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Abstract: A sensitive and accurate indirect spectroscopic method has been proposed for the 

determination of furosemide in acidic media. The method includes oxidation of safranin dye in the 

presence of N-bromosuccinimide as an oxidizing agent to form a pink-colored product that can be 

measured spectrophotometrically at a wavelength of 526 nm. The molar absorbance and Sandel 

sensitivity were (2.4×104 L/mol.cm) and (0.0135 µg\cm) respectively, the correlation coefficient was 

0.9995 with a recovery rate of 97.24%, a standard deviation of 0.867%, 0.0966 µg\ml for (LOD) and 

0.322 µg\ml for (LOQ). The technique was applied to determine the purity of furosemide and the 

medicinal forms of it. 
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1. Introduction 

Furosemide chemically name is [(2-furanyl methyl) amino] benzoic acid] 5-(amino-

sulfonyl)-4-chloro-2 (Figure 1) [1] is a crystalline powder that is white to slightly yellow in 

color and has a melting point of 206°C [2], is an effective loop diuretic that speeds up the 

production of urine and the excretion of sodium by blocking the kidneys' ability to absorb 

chloride and sodium [3]. Because furosemide can conceal other drugs, it is on the World 

Anti-Doping Agency's list of prohibited substances. 

                

Figure 1. Furosemide structure 
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Furosemide is used to alleviate the body's fluid retention brought on by heart failure, 

liver scarring, or renal illness. It can be used to treat high blood pressure as well [4]. In 

1959, furosemide was patented, and in 1964, it was licensed for medicinal usage [5]. it's a 

Water-soluble to a slight degree, chloroform, and ether, but it dissolves in dimethyl forma-

mide, acetone, and methanol [6]. There could be interactions between furosemide and the 

following medications: Other salicylates, such as aspirin [7]. Numerous analytical tech-

niques are available to detect furosemide in biological and pharmacological materials. 

There are also numerous known spectrophotometric methods for furosemide [8-17] HPLC 

[18-23] and other methods [24-33]. 

2. Materials and Methods 

 Apparatus is UV-Vissible Shimadzu model 1800 Double-beam spectrophotometric 

with 1 cm thickness. The preparation of method for this research following: 

1) Furosemide (100 µg\ml) 

In a 100 ml volumetric bottle, 0.01g of the medication was dissolved in 2 ml of 

sodium hydroxide, and then 100 ml of pure water were added. 

2) Safranine (100 µg\ml) 

0.01g of dye dissolved in 100ml distilled water. 

3) N-bromosuccinimide (NBS) (1×10-2 M) 

0.1779g of NBS dissolved in 100 ml distilled water, and another oxidizing agents 

prepared in the same concentrations. 

4) Phosphoric acid (1M) 

15.31ml was taken from the concentrated acid (density = 1.88g/ml, 85%) and di-

luted to 250 ml by distilled water. 

5) Surfactants (0.1%) 

In order to prepare surfactants, 0.1g of each material were dissolved in 100 ml of 

hot distilled water. 

6) Furosemide tablet (40mg) 

Five capsules of the pharmaceutical preparation were weighed and the equivalent 

of the weight of one capsule was taken and dissolved in 2 ml sodium hydroxide 

1M. To get 400 μg.ml-1, to obtain a solution with a concentration of 100 µg.ml-1, 

the solution was filtered, and the volume was added to 100 ml of distilled water. 

After that, 25 ml of the final solution was removed, and different volumes (0.1, 

0.3, 0.75) ml were taken to obtain concentrations (1, 3, 7.5) of furosemide. The re-

sults appear in Table 5. 

7) Furosemide Ampoule (20mg\2ml) 

2ml taking of the drug solution and diluting it into 100 ml of distilled water to 

obtain a solution with a concentration of 200 μg.ml-1, from which 100 μg.ml-1 were 

prepared different volumes (0.1, 0.3, 0.75) ml were taken to obtain concentrations 

(1, 3, 7.5) μg.ml-1 of furosemide, given that Table 5 displays the results. 

