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ABSTRACT

Yaz® Drospirenone and ethinyl estradiol is a Combined Oral Contraceptive (COC). Drospirenone is a spironolactone 
analogue with anti-mineralocorticoid and anti-androgenic activity. The estrogen in Yaz® is ethinyl estradiol. COCs 
lower the risk of becoming pregnant primarily by suppressing ovulation. Yaz® is also indicated for the treatment 
of symptoms of Pre Menstrual Dysphoric Disorder (PMDD) in women who choose to use an oral contraceptive as 
their method of contraception. The purpose of this study was to evaluate the bioequivalence between Femelle 20 
(Drospirenone 3 mg and ethinyl estradiol 0.02 mg) coated tablets of Abbott versus Yaz® (Drospirenone 3 mg and 
ethinyl estradiol 0.02 mg) coated tablets of Bayer under fasting condition in healthy non-pregnant female subjects. 
An open label, balanced, randomized, two treatments, two sequences, two periods, crossover, single dose study 
with washout period of 14 days was carried out in 36 healthy non-pregnant female subjects in the age group of 22 
to 42 years, who met the study eligibility criteria, participated in the study and all 36 subjects completed both the 
periods of the study. The pharmacokinetic samples collected from subjects who completed the study were analyzed 
to determine the plasma concentration of Drospirenone and ethinyl estradiol using a validated bio-analytical 
method. Ninety percent confidence interval of C

max
 and AUC

0-72 
were 100.45%-119.63% and 98.04%-104.50%, 

respectively for Drospirenone and 90% confidence interval of C
max

, AUC
0-t

 and AUC
0-∞

 were 93.76%-102.39%, 
102.42%-110.02% and 101.37%-108.84%, respectively for ethinyl estradiol, which were within the acceptable limits 
of 80.00% to 125.00%.

Keywords: Drospirenone; Ethinyl estradiol; Bioavailability; Bioequivalence; Pharmacokinetic; Combined oral 
contraceptive

ABBREVIATIONS

AUC: Area under the concentration versus time curve; AUC
0-t

: 
Area under the plasma concentration versus time curve from zero 
to time t; AUC

0-72
: Area under the plasma concentration versus time 

curve from zero to 72; BMI: Body Mass Index; CDSCO: Central 

Drugs Standard Control Organization; C
max

: Concentration 
Maximum; CV: Coefficient of Variation; IEC: Independent Ethics 
Committee; ISCV: Intra-subject Co-efficient of Variation; LCMS/
MS: Liquid Chromatography Tandem Mass Spectrometry; mg: 
Milligram; mL: Millilitre; mM: Milli Molar; ng/mL: Nanogram 
per millilitre; PK: Pharmacokinetic; T

max
: Time taken to reach 
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maximum concentration; COC: Combined Oral Contraceptive; 
PMDD: Premenstrual Dysphoric Disorder

INTRODUCTION

contraceptives are most effective means for contraception excluding 
sterilization. Contraceptives are hormonal agents; combination 
oral contraceptives contain both an estrogen and a progestogen. 
Endogenous estrogens are largely responsible for the development 
and maintenance of the female reproductive system and secondary 
sexual characteristics. Drospirenone is a synthetic progestin and 
spironolactone analog with anti-mineralocorticoid activity. The 
primary estrogen used in oral contraceptives is ethinylestradiol. 
17-Ethinyl Estradiol (EE), a synthetic estrogen developed in 1938, 
is an essential constituent of oral contraceptives, which have been 
widely prescribed since the 1970s. In general, ethinylestradiol is 
used in combination to prevent pregnancy in women. Drospirenone 
is a novel synthetic progestogen with a pharmacological profile 
similar to that of natural progesterone [1,2]. The compound 
is part of certain birth control formulations. Combined with 
ethinyl estradiol in oral contraceptive formulations, drospirenone-
containing contraceptives have similar efficacy and safety profiles 
to other low-dose oral contraceptives, but seem to offer improved 
tolerability with regard to weight gain, mood changes, acne and 
treatment of a severe form of the premenstrual syndrome called 
premenstrual dysphoric disorder. Drospirenone (6R,7R,8R,9S,10
R,13S,14S,15S,16S,17S)-1,3’,4’,6,6a,7,8,9,10,11, 12,13,14,15,15a,16-
hexadecahydro-10,13-dimethylspiro-[17H-dicyclopropa cyclopenta 

[a] phenanthrene-17,2’(5H)-furan]-3,5’(2H)-dione)} is a synthetic 
progestational compound and has a molecular weight of 366.5 
and a molecular formula of C24H30O3. ethinyl estradiol (19-nor-
17α-pregna 1, 3, 5(10)-triene-20-yne-3, 17-diol) is a synthetic 
estrogenic compound and has a molecular weight of 296.4 and 
a molecular formula of C

20
H

24
O

2
. The aim of this study was to 

compare in healthy volunteers, the pharmacokinetics profiles and 
evaluate the bioequivalence of Femelle 20 (Drospirenone 3 mg 
and ethinyl estradiol 0.02 mg) coated tablets of Abbott versus Yaz® 
(Drospirenone 3 mg and ethinyl estradiol 0.02 mg) coated tablets 
of Bayer (Figure 1) [3-6]. 

