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INTRODUCTION 

Normal pregnancy and pregnancy complications 
Normal development of a pregnancy depends on several physiological proc-
esses such as implantation and development of the functional placenta, 
which is a prerequisite for normal development of the foetus. Oxidative 
stress, processes of angiogenesis and inflammation are important for normal 
pregnancy but can also jeopardize the development of a pregnancy when 
outside the normal range. In pregnancies complicated by preeclampsia (PE), 
a multi-system disease characterized by placental dysfunction, acute renal 
failure, cerebral oedema, cerebral haemorrhage, seizures (eclampsia), coagu-
lopathy and liver injury (1), normal physiological processes seem to be de-
ranged. PE has been termed the “disease of theories” (2), reflecting the con-
fusion that surrounds its causes and pathophysiology. PE can not be reliably 
prevented or reversed once it is established except by delivery, which re-
moves the cause – namely, the placenta. The pathophysiology of PE is not 
completely understood but knowledge has increased in recent years. Oxida-
tive stress and inflammation are presumed to be implicated in PE. Before 
conclusions can be drawn concerning oxidative stress, defect in angiogenesis 
and inflammation in PE and other pregnancy-related conditions, such as 
intrauterine growth restriction (IUGR) and prematurity, their roles in normal 
pregnancy should be elucidated. 

Physiology in normal pregnancy  
Vascular development occurs through vasculogenesis and angiogenesis (3-
4). Vasculogenesis is the process of blood vessel generation from angioblast 
precursor cells while angiogenesis is the process of neovascularisation from 
preexisting blood vessels. The human placenta undergoes extensive vascu-
logenesis and angiogenesis during development (5). Fundamental steps nec-
essary for successful placentation in normal pregnancy include:  
a) trophoblast invasion of the decidua; b) vascularisation of the trophoblast 
to establish and maintain a fetoplacental vasculature ; and c) remodelling of 
the maternal spiral arteries by the trophoblast, enabling uteroplacental circu-
lation that permits adequate maternal-foetal exchange. 

During embryonic development, the blastocyst separates into two cell 
populations: an outer cell layer termed trophoectoderm that gives rise to 
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extra-embryonic trophoblasts, and an inner cell mass destined to form the 
embryo. Extra-embryonic mesenchyme gives rise to cores that differentiate 
and grow into the centre of the cytotrophoblast cores. The cells differentiate 
into endothelial cells, forming the first capillaries of the foetal placental vas-
culature approximately 21-22 days post conception. This event further de-
velops and most villi show the presence of capillary structures on day 32 
post-conception (5). The proliferative trophoblasts then invade the entire 
endometrium, the inner third of the myometrium and the maternal circula-
tion. Hypoxia regulates and stimulates the cytotrophoblast to proliferation. 
As cytotrophoblasts are exposed to increasing oxygen tension they exit the 
cell cycle, differentiate and invade the uterus (6). The cytotrophoblastic 
cones then penetrate into the syncytiotrophoblastic mass and lacunae de-
velop which eventually become the intervillous spaces where the foetal-
maternal exchange of oxygen and nutrients occurs. Further differentiation 
and growth leads to branching of the trophoblast villi and shaping of the 
placental vessel network. 

The formation of adequate maternal-placental circulation requires remod-
elling of the maternal blood vessels, the spiral arteries (Fig. 1 A). In mid-late 
first trimester the cytotrophoblasts invade deep into the endometrium and the 
inner part of the myometrium. When cytotrophoblasts invade the spiral arter-
ies they replace endothelial cells. During this process the cytotrophoblasts 
convert from an epithelial to an endothelial phenotype, referred to as pseu-
dovascularization (7). In addition the cytotrophoblasts also invade and re-
model the highly muscular tunica media of the spiral arterioles and transform 
the high-resistance vessels into larger low-resistance capacitance vessels by 
destruction of the elastic muscular tissue (8). This provides sufficient blood 
supply for placenta and foetus at low blood pressure (9). The mechanisms 
underlying these changes remain unknown. The oxygen tension might be 
one of the major regulators (6). Furthermore, cells of the innate immune 
system, such as decidual natural killer (NK)-cells and activated macrophages 
have also been postulated to play a role in this vascular remodelling (10-11). 
During normal pregnancy, these immune cells appear to facilitate placenta-
tion by secreting cytokines and angiogenic factors that promote the infiltra-
tion of the spiral arteries by invasive trophoblast (12). Receptors (KIRs) on 
NK cells interact with specific trophoblast cell markers and this interaction 
may influence the trophoblast invasion (12). NK cells play an important role 
in the decidua, where they are a prominent part of a decidual inflammatory 
response. This local inflammation is an important feature of normal placen-
tation and occurs in early pregnancy. Invasive cytotrophoblasts express sev-
eral angiogenic factors, including VEGF-A, PlGF and also their soluble re-
ceptor VEGFR-1(sFlt1) (13). sFlt1 neutralises the angiogenic activities of 
VEGF and PlGF. VEGF-A is an important survival factor for endothelium, 
and systemic inhibition would thus cause generalised endothelial dysfunc-
tion (14). 
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Figure 1A) During normal placentation endovascular cytotrophoblast cells replace 
the endothelium of spiral arteries and invade the media, resulting in destruction of 
the medial elastic, muscular and neural tissue thereby leading to an increased blood 
supply to the growing placenta. 1B) During abnormal placentation, the first stage of 
pre-eclampsia, the endovascular cytotrophoblast cell invasion is restricted and the 
blood supply to the growing foetus is limited. NK= natural killer. From Redman & 
Sargent SCIENCE 308: 1592-1594 (10 June 2005). Reprinted with permission from 
AAAS. 

From post-conception day 32 until the end of the first trimester, the endothe-
lial tube segments formed by vasculogenesis in the placental villi are trans-
formed into primitive capillary networks by the balanced interaction of elon-
gation of preexisting tubes by non-branching angiogenesis and ramification 
of these tubes by lateral sprouting (sprouting angiogenesis). Within weeks 
they establish thin media- and adventitia-like structures by fibrosis in the 
surrounding stroma. These vessels are forerunners of the villous arteries and 
veins. By the 22nd week of gestation, this process is more or less complete 
(11). After this gestational week the vascular growth switches from branch-
ing angiogenesis to non-branching. At the same time a relative reduction of 
trophoblast proliferation is seen and the increase of endothelial proliferation 
along the entire length of the villous structure results in non-sprouting an-
giogenesis. These capillary loops grow, resulting in coiling, and bulge to-
wards the trophoblastic surface, contributing to formation of the terminal 
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villi. Each of the terminal villi is supplied by one or two capillary coils and 
is covered by a thin layer of trophoblast, the vasculosyncytial membrane. 
This is the site of diffusional exchange of gases between mother and foetus. 

Endothelial cells are positioned at the interface between circulating blood 
and vascular smooth muscle or the extravascular space where they occupy a 
surface area of more than 1000 m2. These cells are able to secrete a variety 
of signalling molecules directly into the circulation, providing access to 
every cell in the body (15). In turn, endothelial cells are themselves targets 
for cellular and soluble constituents (e.g. cytokines, lipoproteins, platelets, 
leucocytes, antibodies, angiogenic factors and others). Endothelial cells 
modulate vascular tone, coagulation, permeability, and the targeting of im-
mune cells. Under normal, physiological conditions the endothelium main-
tains homeostatic balance. Vascular tone is controlled by vasoconstrictors 
(e.g., endothelin and thromboxane A2) and vasodilators (e.g. nitic oxide, 
prostacyclin and endothelial hyperpolarizing factors). Hemostasis is main-
tained through the balance between the procoagulant and anticoagulant 
status and vascular permeability is controlled by endothelial tight junctions. 

Normal pregnancy is known to evoke a systemic inflammatory response 
and endothelium is an integral part of the inflammatory network. The endo-
thelium activates leukocytes and vice versa, and cytokines act as the com-
munication signal in this interaction (16). Increased levels of the circulating 
cytokines IL-6 (17) and TNF-α (18) have been noted in pregnancy compared 
to non-pregnancy. The cytokines influence vascular tone and vasopermeabil-
ity. In addition, they stimulate the formation of cyclooxygenase (COX)-
mediated products, such as prostaglandin E2 and prostaglandin F2α (PGE2, 
PGF2α), in various cell types (19), and they induce the synthesis of PTX3 
(20), a protein important for the innate immunity and reproduction (21). 
PGF2α has mainly vasoconstrictive and pro-inflammatory properties (22) and 
prostaglandins are presumed to be regulators in inflammatory reactions (23-
24). However, the role of COX-catalyzed PGF2α in normal human pregnancy 
is relatively unknown, although higher levels of PGF2α have been noted in 
pregnant than in non-pregnant women (25). It is also evident that the classi-
cal acute phase reactant C-reactive protein (CRP) is modestly elevated in 
pregnancy (26-27), as is its origin protein family PTX3. During pregnancy, 
there is regulation of the innate immune responses to prevent the rejection of 
the foetal allograft. Several factors, including PTX3, are involved in this 
interaction and part of these interactions results in the induction of a local 
inflammatory response and a state of systemic inflammation. Data on the 
role of PTX3 in normal pregnancy are scarce. Inflammatory factors play an 
important role in the development of normal pregnancy and they interact 
with oxidative stress (28-30) as well as angiogenesis (28, 31). In this regard, 
it is evident that oxidative stress and chronic inflammation are inter-related 
and perhaps an inseparable process (30).  
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Pathophysiology of preeclampsia 
In 1939 E W Page formulated the concept that placental perfusion was re-
duced in PE (32). Evidence for this came originally from clinical findings. 
During the 1970s the association between poor placentation and PE was 
established (8). PE, a leading cause of maternal and perinatal mortality, is 
more than hypertension during pregnancy (33). The syndrome involves 
many organs and there is extensive evidence of endothelial activation (34). 
Thus, implantation is abnormal in women with PE, and disorders that would 
be predicted to reduce placental perfusion because of associated microvascu-
lar disease or intervillous thrombosis, such as diabetes, hypertension, or 
thrombophilia, increase the risk to develop PE. Similarly, disorders associ-
ated with large placentas (multiple gestation and hydatidiform moles) also 
increase the risk of preeclampsia, probably as a result of a relative decrease 
in placental perfusion (33). Moreover, there is more to PE than abnormal 
implantation and reduced placental perfusion. A concept of preeclampsia as 
a 2-stage disorder has been suggested (35). The first stage is reduced placen-
tal perfusion due to abnormal implantation. The second stage is a maternal 
response to the reduced placental perfusion causing the maternal syndrome 
and the typical clinical findings. The maternal and systemic inflammatory 
response is influenced by maternal constitutional factors. The disease consti-
tutes a spectrum that includes “maternal” and “placental” PE. In placental 
PE, there is an abnormal placenta in a normal woman. In maternal PE there 
is a normal placenta within a woman who suffer from chronic systemic in-
flammation, such as cardiovascular disease, obesity or diabetes (36). An 
interesting observation is that these factors are identical to those that increase 
the risk of atherosclerosis in later life. Other pregnancy complications, such 
as IUGR (9) or pregnancies that result in preterm birth (37), are also associ-
ated with abnormal implantation. 

