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Abstract

Torsemide (known as torasemide in Europe) is a novel sulfonylurea loop diuretic approved for treating edema
associated with congestive heart failure, renal dysfunction, and hepatic disease, and for hypertension, either alone
or combined with other antihypertensive. As a weakly basic loop diuretic within the pyridine sulfonylurea group,
torsemide is particularly effective for managing hypertension and edema related to heart failure, renal, or hepatic
disorders. However, it’s limited solubility in water and bitter taste present challenges. To address these issues,
torsemide was preformulated into a solid dispersion using suitable water-soluble carriers and flavoring agents,
enhancing drug absorption, reducing peak plasma level fluctuations, and minimizing side effects. This method
also allows the development of flexible oral dosage forms, enabling the formulation and blending of different,
even incompatible, drug substances into a single dosage form. Torsemide and Amiloride Hydrochloride, both
diuretic-class antihypertensive drugs, are marketed together in tablet form to treat essential hypertension and
manage primary hypertension and edema associated with congestive heart failure. This research aimed to develop
stability-indicating RP-HPLC methods for analyzing Torsemide and Amiloride Hydrochloride in combined
dosage forms. In veterinary medicine, managing congestive heart failure (CHF) often relies on empirical methods,
highlighting the need for a more quantitative approach to assess diuretic responsiveness. Understanding the
relationship between diuretic measures, particularly urinary sodium excretion, and clinical outcomes is essential.
Longitudinal studies are critical for refining these measures and optimizing treatment protocols. These
advancements will improve CHF management in companion animals, enhancing their quality of life and
prognosis. By bridging current knowledge gaps and focusing on quantitative diuretic responsiveness, both human
and veterinary medicine can achieve better health outcomes through more precise and effective treatments for
conditions like CHF.
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Introduction

Torsemide (known as torasemide in Europe) is a novel sulfonylurea loop diuretic that has recently gained approval
for treating edema associated with conditions like congestive heart failure, renal dysfunction, and hepatic disease.
Additionally, it is prescribed for hypertension, either as a standalone treatment or in combination with other
antihypertensive medications. Research indicates that torsemide primarily works by inhibiting the Na+-K+-2ClI-
reabsorptive pump in the medullary portion of the thick ascending limb of the loop of Henle. One of the key
advantages of torsemide is its consistently high bioavailability, which facilitates a seamless transition from
intravenous to oral administration on an equivalent milligram-to-milligram basis [11. Furosemide and torsemide
are among the most frequently prescribed loop diuretics in medical practice. According to a review, torsemide
may offer superior outcomes compared to furosemide due to its beneficial impact on the renin-angiotensin-
aldosterone system. Firstly, torsemide holds a pharmacological edge over furosemide, and using them in
combination can decrease the necessity for furosemide. Secondly, clinicians often resort to using multiple
diuretics to address diuretic resistance. Lastly, despite torsemide being more expensive than furosemide in China,
combining these medications might lower costs for heart failure patients compared to using torsemide alone,
while also providing potential advantages over furosemide 2. Torsemide is a loop diuretic that helps the body
expel excess salt through urine by preventing its absorption. It is commonly used to treat congestive heart failure
and edema. Torsemide falls under the Biopharmaceutical Classification System (BCS) class IV, meaning it has
low permeability and low solubility. Its oral bioavailability ranges approx. 50%. The drug’s poor aqueous
solubility and dissolution rate can adversely affect its bioavailability. Torsemide was estimated
spectrophotometrically using UV methods at 290 nm. Pre-formulation studies using FTIR showed no interaction
between the drug and polymers, and stability studies confirmed that the drug did not degrade within the
formulation. Thus, torsemide was chosen for formulation development to enhance its overall bioavailability,
focusing on its absorption throughout the intestine. Sustained release floating granules of torsemide were prepared
using the melt granulation technique, designed to ensure sustained drug release in the intestine for prolonged
absorption. The developed formulation exhibited a notably enhanced drug release profile compared to the
marketed formulation, particularly across different pH levels in the gastrointestinal tract. The main objective in
designing and refining the controlled release system for torsemide was to enhance its bioavailability by prolonging
its retention time in the stomach without direct mucosal contact [Bl. The first method developed for the
simultaneous determination of torsemide and spironolactone, along with their related compounds, involves stress
degradation using a Quality by Design (QbD) approach combined with LC-MS. Both torsemide and
spironolactone are susceptible to degradation in acidic, basic, and oxidative conditions, yet remain stable when
exposed to water. The application of the QbD approach ensured the robustness of the method . Torsemide
possesses certain characteristics that may render it a preferable choice over furosemide, even when clinical
outcomes appear similar. Its longer half-life and greater protein-binding capacity contribute to less frequent