MATERIALS AND METHODS

Test product, dose and mode of administration, Lot

Femelle® 20 (Drospirenone 3 mg and ethinyl estradiol 0.02 mg) 
Coated Tablets, 02 × 3 mg/0.02 mg, Oral with 200 mL of water in 
sitting posture under fasting condition, C200375.

Test product, dose and mode of administration, Lot

Femelle® 20 (Drospirenone 3 mg and ethinyl estradiol 0.02 mg)

product, dose and mode of administration, Lot

Yaz® (Drospirenone 3 mg and ethinyl estradiol 0.02 mg) Coated 
Tablets, 02 × 3 mg/0.02 mg, Oral with 200 mL of water in sitting 
posture under fasting condition, BS01R33 (Tables 1 and 2).

Figure 1: Linear plot of geometric mean plasmatic drospirenone concentration vs. time points (N=36). Note: ( ) R; ( ) T.

Table 1: Statistical results of test product-T versus reference product-R for drospirenone (N=36).

Parameters
Antilog least square mean

T/R ratio (%)
90% Confidence 

interval
Intra subject CV (%)

Test product (T) Reference product (R)

Ln (C
max

) 95.13 86.7817 109.62 100.45%-119.63% 22.18

Ln (AUC
0-72

) 1218.7038 1204.0252 101.22 98.04%-104.5% 8.01

Table 2: Statistical results of test product-T versus reference product-R for ethinyl estradiol (N=34).

Parameters
Antilog least square mean

T/R ratio (%)
90% Confidence 

interval
Intra subject CV (%)

Test product (T) Reference product (R)

Ln (C
max

) 79.2937 80.9261 97.98 93.76%-102.39% 10.75

Ln (AUC
0-t

) 821.7171 774.0676 106.16 102.42%-110.02% 8.73

Ln (AUC
0-∞

) 997.4058 949.5713 105.04 101.37%-108.84% 8.67
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Methodology

All The study protocol was prepared and IEC approval was obtained 
before initiation of the study. Study subjects were screened and 
enrolled in the study as per the IEC approved protocol. Written 
informed consent was obtained from each volunteer for screening 
prior to initiation of screening procedure and for the study prior 
to enrolment. Individual counseling was then given to the willing 
volunteers by the Investigator in private and any questions and 
concerns were addressed prior to obtaining consent. The Principal 
investigator/sub-investigator/physician reviewed all the screening 
results to assess eligibility of each volunteer. Subjects were enrolled 
in the study based on the inclusion and exclusion criteria. This 
study was designed based on the known pharmacokinetic profile 
of the investigational product and general accepted standards 
for the conduct of bioequivalence study. Thirty-six healthy non-
pregnant female subjects in the age group of 22 to 42 years, who 
met the study eligibility criteria, participated in the study and all 
36 subjects completed both the periods of the study. The clinical 
study was conducted over a period of 38 days. Blood sampling was 
done at pre-defined intervals up to 72.00 hours in both periods, 
separated by a washout period of 14 days between each period. 
The plasma concentrations of Drospirenone and ethinyl estradiol 
were quantified using a validated method in LC-MS/MS method 
in samples collected from all 36 study subjects that complete the 
study. However, for ethinyl estradiol, concentrations of only 34 
subjects were reported following bio-analysis; since for two subjects, 
concentrations were reported as “Not Sufficient (NS)” owing to 
insufficient quantity of plasma sample to perform repeat analysis 
after failure of initial analysis to meet the acceptance criteria per 
the in-house SOP. The pharmacokinetic and statistical analysis 
of Drospirenone and ethinyl estradiol were performed using the 
concentration data obtained from 36 and 34 subjects, respectively. 
Drospirenone and ethinyl estradiol, Analysis of Variance (ANOVA) 
was performed on the Ln-transformed data of C

max 
and AUC

0-72
 and 

C
max

, AUC
0-t

 and AUC
0-∞

, respectively using PROC GLM of SAS® 
version 9.4 (Figures 2) [7].

Study criteria for inclusion/exclusion of subjects

Healthy non-pregnant, non-breast feeding female literate volunteers 
of 18 to 45 years (both years inclusive) with BMI of 18.50-30.00 Kg/
m2 and weight >50 Kg, were eligible to be enrolled in the study. 

