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Abstract

Low-dose aspirin, which selectively inhibits thromboxane synthesis, is now standard of care for 

the prevention of preeclampsia in at risk women, but some women still develop preeclampsia 

despite an aspirin regimen. To explore the “aspirin failures”, we undertook a comprehensive 

evaluation of placental lipids to determine if abnormalities in non-aspirin sensitive lipids might 

help explain why some women on low-dose aspirin develop preeclampsia. We studied placentas 

from women with normal pregnancies and women with preeclampsia. Placental villous explants 

were cultured and media analyzed by mass spectrometry for aspirin-sensitive and non-aspirin-

sensitive lipids. In women who developed severe preeclampsia and delivered preterm, there were 

Terms of use and reuse: academic research for non-commercial purposes, see here for full terms. http://www.springer.com/gb/open-
access/authors-rights/aam-terms-v1

Corresponding Author: Scott W. Walsh, Ph.D., Virginia Commonwealth University Medical Center, Department of Obstetrics and 
Gynecology, P.O. Box 980034, Richmond, VA 23298-0034, (804) 828-1772 - Work, (804) 828-0573 - Fax scott.walsh@vcuhealth.org. 

Appendix A. Supplemental Data

All eicosanoid and sphingolipid data for normal pregnancy, mild preeclampsia and severe preeclampsia are presented in the 
Supplemental Figures.

Conflict of interest: The authors declared they have no conflict of interest.

Ethical approval: All procedures performed in studies involving human participants were in accordance with the ethical standards of 
the Office of Research Subjects Protection of Virginia Commonwealth University (HM20005160) and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Publisher's Disclaimer: This Author Accepted Manuscript is a PDF file of a an unedited peer-reviewed manuscript that has been 
accepted for publication but has not been copyedited or corrected. The official version of record that is published in the journal is kept 
up to date and so may therefore differ from this version.

HHS Public Access
Author manuscript
Reprod Sci. Author manuscript; available in PMC 2021 December 01.

Published in final edited form as:
Reprod Sci. 2020 December ; 27(12): 2158–2169. doi:10.1007/s43032-020-00234-2.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.springer.com/gb/open-access/authors-rights/aam-terms-v1
http://www.springer.com/gb/open-access/authors-rights/aam-terms-v1


significant elevations in non-aspirin-sensitive lipids with biologic actions that could cause 

preeclampsia. There were significant increases in 15- and 20-hydroxyeicosantetraenoic acids and 

sphingolipids: D-e-C18:0 ceramide, D-e-C18:0 sphingomyelin, D-e-sphingosine-1-phosphate and 

D-e-sphinganine-1-phosphate. With regard to lipids sensitive to aspirin, there was no difference in 

placental production of thromboxane or prostacyclin, but prostaglandins were lower. There was no 

difference for isoprostanes, but surprisingly, anti-inflammatory omega 3 and 6 PUFAs were 

increased. In total, 10 of 30 eicosanoids and 5 of 42 sphingolipids were abnormal in women with 

severe early onset preeclampsia. Lipid changes in women with mild preeclampsia who delivered at 

term were of lesser magnitude with few significant differences. Conclusions: 1) The placenta 

produces many aspirin-sensitive and non-aspirin-sensitive lipids; 2) Abnormalities in eicosanoids 

and sphingolipids not sensitive to aspirin might explain why some aspirin- treated women develop 

preeclampsia.
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Introduction

The first clinical trial of low-dose aspirin to prevent preeclampsia was published in 1986 by 

Wallenburg et al [1]. It was based on the finding of increased thromboxane and decreased 

prostacyclin production by placentas of women with preeclampsia [2]. At the time, low-dose 

aspirin was being used to prevent recurrent myocardial infarction and other thrombotic 

events based on its ability to selectively inhibit platelet thromboxane synthesis without 

affecting endothelial prostacyclin synthesis [3–6]. With the discovery that there was an 

imbalance between thromboxane and prostacyclin in preeclampsia, it was reasonable to 

evaluate if aspirin would be effective for preeclampsia prevention. A plethora of clinical 

trials followed with varying degrees of effectiveness. However, when meta-analyses were 

performed, it was evident that in almost all trials of low-dose aspirin, the incidence of 

preeclampsia decreased [7–10]. Low-dose aspirin is now the standard of care to prevent 

preeclampsia in at risk women [11–13].