urination, offering potential advantages in certain patient populations. Furthermore, torsemide is believed to exert
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positive effects on cardiac remodeling by inhibiting aldosterone receptors and reducing collagen cross-linking
through decreased myocardial expression of active lysyl oxidase. These potential benefits may become more
apparent with longer-term follow-ups. The upcoming TRANSFORM-HF biomarker sub-study is anticipated to
shed light on the underlying mechanistic distinctions between torsemide and furosemide, further elucidating their
comparative efficacy and safety profiles. 5. Torsemide, a non-antibacterial sulfonamide, belongs to a drug class
rarely associated with Stevens-Johnson syndrome (SJS) and Toxic Epidermal Necrolysis (TEN). Although
torsemide-induced TEN is exceptionally rare, there is only one documented case to date. Similarly, only one other
instance of SJIS/TEN induced by a non-antibacterial sulfonamide diuretic has been reported. In this specific case,
torsemide was identified as the causative agent due to its classification as a sulfa drug, unlike spironolactone. The
patient's severe liver disease was a significant factor in considering torsemide as the likely culprit. Torsemide
undergoes extensive hepatic metabolism, primarily via pathways involving liver-prevalent enzymes.
Additionally, torsemide tightly binds to plasma proteins such as albumin. These factors contribute to the patient's

susceptibility to adverse reactions associated with torsemide use [61.

Historical Development of Torsemide Formulations

Torsemide, categorized as a weakly basic loop diuretic within the pyridine sulfonylurea group, is commonly
employed in the management of hypertension and edema. It proves particularly effective in cases associated with
heart failure, renal, or hepatic disorders. Despite its therapeutic benefits, torsemide poses challenges due to its
limited solubility in water and its bitter taste. Consequently, it was chosen as the focal drug for this study. To
overcome these hurdles, the drug was preformulated into a solid dispersion using suitable water-soluble carriers
and flavoring agents [’]. Although furosemide continues to be the predominant loop diuretic utilized in clinical
settings, the enhanced bioavailability and prolonged half-life of torsemide indicate its potential superiority in
managing signs and symptoms of congestion. Nevertheless, the existing data is insufficient to consistently
advocate for torsemide over furosemide to achieve optimal symptom relief and enhance the quality of life in
patients with heart failure [, In the study, torsemide, a poorly water-soluble drug, was chosen as the focus. To
enhance its solubility, torsemide was incorporated into a solid dispersion using a variety of solubilizers. These
solubilizers were first dissolved in water, after which the drug was added, resulting in a clear yellow solution.
The excess water was then evaporated from this solution, yielding a solid dispersion. This dispersion was
subsequently dried thoroughly, pulverized, and packaged [l Typically, edema associated with nephrotic
syndrome is treated with 100 mg of torsemide co-administered with an aldosterone antagonist. No
pharmacokinetic interactions have been reported when torsemide is co-administered with digoxin, spironolactone,
carvedilol, or cimetidine. Short-term studies have demonstrated that oral administration of torsemide at doses
ranging from 5 to 20 mg per day reduces the severity of edema and decreases mean body weight more effectively
than a placebo or 40 mg of furosemide in patients with chronic congestive heart failure (CHF). Additionally, a
daily dose of 20 mg of torsemide has been shown to reduce pre-existing edema more effectively than 40 mg of

furosemide in patients with chronic CHF [0, The availability of torsemide, a widely used loop diuretic in heart
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failure (HF) management, suggests that it may offer favorable biochemical and molecular effects on myocardial
fibrosis. This implies that torsemide could potentially be beneficial, especially in heart failure with preserved
ejection fraction, where a single medication could alleviate congestion while also mitigating or even reversing
myocardial fibrosis. Confirming additional anti-fibrotic and clinical outcome benefits of torsemide beyond its

