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An in-vitro dissolution profile and impurity analysis comparing commercially available dutasteride tamsulosin fixed drug combinations
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ABSTRACT 

	Aims: This in vitro study aimed to assess Dutas T+ pharmacokinetics (dissolution) and impurity profile in comparison with other brands.
Study design: In vitro dissolution study
Place and Duration of Study: Theta-Beta Algorithms, India for the duration of one month.
Methodology: The dissolution of dutasteride was done by using type-2 apparatus (75 rpm) with the chromatographic system (240 nm detector). The percentage of the labelled amount of dutasteride dissolved was then calculated. The dissolution of tamsulosin hydrochloride involved acid stage (0.1 N hydrochloric acid) and buffer stage (0.1N hydrochloric acid and a sodium phosphate buffer) and was done by using type-2 apparatus (50 rpm) with the chromatographic system (225 nm detector). The tailing factor was NMT 2.0. Further, the impurities tested for dutasteride were Desmethyldutasteride, and Dihydrodutasteride and for tamsulosin were 2-methoxy, 5-benzenesulphonamide, and 2-propan-2-amine. Detection was done using spectrophotometer at 220 nm and 225 nm for dutasteride and tamsulosin respectively.
Results: In vitro dissolution profiles show that Dutas T+ achieves the highest release of dutasteride compared to other brands. No release of tamsulosin is observed in any formulation within the first 2 hours at the acid stage. However, after 7 hours in the buffer stage, Dutas T+, brand A, and brand B exhibit nearly complete dissolution. Dissolution times for dutasteride vary significantly among formulations, with Dutas T+ dissolving over 75% in 5 minutes, while brand A takes 30 minutes for complete dissolution. For tamsulosin hydrochloride, Dutas T+ reaches 50–75% dissolution in 3 hours and full dissolution in 4 hours, compared to brand C, which takes up to 6 hours, and brand B, which completes in 3 hours. All formulations show no detectable impurities for both dutasteride and tamsulosin.
Conclusion: Dissolution studies indicate that Dutas T+ excels in releasing both dutasteride and tamsulosin compared to other formulations. All formulations showed no detectable impurities, confirming high purity levels.
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1. INTRODUCTION 

Benign prostatic hyperplasia (BPH) is a multifocal, non-malignant, hyperplastic, and progressive disorder of prostate. There are histopathological changes in stromal and epithelial cells in the transitional zone of the prostate, resulting in discrete prostatic nodules, inflammation, fibrosis, and changes in smooth muscle activity, which can cause partial or complete obstruction of the urethra.(1),(2) Clinical BPH can be defined as prostate adenoma or any other benign growth which causes bladder outlet obstruction (BOO).(3) BPH can cause lower urinary tract symptoms due to bladder outlet constriction and occlusion, leading to increased bladder muscular tone, and detrusor dysfunction.(4) Increase in the modifiable risk factors like metabolic diseases and obesity, have led an increase in incidence of BPH in the last decade.(5) 
Current treatment modalities available for management of BPH include both medical and surgical interventions. Surgical interventions include conventional methods or laser assisted procedures). (6) Medical therapy for BPH includes 5-alpha-reductase inhibitors (finasteride and dutasteride) and alpha-blockers (doxazosin, tamsulosin and terazosin), or a combination of both which seem to have a comparable side effect profile to the separate monotherapies administered in combination, and they are well tolerated. (7) 
Selective alpha-1 antagonist like tamsulosin is a safer, effective, and fast-acting first-line BPH treatment that targets voiding and storage.(8) It is highly specific for the alpha-1A and alpha-1D subtypes which are found abundantly in the prostate and in submaxillary tissue.(9) Tamsulosin binds to alpha-1A receptors 3.9 – 38.0 times more selectively than alpha-1B and 3 – 20 times more selectively than alpha-1D.(9) This selectivity allows for a significant effect on bladder with minimal adverse events like orthostatic hypotension caused by non-specific alpha receptor antagonists.(10) Tamsulosin is well-absorbed from the gastrointestinal tract with an oral bioavailability of 100% for the modified-release (MR) formulation.(11) It is absorbed primarily from intestines and not from stomach. Hence, tamsulosin formulations are designed to be released in intestines for better bioavailability. The modified release formulation helps sustained release with once daily administration and improved patient compliance.
The 5α-reductase is a nuclear-bound steroid intracellular enzyme primarily located in the prostatic stromal cell that converts testosterone into the more active metabolite, 5α-dihydrotestosterone (DHT). (12) DHT is the primary androgen playing a role in the initial development and subsequent enlargement of the prostate gland. It serves as the hormonal mediator for the hyperplasia upon accumulation within the prostate gland. DHT displays a higher affinity towards androgen receptors in the prostate gland compared to testosterone and by acting on the androgen receptors, DHT modulates genes that are responsible for cell proliferation. The 5-alpha reductase inhibitors like finasteride and dutasteride are used as monotherapy or combination therapy in men with BPH and/or urinary retention.(8) Dutasteride, an oral synthetic 4-azasteroid, is a potent, selective, irreversible inhibitor of type-1 and type-2 5AR.(13) Due to its dual inhibition of both isoenzymes of 5α-reductase, dutasteride causes a near-complete suppression of DHT.(14) 
Fixed dose combination (FDC) of tamsulosin and dutasteride are developed to improve treatment outcomes by improving patient compliance by virtue of once daily administration and reducing the pill burden. However, poor absorption or presence of impurities in the FDC’s is a problem in currently available formulations. (15,16) This study compares the in-vitro dissolution release and impurities in four commercially available FDC oral formulations containing tamsulosin hydrochloride (0.4mg) and dutasteride (0.5mg) in India.
2. material and methods 

