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ABSTRACT: This research paper is about making 

Dutasteride soft gelatin capsules, 0.5 mg for 

commercial supplies. The finalized composition of 

the liquid fill has 0.5 mg Dutasteride, 99.47 mg of 

Glyceryl Monocaprylate, 0.03 mg of Butylated 

Hydroxy Toluene. The finalized composition of the 

Soft Gelatin Shell has 350 mg Gelatin, 90 mg 

Glycerol, 45 mg Sorbitol, 0.2 mg of Methyl 

Hydroxybenzoate, 0.02 mg of Propyl 

Hydroxybenzoate, 0.1 mg of Iron oxide yellow, 0.15 

mg of Titanium Dioxide. The filled soft gelatin 

capsules were packed in both bottle and Alu-Alu 

blister pack and found to be stable in 30°C / 75%RH 

for 6 months. The composition, physico-chemical 

characteristics and pharmaceutical equivalency of 

the manufactured product were comparable to 

AVODART® of GlaxoSmithkline, USA. The 

manufactured product was competitive and at the 

same time  cost-effective @ 8 INR per capsule 

within India under the brand name NOLEEK® as 

well as for International markets offered at 0.2$ per 

capsule. 

 

KEYWORDS: Solubilization, Liquid Fill, Soft 

gelatin capsule, Encapsulation, Stability. 

  

I. INTRODUCTION 
Dutasteride is a BCS Class II drug i.e. Low Soluble 

and High Permeable drug1. Dutasteride is available 

in the market for patient use  

since 2001 as a soft gelatin product2. Globally, the 

Dutasteride Soft gelatin capsule, 0.5 mg is sold 

under the brand name AVODART®  

manufactured by Glaxosmithkline company3. The 

following are the marketed brand product details; 

There are about 10 generic  

players in the international market involved in the 

manufacturing and supplies of Dutasteride Soft 

Gelatin Capsules, 0.5 mg4. 

 

Brand Name Avodart® 

Product Name Dutasteride Soft Gelatin Capsules, 0.5 mg 

Description Opaque, dull yellow, gelatin capsules imprinted with “GX CE2” in red ink on one side. 

Maximum Daily 

Dose 
1 soft gelatin capsule of 0.5 mg 

Composition 

Contains 0.5 mg of dutasteride dissolved in a mixture of mono-di-glycerides of 

caprylic/capric acid and butylated hydroxytoluene. The inactive excipients in the 

capsule shell are ferric oxide (yellow), gelatin (from certified BSE-free bovine sources), 

glycerin, and titanium dioxide. The soft gelatin capsules are printed with edible red ink. 

Pack 

30 Soft Gelatin Capsules  

90 Soft Gelatin Capsules  

in High density polyethylene bottle with Polypropylene Child resistant closure 

Storage 
Store at 25°C (77°F); excursions permitted to 15° to 30°C (59° to 86°F) [see USP 

Controlled Room Temperature]. 

 

The unit cost of one (1) AVODART® Soft gelatin 

capsule 0.5 mg in international market is 54 $. The 

unit cost of one (1) generic equivalent of 

AVODART® Soft gelatin capsule 0.5 mg in 

international market is 20 $5. The unit cost one (1) 

Dutasteride Soft gelatin capsule 0.5 mg in Indian 
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market is in the range of 20 to 47 Indian rupees6. 

The medical use of Dutasteride Capsules 0.5 mg 

includes Benign Prostatic Hyperplasia7, Prostate 

Cancer8, to treat scalp hair loss and promote 

excessive hair growth9, Transgender hormone 

therapy10. 

 

The manufacturing of soft gelatin capsules (softgels) 

involves simultaneously forming, filling, and sealing 

medications or supplements inside an elastic, single-

piece shell. The process occurs in a continuous 

motion using a specialized encapsulation machine. 

Schematic representation and audio-video visuals 

available11. The entire softgel production cycle 

includes following steps: 

 

1st Step is Preparation of Gelatin Mass Where the 

capsule shell is made of a mixture of gelatin (or 

plant-based polymers), water, and a plasticizer (like 

glycerin or sorbitol to keep it flexible). Melting: 

Ingredients are heated and mixed in stainless steel 

melters at roughly 70°C to 80°C. Deaeration: A 

vacuum is applied to remove trapped air bubbles, 

which ensures clear, structural integrity. Seasoning: 

The molten mass is held in receiver tanks at around 

65°C to settle and mature for a few hours before 

dyes are added. 

