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Abstract  
 

 In mammals, the circadian rhythms result of a complex endogenous system consisting 

of hierarchically organized oscillators. The system enables the synchronization of the 

organism's internal processes with the external environment. It consists of the main component, 

the central clock, located in the suprachiasmatic nuclei in the hypothalamus, and peripheral 

clocks in other cells, tissues and organs. The placenta is a temporary, specialized mammalian 

organ that is part of the mother-placenta-fetus axis and exhibits rhythmicity in its functions. 

The aim of this thesis is to summarize the rhythmic functions of the placenta, such as immunity, 

protection, and production of hormones and other mediators that play an important role in fetal 

development and pregnancy. In addition, the thesis also describes rhythmic changes, that occur 

during pregnancy in the mother-placenta-fetus axis and how these rhythms influence each other.  
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Placenta, circadian clock, ontogenesis, fetus, maternal synchronization, hormones, 

enzymes, immunity  



Abstrakt 
 

Cirkadiánní rytmy u savců jsou řízeny komplexním endogenně nastaveným systémem 

hierarchicky uspořádaných oscilátorů, které umožňují synchronizaci vnějšího prostředí s 

vnitřním prostředím organismu. Cirkadiánní systém se skládá z hlavní komponenty, a to z 

centrálních hodin, které se nacházejí v suprachiasmatických jádrech hypotalamu. Tyto centrální 

hodiny řídí periferní hodiny v buňkách různých orgánů v těle. Mezi orgány, kde se vyskytuje 

rytmicita, patří i savčí dočasný, specializovaný orgán, a to placenta, jež je součástí osy  matka-

placenta-fétus. Cílem této práce je nejen shrnout rytmicitu funkcí, jako je imunita, ochrana, 

produkce hormonů a dalších mediátorů, jež hrají důležitou roli při vývinu plodu a průběhu 

těhotenství, ale také popsat změny, které se týkají osy matka-placenta-fétus, kde se rytmicita 

každé části mění během těhotenství a vzájemně se ovlivňuje.  

 

Klíčová slova 

 Placenta, cirkadiánní hodiny, ontogeneze, fétus, mateřská synchronizace, hormony, 

enzymy, imunita 
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1 INTRODUCTION 

 

Daily oscillations in mammals’ physiology and behaviour are caused by an endogenous 

clock that developed in response to environmental changes in nature. Not only mammals but also 

other animals, plants, fungi, and bacteria have developed endogenous clock to temporally control 

their functions so that they are synchronized to the external cues. Rhythms that occur in the 

organisms with a period of approximately 24-hour are called circadian (from Latin circa-about, 

dies-day) rhythms. The circadian system in mammals consists of the central clock, also called 

central oscillator, and the peripheral clocks in various parts of the body. The central clock is located 

in the paired suprachiasmatic nuclei (SCN) of the hypothalamus and is comprised of neurons that 

are individual circadian oscillators synchronized by the synaptic and endocrine communication with 

each other. The peripheral tissues, organs, and cells have peripheral clocks that can oscillate 

autonomously and are synchronized via endocrine and neural pathways by the SCN. This fact that 

rhythmicity is present across peripheral tissues opened a question whether a specific mammalian 

organ crucial for gestation, that is placenta, also exhibits rhythmic functions. Placenta types greatly 

vary across mammalian species. Therefore, this thesis is focusing mainly on human and rodent 

placenta, which share the same placenta type, hemochorial, in which the maternal blood is in direct 

contact with fetus-derived tissue. The main aim of the thesis is to elucidate many aspects of 

placenta, including development, anatomy, and most important functions, such as respiratory, 

endocrine, excretory, and immune. The emphasis of this thesis is to describe rhythmicity in 

placental functions and the presence of clock genes in placental specific cells. Additionally, 

importance of these rhythmic functions for successful gestation and health of the mother and the 

fetus are discussed. This thesis focuses not only on rhythmic functions and functions regarding the 

clock machinery, but it also points out at the maternal-placenta-axis and its principal changes that 

are occurring during gestation. Ontogenesis of the circadian clock in the fetus is also briefly 

outlined.  
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2 CENTRAL CIRCADIAN CLOCK  

Central circadian clock or the master pacemaker is located in the hypothalamus above the 

optic chiasma in a paired structure called the suprachiasmatic nuclei (SCN) (Moore & Eichler, 

1972). Neurons comprising the SCN can generate circadian oscillations autonomously without any 

external cues (Welsh et al., 1995). During the 24-hour period, light is the strongest cue to entrain 

the central clock. It is perceived by specialized photosensitive retinal ganglion cells (pRGC). These 

specialized cells contain photopigment melanopsin (Berson et al., 2002; Hattar et al., 2002; 

Provencio et al., 2000). From the pRGCs the information is transferred by the monosynaptic 

retinohypothalamic tract (RHT) directly to the SCN (Moore et al., 1995).  

The SCN consists of subpopulation of cells characterized by neurochemical content and 

localization. The core, located at the ventrolateral part, receives direct input from the RHT and is 

characterized by production of vasoactive intestinal peptide (VIP), calretinin, neurotensin and 

gastrin releasing peptide (GRP). Another subregion, found at the dorsomedial part, is called the 

shell. This subpopulation receives information from the core and can generate rhythmical signals. 

Neurotransmitters found in the shell are arginine vasopressin (AVP), angiotensin II and met-

enkephalin (Abrahamson & Moore, 2001). 

Robust rhythmicity and synchrony of SCN neurons is achieved as a result of a coupling 

mechanism (Aton & Herzog, 2005). The SCN receives information from afferent pathways. The 

RHT transfers the light information via releasing glutamate and pituitary adenylate cyclase-

activating peptide (PACAP) (Hannibal, 2002) . The retinal projections terminate not only in the 

SCN but also in the intergeniculate leaflet (IGL), where photic and nonphotic information interact 

(Pickard, 1985). The information from the IGL is then projected to the SCN via the geniculo 

hypothalamic tract (GHT), where neuropeptide Y is the neurotransmitter (Moore, 1995). Another 

input to the SCN is from the midbrain, where the transmission is completed by serotonin (Pickard 

et al., 1996). The outputs from SCN are targeted at the brain regions that are related to emotions, 

sleep, food intake, such as thalamus and hypothalamus (Watts et al., 1987). Not only does the SCN 

synchronize clocks in other parts of the brain, but it also synchronizes clocks in peripheral tissues 

(Gachon et al., 2004).  
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3 PERIPHERAL CIRCADIAN CLOCK  

Peripheral clocks are found in every cell (Balsalobre et al., 1998). We can find peripheral 

clock within tissues involved in the function of gastrointestinal, cardiovascular system, renal 

physiology, metabolism, and skeletal muscle. Additionally, circadian oscillations are found in mice 

splenic macrophages and dendritic cells. Lastly, clock genes are also present in the reproductive 

system (Reviewed in Richards & Gumz, 2012). Therefore, it is probable that rhythm takes an 

important role in physiology and separates important biological functions that might interfere with 

each other (Stratmann & Schibler, 2006).  

Peripheral clocks are synchronized by neuronal and hormonal signals emanating from SCN. 

Mainly glucocorticoid hormones act as an entrainment signal that is important for phase 

synchronization of peripheral clocks (Balsalobre et al., 2000). The SCN clock-driven rhythmic 

activity of the autonomic nervous system also takes place in setting the phase of the peripheral 

clock, for example, it affects the clock in adrenal cortex and corticosteroid production (Ishida et al., 

2005).  

