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a  b  s  t  r  a  c  t

The  use  of combined  oral  contraceptives  (COC)  have  been  associated  with  increased  risk  of  adverse
cardiovascular  events  and  elevated  cardiac  and  circulating  plasminogen  activator  inhibitor-1  (PAI-1)  and
glycogen  synthase  kinase-3  (GSK-3)  have  been  implicated  in these  events.  Contraceptives  containing
drospirenone,  a progestin  with  anti-androgenic  actions  may  have  a  positive  or  neutral  effect  on  cardiac
PAI-1  and GSK-3  levels.  Studies  on  the  favorable  effects  of  oral  contraceptives  containing  drospirenone
when  compared  with  other  androgenic  contraceptives  have  not  been  fully  elucidated.  We  therefore
sought  to  compare  the  effect  of a contraceptive  containing  ethinyl  estradiol  and  drospirenone  (DSP)  with
a contraceptive  containing  ethinyl  estradiol  and  levonorgestrel  (LVG)  on  cardiac  uric acid  (UA),  PAI-1,
GSK-3  and  some  hematological  parameters.  Ten  weeks  old  female  Wistar  rats  were  divided  into  three
groups;  control  (CON),  LVG  or DSP  treated  rats.  The  treatment  lasted  for 8 weeks.  Results  showed  that  LVG
and not  DSP treatment  led to increase  in  plasma  and  cardiac  tissue  UA, plasma  and  cardiac  PAI-1  as  well

as granulocyte-lymphocyte  ratio (GLR)  and  platelet-lymphocyte  ratio (PLR).  However,  the  DSP  treatment
affected  the  circulating  GSK-3.  Taken  together,  the  findings  showed  that  LVG  and  not  DSP  affected  cardiac
UA and  PAI-1.  These  results  suggest  that  COC  containing  drospirenone  appears  to  have  positive  effects
on  cardiac  UA  and  PAI-1  levels  but  do not  affect  GSK-3,  hence,  COC  containing  drospirenone  may  be  a

 cont
better  and  safer  means  of

. Introduction

Since their introduction over fifty decades ago, the use of com-
ined hormonal oral contraceptives (COCs) have been related to

ncreased risk of cardiometabolic disorder of which the exact mech-
nism by which they do this is still unclear, although it is most likely
ultifactorial and complex [1,2]. Understanding of this mechanism

s very important due to the fact that a large number of women in
heir reproductive age are using the COC [2] as it remains one of
he most effective reversible contraceptive methods [3], howbeit,
ith unresolved cardiometabolic disorder despite newer genera-

ions [4–6]. When evaluating the different types of COCs, attention

as been drawn to a formulation containing drospirenone (DSP), a
rogestin derived from spironolactone with anti-mineralocorticoid
nd anti-androgenic actions [7]. DSP is an analog of spironolactone,
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raception  compared  to androgenic  contraceptives.
© 2019  Elsevier  B.V.  All  rights  reserved.

with biochemical and pharmacological profiles that are similar to
those of endogenous progesterone, with an antimineralocorticoid
property and a mild anti-androgenic activity [8]. The use of EE in
low doses associated with DSP have been used as contraceptives
for more than a decade [9,10] but their effects and/or comparison
with other COCs have not been fully elucidated.

Glycogen synthase kinase-3 (GSK-3) is a serine/threonine kinase
[11]. It serves to phosphorylate and inactivate glycogen synthase,
aside its numerous other functions. Numerous evidences support
the role of elevated GSK-3 as a contributing factor in various
pathophysiological states [12,13]. Plasminogen activator inhibitor-
1 (PAI-1) is a serine protease inhibitor that controls the fibrinolytic
system by inhibiting tissue-type and urokinase plasminogen acti-
vators [14,15]. Increased plasma PAI-1 is suggested to represent a
risk factor for cardiovascular disease [16,17]. More so, high plasma
level of uric acid accompanies cardiovascular disease (CVD) risk fac-
tors [18] and although it is an established true mediator/causal risk

factor for CVD [19], its underlying pathophysiological mechanism
is yet to be fully elucidated.

https://doi.org/10.1016/j.pathophys.2019.06.001
http://www.sciencedirect.com/science/journal/09284680
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Fig. 1. Effect of ethinylestradiol with levonorgestrel (LVG) or drospirenone (DSP)
treatment on visceral adiposity. Data were analyzed by one-way ANOVA followed
by  Bonferroni post hoc test. Values are expressed as mean ± SEM of 5 rats per group
(*p < 0.05 vs CON).