 

2nd Step is Preparation of Fill Material where 

parallel to the shell preparation, the inner fill is 

formulated. The Active Pharmaceutical Ingredients 

(APIs) or nutritional supplements are blended with 

oils, solvents, or carriers to create a liquid or semi-

solid paste. Any solid powders must be finely milled 

and sieved (e.g., to 80 mesh) to ensure consistent 

suspension and prevent blockages during 

encapsulation. 

 

3rd Step is Encapsulation (Rotary Die Process) its 

the heart of the manufacturing process where the 

capsule is formed and filled simultaneously. Ribbon 

Casting: The liquid gelatin mass is cast onto chilled 

drums, cooling into two thin, elastic "ribbons" of 

uniform thickness. Injection and Filling: These two 

ribbons are fed side-by-side into rotating die rollers. 

A precisely timed injection wedge (nozzle) injects a 

metered dose of the fill material between the 

ribbons. Sealing and Cutting: As the ribbons move 

past the wedge, pressure and mild heat from the 

rotary dies fuse the gelatin layers together, 

hermetically sealing the capsule and cutting it out of 

the ribbon12.  

 

In the literature review checked the availability of 

published works on formulation or manufacturing of 

Dutasteride soft gelatin capsules. Except patents, no 

research or review articles available in public 

domain. The following table summarises the patent 

details, 

 

Patent Number Abstract 

WO2014209062A1 

Describes an oral soft-capsule formulation containing dutasteride with improved 

dissolution and bioavailability. The invention focuses on optimizing the fill 

composition and capsule characteristics to enhance stability and absorption of the 

poorly water-soluble drug. 

US20190054094A1 

Discloses a pharmaceutical composition containing dutasteride and propylene glycol 

monolaurate, along with capsule formulations prepared from the composition. The 

goal is to improve solubility, formulation stability, and manufacturability compared 

with existing products. 

CN109394723B 

Claims a dutasteride soft capsule comprising dutasteride, caprylic triglyceride, 

surfactant, suspending agent, and antioxidant, together with a specifically designed 

capsule shell. The formulation aims to provide improved dissolution, product 

stability, and safety through optimized composition and manufacturing conditions. 

CN111388441A 

Describes a dutasteride soft capsule formulation using selected excipients and 

capsule-shell components to improve drug stability, content uniformity, and 

dissolution performance while simplifying production. 

CN111759821A / 

CN111759821B 

Covers a pharmaceutical composition for dutasteride soft capsules designed to 

improve formulation stability and processing characteristics. The invention focuses 

on capsule contents and shell composition suitable for large-scale production. 

 

Quality by Design 

Based on the brand product 

characterization, it was decided to develop the 

product with brand listed excipients. Hence as part 

of preformulation study, in this research, no drug – 

excipient compatibility study was taken up. The 
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excipients used in the brand product were reverse 

engineered using a USP-NF [United States 

Pharmacopoeia – National Formulary] monograph13 

based but custom modified validated analytical 

method to arrive for the unit quantity per capsule. 

The following table summarises the quality target 

product profile (QTPP) to which the developed drug 

product intends to achieve the comparable physico-

chemical characteristics. 

 

S.No Ingredients Function 

mg per capsule 

(As Per Reverse 

Engineering Results) 

1 Dutasteride Active Pharmaceutical Ingredient 0.5 

2 Glyceryl Monocaprylate Surfactant 99.47 

3 Butylatedhydroxy Toluene Anti-oxidant & Preservative 0.03 

4 Gelatin Soft gelatin based encapsulation host 350 

5 Glycerol Plasticizer in Soft gelatin capsule shell 90 

6 Sorbitol 
Plasticizer & humectant in Soft gelatin 

capsule shell 
45 

7 Methyl Hydroxybenzoate Preservative in Soft gelatin capsule shell 0.2 

8 Propyl Hydroxybenzoate Preservative in Soft gelatin capsule shell 0.02 

9 Iron Oxide Yellow Colorant in Soft gelatin capsule shell 0.1 

10 Titanium Dioxide Opacifier in Soft gelatin capsule shell 0.15 

 

The following are the Critical Quality Attributes (CQA) identified for the product, and would be part of finished 

product specification and stability testing specification of the product. The method of analysis of every test 

mentioned below is as per USP monograph and general chapter procedure14.  