3. Results and Discussion 

3.1. The absorption spectrum and the standard curve of the dye 

The absorption spectrum of the dye at a concentration of 100 μg.ml-1 was studied by 

taking increase sizes of dye (0.1-3.0) ml within a 10 ml volumetric flask to obtain the opti-

mal amount that gives the best absorption at a wavelength of 526 nm, as seen in Figure 2. 
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Figure 2. Safranin dye's absorption spectra 

 

Figure 3. The standard calibration curve for dye 

2 ml were taken, which is equivalent to 20 μg.ml-1 of dye and its use in subsequent 

studies falls within the standard calibration curve for dye. 

 

3.2. Setting the optimal conditions 

3.2.1. Choosing the type of oxidizing agent 

2 ml of safranin dye (100) μg.ml-1 was taken, then 1 ml of the oxidizing agent 1×10-2 

M and 1 ml of hydrochloric acid were added in a 10 ml volumetric flask. The solutions 

were diluted with distilled water and leave it for 10 minutes at room temperature. Next, 

at a wavelength of 526 nm, the absorption was measured in comparison to the blank solu-

tions. The table shows that the best oxidizing agent is NBS. The results are shown in Figure 

4. 
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Figure 4. The effect of various oxidizing agent 

 

3.2.2. Different volumes of the oxidizing agent 

The effect of the volume of the oxidizing agent NBS 1×10-2 M was studied, different 

volumes of (0.0 - 1) ml were used, and it was found that 1 ml is the best volume, as it gives 

the best dye retention. The results are shown in Figure 5. 

Figure 5. Effect of different amounts of oxidizing agent 

 

3.2.3. Different types of acids 

1 ml of different types of acids (1 M) was used added to 1 ml of the drug compound 

with 1 ml oxidizing agent (NBS) and left for 5 minutes, 2 ml dye was added and left for 10 

minutes, then the absorbance was measured at 526 nm. The results appear in Figure 6. 
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Figure 6. Effect of different types of acids 

 

3.2.4. Different amounts of acid (H3PO4) 

Different amounts (0.1-1.5) ml of the acid used H3PO4 were added in order to find 

out the optimal amount. It was found that 0.5 ml is the best and gives the highest absorp-

tion, as seen in Table 1. 

Table 1. Different amounts of phosphoric acid 

Absorbance Volume (ml) of H3PO4 (1M) 

0.263 0.1 

0.384 0.25 

0.39 0.5 

0.383 0.75 

0.381 1 

0.363 1.25 

0.360 1.5 

 

3.2.5. Oxidation time 

The time required for oxidation was studied by leaving the solutions after dissolving 

the 1ml of drug compound (100 μg.ml-1), then adding 1 ml of the oxidizing agent (1×10-2 

M) and 0.5 ml of phosphoric acid (1M), then the solutions were left for different periods of 

time, then adding 2 ml of safranin dye 100 μg.ml-1. After that, it was diluted with distilled 

water to the mark, then the solution has been measured against its blank solutions at a 

wavelength of 526 nm. The outcomes are displayed in Table 2. 

Table 2. Time of oxidation's effect 

10 7.0 5.0 3.0 1.0 Time / min 

0.309 0.367 0.395 0.384 0.287 Absorbance 

 

3.2.6. The effect of temperature and stabilization time 

Different temperatures were studied on the formation and stability of the product. It 

was found that the absorbance decreases at high temperatures. The formation time of the 

product is 25 minutes for more than 100 minutes. It was found that the colored product it 

gives the best absorption at a temperature of 30 C˚ and the results are shown in Figure 7. 
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Figure 7. Effect of temperature and stabilization time 

 

3.2.7. Final absorption spectrum 

After adjusting the reaction's ideal conditions, as shown in Figure 8, the absorption spec-

trum was obtained. 

Figure 8. Final absorption spectra used to determine furosemide 

A: Absorption spectrum of 6 μg.ml-1 of furosemide versus distilled water. 

B: Absorption spectrum of 6 μg.ml-1 of furosemide versus blank solution. 