primary role as a diuretic would be valuable 111,

Novel Excipient Technologies in Torsemide Capsules

Acute toxicity studies conducted on a novel polymer showed no observable physiological changes in rat behavior,
and the rats remained healthy throughout the study. The formulated CC tablets underwent pre-compression and
post-compression evaluations, as well as stability studies. All parameters were found to be within the specified
limits outlined in the pharmacopeia. Interestingly, the formulation containing starch tartrate exhibited faster drug
dissolution compared to other formulations. Further evaluation of the optimized formulation through FTIR and
DSC analysis revealed no significant incompatibilities between the active ingredient and excipients. Stability
testing conducted on the optimized formula confirmed its stability over time [12. The newly developed HPLC
method exhibited a limit of quantification of 2 pg/ml and a lower limit of detection of 10 pg/ml, indicating its
novelty, simplicity, linearity, precision, reliability, sensitivity, and repeatability. This method facilitates routine
quality control of both bulk and tablet dosage forms with ease. Regarding the assay of Torsemide, the technique
demonstrated linearity across a concentration range of 100 pg/ml, with Torsemide exhibiting a retention time of
2 minutes. The accuracy of the analysis was confirmed through recovery tests and statistical analysis. The
detection limit and quantitation limit of Torsemide were determined successfully. Overall, the study's results
underscored the utility of the proposed RP-HPLC method for the routine analysis of Torsemide in both bulk
medication and its pharmaceutical dosage form 31, A robust and accurate RP-HPLC method has been devised
and validated to simultaneously analyze Eplerenone and Torsemide in pharmaceutical formulations, following
ICH guidelines. This method employed a Shiseido column and utilized a mobile phase consisting of Acetonitrile,
Methanol, and Water. The absorbance measurements were recorded accordingly. Additionally, a reverse-phase
high-performance liquid chromatographic technique was developed and validated for the quantification of
Spironolactone and Torsemide. The stability of Torsemide was evaluated under diverse stress conditions as
prescribed by the ICH guidelines 4. Patients experiencing a sudden increase in blood pressure often face
significant declines in functional ability and acute restlessness. To help manage these symptoms, a patient-
friendly fast-dissolving tablet (FDT) has been developed. Torsemide, a loop diuretic belonging to the pyridine
sulfonyl urea class, is used to treat hypertension and edema associated with congestive heart failure. It can be

administered alone or in combination with other diuretics, such as thiazides [15. 161,

Controlled Release and Targeted Delivery Systems

Pellets disperse effectively in the gastrointestinal tract, enhancing drug absorption, reducing fluctuations in peak

plasma levels, and minimizing side effects. This method prevents high local concentrations of the drug. Pellets
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offer flexibility in developing oral dosage forms, allowing for the formulation and blending of different drug
substances, even incompatible ones, into a single dosage form. Additionally, immediate-release and controlled-
release pellets can be combined to achieve the desired release pattern 171, The study focuses on formulating
controlled release tablets of Torsemide using an appropriate polymer matrix. These tablets, compared to their
immediate release counterparts, offer comparable systemic exposure but notably delay the absorption rate and
minimize fluctuations in plasma concentrations. This design aims to enhance both the efficiency and tolerability
of Torsemide medication [18. The treatment of acute and chronic diseases has been effectively achieved through
the administration of drugs using a variety of pharmaceutical dosage forms. These forms range from traditional
tablets and capsules to more advanced delivery mechanisms such as transdermal patches, inhalers, and injectables.
The primary goal of these dosage forms is to ensure the accurate delivery of the drug to the intended site of action,
optimizing therapeutic outcomes while minimizing side effects. Significant progress has been made in drug
development by employing the concepts and techniques of controlled and targeted drug delivery systems.
Controlled drug delivery systems are engineered to release medication at a specified rate, ensuring consistent drug
concentrations in the bloodstream over an extended duration. This approach not only boosts the therapeutic
effectiveness of the medication but also enhances patient adherence by reducing the need for frequent dosing.

