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ÁGRIP 

PP13 og áhrif þess á bláæðakerfi í legi þungaðra rotta 

Æðavíkkandi áhrif PP13 á slagæðar hafa verið mikið rannsökuð en lítið er vitað um 

áhrif þess á bláæðar. Því var markmið þessa meistaraverkefnis að skoða hvaða áhrif 

PP13 hefur á bláæðakerfið í legi þungaðra rotta. Þekkt er að PP13 valdi æðavíkkun í 

slagæðum í legi og því þótti forvitnilegt að sjá hvaða áhrif PP13 myndi hafa á 

bláæðarnar. Einnig var skoðað hvort munur væri á virkni PP13 eftir því hvort að 

bláæðarnar væru einangraðar úr nágrenni legköku rottunnar eða við vöðvahjúp legsins 

(e. myometrium). Bláæðar voru einangraðar úr legi rotta á fimmtánda degi þungunnar, 

komið fyrir í æðahólfi og var hol æðanna mælt þegar PP13 var bætt út í lausnina á 

þéttnibilinu 10-13–10-8 M.  Niðurstöðurnar úr þessari prufurannsókn sýna að PP13 hefur 

bæði æðaþrengjandi og æðavíkkandi áhrif á bláæðarnar. Við lægri skammta þrengir 

PP13 hins vegar báðar gerðir æðanna upp að vissum punkti. Ef að skammturinn á 

PP13 er aukinn slaknar aftur á móti á æðunum og í þeim æðum sem komu frá 

vöðvahjúpinum víkkaði æðin út og varð víðari en við upphaf tilraunar. Einnig olli PP13 

æðasamdrætti í návist U46619, sem er thromboxane afleiða og öflugt æðaþrengjandi 

efni. Þetta gefur til kynna að æðaþrengjandi eiginleikar PP13 séu eðlislægir. 
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ABSTRACT 

 

Placental Protein 13 and its Effect on the Uterine Venous System of 

Gravid Rats 

Much is known of the vasodilatory effects of PP13 on arteries but little about the effect 

on veins. Therefore, the aim of this project was to observe what effect PP13 would 

have on the venous system in the uterus of gravid rats. The veins were the main focus 

since until now only the arteries have been studied. Another focus point was to see if 

there was a discernible difference in the effect of PP13 between veins isolated from 

the proximity of the placenta and the veins proximal to the myometrium. The veins 

were isolated from the uterus, cannulated and exposed to PP13 in the concentration 

range of 10-13–10-8 M. According to the results from this pilot study, PP13 has both a 

vasoconstrictive and vasodilatory effect on the veins. In both types of veins low doses 

of PP13 constrict the vein until a certain apex has been reached. At higher doses the 

vein relaxes and in the veins from the myometrium it causes even a further dilation. 

PP13 causes vasoconstriction even in the presence of U46619, a thromboxane analog 

and a potent vasoconstrictor, indicating that the vasoconstrictive properties of PP13 

are intrinsic. 
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ABBREVIATIONS 

 

COX   Cyclooxygenase 

EC50   Half Maximal Effective Concentration 

HELLP  Hemolysis, Elevated Liver enzymes and Low Platelet count 

HEPES-PSS  Hydroxyethyl-piperazine ethane-sulfonic acid - Physiologic Salt 

   Solution 

IL   Interleukin 

INDO   Indomethacin 

L-NAME  L-Nitroarginine Methyl Ester 

PECAM-1  Platelet Endothelial Cell Adhesion Molecule 1 

PlGF   Placental Growth Factor 

PP13   Placental Protein 13 

sFLT1   Soluble fms-Like Tyrosine Kinase 1 

UV(M)   Uterine vein isolated from the myometrium 

UV(P)   Uterine vein isolated from the placenta 

VEGF   Vascular Endothelial Growth Factor 
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1. INTRODUCTION 
 

1.1 PP13 and galectins  
 

Galectins are proteins that generally bind and cross-link glycans (polysaccharides). 

Galectins have been shown to bind to leukocyte surface, functioning through 

transmembrane signaling and regulating immune responses, through both the 

acquired and the innate immune systems. Evolutionary data seems to hint that great 

apes (the family Hominidae, not to be confused with primates) evolved a group of 

galectins along with developing a longer gestational period as the placentation in 

pregnancy become more invasive and the need for compounds with immunoregulatory 

characteristics at maternal-fetal interface arose (Gizurarson et al., 2013). 

 Placental protein 13 (also known as galectin-13 or LGALS13), often abbreviated 

PP13, is a protein of the galectin class. It is expressed solely in the placenta during 

pregnancy, along with galectin 14 (LGALS14) and galectin 16 (LGALS16), and hardly 

any expression can be found in other tissues. One of 56 known placental proteins that 

have been discovered so far (Burger et al., 2004; Berthold Huppertz, Meiri, Gizurarson, 

Osol, & Sammar, 2013), it works by inducing vasodilation in rodents and as such plays 

a role in the vascular system of the maternal rodents by reducing blood pressure 

(Gizurarson et al., 2013). Along with causing blood vessel dilation and diameter 

expansion in rats, it stimulates the growth of the placenta which results in a larger 

organ and, consequently, larger rat pups (Madar-Shapiro et al., 2017).  This can be 

observed when compared to injections with saline (for control-group): The placenta in 

gravid rats who received PP13 grew 3.7-fold in 6 days while the placenta from the 

control group that received saline grew only 2.5-fold (Gizurarson et al., 2016). 

 PP13 is expressed by the LGALS13 gene which is located on chromosome 

19q13 close to other galectins such as, galectin-10 and galectin-4. The similar exon 

structure of the neighboring galectins indicates a common genetic origin (Nandor G. 

Than et al., 2004) 

 Genetic mutations in different factors influencing blood coagulation have been 

found in those patients who are at high risk of developing pre-eclampsia. As low 

molecular weight heparin (LMWH) has been implicated in immunosuppression and 

apoptosis of cells along with it being used as a common anti-coagulant drug, adding it 
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to the villous explants of placentas was tried. Although it had slight positive effects in 

pre-eclampsia, it decreased the release of PP13 in first trimester explants, indicating 

that it should not be used in as a preventive treatment in the first trimester. However, 

it could prove to be beneficial towards the onset of pre-eclampsia. Aspirin, in a similar 

fashion as LMWH, decreases the release of PP13 from villous explants, although it 

was associated with a 50% decrease in frequency of pre-eclampsia when used before 

the 16th week of pregnancy in the concentration range of 75-130 mg/day (Berthold 

Huppertz et al., 2013). 

 

1.2 PP13 and pre-eclampsia 
 

There seems to be a correlation with pre-eclampsia and decreased amount of PP13 

present in the placenta. Studies by Than et al. (2008) and Sammar et al. (2011) in 

placentas examined after delivery show that levels of PP13 mRNA were almost 4-fold 

lower in patients which developed pre-eclampsia and HELLP symptom compared to 

the control group (M. Sammar et al., 2011; N. G. Than et al., 2008). Under normal 

circumstances PP13 serum levels increase throughout the pregnancy, on average 

25% higher in the second trimester than in the first. In the third trimester, the values 

had doubled to those in the second trimester. 8-12 weeks after delivery, PP13 had 

completely disappeared from the maternal serum (B. Huppertz et al., 2008). However, 

if the maternal serum levels of PP13 are low during the first trimester of pregnancy 

there is an increased risk of pre-eclampsia developing.   

