Interferences study

To check the interference from excipients may be used in the dosage forms, percentage
recovery were calculated. This study was performed by addition of known amounts of
excipients to mixture solutions of two examined drugs. First and second derivative techniques
are used at the selected wavelength for the concentrations of drugs measurement. High
recovery showed that no interferences were found using first and second derivative mode for
the determination of sulfanilamide and furosemide in their mixture even in the presence of the
excipients added, these results are listed in Table (4).

Application in synthetic sample and in tablet

In order to evaluate the efficiency of the derivative technique in the determination of
sulfanilamide and furosemide drug, D1 and D2 procedures used for the applications of
sulfanilamide in synthetic sample and furosemide in its Tablet. Good recovery % and C.V%
values indicated the suitability of these methods for routine analysis of sulfanilamide and
furosemide. The summary of the results is depicted in Table (5).

Conclusion

Derivative Spectrophotometric method was found to be rapid, simple, economical, and
sensitive. It can be used in routine analysis of sulfanilamide and furosemide in their pure forms,
synthetic samples and drug tablets without prior separation or treatment.
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Table (1): Statistical analysis for the determination of sulfanilamide using first and
second derivative spectrophotometric technique.

(;Z:g:;ﬁi Mode of calculation A (nm) Regression equation R?
Peak to base line 214 Y=0.0082x+0.0012 | 0.9954
Peak to base line 238 Y=0.0042x+0.0109 | 0.9991
) Peak to base line 266 Y=0.0042x+0.0059 | 0.9993
First Zero cross 270.5 Y=0.0039x-0.0055 | 0.9999
Peak area 201-222 | Y=-0.0935x-0.4170 | 0.9541
Peak area 222-251 | Y=0.0771x-0.1971 | 0.9992
Peak area 251-281 | Y=-0.0680x+0.0336; 0.9990

doell'.i(i:;igrfe Mode of calculation A (nm) Regression equation R?
Peak to base line 220 Y=0.0011x-0.0006 | 0.9995
Peak to base line 252 Y=0.0005x+0.0001 ;| 0.9960
Peak to base line 274 Y=0.0003x-0.0011 0.9991
Second | Zero cross 261 Y=0.0002x+0.0003 | 0.9963
Zero cross 283.3 Y=9E-05x-1E-05 0.9988
Peak area 209-229 | Y=10.021x-0.0786 0.9803
Peak area 239-262 | Y=-0.0085x+0.0111; 0.9978
Peak area 262-285 | Y=10.0038x-0.0129 | 0.9951
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Table (2): Statistical analysis for the determination of furosemide using first and second
derivative spectrophotometric technique.

d(z:"?\f:ti(:/fe Mode of calculation nm (A) Regression equation R?
Peak to base line 240 Y=0.0046x+0.023 0.9824
Peak to base line 260 Y=0.002x-0.0075 0.9997
Peak to base line 284 Y=0.0035x+0.0167 0.9995
Peak to base line 314 Y=0.0003x+0.0014 0.9991
First Peak to base line 352 Y=0.0004x-0.0001 0.9993
Zero cross 3225 Y=0.0003x+0.0007 0.9992
Zero cross 352 Y=0.0004x-0.0001 0.9993
Peak area 229249 | Y=-0.0565x-0.287 0.9866
Peak area 249270 | Y=0.0249x-0.0872 0.9993
Peak area 270-294 | Y=-0.0461x-0.1651 0.9991
Peak area 294-333 Y=0.0091x+0.1612 0.9992
Peak area 333-382 | Y=-0.0119x-0.0383 0.9999
doe::?vearti(zrfe Mode of calculation nm (1) Regression equation R?
Peak to base line 248 Y=0.0006x+0.004 0.9982
‘Peak to base line 272 Y=0.0005x+0.0009 0.9994
"Peak to base line 292 Y=0.0004x-0.0008 0.9997
Second | Peak to base line | 334 | Y=4E-05x+0.0002 | 0.9998
‘Peak to base line 364 Y=3E-05x+0.0001 0.9994
‘Zero cross 266 Y=3E-05x+8E-05 0.9991
Zero cross 334 Y=4E-05x+0.0002 0.9998
Zero cross 364 Y=3E-05x+0.0001 0.9994
‘Peak area 238-253 | Y=0.0066x-+0.0126 0.9842
‘Peak area 262-281 | Y=-0.0074x-0.002 0.9981
‘Peak area 281-303 | Y=0.0011x+0.0293 0.9995
‘Peak area 315-353 | Y=-0.0006x-0.0059 0.9993
‘Peak area 353-383 | Y=0.0004x+0.0004 0.9992
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Table (3): Evaluation of accuracy and precision for the determination of sulfanilamide
and furosemide by derivative technique.

