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Introduction

Sulfamethoxazole is N!-(5-methylisoxasole-3-il) sulfanilamide. Its
closed formula C, H, N,O,S and molecular weight 253.3 g/mol (Figure 1).
White and yellowish white colored, crystallized powder. It does not dis-
solve in chloroform and ether. Its solubility in water very low, it dissolves
in ethanol 1 : 50 and in acetone 1 : 30. On the other hand, it dissolves
in alkaline hydroxide solutions. It is a drug which using in both systemic
and urinary infections. Generally, it is combined with trimethoprim in
commercial drugs ! 2.
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Figure 1

The chemical structure of sulfamethoxazole (3)
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Trimethoprim is 5-(3, 4, 5-trimethoxybenzyl) pyrimidin-2,4-diyl-
diamine. Its closed formula C ,H /N,O, and molecular weight 290.3 g/
mol (Figure 2). White and yellowish white colored crystal or crystallized
powder. It dissolves in water 1 : 2500, in ethanol 1 : 300, in chloro-
form 1:55 and in methanol 1:80 and it does not dissolve in ether. Trim-
ethoprim structurally resembles in pytheridine of dihydrofolic acid and
is strong inhibitor of dihydrofolat reductase which converted dihydrofolat
into tetrahydrafolat. This situation blocks purins and finally DNA, RNA
and protein synthesis. Therefore, sulfonamide and trimethoprim combi-
nation is real example of synergism and lead to the sequential inhibition
of folic acid synthesis. Bacterial dihydrofolat reductase is susceptible to
trimethoprim 20-60.000 times than mammalian enzyme. Trimethoprim
has bacteriostatic effect with broad-range of Gram positive and Gram neg-
ative bacteria and generally is ineffective to anaerobes ! *.
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Figure 2.

The chemical structure of trimethoprim (3)

Several analytical methods including spectrophotometry 59 HPLC 1012
and capillary zone electrophoresis '* were reported for the analysis of the
samples consisting of sulfamethoxazole and trimethoprim.

In the analytical studies, several methods such as derivative spec-
trophotometry, HPLC, PLS and PCR have been used for the quantitative
analysis of multicomponent mixtures. As it is known, some disadvan-
tages (the graphical procedure of spectra, the chromatographic condition
optimization for separation, the complex calculation and abstract theory
for PLS and PCR) for the above methods in the applications have been re-
ported. For these reasons, simple numerical calibration methods instead
of the complex analysis methods have been preferred for the quantitative
analysis.



SPECTROPHOTOMETRIC DETERMINATION AND STABILITY STUDIES OF SULFAMETHOXAZOLE 97
AND TRIMETHOPRIM IN ORAL SUSPENSION BY CLASSICAL LEAST SQUARE CALIBRATION
METHOD

In this study, a simple spectrophotometric classical least square cali-
bration was proposed and successfully applied to simultaneous analysis
and stability test of the commercial veterinary formulation containing
sulfamethoxazole and trimethoprim. A good coincidence was observed for
the experimental results obtained by application of the proposed classi-
cal least square calibration.

Experimental section
Instruments

A Shimadzu UV-160 double beam UV-Vis spectrophotometer pos-
sessing a fixed slit width (2 nm) connected to a computer loaded with
Shimadzu UVPC software and a LEXMARK E-320 printer were used to
record the absorption spectra. Data analysis was performed by using the
Microsoft EXCEL software.

Commercial Veterinary Formulation

A commercial veterinary product (ZOCATRIN oral suspension, Sanofi
Dif fla¢ A.S., Istanbul, Turkey) was assayed. Its declared content was as
follows: 400 mg sulfamethoxazole, 80 mg trimethoprim per mL were ob-
tained as a donation from Sanofi Dif Ila¢c A.S., Istanbul, Turkey.

Standard Solutions

Stock solution of 25 mg/50 ml sulfamethoxazole and trimethoprim
were prepared in methanol-water (50:50, v/v). A standard series in the
concentration range of 2-11 pg/mL sulfamethoxazole and 3-18 pg/mL
trimethoprim in the same solvent were obtained from the above stock so-
lutions. The synthetic mixtures solutions as a validation set in the above
working concentration ranges.