Inclusion criteria encompassed no evidence of cardiac, pulmonary, 

gastrointestinal, hepatic, renal, hematologic, or neurologic 
disorders, or any acute or chronic disease, no history of drug or 
alcohol addiction, normal laboratory tests (complete blood counts, 
urinalysis, liver and kidney function, serum pregnancy test and 
blood sugar); and serological negativity for HIV and hepatitis B. 
Subjects were informed by an investigator about the purposes 
and risks of the study. They were asked to refrain from using 
concomitant medications, including over-the-counter products, 
dietary supplements and natural products which potentially modify 
kinetics/dynamics of Drospirenone and ethinyl estradiol, 14 days 
prior to dosing and throughout the end of the study. Consumption 
of grapefruit and/or its products were not allowed within 10 days 
prior to the start of the study. Caffeine and/or xanthine-containing 
products or alcohol were not allowed 48 hours prior the first 
administration of the study medications and throughout the blood 
sampling periods (Tables 3-5) [8].

Table 3: Summarized demographic profile of study completers (N=36).

Parameter Mean SD Min Max

Age (years) 35 5 22 42

Height (m) 1.544 0.06 1.405 1.675

Weight (Kg) 63.1 7.5 50 80.7

BMI (Kg/m2) 26.47 2.62 21.52 32.13

Table 4: Summary of pharmacokinetic parameters for drospirenone of 
reference.

Parameters N Reference (R) Mean ± SD

C
max

 (ng/ml) 36 90.069 ± 23.626

AUC
0-72 

(ng.hr/ml) 36 1229.741 ± 256.709

*T
max

 (hr) 36 1.75 (0.75-4.50)

Note: Expressed in terms of median (range)

Table 5: Summary of pharmacokinetic parameters for drospirenone of test 
product.

Parameters N Test (T) Mean ± SD

C
max

 (ng/mL) 36 98.132 ± 25.471

AUC
0-72

 (ng.hr/mL) 36 1242.059 ± 239.068

*T
max

 (hr) 36 1.50 (0.50-4.00)

Note: Expressed in terms of median (range)

Sample size and power

Blood For an expected mean difference of 5% between the 
formulations, an expected intra-subject CV of around 22% for 
C

max
 and 10.27% for AUC, 30 subjects would be required to prove 

bioequivalence at more than 0.90 of power. Based on crossover 
design and considering possible dropouts and withdrawals, a sample 
size of 36 subjects was considered to establish bioequivalence 
between formulations (Figure 3).

Figure 2: Semi log plot of geometric mean plasmatic drospirenone 
concentration vs. time points (N=36). Note: ( ) R; ( ) T.
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VD 34 537532.189 ± 101333.446

CL 34 22347.514 ± 7587.162

RESULTS AND DISCUSSION

Tolerability

Subjects were monitored for adverse events during the study. 
Subjects were instructed to inform clinic personnel of any untoward 
medical symptoms and/or events that arose during the course 
of the study. The Principal Investigator/sub-investigator/study 
physician also evaluated the subjects for subsequent dosing. Each 
adverse event reported by the subjects during the study was assessed 
for its severity, relationship with the study drug and outcome of 
the adverse event. Safety was assessed from the screening period 
to the end of the study through clinical examinations, vital signs 
assessment, 12-lead Electro Cardio Gram (ECG), clinical laboratory 
parameters (e.g. Hematology, Biochemistry, Urine analysis and 
Serology test) and monitoring subjects’ well-being, symptoms and 
signs for adverse events. No serious adverse events were reported 
during the conduct of this study. A total of 11 non-serious adverse 
events were reported by 08 subjects during the study. Five adverse 
events were reported following administration of the test product 
and six adverse events with reference product. Out of the 11 non-
serious adverse events reported in the study 08 events (Vomiting) 
were evaluated to be “Probably” related and were expected following 
exposure to the drug product. Three (03) events were evaluated to 
be “Unlikely” in relation and were unexpected with the study drug. 
Subjects were followed up by the investigator/physician and all 
non-serious adverse events resolved without any sequelae. Thus, it 
could be considered that both the test and reference products are 
well tolerated by the study subjects at the selected dose level. The 
incidence of AEs in the study for reference product was (16.66%) 
and test product was (13.88%) (Table 7).

Table 7: Summary of pharmacokinetic parameters for ethinyl estradiol of 
test.