The first stage 
In the preclinical stage of PE, the endovascular cytotrophoblast invasion is 
restricted, resulting in impaired arterial remodelling, referred to as “shallow 
placentation” (8, 11) (Fig. 1 B). The etiology of shallow placentation is un-
known, but impaired maternal-foetal immune adaptation could be a main 
cause (38) as well as placental oxygen tension and hypoxia due to relative 
placental ischemia (6). This is postulated to induce endothelial activa-
tion/damage that further triggers the release of soluble factors into the sys-
temic circulation involved in oxidative stress, angiogenesis and inflamma-
tion. Several factors in the circulation (e.g., neutrophils, xanthine oxidase, 
extracellular haemoglobin and cytokines) induce oxygen free radicals that 
react with endothelial cells. This raises the possibility of free radical-
dependent vascular dysfunction at sites distant from the primary source or 
insult. As a consequence of endothelial cell dysfunction, the perfusion of 
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many organs including the placenta, is reduced. This, in turn, could lead to a 
progression for further endothelial cell dysfunction thereby accelerating the 
symptoms of preeclampsia until the placenta has been removed.  

The second stage 
The clinical findings of PE appear to arise from a generalised systemic in-
flammatory response, of which the oxidatively stressed placenta and endo-
thelial dysfunction are clear components (34, 39). The endothelial dysfunc-
tion gives rise to vasospasm due to a decrease in production and activity of 
vasodilator prostaglandins, especially prostacyclin and nitric oxide, but also 
by causing an increased sensitivity to pressor agents (40-41). Endothelial 
dysfunction is also thought to activate the coagulation cascade, with forma-
tion of occlusive microthrombi and a loss of fluid from the intravascular 
space (42). The components mentioned above can contribute to reduced 
perfusion, which is seen in virtually any organ (uterus included) in women 
with PE (43). In the kidney, endothelial damage results in proteinuria and 
produces the characteristic pathological lesion glomerular endotheliosis (44), 
which is characterised by generalised swelling and vacuolisation of the en-
dothelial cells. Although once considered pathognomonic for PE, recent 
studies have shown that mild glomerular endotheliosis may also occur in a 
significant percentage of normal pregnancies at term, but is more severe in 
PE (45). 

The linkage between the two stages     
The first stage in the 2-stage model is completed before the 20th week and 
prior to the appearance of clinical signs. As a result of the first stage, leading 
to reduced uterine perfusion, the placenta becomes more hypoxic. The fac-
tors released from the hypoxic placenta alter the balance in the maternal 
circulation and can thereby cause the clinical features of PE. These factors 
act as the linkage between the two stages and oxidative stress seems to be 
involved in the process (46-47). The identity of the “X- factor” has been 
elusive. Several factors have been studied including components from the 
injured placenta and the foetus, such as foetal DNA (48-49), fragments of 
syncytiotrophoblastic microvillous membranes (STBM) (50), Foetal hemo-
globin (HbF) and alpha-1-microglobulin (A1M) (51-53) and the anti-
angiogenic factor sFlt1 (54). It has been proposed that the abnormal placen-
tation has to interact with maternal constitutional factors to result in the syn-
drome of PE (55). Healthy pregnancy is in itself a state of systemic inflam-
mation (56). According to this, it may be said that PE is not a separate entity, 
but the extreme end of a range of maternal systemic inflammatory responses 
to pregnancy. PE develops when the systemic inflammatory process causes 
decompensation of one or several maternal systems (56).  
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Oxidative stress 

Oxidative stress is a state of severe imbalance between increased formation 
of free radicals such as reactive oxygen species (ROS) or reactive nitrogen 
species (RNS), and the antioxidant defence systems in the body. Free radical 
production generally occurs continuously in all cells as part of their normal 
physiological function. Oxidative strain, defined as “mild disturbance in the 
prooxidants-antioxidants balance in favour of the former, thus leading to a 
potential benefit either by a general physiological reaction and/or a specific 
function to the body” (57), is a physiological state in normal processes such 
as uncomplicated pregnancy. Free radical-mediated lipid peroxidation occurs 
when polyunsaturated fatty acids with one or two double bonds, which are 
more susceptible to oxidation due to their instability, react with oxygen. The 
free radical is a molecule that exists independently and contains one or more 
unpaired electrons (marked with •, Fig. 2). Examples of free radicals are    
O2 • – (superoxide radical), and • OH (hydroxyl radical) (Fig. 2). Because of 
the unpaired electrons, free radicals are extremely reactive and react in-
stantly with different biological molecules including lipids, DNA and pro-
tein. During the process free radicals react with long-chain polyunsaturated 
fatty acids and this may result in several rapid chain reactions. In this thesis 
the term oxidative stress refers to oxidative modification of lipids.  

 
Figure 2. Reactive oxygen radicals (ROS).  

Superoxide anion radicals are the most common type of ROS (58) and hy-
droxyl radicals and nitric oxide radicals are other rather common examples. 
Some ROS, e.g. hydroxyl ions and peroxynitrite, do not have unpaired elec-
trons, but nevertheless act as radicals. ROS are able to modify macromole-
cules, including lipids, proteins and nucleic acids, and endothelial-cell acti-
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vation can be evoked through many pathways (59). Free radicals increase 
during pregnancy and placental mitochondria are the major source of ROS 
production (58). 

Estimation of oxidative stress  
Several assays are available to estimate lipid peroxidation and oxidative 
damage to lipids which includes conjugated dienes, thiobarbituric acid-
reactive substances (TBARS), malondialdehyde (MDA) and hydroperoxides. 
However, most of them are suitable for quantification of oxidative stress in 
vitro rather than in vivo.  In this study we have analyzed 8-iso-PGF2α, a ma-
jor F2-isoprostane, in vivo. 

Isoprostanes  
In 1990, Morrow and Roberts discovered the isoprostanes. F2-isoprostane 
later became a reliable indicator of free radical mediated lipid peroxidation 
in vivo (60-62). Isoprostanes belong to a family of prostaglandin derivatives 
that are mainly formed by peroxidation of arachidonic acid catalysed by free 
radicals (63) (Fig. 3).  

Unlike primary prostaglandins, isoprostanes do not require COX for their 
biosynthesis. Another difference from primary prostaglandins is that iso-
prostanes are formed in situ, esterified to phospholipids, and released in the 
free acid form mainly by phospholipases. When free radicals react with ara-
chidonic acid four PGG2-like endoperoxide intermediates are formed which 
are further reduced to four different chemically stable F2-isoprostane regioi-
somers. These are named 5-, 8-, 12- or 15-series F2-isoprostanes depending 
on the location of the hydroxyl-group (64). Each regioisomer includes eight 
diastereomers, and thus 64 different F2-isoprostanes can be generated.  

8-Iso-PGF2α is one major 15-series F2-isoprostane. This isoprostane pos-
sesses biological effects in vivo, including vasoconstriction, endothelium 
derangement and platelet activation (61, 65). These effects may possibly be 
mediated by interaction with the TXA2 receptor. 8-Iso-PGF2α in humans is 
metabolized by 15-prostaglandin dehydrogenase (15-PGDH) to 15-keto-8-
iso-PGF2α and further by Δ13-reductase to 15-keto-dihydro-8-iso-PGF2α. 15-
keto-dihydro-8-iso-PGF2α is finally metabolized by β-oxidation to 2,3-dinor-
5,6-dihydro-8-iso-PGF2α or 2,3-dinor-8-iso-PGF2α with a half-life of 4-16 
min depending on species (66-67). 
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Figure 3. Cascade of eicosanoids formed from arachidonic acid. Figure by J. 
Helmersson-Karlqvist 

The dinor-metabolites are excreted in the human urine and the parent com-
pound 8-iso-PGF2α is also excreted in the urine when formed in excess. Free 
or total (free and esterified) 8-iso-PGF2α can be quantified with different 
techniques including gas chromatography-mass spectrometry (GC-MS), 
liquid chromatography (LC)-MS, enzyme immunoassay and radioimmuno-
assay (61). Immunoassays are particularly suitable for large cohort studies. 
A specific and validated radioimmunoassay developed by Basu has been 
used in this thesis (68). In pregnant Japanese women, F2-isoprostane levels 
are significantly increased in late pregnancy compared to non-pregnancy 
(25). Further, lipid-adjusted α- and γ-tocopherol levels, which act as antioxi-
dants, showed a significant decrease in mid- to late-stage pregnancy com-
pared to non-pregnancy. Other studies have also described involvement of 
oxidative stress in normal pregnancy, but few have followed women 
throughout pregnancy and none have studied a consistent in vivo biomarker 
of oxidative stress, such as F2-isoprostanes (69-71). In addition, the use of 
F2-isoprostanes as an indicator of oxidative stress in vivo in different clinical 
conditions and experimental settings in humans requires knowledge of how 
this indicator varies during pregnancy in healthy women. Studies that deal 
with these issues are surprisingly rare compared to the number of studies that 
use F2-isoprostanes as an indicator of oxidative stress in complicated preg-
nancies.  



