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Summary

Aspirin supplemented with quercetin was reported to enhance
the therapeutic effects of aspirin in a rat model of preeclampsia.
In this study, the underlying mechanisms were further explored.
Preeclampsia was induced by L-NAME (50 mg/kg/day) via oral
(GD)14 to GD19.
(1.5 mg/kg/day) administration was performed using aspirin
mixed with rodent dough from GDO to GD19. The administration
of quercetin (2 mg/kg/day) was performed by intraperitoneal

gavage from gestation day Aspirin

infusion from GDO to GD19. Protein levels were evaluated using
ELISA or Western blot, and microRNA (miRNA) level was
evaluated by RT-PCR. Aspirin supplemented with quercetin
ameliorated the increase of systolic blood pressure (SBP),
proteinuria, tumor necrosis factor-a (TNF-a) and interleukin-6
(IL-6)
preeclampsia rats. Aspirin supplemented with quercetin inhibited

levels, and improved the pregnancy outcomes in
miR-155 expression in preeclampsia rats. The decreased miR-155
level in placenta further increased the protein level of SOCS1 and
inhibited the phosphorylation of p65. In this study, we

demonstrated that aspirin supplemented with quercetin

enhanced the effects of aspirin for the treatment of

preeclampsia.
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Introduction

Preeclampsia manifests as hypertension first
detected after 20 weeks of gestation and may progress to
eclampsia [1]. Preeclampsia may cause severe damage to
multiple organ functions and adverse maternal and perinatal
outcomes [2]. The prevalence rate of preeclampsia in the
world is 3-10 % [3], and in China is about 2-6 % [4]. The
serious complications of preeclampsia include eclampsia,
stroke,
myocardial ischemia/infarction, acute kidney injury, liver

pulmonary edema, malignant hypertension,
failure, and stillbirth, which are serious threats to maternal
and fetal health [5]. Early-onset severe preeclampsia causes
medically induced preterm birth [6]. Although there has
been significant clinical progress in the diagnosis and
treatment of preeclampsia, the most fundamental treatment
for disease remission is still termination of pregnancy [7].
Therefore, it is important to prevent the occurrence of
preeclampsia for the health of both mother and child.

Among the measures to prevent preeclampsia, the
application of low-dose aspirin is considered effective and
recommended [8]. Thromboxane A2 (TXAZ2) is a powerful
inducer of platelet aggregation. Aspirin decreases the
production of TXA2 in platelets and thus resists platelet
at high
concentrations, aspirin also reduces the synthesis of

aggregation and thrombosis [9]. However,
prostacyclin 12 (PGI2), a physiological antagonist of
TXA2, and its reduced synthesis may promote thrombosis
[10]. Small doses of aspirin (50-150 mg/d) can effectively
inhibit the synthesis of TXA2 in platelets without affecting
the synthesis of PGI2 in the vascular wall, so that the
TXA2/PGI2 balance tends to be dominated by PGI2,
thereby inhibiting platelet activity, preventing microthrom-
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bosis, and improving local blood circulation [11].

Quercetin is a bioflavonoid with antioxidant
ability. It has been proven that the supplement of quercetin
enhances the therapeutic effects against preeclampsia [12].
In the uterus of preeclampsia rats induced by L-NAME,
quercetin together with aspirin decreases vascular
endothelial growth factor (VEGF) and soluble fms-like
tyrosine kinase-1 (sFlt-1) mRNA levels [13]. Compared
with aspirin alone, quercetin together with aspirin
enhanced the therapeutic effects of aspirin in preeclampsia
rat model [13]. In this study, we investigated the molecular
mechanisms underlying the effects of aspirin supplemented
with quercetin in preeclampsia rats.

Methods

Animals

Female Sprague-Dawley rats (8-10 weeks old,
weighing 210-250 g) were housed under humidity
50-60 %, 22-24°C, and
illumination between 06:00 am and 06:00 pm. All rats

laboratory  temperature
had free access to food and tap water. During the sexual
excitement periods, every two female rats were copulated
with one weight-matched male rat, and a positive vaginal
smear for sperm was defined as day 0 of pregnancy
(gestation day 0, GDO). Pregnant Sprague-Dawley rats
were randomly divided into the control group
(no L-NAME treatment, n=10), the L-NAME group
(L-NAME treatment, n=10), the L-NAME + Asp (Asp)
group (L-NAME and aspirin treatment, n=10), the
L-NAME + Que group (L-NAME and quercetin
treatment, n=10), or the L-NAME + Que + Asp group
(L-NAME, quercetin, and aspirin treatment, n=10).