Indirect cues entraining the peripheral clock are driven by behaviour rhythms, such as 

feeding-fasting cycle and body temperature differences. Feeding-fasting cycle is in synchrony with 

sleep-wake cycle and under sufficient calorie intake, it does not affect the SCN clock. If the food 

intake occurs during the rest time, it acts as a dominant entrainment signal for peripheral clocks 

(Damiola et al., 2000). The mechanism of how the feeding-fasting cycle affects the peripheral 

clocks on molecular level includes the ability of clock to control nicotiamidphosphoribotransferase 

(NAMPT) (Nakahata et al., 2009). The NAMPT enzyme produces nicotinamide adenine 

dinucleotide (NAD). The ability of CLOCK/BMAL1 to bind to E-elements of DNA is in fact 

influenced by the redox state of NAD cofactors (Rutter et al., 2001).  As the production of NAD 

and NADH by NAMPT is controlled by clock genes, the ratios of the NAD cofactors may affect 

the activity of circadian clock (Nakahata et al., 2009). Temperature changes represent another 

entrainment signal that is in synchrony with sleep-wake cycle, because low amplitude temperature 

oscillations can entrain clock in the periphery (Brown et al., 2002). Altogether, the peripheral clocks 

are influenced by interconnected signals emanating directly from the SCN or indirectly via 

behavioural changes (Dibner et al., 2009). 

 

 

 

 



 
 

4 

4 MOLECULAR PRINCIPLES OF MAMMALIAN CIRCADIAN 

CLOCK  

The molecular principle generating circadian signal of mammalian circadian clock is based 

on cell autonomous transcriptional-translational feedback loops (TTFL). Generation of 24 h period 

is driven by activity of protein products of genes whose transcription they inhibit via feedback 

loops. Among the canonical clock genes are Circadian locomotor output cycles kaput (Clock) and 

Brain and muscle ARNT-Like1 (Bmal1) which encode activator proteins CLOCK and BMAL1 

(Takahashi, 2017). They bind to each other by the Per-Arnt-Sim (PAS) domain and form a 

heterodimer. CLOCK/BMAL1 heterodimer targets E-boxes of promoters of rhythmic genes 

(Gekakis et al., 1998). The targeted genes are Period (Per1,2,3) which encode repressor proteins 

PER1,2,3 (Shearman et al., 1997). Other targeted genes are Cryptochrome (Cry1,2), that encode 

repressor proteins CRY1,2 (Kume et al., 1999a). In the cytoplasm, protein products CRY and PER 

form a heterodimer, which translocates back to nucleus and inhibits CLOCK/BMAL1 activity and 

thus attenuates transcription of their own genes (Kume et al., 1999b; Lee et al., 2001; Sato et al., 

2006).  

The proper functioning of PER proteins is arranged mainly by phosphorylation facilitated 

by two serine and threonine kinases (casein kinase 1) CK1ε and CK1δ. The process is necessary to 

allow the PER/CRY heterodimer to enter the cell nucleus (Lee et al., 2001). The turnover of CRY 

is affected by F-box protein FBXL21, which serves in stabilization. The FBXL3 protein, that is part 

of Skp1-Cul1-F-box (SCF) E3 ligase sentences CRY for ubiquitination and degradation (Yoo et al., 

2013).  After the CRY and PER proteins undergo ubiquitination and degradation in the proteasome, 

the cycle is completed and the promoter of Cry and Per genes is freed from the repressor complex. 

CLOCK/BMAL1 heterodimer can activate transcription again, along with that a new cycle is ready 

to begin (Takahashi, 2017).  

There are two additional loops for stabilization and coordination of the main cycle, and 

maintenance of the precise period. CLOCK/BMAL1 heterodimer also binds to promoters of genes 

coding nuclear receptors, such as repressor proteins REV-ERBα and REV-ERBβ (Zhang et al., 

2015) and activators retinoic acid-related orphan receptor (RORα, β) (Sato et al., 2004). They target 

the RORes in promoter of Bmal1, where they cause either repression or activation of its 

transcription, respectively (Preitner et al., 2002). Lastly, PAR bZIP transcriptional factors such as 

activator Creb binding protein (CBP) and repressor E4PB4 bind to D-elements localized in 

promoters of Per, Nr1D1 and Ror genes (Mitsui et al., 2001; Ohno et al., 2007; Sato et al., 2006) . 

The HAT and CBP stimulate the histones of chromatin in order to allow the transcription 

of Bmal1 and Clock (Curtis et al., 2004; Hosoda et al., 2009). Inhibition of CLOCK/BMAL1 
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heterodimer is mediated by deacetylation, which is caused by sirtuin1 (SIRT1) (Nakahata et al., 

2009). The interconnection of all three loops and their activators and repressors enables generating 

circadian rhythm on molecular level in mammalian cells.  

5 DEVELOPMENT OF FETAL CLOCK 

During rat fetal stages, the SCN begins to display expression of circadian clock genes by 

the gestational day (GD)20 to GD21. Firstly, the Reverbα stars to be rhythmically expressed at 

GD19, after that the Per1 and Bmal1 show circadian rhythm at GD20 and GD21 (Houdek & 

Sumová, 2014). That might be a result of continuous synaptogenesis during the SCN development 

(Moore & Bernstein, 1989). In vitro, monitoring cultured organotypic explants of fetal SCN showed 

PERIOD2:LUCIFERASE (PER2:LUC) bioluminescence rhythm in spare cells at GD15.5 in mouse 

(Carmona-Alcocer et al., 2018). Along with that, another apparent rhythm that develops during 

gestation is the circadian rhythm in expression of Vip and Avp, which show rhythms at GD21 

(Houdek & Sumová, 2014). The development of clock continues during the postnatal period, and 

at 10th postnatal day (P10) it starts to exhibit adult-like expression rhythm (Sládek et al., 2004; 

Sumova et al., 2012).  

Development of the fetal clock in the periphery has mainly focused on liver, adrenal gland, 

kidney and heart (Dolatshad et al., 2010; Torres-Farfan et al., 2011; Wharfe et al., 2011). The fetal 

liver expresses rhythm in circadian clock genes in vitro, however, the rhythm is absent in vivo 

(Dolatshad et al., 2010, Sládek at al., 2007). In another study, fetal hepatic clock showed 

rhythmicity by GD21, but their expression contradicted the classical antiphase relationship required 

for functional clock (Wharfe et al., 2011). Study of clock genes in the fetal adrenal gland at GD18 

revealed rhythmic circadian oscillation of Bmal1 and Per2, expressing antiphase relationship 

(Torres-Farfan et al., 2011). In vitro study of the heart clock showed a circadian rhythmicity, 

whereas the in vivo approach did not (Dolatshad et al., 2010).  

The fetal clocks are entrained by signals emanating from the mother. Signals such as light 

information, feeding time and hormones, affect the rhythmicity of the fetus via maternal SCN clock. 

