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INTRODUCTION: 

 

The placenta is the active interface of the most biologically intimate 

connection between two living organisms. The human placenta connects a 

mother and her baby physically, metabolically, and immunologically.  

-Power & Schulkin
1 

 

           The target of Millennium Development Goal 5 was 75% decrease in maternal 

mortality ratio from 1995 to 2015.
2
 According to world health organization (WHO) 

the maternal mortality ratio in developing countries in 2015 was 239 per 100 000 live 

births versus 12 per 100 000 live births in developed countries.
3
 A systematic analysis 

by the World Health Organization on maternal death indicates that hypertensive 

disorders account for 14% of all maternal deaths in developing regions and one among 

the condition being preeclampsia.
4 

          According to The American Congress of Obstetricians and Gynaecologists 

(ACOG) 2013 revised guidelines preeclampsia could be diagnosed in the presence or 

absence of proteinuria.
5
 The organ damage occurs even before the clinical 

manifestation. Early diagnosis of preeclampsia and timely medical intervention 

reduces maternal mortality and morbidity. There was also increased perinatal 

mortality as preeclampsia also causes small for gestational age and preterm deliveries 

contributing to poor fetal outcome.
6, 7, 8   

The placenta was considered as the prime 

organ in the causation of preeclampsia. The abnormal placentation, uteroplacental 



2 

 

insufficiency, oxidative stress ,release of placental enzymes,
9.10.11.12

 and imbalance of 

pro and anti-angiogenic factors were some of the important pathophysiology stated as 

the cause of preeclampsia resulting in vasoconstriction and endothelial dysfunction.
13

   

           Since earlier times this vital organ and its derivatives found place in different 

medical specialties. The history of medicinal uses of human placenta dates back to 

1593, one of the biologist and pharmaceutical experts of china Li Shi-Zhen 

documented the medicinal properties of placenta “zi he chi” in “Chinese medical text 

The Compendium of Materia Medica
”
.
14

 From 1910 to 1990 the fetal membrane 

(amniotic membrane) were used for many conditions like skin grafts, ophthalmic 

conjunctival defects, reconstructive surgeries, adhesions, and burns.
15,16,17,18,19,20

 There 

structures had been proved to have established role in therapeutics of wound healing 

and regeneration.
21,22,23 

           Over the years, in addition to its above mentioned therapeutic  roles, it was 

discovered that the placental cells did exhibit the ability to produce anti-inflammatory 

response there by  suppressing  the proliferation of activated T cells, reduces Th1 

inflammatory cytokines and induces T regulatory cells and B lymphocytes.
24,25

 The 

placental cells were said to secrete factors that could dampen inflammatory mediators 

like interleukin-10 (IL-10), transforming growth factor-β (TGF-β), hepatocyte growth 

factor (HGF), prostaglandin E2 (PGE2), and Human leukocyte Antigen-G (HLA-

G).
26,27,28,29,30 

This  paradigm shift of research from therapeutic uses to placenta 

derived regulating  factors led to the discovery of anti-angiogenic properties of 

placenta mediated by pigment epithelium derived factor (PEDF), tissue inhibitor of 

metalloproteinase (TIMP-1, TIMP-2), and thrombospondin-1.
31,32,33

 Various cytokines 
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promoting angiogenesis were also found in placenta. They were epidermal growth 

factor (EGF), vascular endothelial growth factor (VEGF), placental growth factor 

(PIGF), basic fibroblast growth factor (bFGF), and angiopoietin-2.
34 

  Thus the 

beneficial effects of placenta are seen to be expanding day by day, which might be of 

significance in clinical practice. 

             Among multitude of placental cell derived factors, Relaxin a peptide hormone 

of pregnancy discovered in 1926 by Hisaw F.L has been subjected to recent research. 

It was found to produce various cardiovascular adaptive functions during pregnancy 

and claimed to be responsible for renal, vascular hemodynamic changes during 

pregnancy in lower mammalian species.
35,36,37,38

 In humans, seven relaxin family 

peptides and four relaxin receptors were identified so far. The circulating human 

relaxin 2 was known to be secreted by corpus luteum and placenta.  It exerts its action 

by binding to its cognate receptor RXFP1.The previous researchers had localised 

RXFP1 receptor in human normal placenta, uterus, ovary, mammary gland, prostate, 

kidney, heart and liver.
39 

            The cardiovascular, renal, vasodilator action of relaxin have been well 

documented and proven to be beneficial in heart failure following successful clinical 

trials in human.
40,41,42,43

 Immunolocalization of RXFP1 receptor in few places like 

dorsoradial ligament, fascial tissues and placenta accreta had been done, yet there 

exist paucity of studies focusing on RXFP1 in hypertensive disorders of pregnancy- 

preeclampsia.
44, 45, 46  . 

                  
In preeclampsia the release of antiangiogenic factors by ischemic-hypoxic 

placenta was thought to the main responsible factor for maternal symptoms and the 
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question whether administration of relaxin might be able to counteract this property by 

increasing the secretion of pro angiogenic factors in placenta remains to be answered. 

 
And so, in this study we aim to localize the RXFP1 receptor expression in normal and 

preeclampsia placenta by immunohistochemistry technique. 
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REVIEW OF LITERATURE: 

Review of literature related to development of placenta: 

The human placenta formation begins 6-7 days post fertilization when the 

embryo develops into blastocyst with inner cell mass embryoblast and outer layer of 

trophoblast and gets implanted to the uterine endometrium. The inner cell mass 

develops into fetus and the trophoblast develops into placenta and external membrane. 

The blastocyst get apposed and adhered to the receptive endometrium aided by L-

selectin of trophoblast along with cytokines IL-1α ,IL-1β and protease inhibitors  

secreted by it.The receptive endometrium secretes leukaemia inhibitory factor and 

allows trophoblast inavasion.
 47, 48, 49 

               The day 8, post fertilization the trophoblast differentiates into outer 

multinuclaeated syncytiotrophoblast and inner mononuclear cytotrophoblast. The 

syncytiotrophoblast are multinucleated with amorphous cytoplasm and without cell 

borders and have continuous syncytial lining. The cytotrophoblast are the stem cells of 

the placenta.
48

 The trophoblast interface so formed protect embryo from 

immunological attack and also extracts nutrients from mother. 

The day 9 post implantation during lacunar stage with lacuna appearing in the 

invading synctium filled with ueterine secretions forming the precursor of intervillous 

space  and the remaining synctiotrophoblast forms the basis of placental villous tree. 

The blastocyst completely embedded in endometrium and the penetration defect  

closed by fibrin plug .
50 
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                By day 11-12 the blastocyst completely embedded in endometrial stroma 

and the syncytiotrophoblast invades the maternal vessels there by lacuna gets filled 

with maternal blood establishing primitive uteroplacental circulation. During the same 

period formation of extra embryonic mesoderm takes place between cytotrophoblast 

and outer surface of exocoelomic cavity which are destined to become chorion. The 

confluence of spaces within the mesoderm forms the chorionic cavity.
47, 50

 

             At day 12-13 post conception the cytotrophoblast differentiates into villous 

and extra villous trophoblast.The villous cytotrophoblast cell penetrate the 

syncytiotrophoblast thus forming the primary chorionic villi.  

Further at day 16 when extraembryonic mesoblast penetrates the primary villi a 

msenchymal core is formed resulting in the formation of secondary villi.Emergence of 

hemopoetic cells in the mesenchymal core establishes the formation of tertiary 

villi.The place where the chorionic villi contact the decidual stromal ECM the sub 

population of  cytotrophoblast that leave the syncytiotrophoblast form the junctional 

trophoblast and  secretes trophouternectin (TUN) that mediate attachment of 

trophoblast to the decidua  and finally form the outer cytotrophoblast shell .
47,49  

The villi that extend from chorionic plate to basal plate are called the anchoring 

villi or the stem villi .The small branches from the stem villi are called terminal villi.
 