Table 1
Effect of Ethinylestradiol with levonorgestrel and drospirenone on hemogram in
rats.

CON LVG DSP

WBC  (109̂ cells/L) 5.6 ± 0.3 5.3 ± 1.5 10.0 ± 0.1*
LYM (109̂ cells/L) 5.4 ± 0.3 3.6 ± 1.1* 7.9 ± 0.3*
GRAN (109̂ cells/L) 1.0 ± 0.3 1.3 ± 0.3 1.6 ± 0.3
RBC  (101̂2 cells/L) 7.1 ± 0.3 7.2 ± 0.4 6.9 ± 0.2
HCT  (%) 37.3 ± 0.3 54.9 ± 1.9* 38.7 ± 1.2
GRAN (109̂ cells/L) 376.7 ± 96.8 565.0 ± 28.6* 476.7 ± 46.4*
28 O.A. Adeyanju et al. / Path

DSP-containing COC, because of their unique pharmacologi-
al profile that combines a potent progestogenic activity with
ntiandrogenic and antimineralocorticoid activities [20], have been
eneficial [21,22], however, there is little information on the effects
f non-androgenic COC on cardiac PAI-1, GSK-3 or hematological
ndices. We  therefore sought to compare the effect of a contra-
eptive containing ethinyl estradiol and drospirenone (DSP) with a
ontraceptive containing ethinyl estradiol and levonorgestrel (LVG)
n cardiac uric acid (UA), PAI-1, GSK-3 and some hematological
arameters.

. Materials and methods

.1. Animals

All experimental procedures were approved by the University of
lorin Ethical Review Committee (UIERC) in accordance with guide-
ines of the National Institutes of Health (NIH) Guide for the Care
nd Use of Laboratory Animals and every effort was made to min-
mize both the number of animals used and their suffering. Ten

eeks old female Wistar rats were used for the study. Rats had
nrestricted access to standard rat chow and tap water. After one
eek of acclimatization, the animals were randomly assigned to 3

roups of n = 5 each. Rats were maintained under standard envi-
onmental conditions of temperature, relative humidity, and 12 -h
ark/light cycle.

.2. Treatments

Control group received distilled water (vehicle; po), COC-treated
roups received (po) a combination of 1.0 �g ethinylestradiol and
.0 �g levonorgestrel (Wyeth-Ayerst, Inc., Montreal, Canada) and

 combination of 1.0 �g ethinylestradiol and 0.3 mg  drospirenone
Schering AG, Berlin, Germany) respectively. The treatments were
aily and lasted for 8 weeks.

.3. Sample and tissue preparations

At the end of treatment, the rats were anesthetized with
entobarbital sodium (50 mg/kg, i.p.). For the tissue, the heart
as excised, cleared of adhering connective tissues, blotted and
eighed immediately. After weighing, 100 mg  of cardiac tissue was

arefully removed and homogenized with a glass homogenizer.
he homogenate was used for the measurement of cardiac PAI-1,
SK-3 and UA levels. Blood was collected by cardiac puncture into
DTA-coated and heparinized bottles, accordingly. Blood collected
n heparinized bottle was centrifuged at 3000 rpm for 5 min. Plasma

as stored frozen until needed for biochemical assay. Hema-
ological parameters were determined using a multi-parameter,
utomated hematological analyzer, URIT-3010 (Xianyang, China)
fter collecting the blood in EDTA-coated bottles.

.4. Visceral adiposity

Visceral fat pads were collected by mid-line section of the rats
fter anesthesia (pentobarbital sodium 50 mg/kg i.p).  The fat pads
ollected were peri-renal, abdominal and peri-uterine fats. The fat
ads were weighed and final visceral fat mass was  adjusted for
ody weight. The quantification of the adiposity was determined

n a blinded manner.

.5. Biochemical assays
The plasma levels of PAI-1 and GSK-3 were estimated using
LISA kits (Elabscience Biotechnology Co., Ltd., Wuhan, China).
lasma uric acid (UA) was estimated by standardized enzymatic
Data are expressed as mean ± SEM of 5 rats per group. Data were analyzed by one-
way ANOVA followed by Bonferroni post hoc test (*p < 0.05 vs CON).

colorimetric methods using assay kit obtained from Fortress Diag-
nostics Ltd. Antrim, UK.

