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Abstract

Despite the increase in the substitution of branded medicinal product with
generic drugs, this is a controversial issue for some pharmacological groups
(such as contraceptives).

The aim of the present clinical trial was to assess the bioequivalence and
tolerability of two oral formulations of desogestrel.

Thirty-three healthy female volunteers participated in this randomized and two-
way crossover study. During two separate experimental periods, with at least
four weeks of washout period, women received a single oral dose of 75 ug of
desogestrel from each of the formulations (test formulation and reference
formulation). Desogestrel bioavailability was determined by the measurement of
3-ketodesogestrel plasma concentration.

Pharmacokinetic parameters were comparable and the 90% CI for the ratio of
Cmax (96.14-114.53%) and AUCo_ (105.73-123.83%) values for the test and
reference formulations fell within the established regulatory interval (80-125%).
Both formulations were also comparable in terms of tolerability.

From the results of this study it can be concluded that test formulation
(desogestrel 75 pg, Cyndea PHARMA S.L.) is bioequivalent to the reference
formulation (Cerazet® 75 pg, Organon Espafiola S.A.).
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Introduction

Oral hormonal contraception has traditionally been represented by a combination of
estrogens and progestogens.

To minimize side effects, these preparations are increasingly using lower doses of sex
steroids. Thus, for example, the term “mini-pill” (for the prepared oral contraceptives
consisting of progestogen at low-dose) has been coined [1].

Progestogens are progesterone-like steroids capable of binding to receptors and emulate
their actions. Although progesterone is the only natural progestin, its rapid metabolism in
the gastrointestinal tract when administered orally determines its very low bioavailability.
This prevents its use for contraception.

The mini-pill desogestrel (“progestogen-only mini-pill”) received the product license in
Spain in 2002. Each pill contains 75 micrograms of desogestrel (a prodrug). Its active
metabolite, etonogestrel (or 3-ketodesogestrel), is a progestogen with low androgenic
activity and with high affinity for progesterone receptors [2, 3]. It belongs to low-dose oral
contraceptives.

Desogestrel is a derivate of natural progesterone structurally related to levonorgestrel,
which is also used as a contraceptive hormone.

At the daily dose of 75 micrograms, this synthetic progestogen has contraceptive action. It
is suitable for use during breastfeeding and in women who are unable or unwilling to use
estrogens [4].

From the pharmacological point of view, desogestrel contraceptive action is primarily
achieved by inhibiting ovulation. Daily doses of 30, 50 and 75 pg desogestrel were shown
to inhibit ovulation in all cycles. The 75 pg dose is preferred over the lower doses because
it showed an almost constant inhibition of ovulation and the lowest extent of follicular
development; in addition, it had a more acceptable bleeding pattern than the daily doses of
30 or 50 pg [5].

Another of its effects consists of increasing the viscosity of the cervical mucus, thus
impeding sperm penetration.

The pharmacokinetic profile of desogestrel and its metabolite etonogestrel (or
3-ketodesogestrel) has been described in numerous research articles using young healthy
volunteers [6-9]. In receptor binding studies, a greater affinity of the metabolite
(3-ketodesogestrel) for the human progesterone receptor, compared to parent drug
(desogestrel), has been shown.

Desogestrel is a prodrug, and the formation of 3-ketodesogestrel is crucial for the
biological effects of the compound. Hasenack et al. conducted a study providing evidence
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that desogestrel acts via etonogestrel [7]: 10 women received 150 pg of desogestrel
combined with 30 pg of ethinyl estradiol, and another 10 women received 150 pg of
etonogestrel combined with 30 pg of ethinyl estradiol. Each formulation was ingested as a
single dose, and serum samples were obtained. The results showed that desogestrel was
undetectable in serum following treatment, while etonogestrel was present, and its AUC
was essentially the same as the AUC obtained following etonogestrel treatment [7].

After oral administration of desogestrel, it is rapidly absorbed and almost quantitatively
converted (about 80%) into etonogestrel or 3-ketodesogestrel [10].

