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Abstract

Background: The aim of this study was to compare in vitro the role of two oral contraceptives, desogestrel (a less androgenic derivative of
levonorgestrel) and levonorgestrel — alone and in combination with ethinyl estradiol — on low-density lipoprotein (LDL) receptor
regulation by assessing receptor protein expression and functional effectiveness.
Study Design: Placental tissue and cultured placental cells (JEG-3) were used to study the expression and endocytotic activity of LDL
receptor protein. The expression of the receptor was assessed by immunocytochemistry and immunoblot assays with and without
contraceptive challenge. Functioning activity of LDL receptor was studied by measuring the rate of uptake of LDL by placental cells.
Quantification of LDL was based on the total cholesterol content of the lipoprotein.
Results: A combination of desogestrel (20 ng/mL of incubation medium) and ethinyl estradiol (10 ng/mL of incubation medium) maintained
the LDL receptor at high level of expression and functioning mode. In contrast, the double-blind preparation of levonorgestrel (20 ng/mL)
and ethinyl estradiol (10 ng/mL) had shown much lower expression as well as receptor-mediated LDL uptake. The concentration of
contraceptives used in this study was similar to the prevailing concentration of oral contraceptives in clinical use.
Conclusion: Higher expression of LDL receptor and enhanced rate of LDL uptake by the receptor protein projects the possibility that there
might be less atherosclerosis-related disorders from the combination of desogestrol and ethinyl estradiol.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Oral contraceptives (OCs) have a high rate of effective-
ness and are very easy to administer. Since the time when
OCs were first introduced for human use in 1960, a series of
trials have been undertaken with several alternative combi-
nations of estrogen and progestogen component from
☆ This work was supported by the Ministry of Health and Family
Welfare, Government of India. G.R. was supported by a Junior Research
Fellowship from the Council of Scientific and Industrial Research (CSIR),
India. A.R. was supported by a joint CSIR-UGC Joint Junior Research
Fellowship, India.

⁎ Corresponding author. Tel.: +91 11 26594483; fax: +91 11 26588641,
26588663.

E-mail address: nc1_chandra@hotmail.com (N.C. Chandra).

0010-7824/$ – see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.contraception.2007.06.011
perspectives of safer use and noninterference of the body's
normal metabolic machinery. Reports from recent studies
[1–3] over the use of contraceptives from first, second and
third generations are yet not very lucid over arterial
thrombosis among OC users. The first generation [N50 mcg
ethinyl estradiol [EE]-containing product] of OCs, although
having potential effect on the inhibition of ovulation,
contained high dose of estrogen and progestogens resulting
in many side effects including cardiovascular disorder [4–8].
In the second generation contained b50 mcg EE with
levonorgestrel- or norethindrone-containing products of
OCs, where doses of steroids were reduced, and compara-
tively less cardiovascular disorders were reported as
compared to that of first generation drugs [9,10]. In the
third generation (b50 mcg EEwith gestodene or desogestrel),
composition of OCs with less androgenic derivatives of
levonorgestrel (progestogen), for example, desogestrel,
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showed improvements, but studies of these two progestogens
on lipid metabolism showed conflicting data on the
regulation of serum lipoprotein profiles like high-density
lipoprotein (HDL) and low-density lipoprotein (LDL)
cholesterol [11–13]. Some reports claimed both levonorges-
trel and desogestrel were equally effective in altering plasma
LDL-cholesterol level, whereas others debated on the
potency of these two steroid components to maintain the
concentration of plasma LDL-cholesterol. Only EE (estro-
gen) in low concentration [12,14] was found working
bidirectionally by increasing HDL and decreasing LDL
concentration when used in combination with oral progesto-
gen contraceptives. Such bidirectional change in lipid
patterns has shown an impact in lowering the possibility of
coronary heart disease [15–17].

