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Sulfonamides are a group of synthetic organic compounds that have played an important role as 
effective chemotherapeutics in bacterial and protozoal infections in medicine and veterinary practice 
[13, 14, 18]. Sulfonamides are bacteriostatic antimicrobials that interfere with the biosynthesis  
of folic acid in bacterial cells; they compete with para-aminobenzoic acid (PABA) for incorporation 
into dihydrofolic acid. By replacing the PABA molecule in dihydrofolic acid, they prevent the 
formation of folic acid required for nucleic acid synthesis and multiplication of the bacterial cell 
[2]. In clinical practice, sulfonamides have been administered individually or in mixtures include 
sulfadiazine, sulfadimidine, sulfamethoxazole, sulfanilamide and trimethoprim, which increases 
the power of sulfonamide [16]. They are used in the treatment of otitis, bronchitis, sinusitis and 
pneumoystis pneumonia and urinary tract infections in combination with trimethoprim [1, 10].  
In veterinary, they cover infectious diseases of the digestive and respiratory tracts, secondary 
infections, mastitis, metritis and foot rot [4, 18].

Sulfadimidine (SDD) N-(4,6-dimethylpyrimidin-2-yl)sulphanilamide is perhaps one of the 
most widely used sulfonamide. SDD is regularly used in food-producing animals for therapeutic, 
prophylactic, or growth-promoting purposes. The use of this sulfonamide in dairy cows is of great 
concern because the sulfonamide residues are turning up in milk, an important component in the diets 
consumed by almost all young and growing children and most adults every day [7]. It has a spectrum 
of antimicrobial action similar to other sulfonamides [2].

Trimethoprim (TMP) 5-(3,4,5-trimethoxybenzyl)pyrimidine-2,4-diamine is one of the most 
widely used antibacterial additives that acts synergistically in combination with sulfonamides. 

It inhibits the conversion of bacterial dihydrofolic acid to tetrahydrofolic acid which is necessary 
for the synthesis of certain amino acids, purines, thymidine, and ultimately DNA synthesis. It acts  
in the same metabolic pathway as sulfonamides [5, 6]. 

Several analytical methods have been reported in the literature for the determination  
of sulfonamides individually or in combination with other sulfonamides and TMP in pharmaceutical 
preparations or biological samples. The mixture of sulfonamides and TMP has been studied in  
a number of reports and the latter provide several analytical methods for the determination, including 
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voltammetry [12], spectrophotometry [8, 13, 14, 16, 21] derivative spectrophotometry [9, 15]  
and hPLC [1, 3, 19]. 

To determine the total content of sulfonamides and TMP, spectrophotometric methods including 
derivative spectrophotometry have been developed. Ni et al. [17] applied a UV- spectrophotometric 
method with the aid of chemometrics methods comparing the classical last squares (CLS), principal 
component regression (PCR) and partial last squares (PLS) models for determination of sulfadiazine, 
sulfadimidine, sulfamethoxazol, sulfanilamide and trimethoprim. 

Two derivative spectrophotometric (ratio derivative spectra and algorithm bivariate calibration) 
methods and a chemometric (PLS) were proposed by Markopoulou et al. [15] for simultaneous 
determination of binary mixtures of trimethoprim (TMP) with sulfamethoxazole (SMX)  
or sulfamethazine (SMZ) or sulfafurazole (SfZ) withouth prior separation. for the application of 
the bivariate calibration, two optimum wavelengths sets were selected using the method of Kaiser. 
The wavelengths pair with the highest absolute sensitivity values for the TMP/SMZ (sulfadimidine) 
binary mixture, was 303.3 and 232.4 nm. Mean recoveries in synthetic binary mixture for derivative 
bivariate method were 99.9 ± 1.69% for TMP and 99.3 ± 1.26% for SMZ. Bivariate calibration 
spectrophotometric method was applied to simultaneous determination of trimethoprim (TMP), 
sulfamethoxazole (SMX) or sulfamethoxypyridazine (SMP) binary mixtures by Lopez-Martinez  
et al. [14]. 

