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ABSTRACT 
 

Plan: Danazol is a synthetic steroid hormone with anti-estrogenic and anti-

gonadotropic activities drug which acts on anterior pituitary suppressant by 

inhibiting the pituitary output of gonadotropins indicated for the treatment of 

endometriosis and benign breast disorders. The main objective of the research 

work was to develop simple, rapid and sensitive analytical method using RP- 

UFLC method for estimation of synthetic steroid hormone danazol in bulk and 

finished formulation.  

Methodology: A simple, rapid and sensitive analytical method was developed. 

Separation of the chromatographic condition was done by using a mobile phase as 

isocratic flow with the concentration of 25 mM ammonium acetate (pH 4) and 

acetonitrile at the ratio of 50:50v/v. Flow rate of the mobile phase was maintained 

at l ml/min. Stationary phase used was C18 column (250 x 4.6 mm). Detection of 

danazol drug was carried out at 275 nm. The developed method was evaluated for 

the validation parameters such as specificity, sensitivity, linearity, accuracy, 

precision, ruggedness and robustness were performed as per the ICH guidelines.  

Outcome: An optimized chromatographic condition for danazol drug was 

achieved and results showed good peak resolution. The developed method for the 

danazol can be used for the quantitative and qualitative estimation of bulk and 

finished formulations  

 

INTRODUCTION  

 

A nonester synthetic hormone Danazol is gonadotropin inhibitor, structurally 

similar to testosterone or ethisterone and having weak androgenic effects. It is 

chemically known as 17α-Pregna-2, 4-diene-20-ynol (2, 3-D)-isoxazol-17-ol 

as shown in fig 1. It is used in the treatment of endometriosis, fibrocystic 

breast disease and hereditary angioedema1. It is used as doping agent to 

increase muscle strength, decrease healing time during injury, diminish 

fatigue and increased aggressiveness2.                                                                                 Fig 1. Structure of Danazol 
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US Pharmacopoeia has an official direct spectroscopic method for the assay of Danazol and HPLC (High 

Performance Liquid Chromatographic) method for the assay of Danazol capsules3. 

There are various methods reported for the Danazol determination either in formulations or in biological 

fluids. A quantitative TLC (Thin Layer Chromatography) method has been developed for Danazol 

analysis4. Various HPLC methods have been developed for Danazol analysis in bulk5, formulations6-10 

and biological fluids10-15. Apart from HPLC methods gas chromatographic methods and immune assay 

methods16 were also reported. 

 

Even though analytical methods have been developed, a simple, rapid and sensitive method is essential 

for estimation of Danazol in bulk and pharmaceutical formulations. Hence we developed a simple, rapid, 

sensitive and economical RP (Reverse Phase)-UFLC17, 18 (Ultra Fast Liquid Chromatography) method for 

the estimation of Danazol as per ICH guidelines 19.Morever this method also find advantage and 

economical when compared with existing method. The results obtained were promising. 

    

   MATERIALS AND METHODS 

 

   1.1. Materials  

 

Standard were purchased from SDFCL, Mumbai. HPLC grade Acetonitrile (ACN), Methanol, ammonium 

acetate, triethyl amine and ortho phosphoric acid were obtained from SD Fine chemicals, Mumbai. Triple 

distilled water was obtained from Milli Q unit. 

 

   1.2. Identification studies 

  

Danazol drug was accurately for 2 mg and kept in a capillary tube and placed in a melting point apparatus 

and the melting point was noted. 

 

1.3. Solubility 

 

The solubility of Danazol study was performed at various solvents such as methanol, acetonitrile and 

water respectively. About 10 mg was weighed in 25 ml a standard flask and the volume was made to 10 

ml of different solvent mention above.  The flasks were kept at 25±0.50C in isothermal shaker for 48 

hours to reach equilibrium. The equilibrated samples were removed from the shaker and centrifuged at 

4000 rpm for 10−15min. The supernatant was taken and filtered through whatmann filter paper. The 

concentration of Danazol was optimized with suitable dilutions by using UV visible spectrometer. 