Since LDL receptor (LDLR) is one of the most widely
distributed cellular endocytic receptor [18–20] for lowering
plasma LDL concentration, we wanted to compare the
efficacy of various doses in low concentrations of two
progestogens — desogestrel (a less androgenic derivative of
levonorgestrel) and levonorgestrel— alone and in combina-
tion with low concentrations of EE on the expression profile
of LDLR gene and rate of LDL uptake by the receptor
protein from an extracellular source. Comparing the relative
rate of expression of LDLR as well as consumption of LDL
by the receptor in the presence of the steroids in a model in
vitro culture system with JEG-3 placental cell line as well as
in placental tissue, it is apparent that the outcome of the
result from this in vitro system may help to select
components of OCs in dealing with the risks of cardiovas-
cular disorders among OC users.
2. Materials and methods

2.1. Chemicals

Pill 72 (levonorgestrel tablet) was purchased from Cipla
Ltd., MIDC, Patalganga, MS, India. Cerazette (desogestrel
tablet) and Lynoral (EE tablet) were obtained from Organon
(India) Limited, Kolkata, India. F-12 (Ham) Nutrient
Mixture was obtained from GibcoBRL, New York, NY,
USA. Fetal calf serum (FCS), antibiotic antimycotic
solution (100×), acrylamide/bis-acrylamide and HEPES
were purchased from Sigma Chemical Co., St. Louis, MO,
USA. LDLR goat polyclonal primary antibody (C-20, sc-
11824) was obtained from Biotechnology Inc., Santa Cruz,
CA, USA. As per manufacturer's information, the antibody
was developed against epitope at the C-terminus of LDLR
of human origin. Anti-goat HRP-conjugated secondary
antibody, nitrocellulose membrane and femtoLUCENT
detection kit were purchased from Genotech, St. Louis,
MO, USA. LSAB+ Kit peroxidase package was from
DAKO Corporation, Carpinteria, CA, USA. Plastic wares
for cell culture were from Becton Dickinson Labware,
Bedford, MA, USA. All other chemicals used were of
analytical reagent grade.
2.2. Cell culture

JEG-3 cells were obtained from the repository of the
National Centre for Cell Science, NCCS Complex, Uni-
versity of Pune Campus, Ganesh Khind, Pune, India. Cells
were grown in F-12 (Ham) Nutrient Mixture (GibcoBRL)
containing glucose (1 g/L), HEPES (5.96 g/L), NaHCO3

(1.17 g/L) and 10% FCS (v/v). Penicillin (100 U/mL),
streptomycin (100 μg/mL) and amphotericin B (250 ng/mL)
were included in the cell cultures, which were carried out at
37°C in an atmosphere of 95% air and 5% CO2, either on
90-mm dishes or on 25-cm2 flasks.

2.3. Placental tissue

Discarded term placentas were obtained through ethical
clearance from the cesarean or delivery section of Obstetrics
and Gynaecology, All India Institute of Medical Sciences,
New Delhi. A 1-mm3 section of placental tissue was
processed in an F-12 culture medium similarly to that done
with the JEG-3 cells.

2.4. Contraceptives

Progestogen and EE pills were crushed and then dissolved
separately in minimal quantity of 50% ethanol (v/v) [21]
followed by dilution with medium to the respective
concentrations, which was used directly in the culture
medium. Control cells received only a medium having
equivalent concentration of ethanol–vehicle. Concentration
of progestogens in the stock preparations was determined by
measuring absorption at 250 nm and comparing the result
against a standard curve made from absorption maxima of
various concentrations of medroxyprogesterone at 250 nm
[22]. Concentration of EE (abs. max. at 280 nm) was also
obtained in the same way by comparing with the standard
curve of β-estradiol at 280 nm [23].

The upper limit of progestogen used in the medium was
20 ng/mL, a concentration of progestogen commonly
targeted for human blood through contraceptive pills in
clinical use. The upper limit of estrogen was 10 ng/mL of
culture medium, which was similarly equivalent to 10 ng/mL
blood for an adult human.