Binary mixture of sulfadiazine-trimethoprim with overlapping spectra was determined by 
Moreno Galvez et al. [16]. The chosen mathematical method for solving this problem was zero 
crossing in the first derivative spectra. The whole process was carried out by using a flow Injector 
Analysis (fIA) and provided with a UV-vis spectrophotometer detector. The zero crossing of the first 
derivative spectra was observed at 248.5 nm and 242.25 nm for sulfadiazine and 288.0 nm and 258.8 
nm for trimethoprim. Suitable wavelengths for analyses were 288.0 and 248.5 for sulfadiazine and 
trimethoprim, respectively. 

Derivative sectrophotometry was introduced in the early 1950s by hammond and Price and has 
been applied to many chemical systems, such as pharmaceuticals, foods, cosmetics, and environmental 
samples, giving rise to accurate and precise analytical results [16]. This technique, based on the 
use of derivative spectra resulting from derivatisation of zero-order spectra of UV-vis absorption, 
keeps all laws of classical spectrophotometry. The derivatisation of zero-order spectrum can lead  
to separation of overlapped signals and it allows quantification of one or a few analytes without initial 
separation. A major success was achieved by derivative treatment of the absorbance curves-plotting 
of the first or a higher order mathematical derivative of absorbance against wavelength (dA/dλ)  
[11, 20]. The main advantage of the derivative method is the presence of a large number of maxima 
and minima, which provides an opportunity for the determination of active compounds in the 
presence of other pharmaceuticals and excipients, which possibly interfere with the analysis. In zero 
order bivariate calibration method a particular case arises when one or both of the analytes present 
broad bands with no well-defined maximum [15].

In this work, a derivative spectrophotometric method is reported to accomplish the simultaneous 
determination of sulfadimidine and trimethoprim in mixtures without the need for prior separation.
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EXPERIMENTAL DESIGN. MATERIALS AND METhODS

r e a g e n t s. All chemicals were of analytical-reagent grade. Sulfadimidine Natrium (SDD-
Na) and trimethoprim (TMP) were purchased from POCh SA(Gliwice Poland), ethanol was from 
P.P.h, „STANLAB”. The ammonium buffer solution ph 10 was prepared from POCh reagents. 
Ammonium hydroxide 25% solution (hPLC grade) and ammonium chloride (hPLC grade) were 
obtained from POCh SA (Gliwice Poland).

Stock solutions containing respectively 1.000g l-1 of SDD-Na and TMP in ethanol were prepared 
and stored at 40C. Working solutions were prepared daily by appropriate dilution. The water was 
purified by Cobrabid-Aqua CA-ROD 3 ECO system.

A p p a r a t u s. A Thermo Scientific helios Omega UV-VIS spectrophotometer connected to PC 
fitted with VISION pro software was used for all measurement and treatment of data.

P r o c e d u r e s. Samples were prepared in 25 ml volumetric flasks by adding 20 mg l-1 of SDD-
Na and between 2.0 and 20 mg l-1 of TMP or 20 mg l-1 of TMP and between 2.0 and 20 mg l-1 of 
SDD-Na, 0.5 ml of ethanol, 5 ml of ammonium buffer solution (ph 10) and volume adjusted with 
purified water [14]. Spectra of the solutions were recorded between 210 and 360 nm. A 25 ml solution 
containing 5 ml of buffer and 0.5 ml of ethanol was used as reference. The absorption spectra of the 
samples thus prepared were recorded and stored in the computer. Two series of solutions containing 
constant amount of TMP (20 mg l-1) and variable amount of SDD-Na (2, 4, 8, 12, 16, 20 mg l-1) or 
variable amount of TMP (2, 4, 8, 12, 16, 20 mg l-1) and constant amount of SDD-Na (20 mg l-1) were 
prepared for the bivariate calibration. The accurate volumes of stock solutions of SDD-Na and TMP 
were added to 25 ml volumetric flasks followed by 0.5 ml of ethanol, 5 ml of ammonium buffer 
solution (ph 10) and volume was adjusted with purified water.