 

Critical Quality Attribute (CQA) Target 

Description 
Coloured elongated soft gelatin capsules containing 

colourless clear oily liquid. 

Average Net Content of Soft Gelatin Capsules 
100.0 mg  5 % 

(Between 95.0 mg  and 105.0 mg) 

Assay 90-110% 

Disintegration Test In 0.1M Hydrochloric Acid NMT 30 minutes 

Dissolution (USP Test-2) NLT 80% dissolved in 30 minutes 

Loss On Drying Of Shells 8-12% w/w 

Uniformity of Dosage Units  L1≤ 15 

Impurities 

Dihydrodutasteride: 0.5% 

Chlorodutasteride: 0.5% 

Any Unspecified Degradation Product: 1% 

Total Degradation Product: 1.5% 

 

The following are the Critical Material Attributes 

(CMA) identified for the product. This identified 

critical material shall be effectively complied so that 

the end product performance is consistent with 

respect to the quality and efficacy. The surfactant 

used for solubilising the Dutasteride, Glyceryl 

Monocaprylate (Capmul MCM C8), manufactured 

by Abitec is the critical material in this product. 

There are alternate manufacturers for Glyceryl 

Monocaprylate available in brand name viz Opmul 

MCM in the market which when used caused failure 

in complete drug release in dissolution testing 

leading to poor quality product.  

 

Critical Material Attribute (CMA) Target 

Glyceryl Monocaprylate (Capmul MCM C8) Manufactured by 

Abitec 

No Alternate / equivalent ingredient 

to be used 

The Critical Process Parameter (CPP) starts 

from the environment conditioning in the 

manufacturing and packaging area which needs to 

be maintained at 23 ± 2°C & 40 ± 5 % RH this is 
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necessary for the end drug product integrity and 

quality. The mixing time Dutasteride with Glyceryl 

monocaprylate (Capmul MCM C8) in mixing tank is 

fixed at 30 minutes. The mixing time optimization 

was done at 20, 30 & 40 minutes and finalized at 30 

minutes. In the gelatin cooking step, the temperature 

of the cooking tank must be maintained between 70-

80°C and vaccum of 600 mm / Hg to 700 mm / Hg 

must be maintained appropriately – this combined 

condition is significant since this helps in complete 

melting and attaining the liquid gelatin without 

lumps and air bubbles which is important for quality 

encapsulation process. In the Gelatin Mass 

Preparation, other ingredients are added and mixed 

with liquid gelatin, for attaining homogenous gelatin 

mass solution, the mixing time optimization was 

done at 60, 75 & 90 minutes and finalized at 75 

minutes. In the encapsulation stage, the temperature 

of segment, drum and spreader box is critical and 

are maintained at 35-45°C, 5-15°C and 45-55°C 

respectively. Post encapsulation drying is a critical 

step where the encapsulated capsules are de-greased 

using Isopropyl Alcohol and spread in trays for 4 

hours at 20-24°C with relative humidity of 40-45%. 

Then the degreased semi-dried capsules are 

transferred to drying chamber for 40 hours at 22-

28°C with relative humidity of 15-35%. Then the 

dried capsules are collected in 10 Kg nett amounts 

in double polybag lined HDPE drums. The same has 

been tabulated below, 

  

Critical Process Parameter (CPP) Target 

Environmental Conditioning In Manufacturing & Packaging 23 ± 2°C & 40 ± 5 % RH 

Mixing time of Dutasteride with Glyceryl monocaprylate (Capmul MCM C8) 30 minutes 

The temperature & pressure of cooking tank for Gelatin Cooking 
70-80°C 

600-700 mm / Hg 

Mixing time of Gelatin with others ingredients in Gelatin Mass Preparation 75 minutes 

Temperature of Segment in encapsulation stage 35-45°C 

Temperature of Drum in encapsulation stage 5-15°C 

Temperature of Spreader Box in encapsulation stage 45-55°C 

Post encapsulation drying time after de-greasing in Isopropyl Alcohol 4 hrs 

Drying time, temperature & RH in Drying chamber 40 hrs, 22-28°C, 15-35%. 