Preeclampsia was inducted by L-NAME
(50 mg/kg/day) (N5751, Sigma, MO, USA) from GD14 to
GD19 via oral gavage. Low-dose aspirin (1.5 mg/kg/day)
administration was performed using aspirin mixed with
rodent dough (Bio-Serv, NJ, USA) from GDO to GDI19.
Quercetin was first dissolved in DMSO to prepare a store
solution, then diluted with saline solution before injection.
The control group was treated with a vehicle. The
administration of quercetin (2 mg/kg/day) (PHR1488,
Sigma, MO, USA) was performed by intraperitoneal
injection from GDO to GD19. Serum and placental tissue
samples were collected on GD20. Animal studies were
approved by the Cangzhou Central Hospital.

Proteinuria and blood pressure
Female rat systolic blood pressure (SBP) was
detected by noninvasive tail-cuff method using the BP-6

noninvasive blood-pressure detector (Bi-Equip, Shanghai,
China) on GD20. Before measuring blood pressure, rats
were fixed and preheated for 5min to 38 °C, and
3 measurements were for averaging. The rats were
housed in metabolism cages on GD19, and 24 h later,
urine was collected. The level of was evaluated through
Coomassie brilliant blue kit (A045-2-1, Jiancheng,
Nanjing, China).

ELISA

Interleukin-6 (IL-6) and tumor necrosis factor-o
(TNF-a) in serum and placental samples were detected
through ELISA kits (R6000B, RTAO00, Bio-Rad, CA,
USA). Samples were store at -80 °C.

MicroRNA (miRNA) sequencing

Total RNA was isolated by TRIzol (Invitrogen,
CA, USA). Libraries were produced by TruSeq small
RNA library prep kit (RS-200, Illumina, CA, USA).
These RNA samples were barcoded by ligation with
unique adaptor sequences. RNA samples were reverse
transcribed, polymerase chain reaction amplified, and
size selected using gel electrophoresis. Illumina NextSeq
500 high-output kit and Illumina NextSeq 500 platform
were employed for sequencing.

Barcode and adaptor sequences in the raw
FASTQ files were removed. The data were analyzed
through miRDeep2 algorithm and statistical analysis was
performed by DESeq2 package in R. Sequencing results
were analyzed using the miRDeep2 program to identify
known microRNAs. Raw counts and corresponding
microRNAs underwent normalization and statistical
analysis. The median ratio method was used for
normalization and applies a generalized linear model for
differential
significance were calculated using a Wald test, corrected

expression.  Statistical  analysis  and
for multiple testing using the Benjamini and Hochberg

procedure.

Real-time (RT)-PCR

Trizol reagent (Invitrogen, CA, USA) was applied
to extract the total RNA from the tissues according to the
manufacturer's instructions. A reverse transcription kit
(Fermentas, St. Leon-Rot, Germany) was used for cDNA
synthesis by adding approximately 2 pg of RNA.
Quantitative analysis of various mRNA levels was
examined by SYBR-Green Master mix (Life Technologies,
Carlsbad, CA, USA). U6 was internal control.

miR-155 forward: CTTAATGCTAATCGTGAT-
AGGGGT, miR-155 reverse: CCAGTGCAGGGTCCGA-
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GGT, U6 forward: GCTTCGGCAGCACATATACTAA-
AAT, U6 reverse: CGCTTCACGAATTTGCGTGTCAT.