 20 

Collection of samples for estimation 
8-Iso-PGF2α can be quantified in several body fluids and tissues to describe 
lipid peroxidation. 8-Iso-PGF2α exists in a free and a phospholipid bound 
state in the blood and placental tissue, but in its free acid form only in urine 
(72). Results from studies of 8-iso-PGF2α concentrations in the placenta, 
blood and urine in pregnant women remain contradictory (25, 73-77). Both 
plasma and urine measurement are believed to accurately show the systemic 
level of 8-iso-PGF2α (61, 64, 78). To detect acute changes in 8-iso-PGF2α 
formation, as in an acute oxidative injury during an experimental or inter-
vention study, a frequent sampling, preferably of plasma, is required due to 
the rapid formation, metabolism and excretion of the compound. In situa-
tions where a more stable basal increase or decrease is expected e.g. after 
dietary supplementation, in patients with chronic diseases or, as in this the-
sis, throughout pregnancy, a urine sample generally reflects the levels of this 
compound in vivo. Further, urine collection is non-invasive and the storage 
of samples is easier since there is no evidence that isoprostanes are formed 
as artefacts during handling and storage in urine samples as seen in plasma 
samples (79). However, a 24-hour urinary collection requires good compli-
ance of the person under study. A single urine sample collected at any time 
of the day is easier to collect for practical reasons and can be used to obtain a 
reliable and adequate value of the amount of the 8-iso-PGF2α excretion in 
urine in healthy individuals (80). 

Antioxidants 
Several antioxidant systems protect against oxidative stress, both enzymatic 
and non-enzymatic. Superoxide dismutase, thioredoxin, thioredoxin reduc-
tase, and glutathione peroxidase are examples of enzymatic antioxidants (59, 
81). The non-enzymatic antioxidants can be lipid-soluble, such as vitamin E 
or water-soluble such as vitamin C (81). 

Vitamin E is a lipid-soluble antioxidant present in plasma. The compound 
scavenges peroxyl radicals and is probably the most important regulator of 
free-radical induced chain reactions of lipid peroxidation. There are eight 
known substances with vitamin E activity, α-, β-, γ-, δ-tocopherol and α-, β-, 
γ-, δ-tocotrienol. α-Tocopherol is the most abundant form of vitamin E in 
human tissues and plasma, has the greatest biological activity and is the most 
potent antioxidant, followed by γ-tocopherol (82). When vitamin E acts as an 
antioxidant it donates a hydrogen atom to the fatty acid chain radical and 
thereby becomes a free radical itself. Thus, vitamin E might have a pro-
oxidant effect. Vitamin C has been proposed to recycle the vitamin E radical 
to its reduced state (83). There is synergy between the vitamins E and C, as 
vitamin C is able to reduce tocopherol radicals directly or indirectly and thus 
support the antioxidant activity of vitamin E (82). The activity of vitamin E 
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may also include other features not related to the chain breaking antioxida-
tive effect. γ-Tocopherol has been proposed to have antiinflammatory prop-
erties in vitro and in vivo independent of the antioxidant activity. Long-term 
administration of high doses of vitamin E decreases isoprostane formation in 
humans and in experimental animal models (63, 84-86). A minor study sug-
gested that a high intake of vitamin C and vitamin E (hence α-tocopherol) 
reduces the risk of developing PE in pregnant women at risk for PE (75). In 
a major randomized placebo-controlled trial by the same group these find-
ings could not be confirmed (87). A reduction of the antioxidant capacity 
enhances oxidative stress, and in pregnancy decreased concentrations of 
several antioxidants have been observed (25, 77). The findings concerning 
the antioxidant capacity in pregnant women are inconclusive. Studies have 
shown unchanged (74) and even increased (88) concentrations of antioxi-
dants in women with PE compared with women with normal pregnancy.       

Angiogenesis 
Angiogenesis is a process of interaction between different cell types that 
leads to the development of a three-dimensional vascular structure. The fac-
tors involved depending on the balance between stimulators and inhibitors 
(89). In pregnancy, there is a profound angiogenesis within the placental villi 
as well as on the maternal side (90). In recent years, many studies have been 
published on the etiology of PE and IUGR in humans, focusing on defective 
angiogenesis. Lower levels of PlGF in combination with higher levels of 
sFlt1 have been reported in PE compared to normal pregnancy (54, 91-92). 
An increase of the sFlt1:PlGF ratio can be detected prior to the clinical rec-
ognition of the disease (93-94). Knowledge of how angiogenic factors fluc-
tuate during normal pregnancy is a prerequisite to estimating their role in PE 
and IUGR. Rather little longitudinal data throughout normal pregnancies is 
available and the definition of “normal” varies (95-96). Postpartum levels 
from longitudinal studies are rare.  

Estimation of angiogenesis 
Angiogenesis in vivo can be estimated by various factors reflecting either the 
angiogenic or the anti-angiogenic process. In this study samples were ana-
lyzed using commercially available ELISA kits for sFlt1, PlGF and VEGF-
A. The assays used are suitable for quantification of angiogenesis in vivo. 

Angiogenic factors 
Placental Growth Factor (PlGF) is a potent angiogenic factor, necessary for 
transformation of the maternal spiral arteries and for the development of 
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vessels within the placental villi. It is produced in the placenta, primarily in 
the syncytiotrophoblast (97). Vascular endothelial growth factor (VEGF-A) 
is a potent stimulator of angiogenesis and promotes endothelial cell prolif-
eration and migration, increases vascular permeability (98) and maintains 
endothelial cell health (54). VEGF-A induces nitric oxide (NO) and vasodi-
latory prostacyclins in endothelial cells, suggesting a role in decreasing vas-
cular tone and blood pressure (99-100). Withdrawal of VEGF-A can result in 
blood vessel regression and death of endothelial cells (101). VEGF-A is 
expressed in the maternal decidual cells and in placental villi but the exact 
origin of circulating VEGF-A is not known (102) . 

Anti-angiogenic factors 
Soluble fms-like tyrosine kinase 1 (sFlt1), a splice variant of the VEGF re-
ceptor (Fltl), acts as a potent VEGF-A and PlGF antagonist by binding and 
preventing these factors from interaction with their receptors VEGFR-1 and 
VEGFR-2 (14). This leads to a state of endothelial dysfunction and there is 
circumstantial evidence that antagonism of PlGF and VEGF-A may have a 
role in hypertension and proteinuria. sFlt1 is produced in a number of tissues 
including the placenta (103). 

Inflammation 
Inflammation is a process associated with various diseases but also normal 
physiological states, such as pregnancy. The maternal inflammatory re-
sponse is supposed to be modulated to allow establishment and maintenance 
of a viable pregnancy (104-106). Several studies suggest that inflammatory 
pathways are involved in adverse reproductive outcomes (107-109). During 
pregnancy, there is regulation of the innate immune responses to prevent the 
rejection of the foetal allograft. Several factors are involved in this foetal-
maternal interaction and part of these interactions results in the induction of 
a local inflammatory response and a state of systemic inflammation, as re-
vealed by endothelial activation, activation of innate immunity and increased 
levels of inflammatory cytokines. In the acute phase of the inflammatory 
reaction circulating leucocytes interact locally, adhere and migrate through 
the endothelium into the tissue with the help of adhesion molecules and cy-
tokines, which are formed at sites of tissue injury and by activated leuco-
cytes. This process influences vascular tone, increases vasopermeability and 
leads to tissue oedema.  

Existing human pregnancy data on inflammation is mostly limited to in-
dividuals with a history of reproductive failure or is hampered by cross-
sectional study designs (110-114). Longitudinal data on inflammatory fac-
tors in normal pregnancy and normal postpartum period are scarce and the 
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role of inflammation in human pregnancy is not fully understood. Data on 
the role of inflammatory factors in normal pregnancy is a prerequisite to 
understand their role in complicated pregnancy. In recent years, studies on 
PE, IUGR and prematurity in humans, have mainly focused on the role of 
inflammation and the maternal immune response. 

Estimation of inflammation  
Inflammation in vivo can be estimated by various markers reflecting differ-
ent parts of the inflammatory reaction. In this thesis we have focused on the 
cytokine-mediated acute phase protein PTX3, the cytokines IL-6, TNF-α and 
the COX-mediated prostaglandin PGF2α. IL-6 and TNF-α can be measured 
on high throughput immunoanalyzers allowing short test turn-around times 
while PGF2α can be measured by RIA. 

Cytokines and Pentraxin 3 (cytokine-mediated inflammation) 
The cytokines include a myriad of polypeptides or glycoproteins that medi-
ate pro-inflammatory and anti-inflammatory effects. Cytokines can mediate 
effects through cell-surface receptors, locally or systemically. Most cytokine 
activity results in an altered gene expression in the target cell. Cohort studies 
have been undertaken to study cytokines and acute phase proteins in relation 
to pregnancy, pregnancies at risk and pregnancy complications such as PE 
(112, 115). The cytokines stimulate the formation of cyclooxygenase 
(COX)-mediated products, such as PGF2α, in various celltypes (19) mainly 
by inducing COX-2 expression in damaged tissue (23-24) and they induce 
the synthesis of PTX3 (20, 116-117).  