   

  1.4. Selection of wavelength for detection of components 

 

From the above solution 100µg/ml of standard solution of Danazol were taken and the spectrum was 

recorded in the UV region from 200-400. 
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1.5. Preparation of standard stock solution 

 

About 10 mg of drug was taken in 10ml standard flask. To that 5-6 ml of acetonitrile was added and kept 

in a sonicator for 15 min and the final volume was adjusted to produce 1000µg/ml which is kept in 

refrigerator for further use. 

 

1.6. Preparation of Buffer (25mm) 

 

Weigh about 0.9635 gm of Ammonium acetate was weighed accurately in a 500ml beaker. To that 200 ml 

of MilliQ water was added and kept in a sonicator for 10−15 min and the final volume was adjusted with 

MilliQ water and the pH was maintained to 4 by using ortho phosphoric acid.  

 

  1.7. Preparation of Calibration curve 

 

From the stock solution, suitable dilutions were prepared using acetonitrile as solvent at the range of 10, 

20, 40, 60, 80 and 100µg/ml respectively by measuring against the blank solution. The standard curve 

was plotted against concentration vs. peak area and the intercept and slope values were recorded. (Fig 2) 

 

1.8. Chromatographic conditions 

 

Shimadzu (Kyoto, Japan) UFLC system was equipped with binary gradient solvent delivery system pump 

(LC-20 AD), rheodyne injector (7725i) with 20 μL loop, and photo diode array (PDA) detector. LC 

solution software was used as a data station for interpreting the chromatograms. The separation of the 

analyties were carried out on Phenomenex C18 column (250 x 4.6 mm, i.d. 5µm) using  ammonium 

acetate buffer (25mM, pH-4.0) and acetonitrile (50:50 v/v) as mobile phase at a flow rate of 1ml/min. The 

detection of the analytes were carried out at 275 nm. 

 

1.9. Method validation 

 

The developed method was validation as per the ICH guidance. The method was validated for specificity, 

selectivity, linearity, sensitivity, accuracy, precision, robustness and ruggedness. 

 

1.10. Specificity and selectivity 

 

Specificity of the developed method was carried out by comparing the standard and the sample retention 

time with six injections and the lack of interference peak were studied. The selected chromatographic 

condition should be ideal and should be free from impurities, matrix, degradants, excipients, preservatives 

and related impurities on selected standard retention time and peak. 
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1.11. Linearity and Sensitivity 

 

Linearity was carried by plotting a calibration graph of analyte peak area (y axis) versus concentration (x 

axis) ranging from 10.0-100.0 g/ mL as shown in table 1. Linear regression analysis was followed and 

the correlation of coefficient (r2) was used as measure of linearity. Limit of detection (LOD) and limit of 

quantitation (LOQ) were reported as 3 and 10 times the noise level obtained from three replicate 

injections of blank samples respectively. 

 

1.12. Accuracy 

 

Accuracy was evaluated to determine recovery of the standard solution form the sample solutions. Mean 

percentage (%) recovery of analytes was used as a measure of accuracy. Each sample concentration was 

spiked with the standard concentration and injected in triplicate and the percentage recovery was 

determined. Accuracy was evaluated to determine recovery of the standard solution form the sample 

solutions. Mean percentage (%) recovery of analytes was used as a measure of accuracy. (Fig 3 & Fig 4). 

 

1.13. Precision and repeatability 

 

Intermediate precision (intra- and interday) and repeatability were carried out on the analytes sample. 

Percentage relative standard deviation (% RSD) was considered as a measure of precision and 

repeatability. The analytes sample were prepared at three different concentration of low, middle and high 

concentration of linearity sample and injected six time on the same day and on three consecutive day for 

intra- and interday precision respectively. 

 

1.14. Robustness and Ruggedness 

 

The developed method was evaluated for robustness and ruggedness by slight changing the parameters 

such as instruments and operators, slight change in the optimized chromatographic conditions such as 

column temperature, flow rate and pH. 