2.5. Immunocytochemistry and steroid challenge

JEG-3 cells reached approximately 90% confluency on
12-mm microscopic cover glass equipped in a medium-full
culture plate, and the cells were washed twice in 0.01 M
PBS. The number of cells on the cover glass in a confluent
state was adjusted to a given range by inoculating 5×105

cells/mL initially in the medium. Confluency was reached in
the following 24 to 30 h. Fresh 2 mL of F-12 medium was
added with and without contraceptives. The contraceptives
were used either alone or in a mixture of progestogen and
EE, in various doses from 2 to 20 ng/mL and incubated for
2 h at 37°C on a rocker platform under constant shaking. No
cell death was observed in the 2 h due to any cytotoxic effect
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of the components of contraceptives. The media was then
removed and the cells were washed twice with 0.01 M PBS.
Cells were fixed in absolute acetone for 10 min at 4°C.
Endogenous peroxidase was quenched by treating the cells
with 4% H2O2 in methanol for 30 min at room temperature
followed by rinsing in 1 M Tris–HCl, pH 7.2, containing
0.01% Triton-X 100 (Buffer A), for 5 min thrice.
Nonspecific binding was blocked by placing the cover
glasses with 5% nonfat milk in PBS for 1 h at room
temperature. Three washes were repeated with Buffer A.
This was followed by overnight incubation in a humidified
chamber with specific primary antibody against LDLR at a
dilution of 1:50 in 0.01 M PBS. Preimmune serum was also
used as a negative control to observe any nonspecific
interaction with the receptor protein. The cells were washed
thrice in Buffer A followed by incubation with biotinylated
secondary antibody for 1 h at room temperature. The cells
were then incubated 1 h with avidin–HRP after a prewash in
Buffer A, washed again in Buffer A and treated with DAB
buffer (0.06% DAB, 50 mM Tris–HCl, pH 7.6, 1% H2O2)
for 3–5 min at room temperature for visualization of
antigen–antibody complex. Finally, cover glasses were
rinsed in distilled water, counterstained with Mayer's
hematoxylin for 1 min, excess stain rinsed with water, air
dried, dehydrated in xylene for 5 min and mounted on a DPX
mountant. Photographs were taken after observation at 20×
magnification by a Nikon DXM 1200 digital camera
attached to a Nikon Microphot FXA microscope.

Placental tissue was sectioned 1 mm3 in size from the
chorionic side and washed with 0.01 M PBS. It was then
incubated with 2 mL of F-12 medium with and without
contraceptives and followed the same processes done with
JEG-3 cells.

An image analysis system [24] was used to see the
integrated optical density (IOD) and mean optical density of
each cell. The optical density of a cell varies proportionately
with the total mass of immunostained receptors, that is,
expression. A minimum of 300 cells were analyzed by the
image analyzer. The image analysis system consisted of a
research microscope (BX50; Olympus, Tokyo, Japan), 10-bit
digital camera (Xilix Correco, Canada), image grabber card
(F-64, Cerreco Corp, Quebec, Canada) and a personal
computer (P-III; Digital Corp, CA, USA). The image
analysis software used was Optimas 5.2 (Optimas Corp,
CA, USA). The trend of receptor expression was found to be
proportionate with the concentration of the contraceptives
used in the study. For this reason, the data from only the
extreme concentrations (2 and 20 ng/mL) were used to
interpret the result. The expressions in the intermediate
concentrations were in the order of the trend shown by the
respective OC.

2.6. Preparation of LDL

LDL was prepared from human plasma by NaCl-KBr
density gradient centrifugation according to Havel et al. [25].
Dialysis was carried out extensively in 0.01 M PBS before
use. Human plasma used for isolating LDL was prepared
from freshly collected human blood obtained through
the clearance of the ethics body of the institute from the
Blood Bank-Main Hospital of All India Institute of
Medical Sciences.