 

Finalized Composition of Dutasteride Soft Gelatin Capsules, 0.5 mg 

S.No Ingredients mg per capsule Manufacturer Function 

Drug Solution To Fill 

1 Dutasteride 0.50 MSN 
Active Pharmaceutical 

Ingredient 

2 
Glyceryl Monocaprylate 

(Capmul MCM C8) 
99.47 Gattefosse Solubilizer 

3 Butylatedhydroxy Toluene 0.03 Finar Anti-oxidant 

 Fill Weight 100.00   

Encapsulation Shell As Host* 

4 Gelatin 350.00 Narmada Shell Constituent 

5 Glycerol 90.00 Godrej Plasticizer 

6 Sorbitol 45.00 Gulshan Polyols Plasticizer 

7 Methyl Hydroxybenzoate 0.20 Anmol Preservative 

8 Propyl Hydroxybenzoate 0.02 Anmol Preservative 

9 Iron Oxide Yellow 0.10 Roha Colorant 

10 Titanium Dioxide 0.15 Neelkanth Opacifier 

11 Purified Water** 350.00 In-House Solvent  

Manufacturing Aid 

12 Refined Sunflower Oil*** 100.00 Anmol Lubricant 

13 Isopropyl Alcohol**** 100.00 Avantor De-greaser 

*Only 140 ± 50 mg will be shell weight after process loss and drying. 

**Will evaporate during manufacturing process. 

*** Used for lubrication of gelatin ribbon; will not be added to average weight of the capsule. 

****Used for degreasing the filled capsules. 
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Equipments & instruments  

The list of equipments used in the manufacturing of 

Dutasteride Soft Gelatin Capsules, 0.5 mg includes, 

weighing balance, loss on drying apparatus, 

disintegration tester, IR temperature gun, 

medicament preparation tank, gelatin cooking tank, 

tray drier, degreaser, bottle packing machine and 

blister packing machine. 

 

Manufacturing Procedure 

1) Bulk Medicament Preparation  

Step:1 Filter Glyceryl monocaprylate (Capmul 

MCM C8) through #100 mesh and divide into 3 

parts (3%, 14%, 76% & 7% of the  

            total batch quantity).  

Step:2 Warm 3% of Glyceryl monocaprylate 

(Capmul MCM C8) in a Stainless Steel (SS) vessel 

using hot plate at 40-50°C. Add  

            Butylated Hydroxytoluene under stirring to 

get completely dissolved. 

Step:3 Take 14% of Glyceryl monocaprylate 

(Capmul MCM C8) in a SS vessel and add 

Dutasteride under stirring to get clear  

            solution. Dilute further with 83% of Glyceryl 

monocaprylate (Capmul MCM C8) and transfer to 

mixing tank. 

Step:4 Transfer the Butylated Hydroxytoluene 

solution to the mixing tank and rinse the SS vessel 

with the remaining 7% quantity of  

            Glyceryl monocaprylate (Capmul MCM C8). 

Transfer to the mixing tank and start mixing for 30 

minutes.  

 

2) Gelatin Mass Preparation 

Step:5 Take 85% Glycerol, Sorbitol, Methyl 

Hydroxybenzoate, Propyl Hydroxybenzoate and 

85% Purified Water in a separate SS  

            vessel. Stir well until to dissolve.  

Step:6 Set the temperature of Cooking tank between 

70 to 80°C. 

Step:7 Filter the Step:5 mixture through #100 mesh 

and transfer to the cooking tank by means of 

vacuum. Record the temperature of  

            the mixture before adding gelatin 

(temperature should be between 70 and 80°C). 

Step:8 Transfer Gelatin to cooking tank 

(temperature should be 70 to 80 °C) using vaccum 

under constant stirring. Stop the vacuum.  

            Mix it for 75 minutes till the mass is free 

from lumps.  

Step:9 Triturate Iron oxide yellow, Titanium dioxide 

with 15% Glycerol and dilute with 15% Purified 

water. Mix well to get uniform  

            dispersion. Filter through #100 mesh and 

transfer to the cooking tank by vacuum. Continue 

stirring and vacuumisation for 15  

            minutes. 

Step: 10 Check the temperature and it should be 

between 65 and 75°C. Apply vacuum of 600 mm/ 

Hg to 700mm/Hg. Under vacuum  

              mix the contents with stirrer, prevent 

overflowing of foam by partly releasing vacuum 

whenever necessary. Check the  

              consistency of the mass and if not 

acceptable continue mixing under vacuum till the 

required consistency is obtained. Finally  

              the mass should be free from air bubbles 

and lumps. 

 

3) Encapsulation 

Step: 11 Setup and operate the Encapsulation 

machine. 