 

RESULTS & DISCUSSION  

 

Optimization of the chromatographic condition was carried out based on the sharp peak, ideal separation, 

stability and repeatability of the standards. Numbers of trails were carried out to achieve the above criteria 

by changing the mobile phase parameters such as buffer concentration, buffer strength, organic 

concentration, pH ratio and standard phase such as different column as C8 and C18. Based on the trial and 

error method the developed method was optimized at the mobile phase concentration of 25mM of 

ammonium acetate and acetonitrile at the ratio of 50:   50 v/v with the pH of 4 respectively. Among the 

different solvent acetonitrile showed maximum solubility. Stationary phase used was C18 column (250 x 

4.6 mm, i.d. 5µm). Detection of the optimized chromatograph was carried out at 275 nm. The developed 

method for danazol showed good separation at the retention time of 7.3 min respectively. Broadening of 

the peak was observed when decrease in the concentration of organic phase while shifting of peak was 

observed towards the void volume side due to the high solubility.  
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Similarly in aqueous phase when the concentration increase no peak was observed due to the low 

solubility where else decrease in the concentration of aqueous phase broadening of peak was observed. 

Change in the pH shows that peak splitting. Increase or decrease of the detection wavelength shows 

decrease in the response.  

 

Specificity of the developed method was carried out by comparing the standard and the sample retention 

time with six injections and the lack of interference peak were studied. The selected chromatographic 

condition was free from impurities, matrix, degradants, excipients, preservatives and related impurities on 

selected standard retention time and peak. Hence the selected method was specific.  

 

Linearity was carried by plotting a calibration graph of analyte peak area (y axis) versus concentration (x 

axis) ranging from 10.0-100.0 g/mL was found to be linear in range.. Linear regression analysis was 

followed and the correlation of coefficient (r2) was used as measure of linearity. Regression equation for 

the linearity and the range was found to be 0.994 respectively. Accuracy was carried out by recovery 

studies by spiking the known standard concentration to the sample solution and found to be consistent at 

all the levels and the results are shown in Table 2. 

 

Precision study was carried out at two different levels of intra- and interday levels. Six injection of three 

different concentration of low, middle and high concentration of linearity such as 20, 60 and 100 g/mL 

were injected and the percentage RSD and standard deviation were calculated and results are well within 

the limits as shown in the Table 3 & 4.    

The developed method showed no change in the chromatographic condition when evaluated for the 

robustness and ruggedness and found to be rugged and robust. Limit of detection and limit of 

quantification for danazol were studied base on the signal to noise ratio and found to be 50 ng/mL and 

200ng/mL.  

 

CONCLUSION 

 

A simple, rapid, cost effective and sensitive method was developed for the danazol drug and validated as 

per the ICH guidelines such as specific, sensitive, accurate, precise, reproducible, robust, LOD and LOQ. 

The developed method for the danazol can be used for the quantitative and qualitative estimation of bulk 

and finished formulations. 
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Table 1. Calibration and linearity 

 

 

 

Table 2.  Accuracy studies 

 

 

Table 3. Precision studies: intra-day precision 

 

 

Table 4. Precision studies: inter-day precision 

 

S.No 

Inter-day precision- 1 

Concentration ((g/mL) 

Inter-day precision- 2 

Concentration ((g/mL) 

 20 60 100 20 60 100 

1 18.95 58.23 98.43 17.98 58.56 98.45 

2 18.34 59.98 98.88 17.86 58.23 98.61 

3 19.87 59.34 97.55 17.56 58.82 99.04 

4 19.43 59.88 99.09 18.41 58.43 99.21 

5 18.99 58.11 97.32 18.65 58.65 98.32 

6 18.65 58.85 97.59 18.87 59.12 98.03 

Mean 19.04 59.07 98.14 18.22 58.64 98.61 

SD 0.55 0.80 0.76 0.50 0.31 0.45 

%RSD 2.87 1.36 0.77 2.76 0.53 0.45 

 
 

 

S.No Concentration (g/mL) Peak Area 

1 10 1675 

2 20 3327 

3 40 6875 

4 60 11200 

5 80 13432 

6 100 16876 

S.No Measured  

Concentration (g/mL) 