Although low-dose aspirin reduces the risk of preeclampsia, some women on low-dose 

aspirin still develop the disorder. To explore the biochemical phenotype of aspirin failures, 

we undertook a comprehensive evaluation of placental lipids in women with normal 

pregnancy and women who developed preeclampsia on low-dose aspirin therapy. We were 

most interested in severe preeclampsia with premature delivery because it is clinically most 

significant with regard to morbidity and the mortality of the mother and baby. We evaluated 

cyclooxygenase eicosanoids that would be affected by aspirin and non-cyclooxygenase 

eicosanoids and sphingolipids that would not be affected by aspirin. We tested the 

hypothesis that abnormalities in non-aspirin-sensitive lipids might help explain why some 

women on low-dose aspirin therapy develop preeclampsia.
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Materials and Methods

Study Subjects

As part of the NICHD Human Placenta Project we recruited pregnant women from our 

obstetrics clinics at MCV Hospitals, Virginia Commonwealth University Medical Center. 

We collected placentas after delivery from women who had normal pregnancies and women 

who developed preeclampsia. Women at risk for preeclampsia were prescribed 81 mg of 

aspirin per day as standard of care according to the guidelines of the American College of 

Obstetrics and Gynecology [11, 12]. Preeclampsia risk factors for our patients included: 

history of preeclampsia, chronic hypertension and pre-gestational diabetes. Patients were 

contacted by phone following their pregnancy to assess their compliance. Subjects were 

divided into four groups: 1) Women who had normal pregnancies with no risk factors and 

were not prescribed aspirin (NP, n = 35); 2) women who had normal pregnancies with risk 

factors and were prescribed aspirin (NP ASA, n = 14); 3) women who had risk factors, were 

prescribed aspirin and developed mild preeclampsia at term (MPE ASA, n = 12); 4) women 

who had risk factors, were prescribed aspirin and developed severe preeclampsia at < 37 

weeks’ gestation (SPE ASA, n = 13). Preeclamptic patients had blood pressures of ≥140/90 

mm Hg on 2 occasions at least 4 hours apart after 20 weeks’ gestation and proteinuria (≥0.3 

gm/24 hours or protein/creatinine ratio ≥0.3). Normal pregnant patients had maternal blood 

pressures ≤110/70 mm Hg, no proteinuria and no other complications. The Office of 

Research Subjects Protection of Virginia Commonwealth University approved this study 

(HM20005160). All subjects gave informed consent, and the procedures followed were in 

accordance with institutional guidelines.

Placental Explant Culture

Placentae were collected at delivery and processed as previously described and validated 

[14, 15]. Cell viability is greater than 95%, cell morphology and integrity are intact, the 

tissue is metabolically active and synthesizes proteins [14, 15]. Placental villous tissue was 

collected from various cotyledons excluding chorionic and basal plates and washed 

repeatedly with phosphate buffered saline to remove blood. Tissues were minced and 

cultured (500 mg) under sterile conditions in 5 ml of Medium 199 in 6- well 35 mm 

polystyrene tissue culture plates for 48 hours in an incubator at 37° C, 5% CO2. Media and 

cell pellets were collected after 48 hours and frozen at −80° C until analysis.