After administration, desogestrel itself was detected only briefly (up to 3 hours) in very low
concentrations, and similar concentrations of 3-ketodesogestrel were found in blood,
whether desogestrel or 3-ketodesogestrel was administered [7].

In steady state conditions, the maximum serum levels (640 pg/mL) are reached 1.8-2 h
after the tablets have been taken, and etonogestrel bioavailability is approximately 73%
[10]. About 95.5-99% of etonogestrel are bound to serum proteins, mainly to the albumin,
and to a lesser degree, to the sex steroid hormone-binding globulin (SHBG). Cytochrome
P450 enzymes catalyze the oxidative bioactivation of desogestrel, and substantial first-
pass metabolism by the gut mucosa and the liver, leading to formation of
3-ketodesogestrel, has been reported. Etonogestrel is subsequently metabolized to polar
derivatives in the liver [6, 11].

Etonogestrel is eliminated with a mean half-life of approximately 30 hours, with no
difference between a single dose and multiple doses. The excretion of etonogestrel and its
metabolites (as free steroids and also as conjugated steroids) is carried out through urine
and faeces (quotient 1.5:1). In breast-feeding women, etonogestrel is excreted by passive
diffusion through the mother milk with a quotient milk/serum of 0.37/0.55 and milk drug
levels of 98-144 pg/mL [12].

Tab. 1. Pharmacokinetic parameters of 3-ketodesogestrel.

TEST tmax Crax AUC AUCy_ tis

(hr)  (pg/mL) (pg.hr/mL) (pg.hr/mL) (hr)
Mean 1.31 85351 5692.05 7163.29 21.78
SD 0.60 297.35 4092.16 4912.71  9.85
Min. 0.75 295.02 1756.12 204553 5.36
Max. 3.00 1574.08 25305.81 31086.93 42.35
Median 1.00 727.99 4974.41 6400.09 22.11
CV (%) 46.00 34.84 71.89 68.58 45.21
REF. Tmax Chax AUCy¢ AUCy_« t1

(hr)  (pg/mL) (pg.hr/mL) (pg.hr/mL) (hr)
Mean 1.43 818.73  5048.67 6088.36  19.21
SD 0.75 319.83 3786.31 4142.69  9.39
Min. 0.75 31750 1186.79 1468.93  2.97
Max. 4.00 1999.73 23487.62 25892.17 40.70
Median 1.00 824.81  4359.32 5247.87 17.67
CV (%) 52.43 39.06 75.00 68.04 48.86
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The aim of the present study was to compare the systemic bioavailability and the
tolerability of two oral formulations of desogestrel 75 pg in healthy female volunteers.

Results and Discussion

Thirty-three volunteers completed the study.

Bioequivalence results
Calculated pharmacokinetic parameters of 3-ketodesogestrel for the test and reference
formulations are shown in Table 1.

Plasma concentration-time curves of 3-ketodesogestrel are shown in Figure 1, exhibiting
the evident similarity of the plasma level profiles of both formulations.
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Fig. 1. Plasma concentration-time curves of 3-ketodesogestrel.

The summary of evaluation of sequence, period and formulation effects is shown in Table
2. A significant period effect for the parameter Cnax (p = 0.02) and significant formulation
effects for AUC (p = 0.01 and p = 0.001) were found.

Tab. 2.  Analysis of variance (a = 0.05) for the evaluation of the sequence, formulation
and period effects.

Sequence Formulation Period
L Cmax — _ _
(nogg/mL) NS (p=0.25) NS (p=0.36) S (p=0.02)
Log AUCo

(ng.h/mL) NS (p=0.38) S (p=0.01) NS (p=0.76)

Log AUC(_
Sy NS (p=0.38) S (p=0.001) NS (p=0.70)

NS...not significant; S...significant.
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A summary of results of the bioequivalence analysis is shown in Table 3.

Tab. 3. Summary of the bioequivalence analysis (n=33; 3-ketodesogestrel).

