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Abstract

Sulfamethoxazole is one of the important pharmaceutical preparations for which researchers have been trying to �nd
sensitive and applicable spectroscopic methods for its estimation. The estimation methods were divided into �ve types:
the standard method, which relied on the use of the protocol followed in the US pharmacopeia (USP), in addition
to Titrimetic methods, spectroscopic methods, and voltammetry methods, the last of which used high-performance
chromatography (HPLC) technology. The aim of this study is The process of counting the various spectroscopic methods
used in estimating the pharmaceutical preparation sulfamethoxazole for the purpose of facilitating the research process
for researchers.
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1. Introduction

S ulfamethoxazole belongs to the family of antibac-
terial sulfonamides and is described as one of the

most prominent types of sulfa drugs. All types of
sulfonamide drugs share the general formula, but the
difference lies in the functional group R in (SO2NHR)
and changing the R substituents leads to differences
in physical, chemical, and therapeutic properties [1].

The scienti�c name of sulfamethoxazole is 4-
Amino-N-(5-methyl-3-isoxozoyl) benzene sulphon-
amide.

Its common names include Gontonol, Radonil, and
Sinomin. It is a white crystalline powder, insoluble
in water, slightly soluble in benzene, chloroform, and
isopropanol, and highly soluble in acetone, methanol,
and ethanol. Its molecular formula is C10H11N3O3S
[1]. Its molecular weight is 253.28 g.mol−1, its melting
point is 167◦C [2].

A new series of Sulfamethoxazole derivatives
was prepared and examined for anti�brinolytic and

Fig. 1. Structure of Sulfamethoxazole.

antimicrobial activities. Sulfamethoxazole deriva-
tives bear heterocyclic moieties such as 1,3,4-thiadi-
azine [3] pyrazolidine-3,5-diol [4] 6-hydroxy-1,3,4-
thiadiazinane-2-thione [5] and [(3-methyl-5-oxo-4,5-
dihydro-1H-pyrazol-4-yl) diazenyl] [6]. Their struc-
tures were elucidated by spectral methods (FT-IR,
H1-NMR). Physical properties are also determined
for all compound derivatives. Recently prepared
compounds were tested for their antimicrobial ac-
tivity in the laboratory. Each screened compound
showed good tendency towards moderate antimicro-
bial activity.
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Table 1. Different spectroscopic methods for determining sulfamethoxazole.

Type of reaction Reagent used λ max, nm. Linearity, µgml−1 ε L.mo1−1, cm−1

Charge transfer complexes [9, 10] SNP 512 5–150 1.139—103
Chloranilic acid 520 2–10 2.7929×104

NQS 460 5-50 6.7878×104

Condensation [11, 12] P-N,N-dimethyl amino
benzaldehyde

450.5 0.1–10 5.7950×104

Oxidation [13] Phenoxazine 520 0.1–6 6.105×104

Diazotization-Coupling [14] 2,4,6-Trihydroxybenzoic acid 416 0.2–16 1.8×104

Schiff base [15] Vanillin 399.09 5–80 1.1×103

Oxidative Coupling [16] 4-Aminobenzene sulfonic acid 490 2–32 9.118×103

Diazotization-Coupling [17] DMP 402 1–15 1.494×104

By following the literature, it was noted that there
are multiple methods for determining sulfamethox-
azole in its pure form and in its pharmaceutical
preparations. There are methods that include the
simultaneous determination of sulfamethoxazole in
its pharmaceutical preparations that usually contain
trimethoprim. Below are some of these methods.

2. Standard method

The standard USP method for determining sul-
famethoxazole involves dissolving 0.5 g of sul-
famethoxazole in a mixture of 20 mL of glacial acetic
acid and 40 mL of water, then adding 15 mL of hy-
drochloric acid to the sample solution, cooling the
mixture to 15◦C, and immediately 	ushing with 0.1
molar solution of sodium nitrite (NaNO2). The end-
point of the reaction is determined by stress analysis
and using the Calomel-platinum electrode system [7]
The amount of sulfamethoxazole can be calculated
from the relationship below:

1 ml of 0.1 M NaNO2 = 25.33 mg of C10H11N3O3S

3. Titrimetric methods

A simple, rapid, and indirect method (based
on stress analysis) for the determination of sul-
famethoxazole in the presence of trimethoprim in
co-trimoxazol tablets has been described. The method
was based on the formation of a complex of sul-
famethoxazole with a known excess of silver ions,
and then the unreacted silver ions were 	ushed
with a standard solution of ammonium thiocyanate,
using a copper electrode covered with a thin mer-
cury �lm (CBMFE). The method was highly accurate.
The average recovery rate was 99.88% and the rela-
tive standard deviation was 1.32%. The method was
successfully applied to pharmaceutical preparations
(tablets) with approved results [8].