 As the pre-eclampsia progresses, syncytiotrophoblast increase their shedding 

of microparticles containing PP13, resulting in higher levels of the protein. The higher 

the spike from first to third trimester in PP13 levels, the more severe the symptoms of 

the resulting pre-eclampsia (Gonen et al., 2008; B. Huppertz et al., 2008). Along with 

remodeling arteries and causing an immunosuppressive effect, PP13 is routed to the 

smallest veins in the nearest proximity of the placenta and penetrates the venous wall 

due to its lysophospolipase activity (Gizurarson et al., 2016). 
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1.3 Immunology 
 

A hypothesis was presented by Than et al. (2009) that PP13 and similar galectins 

cause apoptosis in T-lymphocytes and therefore protect fetal components (to a degree) 

from maternal immune attacks. This was expanded by Kliman et al. (2012) that the 

inducement of apoptosis in immune cells supports uninterrupted invasion of 

trophoblasts into spiral arteries. PP13 induces leukocyte secretion of IL-1 alpha, which 

is responsible for the production of inflammation, and IL-6, which also plays a part in 

inflammation.  

 PP13 is expressed by villus syncytiotrophoblasts (the outer layer of the 

trophoblast which covers the embryonic placental villi). The trophoblasts invade the 

wall of the uterus and establish a circulation of nutrients and waste removal between 

the maternal and fetal systems. PP13 is however not expressed in the cytotrophoblast 

(the inner layer of the trophoblast). Kliman et al. also present evidence suggesting that 

PP13 creates so-called zones of necrosis which create a diversion for maternal spiral 

arterioles by drawing specific maternal immune cells away from them. This would allow 

the trophoblasts to invade the wall of the uterus and continuing to penetrate and 

convert the decidual arterioles without external effects from the maternal immune 

system, which in this case could be cytotoxic (Kliman et al., 2012).  

 If the invasion of trophoblasts fails and the spiral arterioles are not remodeled 

then pre-eclampsia develops. Lyall et al. suggested that the trophoblasts that invade 

the spiral arterioles have an ability to mimic and express PECAM-1 cells which are 

present in the endothelial cells in the arterioles. PECAM-1 (Platelet endothelial cell 

adhesion molecule) is an immunoglobulin which is expressed by a wide variety of cells 

and makes an early appearance in the development of the vascular system. Lyall et 

al. also noticed that when pre-eclampsia developed during pregnancy, the 

throphoblasts failed to express the PECAM-1 cells (Lyall et al., 2001). 

 

1.4 Pre-eclampsia 
 

Pre-eclampsia is a complication during pregnancy which affects around 2-8% of all 

pregnancies in the world (according to WHO) and the most common serious medical 

disorder which can affect the human pregnancy (Kane, Dennis, da Silva Costa, 
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Kornman, & Brennecke, 2013). It is typically characterized by new onset hypertension 

and proteinuria after 20 weeks gestational period. It is classified as early onset pre-

eclampsia if it’s developed before 32-34 weeks of pregnancy and in some parts of the 

world this state is called severe pre-eclampsia. No definite treatment has been 

established for pre-eclampsia other than induction of delivery; however, this must be 

done cautiously since some pre-eclamptic women can experience an exacerbation of 

the disease during the intra- and postpartum period ("WHO recommendations for 

Prevention and treatment of pre-eclampsia and eclampsia," 2011).  

 If pre-eclampsia progresses the risk of maternal and perinatal mortality is greatly 

increased as the placenta will not be able to sustain the fetus and the maternal organs 

begin to dysfunction, which can culminate in HELLP syndrome and eclampsia. HELLP 

is an acronym for hemolysis, elevated liver enzymes and low platelet count. It is 

associated with both maternal and perinatal complications which can be life-

threatening to both mother and child (Haram, Svendsen, & Abildgaard, 2009). 

 Eclampsia is a rapid progression of pre-eclampsia where seizures develop 

without pre-existing neurological dysfunctions and carries with it a high morbidity and 

mortality risk for both mother and fetus. Four of every five patients display premonitory 

symptoms and signs similar to pre-eclampsia, for example hypertension and 

proteinuria (Kane et al., 2013). However, eclampsia can sometimes develop suddenly 

as some women remain normotensive before the onset of seizures in the disease, 

masking the complication (Dennis, Chambers, & Serang, 2015)  

 For a pregnancy to succeed, sufficient uteroplacental blood flow is necessary 

so the entire uterine circulation grows and undergoes a significant remodeling process 

to ensure these demands are met. A new organ is formed to provide nutrients and 

oxygen to the fetus: The placenta (Osol & Mandala, 2009). As gestational age 

advances both systemic and uterine vascular resistance decreases as the required 

blood supply to the fetus increases to ensure a normal growth, making the remodeling 

of the uterine vasculature a prerequisite for a normal growth (Drobnjak et al., 2017). 

 According to Burton et al. (2009) irregular and pulsating blood supply to the 

placenta, correlating with damage and disruption to the villi, is caused by a non-

homogenous expansion of the utero-placental vasculature (Burton, Woods, Jauniaux, 

& Kingdom, 2009). This being further aggravated by increased resistance of the blood 

flow and affected by various polypeptides and small-molecules which are derived from 
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maternal and placental origins, a major cause of placental pathology resulting in pre-

eclampsia (Marei Sammar et al., 2014)  

 According to Urquia et al. women from Sub-Saharan Africa, Latin America and 

the Caribbean need to be closely monitored for signs of pre-eclampsia as they are in 

a consistently higher risk for developing the disease (Urquia et al., 2014). There has 

been a significant correlation with black ethnicity and pre-eclampsia development 

(Gizurarson et al., 2016).  

 Women that develop pre-eclampsia during pregnancy run a greater risk of 

developing type 2 diabetes mellitus, kidney disease, chronic hypertension, ischemic 

heart disease and other cardiovascular diseases later in life. The tendency to develop 

cardiovascular diseases could be explained by a possible dysfunction in the 

endothelium of the mothers which affects both the restriction of blood flow to the 

placenta and the fetus, and later causes damage to the vascular system. It is therefore 

clear that pre-eclamptic women must be made aware of these increased risks as life-

style adaptions can reduce future morbidity (Williams, 2012).  

 While the mothers can experience later-in-life morbidity after the development 

of pre-eclampsia, children who are born to pre-eclamptic mothers are additionally at 

risk of developing cardiovascular and metabolic diseases later in life, and are 

susceptible to neurological disability. Due to the infants often being born preterm, the 

risk of growth restriction and perinatal mortality are greatly increased (Kane et al., 

2013) 

 Pre-eclampsia is not to be confused with gestational hypertension. Gestational 

hypertension is the development of hypertension in a pregnant woman after 20 weeks 

of gestation, like pre-eclampsia. However, a woman who has gestational hypertension 

does not have proteinuria (as the case would be if pre-eclampsia had been developed). 

This does not mean that gestational hypertension isn’t a dangerous disease. It can, 

just like pre-eclampsia, prove to be fatal to both mother and fetus (Kintiraki, 

Papakatsika, Kotronis, Goulis, & Kotsis, 2015). 

 One of the characteristics of a normal pregnancy cycle is insulin resistance and 

hyperinsulinemia. There are cases however where marked hyperinsulinemia has also 

been described in pre-eclampsia and gestational hypertension, with a strong 

association of pre-eclampsia and hyperinsulinemia. Also, there have been reports 

where pre-eclamptic women have remained insulin resistant and hyperinsulemic for 2 

months after delivery. From observations of clinical data, it seems that insulin 
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resistance, hyperinsulinemia and/or hyperglycemia in the first or second trimester of 

pregnancy could be an indicator of gestational hypertension or pre-eclampsia later in 

the gestational period (Podjarny, Losonczy, & Baylis, 2004). 