2.7. LDL-cholesterol estimation

The LDL was quantified based on the total cholesterol
content by the o-phthalaldehyde method of Zlatkis and
Zak [26]. The apoproteins were precipitated by mixing
with equal volume of 100% trichloroacetic acid and
collected by centrifugation. The pellet was washed twice
with 1 mL of ice-cold acetone to dissolve the cholesterol,
and the acetone fraction was evaporated at 60°C. The
cholesterol was then dissolved in 500 μL of glacial acetic
acid. The acetic acid preparation was used for cholesterol
estimation by o-phthalaldehyde method with 20 mg/dL
cholesterol as standard.

2.8. LDL uptake assay by the LDLR

Measured volume of cell population (2×105 JEG-3
cells/mL only) was grown for 36 h in serum-deficient
medium to induce maximal expression of LDLRs and
then incubated separately with various concentrations of
LDL (from 2 to 100 μg/mL) in the medium for 5 h at
37°C on a rocker in the presence and absence of different
contraceptives. Following incubation, the medium was
collected and assayed for cholesterol content as indicated
above. The concentration of cholesterol left behind in the
medium was plotted against various concentrations of
LDL added in the medium. The influence of various
contraceptives on the rate of uptake of LDL by LDLR
was judged against control (without contraceptive). The
curves showed the concentration of LDL-cholesterol
left behind in the medium after cholesterol uptake by
the receptors.

2.9. Preparation of JEG-3 cell lysate

The cells were incubated with and without contraceptives
(as described in Section 2.5), washed with 0.01 M PBS
twice and finally scraped off in 2 mL of the same PBS. The
cell pellets were collected at 4°C after centrifugation at
1000×g for 10 min and then lysed in 100 μL of lysis
buffer containing 50 mM Tris–HCl (pH 7.4), 300 mM
NaCl, 0.5% (v/v) Triton X-100, 5 mM EDTA with 2 mM
PMSF, 10 mcg/mL leupeptin and 10 U/mL aprotinin and
by strong vortexing. The lysed suspension was kept on ice
for 30 min and then spun at 10,000×g for 15 min at
4°C. The supernatant was collected and protein content
was determined.

2.10. Protein estimation

Protein estimation was according to the method of
Bradford [27] using bovine serum albumin as the standard.
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2.11. SDS-PAGE and immunoblotting

Electrophoresis was carried out on 10% polyacrylamide
gels (1.5 mm thick), overlaid by a 4% stacking gel in SDS
according to the procedure of Laemmli [28]. The protein
bands were visualized by the Coomassie or silver stains in
duplicate run.

For immunological identification, the proteins were
transferred onto nitrocellulose sheets [29]. The sheets were
washed with blocking buffer [5% Blot-Quick blocking
power (Genotech) in 0.01 M PBS containing 0.05% Tween-
20] for 4 h at room temperature on a shaker. Anti-LDLR
polyclonal primary antibody [Santa Cruz Biotechnology,
Inc. LDLR (C-20): sc-11824] was added at a dilution of
1:1000 and kept for 2 h at room temperature on a shaker. The
membrane was then washed thrice in 0.01 M PBS–0.1%
Tween-20, for 10 min each. Rabbit-antigoat-HRP-conju-
gated polyclonal secondary antibody (Bangalore Genei,
India) was then added at 1:10,000 dilution and kept for 2 h at
room temperature followed by three washes in PBS–Tween
buffer. The blot was then developed by the femtoLUCENT
detection kit (Genotech). Protein expression was evaluated
by determining the intensity of darkness of protein bands by
a densitometer (Alpha Imager TM 2200 Gel Doc System,
CA, USA) using alpha imager software.
3. Results

Fig. 1 shows the level of expression of immunostained
LDLRs with three different OCs at their respective
concentrations. The associated table (inset) shows the
image analysis data of those immunostained receptors. The
IOD and mean optical density of those stained receptors were
calculated after measuring the optical density of a minimum
of 300 cells.