4. Spectrophotometric methods

Sulfamethoxazole was determined using various
spectroscopic methods and different reagents. Table 1
shows a summary of these methods.

5. Electrical methods (voltammetric methods)

Table 2 shows a summary of the use of different
Electroanalytical methods for the determination of
sulfamethoxazole in its pharmaceutical preparations.

6. Chromatographic methods

Table 3 summarizes some of the chromatographic
methods used for the determination of sulfamethoxa-
zole in its pure state and in its pharmaceutical prepa-
rations (in the presence of trimethoprim or in the pres-
ence of one of the sulfonamide preparations). It has
also been estimated in human biological 	uids such
as blood, plasma, serum, urine, or in animal tissues.

7. Other methods

A sensitive and selective method was developed for
the determination of sulfamethoxazole and sulfathio-
zole in different models (in milk, urine, and phar-
maceutical preparations). The method was based on
the chemically induced 	uorescence (IF) technique, as
the value of the detection limit for sulfamethoxazole
was 8.1 ng/ml for sulfathiazole 2.9 ng/ml, while the
recovery value for sulfamethoxazole in pharmaceuti-
cal preparations was 102%, and for sulfathiazole, the
recovery value in milk and lactation models ranged
from 95% to 107.5% [29]

A method was also developed to separate and es-
timate three antibacterial components (sulfamethoxa-
zole, trimethoprim, and sulfadiazine) in sulfamethox-
azole combination tablets. The method was based
on the use of capillary electrophoresis technology
and current measurement. A 70 cm long capillary
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Table 2. Electroanalytical methods for the determination of sulfamethoxazole.

Type of electro analysis method Type of electrode Linearity, M

Square Wave Voltammetry [18] GCE 5.5×10−5–3.95×10−4

Deferential Puls Voltammetry [19] MoO2/GCE 7.04×10−7-1×10−3

Voltammetry [20] g-C3N4/ZnO-GCE 20 nM–1.1 mM
Electrochemical sensor [21] Screen-printed Electrode 1–100 ng/ml
Deferential Puls Voltammetry and Amperometry [22] GO/ZnO-GCE 0.10×10−6-1.5×10−6

Table 3. Chromatographic methods used for the determination of sulfamethoxazole.

Type of chromatographic method Type of column λ max, nm. Linearity, µg.ml−1

LC–MS [23] Aligent Extend-C8 — 20–40000 ng/ml
HPLC [24] C18 235

250
260
270

0.12–2.53

RP-LC [25] C18 213 5-70
RP-HPLC [26] X Bridge RP-C18 225 5-100
HPLC [27, 28] Column of HALO 2.7 280 0.05–5

Aligent 5TC-C18 295 —

tube with a separation voltage of 18 kV was used,
and it was possible to separate the three components
within 14 minutes. It was found that the relation-
ship was observed between the peak current and the
concentration of the three analytes within the ranges
of (5×10−2-5×10−4), (1×10−1-5×10−4) and (5×10−2-
5×10−4) µg.mL−1, respectively, and the detection
limits ranged from 8×10−5 to 5.1×10−5 µg.mL−1 for
all components. The method was successfully ap-
plied to determine the main active ingredients in
sulfamethoxazole tablets [30, 31].

The aim of this study is The process of counting
the various spectroscopic methods used in estimating
the pharmaceutical preparation sulfamethoxazole for
the purpose of facilitating the research process for
researchers.

8. Conclusion

Many scienti�c studies have been conducted in the
�elds of quantitative determination of the pharma-
ceutical preparation Sulfamethoxazole. The reason is
attributed to the importance of that preparation, as
researchers discovered that the effective groups of
the preparation facilitated its entry through several
color reactions. In addition to the easy physical char-
acteristics, it was possible to provide diversity in its
quantitative determination processes.

Acknowledgments

The authors are very grateful to their universities
(Mosul/College of Pharmacy and Al-Turath Univer-

sity) for providing facilities. which helped to improve
the quality of this work.