Recently, a great array of genes in the fetal SCN were found to be rhythmically driven by the 

maternal signals before the fetal SCN clock developed (Greiner et al., 2022). When function of the 

maternal SCN clock is disrupted, the offspring develops with mutually desynchronized clocks 

(Nováková et al., 2010; Reppert & Schwartz, 1986; Shibata & Moore, 1988; Weaver & Reppert, 

1989). Furthermore, time of food intake seems to be a strong entraining signal of the fetal SCN, as 

their SCN clock rhythmicity shows to be rhythmically entrained by food intake of the mother that 

was kept under constant light exposure (Nováková et al., 2010; Olejníková et al., 2015). Hormones 

such as melatonin, dopamine and glucocorticoids likely impact the fetal clock.  
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As melatonin is secreted in circadian rhythm and crosses the placenta, it is a strong 

entrainment signal for the developing fetus (Okatani et al., 1998; Davis et al., 1988, Houdek et al., 

2015). The maternal melatonin entrains the SCN clock of the fetus together with affecting the fetal 

adrenal clock. Firstly, Davis et al. (1988) discovered in hamsters that melatonin entrains rhythmicity 

of fetuses during last weeks of gestation in SCN lesioned mothers. The effect of melatonin on fetal 

clock was also shown in the pregnant rats, in which the exposure to constant light suppressed not 

only melatonin secretion, but also disrupted clock in the fetal adrenal gland. Melatonin injections 

to the mother at night-time restore the fetal adrenal clock (Mendez et al., 2012). Absence of 

melatonin signal leads to phase shift of the fetal clock gene expression profiles and the injection of 

melatonin into the fetus externally restores the phase (Torres-Farfan et al., 2006). On top of that, 

melatonin injections that were provided to pinealectomized pregnant rats were able to synchronize 

SCN of the fetuses, as documented by circadian rhythm in c-foc and Avp expression (Houdek et al., 

2015). In contrast, melatonin had no effect on the clock in the fetal liver (Houdek et al., 2015). 

Another hormone with high levels during the active phase, dopamine, seems to affect fetal 

clock (Bates & Herzog, 2020; Peleg et al., 1986). Fetal SCN expresses dopamine receptors from 

GD18. The cocaine application induces expression of the immediate early gene c-fos in the fetal 

SCN that in adults correlates with phase resetting of clock (Hastings et al., 1995; Weaver et al., 

1992). Additionally, glucocorticoid receptors are present in the fetal SCN (Čečmanová et al., 2019).  

During gestation, glucocorticoids pass placenta in a rhythmic manner and enter the fetus, where 

they entrain the developing fetal SCN (Čečmanová et al., 2019; Pezük et al., 2012). Glucocorticoids 

were found to affect not only the amplitude, but also the phase of the rhythm of the fetal SCN clock 

in mPer2Luc mice (Čečmanová et al., 2019). 

6 DEVELOPMENT OF RODENT PLACENTA  

First, the fertilization of the egg is essential, after that the blastulation begins. At 32-cell 

stage blastomeres of blastocyst divide into two distinct regions, the inner cell mass (ICM) and 

trophectoderm (TE) (Iwakura, 1989). At the implantation window, blastocyst undergoes the 

apposion, adhesion and invasion (Paria et al., 1993). That leads to decidualization of the 

endometrium (Enders & Schlafke, 1967). TE cells located above the ICM are called polar 

trophectoderm cells, they proliferate and form the ectoplacental cone and extraembryonic ectoderm. 

Moreover, the extraembryonic ectoderm is a precursor for the chorion formation. Whereas the 

ectoplacental cone is a precursor for the spongiotrophoblast layer of the junctional zone (JZ) 

(Reviewed in Soares et al., 2012).  

TE surrounding blastocoel, the mural trophectoderm, also proliferates and forms the 

primary trophoblast giant cells (TGC), which contribute to making contact with maternal cells at 
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implantation site (Rossant & Cross, 2001). Whereas in humans the initial invasion is achieved by 

syncytium surrounded by cytotrophoblast cells (CTB). The CTBs are the source of the primary villi 

formation in human (Knöfler et al., 2019).  

Furthermore, the mouse ICM is a precursor for the epiblast and primitive endoderm. Epiblast 

derives all embryonic tissues and extraembryonic mesoderm, precursor of allantois (Hemberger et 

al., 2020). The amnion is formed by fusion of extraembryonic mesoderm and embryonic ectoderm 

(Pereira et al., 2011). The formation of primitive streak is mediated by epithelial-mesenchymal 

transition of epiblast (Beddington & Robertson, 1999). Therefore, a small bud appearing from the 

primitive streak is allantois, which grows towards the chorion (Downs et al., 2009). After the 

chorioallantoic fusion, the chorionic part then develops primary villi, to which the vessels 

emanating from allantois grow (Rossant & Cross, 2001). Moreover, from these last steps the 

placenta forms the labyrinth zone (LZ), which is the location of the nutrient and gas exchange 

between maternal-fetal blood flow (Soares et al., 2012). Altogether, around the midgestation the 

final structure of placenta is evident in mice, and at the end of first trimester in humans (Georgiades, 

Ferguson-Smith, et al., 2002). 

7 RODENT PLACENTA ANATOMY 

Rodents and humans share the same discoidal shape of placenta, where the flat side is closest 

to the fetus, and the bulging part is embedded in the uterine wall. The structure itself is divided into 

three regions as seen in figure 1 and 2. Closest to the fetal side is the labyrinth, the most distal is 

the maternal decidua, and the third part, junctional zone, is inbetween. The labyrinth is the main 

region where the nutrient exchange between mother and fetus is located, in a humans this region is 

called fetal placenta (Georgiades, Fergyson-Smith, et al., 2002).  

Closest to the fetus, the labyrinth is bordered by chorionic plate with umbilical cord 

transporting nutrients and oxygen to the fetus (Steven, 1975). The maternal blood is brought to the 

labyrinth from uterine tissue through the junctional zone (Brosens et al., 1967). The cells that line 

the blood vessels differ in human and rodent placentas, where only one layer of syncytiotrophoblast 

is found in humans, whereas there are three layers in rodents. The most adjacent cells to maternal 

sinusoids are cytotrophoblasts. The next two layers are multinucleated trophoblast cells, 

syncytiotrophoblast, they line the fetal blood (Enders, 1965) as seen in figure 1.  

Bordering labyrinth is a junctional zone which is absent of fetal blood vessels but contains 

continuous maternal blood sinuses from the maternal uterine wall. Junctional zone has distinct two 

layers, the trophoblast giant cells (TGC), which borders uterine, and the spongiotrophoblast layer, 

composed of spongiotrophoblast and glycogen trophoblast cells (Simmons & Cross, 2005). Lastly, 

the maternal decidua is part which gets invaded by invasive trophoblast cells at the beginning of 
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implantation. The differences between the human and murine placenta are mainly their range of 

invasion, where murine placenta does not invade myometrium, whereas in humans it does 

(Adamson et al., 2002; Pijnenborg, 1996).  

 

 

 

 

 

Figure 1: Murine placenta with three distinguished parts, the decidua (light orange), where the detail of 

spiral artery is described, labyrinth (pink), with detailed interhaemal membrane and maternal canal. 

Lastly the junctional zone (light green). The figure also represents cell types found in murine placenta 

and O2 blood flow. At the interhaemal membrane detail, the two layers of syncytiotrophoblast (dark and 

light purple), next the maternal canal is lined by the canal trophoblast giant cells (C-TGC) (dark red) 

and the close up of spiral arteries show line up of spiral arteries trophoblast giant cells (SpA-TGC) 

(grey). Taken from (de Clercq & Vriens, 2018). 
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Figure 2: Human placenta with characteristic intervillous space and details of interhaemal membrane 

with only one syncytiotrophoblast layer (dark purple) and one cytotrophoblast layer (yellow). The 

difference here is shown by the placenta being embedded at the myometrium (pink). Here the spiral 

arteries are lined by the endovascular extravillous trophoblast cells (gray). Taken from (de Clercq & 

Vriens, 2018). 