Panel A shows the basal expression of LDLRs in JEG-3
cells, whereas Panel B shows the same in the chorionic
membrane of human placental tissue section in the absence
of any OC in the medium of the cultured cells. These pictures
represent the normal density of LDLR in a model placental
cell line as well as in placental tissue. The expression of
receptors in respective cells and placental tissue by
preimmune serum is shown in Panels C and D, respectively.

Panels E, F, G and H show the expression of LDLR in the
presence of levonorgestrel. Although several concentrations
of the contraceptive were used between 2 and 20 ng/mL of
the culture medium, the effect of only two extreme
concentrations are shown here because it was only at
20 ng/mL concentration of the levonorgestrel that a marginal
expression of LDLR was found in JEG-3 cells (Panel G).
With all other lower concentrations, the LDLR expression
was barely significant in JEG-3 cells as compared to the
basal expression shown in Panel A (pE,Ab.05). Evaluation of
immunohistogram (placental tissue) and immnocytogram
(JEG-3 cells) from their IOD (see inset table in Fig. 1) had
shown that the trend of expression in placental tissue even
remained insignificant as compared to JEG-3 cells from 2 to
20 ng/mL of the contraceptive concentrations, showing only
marginal expression (Panel H) at 20 ng/mL of medium as
compared to the basal level (Panel B). Hence, both
placental tissue section and cells from JEG-3 cell line
showed similar trend of expression for LDLR protein in the
presence of levonorgestrel. The concentration of contra-
ceptives in cell culture medium ranging from 2 to 20 ng/mL
was used because they matched the concentration of
progestogen contraceptives used in adult females in
contraception therapy with respect to their total blood
volume (considering 5 L in an average adult) (see Materials
and methods section).

Panels I, J, K and L show the expression of LDLR in the
presence of desogestrel. The receptor expression, as
evaluated from the IOD value (inset table in Fig. 1), was
considerably higher in JEG-3 cells and in the section from
the chorionic part of human placenta at both 2 ng/mL (Panels
I and J) and 20 ng/mL (Panels K and L) concentrations as
compared to the basal expression (Panels A and B) as well as
the expression obtained in the presence of levonorgestrel
(Panels E, F, G and H). However, the expression density of
the receptor protein at lower dose, for example, 10 ng/mL,
was fairly close (not shown) to that shown at 20 ng/mL
concentration of desogestrel in culture medium with both
JEG-3 cells and placental section.

Panels M, N, O and P show the expression of LDLR with
two concentrations (2 and 10 ng/mL) of EE. Here, the upper
limit 10 ng/mL was equivalent to 50 mcg EE for adult human
(in 5 L blood volume). These observations and their IOD
data showed that EE was a comparatively more potent
stimulator than levonorgestrel for LDLR expression, but not
as comparable as desogestrel (pO,Ab.05, pK,Ab.01). Such a
comparison is true for both JEG-3 cells as well as in placental
tissue section as is evident from the expression density (IOD
data) shown for Panels M, N, O and P, respectively.

In Panels Q and R, a combination of steroids was
compared for their effects on LDLR expression. Here, EE at
a concentration of 10 ng/mL was used with 20 ng/mL of
either levonorgestrel (Panel Q) or desogestrel (Panel R) to
evaluate the strength of LDLR expression in JEG-3 cells.
Comparison of the IOD in these two panels shows that the
combination of EE (estrogen) and desogestrel (progestogen)
(Panel R) had a marked difference in the expression profile
of LDLR as compared to the combination of EE and
levonorgestrel (Panel Q) (pR,Ab.001, pQ,Ab.01, pR,Qb.01).
The intensity of expression for a combination of desogestrel
and EE was found to be much higher as compared to the
depth of expression density obtained from any of the single
component of the mixture, that is, only with desogestrel or
with EE (pK,Ab.01, pO,Ab.05). In fact, the combination of
desogestrel and EE at the above concentrations showed more
expression as compared to those obtained with various
concentrations of contraceptives, either alone or in combina-
tion, used in this study for evaluating relative potency on