PTX3 is an inflammatory acute phase protein. Pentraxins are conserved in 
evolution from insects and arachnids to humans (118). Their conservation 
strongly indicates their important role in complex organisms. C-reactive 
protein (CRP) and serum amyloid P component together constitute the short 
pentraxin arm of the superfamily while PTX3 is the most studied representa-
tive of the long pentraxin arm (119). The short pentraxins are mainly pro-
duced in the liver while PTX3 gene expression was first identified in vascu-
lar endothelial cells and monocytes. PTX3 has later been shown to be pro-
duced by a number of cells (monocytes, macrophages, polymorphonucelar 
cells, dendritic cells, endothelial cells, fibroblasts, and epithelial cells) (120). 
PTX3 is involved in both inflammation and innate immunity, and PTX3 
deficiency in mice is associated with infertility (121). Recent studies show 
that pregnancy is associated with increased levels of circulating PTX3 com-
pared to non-pregnant females (21) and higher maternal PTX3 levels have 
been shown to be associated with PE (21, 122-126). PTX3 has been sug-
gested as a valuable early indicator for PE. The levels of PTX3 vary during 
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pregnancy and there is thus a need to establish reference intervals during 
normal pregnancy.  

The glycoprotein IL-6, a pro- and anti-inflammatory cytokine, has re-
ceived interest in the field of obstetrics. IL-6 is produced by recruited white 
blood cells, fibroblasts, adipocytes and endothelial cells from which ap-
proximately one third of the serum concentration is derived. IL-6 initiates a 
systemic response to a local inflammatory stimulus (127). Conflicting results 
are found regarding the role of circulating IL-6 during normal pregnancy 
(17, 128), but many authors report that increased IL-6 levels are found in PE 
compared to normal pregnancy (110-111, 129-130). IL-6 increases in hy-
poxic conditions (131) and is suggested to contribute to the endothelial cell 
activation/damage associated with PE. 

 TNF-α (also called cachectin), a pro-inflammatory cytokine, belongs to 
the TNF superfamily. TNF-α is produced by monocytes and neutrophils 
(132) and macrophages in decidual and chorionic tissues (133). Several stud-
ies have reported higher concentrations in PE (111-112, 114-115, 130). 
TNF-α increases in hypoxic conditions (131) and it has been postulated to be 
a mediator of endothelial cell activation/damage in PE. TNF-α alters the 
balance between endothelium-derived vasoconstrictors and vasodilators and 
impairs endothelium-dependent relaxation, in part by activation of NAD(P)H 
oxidase, leading to production of superoxide anion that can scavenge nitric 
oxide (134). Moreover, TNF-α may induce the formation of vasoconstrictors 
such as endothelin-1 (135), which is increased in preeclamptic women (136). 

Prostaglandin (COX-mediated inflammation)  
Eicosanoids are oxygenated metabolites of the 20-carbon unsaturated fatty 
acid arachidonic acid. The eicosanoids derived enzymatically include pros-
taglandins (137), thromboxanes (138), leukotrienes (139) and lipoxins (140). 
They are formed from free arachidonic acid which has been de-esterified 
from the phospholipids by phospholipase A2 (PLA2), and other hydrolyzing 
enzymes. PGF2α metabolizes via 15-PGDH and Δ13-reductase to form 15-
keto-dihydro-PGF2α (141-142). PGF2α has a very short half-life in plasma 
(about<1 min) and can easily be formed as an artefact during collection and 
handling of samples (141). Therefore quantification of PGF2α in plasma and 
urine is not reliable. The major metabolite l5-keto-dihydro-PGF2α has a 
longer half-life, is not formed as an artefact and can be used as an indicator 
of PGF2α biosynthesis and release (22, 142). 

Knowledge on PGF2α in vivo is limited due to mainly methodological dif-
ficulties for quantification of this compound. A specific and validated radio-
immunoassay for the detection of 15-keto-dihydro-PGF2α developed by Basu 
is used in this thesis (143). With this assay the PGF2α metabolite can be re-
liably quantified in plasma and urine. The method is particularly suitable for 
large cohort studies. The original suggestion of PGF2α being a pro-
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inflammatory mediator in vivo has been verified in experimental studies by 
the use of this radioimmunoassay. Increased PGF2α formation in plasma and 
urine after induction of inflammation with endotoxin infusion has been 
shown in several animal studies (144-145).  

PGF2α is a major prostaglandin formed in vivo through the unstable inter-
mediates PGG2 and PGH2, by activation of COX and has mainly potent 
vasoconstrictive and pro-inflammatory properties (22) (Fig. 3). COX-1 is 
constitutively expressed in a number of cells and tissues, and as stated above 
catalyses the formation of primary prostaglandins that are involved in vari-
ous physiological functions (22). COX-2 is upregulated at sites of inflamma-
tion and the prostaglandins produced are presumed to be regulators of the 
inflammatory reaction (23-24). It is now believed that both COX-1 and 
COX-2 might be of importance for both physiological regulation and in 
pathophysiological states of inflammation (146). 

The major research on PGF2α has been done in the field of reproduction, 
renal function and regulation of intraocular pressure. However, the role of 
COX-catalysed PGF2α in normal human pregnancy is relatively unknown. It 
is a well known luteolytic compound in many animal species, where it con-
trols ovarian function and is involved in the parturition process but its role in 
human pregnancy is less studied (147-148). In an earlier cross-sectional 
study in Japanese women, PGF2α levels were higher in pregnant than in non-
pregnant women (25), and in a recent longitudinal study on pregnant British 
women, it was shown that PGF2α metabolite levels increased until week 34 
of pregnancy (149).  
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AIMS 

The general aim of this thesis was to increase the knowledge of the processes 
of oxidative stress, angiogenesis and inflammation in normal pregnancy and 
postpartum. 

The specific aims of the studies were: 

 
• To evaluate if normal pregnancy is associated with oxidative stress as 

measured by 8-iso-PGF2α, the antioxidants α- and γ-tocopherol and to 
study the longitudinal changes of these biochemical markers throughout 
pregnancy and postpartum (Study I). 

 
• To study the longitudinal changes of the angiogenic factors PlGF, 

VEGF-A, the anti-angiogenic factor sFlt1 and the ratio of sFlt1:PlGF in 
normal pregnancy and postpartum. (Study II). 

 
• To establish reference intervals of PTX3 during normal pregnancy and 

postpartum (Study III). 

 
• To evaluate if normal pregnancy is associated with inflammation as 

measured by IL-6, TNF-α and PGF2α metabolite and to study the longi-
tudinal changes of these biochemical markers throughout pregnancy and 
postpartum (Study IV). 
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MATERIAL AND METHODS  

Study design   
This is a longitudinal, non-randomized, prospective study.                        

Participants 
The participants in study I, II and IV are 59 pregnant women from an outpa-
tient antenatal clinic in the city of Uppsala, Sweden. They were recruited 
into the study during the period 2003-2004. The catchment area includes 
urban and rural areas and the population consists of women with varying 
levels of education. Those included in the study were healthy women, aged 
18 years or older, with a normal single spontaneous pregnancy at inclusion. 
Exclusion criteria were lack of Swedish language skills and use of medica-
tions other than iron or folic acid supplements. At the antenatal clinic the 
pregnant women were given written and verbal information about the study 
by a midwife and all participating women gave their consent prior to inclu-
sion. Out of these 59 women 7 were withdrawn from the study, 4 due to 
miscarriage, 1 due to relocation and 2 due to unwillingness to continue par-
ticipation. Of the 52 women who completed the study, 15 women had minor 
complications, 4 took medications, 2 were smokers (1 of whom took medica-
tions and delivered postterm), 3 delivered preterm, 4 delivered postterm and 
2 gave birth to infants that were small for gestational age (SGA). Thirty-
seven had pregnancies classified as normal. A preterm delivery was defined 
as gestational age less than 37 completed weeks at delivery and a postterm 
delivery as a gestational age more than 42 completed weeks at delivery. The 
gestational age was estimated through an ultrasound scan in the second tri-
mester and presented as completed weeks. All women attended routine ante-
natal care and samples were taken throughout pregnancy and postpartum.  

The participants in study III are the same as above, but the 52 women 
who completed the study were all included in the reference material. Forty 
results were considered as a minimum for each sample period. The samples 
collected at week 40 were too few to be used to calculate a separate refer-
ence interval and were thus omitted.  
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Sample collection 
Blood samples were collected in serum tubes (LH PST™ II, BD Vacutainer 
Systems, Plymouth, UK) (Study I, III), in lithium heparin tubes (LH PST™ 
II, BD Vacutainer Systems, Plymouth, UK) (Study II, IV), and urine samples 
were collected in plastic tubes (study I, IV). The aim was to collect blood- 
and urine samples at gestational weeks 12, 20, 24, 28, 32, 36, 40 and 8-10 
weeks after delivery for analysis of 8-iso-PGF2α, α- and γ-tocopherol (Paper 
I), sFlt1, PlGF, sFlt1:PlGF ratio and VEGF-A (Paper II), PTX3 (Paper III) 
and IL-6, TNF-α and PGF2α metabolite (Paper IV). Samples collected on the 
day of delivery were excluded. The collected blood and urine samples were 
stored for a maximum of 7 hours in a refrigerator at 8˚C and transported the 
same day to the laboratory. The blood samples were then centrifuged and 
stored in a freezer at – 70˚C until analysis. The urine samples were stored 
likewise at – 70˚C until analysis.         

Biochemical analyses             

Study I 
F2-isoprostanes  
The urine samples were analysed for 8-iso-PGF2α, a major F2-isoprostane by 
a radioimmunoassay (RIA) as described by Basu (68). In brief, unextracted 
urine samples were used in the assay. The cross-reactivity of the 8-iso-PGF2α 
antibody with 15-keto-13, 14-dihydro-8-iso-PGF2α, 8-iso-PGF2β, PGF2α, 15-
keto-PGF2α, 15-keto-13,14-dihydro-PGF2α, TXB2, 11β-PGF2α, 9β-PGF2α and 
8-iso-PGF3α, was 1.7, 9.8, 1.1, 0.01, 0.01, 0.1, 0.03, 1.8 and 0.6 %, respec-
tively. The detection limit of the assay was 23 pmol/l. The intra-assay coef-
ficient of variation (CV) was 14.5% at low and 12.2% at high concentra-
tions. The urine 8-iso-PGF2α concentrations were corrected for urine 
creatinine values.               