Analysis of Eicosanoids and Sphingolipids by UPLC ESI-MS/MS

Placental explant media were extracted and analyzed for eicosanoids as previously described 

[16, 17] and for sphingolipids using a modified Bligh Dyer Extraction as previously 

described [18, 17, 19]. Each sample was spiked with 1.5 pmol/μl of eicosanoid standards 

(Cayman Chemical, Ann Arbor, MI) or 250 pmol of sphingolipid standards (Avanti Polar 

Lipids, Alabaster, AL). Eicosanoids and sphingolipids were separated using a Shimadzu 

Nexera X2 LC-30AD coupled to a SIL-30AC auto injector, coupled to a DGU-20A5R 

degassing unit. A reversed phase LC method utilizing an Acentis Express C18 column 

(50mm x 2.1mm, 2.7μm) was used to separate eicosanoids from sphingolipids. Eicosanoids 

and sphingolipids were analyzed by mass spectrometry using an AB Sciex Triple Quad 5500 

Mass Spectrometer.
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Data Analysis

Demographic data are presented as means ± SD and experiment data are presented as box 

and whisker plots with error bars representing the 5 and 95 % confidence limits. Data were 

analyzed for significance by one-way ANOVA with the Kruskal-Wallis test and Dunn’s 

multiple comparisons test using a statistical software program (Prism 4, GraphPad software, 

San Diego, CA). Outlier analysis was performed using ROUT with Q = 0.5%. A p value of < 

0.05 was considered statistically significant. Radar graphs for % changes in preeclamptic 

eicosanoids and sphingolipids as compared to normal pregnancy were created using 

Microsoft Excel for Mac (Version 16).

Results

Study Subjects

Demographic information for the study subjects is shown in Table 1. Most of the study 

subjects were overweight or obese. Blood pressures were significantly higher for 

preeclamptic patients. Gestational age at birth and infant birth weight were significantly 

lower for patients with severe preeclampsia. There were 36 patients with risk factors for 

preeclampsia who were prescribed aspirin. We were able to contact 32 patients by phone, 21 

reported compliance with aspirin therapy (66%) and 11 reported noncompliance (34%). We 

were not able to contact 4 patients. Of those patients reporting compliance with aspirin, 12 

began at ≤ 16 weeks’ gestation. Three of the patients who developed mild preeclampsia did 

not have risk factors and were not prescribed aspirin.

Sphingolipids

Sphingolipids are major constituents of the cell membranes involved in cell signaling. They 

are not metabolites of cyclooxygenase, and so, are not affected by aspirin. The placenta 

produced 42 sphingolipids, 5 of which were abnormal in women with severe preeclampsia. 

All sphingolipids that were abnormal in women with severe preeclampsia were significantly 

increased as compared to women with normal pregnancy who did not have risk factors for 

preeclampsia, but not as compared to women with normal pregnancy or mild preeclampsia 

who had risk factors for preeclampsia. Abnormal sphingolipids included the major C:18 

sphingolipids: D-e-C18:0 ceramide, D-e-C18:0 sphingomyelin, D-e-sphingosine-1-phosphate 

(S1P), and D-e-sphinganine-1-phosphate (Fig. 1). Data for all 42 sphingolipids are given in 

the Supplemental Figures.

Eicosanoids

The placental explants produced 30 eicosanoids in the following classes: prostaglandins 

(PGs), thromboxanes (TX), isoprostanes (8-iso PGF2a, 5-iPF2a), hydroxyeicosatetraenoic 

acids (HETEs), leukotrienes (LTs), lipoxins, resolvins, epoxyeicosatrienoic acids (EETs), 

dihydroxyeicosatrienoic acids (DHETs), omega-3 and omega-6 polyunsaturated fatty acids 

(PUFAs, eicosapentaenoic acid, EPA and docosahexaenoic acid, DHA), dihomo-gamma-

linolenic acid (DHGLA) and arachidonic acid (AA). A total of 10 were abnormal in women 

with severe preeclampsia. Data for all 30 eicosanoids are given in the Supplemental Figures.
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Lipoxygenase metabolites

Figure 2 shows placental production of the HETEs, which are lipoxygenase metabolites of 

arachidonic acid, and therefore, not affected by aspirin. The placental produced 5- HETE, 

12-HETE, 15-HETE and 20-HETE. 15-HETE and 20-HETE were significantly increased in 

women with severe preeclampsia as compared to women with normal pregnancies who did 

not have risk factors for preeclampsia, but not as compared to women with normal 

pregnancies or mild preeclampsia who had risk factors.