The placental villi thus formed making the placental barrier
47, 49, 50

 

              The extra villous trophoblasts are further differentiated into interstitial 

trophoblast and endovascular trophoblasts.  The interstitial trophoblasts penetrate the 

deciduas, myometrium and concentrate near the spiral arteries and prime the spiral 
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arteries for upcoming invading endovascular trophopblast. The invading trophoblasts 

secrete numerous proteolytic enzymes like urokinase plasminogen activator that 

activates plasmin that degrades  matrix proteins and activate matrix metalloprotenases 

MMP-9 critical for trophoblast invasion.
49

  The endovascular trophoblast invade the 

spiral arteries and remodel the smooth muscle and the endothelium there by 

maintaining uterine and fetal circulation steadily even in conditions of maternal 

hypoxia and ischemia.  

         During further placental development the villi at the embryonic pole grows and 

give rise to the chorion frondosum (bushy chorion), whereas the villi at abembryonic 

pole degenerate  and  form the chorion laeve (smooth chorion).
50

 The specialized 

modified endomerium of pregnancy formed by the process of Decidualiasation is the 

deciduas.The decidual cells are characterized by polygonal cells with round vesicular 

nuclei ,clear slightly basophilic cytoplasm surrounded by translucent  memebrane. The 

decidua beneath the chorion frondosum is referred to as the decidua basalis (basal 

plate)an the part of the deciduas  over the abembyonic pole   referred as deciduas 

capsularis.The decidua of remaining uterus are called decidua parietalis.With the 

further growth of the conceptus  the apposition of decidua capsularis and deciduas 

parietalis forms decidua vera there by  functionally  obliterating the  uterine cavity.
49 

The growth of amnion  obliterates the chorionic cavity and forms the amniochorionic 

membrane. 
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Table 1: Chronology of placental development (Fig:1) 

 

Number of  the day 

–Post conception 

Features 

 

Day 6-7   Blastocyst formation and its implantation to the uterine 

endometrium.  

 The trophoblast develops into placenta and external  

membrane.
47,48,49

 

Day 8 Differentiation of outer multinuclaeated syncytiotrophoblast 

and inner mononuclear cytotrophoblast.
48

 

Day 9  Lacunar stage -the precursor of intervillous space   

 The remaining synctiotrophoblast forms the basis of 

placental villous tree.
50,47

 

Day 11-12  Establishment of primitive uteroplacental circulation.  

 Formation of extra embryonic mesoderm  

 Formation of  the chorionic cavity.
50,47

 

Day 12-13  The cytotrophoblast differentiates into villous and extra 

villous trophoblast. 

 Primary chorionic villi formation.
50,47,48
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Day 16  Extraembryonic mesoblast penetrates the primary villi 

 Formation of secondary villi with mesenchymal core 

formation. 

 Emergence of hemopoetic cells in the mesenchymal core 

establishes the formation of tertiary villi.
47

 

 

 

 

 

 

Fig: 1 showing stages of villous development 

 

(Source- Langman's medical embryology. 13
th 

Edition.
47) 
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  The placental villi thus formed making the placental barrier constituting from 

the inner to outer by a fetal capillary endothelium, a loose connective tissue 

surrounding the fetal villous vessels, a cytotrophoblastic layer and a 

syncytiotrophoblastic layer.
51

  

          The remodeling of spiral artery converts narrow lumen muscular artery into low 

resistance uteroplacental vessels there by maintaining uterine and fetal circulation 

steadily even in conditions of maternal hypoxia and ischemia. The maternal blood fills 

the intervillous spaces. Maternal-fetal exchange is established between the maternal 

blood of the intervillous space and the fetal blood of the villous capillaries through the 

layer of the placental barrier.
50, 51 

 

Review of literature related to macro and micro anatomy of placenta: 

  The mature term placenta was described to be circular disc shaped with 

diameter of 15-20 cm and thickness of 2.5 to 3cms at its centre. The placenta weighs 

about 500gms and has two surfaces, fetal and maternal and a peripheral margin.
52, 53

 

(Fig: 2,3) The placental disc had chorionic plate on fetal aspect and basal plate on 

maternal aspect with intervillous space inbetween the two plates. 
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Fig 2: Showing the macro anatomy of foetal surface of placenta 

 

The fetal surface of the placenta called chorionic plate has a single layer covering of 

epithelium amnion, amniotic mesenchyme and an avascular connective tissue. The 

umbilical cord gets attached at its central or near central position.In a centrifugal 

pattern the chorionic arteries branch from the two umbilical arteries in chorionic plate. 

The chorionic veins were observed as the   veins of villous tree that ends in a single 

umbilical vein. On the surface of chorionic plate the chorionic veins cross the 

chorionic arteries underneath.
52
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Fig: 3 Showing macro anatomy of maternal surface of placentawith arrow pointing the 

cotyledon 

 

             The rough and spongy basal plate was noted to form meternal surface of the 

placenta.The basal plate is divided by decidual septa into 15-20 placental lobule or 

cotyledons. Near the placental margins the maternal and fetal surface had been noticed 

to join, the basal plate and chorionic plate merged to form chorion and the fetal 

membrane or chorion laeve.
53 

            The chorionic plate showed from within outwards amnion, chorion with fetal 

vessels, langhans fibrinoid, a layer of cytotrophoblasts and synctiotrophoblast. (Fig:4) 
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The stem villi arises from the chorionic plate.The basal plate shows from outside 

inwards decidua basalis, Nitabuch’s layer of fibrinoid degenration, intermediate 

trophoblasts, rohrs striae adjacent to intervillous space, maternal blood.
54,50 

(Fig: 5) 

 

 

 

 

Fig :4 Showing Microanatomy of chorionic plate 

(Source- Placental Pathology Notes Aspen 2014)
50 
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Fig:5 showing micro anatomy of basal plate 

(Source- Placental Pathology Notes Aspen 2014)
50 

 

           The anchoring chorionic villi arose from chorionic plate and extended to the 

basal plate.The floating villi extended in all directions from the anchoring or stem villi 

into the intervillous spaces bathed with maternal blood.The villi varied from large 

stem villi to small terminal villi.The size of the villi depends upon the gestational age. 

During   early pregnancy, the villi consisted of outer layer of darkly staining 

synctiotrophoblast and immediately deep to it is, inner layer of discontinuous lightly 

stained cuboidal cells.The core of villi contained mesenchyme with two cells the 



15 

 

fusiform mesenchyme cells and darker staining round macrophages (Hofbauer cells) 

along with fetal blood vessels.At term as maturation proceeded the outer layer had 

thin syncytiotrophoblast comes in close contact with capillaries of terminal villi 

facilitating the gas and nutrient exchange. The central core was rich in fibroblast and 

macrophages.
55, 50 

 

Literature review related to pathophysiology of preeclampsia 

             In a systematic review of controlled studies on preeclampsia it was found that 

the   nulliparity,multiple pregnancy, positive family history, diabetes mellitus, obesity, 

advanced maternal age > 40 yrs, chronic hypertension or chronic renal disease, >10yrs 

since last pregnanacy as high risk factors.
56

  

The important mechanism for developing pre-eclampsia are  

Stage I - Defective placental implantation with abnormal trophoblastic invasion 

of uterine vessels. 

Stage II - Uteroplacental insufficiency leading to placental ischemia-hypoxia 

Stage III - Release of multiple injurious factors injuring vascular endothelium.
57

  

 

Review of literature comparing the pathophysiological change between placenta 

of normal and preeclampsia  

         Placental bed biopsy specimens from normal pregnancies and those complicated 

by preeclampsia were stained with anti-integrin antibodies. The adhesive molecule of 

invading cytotrophoblast switching from epithelial to endothelial phenotype a process 
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called pseudovasculogenesis, was demonstrated to be abnormal in preeclampsia. In 

the subsequent study, it was found that preeclamptic placenta failed to properly 

express adhesion molecules like integrins, cadherins, and Ig super family members.
59

 

            In human and mammals there were many proangiogenic growth factors 

involved in vascular homeostasis like vascular endothelial growth factors (VEGF) and 

placental growth factor (PIGF) that promotes the proliferation and survival of 

endothelial cells.
60

 Preeclampsia was also associated with oxidative stress with release 

of free radicles from placenta causing decrease in thromboxaneA2 (TxA2) and also 

impair endothelial nitric oxide production.
61

  

           In normal human pregnancy, under normal oxygenation early gestational 

cytotrophoblast stem cells proliferate at a low rate and swiftly invade extracellular 

matrix (ECM) substrates, there by switching from epithelial to endothelial type. This 

study showed, under hypoxic condition cytotrophoblast fails transition, from epithelial 

to endothelial type.
10

 The study of VEGF in first trimester and third trimester placenta 

by in situ hybridization technique showed trophoblast contain mRNA for soluble form 

of vascular endothelial growth factor (sVEGFR-1 or sFlt-1) within the trophoblast. 