Sample solutions preparation

In the commercial sample analysis, 1 mL of the commercial oral sus-
pension containing sulfamethoxazole and trimethoprim was transferred
into 250 mL calibrated flask and the volume was completed with metha-
nol-water (50:50, v/v). The content of the flask was mechanically shaken
for 10 min and then, clear solution was obtained. In the following step,
by adding 5 mL of the buffer solution (ammonium chloride/ammonium
hydroxide, pH=10) to 25 mL flask and 312.5 pL of the above sample
solution was dissolved in 25 mL flask in methanol-water (50:50, v/v).



o8 HACETTEPE UNIVERSITY JOURNAL OF THE FACULTY OF PHARMACY

The final solution was diluted to the working concentration range for the
method application.

In the preparation of the sample for the stability tests, at the be-
ginning of study, the formulations with the same batch numbers were
opened up (twice from each formulation) and their analysis were done,
the control data were obtained. Following that the other formulations in
their original containers were stored in different conditions (room tem-
perature, refrigerator, etuve) for next experimental periods. Their analy-
sis was done every 3 month during 12 months. The temperature and
humidity of storage conditions were 3.9-4.1 °C and 30-32 % for refrigera-
tor, +37 °C and 17-19 % for etuve and 20-29 °C and 30-33 % for room
temperature, depends on season.

Results and Discussion

Figure 3 indicates the absorption spectra of sulfamethoxazole and
trimethoprim in the concentration range between 2-11 pg/mL sulfa-

methoxazole and 3-18 pg/mL trimethoprim in methanol-water (50:50,
v/Vv).

200 220 240 260 280 300 320 340
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Figure 3
Absorption spectra of calibration solutions of sulfamethoxazole (2-11 pug/mlL) (%) and tri-

methoprim (----) (3-18 ug/mL).

As it can be seen from Figure 3, the simultaneous determination and
test of veterinary drugs in the same mixture is not possible by classical
spectral determination due to the overlapping spectra of sulfamethoxa-
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zole and trimethoprim. In order to overcome this problem, a simple spec-
trophotometric classical least square method was proposed for simulta-
neous analysis and test of the subjected matter compounds.

Application of the Spectrophometric Classical Least Square Method

In this method, the standard series of each compound in the con-
centration range 2-11 pg/mkL for sulfamethoxazole and 3-18 pg/mL for
trimethoprim in methanol-water (50:50, v/v) were prepared. Their ab-
sorption spectra were recorded between 200-350 nm. Similar procedure
was applied to the sample solutions. The absorption spectra of standard
series were measured at three-wavelength set (237, 257 and 288 nm). At
the above wavelength set, the absorptivity value for each compound was
calculated by using the following equation:

e = A/ C (pathlength, /=1 cm) (1)

where ¢ is the absorptivity, A represents the absorbance and C is the
concentration of the compound in solution in, expressed in pg/mL. The
mean absorptivity values calculated at three-wavelength set were pre-
sented in Table I.

TABLE 1

The absorptivities calculated from the spectrophotometric measure-
ments at three-wavelength set for sulfamethoxazole and trimethoprim

) [ni‘n] jg/mL 4 8 12 16 20 22 absévr[;f‘igi ties
g . Abs. 0.0747 0.1395 0.2137 0.3201 0.3775 0.4001
g Absorptivity  0.0187 0.0174 0.0178  0.0200 0.0189 0.0182 0.0185
% - Abs. 0.1269 0.2311 0.3724 0.5504 0.6572 0.7256
e Absorptivity ~ 0.0317 0.0289 0.0310 0.0344 0.0329 0.0330 0.0320
@ - Abs. 0.0199 0.0382 0.0593 0.0823 0.1059 0.1132
Absorptivity ~ 0.0050 0.0048 0.0049  0.0051 0.0053 0.0051 0.0050
[ni‘n] ug/mL 3 4 6 9 13 18
£,y Abs. 0.1968 0.2647 0.3819 0.5824 0.8631 1.2003
g Absorptivity ~ 0.0656 0.0662 0.0637 0.0647 0.0664 0.0667 0.0655
‘é - Abs. 0.0210 0.0269 0.0388 0.0601 0.0903 0.1193
E Absorptivity  0.0070  0.0067 0.0065 0.0067 0.0069 0.0066 0.0067
- Abs. 0.0777 0.1039 0.1530 0.2300 0.3311 0.4612
Absorptivity  0.0259 0.0260 0.0255 0.0256 0.0255 0.0256 0.0257
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According to the calculated absorptivities at the three-wavelength set,
the spectrophotometric classical least square calibration was construct-