2.6. Statistical analysis

All experimental data were expressed as means ± SEM. Statisti-
cal significance for measured variables was  determined by one-way
analysis of variance (ANOVA) for the comparison of the mean val-
ues of variables among the groups. Bonferroni’s test was used to
identify the significance of pair wise comparison of mean values
among the groups. The significance level was  set at 0.05. Statistical
group analysis was  performed with SPSS statistical software.

3. Results

3.1. Effects of LVG and DSP on visceral adiposity and UA

LVG treatment led to significant increase in visceral adiposity
compared with the control whereas DSP treatment did not affect
the visceral adiposity (Fig. 1). Furthermore, LVG treatment led to
increased plasma and heart uric acid whereas, DSP had no effect on
plasma and heart UA, compared with the control (Fig. 2a & b).

3.2. Effects of LVG and DSP on hematological parameters

DSP treatment led to significant increase in white blood cell and
lymphocyte counts respectively compared with the control. LVG
led to increase in platelet count and percentage hematocrit levels

as well (Table 1). Platelet to lymphocyte ratio (PLR) was elevated in
LVG compared with the control (Fig. 3).



O.A. Adeyanju et al. / Pathophysiology 26 (2019) 227–231 229

Fig. 2. Effect of ethinylestradiol with levonorgestrel (LVG) or drospirenone (DSP) treatme
followed by Bonferroni post hoc test. Values are expressed as mean ± SEM of 5 rats per gr

Fig. 3. Effect of ethinylestradiol with levonorgestrel (LVG) or drospirenone (DSP)
t
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reatment on platelet:lymphocyte ratio (PLR). Data were analyzed by one-way
NOVA followed by Bonferroni post hoc test. Values are expressed as mean ± SEM
f  5 rats per group (*p < 0.05 vs CON).

.3. Effects of LVG and DSP on plasma and cardiac PAI-1 and

SK-3

LVG treatment led to significant increase in plasma and cardiac
lasminogen activator inhibitor-1 (PAI-1) compared with the con-

ig. 4. Effect of ethinylestradiol with levonorgestrel (LVG) or drospirenone (DSP) treatm
ollowed by Bonferroni post hoc test. Values are expressed as mean ± SEM of 5 rats per gr
nt on plasma (A) and cardiac (B) uric acid. Data were analyzed by one-way ANOVA
oup (*p < 0.05 vs CON).

trol. DSP had no effect on the cardiac and plasma PAI-1 (Fig. 4a
& b). Glycogen synthase kinase-3 (GSK3) was  significantly raised
in the cardiac and plasma of the group treated with LVG and DSP
compared with CON (Fig. 5a & b).

4. Discussion

The results of the present study demonstrate that combined
oral contraceptives (COCs) containing ethinylestradiol and lev-
onorgestrel (LVG) caused an increase in visceral adiposity level
which was  accompanied by alteration in some hematological
indices, elevated PLR, together with plasma and cardiac uric acid
(UA), PAI-1 and GSK-3 levels. However, use of COC  containing
ethinylestradiol and drospirenone (DSP) did not affect these param-
eters except plasma and cardiac GSK-3.

Oral contraception remains one of the most effective reversible
contraceptive methods commonly used worldwide by over 100
million women [3]. The adverse contribution of COC to the patho-
genesis of cardiometabolic disorders remains unresolved despite
reduction in the ethinylestradiol dosage and recently, change in
progestin type [5]. However, the pathophysiological role of hype-

ruricemia, high cardiac PAI-1 and GSK-3 levels in cardiometabolic
disorder and the fact that these can be induced by the use of COC
calls for a COC with lesser negative effect to be used as this holds
great clinical and public health relevance.

ent on plasma (A) and cardiac (B) PAI-1. Data were analyzed by one-way ANOVA
oup (*p < 0.05 vs CON).
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ig. 5. Effect of ethinylestradiol with levonorgestrel (LVG) or drospirenone (DSP) t
ollowed by Bonferroni post hoc test. Values are expressed as mean ± SEM of 5 rats 

Visceral fat accumulation is a located upstream of metabolic
yndrome/disorders [23]. The result of this study shows that DSP
as a positive effect on the visceral adiposity as against LVG. More
o, hyperuricemia has been considered a factor that frequently
ccompanies metabolic disorder [18] and in fact a causal risk factor
or atherothrombotic cardiovascular disease (CVD) such as myocar-
ial infarction, hypertension, preeclampsia, and stroke [19,24,25].
SP did not alter the uric acid level as against LVG which resulted in
yperuricemia both in the cardiac tissue and plasma. This further
hows the effectiveness of DSP over LVG. This is in consonance with

 recent study [22] in which antiandrogenic COC has no effect on
VD risk factors. A possible mechanism could be that DSP com-
onent of the COC mimics endogenous progesterone which can
ttenuate the vascular effects of ethinylestradiol component and
an therefore block the effect [7].