Fig. 1. Basal expression of LDLRs: (A) JEG-3 cells; (B) chorionic tissue of human placenta. Negative controls with preimmune serum for cells and tissue are
shown in Panels C and D, respectively (original magnification ×20). LDLR expression in the presence of levonorgestrel: concentrations of levonorgestrel were
2 ng/mL (Panels E and F) and 20 ng/mL (Panels G and H) of culture medium. Panels E and G show JEG-3 cells, whereas Panels F and H show chorionic tissue of
human placenta (original magnification ×20). LDLR expression in the presence of desogestrel: concentrations of desogestrel were 2 ng/mL (Panels I and J) and
20 ng/mL (Panels K and L) of culture medium. Panels I and K show JEG-3 cells, whereas Panels J and L show chorionic tissue of human placenta (original
magnification ×20). LDLR expression in the presence of EE: concentrations of EE were 2 ng/mL (Panels M and N) and 10 ng/mL (Panels O and P) of culture
medium. Panels M and O show JEG-3 cells, whereas Panels N and P show chorionic tissue of human placenta (original magnification ×20). LDLR expression in
JEG-3 cells by the combined effect of estrogen and progestogen contraceptives (original magnification ×20). (Panel Q) EE (10 ng/mL) + levonorgestrel (20 ng/
mL). (Panel R) EE (10 ng/mL) + desogestrel (20 ng/mL). The inset table shows the mean IOD±SD of immunostained LDLRs on JEG-3 cells and placental tissue.
p values are as follows: pR,Ab.001, pQ,Ab.01, pE,Ab.05, pK,Ab.01, pO,Ab.05, pR,Ab.01, pR,Kb.05, pR,Eb.001, pR,Ob.01.
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LDLR expression. The observed result was also reproduced
with placental tissue section (not shown).

The combination of EE and desogestrel that had a
comparatively better stimulatory role on LDLR expression
as compared to the mixture of EE and levonorgestrel has also
been verified by immunoprecipitation of expressed receptors
from JEG-3 cells by antireceptor antibody in an immunoblot
experiment (Fig. 2). Fig. 2 shows that 20 ng/mL of
desogestrel in the medium (Lane 5) alone was a better
stimulator (pb.05) than 20 ng/mL of levonorgestrel (Lane 4)
or the mixture of EE (10 ng/mL) and levonorgestrel (20 ng/
mL) (Lane 2) in comparison to the basal expression (Lane 1).
On the contrary, the combination of EE (10 ng/mL) and
desogestrel (20 ng/mL) (Lane 3) had shown even more
significant increase (pb.01) of LDLR expression than
desogestrel alone with respect of the basal level expression
(Lane 1). The results shown in Fig. 2 were representative of
three replicates.

Since it is not clear whether all expressed LDLRs on cell
surface are equally efficient in their endocytotic activity, the