Western blot

Western blot was performed through standard
protocol. PB-actin was loading control. The relative
expression levels of protein were expressed as fold of
control group. Tissues were homogenized using lysis
buffer, followed by determining the concentration using
bicinchoninic acid kit. Total of 20 ug protein was
separated by SDS-PAGE and transferred to the
PVDF membranes. Then, the membranes were blocked
using 5 % non-fat milk for 90 min at room temperature.
The membranes were then incubated overnight at 4 °C
with primary antibodies. Antibodies used in this assay
included: anti-suppressors of cytokine signaling 1
(SOCS1) (ab62584; Abcam, MA, USA), anti-NF-«kB p65
(#47648; Cell Signaling Technology, MA, USA), p-p65
(Ser536) (#3031; Cell Signaling Technology), and anti-f3-
actin (ab8226; Abcam). Protein samples were store
at -80 °C. Three replications were carried out.

Statistical analysis

Statistical analysis was performed by SPSS
version 17.0. Data were expressed as mean + standard
deviation (SD) and analyzed using one-way ANOVA
followed with Tukey’s post hoc test, with p<0.05
considered significant.

Results

Aspirin supplemented with quercetin ameliorated the
increase of SBP and proteinuria in preeclampsia rats

In this research, preeclampsia was induced by
the administration of L-NAME from GD14 to GD19. The
administration of aspirin and quercetin was performed
from GDO to GD19 (Fig. 1a). Compared with rats in the
control group, rats with L-NAME treatment showed
significantly higher SBP (Fig. 1b). Rats in the L-NAME
+ Asp group and the L-NAME + Que group had lower
SBP than those in the L-NAME group (Fig. 1b). In the
L-NAME + Que + Asp group, the level of SBP was
significantly lower than in the other L-NAME-treated
groups (Fig. 1b). Meanwhile, the level of proteinuria
showed the same tendency in these groups (Fig. 1c¢).

Aspirin supplemented with quercetin attenuated the levels
of pro-inflammatory cytokines in preeclampsia rats

The levels of IL-6 and TNF-a in plasma or
placenta samples were evaluated by ELISA. In Figure 2a,

b, L-NAME significantly elevated IL-6 and TNF-a levels
in plasma. In the L-NAME + Asp group and the
L-NAME + Que group, IL-6 and TNF-a levels in plasma
were lower than in the L-NAME group (Fig. 2a, b). Rats
in the L-NAME + Que + Asp group had significantly
lower IL-6 and TNF-a levels than the other preeclampsia
rats (Fig.2a,b). IL-6 and TNF-a levels in placenta
showed the same tendency in these groups (Fig. 2c¢, d).
Aspirin  supplemented with quercetin improved the
pregnancy outcomes of preeclampsia rats

L-NAME significantly declined fetal survival
ratio, fetal weight, and the ratio of pups to placenta
weights (Fig. 3a, b, d). Rats in the L-NAME + Asp group
and the L-NAME + Que group had higher fetal survival
ratio and the ratio of pups to placenta weights than those
in the L-NAME group (Fig. 3a, d). In the L-NAME +
Que + Asp group, these pregnancy outcomes were
significantly higher than in the other L-NAME-treated
groups (Fig. 3a, b, d). There was no significant difference
of placenta weight between these groups (Fig. 3c¢).
Aspirin  supplemented with quercetin inhibited the
expression of miR-155 in preeclampsia rats

Statistical analysis of miRNA levels between
different groups was performed and displayed as a heat
map (Fig. 4a). Based on the heat map, the administration
of L-NAME significantly enhanced miR-155 expression
in placenta (Fig. 4a). In the L-NAME + Asp group and
the L-NAME + Que group, the levels of miR-155 were
lower than in the L-NAME group (Fig. 4a, b). Compared
with other preeclampsia rats, those in the L-NAME +
Que + Asp group had significantly lower level of
miR-155 in placenta (Fig. 4a, b).
Aspirin  supplemented — with  quercetin  decreased
inflammation in L-NAME-induced preeclampsia rats via
repression of miR-155/NF-«xB