 

8 PLACENTA FUNCTIONS  

 The main functions of placenta include nutrient and gas exchange, protection and hormone 

production in order to achieve successful gestation (Soares et al., 2018). Transport of oxygen and 

carbon dioxide is facilitated by diffusion (G. J. Burton & Fowden, 2015). Another fundamental 

nutrient for the fetus is glucose, which is the main energy source of the fetus (Knopp, 1997). Not 

only is it transported by diffusion, additionally the transport is manifested by a family of GLUT 

transporters (Illsley & Illsley, 2000). Next, for the protein synthesis the amino acids are entering 

the fetal blood stream by specialized transporters for neutral, aniotic, catiotic amino acids, which 

mainly function with sodium as their cotransporter (Battaglia & Regnault, 2001). Other essential 

nutrients, such as fatty acids and vitamins, also enter the fetal blood stream (Baker et al., 1981; 

Duttaroy, 2009).  
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 At the beginning of placenta formation, it is necessary to remodulate maternal blood stream, 

in which the TGCs in rodents and extravillous trophoblast (EVT) cells  in humans are responsible 

for (Rai & Cross, 2014) The transport barrier in rodent placenta is built out of three layers, the 

cytotrophoblast layer interacting with the maternal blood and then two connected syncytial layers. 

In contrast, the human barrier consists of the syncytiotrophoblast layer that is in interaction with 

maternal blood supply and the second layer the cytotrophoblast (Georgiades, Fergyson-Smith, et 

al., 2002).  

Furthermore, placenta is responsible for mediating humoral immunity from mother to fetus. 

The transfer of Immunoglobulin G (IgG) from mother to fetus is achieved by specialized Fc 

placental receptors, mainly located at the trophoblast layer at the maternal fetal interface (Saji et.al, 

1999). The placenta also serves as a protective barrier. For example, the multidrug resistance protein 

family protect the fetus from xenobiotics and the enzyme 11ß-hydroxysteroid dehydrogenase (11-

ßHSD2), which serves as protection of maternal stress hormone by oxidizing maternal cortisol into 

safe cortison (St-pierre et al., 2000; Mcternan et al., 2001).  

The main differences in endocrinological aspects between human and rodent placenta is the 

involvement of pituitary gland, which is essential for regulating the progesterone production by 

corpus luteum in mice pregnancy, whereas in human its involvement is absent (Strauss et al., 1996; 

Jameson & Hollenberg, 1993). The main hormone synthesis site in placenta in human is the 

syncytiotrophoblast layer, whereas in rodents the hormones are mainly produced in junctional zone, 

analogue of basal plate in humans, by TGC and spongiotrophoblast cells (STC) (Malassiné et al., 

2003; Simmons & Cross, 2005; Soares et al., 2012).  

9 PLACENTA CLOCK GENES 

 The clock genes are present in peripheral organs of the mammalian body and their proper 

functioning is necessary for temporal regulation of the organ physiological functions (Balsalobre, 

2002).  The presence of clock genes in placenta was first mentioned by the Frigato et al. (2009). 

The placenta genes were studied in a first trimester human trophoblast cells HTR-8/SVneo in 

normoxic and hypoxic environments. The rhythmic expression of Per2, Deleted in esophageal 

cancer 1 (Dec1) and D-box binding PAR bZIP (Dbp) clock genes appeared only after serum shock 

applicantion. Both Per2 and Dec1 mRNA showed period length around 24 hours, whereas the Dbp 

period was shorter, only 20 hours. In the study, the hypoxic environment was induced, because it is 

typically present at the beginning of pregnancy during the time of placentation (Soares et al., 2017).  

The expression of genes measured in hypoxic environment increased for those containing the HIF-

binding site (HBS) motif in their promoter such as Dec, Dbp. The HBS is a motif to which the 

regulator of oxygen homeostasis binds (Kenneth & Rocha, 2008). Moreover, the expression in Per2 
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was delayed, as its promoter is absent from the HBS. This study presented a robust circadian clock 

at the beginning of gestation. The presence of the rhythmically expressed Per2 clock gene in 

trophoblast cell line was confirmed by Demarez el al., (2012), who also measured expression of 

Reverbα and Bma1l. 

The results of studies on expression of clock genes in human full-term placenta are not 

consistent. This might be caused by the different way of parturition, because one group of placentas 

was collected by the casarean section (Papacleovoulou et al., 2017) and the other by the vaginal 

birth (Pérez et al., 2015). The full-term human placenta delivered by vaginal birth had expressed 

Clock, Bmal1, Cry1 and Per2 genes. Both Clock and Bmal1 expressed a circadian variation and 

peaked at 0800 h and 1200 h, respectively seen in figure 3. However, Per2 exhibited two peaks at 

0000h and 1200h and Cry1 lacked any rhythm (Pérez et al., 2015). In contrast, in full-term human 

placenta delivered by the cesarean section, the expression profiles of clock genes were different and 

circadian rhythms for Bmal1, Clock, and Per1 were not detected (Papacleovoulou et al., 2017).  

In the whole mouse placenta (without differentiation of LZ and JZ) at 16.5 days post coitus 

(DPC), all canonical clock genes Bmal1, Clock, Cry1, Cry2, Per1, Per2, and also the Dbp, showed 

rhythmic expression. Moreover, expression of the clock genes of mice placenta also increased in 

later gestation together with expression of clock genes in uterus and fetal membranes, bringing up 

question, whether the increased expression is in correlation with the upcoming parturition 

(Ratajczak et al., 2010).  

 

Figure 3: Expression of Bmal1 mRNA measured in human full term placenta delivered by vaginal birth, 

at 00, 04, 08, 12, 16 and 20 hours of day. Taken from (Pérez et al., 2015). 
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9.1 SPATIAL DIFFERENTIATION OF CLOCK GENES 
 

Studies on expression of clock genes and their oscillation vary in spatial localization within 

the placenta. Using in situ hybridization approach it was shown that in pregnant rats maintained on 

light/dark regime with 12h of light and 12h of darkness (LD12:12), the placenta collected on GD22 

exhibits Per1 expression in both labyrinth zone and decidua, with labyrinth zone lacking 

rhythmicity in clock gene expression. The circadian oscillation in the decidua zone persisted only 

one to two cycles of oscillation (Akiyama et al., 2010). Different results were found when the rats 

were maintained in constant darkness (DD; dark/dark) regime during pregnancy. Per1 mRNA 

expression was detected after parturition in both decidua and labyrinth.  The circadian oscillation 

of Per1 mRNA was present in decidua at GD12 and also GD22 (Akiyama et al., 2010).   

Another study that showed differences in spatial localization of clock genes in placenta was 

done by Wharfe  et al., (2011). The authors showed that expressions of clock genes Bmal1, Clock, 

Cry1, Cry2, Pe1r, Per2 were present in both junctional and labyrinth zones but with differences in 

expression levels. This result confirmed data of previous study by Ratajczak et al., (2010) on 

rhythmically expressed clock genes in the placenta. Where the labyrinth zone evinced Clock, Per1, 

Cry2 with higher expression, whereas in the junctional zone the higher expression in Bmal1, Per2, 

Per3 and Cry1 was marked. In contrast to the previous study by Akiyama (2010), circadian 

variation of Per1 expression in the labyrinth was detected. Furthermore, circadian fluctuation in 

expression of Bmal1 and Per2 in the junctional zone and Per1 in the labyrinth zone exhibited peaks 

during dark the phase, the active phase of rodents (Ratajczak et al., 2010). This finding contradicts 

the circadian clock phase relationship, in which in other mammalian cells the two genes Bmal1 and 

Per are in antiphase (Oishi et al., 1998).  