Examples of such systems include sustained-release tablets, implants, and osmotic pumps [19. 201,

Analytical Techniques for Evaluation of Torsemide Capsules

The development and validation of analytical methods are crucial for providing reliable data for regulatory
submissions. These methods play a crucial role in various applications, including quality control release testing,
stability sample testing, and reference material testing, and supporting specifications. Utilizing analytical methods
to establish evidence ensures a high level of confidence, which is essential in the drug discovery process.
Torsemide and Amiloride Hydrochloride, both diuretic-class antihypertensive drugs, are marketed together in
tablet form to treat essential hypertension and manage primary hypertension and edema associated with
congestive heart failure. This research aimed to develop stability-indicating RP-HPLC methods for analyzing
Torsemide and Amiloride Hydrochloride in combined dosage forms. The study involved systematic method
development, assessing the impact of the organic modifier, buffer pH, buffer concentration, and column
temperature. The developed method is recommended for routine monitoring during process development and
quality control analysis [2%. A reverse-phase high-performance liquid chromatography (RP-HPLC) method was
developed to quantify Torsemide and Spironolactone and to investigate their forced degradation. This
development employed Analytical Quality by Design (QbD) principles. The chromatographic conditions were
optimized using a full factorial experimental design. Analysis of variance (ANOVA) was used to evaluate the
statistical significance of the independent variables, and perturbation plots were utilized to visualize the findings.
Design of experiments (DoE) provided valuable tools for optimizing variable parameters in the development of
HPLC methods. The method developed demonstrated high precision, accuracy, and robustness. The forced
degradation study confirmed the method's effectiveness in detecting degradants. Applying the AQbD approach
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during method development proved to be an effective strategy for enhancing the efficiency and quality of
analytical method development [221, UV spectrophotometry is crucial in pharmaceutical analysis, assisting in the
identification and quantification of raw materials and pharmaceutical products. Despite its importance, a method
for assessing the stability of Torsemide has not yet been described. Spectrophotometry is advantageous due to its
speed, simplicity, and reliability, making it a valuable analytical tool. Consequently, it was considered worthwhile
to develop and validate spectrophotometric methods for determining Torsemide in the presence of its degradation
products in powdered forms, laboratory-prepared mixtures, and pharmaceutical formulations. While
chromatography stands as a powerful and versatile tool for separating and quantitatively analyzing multiple
components within a mixture in a single procedure, previous chromatographic methods for Torsemide analysis
did not address stability assessment. This research endeavors to fill this gap by developing and validating stability-
indicating methods for determining Torsemide. Specifically, TLC-densitometric and HPLC methods are
employed for this purpose [231. A well-developed method should be easily validated, facilitating its application to
preclinical samples, formulation prototypes, and commercial samples. In this study, a validated RP-HPLC method
was established for determining Torsemide. Validation parameters such as accuracy, precision, specificity,
linearity (correlation coefficient) were observed. The method demonstrated simplicity, accuracy, precision,
specificity, and selectivity. Tablet formulations were successfully analyzed using the developed methods. The
validation results met the requirements outlined by ICH and USP. This study underscores the benefits of
employing the ICH approach in establishing drug estimation methods [24 251,

Future Trends and Emerging Technologies

In the current management of congestive heart failure (CHF) in veterinary patients, there's often a reliance on a
trial-and-error method. Diuretic doses are determined through empirical means, and treatment efficacy is gauged
based on clinical signs of congestion, which might not become apparent until well into the treatment course. We
suggest that adopting a quantitative approach to assess diuretic responsiveness and pinpoint specific causes of
resistance in dogs and cats could lead to better outcomes, akin to what's observed in human medicine. The concept
of diuretic responsiveness aligns with fundamental pathophysiological and pharmacological principles, enabling
the evaluation of proposed or ongoing treatment without waiting for congestion signs to emerge. Nonetheless,
significant knowledge gaps remain that must be addressed before fully understanding quantitative diuretic
responsiveness. A crucial aspect is obtaining a clearer understanding of the relationship between measures,
particularly urinary sodium excretion, and both short- and long-term outcomes. Longitudinal studies are crucial
for addressing pertinent issues such as the optimal timing of measurement, the impact of individual variability
and treatment history, and how to use these measures to guide treatment decisions in veterinary patients with
CHF. These efforts will contribute to a more nuanced and effective approach to managing CHF in companion
animals, ultimately enhancing their quality of life and prognosis [26. 271, The pragmatic approach of the trial may
have overlooked potential mechanistic benefits of torsemide usage not directly tied to the primary endpoint.