2.1 Study design and setting

This in-vitro study was conducted at Theta-Beta Algorithms, India. Four FDC formulations used were Brand A, B, & C compared to Dutas T+. These were tested for dissolution time (time required for 100% dissolution), and impurity profiling for tamsulosin hydrochloride and dutasteride.
2.1.1 Dissolution of dutasteride 

The in-vitro dissolution study of dutasteride was conducted in a single stage with 12 samples per experiment. The dissolution medium consisted of 10 g/L of acetyltrimethylammonium bromide and 750,000 USP units of pepsin activity per milligram, all prepared in 0.1 N hydrochloric acid, with a total volume of 900 mL. The experiment was performed using a paddle apparatus (Apparatus 2) set at 75 rpm, and the dutasteride tablet was placed in the medium. Samples were collected at intervals of 5, 10, 15, 20, 30, and 45 minutes to monitor the dissolution process. A buffer solution was prepared by dissolving 1.37 g/L of potassium dihydrogen phosphate in water and adjusting the pH to 3.0 using phosphoric acid. The mobile phase was made by mixing acetonitrile and the buffer in a 65:35 ratio. For the standard stock solution, 0.22 mg/mL of USP Dutasteride working standard (WS) was dissolved in methanol. This stock solution was further diluted, to prepare a standard solution with a concentration of 0.55 μg/mL of USP dutasteride reference standard (RS) in the dissolution medium. To obtain the sample solution, approximately 10 mL of the test solution was filtered (0.45-μm filter). The analysis was performed using liquid chromatography (LC) with UV detection at 240 nm. The column used was 4.6 mm by 15 cm, with 5-μm packing (L1), and the flow rate is maintained at 2 mL/min. A sample injection volume of 100 μL was used, with a run time of at least 2.5 times the retention time of Dutasteride.

2.1.2 Dissolution of tamsulosin hydrochloride

Two stages were involved: the acid stage and the buffer stage. In the Acid Stage, the medium was 0.1N hydrochloric acid, with a volume of 750 mL, and the apparatus was a USP Type II (50 RPM). The sampling was done after 2 hours. The standard stock solution was prepared by dissolving 0.4 mg/mL of USP tamsulosin hydrochloride RS in methanol. This stock solution was then diluted to concentration of 0.5 μg/mL in the acid medium. For sample collection, 10 mL of the solution was filtered (0.45-μm filter), discarding the first few ml, and replacing with the same volume of the acid medium. In the buffer stage, the medium was a combination of 0.1N hydrochloric acid and a sodium phosphate buffer at pH 6.8, with a total volume of 1000 mL using USP Type II (50 RPM) After 2 hours in the acid medium, 250 mL of 76 g/L sodium phosphate tribasic (pre-heated to 37 ± 0.5°C) was added to the acid stage medium, adjusting the pH to 6.8 ± 0.1 using either dilute phosphoric acid or sodium hydroxide. The total volume becomes 1000 mL. The sampling is done at 3, 4, 5, 6, and 7 hours, with recovery. The buffer solution was prepared by dissolving 6.8 g of ammonium phosphate dibasic in 800 mL of water, adding 2 mL of triethylamine, and adjusting the pH to 7.0 with phosphoric acid, then diluting to 1000 mL. The buffer stage standard solution is created by diluting the stock solution to 0.4 μg/mL in the buffer medium. At each sampling point, 10 mL of the solution is withdrawn, filtered (0.45-μm filter), replaced by the same volume of buffer medium. For system suitability, the buffer stage standard solution was tested. The chromatographic analysis was performed for both stages using LC with UV detection at 225 nm.