In Figure 5a, miR-155 targets to the mRNA of
SOCSI1, enhances NF-kB activation, and induces TNF-o,
and IL-6 production. The administration of L-NAME
significantly decreased SOCSI level in placenta (Fig. 5b,
¢). When compared with the other preeclampsia rats, those
in the L-NAME + Que + Asp group had dramatically
elevated SOCSI protein level in placenta (Fig. 5b, c). The
phosphorylation of p65 was enhanced by L-NAME
(Fig. 5b, d). Aspirin supplemented with quercetin further
inhibited the phosphorylation of p65 when compared with
the administration of quercetin or aspirin alone (Fig. 5b, d).
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Fig. 1. Aspirin (Asp) supplemented with quercetin (Que) ameliorated the increase of SBP and proteinuria in L-NAME induced preeclampsia
rats. (@) The scheme of the animal experiment. N=10 rats per group. (b) SBP of each indicated group was measured non-invasively using
the tail-cuff method on GD20. (c) The proteinuria in each group was detected using CBB kits on GD20. Data were represented as
mean + SD. ANOVA was performed; * p<0.05; ** p<0.01; *** p<0.001 between the groups as indicated by the lines.
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Fig. 2. Aspirin (Asp) supplemented with quercetin (Que) attenuated the expression levels of pro-inflammatory cytokines in both plasma
and placenta of L-NAME induced preeclampsia rats. Plasma IL-6 (@) and TNF-a (b), placental IL-6 (c) and TNF-a (d) were measured in
different group on GD 20 by ELISA. Data were represented as mean + SD. N=10 rats per group. ANOVA was performed; * p<0.05;
**p<0.01; ***p<0.001 between the groups as indicated by the lines.
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Fig. 3. Aspirin (Asp) supplemented with quercetin (Que) improved the pregnancy outcomes of L-NAME induced preeclampsia rats. Fetal
survival ratio (a), fetal weight (b), weight of placenta (c), and the ratio of pups to placenta weights (d) were compared. Data were
represented as mean + SD. ANOVA was performed; * p<0.05; ** p<0.01; *** p<0.001 between the groups as indicated by the lines.
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Fig. 4. The differentially expressed miRNAs in the placenta. (a) Heat maps. Red represents high levels of expression and purple
represents low levels of expression. (b) The expression levels of miR-155 in the placenta were measured by qPCR. Data were
represented as mean + SD. N=3. ANOVA was performed; ** p<0.01; *** p<0.001 between the groups as indicated by the lines.
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Fig. 5. Aspirin (Asp) supplemented with quercetin (Que) ameliorates inflammation of L-NAME-induced preeclampsia rats via repression
of miR-155/NF-kB. (a) MiR-155 induced macrophage inflammation by targeting SOCS1, stimulated NF-kB activation, and induced the
production of TNF-a and IL-6. (b) The protein levels of SOCS1, p-p65, and p65 in the placenta were determined by Western blot.
B-actin was used as a loading control. The quantified relative band intensity was determined by Image] (c and d). Data are represented
as mean + SD. N=3. ANOVA was performed; * p<0.05; ** p<0.01; *** p<0.001 between the groups as indicated by the lines.

Discussion

Preeclampsia is a condition caused by hyper-
tensive disorders during pregnancy. It is a pregnancy-
specific disorder occurring after 20 weeks of gestation,
with proteinuria, hypertension, and other systemic
disorders as the main clinical manifestation [14].
Placental hypoxia and extensive damage to the vascular
endothelium may be the pathophysiological basis for the
pathogenesis of preeclampsia [15]. The mechanism of
preeclampsia development remains unclear. Therefore,
many studies have focused on the prediction and
pathogenesis of preeclampsia.

Altered coagulation is an important part of the
with
preeclampsia have a greater propensity for thrombosis

pathogenesis of preeclampsia, and patients
because of the relatively hypercoagulable state in which
normal pregnant women are [16]. This process involves
the activation of platelets. Aspirin is an antiplatelet drug
with antipyretic, analgesic, and anti-inflammatory effects
[17]. Aspirin is used for the prevention and treatment of
preeclampsia. Several studies have shown that the

prophylactic use of low-dose aspirin reduces

preeclampsia incidence in high-risk groups without
harming the perinatal infant [18,19]. It has been reported
that in LPS-induced preeclampsia-like rats, aspirin
assuaged LPS-induced proteinuria excretion and
hypertension and decreased levels of IL-6, IL-13, TNF-a,
and IFN-y in serum and placenta tissue that were elevated
by LPS [13]. In this study, preeclampsia was inducted by
L-NAME from GDI14 to GDI19 via oral gavage. In
L-NAME-induced preeclampsia rats, the administration
of aspirin had no significant influence on SBP,
proteinuria, or the expression levels of proinflammatory
cytokines in plasma and placenta.