Arithmetic mean Geometric mean T/R 90% CI
Reference Test Reference Test % (Classical)
L0g Crmax 6.64 6.69 803.44 765.65 104.94 96.14-114.53
(pg/mL)
Log AUCo 836 850 4908.23 4289.65 114.42 105.73-123.83
(pg.h/mL)

The 90% CI for the ratio of Cmax (96.14—114.53%) and AUCy; (105.73-123.83%) values
for the test and reference formulations fell within the specified bioequivalent interval
(80-125%).

Tolerability

No serious adverse events occurred during the trial. A total of 59 side-effects, in 29
women, were observed (including the analytic alterations) and these occurred. Events
were recorded in 28 of the subjects with the test formulation and 31 with the reference
formulation.

The most frequent related adverse events were those associated with central nervous
(headache) and genitourinary systems (polymenorrhoea and dysmenorrhoea). In general,
the adverse events were of mild intensity (just three adverse events were of moderate
intensity).

Regarding the causal relationship, from the total number of events, 26 were not thought
related to the trial drug, 23 showed a conditional relationship and 10 showed as having a
causality related to the administration of some of the desogestrel study formulations (all of
those were possibly related).

With respect to the analytical findings, eleven were considered as not related to the trial
drug and 19 as related. Asymptomatic urinary infections predominated, representing a
third of the total findings.

Discussion

Generic medicinal products, including generic oral contraceptives, must demonstrate
pharmaceutical equivalence, meaning that this new generic product (or test medicinal
product) contains the same qualitative and quantitative composition in active substances
and the same pharmaceutical form as the branded one (or innovator or reference
medicinal product). This generic product also must be bioequivalent, which means that
blood levels obtained in appropriate bioavailability clinical trials demonstrate a rate and
extent of absorption not substantially different from the branded product.
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If these criteria are met, the regulatory agencies do not request clinical efficacy or safety
studies for the generic product before granting marketing approval, and the generic
product is considered to be interchangeable with the branded product.

Moreover, brand name and generic drugs are required to conform to the same standards
of Good Manufacturing Practice (GMP).

However, the bioequivalence of some generic drugs (such as oral contraceptives)
continues to be a matter of controversy [13]. Women and some clinicians have questioned
whether generic and branded oral contraceptives are clinically equivalent and
interchangeable, effective in preventing pregnancy and equal regarding their side effects
(for example, breakthrough bleeding, which is a common cause of contraceptives
discontinuation) [14]. Additionally, critics point out that branded and generic oral
contraceptives differ in shape, packaging, labeling, color and flavor, and claim that this
could affect the treatment adherence of women and lead to unwanted pregnancies
[15, 16]. Some authors, such as Goldzieher et al. [17], say that both oral estrogens and
progestins have shown a large individual variability in the pharmacokinetics (mainly
variability in hepatic first-pass) with differences in serum levels.

There are few approved generic oral contraceptives and scarce bioequivalence data
published. The information regarding approved generic oral contraceptives can be seen in
webs of regulatory agencies [18, 19].

Desogestrel is a prodrug and after oral administration is rapidly absorbed and converted
into its active metabolite (etonogestrel or 3-ketodesogestrel). 3-Ketodesogestrel is a highly
selective progestogen with low androgenic activity [3].

Due to its rapid conversion into 3-ketodesogestrel and the greater affinity of this metabolite
to the human progesterone receptor, we determined the active metabolite in plasma of the
female volunteers.

From the pharmacological point of view, desogestrel contraceptive action is fundamentally
achieved by inhibiting ovulation.

Desogestrel pharmacokinetic profile has been described in numerous research articles. In
the majority of studies with healthy female volunteers, desogestrel was administered in
combination with ethinyl estradiol. Viinikka and collaborators were the first researchers
who studied the pharmacokinetics of desogestrel and its pharmacological active
metabolite [6].

All calculated pharmacokinetic parameter values for 3-ketodesogestrel in our study were in
agreement with previously reported values in human clinical trials [20].