2.1.3 Impurity testing of dutasteride

Impurities tested for dutasteride were desmethyldutasteride, and dihydrodutasteride. The solvent mixture was prepared, and the test solution was prepared by dissolving 50.0 mg of Dutasteride in this solvent mixture and diluting it to 100.0 mL. For the reference solution, 1.0 mL of the test solution is further diluted to 100.0 mL with the solvent mixture, followed by another dilution where 1.0 mL of this solution is diluted to 10.0 mL. The chromatographic analysis was conducted using a column packed with end-capped octadecyl silyl silica gel (5 μm). The column was maintained at a temperature of 35°C. The mobile phase consists of 0.25 volumes of trifluoroacetic acid, 480 volumes of water, and 520 volumes of acetonitrile. The flow rate was set at 1.0 mL/min, and detection is performed using a UV spectrophotometer at 220 nm. The injection volume for both the test solution and the reference solution was 20 μL, with the total run time being 1.6 times the retention time of Dutasteride, approximately 36 minutes.
The relative retention times (RRT) of impurities were identified as follows: Impurity A at around 0.10, Impurity B at 0.11, Impurity C at 0.40, Impurity E at 0.90, Impurity F at 1.10, and Impurity G at 1.20, all relative to Dutasteride. The system suitability was confirmed by ensuring that the signal-to-noise ratio was at least 30.

2.1.4 Impurity testing of tamsulosin hydrochloride

Impurities tested for tamsulosin were 2-methoxy, 5-benzenesulphonamide, and 2-propan-2-amine. The test solution was created by dissolving 50.0 mg of tamsulosin hydrochloride in the mobile phase and then diluting it to a total volume of 10.0 mL with the same mobile phase. The reference solution was prepared by diluting 1.0 mL of the test solution to 100.0 mL with the mobile phase and further dilution involves taking 1.0 mL of this solution and diluting it to 10.0 mL with the mobile phase. The chromatographic analysis was performed using a column, packed with end-capped octadecyl silyl silica gel (5 μm). The column temperature was maintained at 40 °C during the analysis. The mobile phase consisted of two components: Mobile Phase A, which is prepared by dissolving 3.0 g of sodium hydroxide in a mixture of 8.7 mL of perchloric acid and 1900 mL of water. The pH of this mixture was adjusted to 2.0 using 0.5 M sodium hydroxide and then diluted to a final volume of 2000 mL with water. Mobile Phase B was simply acetonitrile. The flow rate was set to 1.3 mL/min, and detection occurs using a spectrophotometer at a wavelength of 225 nm. The injection volume for both the test solution and reference solution (a) is 10 μL, and the total run time for the chromatographic analysis was 45 minutes.

2.2 Safety assessment

The safety assessment of dutasteride and tamsulosin hydrochloride formulations included testing for presence of specific impurities in the formulation.

3. results and discussion

3.1 Results

3.1.1 Dissolution

Table 1 shows the time required for dissolution 25%, 26-50%, 50-75%, and >75% for dutasteride and tamsulosin hydrochloride. The dissolution time varied significantly for both dutasteride and tamsulosin HCl across formulations. Dutas T+ was quickest to dissolve with over 75% release of dutasteride dissolved in 5 minutes, followed by brand C, brand A and brand B. Brand A and brand B required 30 minutes for complete release of dutasteride. Similarly, >75% tamsulosin HCl was released in 4 hours with Dutas T+ and 3 hours with brand B. Brand C took up to 6 hours, whereas brand A took 5 hours to release >75% tamsulosin from the FDC.

[bookmark: _Ref180074087][bookmark: _Ref180421762]Table 1: Dissolution times of dutasteride and tamsulosin hydrochloride across the four different formulations

	
	Dutas T+
	Brand C
	Brand A
	Brand B

	Dutasteride
	
	
	
	

	25%
	-
	-
	-
	-

	26-50%
	-
	-
	-
	≤5 min.

	50-75%
	-
	≤5 min.
	≤20 min.
	≤10 min.

	>75%
	≤5 min.
	≤10 min.
	≤30 min.
	≤30 min.

	Tamsulosin Hydrochloride 
	
	

	25%
	-
	-
	3 hrs.
	-

	26-50%
	-
	≤ 3 hrs.
	-
	-

	50-75%
	≤3 hrs.
	≤ 4 hrs.
	≤ 4 hrs.
	-

	>75%
	≤4 hrs.
	≤ 6 hrs.
	≤ 5 hrs.
	≤ 3 hrs.

	
	
	
	
	


Min.: Minutes. 


Figure 1 shows the in-vitro dissolution profiles of dutasteride and tamsulosin from the four formulations. Dutas T+ had the highest release of dutasteride compared to other marketed brands. whereas tamsulosin was not released from any of the formulations up to 2 hrs at 0.1 N HCl (acid stage). In the buffer stage (pH 6.8), Dutas T+, Brand A and Brand B has shown almost complete dissolution at the end of 7 hours. Brand C FDC failed to show complete dissolution up to 7 hours.
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[bookmark: _Ref180420806]Figure 1: Cumulative percentage dissolution of Dutasteride and Tamsulosin Hydrochloride formulations
Min.: Minutes, hrs: Hours.