Because pregnancy causes a mild systemic
inflammatory response, preeclampsia is strongly correlated
with excessive maternal systemic inflammatory response
[20]. Clinical studies have demonstrated that serum and
placental inflammatory cytokine levels are higher in
patients with preeclampsia [21]. Quercetin is a major
flavonoid, and its antioxidant capacity makes quercetin
apowerful free radical scavenger [22]. Quercetin has
various biological functions such as antioxidant, antiviral,
antiproliferative, antiallergic, antitumor, and anti-infla-

mmatory activities [23].
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It has been reported that quercetin could only
regulate proteinuria but not SBP in pre-eclampsia rat
model [13]. The effects of aspirin on the regulation of
SBP and proteinuria were both enhanced by quercetin
supplementation [13]. In this study, quercetin or aspirin
treatment alone had no significant effects on ameliorating
SBP and proteinuria in preeclampsia rats, but quercetin
supplement to aspirin ameliorated SBP and proteinuria.

In both serum and placenta from preeclampsia
rats, the upregulated levels of IL-6 and TNF-a were
declined by aspirin. Quercetin treatment in L-NAME-
induced preeclampsia rats only down-regulated the serum
IL-6 level, but serum TNF-a level and the placental levels
of IL-6 and TNF-a were not influenced [13]. In this
study, quercetin or aspirin treatment alone had no
significant influence on the levels of IL-6 and TNF-a in
both plasma and placenta of L-NAME
preeclampsia rats. When quercetin was supplied with

induced

aspirin together, the levels of IL-6 and TNF-a were
significantly downregulated in both serum and placental
tissues. Meanwhile, the supplement of quercetin to
aspirin also ameliorated the pregnancy outcomes for
preeclampsia rats.

The relationship between miRNAs and pregnancy
is gaining attention. Many miRNAs are fully expressed in
the placenta and plasma during pregnancy [24]. Studies on
pregnancy-related diseases have shown that miRNAs are
promising markers for the diagnosis of pregnancy-related
diseases [25]. Many research groups have attempted to
explain the development of preeclampsia by analyzing the
differences in miRNAs in the placenta of preeclampsia
patients and healthy women [26].

We also analyzed the expression of miRNAs in
the placenta of rats. Based on these results, miR-155 was
highly expressed in the placenta of L-NAME-induced
preeclampsia rats. miR-155 is an inflammation-associated
miRNA. miR-155 is
preeclampsia placentas [27]. There is a negative correlation

differentially —expressed in
between high miR-155 expression and low cysteine-rich

References

protein 61 (CYR61) expression in placentas with severe
preeclampsia [28]. CYR61 is an important angiogenic
factor in early pregnancy and induces the expression of
VEGF. Therefore, overexpression of miR-155 in the
placenta may be associated with preeclampsia through the
downregulation of CYR61 and thus VEGF levels [28].
Another research has proved that miR-155 targets the
mRNA of SOCSI1, stimulates NF-kB activation, and
induced the production of IL-6 and TNF-a [29].

We demonstrated that the
quercetin to aspirin declined the expression of miR-155

supplement of

in L-NAME-induced preeclampsia rats. The decreased
miR-155 level in placenta further increased the protein
level of SOCSI and inhibited the phosphorylation of p65.
Through this signaling pathway, the supplement of
quercetin to aspirin inhibited the excessive systemic
L-NAME-induced

inflammatory response in

preeclampsia rats.
Conclusions

In conclusion, we demonstrated that the aspirin
supplemented with quercetin showed the effects in the
therapy of preeclampsia in a rat model. Aspirin
supplemented with quercetin inhibited the expression of
miR-155 to suppress the excessive systemic inflam-

matory response in L-NAME-induced preeclampsia rats.

Conflict of Interest
There is no conflict of interest.

Acknowledgements
This work was funded by the internal departmental
funding.

Abbreviations

IL-6, interleukin-6; PE, Preeclampsia; Que, Quercetin;
SBP, systolic blood pressures; TNF-o, tumor necrosis
factor-a.