Fig. 2. Immunoblot of LDLR by anti-LDLR antibody (see Materials and
methods section for details). The receptor protein was precipitated from
JEG-3 cell lysate obtained after incubation with levonorgestrel and
desogestrel with and without EE. The control bar represents the
immunoprecipitates in the absence of any contraceptives. The intensity of
darkness of each band (the expression) was measured by a densitometer (see
Materials and methods section) against background intensity of the film and,
hence, expressed in arbitrary units. The images shown are representative of
three replicates. Values are means±SD (n=3). pb.05 (Lane 5) and pb.01
(Lane 3) compared to the control bar (Lane 1).
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strength of endocytotic activity was estimated by measuring
the rate of uptake of LDL from the incubation medium for
those receptors whose expressions were induced by the
contraceptives used in this study. In Fig. 3 (Panel A), the
Fig. 3. Utilization of LDL from culture medium by JEG-3 cells for 5 h in the p
progestogen. In Panel A, each point on the curves shows average value of three se
category, that is, with and without contraceptives of respective combinations.
relative efficacy of expressed LDLR has been compared by
rating the efficiency of utilization of LDL from culture
medium by JEG-3 cells in the presence and absence of the
contraceptive components used in Fig. 1 (Panels Q and R),
that is, combination of EE with either levonorgestrel or
desogestrel. Each point in the curves is the mean from three
sets of experiments. The scatterplots of the results obtained
from the three sets of experiments with and without the
contraceptive components are shown in Panels B, C and D of
Fig. 3. The numerical value for the uptake of LDL-
cholesterol, in each respective concentration of LDL added
in the medium, was very close for three sets of experiments,
and in many cases they were overlapping. The curves
measure the postuptake LDL-cholesterol concentration
remaining in the medium of cultured JEG-3 cells at various
concentrations of LDL provided in the medium in the
presence of the two OCs used in this study, namely,
levonorgestrel/EE and desogestrel/EE, respectively, as well
as without any contraceptive (basal rate of uptake). The
remaining concentration of LDL-cholesterol in the medium
was a measure of the rate of uptake of LDL particles by cells
or, in other words, it was a measure of functionality of
LDLRs on the plasma membrane of cultured JEG-3 cells.
The curve with no contraceptive showed that 40 mcg LDL/
mL medium saturated the cells with LDL-cholesterol in 5-h
incubation time, and addition of more LDL showed no
further uptake by LDLRs. The rate of uptake of LDL by the
receptor in the presence of both levonorgestrel (20 ng/mL)
and EE (10 ng/mL) ran almost parallel to the curve with no
resence and absence of contraceptives having components of estrogen and
ts of data. Panels B, C and D show scatterplots of three sets of data for each
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contraceptive. The results showed that the curve with the
mixture of desogestrel and EE showed much higher rate of
uptake as compared to normal JEG-3 cells as well as in the
presence of levonorgestrel and EE mixture. The low
remaining cholesterol in the medium means there was
more uptake. The findings from these curves thus explained
the fact that more expressed LDLRs on the cell surface by the
combined effect of desogestrel and EE led more cellular
internalization of LDL molecules, whereas the rate of uptake
was not much affected by the mixture of levonorgestrel and
EE as compared to the basal rate of uptake shown by the
control curve.
4. Discussion

Surveys show an estimate of about 55–60% of all women
in the childbearing age use OCs. At the same time, side
effects from the use of OCs are also a matter of concern both
in the medical as well as in the public world. Reports of
potential complications of OC in users [4–6] have led to a
medical concern about the doses as well as the composition
of steroids in contraceptive pills. An increased risk of
myocardial infarction and stroke with OCs have been
documented in 1980 [9,10], and since that time, it is a social
problem even today [30–32]. Unlike first- and second-
generation OCs, the doses of estrogen and progestogen
components in the third-generation OCs have been reduced
substantially; yet, the risk of vascular thrombosis cannot be
ignored completely. Epidemiological studies with second-
and third-generation OCs having altered estrogen concentra-
tions are inconclusive on the risk of myocardial infarction
[33,34]. The third-generation OCs appeared to be more
prone to having the risk of venous thromboembolic disorders
[35]. On the other hand, studies on in vivo biomarkers have
shown estrogen to be vasculoprotective because of its
bidirectional mode— tendency to decrease LDL-cholesterol
and increase HDL-cholesterol [14]. Although the precise
mechanism of the vasculoprotective effect by low-dose
estrogen has not been determined, the recently found sterol
regulatory element-binding protein-2-mediated transcription
regulation of LDLR protein [18,36–38] has provided a
partial answer to this long awaited query. Saturation of cells
with sterol inhibits transcription of receptor protein, whereas
depletion of sterol in cells derepresses the gene and starts
transcription again. The slow accumulation of steroids over
time in OC users may saturate the cells, which may lead to
the inhibition of LDLR expression. The expression of LDLR
protein by gene transcription may not be sufficient enough to
clear LDL particles from circulation until the recognition site
of receptor protein becomes functionally active to bind LDL
particles. The direct role of estrogen and progestogen, used
in the third generation of combined OCs, on the relationship
between LDLR expression and functional effectiveness still
remains unclear. In this context, desogestrel, a less
androgenic progestogen in third-generation OCs, has been
cited for its efficacy to reduce coronary artery disease (CAD)
[5,6]. The existing reports from epidemiological surveys on
third-generation OCs are inconclusive about the protective
role of estrogen on vascular thrombosis, and are even more
inclined to the risk of venous thromboembolism than arterial
thrombosis [33,34,39]. Although, in those comparative
epidemiological studies, the role of desogestrel against
arterial and venous thromboembolism is inconsistent and
fragmentary between second- and third-generation OCs,
some believe it is prudent to select an OC with desogestrel
considering its beneficial effect on lipid metabolism [40,41].