Step: 12 Set up encapsulation machine with 9.5 

Minim/oblong die Set the segment temperature (35 - 

45 °C), drum temperature (5 – 15  

               °C) and spreader box temperature (45 – 

55°C). 

Step: 13 Start Encapsulation if all the parameters are 

within the prescribed standard.  The parameters 

prescribed in the standards should  

               be maintained throughout the 

encapsulation. 

Step: 14 Check the Capsules from 6 cavities of the 

die individually at an interval of half an hour. Check 

drum temperature and ribbon  

              thickness at an interval of one hour. 

Step: 15 Collect the first round of capsules 

separately in a drum labelled as rejects. 

Step: 16 Degrease the capsules with Isopropyl 

alcohol. 

Step: 17 Soya bean oil is used for lubrication of 

ribbon used in the formation of capsule. 

 

4) Drying 

Step: 18 Degrease the capsules with critical cleaning 

wipes by passing through tumblers. 

Step: 19 Spread the degreased capsules in trays and 

keep in semidrying room for about 4 hours at 20°C 

to 24°C and relative humidity  

               35% to 45%. 

Step: 20 Inspect each tray and remove leakers, 

unfilled and deformed capsules. 

Step: 21 Load the trays into the trolleys and keep 

them in drying chamber. 

Step: 22 Dry the capsules for a period of 36 to 40 

hrs in drying chamber with temperature maintained 

between 22°C to 28°C and  
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               relative humidity maintained at 15 % to 35 

%. Degrease the dried capsules using Isopropyl 

alcohol with critical cleaning  

               wipes in the tumbler for 10 to 15 minutes 

and the degreased capsules collected in 10 kg 

polybag in a suitable HDPE container.  

               Note: Do not collect more than 10 kg in a 

single polybag. 

Step: 23 Inspect capsules for deformed, leakers, 

joint capsules etc. and collect them in a separate 

HDPE container labelled as rejects.  

              Not more than 10 Kg of inspected capsules 

to be collected in a double polybag lined HDPE 

container. 

 

5) Bottle Packing 

Step: 24 Bottle packing was done using CVC 

machine. The primary packing includes 30 capsules 

along with one (1) 1 g Silica gel  

              canister packed in 50 cc White High 

Density Polyethylene container with White 33 mm 

Polypropylene Child Resistant  

              Closure. During bottle packing operation, 

line tests include, leak test, capsule count test, silica 

gel canister presence, induction  

              seal integrity, retorquer, label affixation etc.  

 

6) Blister Packing 

Step: 25 Alu-Alu blister packing was done using 

BQS machine. The primary packing includes a 

blister pack containing 10 capsules and  

               further placing 3 such blister packs into 

carton & labelling. Each blister pack is imprinted 

with pre-printed sealing foil. During  

               blister packing operation, line tests 

include, seal integrity & leak test, visual inspection, 

Fill weight & product count, Print and  

               coding accuracy, Forming quality & Tear / 

perforation test. 

 

Inactive Ingredient Database 

Though the developed product utilizes excipients 

similar to that of marketed brand product Avodart® 

Soft gelatin capsules, 0.5 mg. The finalized 

composition was checked for the compliance of the 

excipients and its level of usage with respect to 

Inactive Ingredient Database15. The following 

tabulated information justifies the level of usage of 

excipients in the composition and the formulated 

drug product is deemed safe for use in patients. 

 

S.No Inactive Ingredients 

Maximum level ‘mg’ per day  

(as per recommended daily dose 

of Dutasteride Soft Gelatin 

Capsules, 0.5 mg) 

Maximum level ‘mg’ per day  

as per USFDA’s  

Inactive Ingredient Database 

1 Glyceryl Monocaprylate 99.47  400 

2 Butylatedhydroxy Toluene 0.03 0.06 

3 Gelatin 350 10932 

4 Glycerol 90 3487 

5 Sorbitol 45 1111 

6 Methyl Hydroxybenzoate 0.2 7 

7 Propyl Hydroxybenzoate 0.02 1 

8 Iron Oxide Yellow 0.1 5 

9 Titanium Dioxide 0.15 72 

 