Anti-inflammatory eicosanoids

The placenta produced three DHETs, two EETs, two resolvins and one lipoxin. Only two 

were altered. 11,12 DHET and 14,15 DHET were significantly increased in women with 

severe preeclampsia as compared to women with normal pregnancies who did not have risk 

factors (Fig. 3). Placental production of resolvins and lipoxins was very low or non-

detectable.

Cyclooxygenase metabolites

Thromboxane, prostacyclin and prostaglandins are cyclooxygenase metabolites of 

arachidonic acid, and so subject to effects of aspirin. There were no differences among 

groups for 6-keto PGF1α or TXB2. PGE1, PGE2 and PGF2α were significantly lower for 

severe preeclampsia as compared to normal pregnancy without aspirin and PGE1 and PGF2α 
were also significantly lower for normal pregnancy with aspirin as compared to normal 

pregnancy without aspirin (Fig. 4). Prostaglandin levels were not lower for mild 

preeclampsia, but three of these women were not prescribed aspirin because they did not 

have risk factors for preeclampsia.

Isoprostanes

The placenta produced two isoprostanes. There were no significant differences in the 

placental production rates of 8-iso PGF2α or 5-iPF2α among groups (Fig. 4).

Dietary anti-inflammatory PUFAs

Figure 5 shows the results for dietary anti-inflammatory PUFAs. EPA, DHA and DHGLA 

were significantly elevated in women with severe preeclampsia as compared to women with 

normal pregnancies not on aspirin.

Leukotrienes

Placental production of leukotrienes was very low or non-detectable and there were no 

significant differences among groups.

Eicosanoid and sphingolipid fingerprints

Figure 6 shows radar graphs of the % changes for selected eicosanoids and sphingolipids in 

women with SPE as compared to women with NP or women with MPE. Percent changes in 

women with MPE followed the same pattern as for those of SPE women, but the % changes 

were not as great.
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Discussion

Low-dose aspirin reduces the risk of preeclampsia, but it does not prevent the disease in all 

women. Our results may explain why. In the women who developed severe preeclampsia and 

delivered preterm, there were significant elevations in non-aspirin sensitive sphingolipids 

and HETEs with biologic actions that could cause preeclamptic symptoms. Elevations in 

these non-cyclooxygenase lipids could explain why these women developed preeclampsia 

despite aspirin therapy.

Sphingolipids are long-chain fatty acids that contain a backbone of sphingosine. They 

include sphingomyelin, ceramide, sphingosine and sphingosine-1-phosphate. Sphingolipids 

are bioactive lipids involved in inflammatory signaling pathways and implicated in 

cardiovascular disease [20–25]. Sphingolipids would not be affected by low-dose aspirin 

therapy. All sphingolipids that were abnormal in severe preeclampsia were significantly 

elevated as compared to normal pregnancy, including the major C:18 forms. D-e-C18:0 

ceramide, D-e-C18:0 sphingomyelin, D-e-sphingosine-1-phosphate (S1P), and D-e-

sphinganine-1-phosphate were increased 2-fold to over 5-fold as compared to placentas of 

normal pregnant women.

Abnormal placental sphingolipid production may contribute to a number of preeclamptic 

problems. Ceramide induces apoptosis and so may contribute to placental apoptosis [26], 

whereas S1P inhibits extravillous trophoblast migration [27], and so may contribute to 

failure of extravillous trophoblast to effectively erode the spiral arteries in preeclampsia. S1P 

is also involved in inflammation, angiogenesis, vascular permeability and immune response. 

S1P is an intracellular second messenger, but it is also a blood borne lipid mediator, and as 

such has extracellular actions by binding to S1P receptors. Placental secretion of S1P could 

be responsible for abnormalities in the maternal circulation. Very little information is 

available for sphingolipids in pregnancy, but maternal levels of ceramide and S1P have been 

reported to be elevated in preeclampsia and linked to a placental source [28, 29].