At GD15 and GD21, the expression of Clock, Cry1 and Nr1d1 was present in the labyrinth 

zone of the rat placenta (Crew et al., 2018). Additionally, in that study an effect of obesity on the 

placental clock was found; the Clock expression was reduced at GD15  and Cry1 was increased on 

the GD21. The effect of obesity-induced conditions was most prominent on the Nr1d1, owing to 

the fact that the Nr1d1 is involved in the link between metabolism and molecular clock (Crew et 

al., 2018). Obesity impacts the course of gestation and maternal physiology which might affect the 

profiles of expression of clock genes in the placenta (Crew et al., 2018; Mariona, 2016).   

Another study focused on placental clock in mice at GD15 (Demarez et al., 2021). In contrast 

to finding only Per1 fluctuation of labyrinth (Wharfe et al., 2011), this study revealed circadian 

rhythms in expression of Per2 and Reverbα in the labyrinth zone. Per2 showed peaks at the 

beginning of the dark phase, whereas Reverbα peaked at the middle of the light phase. In this study, 

circadian rhythm in the expression of clock genes Bmal1 and Clock in the labyrinth was not 

confirmed (Demarez et al., 2021).  
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Around the same time of gestation at GD18 and GD17 studies on rodent placentas kept under 

LD conditions, showed a circadian rhythm of clock genes Nr1d1 and Per2 in decidua (Čečmanová 

et al., 2019; Lužná et al., 2021). The circadian clock in decidua of mPer2Luc mice maintained 

autonomous oscillations in vitro, as detected by rhythm in PER2-driven bioluminescence in the 

cultured placenta explants. The junctional zone exhibited also a bioluminescence signal, but with 

less intensity and lighter signal emanating, whereas labyrinth was lacking this signal (Lužná et al., 

2021).  

10 HORMONES 

10.1 GLUCOCORTICOIDS 
 

Glucocorticoids play a crucial role already at the beginning of gestation, during implantation 

(Mastorakos et al., 1996). They are important for fetal organ maturation and growth (T. J. Cole et 

al., 1995; Fowden et al., 1998). Nonetheless, excessive levels of glucocorticoids can be 

pathological, they can cause severe malfunctions in behaviour and physiological dysfunctions 

(Fowden et al., 1998; Uno et al., 1990). The syncytiotrophoblasts of placenta contain enzyme 11-

hydroxysteroid dehydrogenase2 (HSD) and P-glycoprotein ATP binding cassette subfamily B 

member 1 (ABCB1), which influences the accessibility of glucocorticoids to reach the 

glucocorticoid receptors (Mark et al., 2009; Sun et al., 2006; Yang, 1997). Not only the ABCB1 

reduces the entry of glucocorticoids to the fetus, but also it  protects the fetus from harmful 

substances, such as xenobiotics (Sun et al., 2006). The placental 11ß-HSD2, also known as the 

placental glucocorticoid barrier, decreases the amount of glucocorticoids emanating from the 

maternal body into the fetus in rodents and humans (Salvante et al., 2017). The 11ßHSD2 is a 

NAD+ dependent enzyme that transforms the active corticosterone and cortisol into 11-

dehydrocorticosterone and cortisone (Burton & Waddell, 1999). 

 

10.1.1 HSD11B2 
 

 The placenta collected at GD19 from mice maintained under the LD cycle during gestation, 

shows a circadian variation of Hsd11b2 gene. The expression of the Hsd11b2 gene differs between 

two placental zones, fetal and maternal. Whereas the fetal part of placenta has a relatively constant 

expression of the Hsd11b2 gene thorough a 24 h period, the maternal part of placenta shows a 

circadian rhythm, with acrophase around CT21 as seen in figure 4. The circadian variation of this 

gene implies an important role in regulating the access of glucocorticoids to placenta at given time, 

mainly at periods of gestation when the glucocorticoids emanating from mother are high 

(Čečmanová et al., 2019).   
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Figure 4: The circadian expression of Hsd11b2 gene with differences between maternal part of placenta 

and fetal part accordingly. Taken from (Čečmanová et al., 2019). 

 

10.1.2 ABCB1  
 

In rodent placenta, Abcb1 expression levels are higher in the labyrinth zone compared to 

the junctional zone. The circadian variation of the Abcb1 in rats shows its higher expression in 

correlation with the active phase of mother, which is during the dark phase in rodents (Waddell et 

al., 2012). In mice models, genes Abcb1a and Abcb1b have a circadian profile expression, also 

peaking at dark phase. In mouse labyrinth, the rhythmicity of these two transporters is arranged not 

only by the glucocorticoids emanating from the maternal body, but also by the local labyrinth clock. 

In human BeWo trophoblast cells, the Per2, Reverbα and Bmal1 have rhythmic expression in 

correlation with the Abcb1 genes. Therefore, circadian rhythm in expression of Abcb1 transporter 

is likely under the influence of rhythmically expressed clock genes present in trophoblast cells of 

human placenta (Demarez et al., 2021). 

 

10.1.3 GLUCOCORTICOIDS AND PLACENTA CLOCK  
 

 Glucocorticoids are strong circadian entraining signals in the periphery (Pezük et al., 2012).  

The study of Čečmanová et.al. (2019) showed that in the mice kept under LD cycle, the placental 

glucocorticoid receptor Nuclear receptor subfamily 3 group C gene (Nr3c1) is expressed both in 

the fetal and the maternal part of placenta at GD19. The fetal part showed higher expression of 

Nr3c1 but the expression did change throughout the 24 h period. In contrast, the maternal part 

expressed lower levels of Nr3c1, which however exhibited shallow rhythm with the peak around 

circadian time (CT)12, which corresponds to the time of lights off of the LD cycle. The in vitro 

study using mPer2Luc mice showed that glucocorticoid treatment of arrhythmic part of placenta 

(fetal part) induces only an acute response by producing a maximum of 1-2 cycles of PER2-driven 
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bioluminescence. In the maternal part of placenta (decidua), the circadian rhythm of Per2 mRNA 

was detected with a peak at CT12, and with the lowest expression at CT24. The glucocorticoid 

treatments to the cultured maternal placenta explants induced phase shifts of the PER2-driven 

bioluminescence rhythm. The magnitude of phase shift depended on the time of treatment. The 

highest phase shifts were induced at the time of the PER2 bioluminescence peak, and the lowest 

phase shifts were induced at the PER2 bioluminescence through (Čečmanová et al., 2019).  

 

10.2 MELATONIN 
 

The level of maternal serum melatonin is higher during pregnancy; the levels remain 

increased during the gestation and decrease after the parturition, indicating the additive production 

during gestation by placenta (Ejaz et al., 2021).  Placenta harbors essential enzymes aralkylamine 

N-acetyltransferase (AANAT) and N-Acetylserotonin O-methyltransferase (ASMT), that 

synthesize melatonin (Iwasaki et al., 2005). Melatonin is produced in the villous trophoblast cells 

and the same cells harbor melatonin receptors Mel1a and Mel1b (Lanoix et al., 2008).  

The circadian rhythm of melatonin produced by placenta has not been studied yet. Rat 

placenta has expressed the circadian rhythm of melatonin receptor Mel1a in junctional and labyrinth 

zone (Lee et al., 2003). In rat placentas collected at GD19, the presence of Mel1a was found in 

spongiotrophoblast and TGC. The expression of Mel1a mRNA varied between 1600h of GD19 and 

0400 h of GD20. The junctional zone at this time window expressed higher levels of Mel1a mRNA 

at daytime, whereas the expression in the labyrinth zone was the opposite. Altogether, data 

suggested temporal changes in expression of Mel1a in placenta.  Data collected from the same 

placentas at two different times, 1600h and 2200h at GD19 and at 0400h and 1000 h GD20, 

confirmed circadian expression of the Mel1a in placenta. The measurements of expression of Mel1a 

in the junctional zone showed increased expression of Mel1a at day-time and decreased expression 

at night-time. The expression was in the opposite phase compared to the labyrinth zone. Altogether, 

the results imply that placenta rhythmically expresses Mel1a in each zone with a reverse phase of 

expression (Lee et al., 2003).  