Traditional progestogen-only pills in comparison to combined oral contraceptives have a
higher incidence of irregular menstrual bleeding. However, in a study comparing
desogestrel 75 pg/day and levonorgestrel 30 pg/day there was a slightly high (not
statistically significant) incidence of irregular bleeding with desogestrel (22.5% versus
18.0%) [21].
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In our study, we observed eight menstrual side effects in eight women (two
polymenorrhoeas, one oligomrnorrhoea and five dysmenorrhoeas). Two of the five
dysmenorrhoeas were unrelated with the study medication (these women had a previous
history of dysmenorrhoea and in one case the intensity was moderate). The rest of
menstrual disorders observed had a possible causality with the studied medication and its
intensity was mild.

Conclusions

In summary, from the results of this study it can be concluded that test formulation
(desogestrel 75 ug, Cyndea PHARMA S.L.) is bioequivalent to the reference formulation
(Cerazet® 75 ug, Organon Espariola S.A.) with respect to its systemic bioavailability. After
logarithmic-transformation, confidence intervals of the parameters Cphax and AUCqy of
3-ketodesogestrel are within the acceptance range (80-125%). Specifically, these intervals
(Cl 90%) are 96.14-114.53% for Cnax and 105.73-123.83% for AUC:.

Experimental
Study design and ethics

The present clinical trial is a study aimed at evaluating systemic exposure to two oral
formulations of a contraceptive drug.

The study design consisted of a single-centre, randomized, double-blind, two-way
crossover, human pharmacology clinical trial in female volunteers.

This study was carried out in Clinical Trials Unit- LEIA Foundation, TDC (located in
Txagorritxu Hospital, Vitoria-Alava, Spain).

The trial was designed according to specific national and international guidelines and in
accordance with the Declaration of Helsinki and its amendments and with the ICH
harmonized guideline regarding Good Clinical Practice [22-27].

The study was reviewed and approved by the local IEC (IEC at Txagorritxu hospital) and
subsequently authorized by the Spanish Medicines Agency.

Written informed consent was obtained from all the participants before enrollment in the
trial. The trial was registered in the EudraCT database (number: 2009-017074-20).

Subjects

Screening was performed during nine weeks. Forty-nine healthy female volunteers were
medically evaluated and thirty-four volunteers (mean age 26 years, range 18-35 years)
were included (although ultimately thirty-three completed the study). All womenhad normal
body weight and height (mean BMI: 21.43; mean weight: 58.63 kg and mean height:
165.21 cm). Prior to the study, medical history including presence of any allergy or
significant disease (cardiac, hepatic, renal, pulmonary, neurological, gastrointestinal or
haematological), physical examination, 12-lead electrocardiography and routine laboratory
test (blood biochemistry, haematological and urinary analysis) were registered. All women
were negative for hepatitis B, hepatitis C and HIV serology, drug abuse urinary test and
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pregnancy test. Women were not eligible to participate if clinically or analytically relevant
results were identified. They were instructed to adhere to a standard protocol and were
required to abstain from taking any drugs, smoking or xanthine-containing drinks
consuming (including coffee and tea) for two weeks prior and during the study period. One
female withdrew from the study after carrying out the first experimental period and the rest
of the enrolled volunteers (33 females) completed the planned schedule.

Study medication

Two different formulations of desogestrel 75 ug (film-coated tablets) were assayed (test
formulation or formulation A: desogestrel 75 pg, Cyndea PHARMA S.L, Spain and
reference formulation or formulation B: Cerazet® 75 pg, Organon Espafola S.A, Spain).

Following a randomized sequence balanced by blocks, women received both formulations
as a single dose of 75 ug on two different experimental days, separated with a washout
period of four weeks, at the least.

Study development

Participants were admitted to the Clinical Trials Unit the evening before each experimental
day, when another abuse drug test and pregnancy test were performed. The next morning,
a venous catheter was inserted into a forearm vein and maintained during the session.

Women were divided into experimental groups of a minimum of 1 and a maximum of 10
individuals.

Each investigational day, study drug administration, began in the morning with 3 min
intervals from one subject to another, with 200 mL of water and under the investigator’s
direct surveillance. Then, they remained in relative rest in a semi-recumbent position with
the head of the bed at 45-degree angle and in fasting for 4 h. Women were required to fast
for 10 h before and 4 h after the drug administration.