Binding assay and villous assay confirmed the secretion of sFlt-1 in the placenta. The 

antibodies to sFlt-1was found to bind to protein by western blot assay. This study 

suggests the sFlt-1 produced by placenta and present in maternal serum antagonizes 

the action of VEGF in endothelial cells.
62

 

        The hypoxia-inducible transcription factors (HIFs) in the human placenta were 

studied between normal and preeclamptic placenta. In this study expression of HIF-1α 
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or -2α mRNA between normal term and preeclamptic placenta was not 

significant.This study concluded that HIF-2α protein levels in the preeclamptic 

placenta of early gestational age was selectively increased.
63

 

            Abnormal placentation involves impaired trophoblast invasion of uterine spiral 

arteries leading to failure of remodeling from small-caliber, high resistance to large-

caliber, low resistance vessels producing decrease in uteroplacental blood flow.
64

 A 

potential pre eclamptic factor was endogenous endothelial nitric oxide synthase 

inhibitor named Asymmetric dimethyl Arginine (ADMA) which was found to 

elevated in preeclampsia patients.
65

            

             The association of soluble vascular endothelial growth factor (sVEGFR-1) in 

pre eclampsia was studied by measuring the plasma concentration of sVEGFR in 

preeclampsia and compared with serum of normal pregnant women by enzyme linked 

immunoassay study. This study detected the plasma concentration of sVEGFR was 

significantly elevated in preeclampsia and correlated with the severity of the disease.
66

                    

            Two studies by the same group of authors found out the relation between 

serum and urine concentration of angiogenic factors and development of 

preeclampsia. They found that the sFlt1 level in preeclampsia group was raised 

significantly five weeks before the onset of symptoms when compared to the same 

gestation age of normal group. Whereas PIGF levels were significantly lower in 

preeclampsia group when compared to normal group.
67

 Also they found strong 

association of decrease in urine PIGF at mid gestation to subsequent development of 
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preeclampsia. 
68  

Further it was observed that increased circulating soluble endoglin 

with increased ration of sFlt1/PIGF best predicts the onset of preeclampsia.
69

 

        The normal vascular endothelium depends on pro angiogenic factors for 

maintaining its normal integrity. The release of anti angiogenic factors from placenta 

was the main cause of endothelial dysfunction in preeclampsia. Vascular homeostasis 

in normal pregnancy is maintained by physiological levels of VEGF and TGF-β1 

signaling in vasculature. The two anti angiogenic factors soluble vascular endothelial 

factor receptor-1 (sVEGFR1) also referred as soluble fms-like tyrosine kinase (sFlt-1) 

and soluble endoglin (sEng) have been associated with preeclampsia.
13

 

       Studies exist, that correlate the disease severity with that of serum sENG,
 70

 

Presence of autoantibody against angiotensin receptor-1 (AT1)
71

 and expression of 

The NADPH oxidase components p22, p47, and p67 phox.
72

      

 

Review of literature related to placental microanatomy of preeclampsia 

         The various studies done on comparing the histological features of normal and 

preeclamptic placenta showed the following features. 

           The syncytiotrophoblasts were the major site of fetal- maternal interface. There 

was apoptosis of both syncytiotrophoblast and cytotrophoblast. The apoptotic nuclei 

aggregated at the surface of terminal villi to form sealed bodies called syncytial knots. 

The syncytial knots were used for assessing villous maturity. The syncytial knots were 

observed to be increased   in condition causing uteroplacental insufficency.
73, 74, 75
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           The terminal villi in placenta showed fetal capillaries in stroma covered by 

cytotrophoblast cells and further covered by a thin layer of multinucleate syncytium. 

Whenever there was   ischemic injury to placenta, the injured syncytiotrophoblast 

triggers the proliferation of cytotrophoblasts to repair and replace the 

syncytiotrophoblasts in the villi. In preeclampsia there was increase in cytotrophoblast 

proliferation as a defense mechanism to hypoxia and oxidative stress.
76, 77, 78, 79

  

           The preeclampsia placenta showed increase in thickening of trophoblastic 

basement membrane in the villi. The basement membrane thickening in more than 3% 

of villi was considered abnormal. The basement membrane thickening was due to 

cytotrophoblast proliferation as the cytotrophoblasts secrete basement membrane 

protein in response to ischemia.
80, 81, 82, 75

 

           The vasculosyncytial membrane was the primary site of fetal –maternal 

exchange. The syncytiotrophoblasts was in close apposition to fetal capillaries. The 

dilatation of terminal villous capillaries against the trophoblasts resulted in formation 

of vasculosyncytial membrane. In preeclampsia there was significant reduction in 

vasculosyncytial membrane as an index of hypoxic injury.
83, 84,85,86,75

 

             Increased incidences of stromal fibrosis were reported in preeclampsia. The 

reduced blood flow to placenta due to uteroplacental insufficiency and normal aging 

had been implicated as the cause of stromal fibrosis. The increased villous fibrinoid 

necrosis was reported in preeclamptic placenta. It is seen as homogenous mass of 

fibrinoid material showing few degenerate syncytial nuclei at the periphery .
87, 88, 89, 75

 

           Reduced number of vessels with increased villous stroma, hypovascualar villi 

and obliterative endarteritis of fetal arteries were seen in preeclamptic placenta. 
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Disrupted endothelium and endothelial proliferation of preeclamptic villi were caused 

because of hypoxia.
90, 91, 89, 75 

Tunica media proliferation was observed in many studies 

on preeclampsia placenta.
92, 93, 82, and 75

 

Periodic acid schiff’s reaction(PAS) in preeclamptic placentae showed maximum 

central and peripheral villi exhibiting PAS positive material surrounding blood vessels 

(fetal),basement membrane, syncitial cells and connective stroma.
75

Increased villous 

fibrosis was demonstrated by Masson’s trichrome staining for fibrous and collagen 

tissue in pre eclamptic placenta.
89 

 

Review of literature related to relaxin molecule, its receptor expression and 

signaling pathway. 

              The injection of serum of pregnant rabbits or guinea pigs to virgin guinea 

pigs during early post estrum phase produced relaxation of pubic ligaments
35

 The 

hormone was first isolated from pig corpus luteum and named as relaxin because of 

relaxation of pubic ligament
94

The structural relationship of relaxin to the insulin was 

identified by recombinant DNA technique used to obtain cloned cDNA bank from 

total mRNA isolated from ovaries of rats and pigs.
95,96

 Using homologous porcine 

relaxin cDNA probe screening,human gene-1 relaxin (RLN1), human gene-2 relaxin 

(RLN2) was discovered .
97,98

The human relaxin gene -3 was discovered by searching 

for homologous of relaxin gene using Celera Discovery System and Celera Genomics 

associated data bases. 
99 

The RLN1 and RLN2 was expressed in humans and higher 

primates only.In other mammals RLN1 is alone expressed. By cloning strategies and 
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database screening of human genomic library so far in humans seven relaxin family 

peptides were identified namely 

1. Human relaxin-1 

2. Human relaxin-2 

3. Human relaxin-3 

4. Human INSL3 

5. Human INSL4 

6. Human INSL5 and 

7. Human INSL6 

           The relaxin family peptide human relaxin-2 is synthesized as preproharmone 

containing a signal peptide, B-chain, C-chain, and C-terminal A-chain. The cleavage 

of signal peptide followed by C-peptide removal, results in the formation of  activated 

peptide hormone. The mature relaxin was a heterodimeric peptide with A-chain and 

B-chain linked covalently by two inter-disulphide bonds and  an intra-disulphide bond 

within the A-chain. The comparison of aminoacid sequences between the relaxin 

family peptides showed the six cysteine residues which form disulfide crosslinks 

between A-and B-chain and a single glycine residue within the B-chain were present 

across all relaxin family peptides. In mid region of B-chain there was a binding motif 

or cassette (RB13XXX   RB17XXI/VB20) within all relaxin peptides.
100

 (Fig:6) 
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Fig: 6   Showing the molecular structure of Relaxin. Disulphide bonds (shown in 

yellow), relaxin receptor binding motif (shown in red and green). 