3.1.2 Impurities

None of the four formulations had presence of impurities for tamsulosin (2-Methoxy, 5-benzenesulphonamide, and 2-Propan-2-amine), nor for dutasteride (Desmethyldutasteride, and Dihydrodutasteride).

3.2 Discussion

The review by Franco-Salinas et al (2010) shows the pharmacokinetics for Tamsulosin MR (0.4 mg), where the time required for the maximum concentration to be achieved was 5 hours in fasted state and 6 hours in the fed state.(17) An another review study on dutasteride (0.5 mg /day) kinetics showed the 60% bioavailability in 2-3 hours and three months to achieve steady state concentration.(18) A fixed-dose combination (FDC) of dutasteride 0.5 mg plus tamsulosin hydrochloride 0.4 mg is currently approved in the United States, Europe, India and other countries for the management of BPH and has proven to be more beneficial through the present study, where the time required for >75 % of dutasteride and tamsulosin  dissolution is ≤5 minutes and ≤4 hours respectively. Several such formulations are available for prescription. In-vitro dissolution profiles for individual drugs in an FDC formulation could be different with differences in the drug release patterns, which can have significant implications in the success of therapy. (19,20) 
Dutasteride is usually released immediately in acidic pH within 5 minutes from the FDC and available for absorption in stomach and intestines, whereas tamsulosin HCl is released late in alkaline pH and available for absorption from intestines. We observed distinct variations in dissolution rates for dutasteride across different formulations, with 99% of the drug released within 45 minutes with Dutas T+ (Dr. Reddy’s). This suggests that Dutas T+ may provide a quicker therapeutic effect compared to other formulations (p<0.001). Brand C Capsules (followed closely, releasing 95% of the drug within the same period. On the other hand, brand A and brand B exhibited slower dissolution rates, with 85% and 83% of the drug dissolved within 45 minutes, respectively. These variations in dissolution rates could influence the rate of drug absorption and, ultimately, the clinical outcomes for patients using these formulations. For tamsulosin hydrochloride, Dutas T+ demonstrated a superior release rate compared to brand C (p<0.001), with 94% of the drug dissolved within 7 hours. Brand A and brand B also performed well, releasing 92% (p=0.061 vs Dutas T+) and 91% (p=0.150 vs Dutas T+) of the drug, respectively. However, brand C exhibited a slower release profile, with only 82% of the drug dissolved within the same period. These variations suggest that brand C may result in a delayed onset of therapeutic action compared to the other formulations, which could impact patient satisfaction and treatment outcomes, particularly in individuals experiencing severe symptoms of BPH.
The time required to achieve complete dissolution of dutasteride further underscores the differences among the formulations. Dutas T+ showed the fastest dissolution, with over 75% of the drug dissolved within just 5 minutes. In contrast, brand A exhibited a slower dissolution profile, with complete dissolution occurring after 30 minutes. The time required for complete dissolution of tamsulosin hydrochloride in which, Dutas T+ achieved 50–75% dissolution within 3 hours and complete dissolution within 4 hours, indicating a fast and efficient release. In contrast, brand C required up to 6 hours for full dissolution, and brand B demonstrated the fastest dissolution of the four formulations, with complete dissolution occurring within 3 hours, which may translate into faster clinical relief for patients. Both clinical and pre-clinical studies have reported early benefits with the use of combination therapy with dutasteride and tamsulosin HCl. (21,22) Immediate treatment with this FDC (dutasteride 0.5 mg/ tamsulosin HCl 0.4 mg) provides more profound symptomatic improvement in treatment-naive men with moderately symptomatic BPH than that offered by watchful waiting with initiation of tamsulosin if there was no improvement in symptoms. (23)
Impurity analysis found no detectable levels of 2-Methoxy-5-benzenesulphonamide and 2-Propan-2-amine in Tamsulosin Hydrochloride formulations, nor Desmethyldutasteride and Dihydrodutasteride in Dutasteride formulations. The absence of these impurities across all four formulations indicates that the products are manufactured under stringent quality control, ensuring high purity. This is important for both safety and efficacy, as impurities can affect drug stability, bioavailability, and patient safety. Regulatory agencies such as the U.S. FDA and EMA set strict limits on impurity levels to ensure the safety and effectiveness of pharmaceutical products.
The in-vitro study design is a major limitation of the study, and clinical investigations are needed to validate these findings and explore their implications for patient treatment regimens, ensuring optimal therapeutic efficacy.

4. Conclusion

Fixed dose combination (FDC) tablet Dutas T+ (dutasteride 0.5 mg plus tamsulosin hydrochloride 0.4 mg) provides faster release of both dutasteride and tamsulosin compared to other commercial formulations, with 93% of dutasteride released within five minutes. None of the formulations had detectable impurities for either compound, indicating high purity levels. 
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