 

10.2.1 MELATONIN, DOPAMINE, LEPTIN, GHRELIN, INSULIN AND     

PLACENTA CLOCK 
 

The hormonal effect of melatonin, dopamine, leptin, ghrelin and insulin on placental clock 

was studied in mPer2Luc mice that were kept under LD conditions (Lužná et al., 2021). The studied 

placentas were obtained on GD17. The study found that in the placenta, the maternal part (decidua) 

emits the strongest PER2-bioluminescence signal compared to other regions. Therefore, the decidua 
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region was used to study the effect of the five mentioned hormones on the clock in placenta. By 

applying melatonin or dopamine on the decidual clock of mouse placenta, circadian rhythm in 

PER2-driven bioluminescence responded by delaying or advancing, depending on when the 

treatment was applied. Treatment with melatonin just before the PER2-driven bioluminescence 

reached its peak caused phase advances. On the other hand, phase delays were observed when 

dopamine treatment was applied after the bioluminescence peak. Additionally, dopamine had an 

acute effect on the level of the bioluminescence, which declined immediately after its treatment, 

followed by an increase of the amplitude in the next cycle. The results suggest that these two 

hormones are affecting the clock in a complementary way during the day and night, as the effect of 

one ends, the effect of the other starts (Lužná et al., 2021). 

 Hormones, leptin, ghrelin and insulin affected the clock only marginally. Insulin had the 

least effect on the clock compared to the ghrelin and leptin; causing a small phase delay in the peak 

of PER2-driven bioluminescence. The treatments with ghrelin and leptin showed responses in phase 

delays after the bioluminescence peak and during its decline. The study pointed out that the effects 

take place in a time of attenuated foraging (Lužná et al., 2021). 

 

10.3 CHORIONIC GONADOTROPIN 
 

The human chorionic gonadotropin (hCG) is produced at the beginning of pregnancy by 

trophoblast cells of placenta, its levels increase at this time of pregnancy as it takes role in 

stimulating the production of progesterone by corpus luteum (L. A. Cole, 2010). The high hCG 

levels then slightly decrease in the middle of pregnancy, followed by an increase towards the term 

(Dfaz-Cuetot et al., 1994). The hormone has important role in vasculogenesis (Berndt et al., 2009) 

and stimulating the fusion of cytotrophoblast cells (Shi et al., 1993). The hCG decreases the immune 

response of the maternal body to placenta (Akoum et al., 2005), also it impacts the myometrium as 

it keeps it in relaxed state (Eta et al., 1994).  

 Few studies showed that the levels of hCG exhibit circadian variation (Ayala et al., 1984; 

Houghton et al., 1982). The 24-h patterns measured at 3 different periods during pregnancy showed 

that during the first trimester the hCG reached acrophase between 1100h and 1500h, respectively, 

and the acrophase shifted towards later hours of a day with the progress of pregnancy (Díaz-Cuetot 

et al., 1994). Food intake was taken into account as one of the external stimuli that might change 

the 24 h profile of hCG.  The effect of food intake is apparent at first trimester pregnancies where 

the profile levels of hCG drop after meal (Díaz-Cuetot et al., 1994; Nakajimaf et al., 1990).  
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10.4 PLACENTAL LACTOGEN 
 

 A human placental lactogen (hPL), also known as human chorionic somatotropin, is a 

polypeptide hormone secreted by sycytiotrophoblast layer of placenta (Hoshina et al., 1982; Walker 

et al., 1991). hPL secretion starts around the second week of gestation and the secretion increases 

towards the end of gestation. In mice, the placental lactogen is produced by TGC, the production 

starts around GD12 and increases towards parturition (Soares et al., 1998) The polypeptide is 

involved in regulating the metabolism of the mother in order to increase nutrition availability for 

fetus (Handwerger & Freemark, 2000).  

 Detection of circadian variation of the hPL was not consistent among studies (Grumbach et 

al., 1968; Samaan et al., 1966; Teoh et al., 1971). In some of them the circadian variation of hPL 

secretion was reported (Gillmer et al., 1977; Houghton et al., 1982). Study by other authors 

(Lindberg & Nilsson, 1973) measured a 24 h variation of the hPL secretion, and the effect of sleep, 

meals and exercise, but it did not find any effects on the levels of hPL. In another study in mice, a 

daily pattern in fluctuation of hPL levels over a 24 h exhibited 2 peaks, one peak between 1500h 

and 2100h and the second peak between 0000h and 0600h (Markoff & Talamantes, 1981).  

The team of Lee et al. (2003) measured circadian rhythmicity of mouse placenta lactogen 

II (PL-II) at GD19. PL-II was expressed in the junctional zone and with higher expression in the 

labyrinth zone. In the junctional zone the expression of PL-II was the highest during the night-time 

and the lowest at day-time and the labyrinth zone showed the strongest PL-II expression during the 

daytime and the weakest expression during the night-time. This study also measured circadian 

variation of the melatonin receptor (mentioned above in chapter 10.2: Melatonin) and found that its 

circadian expression is in the opposite phase in each of the placenta zones, similar to the PL-II 

expression. Importantly, the study found relationship between melatonin and PL-II, suggesting that 

melatonin acts as a regulatory factor of the PL-II gene (Lee et al., 2003). 

 

10.5 PROGESTERONE 

 

 Progesterone is a steroid hormone firstly produced by corpus luteum and then by 

syncytiotrophoblasts of placenta through the gestation until term (Tuckey, 2005) Progesterone has 

impact on many functions during gestation, which include adjusting metabolism of mother in order 

to increase fat storage, stimulating the upcoming lactation and control its timing (Kalkhoff, 1982; 

Pang & Hartmann, 2007). At the beginning, it affects the implantation and adjusts maternal immune 

reaction by reducing it (Halasz et al., 2013; Laškarin et al., 2002). Throughout gestation, 

progesterone keeps the myometrium in a relaxed state (Fomin et al., 1999). 
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The rhythm in human and nonhuman primate pregnancies seems to be diurnal with peaks at 

night-time (Giussani et al., 2000; Magiakou et al., 1996; Walsh et al., 1984). At 18 to 25 weeks of 

gestation, the progesterone levels are highest at midnight and lowest during the daytime 

(Junkermann et al., 1982). As the pregnancy progresses, the levels of progesterone are becoming 

lower and lose their diurnal rhythm at the end of gestation (Challisa et al., 1983; Junkermann et al., 

1982). In contrast, other study by Darne et al. (1989) showed the absence of diurnal rhythm of 

progesterone in the third trimester. The mechanism behind the nocturnal secretion of progesterone 

might be the process of steroidogenesis.  

 

10.6 ESTROGENS  
 

During pregnancy, placenta produces estrogen steroid hormones – estriol, estradiol, estrone. 

The placental estrogens have various functions. Estradiol is involved in many processes throughout 

the pregnancy; at the beginning the effect is seen at the implantation and endometrium growth 

(Groothuis et al., 2007). At the end of pregnancy estradiol stimulates the labor initiation and 

prepares maternal breast glands for breastfeeding (Di et al., 2001; Pang & Hartmann, 2007). 

Throughout the pregnancy its levels increase peaking just before parturition (Loriaux et al., 1972).  