(Source Modified from Westhuizen et al. 2008) 

         

    In humans and higher primates the function of human gene-1 relaxin (RLN1) 

is unknown.The predominant circulating relaxin is human relaxin 2. The relaxin radio 

immune assay in plasma samples of pregnant and non-pregnant women showed high 

levels in early pregnancy and no immunoreactivity in non-pregnant women.
101 

The 

expression of relaxin in deciduas, placental synctiotrophoblast of pregnant women and 

secretory phase endometrium of non pregnant women and corpus luteum of both 

women were identified by biotin-avidin immunoperoxidase method.
102
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             Relaxin is secreted by corpus luteum during the luteal phase and also from 

placenta during pregnancy in mammalian species.
103, 104 

In a non conceptive cycle 

serum level of 0.1ng/ml is attained on days 7-12 and in a conceptive cycle serum level 

of 1 ng/ml is attained during first trimester and shows decrease in trend during 

pregnancy.
105, 106 

It was known to have diverse action on cervix, uterus, vagina, pubic 

symphysis and mammary glands.
107

 

              Even though the reproductive role of relaxin is well defined in many species 

in human the effects are ill defined. The measurement of serum relaxin level in 41 

ovum donated pregnancies showed nil relaxin in 36 patients and low level in 5 

patients.
108 

The serum measurement of chorionic gonadotrophins and relaxin in natural 

and embryo transfer pregnancies in rhesus monkey showed significant difference of 

three days in appearance of both hormones in these two groups.
109 

 

            Expressed sequence tags (EST) and genomic survey sequences (GSS) 

identified two novel leucine rich repeat-containing G protein coupled receptors and 

were named LGR6 and LGR7.
110

The screening of human genome with LGR7 isolated 

LGR8.The transfected cells expressing either LGR7 or LGR8 treated with porcine 

relaxin showed dose dependent increase in cAMP production but ineffective response 

observed when treated with insulin, IGF-I indicating relaxin is the cognate ligand for 

LGR7.
39

 

             The relaxin family peptide receptor belong to Family A G-protein coupled 

receptors (GPCRs). The relaxin family peptide receptor 1(RXFP1) is leucine-rich 

repeat containing GPCR termed as LGR7. RXFP1 belong to class C LGRs containing 

classic seven transmembrane spanning regions, extra cellular domain with ten leucine 
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rich repeats (LRRs) and an N-terminal low density lipoprotein class A module 

(LDLa).111, 112 

 

 

Fig: 7 Showing  structure of Relaxin receptor 

(Source: Hall et al, relaxin family peptides. Pharmacological reviews. 2015) 
111 

 

The relaxin interacts with RXFP1 in three stages  

1. High affinity binding of B-chain binding motif (RB13
XXX   R

B17
XXI/V

B20) 

with leucine rich repeat (LRR) region of extra cellular domain(ECD)  of 

RXFP1 . 
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2. Low affinity binding of A-chain of H2 relaxin with transmembrane (TM) 

extra cellular loops of RXFP1. 

3. Interaction with low density lipoprotein (LDL) a module. 

             The standard signaling pathway of the relaxin was in nanomolar 

concentration, increases at cAMP accumulation, activation MAP kinases, tyrosine 

kinases, ERK1/2 and Nitric oxide and to activate nuclear factor NFκB.111,112 

 

 

Fig:8 showing Canonical signaling 

(Source: Hall et al, relaxin family peptides. Pharmacological Reviews .2015) 
111 
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                  A protein complex (signalosome) formed by RXFP1 attached to AC2 by 

AKAP79 facilatating the AC and increasing cAMP. The signalosome was highly 

sensitive to subpicomolar concentration of relaxin. The signalosome was  

regulated by (β-arrestin-2,PKA, and PDE4D3) attached to receptor C 

terminus.111,112 

 

 

 

Fig: 9 Showing Signalosome activation 

(Source: Hall et al, relaxin family peptides. Pharmacological Reviews .2015) 
111
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           The RXFP1 receptor form heterodimer with other GPCR receptor. The anti-

fibrotic action of relaxin is signaled through RXFP1-pERK1/2-nNOS-NO-cGMP 

pathway regulating metalloproteinases in collagen degradation. The angiotensin 2 

receptor (AT2R) is essential for relaxin action suggests AT2R form constitutive 

heterodimer with relaxin and this action was mainly seen during pathological 

conditions.
111, 112 

 

 

Fig: 10 Showing  Heterodimer signaling 

(Source: Hall et al, relaxin family peptides. Pharmacological Reviews .2015) 
111
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The small molecular weight ligand ML290 was an allosteric agonist of RXFP1 

interacting with ECL3 of RXFP1 for its action and does not require LDLa module for 

signaling.
120,121 

 

 

 

Fig: 11 Showing Allosteric signaling 

(Source: Hall et al, relaxin family peptides. Pharmacological Reviews .2015) 
111
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 The relaxin exerts its action not only by the above classic signal pathway but 

also by activating the glucocorticoid receptor (GR), with superoxide dismutase 

(SOD)-1 upregulation mediated by relaxin-GR-c/EPB-β signaling.
111,112

 

 The human tissues of uterus, cervix, vagina, mammary glands, mammary 

nipple and term placenta were studied to detect the specific binding sites of relaxin. 

Immunohistolocalisation of biotinylated porcine relaxin conjugated to colloidal gold 

and silver enhancement for signal amplification method was used. The study 

identified binding specificity to luminal epithelial cells , smooth muscle cells, and 

blood vessels in the cervix, luminal epithelial cells ,circular and longitudinal  smooth 

muscles of vagina , both luminal and glandular epithelial cells and myometrial smooth 

muscles of uterus , epithelial cells of lactiferous ducts, smooth muscles, blood vessels 

of mammary gland and mammary nipples, uterus and mammary nipple tissues. In 

placenta relaxin binding was observed in amnion epithelial cells, syncytiotrophoblasts 

and smooth muscles surrounding blood vessles. Tissue sections incubated with 

unmodified porcine relaxin showed no signal.
113 

Review of literature related to action of relaxin in placenta           

          The immunocytochemical study in 20 term placenta by avidin-biotin 

immunoperoxidase method showed expression of relaxin in parietal decidual cells, 

near foetal membrane, chorionic cytotrophoblast cells and also in placental basal plate 

cells. The  syncytiotrophoblast of villi near placental basal plate expressed relaxin 

weakly.
114

The immunohistochemical study in 10 term placenta of spontaneous labour 

and 4 term placenta of caesarean section by avidin-biotin immunoglucoxidase method 

demonstrated relaxin expression more consistently in chorionic cytotrophoblast cells 
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than parietal decidual cells. The relaxin localization was positive in all caesarean 

sections tissues but only in half of tissues in spontaneous labour.
115

 

       The immunocytochemical study in 5 term placenta of caesarean section and 3 

term placenta of normal vaginal delivery by avidin-biotin immunoperoxidase method 

showed expression of relaxin concentration in decidua parietalis, placental 

trophoblast, placental basal plate and chorion in descending order.The northern 

analysis of placental tissue of spontaneous and caesarean section for relaxin mRNA 

also correlated with immunocytochemical study.
116

 

The pattern of relaxin level is variable across species.In pregnant women the 

relaxin level peaks in early pregnancy and then falls whereas in other mammals the 

relaxin levels are much higher and rise throughout pregnancy falling just prior to 

parturition.
107 

The expression of LGR7 receptor in fetal membrane and placenta of preterm and 

term pregnancy in both spontaneous and caesarean section were studied by RT-PCR 

and of LGR7 protein by avidin-biotin immunoperoxidase technique.LGR7 expression 

was greater in decidua than amnion and low in placenta. Immunostaining   detected in 

amniotic epithelial cells, chorionic trophoblast and larger decidual cells. The LGR7 

expression was greater in preterm period than term.
117

  