The placenta produced four HETEs, two of which, 15-HETE and 20-HETE, were 

significantly elevated in women delivering preterm with severe preeclampsia. Both of these 

HETEs cause inflammation [30–37] and placental pathologic features of preterm 

preeclampsia are consistent with chronic inflammation [38]. In addition to inflammation, 20-

HETE promotes hypertension, vasoconstriction and vascular dysfunction [37, 35, 36]. Our 

finding of increased placental production of 20-HETE confirms a recent report [39]. 

Intrauterine production of 20-HETE by the placenta could contribute to reduced uterine 

blood flow and placental vasoconstriction in preeclampsia, whereas placental release into the 

maternal circulation could contribute to maternal hypertension. In this regard, 20-HETE is 

not only a vasoconstrictor, but it also enhances vascular reactivity to angiotensin II.

Sphingolipids and HETEs for women with severe preeclampsia were not significantly higher 

than for women with normal pregnancies or mild preeclampsia who had risk factors for 

preeclampsia and were prescribed aspirin, but this may not be surprising because the women 

receiving aspirin are not really normal. They are receiving aspirin because they have 

conditions associated with inflammation and oxidative stress that put them at risk, but they 
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do not develop severe preeclampsia perhaps because their inflammatory lipids are not 

elevated sufficiently to cause severe symptoms.

There were alterations in the placental metabolism of other eicosanoids that would not be 

affected by aspirin. 11,12 DHET and 14,15 DHET were significantly increased in severe 

preeclampsia as compared to normal pregnancy. These DHETs are also increased in the 

urine of preeclamptic women [40]. DHETs have anti-inflammatory actions [41,42] so these 

may be compensatory increases to counteract inflammation.

Thromboxane, prostacyclin and prostaglandins are cyclooxygenase metabolites, and 

therefore, aspirin-sensitive lipids. Prior to the use of low-dose aspirin, numerous 

investigators reported that thromboxane is increased and prostacyclin is decreased in 

placentas of women with preeclampsia by measuring production rates, tissue levels and the 

expression and activity of enzymes involved in their synthesis [43–49, 2, 50–52]. We did not 

find this in the present study. There was no difference in the placental production rate for 

either thromboxane or prostacyclin between women with normal pregnancies and women 

with preeclampsia. It is possible maternal aspirin corrected the placental imbalance 

previously reported because, as in the maternal circulation, thromboxane and prostacyclin 

are compartmentalized to different cell types. Thromboxane is produced by the trophoblast 

cells on the maternal side, whereas prostacyclin is produced by the endothelial cells on the 

fetal side [14, 53, 54]. Since only 34% of aspirin crosses from the maternal to the fetal side, 

it is possible for maternal ingestion of aspirin to selectively inhibit thromboxane, while 

sparing prostacyclin [55–57].

The placenta produced two isoprostanes, both of which have been shown to be increased in 

placentas of preeclamptic women [58, 59]. We found no difference in placental production 

of either 8-isoprostane or 5-isoprostane for women with normal pregnancies or women with 

preeclampsia. Low-dose aspirin might have attenuated the generation of isoprostanes 

indirectly because cyclooxygenase generates reactive oxygen species [60]. Therefore, 

inhibition of cyclooxygenase could have removed the source of free radicals to generate 

isoprostanes from arachidonic acid. This idea is consistent with previous reports that low-

dose aspirin inhibits lipid peroxides along with thromboxane in the maternal circulation and 

in the placenta [55–57, 61].

Surprisingly, anti-inflammatory dietary omega-3 and omega-6 PUFAs, EPA, DHA and 

DHGLA, were elevated in women with severe preeclampsia on low-dose aspirin. All of 

these contain three double bonds, so they are highly susceptible to oxidation. The inhibition 

of cyclooxygenase might have spared their oxidation by decreasing the generation of 

reactive oxygen species, although other factors are probably involved. EPA and DHA are 

metabolized to prostaglandins of the 3-series and DHGLA to prostaglandins of the 1-series. 

Prostaglandins of the 1- and 3- series are not biologically active, except for PGI3. Prior to 

aspirin use, low levels of maternal omega-3 PUFAs were reported to be associated with 

development of preeclampsia [62].