Therefore, further exploration into the effects of torsemide versus furosemide on heart failure (HF)-specific
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outcomes, especially in patients with a high risk of diuretic resistance, remains valuable. However, until such data
are accessible, achieving complete decongestion in HF patients is likely more critical than the specific diuretic
agent employed. Recent findings from the Acetazolamide in Decompensated Heart Failure with Volume Overload
(ADVOR) trial indicate that initiating therapy with intravenous acetazolamide in hospital settings can effectively
address this objective. This evidence-based approach stands as one of the few available options for achieving

comprehensive decongestion in HF patients. [28-31],

Conclusion

In conclusion, Torsemide, also known as torasemide in Europe, is a novel sulfonylurea loop diuretic that has
demonstrated efficacy in treating edema associated with conditions such as congestive heart failure, renal
dysfunction, and hepatic disease, as well as in managing hypertension. Its therapeutic benefits are somewhat
challenged by its limited water solubility and bitter taste, which has led to innovative approaches such as solid
dispersion formulations to enhance its bioavailability and patient compliance. This study focused on developing
stability-indicating RP-HPLC methods for analyzing Torsemide and Amiloride Hydrochloride in combined

dosage forms, addressing a critical need for robust analytical methods in quality control and process development.

Moreover, the management of congestive heart failure (CHF) in veterinary medicine often relies on empirical
methods, highlighting the necessity for a more quantitative approach to assess diuretic responsiveness.
Understanding the relationship between diuretic measures, particularly urinary sodium excretion, and clinical
outcomes is essential. Longitudinal studies are imperative to refine these measures and optimize treatment
protocols. Such advancements will not only improve the management of CHF in companion animals but also

enhance their quality of life and prognosis.

By bridging the gap in current knowledge and focusing on quantitative diuretic responsiveness, both human and
veterinary medicine can benefit from more precise and effective treatments for conditions like CHF. The
development of comprehensive and reliable methods for drug analysis, alongside a deeper understanding of
diuretic response mechanisms, represents a significant step forward in achieving better health outcomes across

species.

References

1. Patterson JH, Adams KF Jr, Applefeld MM, Corder CN, Masse BR. Oral torsemide in patients with
chronic congestive heart failure: effects on body weight, edema, and electrolyte excretion. Torsemide
Investigators Group. Pharmacotherapy. 1994 Sep-Oct;14(5):514-21. PMID: 7997385.

2. Yao, Y., Zhang, J., Zhang, Y., & Zhang, R. (2018). Can torsemide and combination of loop diuretics
improve mortality in patients with chronic heart failure after discharge? International Heart Journal, 59(4),
813-820. d0i:10.1536/ihj.17-522

3. Singh SP, Verma NK, Formulation and evaluation of torsemide granules (Sustained release), Journal of

Drug Delivery and Therapeutics. 2019; 9(2-s):480-485 http://dx.doi.org/10.22270/jddt.v9i2-5.2581
JETIR2406267 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c537



http://www.jetir.org/

© 2024 JETIR June 2024, Volume 11, Issue 6 www.jetir.org (ISSN-2349-5162)

4.

10.

11.

12.

13.

14.

15.