Drug conc.
Drug Order of Mode of A(nm) (plglgmL") RE % C.V%
derivative analysis . )

Taken *Found
10.000 | 10.087 | 0.870 | 1.190
Peak to baseline 238.0 25.000 25.068 0272 0.182
First 10.000 | 10.100 | 1.000 | 0.629
Zero cross 270.5 25.000 | 24.790 | -0.840 | 0.344
SEM 10.000 | 9.883 | -1.170 | 0.486
Peak area | 222.0-251.0 55600 | 24.873 | -0.508 | 0.307
10.000 | 9.714 | -2.860 | 0.559
Peak to baseline 252,0 25.000 | 24.969 | -0.124 | 0258
Second 10.000 | 10.072 | 0.720 | 0.836
Zero cross 283.3 25.000 | 24.832 | -0.672 | 0475
10.000 | 9.800 | -2.000 | 0.789
Peak area | 239.0-262.0 55600 | 25.075 | 0.300 | 0.348

Drug conc.
Drug Order of Mode of Mnm) (uggmL'l) RE % C.V%
derivative analysis : ’

Taken  *Found
20.000 | 20.072 | 0360 | 0.201
First 20.000 | 19.830 | -0.850 | 0.506
Zero cross 352.0 40.000 | 39.855 | -0.363 | 0.127
20.000 | 20.081 | 0.400 | 0.387
FUM Peak area | 249.0-270.0 45000 | 40.100 | 0.250 | 0.095
20.000 | 19.947 | -0.260 | 0.603
Second 20.000 20.095 | 0.475 | 0.294
Zero cross 334.0 40.000 | 40.125 | 0313 | 0.208
20.000 | 19.975 | -0.120 | 0.437
Peak area | 281.0-303.0 44000 [ 39.920 | -0.200 | 0.109
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Table (4): Percent recovery for the mixtures of sulfanilamide and furosemide in the

presence of 1000 ng.mL™! of excipients.

Mixture of 20 pg.mL™! of SFM with | Mixture of 30 pg.mL"! of FUM

Excipients 5 pg.mL! of FUM with 7 pg.mL™! of SFM

Conc. found” of Recovery Conc. found” of Recovery

SFM (pg.mL™) % FUM (pg.mL™) %
Glucose 20.074 100.37 30.200 100.67
Fructose 19.980 99.90 30.098 100.33
Lactose 19.790 98.95 29.580 98.60
Starch 20.092 100.46 30.000 100.00
Sucrose 20.150 100.75 30.342 101.14

* Average of three determinations.
* D1 and D2 for sulfanilamide peak to baseline at 238nm and 252nm respectively.
* D1 and D2 for furosemide peak to baseline at 260nm and 292nm respectively.

Table (5): Application of D1 and D2 spectrophotometric techniques for the
determination of sulfanilamide (taken 10 and 25 pg.mL™") and furosemide (taken 20 and

40 pg.mL™) in synthetic sample and in tablet.

Sample Order Mode of analysis )(nm) SFM amount (mg) Rec.% |*C.V%
Taken Found
Synthetic sample | First Zero cross 270.5 20.00 20.14 | 100.70 | 0.510
of (SFM) Second Zero cross 261.0 20.00 19.60 | 98.00 | 0.442
Zero cross 283.3 20.00 20.32 101.60 | 0.675
Sample Order Mode of analysis ) FUM amount (mg) Rec.% | *C.V%
Taken Found
First Zero cross 322.5 40.00 39.60 99.00 0.259
(FUM) in Tablet Zero cross 352.0 40.00 39.75 | 99.83 | 0.319
Zero cross 266.0 40.00 40.50 101.25 | 0.504
Second Zero cross 334.0 40.00 39.41 98.53 | 0.427
Zero cross 364.0 40.00 40.63 101.58 | 0.362
*Average of three determinations.
(@)

[1_O
NHo

Figure (1): The chemical structure of sulfanilamide.

| 1_0
/ HN sf
NH,

O
OH

Figure (2):The chemical structure of furosemide.
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Figure (3): Absorption spectra of: (A) 10 pg.mL"! sulfanilamide,
(B) 20 pg.mL™! furosemide and (C) a mixture of 10 pg.mL"! sulfanilamide and 20
pg.mL! furosemide.
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Figure (4): First derivative spectra of (A) 10 pg.mL"! sulfanilamide,
(B) 20 pg.mL! furosemide and (C) a mixture of 10 pg.mL"! sulfanilamide and 20
pg.mL! furosemide.
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Figure (5): Second derivative spectra of (A) 10 pg.mL"! sulfanilamide,
(B) 20 pg.mL"! furosemide and (C) a mixture of 10 pg.mL! sulfanilamide and 20
png.mL! furosemide.
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Figure (6): First derivative spectra of mixture contain (1-35 pg.mL™") sulfanilamide in
the presence of (1 pg.mL™) furosemide.
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Figure (7): Second derivative spectra of mixture contain (1-35 pg.mL"") sulfanilamide in
the presence of (1 pg.mL™") furosemide.
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Figure (8): First derivative spectra of mixture contain (1-60 pg.mL™") furosemide in the
presence of (5 pg.mL™) sulfanilamide.
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Figure (9): Second derivative spectra of mixture contain (1-60 pg.mL™") furosemide in the
presence of (5 pg.mL™") sulfanilamide.
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