The diurnal pattern is characteristic for estrone towards the end of gestation, in which the 

estrone levels reach peak levels during morning, and through during late night and early morning 

(Challis et al., 1980).  In one study, estradiol levels had no circadian variation at the end of gestation 

(Challis et al., 1980), but in another study  circadian secretion of estradiol was detected at the same 

time of gestation (Zulu et al., 1978) . Estriol loses its circadian rhythm towards the end of gestation. 

10 weeks before parturition, the estriol shows circadian rhythm with the peak between 0130h and 

0330h, and the lowest levels between 0900 h and 1030h. Estriol continues to display circadian 

rhythm at 34-35 weeks of gestation, but the rhythm is shifted towards earlier hours (Challisa et al., 

1983). It has been proposed that because the placenta secretes estrogens by aromatizing androgens 

from fetus, the levels of estrogens might also correlate with the circadian rhythm of 

dehydroepiandrosterone (Chatuphonprasert et al., 2018; Seron-Ferre et al., 1993).  

 

 

 

 

 

 

 



 
 

19 

11 IMMUNITY AND PROTECTION  

 During pregnancy, the crucial role of the placenta is to prevent the maternal body from 

immunological reaction. The placenta represses the complement activation, and in addition the 

trophoblast cells of placenta do not exhibit major histocompatibility complexes (MHCI) and MHC 

II (Holmes & Simpson, 1992; Weetman, 1999; Wood, 1994). Nevertheless, placental trophoblast 

cells contain HLA-G which downregulates the maternal immune reaction (Carosella et al., 1999). 

Another feature of the trophoblast cells is the expression of Fas ligand that serves in apoptosis of 

maternal T cells as it binds to Fas positive T-cells. The cytokines are involved in this process by 

increasing the Fas ligand trophoblast expression, thus increasing the apoptosis of mothers` T-cells 

(Yamada et al., 2017).   

Many cytokines are produced by the placenta; during the beginning of gestation, expression 

of proinflammatory cytokines (Interleukin) IL-1ß, IL-6 and Tumor necrosis factor alpha (TNFα) is 

high and decreases over the gestation (reviewed in Bowen et al., 2002). The proinflammatory 

cytokines are mainly involved at the beginning of gestation because they play a role in proliferation 

and invasion of trophoblast cells into the decidua (Naruse et al., 2010). TNFα promotes secretion 

of vascular endothelial growth factor (VEGF), which plays a role in remodeling of spiral arteries 

(Athanassiades et al., 1998).   

In the immune system, core circadian genes are involved in the T-cell antigen response 

(Fortier et al., 2011) and also B cells, macrophages and dendritic cells (Silver et al., 2012). The 

team of Astiz et al. (2021) proposed an idea of studying the presence of circadian clock genes 

involved in the immune system of placenta. Only a few studies were linked to the immune processes 

taking place in placenta.  

 

11.1 CYTOKINES  
 

From the point of view of circadian rhythmicity of initial steps of gestation, the expression 

of circadian variation of cytokines was studied. Proinflammatory cytokine the IL-1 has a circadian 

variation in the junctional zone, together with the IL-6, which showed a variation in the labyrinth 

zone of placenta. The junctional and labyrinth zones showed a circadian expression of TNFα, with 

higher expression across the daytime (Mark et al., 2012).  It might be possible that the circadian 

rhythm of these cytokines plays important role in the timing of parturition (Waddell et al., 2012).  
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11.2 VASOACTIVE ENDOTHELIAL GROWTH FACTOR  
 

 The Vasoactive endothelial growth factor (Vegf ) is a circadian output gene mainly regulated 

by the PER protein (Koyanagi et al., 2003). The daily variation of Vegf was only found in 

trophoblast HTR/Vsneo cells after the application of serum, and the expression lasted for 30 hours. 

During induced hypoxia, the Vegf showed an increase of mean expression. Such a response to 

hypoxia induced conditions was a result of a harbor promoter motif of Vegf  (Frigato et al., 2009). 

The expression of Vegf in a rat placenta under normal conditions is zone dependent, the labyrinth 

has higher expression in contrast to the junctional zone. During the measurement throughout the 

day at 0800h, 1400h, 2000h, and 0200h, no variation of the Vegf mRNA was measured, only the 

highest expression was at 2000h. Therefore, the Vegf expression was stable over the period of 24 h 

without any circadian oscillation reaching significance (Frigato et al., 2009). 

 Hypoxia-inducible factor alpha (HIFα) is present in the placenta at the beginning of 

pregnancy due to a hypoxic environment (Burton et al., 2021). As a result of that, Frigato (2009) 

showed that as the Vegf promoter contains HBS, the HIFα induces a hypoxic response of the Vegf 

gene.  In hypoxic conditions, the expression levels of Vegf were increased during two continuous 

circadian cycles (Wharfe et al., 2011).  

 

11.3 KISSPEPTIN 
 

Another regulator involved at the beginning of placenta formation is the neuropeptide 

kisspeptin (Hiden et al., 2007). The neuropeptide together with its receptor have higher expression 

pattern during the first trimester of gestation, and similarly to the proinflammatory cytokines, its 

function is to constrain the trophoblast invasion (Mor et al., 2011; Janneau et al., 2002). 

Additionally, kisspeptin might play a role at the end of gestation, as it might cause the trophoblast 

cells to undergo programmed cell death (Cindrova-Davies et al., 2007).  

The circadian variation of kisspeptin was studied in a full-term placenta delivered by vaginal 

birth. The circadian variation in expression was tested in samples collected at 6 time points over 24 

h interval, at 0000h, 0400h, 0800h, 1600h and 2000h. The circadian variation of kisspeptin was 

evident with peak at 0400h and the levels dropped to the trough at 2000h  (de Pedro et al., 2015). 
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12 MATERNAL-PLACENTA-FETUS AXIS 

12.1.1 MELATONIN SECRETION 
 

Melatonin is released from the pineal gland at night-time (Reiter, 1993).  At the beginning 

of gestation, the levels of melatonin in maternal serum decrease, but during pregnancy the levels  

markedly increase after 24 weeks, and even more towards the end of gestation (Nakamura et al., 

2001). This might be involved in the intense production of superoxide free radicals at the beginning 

of gestation, because melatonin might take part in this process as it has antioxidative effects 

(McCarthy et al., 2019; Myatt & Cui, 2004; Tan et al., 2015). The increase in melatonin levels later 

in gestation suggests that the melatonin produced by placenta enters the maternal bloodstream 

(Nakamura et al., 2001). 

 As melatonin is produced by pineal gland, studies tested whether pinealectomy had any 

effect on the time of birth. During normal pregnancy, the parturition shows clear preferred time of 

day in early morning in humans and in daylight in rats (Rowland et al., 1991). The pinealectomy 

changed time of parturition, which was the opposite to the time in animals with intact pineal glands 

(Takayama et al., 2003). 