C: Absorption spectrum blank solution versus distilled water. 

 

3.2.8. The optimal conditions 

The optimal conditions are listed in Table 3. 

 

Table 3. An overview of optimal conditions 

Optimal condition 

526 λmax (nm) 

1 Amount of NBS 1×10-2 M (ml) 

0.5 Amount of H3PO4 1M (ml) 

2 Safranine 100µg /ml (ml) 

30 Tempreture C° 
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3.3. Calibration Curve 

Increasing amounts (0.05-1) ml of furosemide (100 μg.ml-1) were put into volumetric 

flasks measuring 10 ml, then 1 ml of oxidizing agent (1×10-2 M), and 0.5 ml of phosphoric 

acid (1 M), then the solutions were left for 5 minutes, then add 2 ml of safranine dye (100 

μg.ml-1), and complete the volume to the mark with distilled water. Following dilution, 

the solutions were kept at 30 C˚ for twenty-five minutes. Thereafter, each solution was 

measured in relation to the blank solution at a wavelength of 526 nm, as in Figure 8. Follow 

the law of beer in concentration range (0.5-10) μg.ml-1. 

Figure 9. Calibration curve for determination of furosemide 

 

         

Scheme 1. Potential reaction mechanism 
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3.4. Accuracy and compatibility of the method 

Three concentrations (1, 3, 7.5) μg.ml-1 of furosemide (100 μg.ml-1) were used to verify 

the accuracy and precision of the method by taking five readings for each of them as in 

Table 4, which means that the method has high accuracy and compatibility.      

Table 4. Study of accuracy and precision 

RSD% 
Average 

Recovery% 
Recovery% 

Amount added (µg /ml) 
Compound 

Found Taken 

1.66 

97.23 

95.50 0.955 1 

Furosemide 0.703 96.00 2.88 3 

0.24 100.2 7.515 7.5 

 

Using the recommended technique to identify the medication component in phar-

maceutical preparations, as seen in Table 5. 

Table 5. Determination of the medicinal ingredient in formulations for pharmaceutical use 

Average 

Recovery 

(%) 

Recovery (%) 

 Drug

content 

g)m(found  

/ml)µgAmount Present ( 
Validated 

Value 

Preparation of 

harmaceuticalsP 
Found Taken 

 

97.59 

98.20 39.28 0.982 1  

40mg 

 

Tablet 

BRISTOL 

Laboratories.Ltd 

95.66 38.26 2.87 3 

98.93 39.57 7.42 7.5 

 

97.43 

96.60 19.32 0.966 1 
 

ml2  \20mg 

Injection Syria 

Ibn Hayyan 

PHARMA 

95.33 19.06 2.86 3 

100.38 20.07 7.529 7.5 

Table 5 shows the extent of the efficiency and success of the developed method for 

its application to pharmaceutical preparations. The recovery in the Tablet ranged from 

(95.66-98.93)% and in the Injection ranged from (95.33-100.38)%. 

 

3.5. The standard addition method to pharmaceutical preparations 

To verify and prove the efficiency and success of the proposed method, The standard 

method of addition to pharmaceutical preparations was applied for furosemide in injec-

tion (ampoule) and tablet form. Figure (9,10) shows the application of the standard addi-

tion to pharmaceutical preparations when taking (1.0 and 2.0) μg.ml-1 from ampoule and 

tablet. 
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Figure 9. Standard addition to the pharmaceutical preparation Injection (Ampoule) 

 

Figure 10. Standard addition to the pharmaceutical preparation (Tablet) 

 

3.6. Compare the method with other method 

The proposed method for determination furosemide was compared with other spec-

troscopic methods. Table 6 outlines how the suggested method was compared to existing 

spectroscopic techniques, with the findings showing that the suggested method was suc-

cessful in determining furosemide in the preparation of pharmaceuticals. 