Parameter N Test (T) (Mean ± SD)

C
max

 (pg/mL) 34 82.473 ± 23.100

AUC
0-t

 (pg.hr/mL) 34 895.244 ± 386.234

AUC
0-∞

 (pg.hr/mL) 34 1068.771 ± 414.642

*T
max

 (hr) 34 2.00 (1.00 - 5.00)

Kel (hr-1) 34 0.044 ± 0.018

T1/2 (hr) 34 17.516 ± 5.361

VD 34 489037.577 ± 91188.849

CL 34 21439.758 ± 7954.369

Note: Expressed in terms of median (range)

Pharmacokinetic and statistical analysis

A total of 36 subjects were enrolled and all the 36 subjects completed 
the study. Thus, 36 pharmacokinetic samples collected were 
analyzed for determining the concentrations of Drospirenone and 

Figure 3: Linear plot of geometric mean plasmatic ethinyl estradiol 
concentration vs. time points (N=34).. Note: ( ) R; ( ) T.

Subjects drug administration and blood sampling

After an overnight fasting of 10 hours, subjects were administered 
with a single oral dose (02 tablets as single dose) of Test product or 
Reference product with 200 mL of water as per the randomization 
schedule in sitting posture in each period. Compliance to drug 
administration was assessed by examination of the oral cavity and 
hands of the subject immediately after dosing. All the subjects 
remained in sitting posture for 02 hours after dosing except 
one subject, who did not maintain posture restriction for the 
management of an adverse event. During this restriction period, 
the subjects were permitted to walk for reasons such as but not 
limited to the following: natural exigencies. Subjects were restricted 
from consumption of water for 01 hour before and 01 hour after 
dosing in each period and were allowed to drink water ad libitum 
thereafter. Washout period of 14 days was maintained between 
the treatments. The pharmacokinetic profile (in terms of rate 
and extent of absorption) of both test and reference products was 
evaluated based on measured concentration of drug in the human 
plasma samples collected during the clinical phase. Blood samples 
for pharmacokinetic analysis were designed appropriately for 
characterizing the pharmacokinetic profile for the given treatments 
at the dose administered. Blood samples of 05 mL each were 
collected at 00.00 hour (pre-dose), 00.25, 00.50, 00.75, 01.00, 
01.50, 02.00, 02.50, 03.00, 03.50, 04.00, 04.50, 05.00, 06.00, 
08.00, 10.00, 12.00, 16.00, 24.00, 48.00 and 72.00 hours post-dose 
for measurement of pharmacokinetic parameters of Drospirenone 
and ethinyl estradiol in both the periods (Table 6).

Table 6: Summary of pharmacokinetic parameters for ethinyl estradiol of 
reference product-(R).

Parameter N Reference (R) (Mean ± SD)

C
max

 (pg/mL) 34 84.077 ± 23.373

AUC
0-t

 (pg.hr/mL) 34 839.438 ± 354.445

AUC
0-∞

 (pg.hr/mL) 34 1011.528 ± 378.181

*T
max

 (hr) 34 1.50 (0.75 - 4.50)

Kel (hr-1) 34 0.042 ± 0.013

T1/2 (hr) 34 18.105 ± 5.017
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Period effect 0.0758 0.0302
Insignificant for C

max
 and 

significant for AUC
0-72

Treatment 
(Formulation) effect

0.0843 0.5246
Insignificant for C

max
 and 

AUC
0-72

Subjects nested within 
sequence effect

0.0237 <0.0001
Significant for C

max
 and 

AUC
0-72

Note: p<0.10 for sequence effect and p<0.05 for all other effects considered 
to be significant.

Table 9: p-value for C
max

 and AUC of ethinylestradiol

Parameters Cmax AUC0-t AUC0-∞ Significance

Sequence effect 0.1225 0.1247 0.1471
Insignificant for C

max
, 

AU
C0-t

 and AUC
0-∞

Period effect 0.7662 0.0796 0.2091
Insignificant for C

max
, 

AUC
0-t

 and AUC
0-∞

Treatment 
(Formulation) effect

0.439 0.008 0.0256
Insignificant for C

max
 

and significant for 
AUC

0-t
 and AUC 

0-∞

Subjects nested 
within sequence 

effect
<0.0001 <0.0001 <0.0001

Significant for C
max

, 
AUC

0-t
 and AUC

0-∞

Note: p<0.10 for sequence effect and p<0.05 for all other effects considered 
to be significant.

CONCLUSION

Bioequivalence was demonstrated between Femelle® 20 
(Drospirenone 3 mg and ethinyl estradiol 0.02 mg) coated tablets 
of Abbott and Yaz® (Drospirenone 3 mg and ethinyl estradiol 0.02 
mg) coated tablets of Bayer in healthy, adult, human female subjects 
under fasting condition. The 90% CI of Drospirenone and ethinyl 
estradiol were within the acceptable limits of 80.00 to 125.00%. 
Based on the adverse events and proceeds of the study it can be 
concluded that the study medications were relatively well tolerated 
by the study subjects at selected dose level. 
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