 

1.5 Biomarkers for pre-eclampsia 
 

Several biomarkers have been discovered which can predict the development of pre-

eclampsia. The first major one was discovered by Levine et al. (2004) where 

monitoring of the sFLT1:PlGF ratio is monitored and can give a prediction if the 

complication will develop in the next 1-2 weeks. As sFLT1 plasma levels increase, the 

plasma levels for PlGF decrease which consequently increases the risk for a faulty 

placentation, leading to pre-eclampsia (The mechanism for sFLT1 and its impact on 

pre-eclampsia is better explained in the “Drug Development for pre-eclampsia”) 

(Levine  et al., 2004). 

 Another type of biomarker for pre-eclampsia is the monitoring of the 

concentration of the glycoproteins inhibin-A and activin-A in the maternal serum. These 

proteins are dimeric and have almost opposite biological effects on the follicle-

stimulating hormone (Ling et al., 1986; Vale et al., 1986). They are produced by the 

placenta, decidua and fetal membranes. An increase in the serum levels of these 

proteins are seen at the onset of pre-eclampsia or gestational hypertension making 

them an effective biomarker for predicting pre-eclampsia (Spencer, Yu, Savvidou, 

Papageorghiou, & Nicolaides, 2006).  

 

1.6 Drug Development for pre-eclampsia 
 

Most mammals and many other species in the animal kingdom can develop 

hypertension during their gestational period, some can even develop proteinuria. Pre-

eclampsia, however, is limited to humans and some anthropoid primates (Podjarny et 

al., 2004). This complicates matters when trying to create an animal model to use in 

studies as it’s very difficult to replicate the human uterus. The failure of deep 

placentation in the uterine wall which is associated with the pregnancy complication is 

almost completely constricted to humans as there are some differences in the 
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structures of human placentas and the placentas of other animals. This entails that the 

conversion of results, obtained by using an animal placenta, to a human model must 

be done with caution (Meiri, Osol, Cetin, Gizurarson, & Huppertz, 2017).  

 However, there have been several animal models developed which have been 

shown to simulate a few traits of pre-eclampsia, such as chronic nitric oxide synthase 

inhibition in gravid rats. Nitric oxide is controlled and produced tonically (adapting 

slowly to a stimulus) by endothelial nitric oxide synthase (eNOS). If eNOS is chronically 

inhibited that leads to the rats developing a dose-dependent hypertension. The rats 

also exhibit proteinuria, decreased glomerular filtration rate (GFR), suppression of 

normal volume expansion and increased maternal and fetal morbidity and subsequent 

mortality in a similar pattern as is present in pre-eclampsia (Baylis & Engels, 1992; 

Hale, Weger, Mandala, & Osol, 2011; Osol, Ko, & Mandalà, 2017).  

 Administering an sFLT1 expressing adenovirus in gravid rats produces high 

levels of sFLT1 (soluble fms-like tyrosine kinase-1), an antagonist to both vascular 

endothelial growth factor (VEGF) and placental growth factor (PlGF), which play an 

important role in angiogenesis. It is speculated that angiogenesis is an essential part 

of placentation, if the placentation fails or proves to be defective pre-eclampsia will 

develop. As the sFLT1 levels were higher in plasma the levels of free VEGF and PlGF 

were lower which resulted in more severe pre-eclampsia cases. These findings 

suggest that both occurrence and seriousness of pre-eclampsia can be determined by 

the levels of free VEGF and PlGF in plasma. Also observed in administering sFLT1 to 

gravid rats is glomerular endotheliosis (an endothelial cell swelling, encroachment of 

capillary space area and clogging of the pores in the glomerulus) which is a 

characteristic lesion for pre-eclampsia (Podjarny et al., 2004; Stillman & Karumanchi, 

2007; Strevens et al., 2003). 

 The reduced uterine perfusion pressure (RUPP) model is utilized to generate 

hypertension and proteinuria, which is brought on by acutely reducing the utero-

placental perfusion pressure by 50% by clamping both the abdominal aorta and the 

uterine arteries (LaMarca et al., 2016; Longo, 1983; Lunell et al., 1984) although 

bilaterally ligating ovarian vessels which are distal to the ovarian branches or ligating 

the uterine vessels has also been performed to generate the RUPP model (Fushima 

et al., 2016). 
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 A set of preclinical studies have been performed in gravid rodents to evaluate 

the effect of PP13 in rodents. One method was injecting PP13 into gravid rats and 

rabbits intravenously during the second trimester, resulting in a reversible 30% 

reduction in blood pressure.  

 There are a few methods being developed to treat pre-eclampsia. The first is 

using apheresis to remove sFLT1 from the circulation, as removing the protein from 

the blood would prevent the antagonization of VEGF and PlGF resulting in a normal 

angiogenesis. Another method is to inject placentally derived stem cells intravenously 

resulting in decreased blood pressure and repairs of endothelial damage. The third is 

to treat the pregnant woman with a hydrogen sulphide donor which blocks the release 

of sFLT1, with the same mechanism of action as the first method (Meiri, Osol, Cetin, 

Gizurarson, & Huppertz, 2017).  

 

1.7 Polymorphism for PP13 
 

While pre-eclampsia is not classified as a genetic disorder, the presence of genetically 

inherited polymorphs indicates that a genetic inclination towards developing pre-

eclampsia is present in some populations (Gebhardt, Bruiners, & Hillermann, 2009; 

Marei Sammar et al. 2006). 

 There are several ways that the LGALS13 gene can express polymorphism for 

PP13. The first one is a truncation (premature termination of protein elongation) of the 

protein. This can be brought on by a single nucleotide deletion and the subsequent 

formation of one or more premature stop codons. The second is the mutation of exon-

intron boundaries. Exons are sections of DNA which are coded to proteins and the 

introns are the sections which are not. This kind of mutation leads to differential RNA 

splicing and eventually to a different protein being made. Mutations of this type have 

been found quite frequently in Caucasian African women that develop pre-eclampsia. 

The third kind polymorphism expression are changes that can occur in the promoter, 

which is the region of the DNA that initiates the transcription of certain gene. These 

changes have an effect on the regulation of expression levels, which is critical for 

protein synthesis (Berthold Huppertz et al., 2013).  
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 One type of these polymorphs is the delT221. The name is a reference to the 

deletion of thymidine in position 221, making it a polymorph mutation of the first kind, 

truncation due to deletion of a single nucleotide. The deletion of thymidine results in 

the protein having an earlier stop codon, leading to the truncated protein having only 

a molecular weight of 11 kD in comparison of the wild type of PP13 which weighs 18 

kD (Marei Sammar et al., 2014). It has been identified in Black women in South Africa 

as a naturally occurring mutation and is associated with high frequency of pre-

eclampsia.  

 The delT221 variant has been proposed to be a PP13-related DNA marker to 

predict risk for pre-eclampsia. It is a shorter molecular variant which lacks the 

carbohydrate recognition domain on exon 4 and a part of exon 3 resulting in protein 

misfolding and routing into inclusion bodies. Another effect is that due to changes in 

binding site, the apoptosis which PP13 can bring on immune cells cannot take place 

(Gizurarson et al., 2013). This truncation involves almost 10-fold increased risk for 

developing pre-eclampsia. Studies with gravid rats have shown that after injection with 

the truncated protein mean arterial blood pressure is lowered when compared to 

injection with saline (control). The blood pressure is lowered even greater if PP13 (wild 

type) is injected in comparison. It can be concluded therefore that the carbohydrate 

recognition domain plays a vital role in the effectiveness of PP13 (Marei Sammar et 

al., 2014). 

 What is also interesting is that when delT221 was compared to PP13 and saline 

injections is the weight of the pups. It can be clearly seen that the delT221 polymorph 

induces stunted growth as the pups in the rats that received the truncated protein grew 

only 5.5-fold in a period of 6 days while those gravid rats which were injected with 

PP13 and the control group had pups which grew around 15-fold in these 6 days. 