The expression of relaxin receptor mRNA and expression of RXFP1 by RT-PCR 

and IHC respectively in placental tissues of severe preeclampsia and normal 

pregnancy were studied. This study concluded the location of relaxin receptor in 

trophoblast cells and also there were significant difference in both relaxin receptor 
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mRNA and RXFP1 expression, with decrease in severe preeclampsia on comparison 

to normal pregnancy.
118 

The study of relaxin receptor (RXFP1) gene expression by RT-PCR through 

gestation and compared with RXFP1 expression by immnuohistochemistry in 6 

samples of placenta accreta showed the low level of expression in basal plate and 

trophoblasts in accreta samples.
46  

The impact of placental and systemic relaxin 

(RLNH1&RLNH2) on feto maternal growth and RXFP1 receptor localization in 

underweight/normal and overweight/obese were studied.This study showed systemic 

relaxin would be involved in birth weight regulation and placental relaxin would be 

involved in placental weight regulation.The RXFP1 immunopositivity with good 

intensity were seen in synctiotrophoblast and vascular endothelial cells and 

intermittent staining in vascualr smooth muscles.
119

         

 

Review of literature related to vascular and endothelial action of relaxin                

           Many cardiovascular adaptations occur in pregnanacy. There was increase in 

plasma volume, cardiac output and heart rate and decrease in blood pressure vascular 

resistance. Relaxin was associated with cardiovascular changes during pregnancy.
57

 It 

had a vessel specific vasodilator action involving Nitric oxide 

synthase(NOS),Vascular Endothelial Growth Factor(VEGF),Placental Growth 

Factor(PGF), Matrixmetalloproteinases(MMP), Endothelin receptors (ETB) and its 

effect on vessel wall extracellular matrix. Relaxin protects against endothelial 

dysfunction. Relaxin had shown a proven benefit in heart failure also. 
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            Relaxin effect was more effective when compared with endothelium-

dependent vasodilator acetylcholine and endothelium-independent vasodilator sodium 

nitroprusside. This study concluded the relaxin stimulated NO production and 

increased coronary flow.
120

 

          The direct action of relaxin on vascular smooth muscle cells from bovine aorta 

incubated with relaxin concentrates was studied. The expression and nitric oxide (NO) 

synthase activity, production of NO, intracellular cGMP levels and Ca
2+ 

were the 

indices measured. The relaxin significantly increased expression and activity NO 

synthase, NO generation, intracellular cGMP level and significantly decreased 

cytosolic Ca
2+ 

concentration. The signal transduction mechanism for the above action 

involves the activation of tyrosine kinase, phosphatidylcholinephospholipase C, and 

transcription factor nuclear factor-κB.
121

 

            The angiogenic effect of relaxin in ischemic wound healing was tested in 

rodent model of angiogenesis and wound healing. The study showed that relaxin 

stimulated new blood vessel formation at ischemic wound sites, induced both vascular 

endothelial growth factor and basic fibroblast growth factor (FGF) in macrophages 

from wound sites. The macrophages from non-wound sites (lung) did not express 

cytokines following relaxin administration. The THP-1 cells tested after relaxin 

administration induced both VEGF and basic FGF.
122

 

           Myogenic reactivity is defined as the response (either constriction or dilation) 

of an artery to changes in intraluminal pressure. The myogenic reactivity of small 

renal and mesenteric arteries of long-Evans virgin female rats treated with relaxin for 

5 days and compared with vehicle treated rats. The myogenic reactivity was 
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significantly reduced in small renal arteries and also in small mesenteric arteries. The 

restoration of myogenic reactivity after treatment with selective ETB receptor 

antagonist and the niric oxide synthase inhibitor demonstrated the myogenic response 

of relaxin was mediated through ETB receptor and nitric oxide.
123

  

              The signal transduction pathway of relaxin (RLX) induced regulation of ETB 

was studied in human umbilical vein endothelial, HeLa (epithelial cells), and vascular 

smooth muscle cells. In human umbilical and HeLa cells, RLX unregulated ETB 

expression and activated extracellular signal –regulated kinase-1/2 pathway (ERK1/2) 

and nuclear factor-κB (NF-κB). Selective inhibition of mitogen-activated protein 

kinase -1 (MEK-1)-ERK-1/2 pathway abolished all the above relaxin mediated 

effects. NF-κB inhibition also abrogated the relaxin mediated ETB stimulation. 

Pretreatment with relaxin mitigated the constrictor response of endothelin -1 by 

augmenting the dilator effect of ETB agonist endothelin-3. This study concluded 

relaxin stimulates endothelial and epithelial ETB via a Ras independent Raf-1MEK-1-

ERK-1/2 pathway that activates NF-κB.
124

   

            In a further search for link between relaxin receptor and nitric oxide synthases 

two signal pathways were postulated in the endothelial cells. Activation of NOS III by 

direct stimulation of GPCRs with sphingosine 1-phosphate involves signaling of G 

protein βγ subunits by means of phosphoinositide3-kinase (PI3-K) switch on the 

protein kinase B (Akt), which in turn activates eNOS by phosphorylase and NOS III 

generated. The other signaling mechanism was the NOS II activation by the GPCR-

activated adenylate cyclase and the rise in cAMP up regulates protein kinase A (PKA) 

activity. PKA was able to phosphorylate and inactivate IkB-α  the inhibitor subunit of 
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nuclear factor kappa-B (NF-κB). The NF-κB translocates into the nucleus and 

promotes the expression of NOS II.
125

  

            Relaxin by stimulating matrix metalloproteinases (MMP) as well as by 

inhibiting tissue inhibitors of matrix metalloproteinases increased the matrix 

degrading properties. The role of MMP-2 in renal vasodilation, hyperfiltration, and 

reduced myogenic activity in relaxin treated rat was studied by applying specific 

inhibitor of MMP-2 cyclic CTT, general inhibitor of MMPs, GM600, tissue inhibitor 

of MMP TIMP-2.
126

 

            The mechanisms of relaxin induced vasodilation in arteries were studied in 

different animal species and vascular beds. Rat and mouse small renal, rat mesenteric 

and human subcutaneous arteries were isolated, mounted in pressure arteriograph, and 

treated with recombinant human relaxin (rhRLX) after preconstruction with 

phenylephrine. Vasodilation was seen in rat and mouse small renal as well as human 

subcutaneous arteries but not in rat mesenteric arteries. Endothelial removal or 

pretreatment with l-N
G
-monomethyl arginine (L-NMMA) abrogated rapid relaxin-

induced vasodilatory effect. In cultured human endothelial cells the rhRLX stimulated 

nitric oxide, protein kinase-3 (Akt), and endothelial NO synthase (eNOS) 

phosphorylation but not intracellular calcium. NO generation was attenuated when 

using inhibition of Gαi/o and Akt, PI3K, and NOS in endothelial cells. The study 

concluded the rapid vasodilatory action mediated by endothelial Gαi/o protein coupling to 

PI3K, Akt, and eNOS in vasodilation of vascular beds 
127
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AIM 

       To immunohistochemically study relaxin receptor expression in human term 

physiological and preeclamptic placenta. 

OBJECTIVES 

1. To visualise the basic histology of normal term human placenta. 

2. To study the histopathology of preeclamptic placenta    . 

3. To qualitatively analyze the expression of relaxin receptor in human term 

physiological and preeclamptic placenta by immunohistochemistry. 

4. To compare relaxin receptor expression with the severity of histologically 

categorized preeclamptic placenta. 
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METHODOLOGY: 

STUDY DESIGN: 

Observational Cross sectional analytical study 

STUDY POPULATION: 

The placenta specimens were obtained from rural tertiary care hospital, Government 

Head Quarters Hospital and also from hospitals providing obstetrics services, after 

obtaining prior consent. 

STUDY PERIOD: Two years 

STUDY GROUPS: 

Group 1: Normal placenta of term pregnant women (n=15)  

Group 2: Placenta of Preeclampsia women (n=15) 

INCLUSION CRITERIA: 

           All term normal pregnant women were included in the study for group 1 and 

for group 2 the women categorized as preeclampsia based on the American Congress 

of Obstetricians and Gynecologists (ACOG) 2013 revised guidelines on diagnosis of 

preeclampsia were included in the study. 

EXCLUSION CRITERIA: Pregnant women with other co-morbidities and 

with bad obstetric history were excluded from the study.    