Creatinine 
Creatinine concentration was determined in each urine sample by a colori-
metric method using IL Test creatinine 181672-00 in a Monarch 2000 cen-
trifugal analyser (Instrumentation Laboratories, Lexington, MA, USA). 
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Antioxidants   
Serum α- and γ-tocopherol levels were assayed by HPLC with fluorescence 
detection (150). In brief, 500 µl plasma were extracted with 500 µl ethanol 
containing 0.005 % butylated hydroxytoluene and 2 ml hexane. A volume of 
20 µl of the supernatant was injected into an HPLC column (LiChrospher 
100 NH2 250x4 mm). The fluorescence detector had an excitation wave-
length of 295 nm and an emission wave-length of 327 nm. Serum tocopherol 
levels were measured with and without adjustment for serum lipid concen-
trations. Serum cholesterol and triglyceride levels were measured by enzy-
matic methods using the Test Cholesterol Trinard 181618-80 in a Monarch 
apparatus (Instrument laboratory analysis, MS, USA). An external serum 
standard was used in all analyses. Intra-assay CV for α-tocopherol was 4.5% 
and γ-tocopherol was 7.2%.          

Study II 
sFlt1, PlGF and VEGF-A               
The analyses of angiogenic peptides were performed without knowledge of 
the clinical data. Plasma samples were analyzed using commercially avail-
able ELISA kits for sFlt1 (DVR100B), PlGF (DY264) and VEGF-A 
(DVE00) (R&D Systems, Minneapolis, MN). Briefly, the microtitre plates 
were coated with monoclonal antibodies specific for the antigen and the first 
step was to add standards and samples to the wells. During the following 
incubation period the angiogenic peptides present in standards and samples 
was bound to the immobilised antibody. After a thorough wash an enzyme-
linked polyclonal antibody was pipetted into the wells followed by a second 
incubation-and wash step. For PlGF measurements a biotinylated antibody 
and an additional step with streptavidine-HRP was used instead of the en-
zyme-linked antibody. A substrate solution was added and colour developed 
in proportion to the amount of bound peptide. The colour development was 
subsequently stopped and the intensity of colour was measured by photo-
spectrometry. Calculation of results was performed according to the manu-
facturer’s recommendations. The specificities of the assays were determined 
by the manufacturer, and do not exhibit any cross-reactivity with a panel of 
other recombinant human and mouse cytokines. The detection limit of PlGF 
was 10 pg/mL, VEGF-A 9 pg/mL and of sFlt1 50 pg/mL.    
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Study III            
PTX3         
Serum PTX3 was analyzed by a commercial sandwich ELISA (DY1826, 
R&D Systems, Minneapolis, MN, USA), in which a monoclonal antibody 
specific for the peptide was coated onto microtitre plates. Standards and 
samples were pipetted into the wells and the peptide was bound to the im-
mobilized antibodies. After washing, a biotinylated anti-PTX3 antibody was 
added. After incubation and washing a streptavidine-HRP conjugate was 
added to the wells. After incubation and washing, a substrate solution was 
added. The development was stopped and the absorbance was measured in a 
SpectraMax 250 (Molecular Devices, Sunnyvale, CA, USA). The peptide 
concentrations in the samples were determined by comparing the optical 
density of the sample with the standard curve. The assays were calibrated 
against highly purified recombinant human PTX3.                              

Study IV 
IL-6, TNF-α 
Plasma IL-6 and TNF-α were analyzed by commercial sandwich ELISAs 
(human IL-6 Quantikine HS ELISA Kit HS600B, human TNF-α Quantikine 
HS ELISA HSTA00D, R&D Systems, Minneapolis, MN, USA), according 
to the recommendations of the manufacturer. The total CV of the methods 
were 5-7%.         

15-Keto-dihydro-PGF2α 
The urine samples were analysed for 15-keto-dihydro-PGF2α, a major me-
tabolite of PGF2α, by RIA developed by Basu described in detail elsewhere 
(143). The cross-reactivity of the antibody with PGF2α, l5-keto-PGF2α, PGE2, 
15-keto-13,14-dihydro-PGE2, 8-iso-15-keto-13,14-dihydro-PG2α, 11β-PGF2α, 
9β-PGF2α, TXB2, 8-iso-PGF3 was 0.02, 0.43, <0.001, 0.5, 1.7, <0.001, 
<0.001, <0.001 and 0.01% respectively. The detection limit was 45 pmol/L. 
The intra-assay CV was 12.2% at low concentrations and 14.0% at high con-
centrations. Levels of 15-keto-dihydro-PGF2α were corrected for urine 
creatinine levels. 
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Statistical Methods  
Since the data was not normally distributed, non-parametric methods were 
used. The pregnancies were divided into two-week intervals, and the median 
levels of the factors were calculated for each interval. When calculating the 
median each woman had the same weight, hence if a woman had more than 
one sample taken within a two-week interval the mean value of the samples 
was used. The Mann-Whitney U test was used to compare the levels of bio-
chemical analyses at gestational weeks 9-10 and 39-40 to postpartum levels. 
Fisher’s exact tests were performed to compare the proportion of women 
with VEGF-A > 9 pg/mL at gestational weeks 9-10 and 39-40 to postpartum 
(Paper II). Since only a few women had measurements done on all three 
occasions, gestational weeks 9-10, 39-40 and postpartum, tests for compar-
ing independent samples were used. In order to examine the trend of re-
peated measurements during pregnancy, individual linear regression models 
with the biochemical analyses as a function of gestational age in weeks were 
estimated. The regression analysis was based on samples collected during 
gestational weeks 7-40. The median slope, representing the average change 
per gestational week, was calculated and analyzed by the Wilcoxon Signed 
Rank. (Study I, II, IV).  

Calculations of PTX3 reference intervals were performed by bootstrap es-
timation utilizing RefVal 4.0 (Department of Clinical Chemistry, Rikshospi-
talet, N-0027 Oslo, Norway). The statistical program used performs log 
transformations of the values to achieve normal distribution. The distribution 
is checked against normal distribution to verify that the transformed material 
is normally distributed. When normal distribution is achieved, the program 
then randomly selects subsets from this population and calculates reference 
intervals. This calculation is performed 500 times and this forms the basis 
for the calculation of the reference intervals (Study III). 

Ethical considerations 
Studies I-IV were approved by the local Ethics Board at the Medical Faculty, 
Uppsala University. 
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RESULTS      

All pregnancies were singleton and all deliveries took place at Uppsala Uni-
versity Hospital 2004-2005. The mothers had normal BMI at first visit to the 
antenatal clinical and half of them were primipara. The majority of the deliv-
eries were vaginal at term and birth weights of the newborns were normal. 
Blood and urine samples were collected 6-8 times from all participating 
women (6: 3%, 7: 46%, 8: 51%). Maternal and neonatal outcome are pre-
sented in Table 1. 

Table 1. Maternal and neonatal characteristics 

Study I, II, IV Study III 
 

Characteristics 
n Mean  (%)  (SD) n Mean  (%)  (SD) 

 

Maternal age (years) 

 

37 

 

  32 

  

    4 

 

52 32 

  

4 

BMI (at booking) 37   24      4 52 24  4 

Primipara 20  54.1  28  53.8  

Mode of delivery 

                    Vaginal 

                    Caesarean section 

 

32 

  5 

  

86.5 

13.5 

  

43 

9 

  

82.7 

17.3 

 

Caesarean section  

                    Elective 

                    Emergency 

 

  3 

  2 

  

 8.1 

 5.4 

  

3 

6 

 

 

 

5.8 

11.5 

 

Gestational age at delivery (days)    281      8  280  13 

Foetal gender 

                     Female 

                     Male 

 

16 

21 

  

43.2 

56.8 

   

22 

30 

 

 

 

42.3 

57.7 

Birth weight (grams) 37 3607  452 52 3524  571 

Apgar ≤ 7 at 5 min   0    0    
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Study I     
An increase in 8-iso-PGF2α with advancing gestational age was revealed. A 
trend analysis of urine 8-iso-PGF2α during pregnancy showed an increase of 
0.0030 units per week (p<0.001). The median postpartum value corre-
sponded to values observed in early gestation and a significant decrease was 
observed from late pregnancy to postpartum (p=0.014). 

The trend analysis of lipid-adjusted α-tocopherol showed a decrease of 
0.0055 units per week (p<0.001) and for non lipid-adjusted α-tocopherol an 
increase of 0.2836 units per week (p<0.001) with advancing gestational age. 
The median postpartum value of lipid-adjusted α-tocopherol corresponded to 
values observed in gestational weeks 9-10 (p=0.244). No significant differ-
ence was observed from late pregnancy to postpartum (p=0.540). The me-
dian postpartum value of non lipid-adjusted α-tocopherol was higher com-
pared to gestational weeks 9-10 (p=0.045) and a significant decrease was 
observed from late pregnancy to postpartum (p<0.001). 

The trend analysis of lipid-adjusted γ-tocopherol showed a decrease of 
0.0004 units per week (p=0.046) and for non lipid-adjusted γ-tocopherol an 
increase of 0.0105 units per week (p<0.001) with advancing gestational age. 
The median postpartum value of lipid-adjusted γ-tocopherol was increased 
compared to values observed in gestational weeks 9-10 (p=0.015). It was 
also significantly increased compared to values in late pregnancy (p=0.010). 
The median postpartum value of non lipid-adjusted γ-tocopherol was in-
creased compared to values in gestational weeks 9-10 (p=0.002) and corre-
sponds to values in late pregnancy (p=0.531). 