In this study, we have focused our interest on LDLR
expression and functional effectiveness. LDLRs are involved
in lowering plasma cholesterol level by cellular endocytosis
of plasma LDL particles. The efficiency of such endocytosis
depends on two phenomena: strength of receptor protein
expression and probability of having functional competency
of such expressed receptors. Among two progestins used in
OCs, levonorgestrel and desogestrel, the former was found to
be a very weak inducer in promoting LDLR expression,
whereas the latter has shown more potency in the same
event. It is thus apparent that desogestrel acts differently
from levonorgestrel on LDLR expression. Hence, desoges-
trel may have a more beneficial effect on arteriovenous LDL
clearance compared to levonorgestrel because of its role in
faster clearance of plasma LDL-cholesterol through sub-
stantially expressed LDLRs. The role of EE on LDLR
expression remains an intermediate between levonorgestrel
and desogestrel. The strength of functional activity of LDLR
protein in the presence of EE also remained in between the
two progestogenic OCs (not shown). The role of desogestrel
on the potency of expression (Fig. 1, IOD values; Fig. 2,
expression density bars) and on the competency of
functioning of LDLR protein (Fig. 3, comparison of LDL
uptake by graphic plots) has shown a significant rise, when
used in combination with EE (Fig. 1R and Q: pR,Ab.001, pQ,
Ab.01, pR,Qb.01; Fig. 2, Lane 3: pb.01; Fig. 3A), whereas a
similar combination of levonorgestrel and EE has not been
found much effective (Fig. 1Q; Fig. 2, Lane 2; and Fig. 3A).
Hence, it is a direct proof for the change of functionality of
LDLR proteins, which are expressed by the combined OCs,
namely, mixture of estrogen and progestogens, where the
estrogen component is EE and the progestogen is desoges-
trel. In the in vitro study shown in Fig. 3, the concentration of
each progestogen used was 20 ng/mL of the incubation
medium and that of EE was 10 ng/mL of incubation medium
per each combination to see the joint role of these OCs.
These concentrations are around the limits of the doses used
in third-generation OCs. Such boundaries of contraceptive
concentration have been considered for this present study
after several trials with those steroid concentrations used in
first through third generations of OCs. The use of
progestogens in low doses is expected to reduce the
probability of CAD, whereas low dose of estrogen
(50 mcg N estrogen N35 mcg) tends to decrease the risk of
venous thromboembolism as is evident from the third-
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generation OC preparations [35,42,43]. This study shows
that the combination of desogestrel and EE in the allocated
doses, as indicated, enhances the uptake of LDL by more
expressed and functionally active LDLR.

It is thus apparent from the experimental results of this
present study that, being a progestogen derivative, desoges-
trel acts differently from levonorgestrel on LDLR expression,
and characteristically, desogestrel is a less androgenic
derivative of levonorgestrel. Hence, it may be the more
appropriate component as compared to levonorgestrel in
combined OCs for protecting patients from developing
hyperlipemia by providing high rate clearance of plasma
LDL-cholesterol through substantially expressed LDLRs.
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