ed by using the following equation:
A, A =00185C
A, A =00320C
A A, =0.0050 C

sulfamethoxazole

sulfamethoxazole

sulfamethoxazole

Method Validation

+ 0.0655 C
+ 0.0067 C
+ 0.0257 C

Trimethoprim

Trimethoprim

Trimethoprim

)

In the validation study, 12 synthetic mixtures containing sulfa-
methoxazole and trimethoprim in the working concentration range (in
methanol-water 50:50, v/v) were prepared by using the stock solutions
of sulfamethoxazole and trimethoprim (Table II). The absorption spectra
of these synthetic mixtures were recorded in the spectral region 200-350
nm. The determination of sulfamethoxazole and trimethoprim in mix-
tures were performed by using the equation (2). The mean recovery and
relative standard deviation calculated and presented in Table II.

TABLE II

Recovery results of sulfamethoxazole and trimethoprim in the synthetic

mixtures by spectrophotometric classical least square calibration

Added (mg/mL)

Found (mg/mL)

Recovery (%)

SMT TMP SMT TMP SMT TMP
20 3 19.83 3.05 99.2 101.7
20 4 22.34 4.20 101.7 105.0
20 6 22.33 6.12 101.2 102.0
20 9 22.22 9.14 101.1 101.6
20 13 22.71 13.41 103.6 103.2
20 18 22.45 18.60 102.3 103.3
4 4 4.06 3.98 101.7 99.5
8 4 8.51 3.88 106.5 97.0
12 4 11.49 3.97 95.8 99.3
16 4 15.53 4.06 97.1 101.5
20 4 20.11 4.25 100.6 106.3
22 4 22.13 4.25 100.6 106.3

Mean 100.9 102.2
SD 2.78 2.81
RSD 2.75 2.75

SD = Standard deviation, RSD = % Relative standard deviation

SMT =sulfamethoxazole, TMP =Trimethoprim
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In the method validation procedure, good precision and accuracy
were observed for the application of the spectrophometric classical least
square calibration to the analysis of synthetic mixtures.

Analysis and stability test of commercial veterinary formulation

The study is based on the application of the proposed spectropho-
tometric classical least square method to the simultaneous quantitative
analysis and stability test of the commercial veterinary suspensions of
sulfamethoxazole and trimethoprim without a chemical separation step
because of the overlapping absorption spectra of the active compounds.

Firstly, the proposed classical least square calibration based on the
absorptivities at three-wavelenght set was applied to quantitative analy-
sis of sulfamethoxazole and trimethoprim suspension as explained in
the “sample solutions preparation” section. The experimental results were
presented in Table III.

TABLE III

Experimental results of sulfamethoxazole and trimethoprim by spectro-
photometric classical least square method

mg/mL

Sample no. SMT TMP
1 421.50 78.56
2 402.43 81.05
3 402.83 81.14
4 403.73 80.29
5 394.09 79.34
6 406.02 81.75

7 400.97 80.80

8 406.17 81.19

9 406.17 81.19
10 400.99 80.35
Mean 404.49 80.57
SD 6.97 0.97
RSD 1.72 1.20

SD = Standard deviation, RSD = % Relative standard deviation
SMT =Sulfamethoxazole, TMP =Trimethoprim
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Secondly, the veterinary formulations were analysed each 3 months
during 12 months. These formulations kept up in their original contain-
ers until analyzing procedure and stored in different conditions (room
temperature, refrigerator, etuve). Standard and sample solutions prepa-
rations were done as explained above. Their absorption spectra were re-
corded between 200-350 nm. Similar procedure was applied to the sam-
ple solutions. The absorption various of standard series were measured
at the 3-wavelength set (237, 257 and 288 nm). At the above wavelength
set the absorptivity various for each compound were calculated by using
the formula ¢ = A (absorbance) / C (concentration, pg/mkL).