Actual 

Concentration (g/mL) 

% 

Nominal 

1 58.09 60 96.82 

2 59.65 60 99.42 

3 58.23 60 97.05 

4 58.18 60 96.97 

5 59.76 60 99.6 

6 57.45 60 95.75 

                                                       Mean 97.60 

                                                         SD 1.55 

                                                      % RSD 1.59 

S.No 

Concentration ((g/mL) 

20 60 100 

1 19.76 58.87 98.65 

2 19.26 59.12 99.44 

3 18.99 58.96 98.35 

4 19.45 58.37 98.02 

5 19.02 58.77 98.23 

6 19.46 59.01 98.01 

Mean 19.32 58.85 98.45 

SD 0.29 0.26 0.54 

%RSD 1.52 0.45 0.55 
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             Fig.2. Calibration Curve                                                                        Fig.3. Typical HPLC chromatogram of Standard 

 

 

 

 

 

 

 

 

 

 

                     

  

                                                                    Fig.4. Typical HPLC chromatogram of Sample 

 

 

 

REFERENCES  

 
1. K. Parfitt (Ed.), Martindale. The Complete Drug Reference, The Pharmaceutical Press, Massachusetts, 1999. 

2. Haupt HA, Rovere GD, Anabolic steroids: a review of the literature, Am. J. Sports. Med, 1984; 12: 469-484. CrossRef  
3. The United States Pharmacopoeia, 24th Ed. The United States Pharmaceutical Convention, Rockville, MD, 2000:p. 1099–1101. 

4. Ferenczi-Fodor K, Vegh Z, Pap-Sziklay Z, Validation of quantitative planar chromatographic analysis of drug substances. 1. 

Definitions and practice of TLC, J. Planar. Chromatogr 1993; 6: 198–203. 
5. Noggle FT Jr, Clark CR, DeRuiter J, Liquid chromatographic and mass spectral analysis of 1-(3,4-methylenedioxyphenyl)-3-

butanamines, homologues of 3,4-methylene dioxy amphetamines, J. Chromatogr. Sci, 1989; 27: 240-243. CrossRef 

6. Rahman A, Hoffman NE, Determination of danazol in plasma by high performance liquid chromatography, Analytical Letters 

1989;22: 377-386. CrossRef 

7. Sane RT, Chakraborty M, Nayak VG, Chauhan BL, Determination of danazol in pharmaceutical preparations by liquid 
chromatography, J. Chromatogr 1986; 358: 448–452. CrossRef 

8. Gonzalo-Lumbreras  R, Pimentel-Trapero D, Izqierdo-Hornillos R, Solvent and solid phase extraction of natural and synthetic 

anabolic steroids in human urine. J.Chromatogr. 2001; 754: 419-425. CrossRef 
9. Gadkariem EA, Abounassif MA, Hagga ME, Al-Khamees HA, Photodegradation kinetic study and stability-indicating assay of 

danazol using high performance liquid chromatography, J. Pharm. Biomed. Anal 2000 ; 23:413 – 420. CrossRef 

 
 

 
 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Haupt%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=6391216
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rovere%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=6391216
http://dx.doi.org/10.1177/036354658401200613
http://www.ncbi.nlm.nih.gov/pubmed/?term=Noggle%20FT%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=2745665
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=2745665
http://www.ncbi.nlm.nih.gov/pubmed/?term=DeRuiter%20J%5BAuthor%5D&cauthor=true&cauthor_uid=2745665
http://dx.doi.org/10.1093/chromsci/27.5.240
http://dx.doi.org/10.1080/00032718908052347
http://dx.doi.org/10.1016/S0021-9673(01)90361-9
http://dx.doi.org/10.1016/S0378-4347(01)00027-5
http://dx.doi.org/10.1016/S0731-7085(00)00315-0


34 

Hygeia.J.D.Med.8 (1) May 2016; 27-34 

 
 

Shanmugam R et al.  