For 3-ketodesogestrel quantification, blood samples were obtained at different times:
baseline (prior to formulation administration) and 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.5,
3,4,6, 8, 10, 12, 24, 48, 72 and 96 h after.

Twelve hours after the administration of the formulation, volunteers were discharged from
the Unit and they returned during four other occasions for 24, 48, 72 and 96 h blood
extractions.

For each blood sampling, the first 1.5 mL from the catheter were ruled out, then a volume
of 8 mL was taken and afterward 1.5 mL of physiological saline serum were infused to
keep the venous line permeable until the next extraction.

Plasma samples were separated by centrifugation and were divided in three aliquots and
later stored frozen at -20 to —80°C until its analysis in Kymos Pharma Services, S.L.
(located in Barcelona, Spain).
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Tolerability assessment

Participants remained under direct surveillance by the medical staff, and safety was
monitored throughout the trial.

All adverse events were immediately recorded on the individual case report form and
subsequently evaluated. Vital signs (blood pressure and heart rate) were also monitored
before and during the experimental session and over 96 hours after drug administration.
Adverse events spontaneously experienced by the volunteers and those expressed after
being asked about them during each extraction time were appropriately noted.

In addition, analytical tolerability (blood biochemistry, haematological and urinary analysis)
was assessed at screening and at the end of the trial.

Laboratory measurements

The concentrations of 3-ketodesogestrel (active metabolite of desogestrel) in human
plasma (EDTA-K2) were determined according to an LC/MS/MS method validated at
Kymos Pharma Services, S.L. The method validation was accomplished through
determination of linearity, quantification limit, precision, accuracy, selectivity, matrix effect,
dilution effect, recovery and stability.

Based on 0.7 mL of human plasma sample the internal standard (levonorgestrel) was
spiked and was extracted using a solid phase extraction (Oasis® HLB-96-Well Plate
30 mg from Waters) and eluted with ethyl acetate. The extracted samples were
evaporated and reconstituted in methanol:water, 40/60 (v/v). Processed samples were
injected on a MDS Sciex API 4000 mass spectrometer. An XBridge C18 analytical column
(5um 4.6x50 mm from Waters) was used for chromatographic analysis. Positive ions (m/z
325.2-109.0 for 3-ketodesogestrel and 313.3—-245.1 for Levonorgestrel) were monitored in
the multiple reaction monitoring (MRM) mode. Linearity was assessed by using a linear
regression model (1/concentration). Quantification was done by peak area ratio. This
assay was validated over a nominal range of 25 to 5,000 pg/mL. Linearity over the
calibration range was = 0.9979. The between-run accuracy ranged from -6.17 to -0.27%
with precision ranging from 6.12 to 8.85%. The within-run accuracy ranged from -8.65 to
7.00% with precision ranging from 2.42 to 11.65%. The recovery of 3-ketodesogestrel and
its internal standard ranged from 70.40 to 79.76%. No matrix effect on quantitation was
observed. 3-ketodesogestrel was found to be stable in human EDTA-K2 plasma after 6 h
at room temperature for short term stability, after 181 days at -75+5°C for long term
stability, after 82 h at room temperature for post-preparative stability and after 3 freeze and
thaw cycles at —75+5°C. Dilution integrity and matrix selectivity were also demonstrated.

Study samples, for a given subject, were analyzed in a single batch. Samples were
analyzed within the validated stability period (stable at least for 181 days at —-75+5°C). A
set of 9 non-zero calibration standards ranging from 25 to 5,000 pg/mL, blank control
plasma samples and QC samples at four different concentrations (75, 250, 1,500 and 3,50
pg/mL) were prepared and analyzed in each analytical batch.
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Statistical analysis

Given the lack of literature on intra-subject variability and confidence intervals for the main
pharmacokinetic parameters of the hormonal contraceptives, an approximate calculation of
the sample size was decided upon.