The shelf life of veterinary formulation is declared as 24 months. In
USP, there are criteria for oral suspension of sulfamethoxazole and trim-
ethoprim. According to USP, the claimed label quantities of sulfamethox-
azole and trimethoprim in veterinary formulation should not be less than
90 % and should not be exceed 110 %. At the end of study, the degrada-
tion in the active compounds of veterinary formulation during 12 months
was compatible with USP 13,

Conclusion

In spite of overlapping spectra of sulfamethoxazole and trimethoprim
in the same spectral range 200-350 nm, the spectrophometric classical
least square method was successfully applied for simultaneous analysis
and test of the above active compounds in samples. This method is very
easy to use and easy to apply and besides very cheap to quality control
and routine analysis of two active veterinary compounds in commercial
samples.

Summary

Quantitative determination and stability test of sulfamethoxa-
zole and trimethoprim in oral suspension were carried out by spectro-
phometric classical least square calibration method. Stability test of the
related veterinary drugs was performed by using the following conditions:
Room temperature, refrigerator and etuve (37 °C) for each 3 month dur-
ing 12 months. For the spectrophotometric analysis, the standard series
of sulfamethoxazole and trimethoprim was prepared in the concentration
range of 2.0-11.0 pg/mL and 3.0-18.0 pg/mL respectively. The absor-
bances of standard series were measured at three-wavelength set (237,
257 and 288 nm). A classical least square calibration was obtained by
using the absorptivities at three-wavelength set. The validity of the spec-
tral method was done by analyzing the synthetic binary mixtures. Af-
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terwards the method was successfully applied to simultaneous analysis
and stability test of the commercial veterinary formulation containing
sulfamethoxazole and trimethoprim.

Keywords: Spectral classical least square, Simultaneous determina-
tion, Stability test, Sulfamethoxazole, Trimethoprim, Chemometry

Ozet

Oral Siispansiyondaki Siilfametoksazol ve Trimetoprimin Klasik
Kiiciik Kare Kalibrasyon Metodu ile Spektrofotometrik Tayinleri ve
Stabilite Calismalar1

Oral stispansiyondaki stlfametoksazol ve trimetoprimin kantitatif
tayini ve stabilite testi, spektrofotometrik klasik kuictik kare kalibra-
syon metodu ile calisildi. Sézkonusu veteriner ilaclarmin stabilite tes-
tleri, su kosullarda gerceklestirildi : Bir y1l stiresince, oda 1s1s1, buzdolabi
ve etuvde (37 °C) bekletilen ilaclarin, her tic ayda bir, analizleri yapildi.
Spektrofotometrik analiz i¢in stilfametoksazol ve trimetoprimin, sirasiyla,
2.0-11.0 pg/mL ve 3.0-18.0 pg/mL konsantrasyon araligindaki stan-
dart serileri hazirlandi. Standart serilerin absorbanslari, ti¢ ayr dal-
ga boyunda olculdu (237, 257 ve 288 nm). Bir klasik kiictiik kare ka-
librasyonu, ti¢ ayrn dalga boyunda absorbtiviteler dlctilerek elde edildi.
Spektral metodun validasyonu, sentetik ikili karisimlar analiz edilerek
yapildi. Ardindan da metot, stilfametoksazol ve trimetoprim iceren ticari
veteriner formiilasyonun es zamanl (simultane) analizi ve stabilite tes-
tine basariyla uygulandi.

Anahtar kelimeler: Spektral klasik kiictik kare, Simultane tayin, Sta-
bilite testi, Stilfametoksazol, Trimetoprim, Kemometri
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