SAMPLE METHOD AND SIZE  

The prevalence of preeclampsia in India and the expression of relaxin receptor as a 

primary variable were considered in calculating the sample size. The samples 
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collected during the study period were selected from cesaerean section by convenient 

sampling technique.
128 

TOTAL SAMPLE SIZE: 

Thirty (n=30) 

METHOD OF STUDY: 

                  Placental tissues are washed and fixed with 10% formalin.Full 

thickness punched tissue blocks of placenta including both foetal and 

maternal surface were taken midway between cord insertion and peripheral 

margin.(Fig:12)  

 

Fig: 12 Showing site of punched out tissue section 
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The punched out tissue was processed, paraffin  embedded, and 

sectioned at 5μm thickness by semi-automated microtome. The sections 

were stained with hematoxylin and eosin and observed under light 

microscopy.  

HEMATOXYLIN AND EOSIN STAINING PROCEDURE: 

1. Deparaffinise the tissue sections in xylene for about 5 – 10 min 

2. Rehydrate sections to through reducing grades of alcohol (100% to 50%) 

3. Rinse in tap water  

4. Keep it in hematoxylin for 15 to 20 minutes 

5. Rinse in tap water  

6. Differentiate with 1% acid alcohol 

7. For blueing -  place in tap water for about 10 minutes 

8. Counter stain by eosin 1-2 minutes 

9. Rinse in water 

10. Dehydration followed by clearing and mount it 

 

Result : 

    Cell Nuclei                -       Blue 

    Cell Cytoplasm        -       Red to pink 
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 It was categorised histologically into mild, moderate and severe 

preeclampsia.
129

 The tissue sections were then subjected to special staining 

techniques PAS and Masson’s trichrome.        

 

Periodic Acid Schiff Stain Procedure 

1. Deparaffinize section in xylene and rehydrate through graded ethanol to 

distilled water. 

2. Oxidize for 20-30 min in 1% periodic acid. 

3. Wash in running water for 5 minutes. 

4. Rinse in dislilled water. 

5. Treat with schiffʼs reagent for 30 minutes. 

6. Wash in running water for 10 minutes 

7. Counter stain with Harris hematoxylin for 5 minutes 

8. Differentiate, Dehydrate, clear and Mount 

Result: 

      PAS positive component (Glycogen) - Magenta 

      Nuclei- Blue 
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Massons’s Trichrome Staining Technique: 

 

1. Deparaffinize with Xylene for 10mins and rehydrate to distilled water through 

descending grades of alcohols for 5 mins 

2. Place in Bouins’s solution overnight at room temperature. 

3. Cool and wash in running water until yellow colour disappears. 

4. Rinse in distilled water. 

5. Stain in Weigerts iron haematoxylin for 10 mins. 

6. Wash in running water for 10 mins. 

7. Rinse in distilled water. 

8. Stain in Biebrich Scarlet-acid fuchsin solution for 2 mins. 

9. Rinse in distilled water. 

10. Place in phosphomolybdic acid-phosphotungstic acid solution for 10 to 15 

mins. 

11.  Stain in aniline blue solution for 7 mins. 

12. Rinse in distilled water. 

13. Keep in 1% glacial acetic acid for 3-5 mins. 

14. Dehydrate in 90% alcohol & absolute alcohol (one dip each) and clear in 

xylene 2 min 

15. Mount with DPX mountant. 
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Results: 

             Nuclei                                                          -    Black 

             Cytoplasm, Muscle fibre 

             Keratin, Intercellular fibre                           -     Red 

             Collagen                                                      -     Blue (aniline blue)    

             RBC                                                          -    Scarlet     

 

The sections of normal placenta and preeclampsia placenta were 

subjected to immunohistochemical staining for relaxin-1 receptor (RXFP1) 

to study the expression of receptor. For immunohistochemistry the 4μm 

sections were taken from formalin fixed paraffin embedded (FFPE) sections  

of study group.For RXFP1 detection the dewaxed sections were subjected 

to antigen retrieval by HIER with TRIS buffer solution (pH-6.0).The 

sections were incubated with rabbit polyclonal antibody anti-

RXFP1receptor 1:500 dilution( Sigma-aldrich,HPA027067) at room 

temperature. All sections were treated with secondary antibody and 

visualised with diaminobenzidine (DAB).The human skin was used as 

positive control as mentioned in datasheet and negative control was 

similarly treated sections omitting primary antibody.The counter staining 

of nuclei by haematoxylin. (Fig: 13, 14) 
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IMMUNOHISTOCHEMISTRY PROCEDURE:  

1. 4μ thick sections were cut from formalin fixed paraffin embedded tissue 

samples and transferred to PLL (poly- L-lysine) coated slides. 

2. The slides were incubated at 40º-45º overnight.  

3.  The sections were deparaffinised in xylene for 15 minutes x 2 changes. 

4.  The sections were dehydrated with absolute alcohol for 5 minutes x 2 changes. 

5. The sections were washed in tap water for 10 minutes.  

6. The slides were then immersed in distilled water for 5 minutes 

7. Heat induced antigen retrieval was done by placing the slides in the boiling 

solution in MRES pressure cooker (pathnsitu) for 15 minutes. 

8. Wash with tap water gradually.  

9.  Wash with TRIS buffer for 5 minutes, 2 changes  

10. Apply peroxide block to the specimen according to tissue size and incubate for 

5-10 minutes at room temperature. (20º c- 22ºc) 

11. Wash in TBS twice, each for 5 minutes, drain and blot gently around the 

section  

12. Apply primary antibody and incubate for 30 minutes at room 

temperature.(20ºc-22ºc) 

13. Wash in TBS twice, each for 5 minutes, drain and blot gently around the 

sections. 

14. Apply poly excel HRP reagent and incubate for 10minutes at room temperature  

.(20ºc-22ºc) 
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15. Wash in TBS twice, each for 5 minutes, drain and blot gently around the 

section. 

16. Cover section with working DAB  substrate solution for 5 – 10 minutes 

17. Wash with distilled water – 2 changes 

18. Counter stain with hematoxylin for 30 sec – 1 minutes 

19. Wash with distilled water, dehydrate, clear and mount with DPX.] 

INTERPRETATION AND SCORING SYSTEM: 

The formalin fixed paraffin embedded sections subjected to 

immunohistochemistry were analyzed for immunoreactivity. The immunopositivity 

was confirmed by the presence of (brown) positive staining in membranes of the cells. 

The photomicrograph of the immunosections were qualitatively analysed for the 

expression of intensity of receptor staining and graded as negative, weak, moderate 

and strong intensity.
130

 Table: 2 

Table:2 Relaxin receptor expression intensity categorisation 

Negative  No staining visible at high magnification 

Weak  Only visible at high magnification 

Moderate  Readlily visible at low magnification 

Strong  Strikingly visible at low magnification 
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Fig: 13 Skin showing relaxin receptor expression intensity in basal cells (Positive 

control) – 10x [IHC] 

 

Fig: 14 Placenta - Negative control (without primary antibody) -10x [IHC] 
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OBSERVATION  AND RESULTS: 

Among the 30 placenta studied 15 were from normal women and 15 were from 

pre eclamptic women. The age distribution of study participants were range from 20 

years to 35 years. The study participants belong to both primi and multi gravida in 

both groups. (Chart: 1) All the samples were from lower segment caesarean section 

with variable indications for surgery. 
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Histological features: 

 

Tissue sections from normal placenta were stained with H&E stain. It showed  

floating chorionic villi with cyto and syncytio trophoblast , intervillous space filled 

with maternal blood,  anchoring villi, chorionic plate, fetal blood vessels.(Fig:15,16)  

 Masson’s trichrome a special stain for identification of connective tissue like 

fibroblast and collagen was used to stain the tissue sections from normal placenta. The 

findings of normal pattern of mesenchymal connective tissue in the core of the villous 

confirmed the status of placenta as belonging to normal pregnancies. (Fig: 17, 18) 

Whereas in preeclampsia placenta that was subjected to Massons trichrome 

special staining exhibited excess of central core mesenchymal connective tissue in the 

villi predominantly Fig:19,20) 

For visualizing the glycogenated basement membrane both normal and pre 

eclamptic placenta sections were taken through PAS staining process. The intensity of 