Another feature of interest (although not surprising) is that the placenta in the gravid 

rats grew similarly to the control group, indicating that mutated protein does not 

influence a stunted growth of the placenta but rather, has no effect on it. Despite the 

contrast effects the mutated protein has on placentation it does however have a similar, 

although not as powerful, hypotensive effect that PP13 has (Gizurarson et al., 2016).  

 Another type of polymorph is the Dex-2 mutation. This polymorph degrades 

almost instantly within the placenta and not even able to reach the maternal blood 

circulation. Its instability is caused by the fact that the majority of exon 2 and a few 

amino acids of exon 3 are lacking, therefore it is a mutation of second kind: Namely, 
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exon-intron boundary mutation. This causes the spliced protein to form disulphide 

bridges when it folds, forming an unstable variant of PP13. Along with being highly 

unstable, this polymorph is completely devoid of the lysophospholipase activity that 

PP13 possesses (Berthold Huppertz et al., 2013).   

 

1.7.1 PP13 -98 primer variations  

 

There have been three different genotype variations detected in the site of the -98 

promoter: A/A, A/C and C/C. A/A (homozygous) is the dominant genotype but also had 

the most cases of pre-eclampsia (above 80% compared to other genotypes, but was 

under 70% of the unaffected control group). In fact, the adjusted odds ratio for 

developing pre-eclampsia was 11 if the A/A genotype was present along with other risk 

factors, such as obesity (BMI > 35), previous history of pre-eclampsia, pregnancy when 

maternal age is over 40 years and African ethnicity (Marei Sammar et al., 2014). The 

A/C genotype was the runner up in terms of genetic frequency, with the C/C genotype 

being the least frequent. The presence of C in both the A/C and C/C genotypes had 

the effect that its frequency was higher in the unaffected control group than it was in 

the group with pre-eclampsia developing. These findings suggest that C has a 

protective effect on pre-eclampsia when present in the -98 promoter (Gizurarson et al., 

2016). 

 The 98 A/C variant is a polymorph of PP13 which is defined by the presence of 

a cytosine nucleotide in the -98 promoter position as a heterozygous genotype. It is 

caused by the third reason for polymorphism in the LGALS13, that is the change of the 

promoter (Berthold Huppertz et al., 2013). The presence of the cytosine nucleotide 

results in a three times higher binding to the TFAP2A promoter activator, leading to an 

increased gene transcription of the LGALS13 gene. This results in a higher PP13 

expression (Gizurarson et al., 2016). 

 

1.8 The pregnancy of rats 
 

The comparison of placentation between humans and rats has proven to be difficult. 

The remarkable difference in gestational time is a good indicator of the different 

morphology of the placenta. However, there are a few key similarities present which 
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enable the use of the rat model for reproductive studies. Rats experience the 

placentation in the same fashion as humans, that is deep intrauterine trophoblast cell 

invasion and trophoblast-directed uterine spiral artery remodeling (Soares, 

Chakraborty, Rumi, Konno, & Renaud, 2012). The placentas of humans and rats are 

both formed from the same original membrane, the chorioallantoic membrane (a 

reference to the fusion the allantois and the chorion, a key feature in the reproductive 

process of birds, reptiles and mammals (Gilbert, 2013). 

 The human and rat placental morphology follows the same main processes 

which are essential for a successful placentation, although the timing on a relative 

scale is mismatched. There are also considerably similar features of the maternal 

blood parameters of pregnant humans and gravid rats. For example, total protein and 

albumin concentrations decrease during the gestational period of both species, being 

caused by relatively similar increase in blood volume (de Rijk, van Esch, & Flik, 2002). 

 The placental structure and morphology of gravid rats is also considerably 

different than the human placenta. In a normal placental development of a gravid rat 

the process is both synchronized and timed well, the morphology is defined by the 

appearance of 5 different layers. These are at first only unfilled gaps but throughout 

the pregnancy the larger ones fill with maternal blood and the smaller ones with 

embryofetal blood. In the later stages of pregnancy, these develop into capillaries while 

still retaining the 5-layer structure (de Rijk et al., 2002). The human placenta has a 

villous organisation (Wang, 2010), in contrast.  

 The placental interhemal barrier in rats is hemotrichorial as the human barrier 

is hemomonochorial at term (Gizurarson et al., 2013). The placental interhemal barrier 

is the cell layer which separates the maternal and fetal blood in the placenta, where 

hemochorial is a type of placentation characterized by erosion of the maternal uterine 

epithelium and vasculature which allows the maternal nutrients to directly flow to the 

trophoblast cells (Konno, Rempel, Arroyo, & Soares, 2007). The hemochorial placenta 

is differentiated by the number of layers of trophoblasts. A hemotrichorial barrier 

therefore has three layers of trophoblasts present and a hemomonochorial only has 

one layer (Carter & Enders, 2016).   

  



12 
 

1.9 Vascular system 

  
 As mentioned before, the uterine vascular system undergoes a significant 

remodeling process during pregnancy, both in the vascular structure and the reactivity 

of the blood vessel. This is in fact a prerequisite for a successful gestational period as 

tremendous amount of blood is needed to supply the growing fetus inside the mother. 

The uterine artery in rodents, for instance, increases by 60-100% during pregnancy 

and the uterine vein increasing by 65% on average (Mandala & Osol, 2012). If this 

adaption of the vascular system does not take place then, as stated above, there is an 

increased risk of developing a pathological state such as pre-eclampsia and 

intrauterine growth restriction. The sensitivity of norepinephrine to induce 

vasoconstriction in veins from rats is significantly decreased during pregnancy (there 

is an almost 4-fold increase in the EC50 of norepinephrine between non-pregnant rats 

and late pregnant rats) (Wedel Jones, Mandala, Barron, Bernstein, & Osol, 2009). 

 

1.9.1 Vasoconstrictors and inhibition of vasodilation 

 

There are many vasoconstrictors known. Two of these that are widely used in studies 

on the vascular system are U46619 and Phenylephrine. U46619 is a thromboxane A2 

analog and like thromboxane A2 (Dorn & Becker, 1993), it induces vasoconstriction 

and platelet aggregation. It works by causing smooth muscle cells to contract. It is also 

a potent vasoconstrictor for the placental vascular system (Read et al., 1999). 

 Phenylephrine is a vasoconstrictor that stimulates alpha-adrenergic receptors, 

in the same manner as norepinephrine, and consequently induces vasoconstriction 

(Johnson & Hricik, 1993). As has been stated before by the studies of Jones et al. 

2009, the sensitivity for norepinephrine in rat uterine veins decreases significantly 

during the gestational period of the rodent and could this be an indicator that 

phenylephrine is a poor vasoconstrictor on uterine veins during pregnancy. 

 There are two pathways that are predominant in causing a vasodilatory answer 

from endothelial cells to smooth muscle cells. One is the synthesis of nitric oxide and 

the other is the formation of prostaglandins through the COX enzymes. Nitric oxide is 

produced in endothelial cells by eNOS (nitric oxide synthase) by converting L-arginine 

to nitric oxide (Kelm, 2003). After nitric oxide is synthesized, it is diffused across the 
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endothelial cell and into an adjacent smooth muscle, where it reduces the contraction 

of smooth muscle cells by binding to sGC (soluble guanylyl cyclase). The COX 

enzymes catalyze the metabolism of arachidonic acid to prostaglandin H2, which is 

subsequently synthesized into prostacyclin (PGI2). PGI2 binds to prostacyclin receptors 

on smooth muscle cells, relaxing the contraction in a same manner as nitric oxide does 

(Sandoo, van Zanten, Metsios, Carroll, & Kitas, 2010) 

 L-NAME is an inhibitor of nitric oxide synthase (Yu, Dong, Sun, Zhao, & Yang, 

2005) and prevents the endothelial cells from signaling to smooth muscle cells to 

induce a vasodilation. Indomethacin, widely used as a non-steroidal anti-inflammatory 

drug, inhibits the COX1/2 enzymes, greatly decreasing prostaglandin production. 