1. Shen M, Smith GN, Rodger M, White RR, Walker MC, Wen SW. Comparison of risk factors and

outcomes of  gestational
https://doi.org/10.1371/journal.pone.0175914

hypertension  and

pre-eclampsia.  PLoS  One  2017;12:e0175914.

2. Hooijschuur MCE, Ghossein-Doha C, Kroon AA, De Leeuw PW, Zandbergen AAM, Van Kuijk SMIJ,
Spaanderman MEA. Metabolic syndrome and pre-eclampsia. Ultrasound Obstet Gynecol 2019;54:64-71.

https://doi.org/10.1002/u0g.20126




44 Dingetal. Vol. 73

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Jeyabalan A. Epidemiology of preeclampsia: impact of obesity. Nutr Rev 2013;71(Suppl 1):S18-S25.
https://doi.org/10.1111/nure.12055

Yang Y, Le Ray I, Zhu J, Zhang J, Hua J, Reilly M. Preeclampsia Prevalence, Risk Factors,
and Pregnancy Outcomes in Sweden and China. JAMA Netw Open 2021;4:e218401.
https://doi.org/10.1001/jamanetworkopen.2021.8401

Ramos JGL, Sass N, Costa SHM. Preeclampsia. Rev Bras Ginecol Obstet 2017;39:496-512.
https://doi.org/10.1055/s-0037-1604471

Shen H, Zhao X, Li J, Chen Y, Liu Y, Wang Y, Liu X, Cheng W. Severe early-onset PE with or without FGR in
Chinese women. Placenta 2020;101:108-114. https://doi.org/10.1016/j.placenta.2020.09.009

van Esch JJA, van Heijst AF, de Haan AFJ, van der Heijden OWH. Early-onset preeclampsia is associated with
perinatal mortality and severe neonatal morbidity. J Matern Fetal Neonatal Med 2017;30:2789-2794.
https://doi.org/10.1080/14767058.2016.1263295

Atallah A, Lecarpentier E, Goffinet F, Doret-Dion M, Gaucherand P, Tsatsaris V. Aspirin for Prevention of
Preeclampsia. Drugs 2017;77:1819-1831. https://doi.org/10.1007/s40265-017-0823-0

Fontana P, Zufferey A, Daali Y, Reny JL. Antiplatelet therapy: targeting the TxA2 pathway. J Cardiovasc Transl
Res 2014;7:29-38. https://doi.org/10.1007/s12265-013-9529-1

Cavalca V, Rocca B, Squellerio I, Dragani A, Veglia F, Pagliaccia F, Porro B, ET AL. In vivo prostacyclin

biosynthesis and effects of different aspirin regimens in patients with essential thrombocythaemia.
Thromb Haemost 2014;112:118-127. https://doi.org/10.1160/TH13-10-0844

Sakata C, Kawasaki T, Kato Y, Abe M, Suzuki K, Ohmiya M, Funatsu T, ET AL. ASP6537, a novel highly
selective cyclooxygenase-1 inhibitor, exerts potent antithrombotic effect without "aspirin dilemma". Thromb Res
2013;132:56-62. https://doi.org/10.1016/j.thromres.2013.03.005

Li Q, Yin L, Si Y, Zhang C, Meng Y, Yang W. The bioflavonoid quercetin improves pathophysiology in a rat
model of preeclampsia. Biomed Pharmacother 2020;127:110122. https://doi.org/10.1016/j.biopha.2020.110122
Yang S, Song L, Shi X, Zhao N, Ma Y. Ameliorative effects of pre-eclampsia by quercetin supplement
to aspirin in a rat model induced by L-NAME. Biomed Pharmacother 2019;116:108969.
https://doi.org/10.1016/j.biopha.2019.108969

Bokslag A, van Weissenbruch M, Mol BW, de Groot CJ. Preeclampsia; short and long-term consequences for
mother and neonate. Early Hum Dev 2016;102:47-50. https://doi.org/10.1016/j.earlhumdev.2016.09.007

Rana S, Lemoine E, Granger JP, Karumanchi SA. Preeclampsia: Pathophysiology, Challenges, and Perspectives.
Circ Res 2019;124:1094-1112. https://doi.org/10.1161/CIRCRESAHA.118.313276