Study II 
Plasma sFlt1 levels were relatively constant until gestational weeks 29-30, at 
which time they began to increase reaching their peak at gestational week 
39-40. The trend analysis showed a significant increase of 643 pg/mL per 
week  from gestational week 30 to 40. All women had their highest levels in 
the last sample taken during pregnancy. The median levels observed in ges-
tational weeks 9-10 and 39-40 were significantly higher than levels observed 
9-10 weeks postpartum. 

The trend analysis of plasma PlGF showed a significant increase of 16 
pg/mL per week until gestational weeks 29-30 and thereafter a significant 
decrease of 14 pg/mL per week until gestational week 40. The median levels 
in gestational weeks 9-10 and weeks 39-40 were not significantly different 
from levels observed 9-10 weeks postpartum.  

The sFlt1:PlGF ratio decreased from gestational week 9-12, was constant 
from gestational weeks 19-20 to 37-38 and then increased to week 39-40. 
The trend analysis showed a significant increase of 16 units per week from 
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gestational week 30 to 40. The median values in gestational weeks 9-10 and 
39-40 were significantly higher than values observed 9-10 weeks postpar-
tum.  

Plasma VEGF-A was detectable in 8% of the samples during pregnancy. 
The percentage of women with levels above the detection limit (9 pg/ml) in 
gestational weeks 9-10 (10%) and weeks 39-40 (15%) was significantly 
lower than the corresponding percentage observed 9-10 weeks postpartum 
(64%). The median VEGF-A level for all samples collected 9-10 weeks 
postpartum was 76.4 pg/mL.  

Study III  
Blood samples were collected from 52 healthy pregnant females and the 
samples were divided according to collection time into the following inter-
vals: week 7 - 17; week 17 - 24; week 24 - 28; week 28 - 31; week 31 - 34; 
week 34 - 38; before delivery and after delivery. The 2.5 and 97.5 percen-
tiles together with the corresponding 90% confidence intervals were calcu-
lated for each sample period and are presented in Table 2. 

The reference interval for week 7-17 showed no elevation in comparison 
with the postpartum samples. There was a continuous increase in serum 
PTX3 as pregnancy progressed. The increase was most evident after week 
31 with the highest levels observed just before delivery. The values just be-
fore delivery were approximately twice the values observed during week 7-
17. A decrease in PTX3 levels was then observed postpartum.  

 

Table 2. Pentraxin 3 (pg/mL). Limits for the reference interval 

Pregnancy interval 2.5 and 97.5 percentile 90% confidence interval 

Week 7-17 431   – 4166 (324 – 538) – (3131 – 5200) 

Week 17-24 591  – 4656 (467 – 714) – (3542 – 5771) 
Week 24-28 590  – 4698   (347 – 833) – (3834 – 5562) 
Week 28-31 616  – 4519 (369 – 863)  – (3900 – 5137) 
Week 31-34 761  – 4722 (612 – 911) – (4274 – 5169) 
Week 34-38 854  – 7703 (703 – 1005) – (6846 – 8560) 
Predelivery (0-14 days before delivery) 936 – 10719 (490 – 1382) – (8781 – 12656) 
Postpartum (> 45 days postpartum) 335  – 6376 (177 – 494)  – (4742 – 8010) 

 



 35 

Study IV 
An increase in IL-6 with advancing gestational age was revealed. The trend 
analysis showed a significant increase of 0.026 pg/mL per week with ad-
vancing gestational age (p<0.001). The median levels observed 9-10 weeks 
postpartum corresponded to levels in gestational weeks 39-40 (p=0.903) and 
were higher, though not significantly, than levels observed in gestational 
weeks 9-10 (p=0.084). 

No significant change of TNF-α was recorded with advancing gestational 
age. There seems to be an increase during the second half of pregnancy. The 
median levels observed 9-10 weeks postpartum were in the same range as 
levels in gestational weeks 39-40 (p=0.634) and gestational weeks 9-10 
(p=0.128). 

An increase in 15-keto-dihydro-PGF2α with advancing gestational age was 
revealed. The trend analysis showed a significant increase of 0.001 
nmol/mmol of 15-keto-dihydro-PGF2α/creatinine per week with advancing 
gestational age (p<0.001). The median levels observed in the postpartum 
period were lower than in gestational weeks 39-40 (p=0.037) and corre-
sponded to levels in gestational weeks 9-10 (p=0.306).  
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DISCUSSION  

Oxidative stress – study I 
This is the first longitudinal study in normal human pregnancy that shows 
successively increased oxidative stress as measured by F2-isoprostanes in 
urine samples collected throughout pregnancy. We have found a significant 
increase in F2-isoprostanes from week 9 throughout pregnancy until week 40 
and thereafter a significant decrease to basal levels at postpartum weeks 9-
10. In other longitudinal studies, it has been shown that levels of lipid hy-
droperoxides and/or TBARS increase with advancing gestational age (69-70, 
151). 

A cross-sectional study performed on a Japanese population showed that 
F2-isoprostane levels are increased in the third trimester of pregnancy com-
pared to nonpregnancy. However, the levels of the F2-isoprostanes were not 
investigated in the first and second trimester or during the postpartum period 
(25). McKinney et al (152) who collected urine samples from gestational 
weeks 11 to 33 also found increased levels of F2-isoprostanes in normoten-
sive pregnancy compared to nonpregnancy. They did not measure F2-
isoprostanes in the postpartum period. Another cross-sectional study has 
shown that lipid hydroperoxides and MDA were significantly increased in 
normal pregnancy compared to nonpregnancy but the F2-isoprostane levels 
did not change significantly (74). Two other cross-sectional studies have 
reported increased levels of lipid peroxides and/or TBARS during pregnancy 
(153-154). To our knowledge the current finding that the high levels of F2-
isoprostanes observed in late pregnancy decrease to basal levels in the post-
partum period has not been reported previously. However, other studies have 
shown similar changes concerning levels of lipid peroxides and/or TBARS 
(155-156). Together, these and the current results indicate that mild oxida-
tive stress, as termed “oxidative strain” (157), is associated with normal 
pregnancy and that the levels of various biomarkers of oxidative stress in-
cluding F2-isoprostanes decrease postpartum.  
The present study showed significantly increased non lipid-adjusted levels of 
α- and γ-tocopherol from week 9 throughout pregnancy until week 40. Our 
findings concerning α-tocopherol are in agreement with the results from 
Roes et al. (71). A longitudinal study has also shown that the antioxidative 
status, as measured by TAC, decreased significantly in the first trimester and 
then increased throughout pregnancy to reach normal nonpregnant values 
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postpartum (151). In a cross-sectional study, non lipid-adjusted levels of 
vitamin E were found to be significantly higher in late normal pregnancy 
compared to nonpregnancy (74). Observations from these studies, as well as 
our own, may be interpreted as an indication that normal pregnancy is asso-
ciated with a reinforced protection against oxidative stress. Our results con-
cerning antioxidants (adjusted to lipids) reveal a significant decrease from 
week 9 throughout pregnancy until week 40. In a previous cross-sectional 
study performed on a Japanese population lipid-adjusted α- and γ-tocopherol 
levels were significantly lower in late pregnancy compared to nonpregnancy 
(25). These observed reductions of lipid-adjusted antioxidants might indicate 
a consumption of tocopherols in response to increased oxidative stress.  

Lipid peroxidation through the free radical pathway is generally described 
as detrimental to mammalian health, and often related to pathological conse-
quences. However, it is also known that regulated free radical reactions in 
the body are beneficial, specifically for cell signalling, cell generation and 
degeneration, cellular homeostasis and defense against microorganisms etc 
(158-160). We suggest that free radical-mediated lipid peroxidation in a mild 
and controlled form has a role in normal human pregnancy. 

Angiogenesis – study II 
This longitudinal study describes the changes of the angiogenic and anti-
angiogenic state throughout normal pregnancy and postpartum.  
The anti-angiogenic factor sFlt1 increased with advancing gestational age 
and decreased to low levels postpartum. The angiogenic factor (PlGF) in-
creased during early pregnancy, peaked at approximately 30 weeks, and 
decreased towards term and postpartum. VEGF-A was detectable in only 8% 
of the women during pregnancy, compared to 64% postpartum. 

Our results regarding sFlt1, with steady state concentrations until weeks 
29-30 and thereafter an increase reaching its peak at term, are similar to find-
ings in recent longitudinal reports (91, 96, 161). However, the increase ap-
pears earlier in our study, at weeks 29-30, compared to week 32 (161) and 
weeks 33-36 (96). This finding could well be an effect of our more frequent 
blood sampling periods, thus giving a more precise timing of when the in-
crease begins. In Romero et al (91) it is difficult to identify a specific gesta-
tional week for the start of the increase. Our sFlt1 levels 9-10 weeks postpar-
tum are in the same range as those found 48 hours (162) or one to seven days 
(163) after delivery. Thus, a rapid decrease directly after delivery seems to 
be followed by weeks of steady-state levels. sFlt1 in plasma is known to 
increase in placental ischemia (164). The rising levels we observed might be 
caused by a relative placental ischemia due to an increasing myometrial tone 
and more uterine contractions at the end of pregnancy and thus be a sign of 
uterine preparation for delivery (90).  
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The PlGF levels, with an increase from early pregnancy to weeks 27-30 
and thereafter a decrease to week 40, resemble results from previous longi-
tudinal studies (77, 91, 95-96, 165). Our PlGF levels 9-10 weeks postpartum 
are in the same range as those found during the first week in a cross-
sectional study by Wikström et al (163). Thus, even here a rapid decrease 
directly after delivery seems to be followed by weeks of steady-state levels. 
In a study by Noori et al (166), PlGF values 12 weeks postpartum were 
higher in women with pregnancy hypertension. The authors speculated that 
PlGF might have a role as a predictor of future cardiovascular disease. The 
bell-shaped PlGF curve can be understood from the point of view that hy-
poxia is known to decrease the expression of PlGF (95). The low levels seen 
in early pregnancy might reflect the low intervillous blood flow at that time 
(167). The high levels in the second trimester could be a result of a well es-
tablished placental circulation. The decreasing levels towards term could 
also be due to relative placental ischemia (90), but might also be a conse-
quence of the increased sFlt1 levels at this time. 