Table 6. The method's comparison with alternative methods 

(18)Literature method  Current method Analytic parameters 

465 526 max (nm) λ 

410×1.065 410×2.42 
Molar absorptivity 

) 1-. cm  1-(L .mol 

0.0310 0.0135 )2-g.cmµs sensitivity ( ̓Sandell 

3-23 0.5-10 Beer ̓s law Range (ppm) 

0.677 0.867 RSD % 
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4. Conclusion 

The pharmaceutical compound furosemide was established in medicinal formula-

tions as well as in its most pure form like tablets and injections. The method was sensitive 

and accurate, based on the oxidation of the safranin dye in the presence of the acid in the 

aqueous medium. 

5. Acknowledgments 

The authors, extend our thanks and praise to the staff of the University of Mosul for 

their support and encouragement. 

6. Author's statement 

We certify that this research or manuscript is an original work and has not been pub-

lished anywhere or submitted for publication. All sources for this work have been duly 

cited. We take full responsibility for the content of this manuscript, including any errors 

or omissions, and to ensure that all changes are made by the author and that all contribu-

tors are properly registered. We realize that any violation of these data may result in this 

manuscript being removed from publication. Each of the individuals mentioned in the 

study contributed equally to the work and writing. 

 

REFERENCES 

[1] Merck index, 13th Edition. USA: Merck and Co, 2006. 

[2] G. J. Kher, “ ,” Saurashtra University, 2011. 

[3] M. Thevis, T. Kuuranne, and H. Geyer, “Annual banned‐substance review: Analytical approaches in human 

sports drug testing 2019/2020,” Drug Test  Anal, 2021, doi: 10.1002/dta.2969. 

[4] M. E. Bosch, A. J. R. Sánchez, F. S. Rojas, and ..., “Analytical methodologies for the determination of 

cisplatin,” Journal of pharmaceutical …, 2008, [Online]. Available: 

https://www.sciencedirect.com/science/article/pii/S0731708508001003 

[5] J. Fischer and C. R. Ganellin, “Analogue-based drug discovery,” Chemistry International–Newsmagazine for …, 

2010, doi: 10.1515/ci.2010.32.4.12. 

[6] F. J. Al-Shammary, N. A. A. Mian, and M. S. Mian, “Analytical Profiles of Drug Substances and Excipients,” 

Naproxen, 1992. 

[7] R. N. Brogden, R. C. Heel, T. M. Speight, and G. S. Avery, “Sucralfate: a review of its pharmacodynamic 

properties and therapeutic use in peptic ulcer disease,” Drugs, 1984, doi: 10.2165/00003495-198427030-00002. 

[8] K. Basavaiah, “Spectrophotometric determination of furosemide in pharmaceuticals using permanganate,” 

Jordan Journal of Chemistry (JJC), 2009, [Online]. Available: 

https://jjc.yu.edu.jo/index.php/jjc/article/download/319/616 

[9] M. E. M. Hassouna, Y. M. Issa, and A. G. Zayed, “Spectrophotometric determination of furosemide drug in 

different formulations using Schiff’s bases,” Forensic Res Criminol Int J, 2015, [Online]. Available: 

https://www.researchgate.net/profile/Mohamed-Hassouna-

6/publication/345838827_Spectrophotometric_Determination_of_Furosemide_Drug_in_Different_Formula

tions_using_Schiff_’s_Bases/links/618c29763068c54fa5cd734a/Spectrophotometric-Determination-of-

Furosemide-Drug-in-Different-Formulations-using-Schiff-s-Bases.pdf 

[10] M. E. Bosch, A. J. R. Sánchez, F. S. Rojas, and C. B. Ojeda, “Analytical determination of furosemide: the last 

researches,” Int J Pharm Biol Sci, 2013, [Online]. Available: 

http://ijpbs.com/ijpbsadmin/upload/ijpbs_52cfc8f28d73d.pdf 



 70 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(2), 60-71.                   https://cajmns.centralasianstudies.org/index.php/CAJMNS 

[11] S. A. Darweesh, “Simultaneous Determination of Sulfanilamide and Furosemide by Using Derivative 