Prostaglandins are vasodilators that are greatly involved in the inflammation-response 

of the body (Swartz, 1987).  Inhibition of these two pathways is a method to determine 

if a vasodilatory effect of a compound is mediated independently of these pathways or 

not. 
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2. OBJECTIVES 
 

Primary objective 

To monitor what effect PP13 has when isolated vessels from the uterine venous 

system were studied in a venography. Also, to see if an vasoconstrictory or -dilatory 

answer was intrinsic or dependent on another molecule. 

 

Secondary objective 

To observe if the effect of PP13 on radial uterine veins in the placenta is different than 

the effect of PP13 on radial uterine veins in the myometrium. 
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3. MATERIALS AND METHODS 
 

Animals 
 

Sprague-Dawley rats were used for these experiments. The stage of the estrous cycle 

was determined by examination of the cell composition of vaginal smears in the female 

rats. The females were then coupled with male rats if their estrous cycle was in a 

favorable stage. To assess if the males had copulated, vaginal smears were examined 

the following day. If sperm cells are present in the smear then it is confirmed that 

copulation has occurred and that day is counted as the first day of the pregnancy of 

the rat. On day 15 of the 22 days gestational period the pregnant animals were studied. 

The animals were anesthetized by administering a 4% Isoflurane vapor into an 

induction chamber. Before sacrificing the animal, forceps were used to pinch the ears 

and toes of the animal to make sure that the animal had been fully anesthetized. If no 

response was seen from the animal then the animal was sacrificed and dissected. 

 

Experimental protocol 
 

To perform the tests, radial veins were isolated in the uterus. There were two different 

types of radial veins isolated for this study: 1) Radial veins connected to the placenta 

and 2) radial veins connected to the myometrium. As much surrounding fat and 

connective tissue as could be taken without damaging the vein was removed before 

mounting the vessel to the cannula. Prior to mounting the veins on to the chambers in 

which the experiments were performed the tissue was kept in HEPES-PSS at 4 °C.  

Figure 1 shows the dissected rat uterus. The gold square in the figure indicates the 

radial vasculature of the placenta, where the vein was isolated. The blue circle 

indicates the vasculature of the myometrium. 
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Figure 1. Dissected uterus of a mid-pregnant rat 

 

After the vein was mounted between two cannulas in the chamber it was allowed to 

equilibrate in a total volume of 50 mL of HEPES-PSS at 37 °C at 6 or 10 mmHg (in 

case where arteries were used the pressure for the experiment was at 50 mmHg). After 

this the vessel was bathed in 80 mM KCl – HEPES solution to see if a contraction 

would occur (showing that the tissue hadn’t deteriorated). If a vasoconstriction took 

place then the vessel was rinsed with 100 mL of HEPES to return it to the original value 

of the lumen diameter in the vein. Thereafter, the vessel was again allowed to 

equilibrate. However, if the vessel didn’t contract with the KCl – HEPES then the tissue 

was most likely dead and another vessel was mounted on the chamber. 

A part of the study was performed on vessels that were incubated with L-NAME and 

Indomethacin and/or pre-constricted with U46619 or Phenylephrine. If the vessel was 

incubated then 2 x 10-4 M of L-NAME and 10-5 M of Indomethacin were used. Then the 

vessel was allowed to equilibrate. In the case of pre-constriction, after the vessel had 

reached a feasible constriction of the lumen diameter it was monitored for 10 minutes 

to make sure the constriction was stable. The resting lumen diameter for the veins was 

in the range 240 - 510 µm. 
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Dosage of PP13 in the veins 
 

As stated in the introduction, the wild type of PP13 weighs 16 kD and was acquired by 

H. Meiri from Hy-Laboratories. The concentration of wild type received was 1,69 x 10-

5 M.  

The main objective of the experiment was to compare how PP13 affects different types 

of uterine vein in comparison to the uterine artery. Therefore, the same concentrations 

of PP13 as used by Drobnjak et al. 2017 were used in this experiment. These 

concentrations were in the range 10-13 – 10-8 M. Two stock solutions of PP13 were 

used in this experiment to reach this range: 1,69 x 10-5 M and 10-8 M. 

The doses of PP13 were added gradually to the solution starting with 10-13 M and 

increasing the dose once the vein had stabilized. 

The formula: C1 x V1 =  C2 x V2,  where C1 indicates the original concentration of the 

solution, V1 the volume needed from the original solution, C2 the target concentration 

of the new solution and V2 the total volume of the new solution, was used to calculate 

the doses of PP13 needed. 

 

Table 1. Concentration and volume of PP13 used for each experiment 

 [PP13] Volume of PP13 added Stock solution 

10-13 M 0.5 µL 10-8 M 

10-12 M 4.5 µL 10-8 M 

10-11 M 45 µL 10-8 M 

10-10 M 0.27 µL 1,69 x10-5 M 

10-9 M 2.7 µL 1,69 x 10-5 M 

10-8 M 27 µL 1,69 x 10-5 M 

 

The experiments were conducted by monitoring the lumen diameter of the uterine vein 

and measuring every other two minutes. If the vein had dilated and the dilation was 

stable for two measurements (four minutes) or if five measurements were taken (ten 

minutes) and the vein was stable during the last two measurements, the next dose was 

administered. The experiment finished when the last dose was administered and had 

induced a stable dilation or the vessel was stable for two measurements after at least 
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five measures had been taken. Then the chamber was washed with a HEPES-PSS 

with Papaverine and in the absence of calcium to observe the maximum dilation of the 

vessel.  
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4.  RESULTS 

 

4.1 Effects on veins  
 

Uterine veins were isolated from the placenta and the myometrium. They showed a 

slight constriction of the vessel diameter at low doses. Then when 10-11 M 

concentration was reached the vessels started to return to its original value. However, 

in the case of the veins, isolated from the myometrium, they dilated even further and 

reached their maximum dilation at 10-8 M regardless of prior interference. 

To calculate the average vasoconstriction and -dilation, every change in diameter was 

calculated from each experiment and from those numbers the averages were 

calculated. In the case of no constriction or dilation, the value was regarded as 0.  

Vasoconstriction was calculated using the following equation: 

𝑉𝑎𝑠𝑜𝑐𝑜𝑛𝑠𝑡𝑟𝑖𝑐𝑡𝑖𝑜𝑛 =  
∅𝑒𝑞 −  ∅𝑃𝑃13

∅𝑒𝑞
 𝑥 100% 

and for the vasodilation, the following equation was used, where it had to 

accommodate for the maximum dilation of the vessel: 

𝑉𝑎𝑠𝑜𝑑𝑖𝑙𝑎𝑡𝑖𝑜𝑛 =
∅𝑃𝑃13 −  ∅𝑒𝑞

∅𝑚𝑎𝑥 −  ∅𝑒𝑞 
 

The averages from the changes in lumen diameter, the averages from the 

vasoconstriction and -dilation are all presented as mean ± SEM. These results may be 

observed in tables 2-4. 