Bihola, Unnati, Prajapati, Prajesh and Agrawal, Y. K. "HPLC — Quality by Design Approach for
Simultaneous Detection of Torsemide, Spironolactone and Their Degradant Impurities" Pharmaceutical
Technology in Hospital Pharmacy, vol. 3, no. 3, 2018, pp. 123-134. https://doi.org/10.1515/pthp-2018-
0011

Ahmad Cheema, H., Azeem, S., Ejaz, A., Khan, F., Muhammad, A., Shahid, A., Fonarow, G. C. (2024).
Efficacy and safety of torsemide versus furosemide in heart failure patients: A systematic review of
randomized controlled trials. Clinical Cardiology, 47(1), e24088. doi:10.1002/clc.24088

Reddy, S., Aron, B. K., & Stewart, J. (2022). A life-threatening case of torsemide-induced toxic Epidermal
Necrolysis associated with the treatment of anasarca. Cureus, 14(3), €22895. doi:10.7759/cureus.22895
El-Shenawy, A. A., Ahmed, M. M., Mansour, H. F., & Abd EIl Rasoul, S. (2017). Torsemide fast
dissolving tablets: Development, optimization using box—bhenken design and response surface
methodology, in vitro characterization, and pharmacokinetic assessment. AAPS PharmSciTech, 18(6),
2168-2179. doi:10.1208/s12249-016-0697-6

Greene, S. J., Velazquez, E. J., Anstrom, K. J., Clare, R. M., DeWald, T. A., Psotka, M. A., ...
TRANSFORM-HF Investigators. (2023). Effect of torsemide versus furosemide on symptoms and quality
of life among patients hospitalized for Heart Failure: The TRANSFORM-HF randomized clinical trial.
Circulation, 148(2), 124-134. doi:10.1161/CIRCULATIONAHA.123.064842

Characterization and ldentification & Development Of Physical Mixture Of Torsemide. (2023). Journal
of Pharmaceutical Negative Results, 2269-2276. https://doi.org/10.47750/pnr.2023.14.502.265

Philip, M. M., Kala, K. P., & Prakash, J. (2020). Toxic epidermal necrolysis associated with combination
therapy of spironolactone and torsemide. doi:10.5281/ZENODO.4016769

Greene, S. J., & Mentz, R. J. (2018). Potential advantages of torsemide in patients with heart failure: more
than just a ‘water pill’? European Journal of Heart Failure, 20(3), 471-473. doi:10.1002/ejhf.1024
Vemuri, V. D., Nalla, S., Gowri, G., & Mathala, N. (2021). Cramming on potato starch as a novel
superdisintegrant for depiction and characterization of candesartan cilexetil fast dissolving tablet. The
Thai Journal of Pharmaceutical Sciences, 45(2), 137-147. doi:10.56808/3027-7922.2483

Meher, Vijay & Gautam, Girendra Kumar & Patro, Saroj & Dash, Sujit & Kumar, Vijaya. (2023). Method
Development And Validation For The Torsemide In Tablet Dosage Form By Rp-Hplc.
10.47750/pnr.2022.13.504.292.

Shivangiben. V. Patel, Stability Indicating Method Development And Validation For The Determination
Of Torsemide Raw Material And Degradant Products By Utilizing Reversed-Phase Liquid
Chromatography, Published by ProQuest LLC.

Sathali, A. A. H., Prabhu, R., Rahmathnisha, P., & Asmi, S. P. (2022). Formulation development and
evaluation of fast dissolving tablets of torsemide. International Journal of Pharmaceutical Sciences and
Medicine, 7(4), 1-17. doi:10.47760/ijpsm.2022.v07i04.001

JETIR2406267 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c538


http://www.jetir.org/

© 2024 JETIR June 2024, Volume 11, Issue 6 www.jetir.org (ISSN-2349-5162)

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Jaydeep Singh Baghel and R. K. Maheshwari, Novel Application Of Mixed Solvency Concept In The
Development Of Fast Dissolving Solid Dispersion Of Poorly Water-Soluble Drug, Torsemide And Its
Evaluations, www.wjpr.net Vol 9, Issue 1, 2020. World Journal of Pharmaceutical Research 1820

Karra, N. & Raju, P.N. & Sivakumar, R. (2018). Formulation and evaluation of torsemide pellets for
extended drug release by extrusion-spheronization method. Asian Journal of Pharmaceutics. 12. 146-151.
Narender K, Raju PN, Shivakumar R. Preparation and in vitro evaluation of torsemide matrix tablets using
different sodium alginate grades. Int J Adv Pharm Sci 2017;8(2):45-48

Yadav, Sanjay & Gupta, Ravikant & Malipatil, S & Gupta, S. (2016). Formulation Andevaluation Of
Transdermal Drug Delivery Of Torasemide. International Journal of Innovative Research in Medical
Science. 1. 10.23958/ijirms/vol01-i03/03.