Spectrophotometry,” Ibn AL-Haitham Journal For Pure and Applied Science, 2017, [Online]. Available: 

https://www.iasj.net/iasj/download/8d01a467f2571a41 

[12] M. E. M. Hassouna, Y. M. Issa, and A. G. Zayed, “Spectrophotometric determination of furosemide drug in 

different formulations using Schiff’s bases,” Forensic Res Criminol Int J, 2015, [Online]. Available: 

https://www.researchgate.net/profile/Mohamed-Hassouna-

6/publication/345838827_Spectrophotometric_Determination_of_Furosemide_Drug_in_Different_Formula

tions_using_Schiff_’s_Bases/links/618c29763068c54fa5cd734a/Spectrophotometric-Determination-of-

Furosemide-Drug-in-Different-Formulations-using-Schiff-s-Bases.pdf 

[13] F. K. Omar and H. S. Mahmod, AN INDIRECT SPECTROPHOTOMETRIC DETERMINATION OF 

FUROSEMIDE IN PHARMACEUTICAL PREPARATIONS. wjpr.s3.ap-south-1.amazonaws.com, 2018. 

[Online]. Available: https://wjpr.s3.ap-south-1.amazonaws.com/article_issue/1536043542.pdf 

[14] M. M. S. Okdeh and A. Aljalfah, New Method for Spectrophotometric Determination of Furosemide in Pure Form 

and in Pharmaceutical Formulations. aipublications.com, 2022. [Online]. Available: 

https://aipublications.com/uploads/issue_files/2IJCMP-APR20231-NewMethod.pdf 

[15] A. F. Qader and N. A. Fakhre, “Spectrofluorometric determination of furosemide in some pharmaceutical 

product using acriflavine as a reagent,” AIP Conf Proc, 2017, doi: 

10.1063/1.5004319/13559367/020042_1_online. 

[16] A. M. K. Ahmed and Z. T. W. Ahmed, “Estimation of Furosemide Spectrophotometrically in Pharmaceutical 

preparations by Oxidative Coupling Reaction,” Tikrit Journal of Pure Science, 2022, [Online]. Available: 

https://www.iasj.net/iasj/download/3dc8da8cc908fecd 

[17] F. S. Semaan and E. T. G. Cavalheiro, “Spectrophotometric determination of furosemide based on its 

complexation with Fe (III) in ethanolic medium using a flow injection procedure,” Anal Lett, 2006, [Online]. 

Available: https://www.researchgate.net/profile/Felipe-

Semaan/publication/244601326_Spectrophotometric_Determination_of_Furosemide_Based_on_Its_Compl

exation_with_FeIII_in_Ethanolic_Medium_Using_a_Flow_Injection_Procedure/links/56cb1b9f08ae110637

0b70b3/Spectrophotometric-Determination-of-Furosemide-Based-on-Its-Complexation-with-FeIII-in-

Ethanolic-Medium-Using-a-Flow-Injection-Procedure.pdf 

[18] M. S. Kaynak, E. Akgeyik, M. Ates, and ..., “Development of HPLC methods for individual determination 

of 20 active pharmaceutical ingredients for ussing-chamber studies,” Current …, 2017, [Online]. Available: 

https://www.ingentaconnect.com/content/ben/cpa/2017/00000013/00000002/art00009 

[19] S. Sharma and M. Phale, “Stress degradation studies of furosemide and development and validation of 

SIAM RP-HPLC method for its quantification,” World J. Pharm. Res, 2017, [Online]. Available: 

https://wjpr.s3.ap-south-1.amazonaws.com/article_issue/1493456409.pdf 

[20] J. S. Shaikh and N. N. Rao, “Simultaneous estimation and forced degradation studies of amiloride 

hydrochloride and furosemide in a pharmaceutical dosage form using reverse-phase high …,” Asian J. 