 

 
 

 

 
10. Gonzalo-Lumbreras R, Izquierdo-Hornillos R. Optimization of the high-performance liquid chromatographic separation of a complex 

mixture containing urinary steroids, boldenone and bolasterone: application to urine samples, J. Chromatogr. B. Biomed. Sci 2000; 

742: 47-57. CrossRef 
11. Izquierdo-Hornillos R, Gonzalo-Lumbreras R, Optimization of the separation of a complex mixture of natural and synthetic anabolic 

steroids by micellar liquid chromatography, J. Chromatogr. 2003; B798: 69–77. 

12. Gonzalo-Lumbreras R, Pimentel-Trapero D, Izquierdo-Hornillos R. Development and method validation for testosterone and 
epitestosterone in human urine samples by liquid chromatography applications. J. Chromatogr. Sci, 2003; 41:261-265. CrossRef 

13. Gonzalo-Lumbreras R, Pimentel-Trapero D, Izquierdo-Hornallis R. Solvent and solid-phase extraction of natural and synthetic 

anabolic steroids in human urine J. Chromatogr.  2001; B 754:419–425. 
14. Selinger K, Hill HM, Anslow JA, Gash D, A liquid chromatographic method for the determination of danazol in human serum, J. 

Pharm. Biomed. Anal, 1990;8: 79-84. CrossRef 

15. De-Boer D, De-Jong E, Maes RAA, The detection of Danazol and its significance in doping analysis, J. Anal. Toxicol 1992; 16: 14-
18. CrossRef 

16. Sato H, Mochizuki H,  Homita Y, Kananori T, Enhancement of the sensitivity of a chemiluminescent immunoassay for estradiol based 

on hapten heterology, Clin. Biochem 1996; 29: 509–513. CrossRef 

17. Shanmugam R, Gowthamarajan K, Priyanka DL, Madhuri K, Hemnath E, Dhanabal SP, Development and validation of a UFLC 

method for simultaneous estimation of Quercetin and Rutin, Hygeia.J.D.Med, 2013 ;5: 113-120. 

18. Shanmugam R, Gowthamarajan K, Priyanka DL, Madhuri K, Elango K, Development and validation of reverse phase - Ultra Fast 
Liquid Chromatography (RP-UFLC) method for simultaneous estimation of Curcumin and Piperine, Pak. J. Pharma. Sci, 2013; 27: 

901-906. 

19. ICH Q2 (R1), Validation of Analytical Procedures: Text and Methodology 2005. 
Available at:  http://www.ich.org/products/guidelines/quality/article/qualityguidelines.html (accessed Jan 18, 201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shanmugam R*, Kirthi A, Madhuri K, Ashok Kumar C K, Lalitha Priyanka Development and validation of a RP- UFLC method for estimation of synthetic steroid 

hormone danazol. Hygeia.J.D.Med 2016; 8(1):27-34.  Available from http://www.hygeiajournal.com / Article ID-Hygeia.J.D.Med/154/16.  

DOI: 10.15254/H.J.D.Med.8.2016.154. 

 

This is an Open Access article distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which permits others to share ,distribute, remix, 

transform, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial 
 

http://dx.doi.org/10.1016/S0378-4347(00)00084-0
http://www.sciencedirect.com/science/article/pii/S1570023203007141
http://www.sciencedirect.com/science/article/pii/S1570023203007141
http://dx.doi.org/10.1093/chromsci/41.5.261
http://www.sciencedirect.com/science/article/pii/S0378434701000275
http://www.sciencedirect.com/science/article/pii/S0378434701000275
http://www.ncbi.nlm.nih.gov/pubmed/?term=Selinger%20K%5BAuthor%5D&cauthor=true&cauthor_uid=2131807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hill%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=2131807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anslow%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=2131807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gash%20D%5BAuthor%5D&cauthor=true&cauthor_uid=2131807
http://dx.doi.org/10.1016/0731-7085(90)80010-M
http://dx.doi.org/10.1093/jat/16.1.14
http://www.sciencedirect.com/science/article/pii/S0009912096000987
http://www.sciencedirect.com/science/article/pii/S0009912096000987
http://dx.doi.org/10.1016/S0009-9120(96)00098-7
http://www.hygeiajournal.com/