The sFlt1:PlGF ratio, with a decrease from gestational weeks 9-12, fol-
lowed by constantly low levels from week 19-20 to 37-38 and then an in-
crease to week 39-40 resembles the results from the longitudinal study by 
Levine et al and the cross-sectional study by Verlohren et al (93-94). The 
steep increase at the end of pregnancy found by us is however not seen by 
Levine et al (93). The explanation could be that they used a six-week sam-
pling period, weeks 37-42, and thus might have missed the steep increase at 
the end of pregnancy.  

Low levels of VEGF-A in pregnancy, as found here, have also been re-
ported by Levine et al (96), Maynard et al (54) and Wikström et al (92). In 
our study, VEGF-A levels from 9-10 weeks postpartum are in the same 
range as those found by Wikström et al (163) during the first week postpar-
tum. Thus, the rapid increase directly after delivery seems to be followed by 
weeks of steady-state levels. The majority of VEGF-A results during preg-
nancy were below the detection limit of the ELISA (9 pg/mL). It was thus 
not possible to quantify VEGF-A in these women. The low levels are partly 
due to the fact that we measured VEGF-A in plasma. Serum samples have 
higher levels of VEGF-A due to the release of VEGF-A from platelets and 
white blood cells during the coagulation process of the samples (168). The 
plasma values are thus more representative of the in vivo levels than serum 
values. The plasma levels during pregnancy in this study were lower than in 
non-pregnant women. This indicates depressed levels of VEGF-A during 
pregnancy.  

The findings of this study add to the current knowledge of the role of an-
giogenic and anti-angiogenic factors in pregnancy. By delineating how sFlt1, 
PlGF and the sFlt1:PlGF ratio fluctuate throughout normal pregnancy and 
postpartum we can establish a reference against which these factors may be 
studied in complicated pregnancies. 
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Inflammation – study III and IV 
The inflammatory status and immune profile are thought to be important in 
the maintenance of a viable pregnancy and for a normal pregnancy outcome 
(104). In the current studies, normal pregnancy is characterised by a mild but 
significant systemic inflammatory response, as elucidated by increased lev-
els of PTX3, IL-6 and PGF2α metabolite, which develops as pregnancy pro-
gresses. Analogous responses occur in PE and other pregnancy complica-
tions but with a greater intensity (56, 125-126, 129-130, 169). To be able to 
accurately diagnose inflammatory disorders during pregnancy it is important 
to have reference values from normal pregnancies. Moreover, such reference 
values are also important and necessary when studying inflammatory factors 
in pregnancy complications. Most published studies from normal pregnan-
cies have been limited by relatively small sample sizes, cross-sectional de-
signs or restricted longitudinal sampling periods. 

Lack of PTX3 has been shown to be associated with reduced litter sizes in 
mice (121). This finding suggests an important role for PTX3 in implanta-
tion and placentation. At the same time, PTX3 has been reported to be an 
early marker for PE. Elevated PTX3 is present in women with PE and espe-
cially pronounced in women with early-onset PE (126). PTX3 in maternal 
plasma has been reported to increase from 11 to 13 weeks in women who 
subsequently developed early PE (125). To be able to detect such an early 
response it is important to have accurate reference intervals. Increased serum 
levels of PTX3 have been reported in pregnancy and hCG has been shown to 
increase PTX3 expression by human monocytes (170).  

In our study the PTX3 levels increased slightly until week 31 but the 
change was limited. The increase during the last trimester was more evident 
and the highest values were observed just before delivery. These reference 
values are important when evaluating PTX3 as an early PE biomarker since 
PTX3 also tends to increase during normal pregnancy. In early pregnancy, 
the changes in PTX3 are limited so the same reference interval could proba-
bly be used for the first 30 weeks. This should simplify the use of PTX3 as 
an early marker for PE. 

In study IV we found successive increases of both cytokine IL-6 and the 
COX-mediated marker PGF2α metabolite with advancing gestational age. In 
addition, IL-6 remained high while PGF2α metabolite diminished in the post-
partum period. This study describes the inflammatory biomarkers of both the 
cytokine and COX routes, the two important pathways of inflammation. 
Previous results from longitudinal studies regarding IL-6 (17, 128, 130) 
throughout pregnancy are conflicting. Both increases (17, 130) and decreases 
(128) with advancing gestational age have been reported. Our results dis-
played an increase of IL-6 levels and are in line with the findings by Aust-
gulen et al. (17) and Kronborg et al. (130). The increased levels of IL-6 indi-
cate a pro-inflammatory cytokine response of the immune system throughout 



 40 

normal pregnancy and the high levels seen prior to delivery might be of im-
portance concerning labour onset (171). The sustained high levels 9-10 
weeks postpartum are in the same range as those found 12-14 weeks after 
delivery in a cross-sectional study (114) and addresses in favour of a remain-
ing systemic inflammatory response weeks after delivery (114).  

Previous results from longitudinal studies regarding TNF-α (128, 130, 
172) throughout pregnancy are also conflicting. No significant changes in 
TNF-α could be seen with advancing gestational age or in the postpartum 
period in our study. This lack of change is in agreement with the results from 
one longitudinal study (130), while another study reported decreasing levels 
of TNF-α in pregnancy (128). Moreover, increasing TNF-α receptor levels 
have been reported with advancing gestational age (172). We found that 
TNF-α levels remained unchanged 9-10 weeks postpartum, a result consis-
tent with other studies (114, 173). Such results suggest that TNF-α is not 
produced by the placenta but by white blood cells (114).  

The increase in PGF2α metabolite levels from early pregnancy to weeks 
39-40 is in agreement with a cross-sectional study in Japanese women (25)  
and a recent longitudinal study in British women (149). During pregnancy 
PGF2α that basically acts both as luteolysin and inflammatory response indi-
cator in many species, is produced in several tissues specifically in endo-
metrium and ovaries, and has essential roles concerning initiation of deliv-
ery, cervix dilatation and uterine contractions (174). It has also been used for 
induction of labour (175) as well as for treatment of postpartum haemor-
rhage (176). The PGF2α metabolite levels 9-10 weeks postpartum were sig-
nificantly lower compared to gestational weeks 39-40 and lower, although 
not significantly, compared to levels in gestational weeks 9-10. One cross-
sectional study has reported seemingly higher levels of 13, 14-dihydro-15-
keto-PGF2α in saliva collected postpartum (177). The measurements were, 
however, performed as early as one to four days after delivery.  

The diverging data published on cytokine levels is most likely a result of 
technical differences, such as storage and processing of material, use of dif-
ferent assays and also differences in study design. It may also reflect the 
diversity that lies within the physiology of normal pregnancy.  

The increased levels of IL-6 and PGF2α metabolite are important since 
they indicate both a pro-inflammatory cytokine response of the immune sys-
tem as well as an increase of the vasoconstrictive, inflammatory and lute-
olytic PGF2α throughout normal pregnancy. The specific properties of these 
compounds certainly have a yet undefined vital role in pregnancy progres-
sion and perhaps also in successful parturition.  

Finally, this study presents IL-6, TNF-α and PGF2α metabolite levels 
throughout normal pregnancy and during the postpartum period and impli-
cates mild involvement of inflammation in normal pregnancy. The physio-
logical function of this inflammatory process during pregnancy has yet to be 
elucidated. 
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Strengths and limitations 
The strengths of study I, II and IV is that all women were healthy and all 
pregnancies were uncomplicated. Moreover, all infants were of normal birth 
weight, born at term and had an uneventful early neonatal course. Another 
strength is the high compliance to the sampling schedule and the number of 
collection periods. All women had samples taken at least six times out of the 
eight scheduled. The frequent sampling throughout pregnancy made it possi-
ble to estimate the change per week regarding oxidative stress (8-iso-PGF2α, 
α-and γ-tocopherol), angiogenesis (sFlt1, PlGF and sFlt1:PlGF ratio) and 
inflammation (IL-6, TNF-α, PGF2α metabolite). A minor limitation is that 
although a majority of samples was taken during the scheduled time-frames, 
a substantial number was collected at other times. Most often, however, 
samples were collected within one week of the scheduled time which is rea-
sonable for this type of study. The data have been analyzed using a longitu-
dinal approach concerning the trend analysis, which is to be preferred when 
individual changes over time are to be described. Concerning the compari-
sons between early and late pregnancy with postpartum levels, data were 
analyzed using a cross-sectional approach as only a limited number of 
women were sampled on all occasions (Study I, II, IV).  
In the third study we made another selection of the participants, since the 
aim was to present reference values in pregnancy we included all the 
women, even those with minor complications. This lends strength to the 
study, although, remaining limitations include the number of subjects studied 
and the unknown generalizability to women of other ethnic groups (Study 
III). 

General comments and future perspectives 
Normal pregnancy development requires maternal tolerance of the allogenic 
trophoblast. This is a prerequisite for implantation and placentation. Normal 
pregnancy with normal neonatal outcome evokes mild oxidative stress and 
systemic inflammatory activity which increases throughout pregnancy. An-
giogenic factors show defined changes during pregnancy. These processes 
ought to be of physiological importance and of general interest in under-
standing normal pregnancy development. In PE, a non-specific, systemic 
inflammatory response is at hand, secondary to placental oxidative stress. At 
what time during pregnancy the normal turns to abnormal is an unanswered 
question. Most probably, the pathogenesis of PE and the primary dysfunc-
tion can be related to immune mechanisms in early pregnancy, leading to the 
concept of a three-stage disease, where partial maternal intolerance towards 
the allogeneic trophoblast is the first stage, poor placentation the second, and 
the systemic inflammatory response the third stage (178). 
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Forthcoming investigations in complicated pregnancies, such as PE and 
IUGR, are needed to find ways to prevent and hopefully also treat these 
complications. Since oxidative stress and inflammatory activity increases 
until term, it is of interest to study how these processes relate to labour onset. 
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CONCLUSIONS  

• Normal pregnancy is associated with mild oxidative stress and this might 
have physiological effects for pregnancy development. Knowledge of 
the changes in normal pregnancy is of importance when pregnancy com-
plications, e.g. PE and IUGR, are to be studied (Study I). 