Nitrosamine Risk Assessment 

Nitrosamine impurities are probable human 

carcinogens formed during the manufacturing or 

storage of pharmaceutical drugs16. Nitrosamines are 

nitroso functional group (-N=O) form when specific 

amines and nitrosating agents (like nitrites) interact 

under certain conditions – 1) Reactions during the 

manufacturing of the Active Pharmaceutical 

Ingredient (API); 2) Contaminated starting 

materials, catalysts, or recycled solvents used by 

API vendors; 3) Interactions between drug 

substances, nitrite impurities within excipients, or 

certain packaging components; 4) Moisture, high 

temperature, and acidic pH levels during storage or 

formulation. The following is the chemical structure 

of Dutasteride, 

 
From the above structure its evident that there is a 

stable aromatic primary amine group originating 
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from its 2,5-bis (trifluoromethyl) phenylamine 

precursor as well as a secondary amide group 

forming the azasteroid structure. Hence there is a 

low nitrosamine risk profile since primary amines 

do not readily form stable nitrosamines under 

standard pharmaceutical conditions. Also, 

dutasteride's aromatic amine group is generally 

unreactive to nitrosating agents.  

Stability Evaluation 

The manufactured product was subjected to stability 

study at 30°C / 75% RH for 6 months in both bottle 

and blister pack and the product was found to be 

stable in both the packing configuration hence the 

designed product would remain stable for a shelf life 

period of 2 years at USP room temperature storage 

condition.  

 

Test Specification Initial 

30°C/75%RH 

6th Month 

Bottle 

30°C/75%RH 

6th Month 

Blister 

Description 

Coloured elongated soft gelatin  

capsules containing colourless 

clear oily liquid. 

Complies Complies Complies 

Average Net Content  

of Soft Gelatin Capsules 

100.0 mg  5 % 

(Between 95.0 mg  and 105.0 

mg) 
101 100 100 

Assay 90-110% 102 100 99 

Disintegration Test In  

0.1M Hydrochloric 

Acid 

NMT 30 minutes 7’ 5’ 6’ 

Dissolution (USP Test-

2) 

NLT 80% dissolved in 30 

minutes 
98% 96% 98% 

Loss On Drying Of 

Shells 
8-12% w/w 11% 10% 9% 

Uniformity of Dosage 

Units  
L1≤ 15 3 3 4 

Impurities 

Dihydrodutasteride: 0.5% 

Chlorodutasteride: 0.5% 

Any Unspecified Degradation 

Product: 1% 

Total Degradation Product: 

1.5% 

0.011 

0.028 

0.085 

0.142 

0.112 

0.139 

0.403 

0.754 

0.191 

0.212 

0.527 

0.938 

 

In vivo Studies 

The study was done as per product specific 

guidances for generic drug development17.Fast and 

Fed study was conducted in 18 healthy, adult, male 

human subjects. A randomized, two treatment, two 

sequence, two period, two way cross over 

bioequivalence study was done in which the 

developed product was compared with Avodart® 

Soft gel capsules, 0.5 mg. The study subjects were 

housed in clinical facility to ensure overnight fasting 

of 10 hours before administration. In the fasting 

study, the product was orally administered with 240 

mL Water after an overnight fast of at-least 10 

hours. There were two dosing periods, separated by 

a washout period of 21 days. And for fed condition, 

the product was orally administered with 240 mL 

Water 30 minutes after the start of a high fat high 

calorie breakfast. There were two dosing periods, 

separated by a washout period of 21 days. The 

Dutasteride blood samples under fasting were taken 

pre-dose and at 0.33, 0.67, 1, 1.33, 1.67, 2, 2.5, 3, 

3.5, 4, 4.5, 5, 5.5, 6, 7, 8, 10, 12, 16, 24, 48 and 72 

hours after administration of the products. The 

Dutasteride blood samples under fed were taken pre-

dose and at 0.5, 1, 1.5, 2, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 

7, 8, 10, 12, 14, 16, 24, 48 and 72 after 

administration of the products. The pharmacokinetic 

and statistical analysis was performed using 

WinNonlin® version 5.0 (Pharsight Corporation, 

USA). Pharmacokinetic analysis was performed by 

means of a model independent method. The 

maximum concentration (Cmax) and the 

corresponding peak times (Tmax) were determined by 

the inspection of the individual drug plasma 

concentration–time profiles. The elimination rate 

constant (λz) was obtained from the least-square 

fitted terminal log-linear portion of the plasma 

concentration – time profile. The elimination half-
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life (T1/2) was calculated as 0.693/ λz. The area 