 

12.1.2 HYPOTHALAMIC PITUITARY ADRENAL AXIS (HPA) 
 

The hypothalamic-pituitary-adrenal axis (HPA) drives the production of glucocorticoids, 

and during gestation, the levels of corticosterone in rodents and cortisol in humans tend to increase 

towards term (Atkinson & Waddell, 1995a; Mastorakos & Ilias, 2003). The circadian rhythm in 

glucocorticoid levels exhibits the peak at morning hours with the lowest levels during late night in 

humans, and it is in opposite phase in nocturnal rodents (Atkinson & Waddell, 1995b; Patrick et 

al., 1980). During pregnancy, there is a change in expression of clock genes in hypothalamus in 

mice (Wharfe, Mark, et al., 2016). Clock genes Bmal1, Reverbα and Per2 show high levels of 

expression throughout the whole pregnancy in maternal hypothalamus. Compared to that, clock 

genes Clock, Cry1, Cry2 present fluctuations, their mesors decline from midgestation and peak 

close to term. Between GD14 and GD18, the acrophases of Bmal1 and Reverbα is advanced and 

delayed, respectively. In other clock genes Clock, Cry1, Cry2, Per1, Per2, the change of acrophase 

is not significant. The amplitude of Cry2 and Per1 both increase by the GD10 and Bmal1 amplitude 

increases on GD 14. The amplitude of genes Clock, Per2, Cry1 declines toward term (Wharfe, et 

al., 2016).  

During gestation, adrenocorticotropic hormone (ACTH) and corticosterone also exhibit 

strong interaction between time of day and stage of pregnancy. The overall levels of ACTH 

decrease towards the term, whereas corticosterone levels increase. ACTH and corticosterone 
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differ also in the shift of acrophase, ACTH profile delays after GD18, whereas corticosterone 

phase does not change (Wharfe et al., 2016).  

Study by Yaw and colleagues (Yaw et al., 2021) showed a relationship between the pituitary 

gland and SCN. The team measured the phase of PER2:LUC rhythm of pituitary explant which 

showed the same phase of PER2:LUC as SCN around midgestation. Towards the end of gestation, 

a possible correlation between the change of the phase in pituitary rhythm and upcoming parturition 

was indicated. After GD18, at the peak phase of PER2:LUC of SCN, the pituitary clock showed a 

13 h delay. The study suggested that such a relationship might exist as a preparation for parturition.  

 Taken altogether the HPA goes through rhythmic adaptation and changes during pregnancy. 

The reason behind the attenuated rhythmical secretion of ACTH might be because the fetal HPA is 

involved in gestation together with the absence of glucocorticoid barrier. It has been proposed that 

the circadian changes in the HPA axis could lead to metabolic changes in gestation (Wharfe, Mark, 

et al., 2016). 

 

12.1.3 METABOLISM  
 

Gestation is a metabolically challenging state of physiology, with high demands on glucose 

resources for developing fetuses (Bell et al., 1997). The maternal body adapts to meet those 

demands of fetus by changing the circadian clock of main metabolism-related organs. There has 

been significant change of hepatic clock genes during pregnancy as well as the change in expression 

of genes involved in glucose homeostasis. During gestation, the amplitude of circadian variation of 

clock genes Clock, Bmal1, Per1, Per2, Cry1, Cry2 and Reverbα declines. As for that, the genes of 

glucose homeostasis show an attenuated rhythmicity at the end of gestation (Wharfe et al., 2016b). 

 In adipose tissue, circadian rhythm of clock genes Bmal1, Cry1, Cry2, Reverbα Rorα do not 

change during pregnancy, whereas the genes involved in lipid metabolism lose rhythmic variation 

at the beginning of gestation. The lost rhythmicity might be a result of different needs for metabolic 

products at different periods of gestation, as there is no correlation between clock genes and genes 

involved in lipid metabolism. The exception in metabolic genes is Peroxisome proliferator-

activated receptor gamma (Pparγ), as its expression shows circadian rhythm during gestation in 

relation to the rhythm of clock genes (Wharfe et al., 2016a).  

 

12.1.4 THERMOREGULATION 
 

Humans have circadian regulation of core body temperature; the lowest temperature appears 

at night-time compared to day-time elevated levels (Refinetti et al., 1992).  During gestation, the 

core temperature measured during midday remains high in the first trimester of pregnancy and falls 

towards the term (Hartgill et al., 2011). In nocturnal rodents, the circadian rhythm of core 
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temperature is the opposite, with higher temperature during night-time (Refinetti et al., 1992).  

During pregnancy the circadian rhythm in maternal body temperature changes, in pregnant rats, the 

body temperature decreases during the middle of gestation until term (Simrose et al., 1995). Not 

only does the average body temperature decrease, moreover, the night-time rise in temperature is 

lost on day 15 of gestation (Fewell, 1995). In mouse gestation, the circadian rhythm is also lost as 

seen in rats, the difference is the initial increase of mesor body temperature at the beginning of 

gestation, after midgestation the mesor declines together with decreasing amplitude of night-time 

body temperature (Wharfe et al., 2016a). After parturition the body temperature pattern is regained 

in both rodent species reaching the nonpregnant level (Simrose et al., 1995; Wharfe et al., 2016a). 

The decrease of body temperature of the mother is an adaptive approach as the fetus and placenta 

are characterized as a highly metabolic systems. By decreasing the temperature of the mother, the 

temperature emanating from the two systems easily spreads (Fewell, 1995; Wharfe et al., 2016a). 
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13 CONCLUSION 

The emphasis of this thesis was on summarizing human and rodent haemochorial placenta 

characteristics, such as their structure, development, and functions. The aim was also to elucidate 

current knowledge about presence of circadian clock in placenta and rhythms in basic placenta 

functions. Moreover, the thesis briefly focused on development of the fetal circadian system 

together with changes of maternal rhythmicity during gestation.  

From the available sources in literature it appears that the placenta harbors all canonical 

clock genes Clock, Bmal1, Clock, Per1, Per2, Cry1, Cry2. The localization of clock genes and their 

circadian expression differs in each placenta zone. The placenta produces hormones such as 

progesterone, estrogen, hCG. The expression of these hormones changes throughout the pregnancy 

together with their 24 h profiles.  

Melatonin and glucocorticoids showed to be heavily involved in pregnancy affecting the 

fetus, placenta and mother. This thesis pointed out that in the fetus, both melatonin and 

glucocorticoids entrain the developing fetal SCN. Moreover, maternal melatonin secretion changes 

during pregnancy, in a way that the levels of secretion increase. Following that, pinealectomy, 

aberration of the source of melatonin production, showed to impact developing fetal clock and the 

time of parturition. In placenta, the melatonin is also produced. There are no studies on its 

rhythmical secretion by placenta, but genes coding melatonin receptors showed to oscillate in 

circadian manner. The amount of glucocorticoids entering the placenta is controlled by HSD and 

ABCB1, as for that, they both exhibit circadian variation, both peaking at dark phase. 

Glucocorticoid receptors also exhibit circadian variation in placenta. As melatonin and 

glucocorticoids enter the placenta they both have an effect on the rhythmical expression of placental 

clock genes. Furthermore, dopamine was also shown to affect the clock in placenta, but in an 

opposite way compared to melatonin. Other hormones such as leptin, ghrelin and insulin that are 

also involved in pregnancy, display minor effects upon the placenta clock. 

Furthermore, cytokines and neuropeptide kisspeptin, which are involved in important 

processes at the beginning of gestation, such as trophoblast invasion and adjustment of 

immunological reaction of the mother, all display circadian rhythmicity. In contrast, the Vegf, which 

is involved at the beginning of gestation, showed no circadian rhythm.  

In summary, all data accumulated in this thesis provide an insight into the way of how the 

maternal circadian system changes during pregnancy. It includes changes in secretion of ACTH, 

thermoregulation and metabolism. These circadian changes likely result from the need for the 

mother to meet the demands of developing fetus. Signals emanating from the maternal body 

influence the developing fetus, together with gradually developing circadian clock.  
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 Circadian rhythms of placenta functions represent a newly studied topic, as for that, further 

research on the subject may provide additional information that might change the prespective of the 

effects of placenta during gestation together with prevention of pregnancy complications in the 

future.  
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