In this sense, Timmer et al. reported a mean bioavailability of 0.79 for Cerazette® and 0.82
for Liseta®, with confidence intervals of 95% of 0.73-0.86 and 0.76-0.88, respectively, and
with confidence intervals of 90% for AUC,... and Cnax Of 3-ketodesogestrel between 0.89
and 1.13 and 0.91 and 1.03, respectively [20]. This three-way and cross-over
bioequivalence study with one treatment arm of desogestrel only (not combined with
estrogens) included data from 23 women. From these data we estimated an intra-subject
coefficient of variation of 14% for AUC and 24% for Cnax, respectively.

Other published data have been obtained from bioequivalence trials by combination of
ethinyl estradiol and desogestrel. For example, in FDA: Bioequivalence reviews: Center for
Drugs Evaluation and Research: application number 75-256 coefficient of variation
expected values (based on de data submitted in NDA for Desogen®) were 19% for Cpax Of
3-ketodesogestrel and 38% for Cnax Of ethinyl estradiol [19].

In our case, taking into account the aforementioned data and assuming that the
formulations differ by 5% for a power of 90% and as a precaution against possible losses,
we decided upon a total sample size of 36 subjects (with estimated maximum losses
allowed of 4 subjects).

The following pharmacokinetic parameters were calculated using non-compartmental
methods: the area under the curve from time O to the last measurable concentration
(AUCo), the area under the curve from time O to infinity (AUCo-.), maximum plasma
concentration (Cmax), time to maximum plasma concentration (tnmax) and terminal
elimination half-life (ty).

Plasma concentration values below the LOQ were set to zero. In accordance with the
guideline on the investigation of bioequivalence, the parameters analyzed to determinate
bioequivalence were Cnax and (AUCy), and for these parameters an analysis of variance
(ANOVA) was performed [22]. The ANOVA model included the evaluation of sequence,
period and formulation effects at 5% level. Each ANOVA included calculation of least-
squares means (LSM), the difference between formulation LSM and the standard error
associated with this difference.

Firstly, a logarithmic-transformation of the parameters (with the exception of tnax) was
performed, followed by a calculation of 90% confidence interval (Cl) for the ratio of the
geometric means for the parameters under consideration, after the administration of each
formulation. Considering the guideline on the investigation of bioequivalence, an interval of
80.00-125.00% was accepted for bioequivalence. In the case of tnax, the 90% confidence
interval for the difference of the means was calculated by the non-parametric Hauschke’s
method.

Statistical analysis was performed using the WinNonlin® (Pharsight Corporation, USA)
software package.

Sci Pharm. 2012; 80: 419-431



Randomised, Crossover and Single-Dose Bioquivalence Study of Two Oral Desogestrel ... 429

Acknowledgement

Financial support for this study was provided by Cyndea PHARMA S.L. Laboratories
(Spain).

Authors thank Mr. Jaime del Campo Lépez-Bachiller and to Mr. Carlos Yafiez Sedefio for
the critical reading.

Authors’ Statements
Competing Interests

The trial was sponsored by Cyndea PHARMA S. L. Laboratories. The authors declare that
they have no other competing interests.

Informed Consent, Ethical Approvals

The international ethical guides for experiments on human subjects were followed and
informed consent was obtained. See “Experimental” for details.

References

[1]  Sitruk-Ware R.
New progestagens for contraceptive use.
Hum Reprod Update. 2006; 12: 169-78.
http://dx.doi.org/10.1093/humupd/dmiO46

[2] Bergink EW, Hamburger AD, De Jager E, Van der Vies J.
Binding of a contraceptive progestogen Org 2969 and its metabolites to receptor proteins and human
sex hormone binding globulin.
J Steroid Biochem. 1981; 14: 175-183.
http://dx.doi.org/10.1016/0022-4731(81)90171-0

[8] Kloosterboer HJ, Vonk-Noordegraaf CA, Turpijn EW.
Selectivity in progesterone and androgen receptor binding of progestogens used in oral contraception.
Contraception. 1988; 38: 325-332.
http://dx.doi.org/10.1016/0010-7824(88)90104-7