under the curve to the last measurable concentration 

(AUC0-t) was calculated by the linear trapezoidal 

rule. The area under the curve extrapolated to 

infinity as (AUC0-t + Ct/ λz, where Ct is the last 

measurable concentration. For the purpose of 

statistical bioequivalence analysis AUC0-t, and Cmax 

were considered as primary variables. Study 

protocols were approved by an Independent Ethics 

Committee - The Ethical Jury, Chennai. The studies 

were conducted in compliance with the ethical 

principles of the Declaration of Helsinki, the 

International Conference on Harmonization’s Good 

Clinical Practices guidelines, and the guidelines of 

Indian Council of Medical Research for Biomedical 

Research on Human Subjects and Good Clinical 

Practices for Clinical Research in India. Healthy, 

willing, volunteers of age between 19 and 68 years 

were selected on the basis of laboratory evaluations 

during screening, medical history, clinical 

examination, X-ray, ECG recordings, urine screen 

for drugs of abuse and alcohol breath test. Informed 

consent was obtained from the subjects after 

explaining the nature and purpose of the study.  

 

Investigation Products Condition Cmax AUC0-t 

Reference, 

AVODART® Soft Gelatin Capsules, 0.5 mg Fast 
2.5±0.5 60±10 

Test, 

Dutasteride Soft Gelatin Capsules, 0.5 mg 

2.6±0.6 59±11 

90% CI 104% 98% 

Reference, 

AVODART® Soft Gelatin Capsules, 0.5 mg Fed 
2.1±0.6 55±9 

Test, 

Dutasteride Soft Gelatin Capsules, 0.5 mg 

2.2±0.6 56±10 

90% CI 105% 102% 

From the above results it’s evident that the test 

product meets the bio-equivalence acceptance 

criteria for 90% Confidence interval range of within 

80-125 with respect to Cmax and AUC0-t parameters 

and hence the developed Dutasteride Soft gelatin 

capsule, 0.5 mg is bio-equivalent to the reference or 

marketed brand product, Avodart® Soft gelatin 

capsules, 0.5 mg. 

 

Pharmacoeconomics 

The drug product Dutasteride Soft Gelatin 

Capsules, 0.5 mg was successfully commercialized 

upto 0.5 million capsules per batch size based on the 

current capability & infrastructure features available 

at the facility. Through Enterprise Resource 

Planning software, Oracle NetSuite the unit price of 

the product under the brand name NOLEEK® for 

domestic supplies was fixed at 8 INR per capsule 

and for the international market supplies the price 

was fixed at 0.2$ per capsule. With proper forecast 

and coordination through supply chain principles 

and management the raw material requirements and 

their pricings were optimized for greater benefit to 

the company as well as for the end user of the 

product. 

 

II. Summary & Conclusion 
The main objective of this research is to 

bring in a commercially feasible and a cost-effective 

generic equivalent of AVODART® (Dutasteride) 

Soft Gelatin Capsules, 0.5 mg to the domestic and 

international market. Before making the product in a 

commercial scale, it was decided to emulate the 

QTPP (Brand product composition & product 

features) so that the product going to be 

manufactured by us behaves in a very similar way as 

that of Brand product. For this, the analytical 

methods in USP compendial monograph of every 

ingredient used in the brand product was referred 

and adopted suitably and practically to arrive for the 

Q1Q2 (Qualitative & Quantitative) composition. 

Further the Q1Q2 was scrutinized with respect to 

USFDA’s inactive ingredient database to make sure 

the safety profile of ingredients finalized is within 

the scope of maximum daily dose terms. Then the 

Quality by Design (QbD) concept was implemented 

and finalized the QTPP, CQA, CMA & CPP’s for 

the product. Thus with confidence we were able to 

scale-up the composition and process to commercial 

level in a predictable fashion. The composition was 

also evaluated for Nitrosamine concerns and the 

Cost Vs Quality of Raw Materials supplies were 

optimized accordingly. The drug product was 

stability evaluated in the intended commercial 

packing configuration (Bottles & Blisters) and a 

shelf life of 24 months was established. Finally the 

ready to be commercial product was evaluated for 

Bio-equivalence against the marketed brand product 

AVODART® and the results complies with 

confidence interval between 80.000-125.000 for 

Cmax and AUC. Finally in the cost metric too the 

product was found commercially feasible for 

Domestic [will be supplied under the brand name 

NOLEEK®] and international market supplies.  
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