References

1. Katzung BG, Masters SB, Trevor AJ. Farmacología básica y
clínica. McGraw Hill Educación. 2012;420–425.

2. Khalaf H, Haidari P, Dikran S, Mohammed P. Spectropho-
tometric determination of sulfamethoxazole in pure and
pharmaceutical preparations based on condensation reaction
method. J. Babylon Univ. Pure Appl. Sci. 2017;25:515–524.

3. Gupta R, Kazmi I, Afzal M, Khan R, Chauhan M, Al-Abbasi
FA, Ahmad A, Anwar F. Combination of sulfamethoxazole and
selenium in anticancer therapy: a novel approach. Int J Mol Sci.
2013;384(1–2):279–285.

4. Jurado R, Carpenter SL, Rimland D. Trimethoprim-
sulfamethoxazole–induced meningitis in patients with
HIV infection. Am J Med Sci. 1996;312(1):27–29.

5. Hida S, Yoshida M, Nakabayashi I, Miura NN, Adachi Y,
Ohno N. Anti-fungal activity of sulfamethoxazole toward As-
pergillus species. J Biol Pharm Bull. 2005;28(5):773–778.

6. Forgacs P, Wengenack NL, Hall L, Zimmerman SK, Sil-
verman ML, Roberts GD. Tuberculosis and trimethoprim-
sulfamethoxazole. J. Antimicrob Agents Chemother. 2009;
53(11):4789–4793.

7. United States pharmacopoeia 41 and National Furmulary 36.
vol. III, Rockville: United States Pharmacopial Convention.
2018;1387–1388.

8. Nazer M, TK S, Riyazuddin P. Indirect potentiometric titration
of sulphamethoxazole in the presence of trimethoprim in Co-
trimazole tablets using copper based mercury �lm electrode.
Chemical & Pharmaceutical Bulletin. 2001;49:278–281.

9. Mahmoud TY, Dikran SB, Mohammed AK. Spectropho-
tometric determination of sulfamethoxazole based on
charge-transfer complexation with sodium nitroprusside.
Ibn AL-Haitham Journal For Pure and Applied Sciences.
2017;30(3):102–113.

10. Adegoke OA, Babalola CP, Kotila OA, Obuebhor O. Simul-
taneous spectrophotometric determination of trimethoprim
and sulphamethoxazole following charge-transfer complex-
ation with chloranilic acid. Arabian Journal of Chemistry.
2017;10:S3848–S3860.

11. Khalaf H, Haidari P, Dikran S, Mohammed P. Spectropho-
tometric determination of sulfamethoxazole in pure and



36 HILLA UNIV COLL J MED SCI 2024;2:33–36

pharmaceutical preparations based on condensation reaction
method. J. Babylon Univ. Pure Appl. Sci. 2017;25:515–524.

12. Darweesh SA, Al-Haidari IMA, Mohammed AK, Dikran SB.
Spectrophotometric determination of sulfamethoxazole with
PN, N-dimethyl amino benzaldehyde as condensation reac-
tion. Ibn AL-Haitham Journal For Pure and Applied Science.
2017;29(2):185–199.

13. AL-Okab RA, Mansour S, Ahmed N. Development green spec-
trophotometric method for determination of sulfamethoxazole
in pure and pharmaceutical formulations. Journal of Pharmacy
and Chemistry. 2018;11(4):15–19.

14. Mohammed SA, Al-Hamdany NM, Abdulkader AN. Spec-
trophotometric determination of sulfamethoxazole in pure
and in pharmaceutical preparations by diazotization and
coupling reaction. Ra�dain Journal of Science. 2019;28(3):
15–26.

15. Mohammed NS, Theia’a N, Abdul-Jabar P. Development
method for spectrophotometric analysis of sulfamethoxazole
using vanilline reagent. Asian Journal of Applied Chemistry
Research. 2020;6(2):41–49.

16. Allah NMG, Ahmed AM, Tapabashi NO. Spectrophtotomet-
ric determination of pure sulfamethoxazole in pharmaceutical
preparations by oxidative coupling reaction. Iraqi Journal of
Market Research and Consumer Protection. 2021;3(1):65–76.

17. Abbas SM, Dawood FA, Muhammed Z. Spectrophotometric
determination of sulfamethoxazole in pure and pharmaceu-
tical formulations. Al-Nisour Journal for Medical Sciences.
2022;4(1):42–57.