PAS staining has observed in normal placenta was mild positivity. The basement 

membrane observed in 40x showed light magenta staining. But in pre eclampsia 

placenta PAS showed strong positivity because of marked basement membrane 

thickening which is a hallmark feature of pre eclampsia(Fig:21,22) 
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Fig: 15 Normal placental (Yellow pointing floating villi, Green pointing 

intervillous space) 10x [H&E] 

 

Fig: 16 Normal placental (Yellow showing villi with fetal blood vessel. Green 

showing syncytial knot) 40X [H&E] 
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Fig: 17 Normal Placenta showing normal pattern of connective tissue - 10X 

[Masson’s Trichrome] 

 

 

Fig: 18 Normal Placenta showing normal pattern of connective tissue - 40X 

[Masson’s Trichrome] 
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Fig: 19 Preeclampsia placenta showing excess connective tissue 10X 

[Masson’s trichrome] 

 

 

Fig: 20 Preeclampsia placenta showing excess connective tissue 40X 

[Masson’s trichrome] 
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Fig: 21 Normal placenta showing mild positivity with normal basement 

membrane - 40X [PAS] 

 

 

Fig: 22 Pre eclampsia placenta showing strong positivity with base membrane 

thickening - 40X [PAS] 

 

 



51 

 

 

In this study we concentrated on the five histological features primarily for 

categorizing the severity of preeclampsia. They were 

 syncytial knots 

 cytotrophoblastic proliferation  

 thickening of basement membrane  

 fibrinoid necrosis  

 Stromal fibrosis.  

The preeclampsia placenta were categorized histologically into mild, moderate 

and severe, taking into account the proportionate increase of all the five features 

mentioned above.  

We observed mild, moderate and severe preeclampsia in 2, 5, 8 placentae 

respectively out of the 15 studied. In placenta of severe pre eclampsia additional 

features like 

 Endarteritis obliterans 

  Calcification 

 Paucity of vasculosyncytial membrane 

  Infarcts  

These features were noticed in varied frequency mostly in combination 

and rarely as a standalone. (Fig: 23 to35) 
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Fig 23: Pre eclampsia placenta showing Syncytial knots (10X) [H&E] 

 

 

Fig: 24 Pre eclampsia placenta showing Syncytial knots (40X) [H&E] 
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Fig: 25 Pre eclampsia placenta showing Cyto trophoblastic proliferation - 40X [H&E] 

 

 

Fig: 26 Preeclampsia placenta showing firinoid necrosis - 40X [H&E] 
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Fig 27: Preeclampsia placenta showing Fibroid necrosis - 100X [H&E] 

 

 

Fig: 28 Preeclampsia placenta showing stromal fibrosis - 10X [H&E] 

 

 



55 

 

 

Fig: 29 Pre eclampsia placenta showing stromal fibrosis - 100X [H&E] 

 

 

Fig: 30. Preeclampsia placenta showing stromal fibrosis -10x [Masson’s trichrome] 



56 

 

 

Fig: 31.Pre eclampsia placenta showing Stromal fibrosis - 40X [Masson’s trichrome] 

 

 

Fig: 32. Pre clampsia placenta showing endarteritis obliterans - 10X [H&E] 
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Fig: 33. Pre clampsia placenta showing endarteritis obliterans - 40X [H&E] 

 

 

 

Fig: 34. Preeclampsia placenta Showing Calcification -10X [H&E] 
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Fig: 35 Pre eclampsia placenta showing paucity of vasculosyncytial membrane in - 

40X [H&E] 

 

Fig: 36 Pre eclampsia placenta showing ghost villi - 10X [IHC] 
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 The preeclampsia placenta and normal control placenta were subjected to 

immunohistochemical analysis. The normal placenta showed relaxin receptor 

signaling intensity ranging from weak to moderate. Chart: 2 (Fig: 37,39) Also the 

smooth muscle cells and the vascular endothelium of normal placenta showed 

moderate relaxin receptor expression intensity (Fig 43, 44) 
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The immunohistochemical staining of preeclampsia placenta showed the relaxin 

receptor intensity ranging from nil to weak. Of the 15 studied almost 50 % showed nil 

receptor expression.Chart: 3 (Fig:38,40,41,42) 
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Fig: 37 Normal placenta showing moderate relaxin receptor expression intensity -10x 

[IHC] 

 

 

Fig: 38 Preeclamptic placenta showing weak relaxin receptor expression intensity -

10x [IHC] 
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Fig: 39. Normal placenta showing moderate relaxin receptor expression intensity - 40x 

[IHC] 

 

 

Fig: 40.Preeclampsia placenta showing weak relaxin receptor expression intensity -

40X [IHC] 
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Fig: 41 Preeclampsia placenta showing nil relaxin receptor expression intensity - 10X 

[IHC] 

 

 

Fig: 42. Preeclampsia placenta showing nil relaxin receptor expression intensity - 40X 

[IHC] 
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Fig 43.Normal placenta showing moderate relaxin receptor expression intensity of 

smooth muscle cells -40X [IHC] 

 

 

Fig 44..Normal placenta showing moderate relaxin receptor expression intensity of 

vascular endothelium -40X [IHC] 
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In this study we also found strong intensity immunnohistochemical staining of fetal 

membrane and amniotic epithelium in normal placenta when compared with 

preeclampsia placenta. (Fig 41,42) 

 

Fig: 45 Normal placenta showing Fetal membrane - strong relaxin receptor expression 

intensity - 10X [IHC] 

 

Fig: 46. Normal placenta showing Fetal membrane - strong relaxin receptor 

expression intensity - 40X [IHC] 
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Fig 47: Normal placenta - amniotic epithelium of showing strong relaxin receptor 

expression intensity - 40X [IHC] 

 

 

Fig: 48 Preeclampsia placenta – amniotic epithelium showing weak relaxin receptor 

expression intensity - 40X [IHC] 
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This study attempted to make an association between severity of Pre eclampsia 

and the immunohistochemical intensity of relaxin receptor expression. Out of severe 

preeclampsia placenta, 7 failed to express relaxin receptor, whereas one showed weak 

expression. All the 5 histologically categorized moderate pre eclamptic 

placentaplacenta showed nil to weak receptor expression. Weak receptor intensity was 

noticed to be expressed by the mild category of preeclampsia placenta.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



68 

 

DISCUSSION:               

 Hypertensive disorders of pregnancy affects 10% of all pregnant women 

globally and an important cause of maternal, fetal and neonatal, morbidity and 

mortality. Pre eclampsia accounts for 3-5% of this group of disorder. In India 

incidence of preeclampsia is 8-10% among pregnant women.
131

 The early diagnosis 

and management of Pre eclampsia is vital to alleviate mortality and morbidity in 

perinatal period. As the clinical presentation of diseases is after 20 weeks of gestation 

earlier the diagnosis better the outcome. Pre eclampsia being primarily a disease of 

global endothelial dysfuntion and vasoconstriction the therapeutic interventions are 

aimed at managing the blood pressure and preventing seizures. 

             The understanding of pathophysiology of   preeclampsia has improved over 

the decades. The maternal factors and placental factors predisposing to preeclamsia 

have been elucidated at molecular level but the potential therapeutic targets are not 

promising. The placenta being the major site, abnormalities of it cause pre eclampsia. 

The role of G-protein – coupled receptor (GPCR) and its cognate ligand, relaxin as 

therapeutics was currently under study by various authors.
132, 133,134 

Yet the role of 

relaxin is still inconclusive.  