Kaljevi¢, O., Djuris, J., Djuri¢, Z., & Ibri¢, S. (2016). Application of failure mode and effects analysis in
quality by design approach for formulation of carvedilol compression coated tablets. Journal of Drug
Delivery Science and Technology, 32, 56-63. doi:10.1016/j.jddst.2016.02.004

Ashvinkumar Upadhyay. "Development & Validation Of Rp-Hplc Method For Simultaneous Estimation
Of Torsemide And Amiloride Hydrochloride In Their Pharmaceutical Dosage Forms.” Pharma Science
Monitor

Patel, T., Padhiyar, S., Prajapati, V., Kela, H., Bhavsar, V., & Upadhyay, J. (2023). Development and
validation of RP-HPLC method for estimation of Torsemide and Spironolactone in bulk and
pharmaceutical dosage forms: a quality by design approach. Journal of Chemical Metrology, (1), 1-21.
d0i:10.25135/jcm.94.2304.2769

E. Zaazaa, H., S. Abbas, S., M. Essam, H., & G. El-Bardicy, M. (2016). Development and validation of
stability-indicating methods for determination of torsemide. Bulletin of the Chemical Society of Ethiopia,
30(1), 13. doi:10.4314/bcse.v30i1.2

Poornima Singh*, Dr. Arun Patel, Prof. Shailendra Patel and Prof. Bhavesh Patel , Development And
Validation Of Rp-Hplc Method For The Determination Of Torsemide In Bulk Dosage Form And
Pharmaceutical Formulation www.wjpr.net Vol 8, Issue 9, 2019. 1381

Abo Zaid, M., Elenany, N., Mostafa, A., Hadad, G., & Belal, F. (2024). Review on bioanalytical and
analytical method development of two potassium-sparing diuretics, namely eplerenone and
spironolactone. Delta University Scientific Journal, 7(1), 0-0. doi:10.21608/dusj.2024.249377.1036
Oyama, M. A., & Adin, D. (2023). Toward guantification of loop diuretic responsiveness for congestive
heart failure. Journal of Veterinary Internal Medicine, 37(1), 12—21. doi:10.1111/jvim.16590

Lai S, Momper JD, Yam FK. Evaluation of the effect of torsemide on warfarin dosage requirements. Int
J Clin Pharm. 2017 Aug;39(4):831-835. doi: 10.1007/s11096-017-0479-6. Epub 2017 May 18. PMID:
28523460.

JETIR2406267 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c539


http://www.jetir.org/

© 2024 JETIR June 2024, Volume 11, Issue 6 www.jetir.org (ISSN-2349-5162)

28.

29.

30.

31.

Verbrugge, F. H., & Menon, V. (2022). Torsemide comparison with furosemide for management of heart
failure (TRANSFORM-HF) trial. European Heart Journal. Acute Cardiovascular Care, 11(12), 931-932.
doi:10.1093/ehjacc/zuacl44

Zhang, L., Wang, R., Tian, Y., & Zhang, Z. (2016). Determination of torasemide in human plasma and its
bioequivalence study by high-performance liquid chromatography with electrospray ionization tandem
mass spectrometry. Journal of Pharmaceutical Analysis, 6(2), 95-102. doi:10.1016/j.jpha.2015.11.002
Simoes, M. F., Pinto, R. M. A., & Simdes, S. (2019). Hot-melt extrusion in the pharmaceutical industry:
toward filing a new drug application. Drug Discovery Today, 24(9), 1749-1768.
d0i:10.1016/j.drudis.2019.05.013

Akbel, E., Bulduk, 1., & Gokee, S. (2023). A green HPLC method for the determination of torasemide in
pharmaceutical dosage forms: Development, validation, and greenness assessment. Bulletin of the
Chemical Society of Ethiopia, 38(1), 11-25. doi:10.4314/bcse.v38i1.2

JETIR2406267 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c540


http://www.jetir.org/