B i v a r i a t e  c a l i b r a t i o n  m e t h o d. The concentration of two components SDD-Na 
(S) and TMP (T) in a mixture can be determined according to Lambert-Beer’s law through a system  
of four calibration curves by measuring the first derivative spectra for each component in the mixture 
at two selected wavelengths.

The linear calibration regression function for the first derivative spectrophotometric determination 
of an analyte S at a selected wavelength (λ1) is given by 

DS= aScS+ intS 
and analyte T (λ2) is given by 

Dt= atct+ intt 

where aS1, at1 and aS2, at2 are the linear regression calibration curve slope values of the first derivative 
spectra, CS and ct the concentration of analytes S and T, respectively and intS , intt are the intercept 
values of calibration curves.

As the additivity law is kept, the derivative spectrum of binary mixture (S,T) is the sum  
of derivative spectra of each individual component and at two selected wavelengths (λ1, λ2) we have 
two equations set: 

(λ1) DSt1= DS1+ Dt1= aS1cS+ at1ct+ intSt1

(λ2) DSt2= DS2+ Dt2= aS2cS+ at2ct+ intSt2

Derivative spectrophotometric method for simultaneous determination...
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where intSt1, intSt2 are the sum of the interceps of the linear calibration of two analytes at two 
wavelengths (intS + intt = intSt). The values of CS and CT can be evaluated as follows:

RESULTS AND DISCUSSION

Optimum experimental conditions were set according to Lopez-Martinez et al. [14]. Analytical 
characteristics for individual zero order determination of SDD-Na and TMP were evaluated at the 
maximum absorption wavelengths. for the first derivative determination of SDD-Na and TMP 
wavelengths were chosen based on the slope values of the linear regression and determination 
coefficient from three analytical wavelengths based on maxima and minima. The results are 
summarized in Table 1 and Table 2. 
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Table 1. Analytical characteristics and statistical parameters for single component determination  
of sulfadimidine natrium (SDD-Na) and trimethoprim (TMP)

Component SDD-Na TMP

Absorbance
λ max 

Linearity range (µg/ml)
Equation

Determination coefficient
RSD(%) (n = 6)

Average recovery R%±SD 
Detection limit (µg/ml)

259 nm
2-20 µg/ml

A=0.0665[SDD]+0.0094
0.999
0.47

99.4±4.1
0.14

289 nm
2-20 µg/ml

A=0.0252[TMP]-0.003052
0.998
0,34

101.3±5.5
0.09

First derivative
λ max 

Linearity range (µg/ml)
Equation

Determination coefficient
R.S.D(%) (n = 6)

Average recovery R%±SD
Detection limit (µg/ml)

268 nm
2-20 µg/ml

1D=-0.1611[SDD]-0.0103
0.999
0.41

99.6±1.4
0.07

246 nm
2-20 µg/ml

1D=-0.2749[TMP]+0.0347
0.999
0.48

100.2±2.6
0.11

Detection limit = 3.3Sy/a; Sy – standard deviation, a – slope of calibration

Wavelenghts (nm) TMP aT

Determination coefficient 
r2 (p = 0.05)

246
268
303

-0.2748
0.0595
-0.0899

0.999
0.999
0.999

Wavelenghts (nm) SDD-Na aS

232
254
268

0.1725
0.0381
0.1614

0.998
0.999
0.999

Table 2. Analytical wavelengths for SDD-Na and TMP determination in single component solutions 
(aS, aT - slope value of linear regression calibration for SDD-Na and TMP)

aS2(DSt1–intSt1)+aS1(intSt2–DSt2)
aS2at1–aS1at2)