In the present study categorization of severity of preeclampsia was done 

considering the histological features alone. The percentage of different categories of 

the present study when compared with the previous other studies showed more 

number of severe preeclampsia
75,82,129

 (chart :4) 
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The additional features that were observed in all severe preeclampsia placenta 

being endarteritis obliterans was also observed by previous authors.
75,89,90,91

  In this 

study calcification was observed only in two cases of severe preeclampsia placenta 

while it was not observed in mild and moderate variety, which was contradictory to 

findings of a couple of previous reports.
82, 75,129

(Chart:5) 
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Paucity of Vasculosyncytial membrane, an index of fetal hypoxia was also noticed in 

this study comparable to few of the previous studies especially in placenta of severe 

preeclampsia. 
75, 82,83,84,85,86

(Chart:6) 
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12.5 % of the severe preeclampsia placenta showed infarction in comparison of the 

59% of previous report.
82 

The immuno localization of the relaxin receptor was found to range from nil to 

weak intensity. This could be probably because of placental ischemia and hypoxia as a 

result of oxidative stress, invasion of trophoblastic cell, the shallowing of the placental 

bed, damage to the vascular endothelial cells and arterial spasm ending in 

antiangiogenic picture of preeclampsia.
13, 62, 63,66,71,72,120, 121,122,123,124,125,127

 

Incongruence with a previous report, in this study we observed relaxin receptor 

expression with a strong intensity in fetal membrane as well as in amniotic epithelium 
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and fetal membrane of normal placenta compared to the rest of the placental bed, the 

reason for which remains debatable.
117

 

With limited literature reporting associating severity of preeclampsia to the 

relaxin receptor expression, this study’s finding of nil to weak expression stresses the 

fact that hypoxia induced injury to placental bed results in the down regulation of the 

relaxin receptor expression. This observation thus limits the possibility of utilization 

of relaxin to counter the effects of antiangiogenic factors secreted by placenta in 

severe cases. At the same time, the weak expression of relaxin receptor in mild 

preeclampsia placenta rises the potential of relaxin as a pro angiogenic factor in 

reversing or retarding the hypoxia induced placental bed changes due to preeclampsia. 
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CONCLUSION: 

The present study on preeclampsia placenta with categorization of that into 

mild, moderate and severe type based on histological features alone found 2, 5, 8 

respectively for each type.  

The preeclamptic plancenta showed nil to weak intensity of relaxin receptor 

expression by immunohistochemistry. In comparison, the normal placenta was seen to 

exhibit weak to moderate relaxin receptor expression. The strong relaxin receptor 

expression by normal placental fetal membrane was one of the important finding of 

this study. 

With all features of hypoxic injury induced histological changes clearly evident 

in preeclampsia placenta in this study associated with striking nil expression of relaxin 

receptor in severe placenta questions the possibility of utilization of relaxin in 

therapeutics of this condition in severe form.  

By virtue of weak intensity receptor expression in mild type of pre eclampsia in 

this study, opens up a spectrum of prospective therapeutic usage of relaxin as a 

proangeogenic agent that counters the effects of hypoxic injury.  
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LIMITATIONS AND RECOMMENDATIONS: 

 The categorization of preeclampsia was done by considering histological 

features alone. It would have added value to our understanding if it were 

coupled with the clinical findings also. 

 Even though the sample size was calculated with reference to a standard 

calculation based on prevalence of the study condition, increased sample size 

would have helped in deriving conclusive results from this study 

 In place of association between severity and receptor expression, correlation 

would have given statistical value to this data set. 

 The relaxin receptor expression in increased intensity in the fetal membranes in 

this study needs further evaluation in large scale. 

 The effect of serum relaxin levels and the receptor expression association if 

studied might add on to our knowledge about the possibilities of wide spread 

therapeutic usage of relaxin in future. 
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SUMMARY:                

  Preeclampsia is one of the hypertensive disorders of pregnancy leading to 

significant maternal and perinatal morbidity and mortality worldwide. Early diagnosis 

and timely intervention is of paramount importance in the management of this 

condition. Relaxin, an insulin-like peptide hormone, is secreted by the corpus luteum. 

It has been found to produce cardiovascular and renal adaptive function during 

pregnancy. The study aimed to compare the expression of relaxin receptor in term 

placentae among pre-eclamptic and normal pregnancies.   

 In the present study 30 placental samples, 15 from pre-eclamptic and 15 from 

normal pregnancies were collected. Samples were stained by Hematoxylin & Eosin 

stain and special stains like, Periodic Acid Schiff and Masson’s trichrome stain to 

study the placental histologic features. The placentae were histologically categorised 

as mild, moderate and severe.  Immunohistochemistry for relaxin receptor expression 

intensity was done on the normal and preeclamptic placenta and analyzed. Normal 

placenta showed weak to moderate expression whereas preeclamptic placenta showed 

nil to weak relaxin receptor staining intensity. The association between different 

categories of preeclampsia placenta and signal intensity of the relaxin receptor 

expression was studied. Severe preeclamptic placenta showed nil expression and 

moderate preeclamptic placentae showed nil to weak expression. The amniotic 

epithelium of normal placenta showed strong intensity and preeclamptic placenta 

showed weak intensity.  The nil to weak expression of the relaxin receptor in severe 

preeclamptic placentae limits the possibility of use of relaxin to counter the effects of 

anti-angiogenic factors in severe cases. However, the weak expression of the receptor 
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in mild preeclamptic placentae raises the potential of using relaxin as a pro-angiogenic 

factor to reverse or retard the hypoxia induced placental bed changes in pre-eclampsia. 
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ANNEXURE  

 

Primary antibody product details: 

 Product company : SIGMA –ALDRICH 

 Product name : Anti – RXFP1 

 Product number: HPA027067 

 Antibody dilution: 1: 500 

 Retrieval  : HIER pH6 

Wash Buffer: 

 Tris buffer saline (TBS)(pH7.4 to 7.6) 

 Sodium chloride   -  20gms 

 Tris                      1.512gms  

 Distilled water            2500ml  

 Adjust pH with 1N HCL. 
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S.No Age Gravida 
Category of 

placenta 
Histological features of placenta 

Grade of 

PIH 
IHC finding 

    Syncytial 

Knots 

CTB 

Proliferation 

TBM Fibrinoid 

necrosis 

Stromal 

Fibrosis 

Other 

Features 

  

1. 30 M N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - W/M 

2. 34 M N 40 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M 

3. 23 P N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M  

4. 23 M N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M 

5. 23 P N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - W 

6. 32 M N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M 

7. 33 M N 36 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - W/M 

8. 27 M N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M 

9. 27 M N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M 

10. 27 M N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M 

11. 24 P N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - W 

12. 26 M N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M 

13. 26 P N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - W/M 

14. 26 P N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M 

15. 25 M N ≤ 30 % ≤ 20% ≤ 3% ≤ 3% ≤ 3% - - M 

16. 33 M PE 90% ≥ 40% ≥ 3% ≥ 3% ≥ 3% EAO, 
CA+,VSM 

3 Nil 

17. 25 M PE 48% 20% ≥ 3% ≥ 3% ≥ 3% - 2 Nil/w 

18. 20 P PE 40% 20% ≤ 3% ≤ 3% ≤ 3% - 1 W  

19. 21 P PE 100% ≥ 40% ≥ 3% ≥ 3% ≥ 3% EAO, VSM 3 Nil 

20. 20 P PE 66% 40% ≥ 3% ≥ 3% ≥ 3% - 2 Nil/w 

21. 27 M PE 94% ≥ 40% ≥ 3% ≥ 3% ≥ 3% EAO, infarct 3 Nil 

22. 24 P PE 44% 44% ≥ 3% ≥ 3% ≥ 3% - 2 Nil/w 

23. 20 P PE 45% 26% ≤ 3% ≤ 3% ≤ 3% - 1 W  

24. 24 P PE 92% ≥ 40% ≥ 3% ≥ 3% ≥ 3% EAO,VSM  3 Nil 

25. 25 P PE 100% ≥ 40% ≥ 3% ≥ 3% ≥ 3% EAO, CA+ 3 Nil 

26. 20 P PE 80% 32% ≥ 3% ≥ 3% ≥ 3% - 2 Nil/w 

27. 26 M PE 92% ≥ 40% ≥ 3% ≥ 3% ≥ 3% EAO, VSM 3 Nil 

28. 23 M PE 58% 36% ≥ 3% ≥ 3% ≥ 3% - 2 Nil/w 

29. 24 M PE 78% ≥ 40% ≥ 3% ≥ 3% ≥ 3% EAO, VSM 3 W  

30. 25 M PE 98% ≥ 40% ≥ 3% ≥ 3% ≥ 3% EAO 3           Nil  

 

CTB – Cyto Trophoblast, TBM – thickness of basal membrane, N – Normal placenta , PE – Pre eclamptic placenta , EAO - endarteritis obliterans, CA – calcification, VSM - paucity 

of vasculosyncytial membrane, M – moderate, W/M – weak to moderate, W – weak, Nil/W – Nil to weak. 
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