Pharm. Clin. Res, 2018, [Online]. Available: https://www.academia.edu/download/87479598/15048.pdf 

[21] R. R. Chavan, S. D. Bhinge, M. A. Bhutkar, D. S. Randive, and ..., “Method development and validation of 

spectrophotometric and RP-HPLC methods for simultaneous estimation of spironolactone and furosemide 

in bulk and …,” Anal. Sci …, 2021, [Online]. Available: 

https://www.academia.edu/download/97957969/JAKO202130637228835.pdf 

[22] J. N. Tandel, “Development and validation of RP-Hplc method for the Simultaneous Determination of 

amiloride hydro chloride and Furosemide in pure and pharmaceutical …,” Eurasian Journal of Analytical 



 71 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(2), 60-71.                   https://cajmns.centralasianstudies.org/index.php/CAJMNS 

Chemistry, 2017, [Online]. Available: 

https://pdfs.semanticscholar.org/68ec/2decdeb39baac60e03f3516921d2417f0775.pdf 

[23] M. S. Arayne, S. Naveed, and N. Sultana, “A Validated Reverse Phase Liquid Chromatographic Method for 

Simultaneous Analysis of Enalapril Maleate, Hydrochlorothiazide and Furosemide in Active …,” Pharm 

Anal Acta, 2013, [Online]. Available: 

https://www.academia.edu/download/33255955/23_ENP_DIUREC_PAA.pdf 

[24] N. R. Ahmed, “Estimation of Furosemide in Pharmaceutical Preparation Samples,” International Journal 

Forensic Res., vol. 1, no. 1, pp. 34–37, 2020. 

[25] S. W. Oh and S. Y. Han, “Loop diuretics in clinical practice,” Electrolytes &Blood Pressure: E &BP, 2015, 

[Online]. Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4520883/ 

[26] N. P. Shetti, L. V Sampangi, R. N. Hegde, and ..., “Electrochemical oxidation of loop diuretic furosemide at 

gold electrode and its analytical applications,” International Journal of …, 2009, [Online]. Available: 

https://www.sciencedirect.com/science/article/pii/S1452398123151406 

[27] S. J. Malode, J. C. Abbar, N. P. Shetti, and S. T. Nandibewoor, “Voltammetric oxidation and determination 

of loop diuretic furosemide at a multi-walled carbon nanotubes paste electrode,” Electrochim Acta, 2012, 

[Online]. Available: https://www.sciencedirect.com/science/article/pii/S0013468611016641 

[28] S. D. Bukkitgar and N. P. Shetti, “Electrochemical oxidation of loop diuretic furosemide in aqueous acid 

medium and its analytical application,” Cogent Chem, 2016, doi: 10.1080/23312009.2016.1152784. 

[29] S. Katsura, N. Yamada, A. Nakashima, and ..., “Investigation of discoloration of furosemide tablets in a 

light-shielded environment,” Chemical and …, 2017, [Online]. Available: 

https://www.jstage.jst.go.jp/article/cpb/65/4/65_c16-00835/_article/-char/ja/ 

[30] R. Teraoka, T. Fukami, T. Furuishi, H. Nagase, and ..., “Improving the solid-state photostability of 

furosemide by its cocrystal formation,” Chemical and …, 2019, [Online]. Available: 

https://www.jstage.jst.go.jp/article/cpb/67/9/67_c18-00812/_html/-char/en 

[31] Y. A. Abbasi, S. Shahida, A. Ali, and M. H. Khan, “Liquid–liquid extraction of mercury (II) from aqueous 

solution using furosemide in benzyl alcohol,” … of Radioanalytical and Nuclear …, 2019, doi: 10.1007/s10967-

018-6400-5. 

[32] S. K. Koh, J. W. Jeong, S. I. Choi, R. M. Kim, T. S. Koo, and ..., “Pharmacokinetics and diuretic effect of 

furosemide after single intravenous, oral tablet, and newly developed oral disintegrating film 

administration in healthy …,” BMC Veterinary …, 2021, doi: 10.1186/s12917-021-02998-4. 

[33] M. A. Abro, F. A. Mangi, and D. A. Jamro, “… Kalhoro, Aijaz Ali Otho &Abdul Qayoom Mugheri (2021) 

Electrochemical Biosensor Based on Furosemide-Gold Nanoparticles for The Determination of …,” J Chem 

Edu Res Prac 5: 36. 

  