 
• By delineating how the anti-angiogenic factor sFltl, the angiogenic fac-

tor PlGF, VEGF-A and the ratio of sFlt1:PlGF fluctuate throughout nor-
mal pregnancy and postpartum a necessary basis for studies of these fac-
tors in complicated pregnancies is created (Study II). 

 
• Reference values of PTX3 during normal pregnancy are important when 

evaluating PTX3 as an early preeclampsia biomarker. In early pregnan-
cies, the changes in PTX3 are minor so the same reference interval could 
probably be used for the first 30 weeks. This should simplify the use of 
PTX3 as an early marker for PE. (Study III). 

 
• Normal pregnancy is associated with mild inflammatory activity, which 

might have physiological effects for pregnancy development. Knowl-
edge of the changes in normal pregnancy is of importance when preg-
nancy complications, e.g. PE and IUGR, are to be studied (Study III-IV). 
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SAMMANFATTNING PÅ SVENSKA 
(Summary in Swedish) 

Normal graviditetsutveckling förutsätter fysiologiska processer såsom im-
plantation och tillväxt av en funktionell moderkaka. Oxidativ stress, angio-
genes och inflammation är sannolikt av betydelse för denna utveckling och 
störningar kan äventyra graviditeten och ge upphov till komplikationer som 
tillväxthämning av foster och havandeskapsförgiftning. Kunskapen om dessa 
processers roll i normal graviditet är begränsad men nödvändig för att kunna 
bedöma deras betydelse vid komplicerade graviditeter.  

Moderkakan genomgår en omfattande kärlnybildning i tidig graviditet där 
angiogen och immunologisk aktivitet är viktiga faktorer. Endotel är lokalise-
rat till insidan av blodkärlen och utsöndrar signalerande molekyler till blod-
banan som når alla celler i kroppen hos den gravida kvinnan. Endotelcellerna 
kan via dessa signaler påverka kärltonus, permeabilitet, koagulation och 
målstyrning av immunologiska celler. Under normala förhållanden finns en 
balans i detta system, så att stimulerande och blockerande faktorer väger upp 
varandras effekter. Vid obalans i processen förskjuts jämvikten och en kas-
kad av händelser kan inträffa som äventyrar normal utveckling och genererar 
skadliga följder, såsom ökad kärltonus och ökad permeabilitet, vilket ses vid 
högt blodtryck och havandeskapsförgiftning.  

Oxidativ stress uppkommer vid obalans mellan reaktiva syreföreningar 
(radikaler) och antioxidanter. Radikaler kan påverka cellsignalering och 
därmed jämviktsförhållanden i kroppen. En viktig markör för oxidativ stress 
är 8-iso-PGF2α, som kan påverka bla kärltonus och koagulation. Antioxidan-
ter oskadliggör radikaler och motverkar således oxidativ stress. Vitamin E 
(α- och γ-tokoferol) är en fettlöslig antioxidant som har en vital roll i att 
skydda cellmembraner från oxidation.  

Angiogenes är en process som leder till utveckling av en tredimensionell 
kärlstruktur. Normal utveckling av kärl beror av en balans mellan stimule-
rande, angiogena, faktorer såsom PlGF och VEGF-A, samt inhiberande, anti-
angiogena, faktorer såsom sFlt1. En intensiv angiogenes fortgår från mycket 
tidig graviditet. PlGF är nödvändig för omvandlingen av spiralartärerna, så 
att blodförsörjningen till livmodern ökar. VEGF-A är viktig för endotelets 
utveckling och vitalitet och sänker kärltonus och därmed blodtryck. sFlt1 
hämmar PlGF och VEGF-A, vars effekter då motverkas med efterföljande 
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negativa konsekvenser avseende endotelfunktion, kärltonus och permeabili-
tet vid obalans. 

Reglering av immunsystemet är viktigt för att motverka bortstötning av 
fostret som är delvis främmande för modern. Endotelet i blodkärlen utsönd-
rar, som svar på främmande partiklar, inflammatoriska faktorer såsom cyto-
kiner och prostaglandiner vilket resulterar i lokal inflammation och sedan 
systemisk inflammation. Den lokala inflammationen i tidig graviditet är vik-
tig för omvandlingen av spiralartärerna och främjar implantation av moder-
kakan. Pentraxin 3 är ett akutfas protein med betydelse för både immunför-
varet samt lokal- och systemisk inflammation. IL-6 och TNF-α är cytokiner 
som initierar ett systemiskt svar på lokal inflammation. Dessa är viktiga för 
cellsignalering, endotelcellsaktivitet och påverkar kärltonus och permeabili-
tet. 15-keto-dihydro-PGF2α är en inflammatorisk markör som är kärlkontra-
herande och inflammationsreglerande. 

Preeklampsi (PE, havandeskapsförgiftning) är en av huvudorsakerna till 
graviditetsrelaterade dödsfall och bestående handikapp hos både mor och 
barn. Sjukdomen drabbar 3-5 % av alla gravida och visar sig som högt blod-
tryck och läckage av äggvita i urinen efter graviditetsvecka 20. PE kan ännu 
inte förebyggas, inte heller behandlas annat än genom förlossning. Den bak-
omliggande orsaken till PE är inte klarlagd, men kunskapen har ökat de sista 
åren. Den normala balansen i reglerande system är satt ur spel. Förhöjd oxi-
dativ stress, störd angiogenes och ökad inflammation är associerade med PE. 
Egenskaper hos den gravida kvinnan är också av betydelse för utvecklingen 
av PE. Dit hör genetiska förutsättningar samt tillstånd som förknippas med 
kronisk inflammation, som högt blodtryck, övervikt och diabetes.  

Innan slutsatser kan dras gällande oxidativ stress, störd angiogenes och 
inflammation vid PE och andra komplicerade graviditeter måste dessa pro-
cessers roll i normal graviditet klarläggas. 

Studie I i det här avhandlingsarbetet syftar till att beskriva oxidativ stress 
och antioxidanters roll och aktivitet under normal graviditet och postpartum. 
Femtiotvå gravida kvinnor fullföljde studieprotokollet. Av dessa kvinnor var 
37 helt friska och födde normalstora, friska barn i fullgången tid. Dessa 37 
kvinnor inkluderades i studien. Urin- och blodprover samlades minst sex 
gånger från varje kvinna. Resultaten visar successivt ökande nivåer av 8-iso-
PGF2α med graviditetens fortskridande. α- och γ-Tokoferol nivåerna (justera-
de för fetter) sjunker med stigande graviditetslängd.  

Mild oxidativ stress är associerad med normal graviditet och är sannolikt 
av betydelse för normal fysiologi. Resultaten kan användas som referens för 
framtida studier gällande komplicerade graviditeter. 
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Studie II beskriver nivåer av angiogena (PlGF, VEGF-A), antiangiogena 
(sFlt1) faktorer samt sFlt1:PlGF kvoten under normal graviditet och postpar-
tum. Samma individer som inkluderats i studie I deltar. Resultaten visar att 
sFlt1 ligger relativt konstant till vecka 29–30, därefter stiger och når en topp 
vid vecka 40. Postpartum nivåerna är låga. PlGF ökar från tidig graviditet till 
vecka 29–30 och sjunker därefter fram till vecka 40. sFlt1:PlGF kvoten sjun-
ker från vecka 9–12 och ligger därefter konstant lågt från vecka 19–20 till 
37–38. Därefter ses en ökning till vecka 39–40. VEGF-A är detekterbar i 
endast 8 % av proverna under graviditeten och i 64 % postpartum.  

Kartläggningen av hur sFlt1, PlGF och sFlt1:PlGF kvoten fluktuerar un-
der normal graviditet och postpartum är av betydelse som referens för fram-
tida studier gällande komplicerade graviditeter.  

Studie III syftar till att etablera referensvärden i normal graviditet för PTX3. 
PTX3 har beskrivits som en lovande markör för att förutse PE. Ett annat 
urval har gjorts i syfte att etablera referensintervall varför alla 52 kvinnor 
som fullföljde studien inkluderades. Proverna delades upp i förhållande till 
insamlingstid under graviditeten i följande grupper: vecka 7–17, 17–24, 24–
28, 28–31, 31–34, 34–38, strax före förlossning och postpartum. Resultaten 
visar en kontinuerlig ökning av serum PTX3 med stigande graviditetslängd. 
Ökningen är mest framträdande efter vecka 31 och de högsta nivåerna ses 
just före förlossning.  

Dessa referensvärden är nödvändiga för att bedöma PTX3:s värde som en 
tidig prognostisk biomarkör för PE. I tidig graviditet är förändringarna i ni-
våerna små, varför samma referensintervall kan användas för de första 30 
veckorna av graviditeten. Detta kan förenkla användningen av PTX3 som en 
tidig markör för preeklampsi. 

Studie IV syftar till att belysa inflammatoriska faktorers aktivitet under nor-
mal graviditet och postpartum. Samma individer som inkluderats till studie I 
och II ingår. Resultaten visar en signifikant ökning av IL-6 under graviditet, 
som kvarstår postpartum. Ingen förändring kan ses av TNF-α med stigande 
graviditetslängd eller postpartum. 15-keto-dihydro-PGF2α ökar signifikant 
med stigande graviditetslängd och sjunker postpartum.  

Inflammatorisk aktivitet är associerad med normal graviditet och är san-
nolikt viktig för normal fysiologi. Fynden är av betydelse som referens för 
framtida studier gällande komplicerade graviditeter. 
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