cS=

(DSt1–intSt1)+at1ct)
aS1

ct=
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fig.1 shows absorption spectra and fig. 2 shows first derivative spectra of TMP and SDD-Na 
for individual components and their binary mixture. As shown, there is a high spectra overlap – an 
analytical problem, which makes it difficult to simultaneously determine two or more compounds 
in the sample without previous chemical separation. for this reason the first derivative bivariate 
calibration technique was applied for simultaneous determination of SDD-Na and TMP in the mixture. 
fig. 3 shows first derivative spectra of sulfadimidine (SDD-Na) 2 - 20 mgl-1 and trimethoprim (TMP) 
20 mgl-1 binary mixtures and fig.4 shows first derivative spectra of sulfadimidine (SDD-Na) 20 mgl-1 
and trimethoprim (TMP) 2- 20 mgl-1 binary mixtures.
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fig. 2. first derivative spectra of sulfadimidine natrium (SDD-Na) 20 mgl-1, trimethoprim (TMP) 
20 mgl-1 and their mixture

 

0,0 

0,5 

1,0 

1,5 

2,0 

2,5 

3,0 

Wavelength(nm) 
210 220 240 260 280 300 320 340 360 

Mixture 
SDD-Na 
TMP 

Ab
so

rb
an

ce
 

fig.1. Absorption spectra of sulfadimidine natrium (SDD-Na) 20 mgl-1, trimethoprim (TMP)  
20 mgl-1 and their mixture
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fig. 3. first derivative spectra of sulfadimidine natrium (SDD-Na) 2 - 20 mgl-1 and trimethoprim 
(TMP) 20 mgl-1 binary mixtures

fig. 4. first derivative spectra of sulfadimidine natrium (SDD-Na) 20 mgl-1 and trimethoprim 
(TMP) 2 - 20 mgl-1 binary mixtures
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Two optimum wavelengths 249 and 268 nm were proposed for SDD-Na-TMP mixture. These 
optimum wavelengths were used to determine four linear regression calibration equations – two 
calibrations for each component at two wavelengths. Linear regression calibration formulas and 
determination coefficients are presented in Table 3.

Zero crossing first derivative method was also proposed to select the analytical signal. The 
selected wavelengths were 244 nm for TMP and 289 nm for SDD-Na determination (fig. 2). The 
calibration equation and determination coefficient for each component are presented in Table 4.

The proposed methods were analysed regarding the precision (relative standard deviation), lin-
earity (evaluated by regression equations) and accuracy (% recovery – using the first derivative 
bivariate and 0 crossing calibration equations). Results are shown in Table 5. 

Derivative spectrophotometric method for simultaneous determination...

Binary mixture SDD-Na - TMP

Component
Calibration equations and determination coefficients

λ= 249 nm λ= 268 nm

SDD-Na 1D= -0.001761[SDD-Na]-0.002453 (r2= 0.960) 1D=-0.161052[SDD-Na]-0.010271 (r2= 0.999)

TMP 1D=-0.164800[TMP]+0.026986 ( r2= 0.999) 1D=0.059386[TMP]+0.021784 ( r2= 0.999)

TMP SDD-Na SDD-Na

Added
(μg/ml)

Bivariate
method

(% found)

0 crossing
method

(% found)

Added
(μg/ml)

Bivariate
method

(% found)

0 crossing
method

(% found)

2.0
4.0
8.0
12.0
16.0
20.0

% Mean
recovery

%RSD (n = 6)

102.7
100.1
96.7
99.5
98.1
97.2

99.1
2.22

117.5
109.1
101.5
103.1
99.9
98.1

104.8
6.9

2.0
4.0
8.0
12.0
16.0
20.0

% Mean
recovery

%RSD (n = 6)

99.9
98.8
100.1
100.6
99.6
98.9

99.6
0.71

110.5
125.9
114.7
109.8
105.7
103.8

111.7
7.1

Table 5. Recovery results for SDD-Na and TMP in the binary mixture applying  
the first derivative bivariate method and zero-crossing method from the derivative spectra