A visual representation or fingerprint of these placental lipid changes is shown by plotting 

the data as radar graphs, which show the % changes of the preeclamptic patients from 
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normal pregnant patients (Fig. 6). It is evident that cyclooxygenase metabolites for 

preeclamptic women on the right-hand side of the eicosanoid plot are lower or not different 

from normal pregnancy. Also evident are the fold increases of the HETEs and sphingolipids, 

especially S1P, on the left-hand sides of the plots for preeclamptic women. The changes for 

mild preeclampsia were similar to those for severe preeclampsia, but of less magnitude and 

with few significant differences.

The failure of low-dose aspirin to prevent preeclampsia in our study could be related to 

several factors. A dose of 81 mg/day may have been sufficient in the 1980s when the first 

clinical trials were started, but since then the United States and other countries have 

experienced an obesity epidemic. Most of our study subjects were overweight or obese. 

Recent meta-analysis studies have suggested that doses higher than 81 mg are more effective 

[63–66]. Meta-analysis studies have also shown that aspirin is more effective when begun ≤ 

16 weeks’ gestation [8, 64, 9]. Only 57% of our patients who reported taking aspirin began 

at ≤ 16 weeks. Whether a woman is compliant in taking her aspirin every day is another 

important factor. Only 66% of our patients reported being compliant. Regardless of the 

reason for aspirin failure, our study provides a biological explanation related to significant 

increases in non-aspirin-sensitive lipids with biological actions that can cause clinical 

symptoms of preeclampsia.

In summary, we conducted a comprehensive analysis of aspirin-sensitive and non-aspirin -

sensitive lipids produced by the placenta to explore why some women on low-dose aspirin 

therapy develop preeclampsia. We conclude that elevations in placental eicosanoids and 

sphingolipids not affected by aspirin, but that have biologic actions that can cause 

preeclampsia, may explain why some women on low-dose aspirin therapy develop 

preeclampsia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig.1. 
Increases in sphingolipids related to the development of preeclampsia. Placental production 

of sphingolipids would not be affected by low-dose aspirin therapy. D-e-C18:0 ceramide, D-

e-C18:0 sphingomyelin, D-e-sphingosine-1-phosphate (S1P), and D-e- sphinganine-1-

phosphate were significantly increased in SPE ASA as compared to NP. There were no 

differences among NP, NP ASA and MPE ASA for any of the sphingolipids. (*P < 0.05; NP 

- normal pregnancy without aspirin and no risk factors; NP ASA - normal pregnancy with 

risk factors and aspirin; MPE ASA - mild preeclampsia with risk factors and aspirin; SPE 

ASA - severe preeclampsia with risk factors and aspirin)
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Fig.2. 
Increases in HETEs related to the development of preeclampsia. Placental production of 

lipoxygenase metabolites would not be affected by low-dose aspirin. There were no 

differences for 5-HETE or 12-HETE among groups and there were no differences among 

NP, NP ASA and MPE ASA for 15-HETE and 20-HETE, however 15-HETE and 20-HETE 

were significantly increased in women with SPE ASA as compared to women with NP. (*P 

< 0.05; ** P < 0.01, HETE, hydroxyeicosatetraenoic acid)
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Fig.3. 
Alterations in placental metabolism of eicosanoids with anti-inflammatory properties. 11, 12 

DHET and 14, 15 DHET were significantly increased in women with SPE ASA as 

compared to NP. There were no significant differences among NP, NP ASA and MPE ASA 

for DHETs. (*P < 0.05; DHET, dihydroxyeicosatrienoic acids)
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Fig.4. 
Placental production of cyclooxygenase metabolites and isoprostanes. Cyclooxygenase 

metabolites are aspirin-sensitive lipids. There were no differences among groups for 6-keto 

PGF1a, TXB2, 8-iso PGF2a or 5-iPF2a. PGE1, PGE2 and PGF2a were significantly lower 

than NP for SPE ASA and PGE1 and PGF2a were significantly lower than NP for NP ASA 

as well. (*P < 0.05; TXB2, thromboxane B2; 6- keto PGF1a, 6-keto prostaglandin F1a; 8-iso 