Blood flow was calculated using Poiseuille’s relationship, where blood flow is 

proportional to the diameter of the vein: 

𝐵𝑙𝑜𝑜𝑑 𝑓𝑙𝑜𝑤 ∝ 𝑟4 

 

4.1.1 Placental uterine veins 

 

As can be seen in the graphs plotted in figures 1 and 2, PP13 induces almost10% 

vasoconstriction in radial uterine veins from the placenta, which indicates 34% 

decrease of blood flow (using Poiseuille’s equation), unless the flow rate increases. 

However, the vein without prior interference displays a decrease in vasoconstriction as 
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early as 10-11 M PP13. Veins that were incubated with L-NAME and indomethacin and 

pre-constricted with U46619, all shows vasoconstriction at concentrations 10-10 M 

PP13. They all returned to normal lumen diameter at 10-8 M PP13. When the vein was 

pre-constricted with U46619, the constriction increased as more PP13 was added. 

 

Figure 2 displays how the concentration of PP13 affects the vasoconstriction of 

placental uterine veins. The top function (blue) shows the effect on just the uterine 

vein. The middle function (green) shows the effect on veins that had been pre-

incubated with L-NAME and Indomethacin and pre-constricted with U46619. The 

bottom function (red) shows the effect on veins that were pre-constricted with U46619. 

The confidence limits of the lines are present in table 3. 

 

 

Figure 2. The effect of PP13 on vasoconstriction in uterine veins from placenta 

 

Figure 3 shows how the lumen diameter changes when the dose of PP13 is increased. 

The green curve shows effect on a vein that had been incubated with L-NAME and 

indomethacin and pre-constricted with U46619. The red curve shows the effect on a 

vein that had been pre-constricted with U46619. The blue curve represents the effect 

on a vein with no prior interference. The confidence limits of the lines are present in 

table 2. 

Interestingly, no vasodilation was observed with veins from the placenta. 
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Figure 3. The effect of PP13 on lumen diameter in veins from the placenta 

 

4.1.2 Uterine veins in the myometrium 

 

The graphs in figures 4 – 6 show how the uterine veins in the myometrium are affected 

by the addition of PP13. The peak vasoconstriction is observed at 10-11–10-10 M PP13 

on veins without interference, reaching almost 8%. This indicates a 28% decrease in 

blood flow, unless the flow rate increases. With pre-constricted veins the effect peaked 

at 10-11 M PP13 and veins that were incubated with L-NAME and indomethacin peaked 

at 10-9 M PP13. No vasoconstriction was observed on veins that were incubated with 

L-NAME and indomethacin and pre-constricted with U46619. The placental veins 

showed similar pattern, where the vasoconstriction decreased with more addition of 

PP13.  
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Figure 4. The effect of PP13 on vasoconstriction in uterine veins isolated from the myometrium 
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Vasodilation started to appear at 10-13 M concentration, in the cases of veins without 

interference and veins that were incubated with L-NAME and indomethacin and pre-

constricted. These were reaching around 23% vasodilation at 10-8 M PP13, resulting 

in approximately 228% increase in blood flow at an unchanged flow rate. In veins that 

were only pre-constricted with U46619 the vasodilation began on average at the 

concentration of 10-9 M PP13 and was around 7% at 10-8 M. Interestingly, no 

vasodilation was observed with the veins that were incubated with L-NAME and 

indomethacin.  

 

Figure 4 shows how vasoconstriction changes in the veins at various concentrations 

of PP13. The top function (red) in the graph shows the effect on veins pre-constricted 

with U46619. The middle function (green) shows the effect on veins incubated with L-

NAME and indomethacin. The bottom function (blue) shows the effect on just the 

uterine vein. Barely visible at the bottom of the y-scale (purple) the effect on the vein, 

incubated with L-NAME and indomethacin and pre-constricted with U46619, can be 

observed. The confidence limits of the lines are present in table 3. 
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Figure 5. The mean change in lumen diameter in veins from the myometrium as a function of 
PP13 concentration 
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 In figure 5, the mean change in lumen diameter is observed for different protocols at 

various PP13 concentrations. The top line (purple) shows the effect on veins that were 

incubated with L-NAME and indomethacin and pre-constricted with U46619. The blue 

line shows the direct effect of PP13 on just the veins. The red line shows the effect of 

PP13 on veins that were pre-constricted with U46619. The green line shows the effect 

of PP13 on veins that were incubated with L-NAME and indomethacin. The confidence 

limits for the lines are present in table 2. 

 

 The vasodilatory effect of PP13 is shown in figure 6: The gold curve represents veins 

that are incubated with L-NAME and indomethacin and pre-constricted with U46619. 

The blue curve represents veins from the myometrium with no interference. The red 

curve shows veins that are pre-constricted with U46619. At the bottom of the graph 

are green values visible, representing veins that are incubated with L-NAME and 

indomethacin. The confidence limits for the lines are present in table 4. 

 

 

 

Figure 6. The mean vasodilatory effect of PP13 on veins from the myometrium 

 

 

 

UV(M)

UV(M) - U46619

UV(M) - L-NAME + Indomethacin - U46619

-14 -13 -12 -11 -10 -9 -8 -7

0

5

10

15

20

25

30

PP13 (log10 M)

V
as

o
d

ila
ti

o
n

 (
%

)



24 
 

 

 Table 2. The mean of change in lumen diameter for different types of veins 

 

 

 

 

Table 3. The average vasoconstriction for different types of veins 

 UV(P) 
UV(P) – 

U46619 

UV(P) – L-NAME + 

INDO – U46619 
UV(M) UV(M) – U46619 

UV(M) – L-NAME + 

INDO 

UV(M) – L-NAME + INDO 

– U46619 

 n = 2 n = 3 n = 1 n = 5 n = 5 n = 1 
n = 1 

[PP13] Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM 
Mean ± SEM 

10-13 M 5.8 ± 3.5 % 1.6 ± 0.8 % 
0 ± 0% 

2.16 ± 1.3 % 8.4 ± 2.8 % 7.7 ± 0 % 
0 ± 0 % 

10-12 M 9.3 ± 6.9 % 1.6 ± 0.8 % 
0 ± 0 % 

3.54 ± 1.7 % 16.6 ± 5.1 % 11.5 ± 0 % 
0 ± 0 % 

10-11 M 9.3 ± 6.9 % 2.2 ± 1.2 % 
4.8 ± 0 % 

6.86 ± 4.3 % 17.7 ± 5.6 % 11.5 ± 0 % 
 0 ± 0 % 

10-10 M 8.2 ± 3.4 % 3.2 ± 1.7 % 9.5 ± 0 % 
7.16 ± 5.2 % 12.4 ± 6 % 11.5 ± 0 % 

0 ± 0 % 

10-9 M 8.2 ± 4.6 % 2.2 ± 1.2 % 
0 ± 0 % 

6.7 ± 5.13 % 11.9 ± 5.8 % 15.4 ± 0 % 
0 ± 0 % 

10-8 M 4.7 ± 2.3 % 3.4 ± 2.5 % 
0 ± 0 % 

6.24 ± 5.2 % 5.9 ± 5.9 % 11.5 ± 0 %  
0 ± 0 % 

 

 UV(P) 
UV(P) – 

U46619 

UV(P) – L-NAME + 

INDO – U46619 
UV(M) UV(M) – U46619 

UV(M) – L-NAME + 

INDO 

UV(M) – L-NAME + 

INDO – U46619 

 n = 2 n = 3 n = 1 n = 5 n = 5 n = 1 
n = 1 

[PP13] Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM 
Mean ± SEM 

10-13 M -20 ± 20 µm -6.7 ± 3.3 µm 0 ± 0 µm -2 ± 4.9 µm -15 ± 5.9 µm -20 ± 0 µm 
5 ± 0 µm 

10-12 M -35 ± 35 µm -6.7 ± 3.3 µm 0 ± 0 µm -6 ± 8.1 µm -27 ± 7 µm -30 ± 0 µm 
10 ± 0 µm 