[4] Benagiano G, Primiero FM.
Seventhy-five microgram desogestrel minipill, a new perspective in estrogen-free contraception.
Ann N Y Acad Sci 2003; 997: 163-173.
http://dx.doi.org/10.1196/annals.1290.019

[5] Rice C, Killick S, Hickling D, Coelingh Bennink H.
Ovarian activity and vaginal bleeding patterns with a desogestrel-only preparation at three different
doses.
Hum Reprod. 1996; 11: 737-740.
http://www.ncbi.nIm.nih.gov/pubmed/8671319

[6]  Viinikka L, Ylikorkala O, Vihko R, Wijnand HP, Booij M, van der Veen F.
Metabolism of a new synthetic progestagen, Org 2969, in female volunteers. Pharmacokinetics after
an oral dose.
Eur J Clin Pharmacol. 1979; 15: 349-355.
http://dx.doi.org/10.1007/BF00558439

[71 Hasenack HG, Bosch AMG, Kaark K.
Serum levels of 3-keto-desogestrel after oral administration of desogestrel and 3-keto-desogestrel.
Contraception. 1986; 33: 591-597.
http://dx.doi.org/10.1016/0010-7824(86)90047-8

Sci Pharm. 2012; 80: 419-431


http://dx.doi.org/10.1093/humupd/dmi046
http://dx.doi.org/10.1016/0022-4731(81)90171-0
http://dx.doi.org/10.1016/0010-7824(88)90104-7
http://dx.doi.org/10.1196/annals.1290.019
http://www.ncbi.nlm.nih.gov/pubmed/8671319
http://dx.doi.org/10.1007/BF00558439
http://dx.doi.org/10.1016/0010-7824(86)90047-8

430 M. A. Pena et al.;

[8] Back DJ, Grimmer SFM, Shenoy N, Orme MLE.
Plasma concentrations of 3-keto-desogestrel after oral administration of desogestrel and intravenous
administration of 3-keto-desogestrel.
Contraception. 1987; 35: 619-626.
http://dx.doi.org/10.1016/S0010-7824(87)80021-5

[9] Bergink W, Assendorp R, Kloosterboer L, Van Lier W, Voortman G, Qvist .
Serum pharmacokinetics of orally administered desogestrel and binding of contraceptive
progestogens to sex hormone-binding globulin.
Am J Obstet Gynecol. 1990; 163: 2132-2137.
http://www.ncbi.nlm.nih.gov/pubmed/2147817

[10] Fotherby K.
Bioavailability of orally administered sex steroids used in oral contraception and hormone replacement
therapy.
Contraception. 1996; 54: 59-69.
http://dx.doi.org/10.1016/0010-7824(96)00136-9

[11] Madden S, Back DJ, Martin CA, Orme ML.
Metabolism of the contraceptive steroid desogestrel by the intestinal mucosa.
Br J Clin Pharmacol. 1989; 27: 295-299.
http://www.ncbi.nlm.nih.gov/pubmed/2524206

[12] Bjarnadéttir RI, Gottfredsdéttir H, Sigurdarddéttir K, Geirssona RT, Diebenb TOM.
A comparative study on the effects of a progestogen-only pill containing desogestrel and an
intrauterine contraceptive device in lactating women.
BJOG. 2001; 108: 1174-1180.
http://dx.doi.org/10.1111/j.1471-0528.2003.00239.x

[13] Sober SP, Schreiber CA.
Controversies in in family planning: are all oral contraceptive formulations created equal?.
Contraception. 2011; 83: 394—-396.
http://dx.doi.org/10.1016/j.contraception.2010.10.007

[14] Broome M, Fotherby K.
Clinical experience with the progestogen only-pill.
Contraception. 1990; 42: 489—-495.
http://dx.doi.org/10.1016/0010-7824(90)90077-9

[15] Ansbacher R.
Interchangeability of low-dose oral contraceptives. Are current bioequivalent testing measures
adequate to ensure therapeutic equivalence?.
Contraception. 1991; 43: 139-147.
http://dx.doi.org/10.1016/0010-7824(91)90041-D