Hemogram an easily available and inexpensive test that pro-
ides important data regarding the quantitative and qualitative
roperties of various blood cells has been shown to be important

n CVD [26]. Platelets (PLTs) are reported to be important in CVD
isk factors [27,28]. However, despite all these conditions, CV occur-
ences in relation to PLT count has not been detailed and conclusive
29,30]. Thus, PLT counts has emerge as another potentially useful

arker of CVD risk. Lymphocytes (LYMs) have been shown to play
 broader role in the modulation of the inflammatory response at
ach phase of the atherosclerotic process [31]. Lymphopenia has
een considered a worse prognosis of systemic stress and other
VD risk factors [32] in experimental [33] and clinical [34] stud-

es. LVG led to a decrease and increase respectively in LYM and PLT
ount respectively whereas opposite effects were observed in the
SP treated group, further emphasizing the positive effect of DSP
ompared with LVG.

In our study, LVG led to an increase in PLT/LYM ratio. The inter-
ctions between PLTs and LYMs have been found to be one of
he main pathophysiologic mechanisms involved in the develop-

ent of atherothrombotic events [35,36]. Because the PLT/LYM is a
atio, it is relatively more stable than individual blood parameters
hat can be altered by several variables like dehydration, over-
ydration and blood specimen handling. More so, the advantage
f the ratio could be that it reflects the condition of both aggrega-
ion and inflammatory pathways, and it may  be more valuable than
ither PLT or LYM count alone in the prediction of various inflam-
atory diseases including CVD [37,38]. Hence, PLT/LYM ratio is a

athophysiologic mechanism for the development of thrombogen-

sis [35]. PLT/LYM ratio in DSP treated group was comparable with
he control.

Reports exist that elevated GSK-3 can cause CVD risk factors
39] and its inhibition can reduce the risks [40]. Since its discovery
ent on plasma (A) and cardiac (B) GSK-3. Data were analyzed by one-way ANOVA
oup (*p < 0.05 vs CON).

over three decades ago, GSK-3 has been implicated in the regula-
tion of many additional biological processes apart from glycogen
metabolism. Most of the diseases and/or disorders linked to CVD
have a common denominator; GSK-3 [41,42]. It regulates sev-
eral physiologic processes and their dysregulation are proposed
to be involved in the pathogenesis of numerous diseases [42].
The potential role of GSK-3 in diseases has led to the proposal
that therapeutic target of GSK-3 is beneficial and relevant [43],
hence, cardiac or plasma GSK-3 is a strong mediator of CVD [44].
Additionally, increased plasma PAI-1 is suggested to represent
a risk factor for CVD [16,17]. The myocardium is a key insulin-
responsive tissue and is thus particularly vulnerable to diabetic
glucose/insulin homeostatic shifts. Multiple studies have demon-
strated the central importance of PAI-1 as a profibrotic mediator in
cardiac and vascular tissues [45][41] as it also promotes clot for-
mation, thereby contributing to myocardial infarction, stroke, and
other atherothrombotic CVD events [46][42]. More so, numerous
studies have implicated dysregulation of GSK-3 in the pathogenesis
of IR, type 2 diabetes and myocardial diseases [12,13,43]. Increase in
circulating and cardiac PAI-1 and GSK-3 in LVG rats in this study are
consistent with previous studies that connected cardiac diseases
to elevated GSK-3 and PAI-1 [44,47–49]. LVG resulted in increased
level of cardiac and plasma PAI-1 and GSK-3 respectively. Whereas
DSP did not cause an increase in PAI-1, it did aggravate the cardiac
and plasma GSK-3.

In conclusion, the present study demonstrates that ethinylestra-
diol with levonorgestrel and not with drospirenone leads to
increase in cardiac and circulating PAI-1. The beneficial effects
of ethinylestradiol with drospirenone are however not associated
with plasma and cardiac GSK-3. Since the goal of this research was
limited to the parameters estimated, there is need to carry out fur-
ther studies on COC containing drospirenone with other types of
COC formulations in order to reach a conclusion on its real impact
on cardiac and vascular pathophysiology.