10-11 M -35 ± 35 µm -10 ± 5.8 µm -10 ± 0 µm  -19 ± 18.7 µm -29 ± 8.1 µm -30 ± 0 µm 
20 ± 0 µm 

10-10 M -30 ± 20 µm -20 ± 0 µm -20 ± 0 µm -20 ± 23 µm -20 ± 9.4 µm -30 ± 0 µm 
25 ± 0 µm 

10-9 M -30 ± 25 µm -15 ± 5 µm 0 ± 0 µm -15 ± 23.9 µm -15.5 ± 9.2 µm -40 ± 0 µm 
30 ± 0 µm 

10-8 M -15 ± 15 µm -20 ± 10 µm 0 ± 0 µm -10.4 ± 24.6 µm 2 ± 13.9 µm -30 ± 0 µm 
40 ± 0 µm 
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Table 4. The average vasodilation for different types of protocols for veins from the myometrium 

 

 

The graphs that are plotted in figures 2 – 6 are present in the appendix with the 

functions and the calculated R2 value (figures 10 – 20). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 UV(M) UV(M) – U46619 UV(M) – L-NAME + INDO 
UV(M) – L-NAME + INDO – U46619 

 n = 5 n = 5 n = 1 
n = 1 

[PP13] Mean ± SEM Mean ± SEM Mean ± SEM 
Mean ± SEM 

10-13 M 
1.12 ± 1.12 % 0 ± 0 % 0 ± 0 % 

2.9 ± 0 % 

10-12 M 
2.22 ± 2.22 % 0 ± 0 % 0 ± 0 % 

5.9 ± 0 % 

10-11 M 
10.78 ± 7.8 % 0 ± 0 % 0 ± 0 % 

11.8 ± 0 % 

10-10 M 
11.34 ± 7.9 % 0 ± 0 % 0 ± 0 % 

14.7 ± 0 % 

10-9 M 
19.88 ± 15.5 % 1.54 ± 1.54 % 0 ± 0 % 

17.7 ± 0 % 

10-8 M 
23.28 ± 14.9 % 6.82 ± 3.4 % 0 ± 0 % 

23.5 ± 0 % 
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5.  DISCUSSIONS 
 

As has been stated here above, PP13 induces a vasoconstriction at low doses in 

uterine veins (both from the placenta and the myometrium), until reaching a peak and 

returning to a relaxed state when the dose is increased. What is interesting to observe, 

is that the veins from the myometrium dilate, especially at higher doses, to almost 25% 

of maximum dilation. 

There is not a clear answer yet why PP13 works on the uterine veins in this manner 

but it could be that during the first trimester of pregnancy, the vasculature in the uterus 

favors more pressure in the blood vessels. Drobnjak et al. (2017) found that even at 

low doses PP13 induces vasodilatation in uterine arcuate arteries, starting with an 

almost 20% dilation at 10-13 M PP13. Gizurarson et al. (2016) observed that PP13 

augments venous remodeling in gravid rats compared to a control group.  

If these results are observed together then this phenomenon could be to ensure that 

blood is delivered to the placenta and the myometrium and that it is kept there during 

the first trimester. As the pregnancy advances and the maternal vasculature undergoes 

its great remodeling process the need for this pressure in the veins is not required and 

as such the vessel returns to normal. The myometrium undergoes its greatest growth 

after mid-pregnancy (Shynlova, Kwong, & Lye, 2010) and therefore the vasodilation of 

the myometrial vein could be explained by the increased need to remove waste 

material from the myometrium to ensure maximum hypertrophy in the third trimester.  

As stated in the results above, PP13 decreases the flow rate of veins in the placenta 

by 34%. It also returns the veins to the original state of diameter before constriction. 

Therefore, the placenta seems to be able to control precisely the blood flow by 

releasing PP13 into the veins and into the blood stream. PP13 also displays this 

vasoconstriction on veins from the myometrium and what is more interesting, the vein 

dilates even further than the original diameter of the lumen. This means that the 

myometrium blood flow can both be decreased and increased if the flow rate remains 

unchanged.  

The fact that this effect is observed with veins from the myometrium could be an 

indicator that a similar effect might be seen with different kinds of veins in the uterine 

blood stream. This however, is only speculation and needs to be further studied.   
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PP13 concentration of 9 x 10-12 M corresponds to around 300 pg/mL, according to 

Drobnjak et al. (2017). PP13 levels during a normal pregnancy are at about 200-300 

pg/mL in the first trimester peaking at around 400-500 pg/mL at term. Therefore, the 

dose range of 10-13 – 10-8 M reflects the maternal serum levels of PP13 during a normal 

pregnancy as after PP13 is released from the syncytiotrophoblasts, it spreads 

throughout the body and is diluted.  

Tables 2-4 show different results. Table 2 shows that on average the net change in 

lumen diameter is negative for most experimental protocols while table 4 shows that 

dilation occurs at higher concentrations. The values in table 2 do not take into account 

the different size of each vessel as the overall size of the vein affects the calculated 

vasodilation.  

It is worthy to note that the numbers of experiments are too few to confirm these results. 

For example, only one experiment was performed for every type of experiment where 

L-NAME and indomethacin were incubated in the solution. Therefore, the results for 

those experiments are not as accurate as the results for the experiments where the 

protocol was performed 3-5 times. However, every protocol needs to be performed at 

least 6 times to have a general understanding of the vasodilatory effect of PP13 in 

uterine veins. This is especially important as veins were being used in this study. Since 

veins are more fragile than arteries, there is always a possibility that the vessel gets 

damaged while it is being isolated and mounted upon the chamber. By using an 80 

mM KCl solution and observing if the vein contracts, it can be made certain that the 

vein is still alive when the experiment begins.  

Great apes are the only animals that express the LGALS13 gene and therefore the 

only animals which express PP13 during gestation. However, the mechanisms that are 

involved in the regulation of vasoconstriction and -dilation in rats are similar to those 

that regulate blood pressure in humans. To confirm that PP13 works in the same 

manner in humans, human uterine veins need to be isolated and studied. 
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6. CONCLUSIONS 
 

The primary objective of this study was to observe what effect PP13 has on the uterine 

veins in gravid rats. The secondary objective was to detect if there was a difference in 

the effects of PP13 on uterine veins that were connected to the placenta and the veins 

that were connected to the myometrium. 

This pilot study shows that PP13 induced a vasoconstriction in radial uterine veins from 

both the placenta and the myometrium at lower doses (10-13 – 10-11 M). When a higher 

dose (10-10 -10-8 M) was reached the veins returned to their previous state. 

Interestingly, the veins from the myometrium also exhibited a vasodilation, starting as 

early as 10-13 M.  

If the flow rate of the vein is unchanged, then PP13 can decrease the blood flow to 

66% of its original flow in placental radial veins. However, in the myometrium, PP13 

can change the blood flow in the range of 72 - 228% of the original flow in the vein. 

Furthermore, the vasoconstrictive effect of PP13 seems to be an intrinsic property of 

the protein, as the vasoconstriction occurs even when the vein is pre-constricted with 

U46619.  