[16] ACOG committee opinion no. 375: Brand versus generic oral contraceptives.
Obstet Gynecol. 2007; 110: 447—-448.
http://dx.doi.org/10.1097/01.A0G.0000263922.08190.3b

[17] Goldzieher JW, Stanczyk FZ.
Oral contraceptives and individual variability of circulating levels of ethinyl estradiol and progestins.
Contraception. 2008; 78: 4-9.
http://dx.doi.org/10.1016/j.contraception.2008.02.020

[18] European Medicines Agency (EMA): European Public Assessment Reports (EPARS).
www.ema.europa.eu/htms/human/epar/a.htm
Accessed 23 January 2011.

[19] U.S. Food and Drug Admnistration (FDA): Approved Drug Products with Therapeutic Equivalence
Evaluations ANDA (Generic) Drug Approvals.
Center for Drugs Evaluation and Research: Bioequivalence review(s): application number 75-256.
http://www.accessdata.fda.gov/drugsatfda_docs/anda/99/75256
Accessed 23 January 2011.

Sci Pharm. 2012; 80: 419-431


http://dx.doi.org/10.1016/S0010-7824(87)80021-5
http://www.ncbi.nlm.nih.gov/pubmed/2147817
http://dx.doi.org/10.1016/0010-7824(96)00136-9
http://www.ncbi.nlm.nih.gov/pubmed/2524206
http://dx.doi.org/10.1111/j.1471-0528.2003.00239.x
http://dx.doi.org/10.1016/j.contraception.2010.10.007
http://dx.doi.org/10.1016/0010-7824(90)90077-9
http://dx.doi.org/10.1016/0010-7824(91)90041-D
http://dx.doi.org/10.1097/01.AOG.0000263922.08190.3b
http://dx.doi.org/10.1016/j.contraception.2008.02.020
http://www.ema.europa.eu/htms/human/epar/a.htm
http://www.accessdata.fda.gov/drugsatfda_docs/anda/99/75256

Randomised, Crossover and Single-Dose Bioquivalence Study of Two Oral Desogestrel ... 431

[20]

[21]

[22]

(23]

(24]

(25]

[26]

(27]

Timmer CJ, Srivastava N, Dieben TOM, Cohen AF.

Bioavailability and bioequivalence of etonogestrel from two oral formulations of desogestrel:
Cerazette® and Liseta®.

Eur J Drug Metab Pharmacokinet. 1999; 24: 335-343.
http://www.ncbi.nlm.nih.gov/pubmed/10892897

A double-blind study comparing the contraceptive efficacy, acceptability and safety of two
progestogen-only pills containing desogestrel 75 micrograms/day or levonorgestrel 30
micrograms/day. Collaborative Study Group on the Desogestrel-containing Progestogen-only Pill.
Eur J Contracept Reprod Health 1998; 3: 169-178.
http://www.ncbi.nlm.nih.gov/pubmed/10036599

EMA guidance.
Guideline on the investigation of bioequivalence.
CPMP/EWP/QWP/1401/98 Rev.1. (London, 20 January 2010).

EMA guidance.
Note for Guidance on Good Clinical Practice.
CPMP/ICH/135/95 (July 2002).

World Medical Association DoH/Oct2008. Declaration of Helsinki.
Ethical Principles for Medical Research Involving Human Subjects.
59" WMA General Assembly, Seoul, October 2008.

Royal Decree 1344/2007, of 11th October, which regulates the pharmacovigilance of drugs for use in
humans.
Official State Gazette no. 262

Royal Decree 223/2004, of 6th February, which regulates clinical trials with medicines.
Official State Gazette no. 33

Law 29/2006, of 26th July 2006, on Guarantees and Reasonable Use of Medicinal and Healthcare
Products
Official State Gazette no. 178

Sci Pharm. 2012; 80: 419-431


http://www.ncbi.nlm.nih.gov/pubmed/10892897
http://www.ncbi.nlm.nih.gov/pubmed/10036599