18. Calaça GN, Pessoa CA, Wohnrath K, Nagata N. Simultaneous
determination of sulfamethoxazole and trimethoprim in phar-
maceutical formulations by square wave voltammetry. Int J
Pharm Pharm Sci. 2014;6:438–442.

19. Alkhawaldeh AK. Electrochemical analysis of sulfamethoxa-
zole by differential pulse voltammograms method. Preprints
2020;(1):11942.

20. Balasubramanian P, Settu R, Chen S-M, Chen T-W. Voltam-
metric sensing of sulfamethoxazole using a glassy carbon
electrode modi�ed with a graphitic carbon nitride and zinc
oxide nanocomposite. Microchimica Acta. 2018;185(8):1–9.

21. Zhao X, Wang P, Ye C, Wang H, Cao W. Preconcentration of sul-
famethoxazole using a Molecularly Imprinted Polymer (MIP)
prepared by zeolitic imidazolate framework-8-hemoglobin
catalyzed by electrochemically mediated atom transfer radi-
cal polymerization with electrochemical determination on a
screen-printed electrode. Analytical Letters. 2020;53(3):459–
468.

22. Kumar PS, Sreeja B, Kumar KK, Padmalaya G. Investigation
of Na�on coated GO-ZnO nanocomposite behaviour for sul-
famethoxazole detection using cyclic voltammetry. Food and
Chemical Toxicology. 2022;167:113311.

23. Wang X, Zhang Y, Qin K, Nian S, Xiao T, Zhang Q, et al. Simul-
taneous determination of sulfamethoxazole and trimethoprim
in rat plasma by LC-ESI-MS and its application to a pharma-
cokinetic study. Journal of Liquid Chromatography & Related
Technologies. 2012;35(7):951–962.

24. Asadi S, Gharbani P. Simultaneous determination of sul-
famethoxazole and phthalazine by hplc and multivariate
calibration methods. Iran. J. Chem. Chem. Eng. V. 2013;32(2):
1–8.

25. Tahan GP, Machado SC, Malaguti EC, Maia PP, Rath S, Martins
I. RP-LC method for simultaneous determination of sul-
famethoxazole and trimethoprim content in veterinary drugs.
Eclética Química. 2015;40:32–41.

26. Ló AT, Juá H, Lares-Asseff I, Gonzá FR, Medina RA, Pé
G, et al. A reliable method to quantify trimethoprim and
sulfamethoxazole in plasma of children by HPLC with ap-
plication in pharmacokinetic studies. American Journal of
Analytical Chemistry. 2019;10(7):247–253.

27. Hussein ZM, Rasheed AS. Investigation of the retention behav-
ior of sulfamethoxazole and determination in syrup and tablet
dosage forms in hydrophilic interaction liquid chromatogra-
phy method. Biochem. Cellular Archives. 2021;21:969–975.

28. Handayani Y. Development of a simultaneous sulfadiazine,
sulfamethoxazole, and tetracycline antibiotic level determi-
nation method with high-performance liquid chromatogra-
phy. Natural Sciences Engineering and Technology Journal.
2022;3(1):140–147.

29. Flores JL, de Córdova MLF, Díaz AM. Flow-through optosen-
sor combined with photochemically induced 	uorescence for
simultaneous determination of binary mixtures of sulfon-
amides in pharmaceuticals, milk and urine. Analytica Chimica
Acta. 2007;600(1–2):164–171.

30. Qing-Cui C, Xiu-Hui T, Lian-Mei J, Wen-Jun Z, Jian-Nong
Y. Determination of effective ingredients in compound sul-
famethoxazole tablets by capillary electrophoresis with am-
perometric detection. Chinese Journal of Analytical Chemistry.
2008;36(3):292–296.

31. Maseer A, Najem M. Spectrophotometric determination of
mesalazine in pure form and pharmaceutical formulations by
diazotization and coupling with 2, 7-dihydroxynaphthalene
as a new coupling agent. Hacettepe University Journal of the
Faculty of Pharmacy. 2023;43(3):195–203.


	Quantitative Determination of Sulfamethoxazole using various Spectroscopic Methods
	How to Cite This Article

	Quantitative Determination of Sulfamethoxazole using various Spectroscopic Methods
	1 Introduction
	2 Standard method
	3 Titrimetric methods
	4 Spectrophotometric methods
	5 Electrical methods (voltammetric methods)
	6 Chromatographic methods
	7 Other methods
	8 Conclusion

	Acknowledgments
	References