However, these results need to be confirmed by further studies as the number of 

experiments in this experiment are too few to be able confirm these effects of PP13. 
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APPENDIX 

 

Preparing physiological solutions 

Table 5. Compounds in HEPES physiological solutions and the compostition 

Compounds HEPES-PSS (mM) 80 mM KCl HEPES-PSS (mM) 

NaCl 141.8 66.5 

KCl 4.7 80 

MgSO4 1.7 1.7 

EDTA 0.5 0.5 

CaCl2 2.8 2.8 

HEPES 10 10 

KH2PO4 1.2 1.2 

Glucose 5 5 

 

The physiological solutions were prepared by dissolving the compounds in the ratio 

found in table 5 in bi-distillated water and adjusting the pH to 7.4 at 37 °C. 
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Table 6. Results from the experiments on uterine veins from the placenta 

Protocol 
Uterine vein (P) – 

PP13 
UV(P) – U46619 -PP13 

UV(P) -L-

NAME+Indo-

U46619 

Experiment number 1 (µm) 2 (µm) 1 (µm) 2 (µm) 3 (µm) 1 (µm) 

Vasoconstriction at 

start of the experiment 
0% 0% 43% 37% 29% 48% 

Equilibrium 410 430 430 360 510 210 

10-13 M PP13 410 390 430 350 500 210 

10-12 M PP13 410 360 430 350 500 210 

10-11 M PP13 410 360 430 350 490 200 

10-10 M PP13 400 380 -* 340 490 190 

10-9 M PP13 405 375 -* 350 490 210 

10-8 M PP13 410 400 -* 330 500 210 

Maximum dilation 420 530 750 570 720 400 

Vasoconstriction 1 2 1 2 3 1 

10-13 M PP13 2.4% 9.3% 0% 2.8% 2.0% 0% 

10-12 M PP13 2.4% 16.3% 0% 2.8% 2.0% 0% 

10-11 M PP13 2.4% 16.3% 0% 2.8% 3.9% 4.8% 

10-10 M PP13 4.8% 11.6% -* 5.6% 3.9% 9.5% 

10-9 M PP13 3.6% 12.8% -* 2.8% 3.9% 0% 

10-8 M PP13 2.4% 7.0% -* 8.3% 2.0% 0% 

 

* In the first experiment of the veins from the placenta that were pre-constricted with 

U46619. PP13 was accidentally added in the doses 1.62 x 10-10 M, 1.62 x 10-9 M and 

1.62 x 10-8 M instead 10-10 M, 10-9 M and 10-8 M. 
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Table 7. Results from the experiments on uterine veins from the myometrium 

 

 

 

 

 

 

 

 

Protocol Uterine vein (M) – PP13 UV(M) – U46619 – PP13 
UV(M) – L-

NAME+Indo 

UV(M)-L-

NAME+Indo-

U46619 

Experiment 

number 

1 

(µm) 

2 

(µm) 

3 

(µm) 

4 

(µm) 

5 

(µm) 

1 

(µm) 

2 

(µm) 

3 

(µm) 

4 

(µm) 

5 

(µm) 
1 (µm) 1 (µm) 

Vasoconstriction 

at start of 

experiment 

0% 0% 0% 0% 0% 39% 46% 58% 41% 50% 38% 42% 

Equilibrium 460 170 240 430 400 170 150 150 160 225 260 220 

10-13 M PP13 460 170 250 410 400 170 140 130 150 190 240 225 

10-12 M PP13 450 170 260 400 390 150 130 95 140 205 230 230 

10-11 M PP13 380 180 265 390 390 130 130 95 150 205 230 240 

10-10 M PP13 360 180 270 390 400 130 150 105 150 220 230 245 

10-9 M PP13 360 190 275 400 400 120 160 117,5 150 220 220 250 

10-8 M PP13 360 190 283 410 405 120 170 180 160 235 230 260 

Maximum 

dilation 
490 195 420 500 440 220 280 360 300 450 250 390 

Vasoconstriction 1 2 3 4 5 1 2 3 4 5 1 1 

10-13 M PP13 6.1% 0% 0% 4.7% 0% 0% 6.7% 13.3% 6.25% 15.6% 7.7% 0% 

10-12 M PP13 8.2% 0% 0% 7.0% 2.5% 11.8% 13.3% 36.7% 12.5% 8.9% 11.5% 0% 

10-11 M PP13 22.5% 0% 0% 9.3% 2.5% 23.5% 13.3% 36.7% 6.25% 8.9% 11.5% 0% 

10-10 M PP13 26.5% 0% 0% 9.3% 0% 23.5% 0% 30% 6.25% 2.2% 11.5% 0% 

10-9 M PP13 26.5% 0% 0% 7.0% 0% 29.4% 0% 21.7% 6.25% 2.2% 15.4% 0% 

10-8 M PP13 26.5% 0% 0% 4.7% 0% 29.4% 0% 0% 0% 0% 11.5% 0% 

Vasodilation 1 2 3 4 5 1 2 3 4 5 1 1 

10-13 M PP13 0% 0% 5.6% 0% 0% 0% 0% 0% 0% 0% 0% 2.9% 

10-12 M PP13 0% 0% 11.1% 0% 0% 0% 0% 0% 0% 0% 0% 5.9% 

10-11 M PP13 0% 40% 13.9% 0% 0% 0% 0% 0% 0% 0% 0% 11.8% 

10-10 M PP13 0% 40% 16.7% 0% 0% 0% 0% 0% 0% 0% 0% 14.7% 

10-9 M PP13 0% 80% 19.4% 0% 0% 0% 7.7% 0% 0% 0% 0% 17.7% 

10-8 M PP13 0% 80% 23.9% 0% 12.5% 0% 15.4% 14.3% 0% 4.4% 0% 23.5% 
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Table 8. Equipment used for the experiment 

Equipment Manufacturer Type 

Anesthesia machine VetEquip V-1 

Data system interface IonOptix DSI-300 

Induction chamber VetEquip - 

Microscope Leica - 

Microscope Nikon TMS-F 

Microscope Olympus CK 2 

Peristaltic pump Watson Marlow Sci Q400 

Pressure servo controller 

with peristaltic pump 

Living Systems 

Instrumentation 

PS-200 

Pump drive Cole-Parmer Masterflex Console Drive 

Recirculating water bath LAUDA RE 207 

Recirculating water bath Braun Thermomix 5 BU 

Thermometer Oakton Temp 10 T 

Vaporizer VetEquip - 

Vessel chamber Living Systems 

Instrumentation 

CH-1-LIN 

Video dimension analyzer Living Systems 

Instrumentation 

VDA-10 

 

 

 

 

Figure 7. Vessel from an experiment 

Figure 7 (above) shows the vessel as it looks under the microscope. The red double 

arrow shows the range of the lumen diameter and the area that was measured during 

the experiment. 
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Figure 9. Pregnant rat uterine horn and a non-pregnant uterine horn 

Figure 8. Sprague-Dawley rat and location of the uterine 
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Figure 10. Average vasoconstriction of uterine veins from the placenta without prior 
interference 

 

 

Figure 11. Average Vasoconstriction of uterine veins from the myometrium without prior 
interference 

 

 

Figure 12. Average vasoconstriction of uterine veins from the myometrium pre-constricted with 
U46619 
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Figure 13. Average vasoconstriction of uterine veins from the placenta pre-constricted with 
U46619 

 

 

Figure 14. Average vasoconstriction of uterine veins from the myometrium incubated with L-
NAME and Indomethacin 

 

 

Figure 15. Average vasoconstriction of uterine veins from the placenta incubated with L-NAME 
and Indomethacin and pre-constricted with U46619 
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Figure 16. Average vasodilation of uterine veins from the myometrium without prior 
interference 

 

 

Figure 17. Average vasodilation of uterine veins from the myometrium pre-constricted with 
U46619 

 

 

Figure 18. Average vasodilation of uterine veins from the myometrium incubated with L-NAME 
and Indomethacin and pre-constricted with U46619 
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Figure 19. Average change in lumen diameter for various protocols of uterine veins from the 
myometrium 
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Figure 20. Average change in lumen diameter for various protocols of uterine veins from the placenta 