PGF2a, 8-isoprostane; 5-iPF2a, 5- isoprostane; PGE1, prostaglandin E1; PGE2, 

prostaglandin E2; PGF2a, prostaglandin F2α)
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Fig.5. 
Anti-inflammatory omega-3 and omega-6 PUFAs in the placenta. There were no significant 

differences among NP, NP ASA and MPE ASA for EPA, DHA or DHGLA, however the 

SPE ASA group was significantly higher than NP for all three PUFAs. There were no 

significant differences for arachidonic acid. (*P < 0.05; EPA, eicosapentaenoic acid; DHA, 

docosahexaenoic acid; DHGLA, dihomo-gamma-linolenic acid)
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Fig.6. 
Radar graphs showing percent changes of selected eicosanoids and sphingolipids in women 

with SPE (red long dashed line) as compared to women with normal pregnancies (blue inner 

circle solid line) and women with MPE (green short dashed line). Women with MPE showed 

changes similar to SPE, but the changes were not as great. PE (tan medium dashed line) is 

the average of SPE and MPE. Prostaglandins and thromboxane on the right-hand side of the 

eicosanoid plot for PE patients were less than or no different than NP, whereas HETEs, EPA, 

DHA and DHGLA on the left-hand side were greater than NP. All sphingolipids that were 
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abnormal in SPE were significantly elevated as compared to normal pregnancy. Placental 

S1P, which would be secreted into the maternal circulation, was over 5-fold higher for SPE 

than NP. (PE, preeclampsia; MPE, mild preeclampsia; SPE, severe preeclampsia; NP, normal 

pregnancy; 6-keto PGF1α, 6-keto prostaglandin F1α; 8-iso PGF2α, 8-isoprostane; TXB2, 

thromboxane B2; PGE2, prostaglandin E2; PGF2a, prostaglandin F2a; PGE1, prostaglandin 

E1; PGA2, prostaglandin A2; DHET, dihydroxyeicosatrienoic acids; HETE, 

hydroxyeicosatetraenoic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; 

DHGLA, dihomo-gamma-linolenic acid; S1P, sphingosine-1-phosphate)
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Table 1:

Clinical Characteristics of Study Subject Groups

Variable NP
n = 35

NP ASA
n = 14

MPEASA
n = 12

SPE ASA
n = 13

Maternal age (years) 27.4 ± 5.3 28.6 ± 4.7 30.0 ± 8.8 29.7 ± 4.3

Pre-pregnancy BMI (kg/m2) 29.1 ± 6.6 32.2 ± 12 28.4 ± 5.7 36.4 ± 15.4

BMI at sample collection (kg/m2) 34.6 ± 7.0 36.5 ± 9.9 33.9 ± 5.8 41.3 ± 15.0

Systolic blood pressure (mmHg) 121 ± 12 129 ± 13 151 ± 19*** 154 ± 18***

Diastolic blood pressure (mmHg) 73 ± 11 81 ± 10 92 ± 8*** 98 ± 9***

Proteinuria (mg/24 h) ND 3.1 214 ±305 636 ± 784

Protein/creatinine Ratio ND 0.1 0.6 ± 0.4 2.6 ± 3.5

Primigravida 7 - 2 4

Multigravida 28 14 10 9

Race

 White 11 4 1 3

 Black 20 9 6 8

 Hispanic 2 1 5 2

 Other 2 - - -

Delivery method

 Vaginal 24 8 7 6

 C-section 11 6 5 7

Gestational age (weeks) 38.6 ± 1.5 37.7 ± 1.8 38.0 ± 1.6 32.9 ± 3.7****

Infant birth weight (grams) 3243 ± 479 3019 ± 580 2757 ± 1038 1822 ± 854***

Values are means ± SD

***
p < 0.001

****
p < 0.0001 compared to other groups

NP, normal pregnancy without aspirin and no risk factors; NP ASA, normal pregnancy with risk factors and aspirin; MPE ASA, mild preeclampsia 
with risk factors and aspirin; SPE ASA, severe preeclampsia with risk factors and aspirin; BMI, body mass index; ND, not determined
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