Shamshirsaz AA, Paidas M, Krikun G. Preeclampsia, hypoxia, thrombosis, and inflammation. J Pregnancy
2012;2012:374047. https://doi.org/10.1155/2012/374047

Knight M, Duley L, Henderson-Smart DJ, King JF. Antiplatelet agents for preventing and treating pre-eclampsia.
Cochrane Database Syst Rev 2000;(2):CD000492. https://doi.org/10.1002/14651858.CD000492

Coomarasamy A, Honest H, Papaioannou S, Gee H, Khan KS. Aspirin for prevention of preeclampsia

in women with historical risk factors: a systematic review. Obstet Gynecol 2003;101:1319-1332.
https://doi.org/10.1097/00006250-200306000-00030

Duley L, Meher S, Hunter KE, Seidler AL, Askie LM. Antiplatelet agents for preventing pre-eclampsia and its
complications. Cochrane Database Syst Rev 2019;2019:CD004659. https://doi.org/10.1002/14651858.CD004659.pub3
UstUn Y, Engin-UstUn Y, Ozkaplan E, Otlu B, Sait TekerekoGlu M. Association of Helicobacter
pylori infection with systemic inflammation in preeclampsia. J Matern Fetal Neonatal Med 2010;23:311-314.
https://doi.org/10.3109/14767050903121456

Szarka A, Rigo J Jr, Lazar L, Beko G, Molvarec A. Circulating cytokines, chemokines and adhesion molecules in

normal pregnancy and preeclampsia determined by multiplex suspension array. BMC Immunol 2010;11:59.
https://doi.org/10.1186/1471-2172-11-59

Bors W, Michel C, Saran M. Flavonoid antioxidants: rate constants for reactions with oxygen radicals.
Methods Enzymol 1994;234:420-429. https://doi.org/10.1016/0076-6879(94)34112-5




2024 Quercetin in Preeclampsia 45

23. Kleemann R, Verschuren L, Morrison M, Zadelaar S, van Erk MJ, Wielinga PY, Kooistra T. Anti-inflammatory,
anti-proliferative and anti-atherosclerotic effects of quercetin in human in vitro and in vivo models.
Atherosclerosis 2011;218:44-52. https://doi.org/10.1016/j.atherosclerosis.2011.04.023

24. Morales-Prieto DM, Ospina-Prieto S, Chaiwangyen W, Schoenleben M, Markert UR. Pregnancy-associated
miRNA-clusters. J Reprod Immunol 2013;97:51-61. https://doi.org/10.1016/1.jri.2012.11.001

25. Karin-Kujundzic V, Sola IM, Predavec N, Potkonjak A, Somen E, Mioc P, Serman A, ET AL. Novel Epigenetic
Biomarkers in Pregnancy-Related Disorders and Cancers. Cells 2019;8:1459 https://doi.org/10.3390/cells8111459

26. Lv Y, Lu C, Ji X, Miao Z, Long W, Ding H, Lv M. Roles of microRNAs in preeclampsia. J Cell Physiol
2019;234:1052-1061. https://doi.org/10.1002/jcp.27291

27. Pineles BL, Romero R, Montenegro D, Tarca AL, Han YM, Kim YM, Draghici S, ET AL. Distinct
subsets of microRNAs are expressed differentially in the human placentas of patients with preeclampsia.
Am J Obstet Gynecol 2007;196:261e1-e6. https://doi.org/10.1016/j.aj02.2007.01.008

28. Zhang Y, Diao Z, Su L, Sun H, Li R, Cui H, Hu Y. MicroRNA-155 contributes to preeclampsia by down-
regulating CYR61. Am J Obstet Gynecol 2010;202:466¢e1-e7. https://doi.org/10.1016/j.aj02.2010.01.057

29. Jiang K, Yang J, Guo S, Zhao G, Wu H, Deng G. Peripheral Circulating Exosome-Mediated Delivery
of miR-155 as a Novel Mechanism for Acute Lung Inflammation. Mol Ther 2019;27:1758-1771.
https://doi.org/10.1016/j.ymthe.2019.07.003





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