Acknowledgement

The authors appreciate the technical support of HOPE Car-
diometabolic Research Team, Ilorin, Nigeria.

References
[1] M.  Nichols, G. Robinson, W.  Bounds, B. Newman, J. Guillebaud, Effect of four
combined oral contraceptives on blood pressure in the pill-free interval,
Contraception 47 (1993) 367–376.

[2] C.L. Shufelt, C.N. Bairey, Contraceptive hormone use and cardiovascular
disease, J. Am.  Coll. Cardiol. 53 (2009) 221–231.

http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30042-2/sbref0010


ophysi

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

O.A. Adeyanju et al. / Path

[3] P.J.A. Hillard, Oral contraceptives and the management of
hyperandrogenism–polycystic ovary syndrome in adolescents, Endocrinol.
Metab. Clin. North Am.  34 (2005) 707–723.

[4] C. Le-Ha, L.J. Beilin, S. Burrows, R.C. Huang, W.H. Oddy, B. Hands, T.A. Mori,
Oral contraceptive use in girls and alcohol consumption in boys are associated
with increased blood pressure in late adolescence, Eur. J. Prev. Cardiol. 20
(2013) 947–955.

[5] L.A. Olatunji, T.E. Omolekulo, T.O. Usman, I. Kim, Improvement of oral
contraceptive-induced glucose dysregulation and dyslipidemia by valproic
acid is independent of circulating corticosterone, Arch. Physiol. Biochem. 122
(2016) 123–129.

[6] O.A. Adeyanju, O.S. Michael, A.O. Soladoye, L.A. Olatunji, Blockade of
mineralocorticoid receptor ameliorates oral contraceptive-induced insulin
resistance by suppressing elevated uric acid and glycogen synthase kinase-3
instead of circulating mineralocorticoid, Arch. Physiol. Biochem. https://doi.
org/10.1080/13813455.2018.1509220 (Epub ahead of print).

[7] W.  Oelkers, Drospirenone, a progestogen with antimineralocorticoid
properties: a short review, Mol. Cell. Endocrinol. 217 (2004) 255–261.

[8] W.B. White, B. Pitt, R.A. Preston, V. Hanes, Antihypertensive effects of
drospirenone with 17 beta-estradiol, a novel hormone treatment in
postmenopausal woman  with stage 1 hypertension, Circulation 112 (2005)
1979–1980.

[9] L. Manzoli, C.D. Vito, C. Marzuill, A. Boccia, P. Villari, Oral contraceptives and
venous thromboembolism, Drug Saf. 35 (2012) 191–205.

10] J.P. Baillargeon, D.K. McClish, P.A. Essah, J.E. Nestler, Association between the
current use of low-dose oral contraceptives and cardiovascular arterial
dis-ease: a meta-analysis, J. Clin. Endocrinol. Metab. 90 (2014) 3863–3870.

11] W.M.  Zhang, A.A. Depaoliroach, P.J. Roach, Mechanisms of multisite
phosphorylation and inactivation of rabbit muscle glycogen synthase, Arch.
Biochem. Biophys. 304 (1993) 219–225.

12] H. Eldar-Finkelman, S.A. Schreyer, M.M.  Shinohara, R.C. LeBoeuf, E.G. Krebs,
Increased glycogen synthase kinase-3 activity in diabetes- and obesity-prone
C57BL/6J mice, Diabetes 48 (1999) 1662–1666.

13] S.E. Nikoulina, T.P. Ciaraldi, S. Mudaliar, P. Mohideen, L. Carter, R.R. Henry,
Potential role of glycogen synthase kinase-3 in skeletal muscle insulin
resistance of type 2 diabetes, Diabetes 49 (2000) 263–271.

14] E. Zorio, J. Gilabert-Estelles, F. Espana, L.A. Ramon, R. Cosin, A. Estelles,
Fibrinolysis: the key to new pathogenic mechanisms, Curr. Med. Chem. 15
(2008) 923–929.

15] Z. Xu, F.J. Castellino, V.A. Ploplis, Plasminogen activator inhibitor-1 (PAI-1) is
cardioprotective in mice by maintaining microvascular integrity and cardiac
architecture, Blood 115 (2010) 2038–2047.

16] P.M. Ridker, Plasma concentration of endogenous tissue plasminogen
activator and the occurrence of future cardiovascular events, J. Thromb.
Thrombolysis 1 (1994) 35–40.