Component λ 
(nm) Calibration equation  Determination coefficient r2  

(p = 0.05)
TMP 244 1D= 0.240099[TMP]+0.015694 0.999

SDD-Na 289 1D= -0.065169[SDD-Na]-0.007260 0.999

Table 4. Calibration formulas for TMP and SDD- Na in the binary mixture  
obtained using zero-crossing method from the derivative spectra

Table 3. Linear regression calibration formulae used for first derivative  
bivariate algorithm (D= aC+ int)
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The results for bivariate method are satisfactory with %RSD <2.22 and % recovery value 
99.1±2.22 for TMP and 99.6±0.71 for SDD-Na. for 0 crossing method %RSD <7.1 and recovery 
value 104.8±6.9 for TMP and 111.7±7.1 for SDD-Na. Evaluation of the method bias was carried 
out using statistical t-test (p = 0.05) and there is a statistically significant difference tcrit > tstat = 2.57 
in the proposed methods. The statistical study of the regression line showed that the determination 
coefficients and interceps do not differ significantly, for all analytes, from the ideal values of 1 and 
0, respectively. Comparison of the obtained results shows that the bivariate procedure gave better 
results than classical derivative spectrophotometry.

CONCLUSIONS

The obtained results show that derivative bivariate algorithm can be applied to simultaneous deter-
mination of SDD-Na and TMP with good accuracy and precission in laboratory prepared samples. The 
first derivative bivariate calibibration method is simple, low cost and good accuracy spectrophotometric 
method for the simultaneous determination of TMP in combination with SDD-Na.
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SUMMARY

Two derivative spectrophotometric methods: the first derivative bivariate algorithm and zero-
crossing method from the derivative spectra were proposed for simultaneous determination of 
sulfadimidine natrium (SDD-Na) and trimethoprim (TMP). Calibration model for bivariate method 
was constructed with the use of four linear regression calibration equations – two calibrations for 
each component at two wavelengths. The results obtained were compared with those from zero-
crossing derivative spectrophotometry which employs one linear regression calibration equation for 
each component. The results for bivariate method are satisfactory with % recovery value 99.1±2.22 
for TMP and 99.6±0.71 for SDD-Na. for 0 crossing method % recovery value 104.8±6.9 for TMP and 
111.7±7.1 for SDD-Na. Comparison of the obtained results shows that the bivariate procedure gave 
better results than classical derivative spectrophotometry. The first derivative bivariate calibibration 
method is simple, low cost and good accuracy spectrophotometric method for the simultaneous 
determination of TMP in combination with SDD-Na.

STRESZCZENIE

Dwie metody z zakresu spektrofotometrii pochodnych: metoda podwójnej kalibracji oraz przejścia 
przez zero zostały zaproponowane do jednoczesnego oznaczenia sulfadimidyny sodowej (SDD-Na) 
i trimetoprimu (TMP). Do metody podwójnej kalibracji użyto czterech równań kalibracyjnych – 
po dwa równania dla każdej badanej substancji przy dwóch długościach fal. Wyniki porównano z 
otrzymanymi metodą przejścia przez zero dla spektrofotometrii pochodnych, która wymaga jednego 
równania kalibracyjnego dla każdego badanego związku. Uzyskane wyniki są satysfakcjonujące 
z odzyskiem 99,1%±2,22 dla TMP i 99,6%±0,71 dla SDD-Na. Dla metody przejścia przez zero 
104,8%±6,9 dla TMP i 111,7%±7,1 dla SDD-Na. Porównanie wyników otrzymanych dwiema 
metodami wykazuje, że metoda podwójnej kalibracji daje lepsze rezultaty niż klasyczna metoda 
spektrofotometrii pochodnych. Metoda podwójnej kalibracji z użyciem pierwszej pochodnej jest 
prosta i tania o dużej dokładności. Można ją zastosować do oznaczania obok siebie sulfadimidyny i 
trimetoprimu.