17] I. Diebold, D. Kraicun, S. Bonello, A. Gorlach, The ‘PAI-1 paradox’ in vascular
remodeling, Thromb. Haemost. 100 (2008) 984–991.

18] F. Facchini, Y.D.I. Chen, C.B. Hollenbeck, G.M. Reaven, Relationship between
resistance to insulin-mediated glucose uptake, urinary uric acid clearance,
and plasma uric acid concentration, JAMA 266 (1991) 3008–3011.

19] P. Verdecchia, G. Schillaci, G. Reboldi, F. Santeusanio, C. Porcellati, P. Brunetti,
Relation between serum uric acid and risk of cardiovascular disease in
essential hypertension: the PIUMA study, Hypertension 36 (2000) 1072–1078.

20] C. Batukan, I.I. Muderris, Efficacy of a new oral contraceptive containing
drospirenone and ethinylestradiol in the long-term treatment of hirsutism,
Fertil. Steril. 85 (2006) 436–440.

21] F. Fruzzetti, D. Perini, V. Lazzarini, D. Parrini, M.  Gambacciani, A.R. Genazzani,
Comparison of effects of 3 mg  drospirenone plus 20 mg  ethinyl estradiol
alone or combined with metformin or cyproterone acetate on classic
metabolic cardiovascular risk factors in nonobese women  with polycystic
ovary syndrome, Fertil. Steril. 94 (2010) 1793–1798.

22] M.G. Nisenbaum, N.R. Melo, C.R. Giribela, et al., Effects of a contraceptive
containing drospirenone and ethinyl estradiol on blood pressure and
autonomic tone: a prospective controlled clinical trial, Eur. J. Obstet. Gynecol.
Reprod. Biol. 175 (2014) 62–66.

23] Y. Matsuzawa, T. Funahashi, S. Kihara, I. Shimomura, Adiponectin and
metabolic syndrome, Arterioscler. Thromb. Vasc. Biol. 24 (2004) 29–33.

24] J.M. Roberts, L.M. Bodnar, K.Y. Lain, C.A. Hubel, N. Markovic, R.B. Ness, R.W.
Powers, Uric acid is as important as proteinuria in identifying fetal risk in
women  with gestational hypertension, Hypertension 46 (2005) 1263–1269.

25] D.J. Schretlen, A.B. Inscore, T.D. Vannorsdall, M. Kraut, G.D. Pearlson, B.
Gordon, H.A. Jinnah, Serum uric acid and brain ischemia in normal elderly
adults, Neurology 69 (2007) 1418–1423.
26] M.J. Van Rooy, E. Pretorius, Metabolic syndrome, platelet activation and the
development of transient ischemic attack or thromboembolic stroke, Thromb.
Res. 135 (2015) 434–442.

27] E. Nikolsky, C.L. Grines, D.A. Cox, E. Garcia, J.E. Tcheng, M.  Sadeghi, R. Mehran,
A.J. Lansky, Y. Na, G.W. Stone, Impact of baseline platelet count in patients

[

ology 26 (2019) 227–231 231

undergoing primary percutaneous coronary intervention in acute myocardial
infarction (from the CADILLAC trial), Am. J. Cardiol. 99 (2007) 1055–1061.

28] A. Kurtul, M.  Yarlioglues, S.N. Murat, G. Ergun, M.  Duran, H.A. Kasapkara, M.B.
Demircelik, M.  Cetin, A.H. Ocek, Usefulness of the platelet-to-lymphocyte
ratio in predicting angiographic reflow after primary percutaneous coronary
intervention in patients with acute ST-segment elevation myocardial
infarction, Am. J. Cardiol. 114 (2014) 342–347.

29] T.W. Meade, J.A. Cooper, G.J. Miller, Platelet counts and aggregation measures
in the incidence of ischaemic heart disease (IHD), Thromb. Haemost. 78
(1997) 926–929.

30] N.A. Zakai, R. Katz, N.S. Jenny, B.M. Psaty, A.P. Reiner, S. Schwartz, M.
Cushman, Inflammation and hemostasis biomarkers and cardiovascular risk
in  the elderly: the Cardiovascular Health Study, J. Thromb. Haemost. 5 (2007)
1128–1135.

31] V. Bodi, J. Sanchis, J. Nunez, L. Mainar, G. Minana, I. Benet, C. Solano, F.J.
Chorro, A. Llacer, Uncontrolled immune response in acute myocardial
infarction: unraveling the thread, Am. Heart J. 156 (2008) 1065–1073.
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